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FOREWORD.,

This volume coneists of reprints of redearch papera
published by members of the acience departments of the
Colloge. They are collected from various scientifie journala
and roprosant original work done alone or in collaboration
with stndents and other workers, Some of this work was
done in laboratories in Europe but the greater portion of it
wad done in the Chemistry laboratories of the College under
the guidance of Dr, K, G, Naik, Starting in a modest manner
with limited facilities after his return with a D, Sc. degree
from Europe in 1922, Dr. Naik has built up a strong school of
rogearch, and the output, both in quantity and guality, would
be a credit to any institntion. Many of hie students as a
rojult of the resenrch work they did here, now occupy
reRponeible positions in university colleges, technical insti-
tutes and Eactories,

The authors desired that these papers should be eollected
in one volnme, for they feel that this record of their work
may be regarded asa fitting tribute to His Highness the
Maharaja Sakeb whoge constant encouragement of all educa-
tional cflort has alone made such work possible.

Now that the opening of the Jubilee Science Institute
gives far greater facilities for scientific work than the College
lias hitherto possessed it will be the aim of all ourscience
men to make the ntmost nee of the opportunities offered, and
to ensure that the delicate plant of research will flourish and
bocome a vigorous tree,

Baroda, 30th Deo. 1935,

S. G. BURROW,
Principal, Baroda College.



INTRODECTION

The object in compiling the Research work done in the
Science Depariments wag to present to our Ruler His
Highuoess Sir Sayajirao Gaekwar III, Maharaja of Baroda, 3
small brochure containing the papera which are already
published in the recognised Journals of Europe. America and
India, ags a humble tribute on the occasion of Hie Highness’s
Diamond Jubilece and the opening of tbe Sayaji Jubilee
Insiitute. The papera embodied comprise the research work
of ths members of the staff either by themaselves or in
collaboration with their co-workera or sfudents.

When the andergigned joined the Baroda State service in
1918, the Science Departments had scarcely encugh accomo-
dations and fittinge for adegquate full grade teaching. DBut
under the sympathetic and fostering care of His Highness's
{iovernment, more accomodation and better fiftings were soon
coming forith. The sirnggles to do research work really
bogan in 1922, after the return of the undersigned from
Jlarope. Sinee then guite 8 number of students took their
M. Sc. degree by Research. Of these, one got the Moos Medal
and twe got the R. R. Gold Medal, for the best research work
in choemistry in their respective years. Nine out of the
ninoteen chemistry students who got their M. Se., went to
Turope at their own expeunss, end got their Doctorates, Ph. D,
or D. Ho. degrecs of London, Paris, Leeds, Berlin, and have
done work which has been well gpeken of by the leading
chomists in Furape and America., Four of these young men
are in the Baroda Slate service and are actively engaged in
research, The other five are in the stalf of other Colleges and
the University of Bombay. The research work done by the
stalf of ths I’hysice Department deals with problema in
dillicult subjeota like, apectroscopy, ultra-short waves and
ntomie physics, for which degrees of M. So. and Ph. D.

- (Londou) bave been conferred. Unfortunately the Head of
the Dopartment of Biology i8 ill and is in hospital. The



H. E. SirV. T. K;ishnamachari,

Dewan Saheh. BARODA STATE.
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undersigned regrets that in his absence it was not poseible to
get the research work done in the Department by hisg
colleagues and etudents, incorporated in the volume-
researches for which the degrees of M.Se. and D.Sec.
(France) have been conferred. ‘

His Highness the Maharaja Saheb and the Government,
appreciating the efforts so far made by the Science Depart-
mentd to make the best of the available resources decided to
give increased facilities in all directiona to earry forward
their work, The fostering care of His Highness and the
abiding sympathy and keenness of H. E. the Dewan Saheb,
Sir V. T. Krigshnamachari, Kt., were mainly instromental in
bringing into existence the Sayaji Jubilee Institute. Several
well-to-do and leading citizens offered, to H. E. the Dewan
Saheb, large donations as contributions towards the memory
of our Beloved Petron and Ruler, with the result that a
technological wing for Industrial Research is also
attached to the Institnte. The undersigned and all his
colleagnes look forward with mingled feelings of anxiety
and pride to fulfil adequately the extended trust so placed
in them. Their only prayer is that the kindness and
sympathy which they have so far enjoyed, may be ever
continued in futore. Itis thege that will strengthen them
in their future increased efforts.

K. G. NAIK.
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I, The Formation and Propertics of Dithiokelones
(R,C:S:S) and Dithio-ethers (R,3:8). Parl I

By KuvErJ Gosal NAIK,

The formation of * mustard gag” {33 -dichlorediethyl
aulphide) by thc sulphur chloride process may be representod
by tho schomae ; .

- {CHECI-CfI,),,S:S

T (CH,CI-éH),)gS + 8.
(IT)

Cortain dificanlties were initinlly encountered owing ko the
conditjon in which the second sulphur atom occunrred in the
product, 1f the reaclion between sulphur moneochloride and
ethyleno is carried out under the right conditions the second
atom of sulphur is deposited in the elemental form, but
undor other conditions it remains either in solution in or in
combination with the sulphide (II). The question whether
the eompound (I) is stable under ordinary atmospheric con-
ditions is a vital one, because the vapour tension of “mustard
gad’' ie alroady 8o low as to placo it on the line limiting the
usefulness in war of toxio substances which rely for their
ullact on the smonnt of vapour {ntrodnced into the mir under
normal gonditions of temperature and pressure. If the
socond anlphur atom remained in chemical combination, as
in formula I, the vapour tension of the compound would be
lower than that of » mustard gas,” and its ntility as a toxie
agont would thereby be diminished, if not entirely destroyed.

2CI1,:CH; + Cl1,8:8

The late Lieut.-Col. Harrison showed that the product
containing the two sulphur atome vaporised completely at
the ordinary tmmperature, leaving only a residue of sulphur,
and that the vapour evolved at different periods of tha
ovaporation had tho same order of toxicity as * mustard gas.”
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There ig thus no doubt that the second sulphur atom in
the prodnct of the action of sulphur monochloride on
ethylene hehaves as if it were in solution in, and not in
chemical combination with, the sunlphide, and the objects of
the present series of investigations are to show to what
degrae the instability of the dithio-grouping is affected by
the molecular condition of the remainder of the molecule
and to compare the relative stability exhibited by corrsspond-
ing dithio-ketones of the general formula R.C:S:S.

The first compound of the dithio-ketone series (III) was
prepared by the action of sulphur monochloride on malon-
anilide in accordance with the equation :

(NHP1-C0),0H, +C1,8:S = (NHPh-C0),C:S:8+ 2HCL
(111

The formnla given to it above is proved by the following
considerations :

(1) It is a dithio-ketone, that is, it is formed from one
molecule of the anilide and one molecule of sulphur mono-
chloride with the elimination of two hydrogen atoms as
hydrogen chloride. ]

(2) The two hydrogen atoms are pnot supplied by the
phenyl groups, because a dithio-ketone (1V) is produced
from malondi-methylaoride by a similar reaction :

{(NHMe.CO),CHy +ClI;8:S = (NHMe. CO),C S: S+"HCI
. V)
also
(CH,Ph-NH-CO),CH; +C1,8:8 = (CH.Ph-NH.C0),C:S:S + 2IIC}
(V)

(3) The two hydrogen atoms eliminated are noi those
which were originally attached to the two nitrogen atoms,
because when sulphur monochloride reacts with methyl-
malonanilide {(VI)—which, it will be noted, ¢annot form a
djthio-ketone on the methine carbon atom, but can readily
do so if the two hydrogen atoms attached to nitrogen are

- those affecl:ed—there fs formed a disulphide (VI1I) in accord-
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' Clg8:8 » .
9CHMe(Co.NHPR), o0 s=s<g§gggg_§§§‘;}:.
(V1) (VIL)
Similar disnlphides are prodaced when tertiary alkylated
amides are employed. Thus the disulphide (VIII) is pro-
duced from malondimethylanilide:

2CH,(CO-NMePh)y ——-> S=S<852881§§§§§E§:-

(VIIL)
It should be added that these disulphides, unlike $he ditbio-
derjvative of * mustard gas ”* to which they are apparently
rolated in composition, are stable substances. They are at
presont under investigation.

(4) The dithio-ketones behave on hydrolysis in a manner
which {8 in accordance with that which might be expected
from the proposed formula. Thne, dithjomesoxanilide (ITI),
on hydrolysis with dlkali hydroxide yields aniline and the
alkalf ealt of a dithioacid which probably has the structure
IX, bocause it yields hydrogen sulphide by treatment with
mineral acids:

" 8:8:C(CO.NHPh), fof_, PhNH, +S:8:C(C0O.K),.
(11L) (1X).

(5) When dithiomesoxanilide (III) is treated with bro-
mino, sulphur Dbromide is produced, together with the
compound {X), which is identical with that tormed by the
nction of bromine on malonanilide (Backes, West, and
Whiteley, J. C. 8., 1921, 119, 373%). It is evident therefore
that the reaction takes place thus:
5:3:C(CO-NHPh),+3Br,>»8Br.3Br:C(CO.NR.C,H,Br),+2HBr.

—>33Br3+CHBr(C&:§QIEI.O.H‘Br)g.

{6) On redoction with an alkaline solutiom of sodium
hydrosulphide dithjomosoxanilide is transformed into malon-
anilide and hydrogen sulphide:
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$:8:C(CO.NHPh), + 6H =2H,S 4 CH,(CO.N HPh),.

(7) The action of sulphuf monochloride on diphenylbar-
bituric acid also yields a dithio-ketone (XI):

ca<SoNEEsco M2 - sis0<G0- b o

. (X1) -

It is clear, therofore, that the formulx assigped to the dithio-
ketones are correct. It may be added that their stability is
gach that the action of fuming nitric acid on, for example,
dithiomesoxanjlide leads to the formation of a tetranitro-
compound (XII) and leaves the dithio-group intact:

$:8:C(CO-NEPh); ——> S:8:C(CO.NH.C,H,[N0,1.),
: (XIL) _

Already, therefore, compounds of both dithio-ketone and
dithio-ether types have been isolated which exhibit a degree
-of stability altogether different from that of the hypothctical
dithio-derivative formed in the * musidrd gas ” reaction. It
‘9 perbaps too soon to draw any definite conclusion, but the
difference ie go great that one is forced to consider whether
in these reactions sulphur monochloride may not react in’
two forms, namely, ST1.SCl and .C1,S:S. This question has
led {0 much controversy, and the general opinion at the
preaent time is that the -second formula is the eorrect one.
Indeed, it wounld be diffienlt to explam the formation of
;" mustard gas ” on any other assnmptxon. _ St:ll, if it ean be
assumed that the reagent can react in either form accordmg
to the conditjons of the experiment and thatin the experi-
menis described in the present paper it reacts in the form of
SCI-SC), the dithio-ketones and the disulphides would have

3.CH(CO.NHPL),

s
S>C(CO-1\HPIJ)2 and- $.CH(CO.NTHIPh), res-

pectively, and ¢omponnds of the latter type, for example,
dithiosalicylie acid (Friedlinder),are known to havé a high
order of stability. These questions will form the subject of
further investigation.

 the formul.n
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" EXPERIMENTALS
Dithiomésomqndidg (III-)..

© Nine grams of malonanilide and 10 grams of sulphur
monochloride (8,Cl,) were heated uader reéflux with 57 c. o
of dry benzene, As soon as tho benzene began tO boil,
hydrogen chlotide ga# was vigorously avolved. After three
hours the evolution ceased and the product was filtered and
washed thoroughly with dry benzene to free it from the
excess of sulphur monochloride. The golid residue,- which
wag almost pure and appeared to be free from any precipi-
tated sulphur. was difficultly soluble in acetone, from which
it crystallised:- in short,  ocolourlesy needles, m. D-
214=215° ( Found: N = 8.70; 8 = 20.10. C,,sH;s02N2S:
requires N = 8.86; S = 20.25 per cent ).

Two grams of this substance were boiled under reﬂux thh
a large quantity .of absolute alcohol for two hours in order to
determine whether either of the sulphur atoms wag separable.
The solid, after filiration, wae repeatedly - extracted with
carbon disulphide (Found : N = 9.12; S = 20.33 per cent. ) ..

. In order to sea if the reaction took place in .two stages,
only half the quantity of sulphur chloride theoretically
required was added to wmalonanilide and the condensation
allowed to take place under the same conditions as before.
The product was repeatedly boiled with alcohol to free it

‘from any unchsnged malonanilide., Almost one-half of the
‘malonanilide wae recovered and the other half was completely
converted into a dithio-ketone. Thus the reaction appears to
take place in one etage only, the snbstance [CH(CG.NHPh).].
8, not boing formed.
Nitration of Dithiomesoxanilide—A very vigorous reaction
v occurred when 5 grams of the anilide . were treated with
nltric acid (D 1.3), and the whole of the substance dissolved,
Tho nitrated product slowly separated in fine orysials on
furthor watming. It was collected, washed with concentrated
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nitric acid and with water, and dried, and then melted at
232"—333‘, (Found H N = 16'72; S = ]2-60- C|.H3010NBSZ
requires N = 16.93; 8 = 12.90 per cent.).

Hydrolysis of Dithiomesozanilide.—The auilide (15 grams)
wad hydrolysed by boiling for two hours under reflax with
a golution of potassinm hydroxide (10 grams) in water
(16 grams). The aniline produced by the hydrolysis was
extracted with ether and identified. From the aqueous
solution a solid was isolated which reacted with hydro-
chlorie acid to produce hydrogen sulphide, and was evidently
potassium sulphide which had been formed during the
hydrolysia.

Bromination.—Ten grams of dithiomesoxanilide (1 mol.)
weore treated with bromine (rather more than 3 mold.) in
glacial acetic acid solation. The produet, after spontaneouns
evaporation of the acetic acid, smelt of sulphur bromide.
When the smell became faint the product was boeiled with
aleohol under reflux. The-solution deposited on cooling
light, white tufts, which melted sharply at 239° after repeated,
crystallisation. The sabstance was found to be identieal .
with the tribromomalonanijlide prépared by the direct
bromination of malonanilide (Backes, West, and Whitelay,
J. C. 8., 1921, 119, 373).. .

Roeduction of dithiomesoxanilide.—Malonanilide, m. p.
924 —295°, was produced when dithicmesoxanilide (20 grama),
dissolved in boiling aleohol (100 e¢.c.), was rednced by an
slkaline solntion of sodiuam sulphide by Brand's method
(Ber., 1909, 42, 3464).

Dithiomesoxzodimethylamide (IV).

This sabstance, prepared from malondimethylamide (1.3
gramg) and sulpbur monochloride (about 2 grams) in the
game way aa dithiomesoxanilide, was difficultly soluble in
absolute aleohol. It separated from a concentrated solution
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in slender neadles and ultimately as a crystalline powder
which meltéd at 216—217° (Found : N =14.24; 8 = 33-24.
CsH,0,N,S, requires N = 14.58; 8 = 33.33 per cent.).

Dithiomesozodibenzylamide (V).

This substance was prepared from 4 grams of malondi-
benzylamide and 2 grams of snlphur hloride. The product
was dissolved in absolute alcohol, from which it separatbd
in fine, white ci-ystals melting at 204° (Found : N 8.57;
S =18.18. C,,H,,0,N,8, requires N = 8.34; S = 18.61 p, ¢.).

Malondimethylanilide Disulphide (VIII).

A mixture of 5 grams of malondimethylanilide. 50 grams
of dry benzene, and 2.7 grams of sulphur chloride was heated
under reflux for three hours. The action was not so vigorous
a8 in the oase of malonanilide. The product was washed
with dry benzene to remove the unchangel sulphur mono-
chloride, dissolved in hot acetic acid, and precipitated from
the solution by hot water. This treatment was repeated
until the saubstance had a constant melting point, 218--213°
(Found : 8 = 10.52. C,,H3.0,N .9, requires 8 = 10.22 p. ¢.).

Methybmalonanilide Disulphide (VII).

Methylmalonanilide was prepared by heating a mixture
of methyl methylmalonate (17 grams) and aniline (19 grams)
for five hours at 140° aod finally at 150—160° until the

distillation of methyl aleohol ceased. Afier crystallisation
frowm aleohol the produoct melted at 180°,

A mixture of 10 grams of methylmalonanilide, 100 e.c. of
dry benzene, and 5 gramse of salphur monochloride was
heated under reflux. Evclution of hydrogen chloride began
to take place at once. After three hours,.the solid was
nollected, washed with dry benzene, and crystallised from
absolute alcohol, when it was obtained as a crystalline powder
melting at 229—230° (Found : 8 = 11.01, Cg,H;3,0,N S,
requires S = 10.70 per cent.).
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5-Disulphido-1 :-3-diphenylbarbiluric acid (X1

Sulphar monochloride (2.7 grams) dissolved in a small
quantity of benzene was graduvally added to a boiling mix-
ture of benzene ( 50 c. ¢.) and diphenylbarbitcric acid
(5.6 grams). The acid, which was not soluble in benzene,
rapidly disappeared and hydrogen chloride was evolved.
After two hours, the brown liquid was cooled and filtered,
and the solvent allowed to evaporate. The residne was again
dissolved in benzene and, after the s¢lvent had evaporated,
crystallised from a mixture of benzene and light petrolemm,
when it melted sharply at 181°. The molecular weight,
determined by the eryoscopi¢ method in Lenzene solutjon,
was 3553.5 (Found : S = 19-20. C;4H,,03N,9, requires
8 = 18.72 per cent. ; M = 342).

In conclusion, I take this opportunity of expressing my
sincere gratitude to Prof. J. F.Thorpe and Dr. M. A, Whiteley
for the keen interest they have shown and the kind en-
couragement they have given me throughount this work. I also
express my thanks to the Chemical Society for a grant from '
thoir Research Fund, which has parily defrayed the expenses '
incurred in this investigation.

Imperial College of Science ‘ard Technology;
South Kensinglon,

{ Reprinted from th¢ Transactions of the Chemical Society, (921, Yol 119 ).



11, Inleraction of Sulphur Monochloride and Organic
Acid  Amiides,

By Kuverdt Gosal NAIE.

The reaction of acid ehlorides with amides, amines, and
their dorivatives appears to have been extensively studied.
In parlicalar, a number of investigations on the interaction
of various amines and sulphur monochloride have been
onrried out (Claus and Krall, Ber,, 1871, 4,89; Edelesno,
Bull. Sos. chim., 1891, [iii]. 5, 173; Roorda Smit, Ber., 1875,
8, 144; Schmids, Ber., 1878, 11, 1168; Michaelis, Ber., 1895,
28, 165), bus no systematic study of the interaotion of
sulphar monochloride and organic acid amides or their
substitnted derivatives appears to have been made,

The reaction of sulphur monochloride with dry ammonia
gas i8 very vigorous, When sulphur monochloride is dropp-
od into the gas, flashes of light are prodoced and heavy
clouds of ammoniam chloride are developed, with the
simultansous deposition of sulphur.

.In view of this it-is to be expected thai—

(i) The amido-group in the organic amides will readily
react with sulphur moncchloride and give rise to snlphides:

—XH, ,01_.. —NH_ .. —NH
(ii) Amines will be more reactive than amides on
account of their more atrongly basie character.

{iii) Amides of the monocarboxylic scids, such as uceta-
mide, may be expected to condense with sulphur mono-
chloride more readily than the amidee of the dicarboxylic
acida, such ag oxamide, becanse the two carbamyl groups in
adjacent positions in the latter may be expected to increase

)
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the acidity, and thus render the -NH, group in such amides
less reactive,

These expectations hava been fulfilled by the results of
the present work, Oxamide, succinamide. malonamide,
phthalamide, and phthalimide do not react with sulphar
monochloride. Oganilide also proved unreactive, whilst
malonanilide condensed in the manner characteristic of

«CO.CH,.CO. derivatives ( J. C. 8. 1921, 119. 379. )

As regards the other amides which have been investi-
gated, namely, acetamide, butyramide, benzamide, benzani-
lide, carbamtde, thjocarbamide, thiocarbanilide, and saliey-
lamide, tt may be noted in the firsf place that carbamide
give chtefly ammoniom chloride and sulphunr, along with
hydrogen chloride, The reactions with acetamide, butyr-
mide, and benzamide followed a very simple coursge, two
molecules of the amide condensing with one molecnle of
sulphur menochloride to give a diamide-sulphide. Thus:

2CH,-CO-NH,+C1,8:8 =(CH,-CO-NH),S +2HCI +8.

The reaction with thiocarbanilide resulted in the condensa-
tion of two molecules of the anilide: ’

NHPh _NPh.NPh

(IL)

This reaction is similar in many respects to that observed
by Hector (J, pr, Chem,, 1893, (ii:, 44, 492; compare also
Dodt, Ber., 1906, 39, 1014}, who found that two molecules of
an unsymmetrical disubstituted thiocarbamide condense
nnder the influence of sulphur monochloride, giving a
prodnet from which the four hydrogen atoms have been
eliminated, N
xpaMe-C Sy

The reaction with thiocarbamide is specially interesting,
ad it can be explained on Werner’s view of the counstitution

D C-NPhMa or NPhMe-CS-N:N-CS-NPhMe.
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of shiocarbsmide. Werner (T., 1919, 115, 1168) suggested
that in & nentral solution thiccarbamide je present in two
forms in equilibriam, thus:

NH; —> NH,
: N: {b).
(¢) BN C<1S - H C<SH )
In the present case, the form (b) can be taken as the
active modification, the reaction with sulphur monochloride
being a8 follows:

2NH:C(NH,)SH +C1,8:8 = [NH:C(N H,)'5]58.2HCl +8.
) (IIL)

Benzanilide reacts with snlphur monochloride to produce
a trisulphide, 8{(8.C4H,.NH.COPh),, similar to that resulting
from acetanilide and sulphur monochloride (Schmidt,
loc, cit.), whilst salicylamide produces a disulphide,

N Hz'CO'CBHs(OH)'S'S'CBHs(OH)'OO‘NH’-

Although phthalimide has no action on salphur mono-
chloride, its potassium derivative reacts tv form a di-imino-
sulphide, i

206H<SO>NK + o188 =[ CeH<Go>N |:S+2KC1+8,
EXPERIMENTAL,
N-Sulphidobisasstamide (1).

Sulphur monoohloride (25 grams), dissolved io a small
qunantity of benzene, was gradually added to a boiling solu-
tion of acetamide (10 grams) in dry benzune {200 ¢.c.). The
reaction began at once with the slow evolution of hydrogen
chloride. After 8ix hours, the undissolved white mass was
collected, waghed +with dry benzene to remove the
undecomposed sulphur monochleride, andﬁ crystallised
from alcohol, from which the product separated in slender
neodley, m. p, 192°,
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The eompound dissolved readily in hot water, and de-
composed agueous eliver nitrate with the formation of silver
snlphide, A solution in sodium earbonate, on beoiling and
then acidifying, evolved hydrogen sulphide (Found : §=21.48;
Nel9.27. C,H 0,N,S requires 5=21.62; N=18.92 per cent.)

N-Sulphidobisbenzylamide, (CoH,CONH),S

This sabstance was prepared from benzamide (10 grams)
and sulpbur monochloride (11 grams) in the same way as the
preceding sulphide., The white, amorpbouvs solid was
gparingly goluble in benzene, flrom which it erystalliged in
fibrous needles melting at 188°. The product was insclubla
in water and reacted neither with sodinm earbonate golution
nor with silver mnitrate (Found : S = 11.90; N = 10.14,
C1H,;0,N,S requnires S =11.76; N = 10.29 per cent,).

N-Sulphidobisbutyramide, (CoH,CONH),S

This substance, prepared from butyramide (3 grams) and
sulphur monochloride (5 grams), in presence of dry benzene
(50 c.¢.) in the same way ad the sulphidobisaceiamide, was
deposited as a solid very sparingly soluble in benzene, from’
which it separated in minute whijte crystals inelting sharply
at 175° (Found : N =13.41; S = 16.05. CyH;,0,N,S requires
N = 13.72; S = 15.68 per cent.).

Sulphidodithiocarbamide Dihydrochloride (III).

Sulphur monochloride (7 grams) was slowly ron into a
boiling golution of thiocarbamide (9 grams) in absolote
alcohol (100 grams) previously saturated with sulphur mono-
chlorides, When the vigorous reaction had abated, the
mixture was boiled for three hours and the hard yellow mass
collected and extracted with a large quantity of alcohol and
carbon disulphide nntil no more sulphur was removed. The
resulting, pale yellow substance was insoluble in ¢chloroform,
ethylene dichloride, benzene, light petroleum, acetie acid,
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carbon tetrachioride, or nifrobenzene, and melted with de-
composition at 176—177° On keeping under water it slowly
deposited sulphur, hydrochlorie acid being simultaneounsly
formed. On treatment with sodium earbonate earbon dioxide
wad evolved. dodium hydroxide first precipitated sulphur,
which then dissolved in excess of the boiling alkali, from
which, on acidification, hydrogen sulphide was evolved. On
treating the agueous golution with silver nitrate, silver
chloride was at once precipitated, but it immediately darken-
ed on the addition of concentrated ammonia owing to the
formaticn of silver sulphide (Found : 8 =37.12; Cl = 28-30;
N =2 2%00. C,H N, 8;2HC] redquires S = 37.63; Cl = 28.62;
N = 21.96 per cent.).

8:6-Dithio-1: 2 : 4 : 5-tetraphenylhexahydro-1 : 2 : 4 ; 5,
tetrazine (I1.)

A mixture of thiocarbanilide (8 grams), anlphur mono-
ehloride (5 grams), and dry benzene (200 ¢.0.) was boiled for
thres honrs, when the golil was collected and washed repeat-
edly with dry Dlenzene to remove any excess of sulphur
monochloride, The substance was then disaolved in benzene,
the aolution treated with reduced copper until the free
sulphur had boen eliminated, and evaporated until priematie
orystals, melting sharply at 160°, were deposited. The
mixture with thiocarbanilide melted at 138°

The tetrazine is stable and is not affected by water, in
which it is insoluble (Found : C=68.39; H=4.50; N=12.90:
8=1467. CuagHyo NS, requires C=69.02; H=4.42; N=12.39;
8=14.15 per cent.)

Trisulphidobisbenzunilide, 8(S-C,H NH COPh),.

Reaction quickly set in when benzanilide (14 grams) was
hoatud with sulphur monochloride (10 grams). The dark
hrown solid formed was washed with dry peirolenm and
then procipitated from an aloobolic solution by means of
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water. The yellowish-white pracipitate was purified io
benzene solution by reduced copper as in the last experiment.
and was obtained as a flocculent precipitate, m. p. 244°
(Found : N=5.98; 8=20-17. C,zH,,0,N,5; requires N=5.T4;
§=19.67 per cent.)

Disulphidobis-salicylamide, S,[CoHy(OH)CO-NU ,),.

A mixture of 5 grams of salicylamide, 50 c.c. of dry
banzene, and 3 grams of sulphur mopochloride was heated
under retlux for three hours. The product was washed with
dry benzene and caused to separate several times from methyl
alcohol by spontaneous evapdration, It was thus obtained as
a vellow, amorphous solid which melted and decomposged at
226° (Found : $=1851. C,,H,,0,N.8, requires $=19.04
per cent.).

N-Sulphidodiphthalimide, [CoH . <Gg>N 8.

The dried potassium salt (compare Landsberg, Annalen,
1582, 215, 181) of phthalimide (two mols.) and sulphur mono-
chloride (one mol.) were heaied with dry light petrolenm
nunder reflux for one hour. The residue was repeatedly
extracted with dry light petroleum and finally purified by
treatment with reduced copper in benzene as in the previous )
cages. The compound was thus obtained as white ecrystals
which melted at 190°, and decomposed on keeping (Foun1 :
N=8-{1; S=9.64. C,;HsO(N.S requires N=8.64; §=9.87 p.¢.).

In conclusion, I have very . greaf pleasure in recording
my thanks to Prof. J. F. Thorpe and Dr. M. A. Whiteley for
their keen interest and kind encouragement throughout the
progress of this work, snd to the Chemical Society for a
grant from their Research Fund which has partly defrayed
the expensges incarred in this investigation.

Imperial Collegs of Science and Technology;
South Kensington.

( Regrinted from the Transactions of the Chemical Society, 1921, Vol, 119 )



111, The Formation and Properties of Dithiokelones
(R,C:8:8) and Dithio-ethers (R,S:8) Part 11,

By KuvErJt Gosal NAIK,

THE experiments described in this paper afford clear evi-
dencs that the interaction of sulphur monochloride with
compounds containing the methylene radicle depends on the
nature of the groupd attached to the two remaining valencies
of the carbon atom, Thus, if these valencies carry neutral
groups such as CO.NH,, for example, in malonamide,
CH4(CO-NH;3)y no reaction ocears, If, however, one of
those carboxyamido-groups is replaced by the carbethoxy-’
group, a8 in ethyl malonamate, CH, CO,Et).CO.NH,, or if
the neutral character of either or both of the carboxyamido-
groups is disturbed by the substituticn of s phenyl, tolyl,
or 'similar group at the nitrogen atom, as in the com-
pounds CH,( CO.NH, )-CO-NHPh, CH,(CO-NH.C,oHq)s.
CH,(CO-NH'C,;H,),, interaction with sulphur monochloride
readily ocours with the formation of dithioketones of the
type 8:8:C(CO-NH,)-CO-NHPh.

Moreover, although no definite measurements have as yet
been made, it i8 evident that the speed of the reaction
depunds on the electronegative character of the attached
groups., For example, sulphur monochloride reacts more
vigorously with malondiphenylamide, CH,(CO-NHPh),, than
withmalonomonotolylamide, CH,(CO-NH,)}CO-NH-C,H. ,and
the reaction with ethyl malonotolylamate, CH,(CO,Et)CO.NH
{1 IT,, i8 Btill more vigorous than with eithor of the former
compounds. In fuct, reactions of the last-named type take
place at the ordinary temperaturs with copious evolutjon
of hydrogen chloride,
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water, The yellowish-white pracipitate was purificd in
benzene solution by reduced copper as in the last experiment.
and was obtained as a flocculent precipitate, m., p. 244°
(Found : N=5.98; 8=20.17. Cy4H,,0,N,5; requires N=5-74;
8=19.67 per cent.)

Disulphidobis-salicylumide, S,{C,;H;(0H)-CO-NI,]..

A mixture of 5 grams of salicylamide, 50 c.c. of dry
benzeane, and 5 grame of sulphur monoebloride was heated
ander retflux for three hours. The product was washed with
dry benzene and caused to separate several times from methyl
alcohol by spontaneous evapbration, It was thus obtained as
a yellow, amorphous solid which melted and decomposed at
226° (Found : S=18.51. C,,H,,0,N,8, requires $=19.04
per cent.).

N-Sulphidodiphthalimide, [C,H‘<88>N ]:s.

The dried potassium salt (compare Landsberz, Annalen,
1382, 215, 181) of phthalimide (two mols.) and sulphur mono-
chloride (one mol.) were heafod with dry light petroleum
under reflux for one hour. The residue was repeatedly
extracted with dry light petroleam and finally purified by
treatment with reduced copper in benzene as in the previons
cased. The compound was thus obtained as white crystals
which melted at 120°, and decomposed on keeping (Founi :
N=8-41; S=%64. C, H.,O,N.S roequires N=8.64; $=9.87 p.c.). ~

In conclusion, I have very great pleasure in recording
my thanks to Prof. J. F. Thorpe and Dr. M. A. Whiteley for
their keen interest and kind encouragement throughout the
progress of this work, and to the Chemical Society for a

grant from their Research Fund which has partly defrayed
the expenses incurred in this investigation.

Imperial College of Science and Technology;
South Kensington.

( Reprinted from the Transactions of the Chemical Society, 1921, Yol, 119)



II1, The Formation and Properties of Dithiokelones
(R,C:8:8) and Dithio-ethers (R,S:S) Part I1.

-
By KuvERJ1 Gosal NAIK,

THE experiments described in this paper afford clear evi
dence that the iateraction of sulphur monochloride with
compounds containing the methylene radicle depends on the
nature of the groupd attached to the two remaining valencies
of the carbon atom. "Thus, if these valencies carry neutral
groupa guch as CO.NH,, for example, in malonamide,
CH,(CO-NH,);, no reaction occurs, If, however, one of
those carboxyamido-groups is replaced by the carbethoxy-’
group, a8 in ethyl malonamate, CH, CO,EL).CO.NH,, or if
the neutral charaater of either or both of the carboxyamido-
groups ia disturbed by the substituticn of a phenyl, tolyl,
or '‘similar group at the nih'-ogen atom, a8 in the com-
pounds CH,( CO.NH, )}-CO-NHFh, CH,{ CO-NH.C,oH)s.
CH,(CO-NH-C,H,),, interaction with sulphur monochloride
readily ocours with the formation of dithioketones of the
type 8:8:C(CO-NH,)CO-NHPh,

Moreover, although no definite measurements have as yet
bueen nade, it is evidont that the speed of the reaction
dopends on the electronegative character of the attached
groups. For example, salphur monochloride reacts more
vigorouely with malondiphenylamide, CH._,.(CO-\IHPh)L,. than
with'malonomonotolylamide, CH,(CO-NH,)-CO-NH-C,H. ,and
the reaction with ethyl malonoto!ylamate, CHy(CO,Et)CO.NH
(!4 Hy, is still more vigorous than with either of the Former
compounuds, In fact, reactions of thelast-named type take
place at the ordinary temperaturs with copious evolatjon
of hydrogen chloride,
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Wollf and Ott (Ber., 1903, 88, 5721) have studied the

interaction of methyl and eihyl--malonates with salphur
monochloride. in the: presence of anhvdrous aluminium
chloride and obtained different -compoonds with the twn
esters. Since it i8 well known that snlphur monochloriie
reacts in different ways under different condijtions {Breseken,
Reg. trav. chim., 1905, 24, 209; Cohen ard Skirrow, T., 1599,
75, 887; P, 1899, 15, 173; Claus and Krall Ber,, 1871, &, 99;
Edeleano, Bull. Soc. ckim , 1891, [iii}, 5, 173; Roorda Smis.
Ber.. 1875, 8, 1443), is wag decided to study its reaction
with (1) malonic and cyanoacetic esters and {2} their scdiam
compounds. Itis remarkable that the products of these
condensations arse, in the case of the malonic ester, ethyl
ethylenetetracarbcxylaie, and in the c¢3se of the ¢vanoacetie
estor, ethyl dicyanocsuccinate, whilst for the sodium com-
pounds they are ethyl ethanetetracarboxylate in the case of
the malonic ester, and ethyl dieyancsuccinate in the case of
the cyanoacetic ester. A gseparation of sulphar ocecurs in

every case:
(E10,C),CHNa +8,C1,=(Et0,C),CH-CH(CO,Et), +2NaCl + 25.
and

CXN
;-Eto C>CHX+b:C1> --E 0. C>CH CH< CO Et+DXCI+OD

where X=H or Na.

1t has been mentioned in Part I of this series (J.C. 5 7
1921, 119, 332) that dithiomesoxanilide, when nitratid
with foming nitric acid, yielda a tetranitro-derivative:

5:5:C(CO-NHPh), = 3:8:C(CO-NH-CgH;[NO, 1.0,

The reacticn has now been extended to other dithicketones.
for example, to dithiomesoxo->c-naphthrlamide. which in
the first place gives a tetranitro-derivative:

$:8:C(CO-NH-C, oH;)s > 8:8:C.CO-NH.C;oH;[N0:]:'5
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When, however, nitration ig carried further, the dithio-
grouping id broken down and a sulphoxide resulis, fwo more
nitro-groups entering the naphthalene nuclei at the same time

3:8:C{CO-NH.Cy gH;[NO,]5),>0:8:C(CO-NH.C, ,H [NOZ ] 3)g0
(L)
Dithiomesoxo-B-naphthylamide and o- and p-toluidides
behave in the same way,

An exumple of the nitration of a disulphide is furnished
by mathylmalono-p-toluidide disulphide, which, ‘on very
cwrefnl nitration, yields a dodecanitro-compound :

q CMe(CO-NH.C,H,), S-CMe(CO-NH.C,H.,[NOy]3)2

S-CMe(C(()I’;Iii CyHy)y o SCMe(CO-NH-C,H([NOyTg)sr

Clearly. therefore, it is possible to nitrate these com-
pounds without destroying the dithio-grouping, . which
hehaves a8 a remarkably stable residue. This is obviously a
powerful argumaent in support of the view previously sug-
gosted that the dithio-gromping in these compounds is
structurally different from that present in 8/3'-dichlorodiethyl
disulphide and similar compounds and that sulphur mono-
chloride is capable of reacling in two forms,

8.1 C}
N and (2) 9:8 R
0 S.C1 <Cl
the first of which gives rise to very stable dithio-compounds
(compare Part I of this eeries) containing the groups
S S.C.
»C< and .
8 S.C.
Experiments have been carried out with the object of
tosting the reactivity of sulphur monochloride towards com-
pounds containing the group -CO.CH;.CO-, when the latier
forms a part of a closed ring, and as a large amount of work
is being done in this laboratory on the formation and stabi-
lity of spiro-compounds, it wag - decided to employ typical
3
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spirn-componunds containing a eyclohexane ring. Three such
compounds (1II), (IV), and (V) (compare Norris and Thorps,
J. C. 8., 1921, 119, 1190) were gelectsd :

i,- R .
Ol CH, _, CH,00_. . Me,,C<CH’CO>CH=
CH,-CH; :CH,.CO CH,CO
(11L) av.)

+ CH,.CH;__CH,CO
H:0<cm,.cH,>C<cH..00>CHz

V.

The eourse pursued in these reactions affords a remark-
able example of the difference in the behaviour of similarly
constituted substances containing the —-CO-CH,-CO-.group
towards sulphur monochloride. For, whilst in the compound
(ITI) only one methylene gronp, namely, that situated
between the carbonyl groups, is attacked, with the form (tjon
of the dithioketone (VI), in the compound {IV) the reaction
proceeds farther and involves one of the remaining methy-
lene groupd of the dihydroresorcinol ring, the substance (VII)
being formel, and in the case of the sp&'rmcompouud (V), it
proceeds yet further, all three of the methylene groups being
attacked. The prodoct in this case is the compound (VIII).

CH,.CH,_ _ CH,.CO

>C< >C:8:8 YI.

CH,CH,” * CH,.CO Vi)
; CH 'CO - CO'C
. S_8 I
r 5-8 i

CH,-CH CH.CO Co.CH CH..CH,

H90<CH:-CH:>C<CH-CO>CS2 SzC<CO-CH>C<CH2-CH;>CH’
I S_8§ i
(VIIL)

In order to obtzin further knowledge of the influence on
the reaction of sulphur monochloride with methylene
groups of neighbouring elecironegative residues, experi-
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ments with gubstitnted amides ocontaining the group
-CO'CH;.CO-CH,-CO- were made. Thocompounds employed
were (1) the dianilide. (2) the di-o-toluidide, (3) the di-p-
toluidide, of acetonedicarboxylic acid, and (4} ethyl-Y-
phenylcarbamylacetoacetate,

Of these compounds, only (1) and {4) have been described
(Besthorn and Garben, Ber., 1300, 33, 3443), whereas (2) and
(3) dv not appear to have buen prepared. When these four
eompounds were treated with sulphur monochloride in dry
bonzene, reaction took place readily, but it wae most vigor-
ous in the case of compound (4), the product ¢ontajuing four
atoms of sulphar. In casesa (1), (2), and (3), allthongh more
than two molecules of sulphur monochloride were taken for
every molecule of the substituted amide to give ample
opportunity for the subetitution of dithio-grounps for all the
hydrogen atoms in the two reactive methylene groups, reac-
tion did not proceed to this extent and the pruduct contained
only two atoms of sulphur, one hydrogen atom of each
methylene group baving been substitnted,

NHPh.CO-CH, NHPh-CO.C<

/ 23,4Cl, /8

co -—— Co (1x)

\ \ 5

EtOQC'CH' Et-OgC'C< é

NHPhCOCH, _ ~ NHPhCOCH—S

/

Co -'-; (,!0 (X)

\ \
NHPh-CO-CH, . NHPh.CO-CH—S

This is in sccord with what follows from the hypothesis
herein suggested, that the reactivity of the two hydrogen
atoms of the methylene group is dependent on the total
negativity of the two ocarbonyl groups with their attached
radjoles. It will be seen in the case of the foregoing sub-
gtituted amides that the neyative effect of the central
carbouyl group is divided between the two adjacent methy-
lone groups, so that the total negative effect on each methy-
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lena group ie amaller than that on a single methylene group
when linked as -CO-CH,.CO-, ag in the case of the com-
pounds degcribed in Part I. Hence it is to be expected that
the two methylene groups in compeunds (1), (2), and (3)
will be less reactive than the methylene group in compounds
guch as malonanilide. However, as soon a8 the toial nega-
tivirty. of the compound is increased by replacing one of the
CO-NHR groups by a carbethoxy-group, the reactivity is
correspondingly increased, and a dithio-compdund is pro-
duced, analogous to those described above.

The investigation of the exact conditions under which
the stability of the dithio-group can be controlled will be
the subject of future work. '

EXPEBIMENTAL
Dithiomesozo-p tolutduie

Malono-p-toluidide "was prepared by the method of
Whiteley (T, 1903, 83, 24) with the modification introduced
by Roissert and More (Ber., 1906, 39, 3300). The best
temperature for the condensation is, in this instance, 140°,
rising to 160°. The-amide (10 grams), sulphar monochloride
(5 grams) and benzene (L0 grams; were heated together for
three hours, and the sahd condensation product was then.
washed with dry benzene and purified by pracipxtahon from
its solution in acetone by means of water nutil it melted: at
215—216° (Found : $=18.26. Cl,Hi,‘Ogstz requires S5=18-60
per cent.).

The fetraniiro- denvatwe was prepared by dls-solvmg the
thiocompound in gufficient- nitric acid (D 1.5) and warming.
The nitration. product which separated on cooling was
collected, washed with concentrated nitric acid and with
water, and dried, when it was obtained as white crystals
which melted and decomposed at 255° and assumed a yellow
colour on kéeping (Found : N=15.81; S=211.82,

0,7H::0,5NeS, requires N=16.03; S=12.21 per cent.).



[21]
Dithiomesoxo-o-toluidide.
Malono-o-toluidide was prepared and coudensed with
sulpbur monochloride similarly to the para-compound. The
product obtained by evaporating the solvent (benzene) was
erystallised from a mixture of benzene and light petroleum.

It soparaied io fibrous needles melting at 189—190° (Found :
8=1889, C,,H,;,0.N.8, requires S=18-60 per cent.).

The telranitro-derivative wag prepsred in the Same way
ad.the p-isomeride and obtained a8 a yellowish-white powder
when the golution in nitric acid was allowed to cool slowly.
It malted and decomposed at 165° (Found : N=16.15; 8=12.32,
CyrH,,0,0N68; requires N=16-03; 8=12.21 per cent. ).

Dithiomesowo-oc-naphthylamide,

Malonodi-cc-napbthylamide (6.5 grams),prapared like the
tolnidide except that the final temperatnre was 170°% sulphur
monochloride (2.3 grams) and benzene (50 e.c.) were heated
together and the product wad purified by crystallisation from
benzene. It formed pale red needles which sintered at 160°
and melted with decomposition at 210° (Found : 8=15.70,
C,sH,,0:N .8, requires 8=15.38 per cent.),

Tetranitro-derivative.—The dithio-amide (5 grams) was
troated gradually with 40 c.c. of nitric acid (D 1-3). After
thy first violence of the reaction had abated, the mixtare was
wormed to complete it and then allowed to cool, when the
tetranitro-compound separated as ap orange-red powder.
After boing washed with concentrated nitric acid and with
walor, it welted at 190° with decomposition (Found: N=14.43;
8=10-40, C, H,,0,,N,8; requiros N=14.90; 8=10.75 p. c.).

Hexanitro-sulphogule (Formuls I),-~This was recovered
from the nitric acid woshings by dilutjon with water as a
yollow, oryasialline substance which decomposed at 135°
{Found : N=16.81; 5=4.57. C,34H,,0,:Ns5 requircs N=16.71;
324,77 per cent.).
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Dithiomesoxo-3-naphthylamide.

Malonedi-3-naphthylamide wag prepared similarly to the
oc-compound and condensed in the same way. The producé
was purified by repeated precipitation by water from
its solntion in acetone wuntil it melted at 204° with
decomposition (Fonnd: §=15.56. Cy4H,,0,N,8, requires
8=15.38 per cent.).

The tetranitro-derivative, when prepared and purified a8
in the case of the oc-naphthylamide derivative, was obtained
a8 a pale yellow powder decomposing at 195° (Found:
N=14.04; 8=10.54. Cy3H;,0,,N¢8, requires N=14-10;
8=10.73 per cent.).

Dithiomesozomono-p-toluidide,

Malonomono-p-toluidide, prepared by Whiteley's method
{loe. cit. Compare also Backes, West, and Whiteley, J. C.
8. 1921, 119, 372), the temperatars of the condensation with
p-toluidine being 120—125°, was condensed (7 grams) with
sulphur monochloride (5 grams) in benzene (50 grams) in
the usual manner. The product separated from alcohol, on
addition of water, in short needles which melted to an cil
clarifying at 150° and decombosing at 165° (Found: §=24.78,
C10H100:N: S, requires S =25.20 per cent.).

Dith iomesowomonophenylamide.

Malonomonophenylamide, prepared like the toluidide,
wad condensed with sulphur monochloride in a similar way.
The product separated from acetone, in which it was sparing-

ly solnble, in short needles, melting and decomposing at
202° (Found: S =24.9. C,H,0,N.S; requires S=26.66 p. ¢.).

Ethyl Dithiomesomo-p-tolylamate

Ethyl malono-p-tolylamate, prepared by Whiteley’s
method (ibid.,, pp. 36, 40) at 120-=125° was condensed
(8 grams) with sulphur monochloride (5 grams) in benuzene
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(50 c. ¢.) in the usual way., The reaction began in the cold.
with copions evolution of hydrogen chloride. The liqnid
was cooled and filtered and the solvent was allowed to
evaporate. The semi.solid mass was redissolved in benzene,
and solidified when the solution was cooled with ice. It
sintered at 74° and moelted at 90° (Found: S = 22.44,
C;2H,30,N 3, requires 8 =22.61 per cent.>.

Ethyl Dithiomesoza-o-tolylamate.

This substance was prepared like the para-compoynd and
wad puarified by repeated spontaneous evaporation of its
golution in benzene and finally in ether. It melted at 62°
(Found: S =22.48. C,,H,303N8, requires 8§ =22.61 per cont).

Methylmalono-p-toluidide Disulphide Formula (IT).

Mothylmalono-p-toluidide was prepared from etbyl methyl-
malonate (9 grams) and p-tolnidine {10 grams) in the same
way nd the lower homologune previously mentioned, except
that in this case the temperature was 160° rising to 180°, It
geparated in a very pure conditicn and after erystallisa.
tion from acetic acid melted at 220° (Found: N=9.79,
C,5Ho009N, requires N =346 per cent.}.

The above amide (8 grams) and sulphur monochloride
(2 grams) were allowed to react in benzene (100 c. ¢.) in the
ugual manner. The solution was cooled and filtered and the
golvent was allowed to evaporate. The residue was again
dissolved in benzene and the product was crystallised from
a mixture of benzene and light petroleum and them melted
at 224—225° (Fonnd: S8=10.19. C3,H4,0,N,S, reguires
8=9.78.per cent.). '

The dodecanitro-derivative was obtained by the regulated
action of fuming nitrio acid and precipitated by the addition
of water. At no time should the liguid be allowed to boil,
After being fltered aud washed with nitric acid and with
water, it was obtained as a pale yellow powder decomposing
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at 140° (Found: N = 1850: 8§ = 5.61. CggH,50,,N ¢S
requires N = 18.76; $=>5.36 per cent.).

Methylmalono-o-toluidide Disulphide,

Methybmalono-o-toluidide was prepared and purified like
the para-compound. It melied at 161° (Found: N =952
C,5H:00:N; requires N=9.46 per cent..

Th’e amide was condensed with sulphur monochloride as
in the cage of the para-compound; the product crystallised
from alcohol in mealy erystals which melted at 174° (Found:
§=1002, C,H440,N,8, requires $=9.78 per cent.).

Methylmalonomono-o-toluidide Disulphide,
Sg [CMB(OO'NHe)‘CO'NH’07H1] g

Methylmalonomono-o-toluidide was prepared from ethyl
methylmalonate (22 grams) and o-tolnidine (9 grams) in a
similar manner as malonomono-p-teluidide and was crystal-
lised from dilete alechol. It separated in pearly scales
melting at 117° (Found : N=14.05. Cl,'E[“OS,N2 requires
N=13.60 per cent.).

This amide (6 grams) was-condensed with sulphur mono-
chloride (2 grams) in the presence of benzene (100 c.c.) as in
the previous cases. The product was crystallivsed from a,
mixture of benzene and light petroleum, when it melted at
207—208° (Found : S8=13.95, C,,H,,0.N,S. requires
8=13.50 per cent.).

Methylmalonodimethylamide Disulphide, S,[CMe(CO.NHMe),]..

Methylmalonodimethylamide ( Franchimont, Ree, trawv,
chim., 1885, 4, 204 ), when condensed (10 grams) with sulphur
monochloride (5 grams) in benzene (100 e. e.), yielded a
crystalline product which melted at 200° after being washed
with benzene (Found: §=18.72. C;,H,;0,N,S, requires
g = 18:28 per cent.).,
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Intoraction of Ethyl Sodiocyamoucetate and Swlphur
Monochlorids,

Ethyl sodiocyanoacetate, prepared from 25 grams of ethyl
cyanoacatate, wad refluxed for one hour with sulphur
monochloride (15 grams) and dry benzene (100 ¢, c.). The
dark solution on evaporation left an oil which, when dis-
tilled under reduced pressure, yielded a solid. After cry-
stallisation from ether, this melted at 117—118°, contajned
no sulphur and was identified as ethyl dieyamosuccinate
(Found: N = 12.76. Cale., N = 12.50 per cent.).

Interastion of Ethyl Sodiomalonate and Sulphur
Monochloride,

Fthyl sodiomalonate, prepared from 50 grams of the
eslor, was refluxed with sulphur monochloride (0-5 mol.) in
the manner described in the last experiment. The product,
aftor orystallisation from ether, wad identifisd as ethyl
ethaneistracarboxylate (Found : C=52.46; H=6.57. Cale.,
C=52.83; II1 =6.91 per gent.).

Interaction of Ethyl Cyanoacetats and Sulphur Monochloride.

Fithyl oyanocacetate (20 grams) was heated on a water-bath
with sulpurmonochloride (25 grams)and the product obtained
on cooling wae extiracted from the sulphur produced by a
large quantity of ether. The solid obtained after evaporation
of the solvent was crystallised from benzene. It melted at
117—118" and was identified a8 ethyl dicyanosuccinate.

Interaction of Ethyl Malonats and Sulphur Monochloride.

This condensation was conducted like the preceding,
excopting that heating on a sand-bath was necessary to
complete the reaction. The solid product was extracted
with benzene and crystallised from light petroleam- nnsil it
meltod at 57—58% Tt was identified as ethyl ethylenetetra-
carboxylate., The same product wasg obtained whon benzene

¢
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wag uged a9 solvent and the product (an oil) subjected to
distillation under reduced pressurae.

Interaction of 1 : 1-Dimethylcyclohexane-3 : 5-dione and Sul-
phur Monochloride 8 : 5 : 8° : §"-Tetraketo-4 : 4*-bisduthio-
1:1:1 : V-tetramethyldicyclohexyl 3 : 2°- Disulphide {For-
mala VII).

The ketone ( 5 grams ) and sulphur morochloride { 10
grams } were allowed to react in boiling benzene (100 c. ¢.).
The solution on cooling was filtered and the solvent was
allowed fo evaporate. The residue was again dissolved in
benzene and after the sclvent had evaporated, crystallised
from a mixtore of benzepne and light petrolenm. when it
softened at 110° and melted with decomposition at 150°
The molecular weight, determined by the cryoscopie
method in benzene solution, was 472.5 (Found: S=40.93.
C,6H,50,S; requires S=41.20 per cent.; M =466).

Interaction of cyclo Hexanespirocyclohexane-3 : 5-dione and
Sulphur Monocklorids. 1 : I'-Dicyclohexsanespiro-3:5:3": 5'-
tetraketo-4 : 4’-bzsdztkwdwyclohewylem 2:2:6: 6-Bisdi-
sulphide (Formula VIII).

The ketone (2 grams), after being thoroughly dried in the
steam oven for fifteen minutes, wagheated under reflax with
sulphar monochloride (3 grams) and dry benzene (100 c. ¢.}.
The product was isolated and purified in the samd way ad’
the preceding compound; it softened at 113° and melted and
decomposed at 153°. The molecnlar weight, determined
by the cryoscopic methdd in benzene solution, was 618
(Found: S=41.72. C,,H,, 0,8, requires S=42.10 per cent;
M = 608). :

Interaction of cyclo Pentanespirocyclo hezane-3 : 5-dione and
Sulphur Monochloride. eycle Pentane epiro-3: 5-diketo
4-dithio cyelo hexane (Formula VI),

The ketone (2 grams) wag boiled for two hours with sul-
phur monochloride (3 grams) dissolved in beuzene (<0 c. ¢.).
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The product was igolated and purified asgin the preceding
caguy; it softened at 114° and melted at 135°, The molecular
weight, determined by the o¢ryoscopic method in benzene

solutivn, was 219 (Found : 8=28.45. C,,H,,0,8, requires
H3=28.07 per cent.; M=228).

ocy - Dignlphidoacetonedicurbozydianilide (Formula X),

The acetonedicarboxydianilide required for the purpose
was prepared by the method of Besthorn and Garben (Joc cit.)
and purified by orystallisation from benzeéne. The more
goluble elhyl y.phenylearbamylacetoacetate was recovered
a8 8 by-product from the residues,

A mixture of the dianilide (4 grams), sulphur mono-
ohloride (4 grams), and dry benzene (100 ¢, ¢.) was heated
uader reflux for two hours. The golution became deep red
and hydrogen chloride was immediately evolved. The liguid
wag allowed to cool and the golden-yallow, crystalline
product collected and recrystallised from benzene, when it
moelted at 220°. The molacular weight, detetmined by the
cryoscopic method in benzene solution, was 343 (Found:
. N=8.15; 8=1841. C,,H,;,0,N,S8, requires N=7.82 8 =17.87
per cent.; M =258).

Ethyl y-Phenylearbamyl- ><y-bisdwulphidoacetoucetate
(Formula IX).

Ethyl y-phenyloarbawmylacetoacetate ( 4 grams) and
sulphur monochloride (3 grams) were heated under reflux
with dry bensena (5] ¢. ¢.). The red solution was filtered
and the solvent allowed fo evaporate, the residue being
repeatedly dissclved in benzene and precipitated by light
potroleum until it was pnre. When heated, it sintered at
115° and melted with decomposition at 156—157% The
moleovlar weight, determined by the cryoscopic method in
bonsene, was 3935 (Found : 8=3469. C,,H,,0sNS,
requires S m3&31 per cent,; M=373.0).
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ccy-Disulplidogcetonedicarboxydi-p-toluidide,

Preparation of Acetonedicarborydi-p-toluidide.—Acetonedi-
carboxylic ester (25 grams) and p-tolaidine (17.5 grams) were
heated together in a sealed tube at 120° for twenty-four
hours. When the contents of the tuba were poured into
benzene (500 c.c.) the Zoluidide separated in beauntiful erystals,
which, after recrystallisation from benzene, melted ak
169-~170° (Found : N=8.25. C,,H,,0,N, requires N=8.64
per cent.).

A mixtore of the amide (6 grams), sulpur mouvochloride
(5 grams), and dry benzene (100 c.c.) wad heated under reflux
for two hours. The prodnct, being sparingly soluble in
benzene, geparated Erom the hot solution in brilliant golden-
yellow flakes which melted on recrystallisation at 216-—.217°
(Found : 8=1614. C,.H,40,N,S, requires $=16.58 p. ¢.),

ocy-Disulphidouacetonedicarbozydi-o-toluidide,

Preparation of Avetonedicarborydisoatolicidide,—~Thia sub-
stance wad prepared in the same way as the corregpounding
p-tolyl derivative, and on recrystallisation from benzene
melted at 167° (Found : N=8.86. C,¢H,,053N; requires
N=8.64 per cent.).

The amide was heated with sulphur monockloride in the
same way ad the corresponding p-componnd. The .producis
was sparingly solable ia benzense. from which it separated in.
brilliant orange crystals meliing at 225° with decomposition
(Found : 8=16:88. C,,H,s03N,8, requires 8=16.38 p. c.).

In conclasion, I have very great pleasure in recording my .
thanks to Prof. J. F. Thorpe. Dr. M. A. Whiteley, and
Mr. C. K. Ingold for their keen interest throughont this work,
and to the Chemical Society for a grant which has partly
defrayed the expense of this investigation, -

The Imperial Colleys of Science and Technology,
South Kensington.

{ Reprinted from the Transactions of the Chemical Socicty, 1921, Vol, 119 ).



IV—The Formalion and Propertics of Dithiokelones
(R,C:S:8) and Dithio—ethers (R,8:8). Part III,

By Kuvian Gosal NAIK and MABADEO DATTATRAYA AVASARE.

The experiments deseribed here were undertaken with a view
to tost the hypothesis advanced by one of wus (T., 1921, 119,
1232), namely, that interaction of sulphur monochloride and
a compound containing the methylene radicle depends on the
pature of the groups attached to the two remaining valencies
of the carbon atom. It was shown that either one or both
of the hydrogen atoms of the methylene radicle were brought
into aclivity, the course of the reaction depending on the
total negativity of the two carbonyl groups with their attached
radicles,

The work go far recorded was carried on with compounds
which aro derivatives of malonie or asetonedicarboxylic acid.
Experimeuls have now now been made with (I)the anilide,
(2) tho o-toluidide and (3) the p-toluidide of acctoacetic acid.
Of these compoundas, only tho first has been deseribed (Knorr,
Annulen, 1886, 236, 75), whereas (2) and (3)do pot seem to
have been prepared. Whon these three compoundd were
treated with salphur monochloride in dry benzene, reaction
took place moro readily and more vigorously than in the case
of the corresponding derivatives of malonic and acetonedi-
carboxylic acids. Siable disulphides were formed in cach
casv. Thus,

CH,-CO ClS  CcH,.CO

$
NR.0o>Cls + o & =xER.co>C<Y +2HOL

whore R i8 the phenyl or tolyl group. Here the total negati-
vily of the groups altached to the reactive wmethylene grounp
is greator than in the casvs of the corrcsponding malonic and
acvlonudivarboxylic acid dorivatives,
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Considering the three compoundd (i) CH,.CO-CH-NHR,
(ii) NHR.CO.CH,-CO-NHR, and (iii) NHR-CO.CH,-CO-CH,
CO-NHR, it will be seen that the total negativity of the
carbonyl groups with their attached radicles in the case of
(i) is due to two group9, one of which, CO.-NHR, is common
to all three compounds, and the other, the acetyl group, i8
more negative than the partly neutralised group, CO.-NHR,
which i8 present in (i) and (jii). Again, the negative effect
of the central carbonyl group in (jiii) i8 divided between the
two adjacent methylene groups, so that the total wnegative
effect on each methylene group is smaller than that ona
gingle methylene group, when linked as —CO.CH,.CO—, a8
in cases (i) and (ii), Hence it iz to be expected that the two
methylene groups in (iii) will be legs reactive than the one in
(ii), which in turn will be legs reactive than that in (i). Such
has actually been found to be the case, Whereas compounnds
of type (iii) react thus,

NHR-CO-CH, CI.§ NHR.CO.CH.S

/ /
o+ = CO | +2HOI

™~ ™~
NHR.CO.CH, Cl.S NHR.CO-CH.S
those of types (ii) and (i) behave as follows,

NER-CO>CH, + giz =N Hé‘,:gg>c<§ +2HC!
where R’ ia the methyl or anjlino-group. Reaction in the case
of (i), however, proceeds very much faster than in the case
of (ii}, in fact, the reaction proceeds vigorously even in the
cold. Such behaviour is in accordance with the thery.

1t was stated in Parts I and II.(Joc. cit., pp. 382, 1233) that it
ig posdible to nitrate the compounds there mentioned without
destroying the dithio-grouping, which behaves as a remakably
stable residae. The dithio-compounds now described ¢an also
be nitrated in a similar way and give dinitro-derjivatives 3

CH-NH-CO.CS,;.CO.CH, —— CgH,4(NO,),;.C0.CS,.CO.CH,

“This behaviour obviously lends further support to the view



[31]

previously advanced that the dithio-grouping in these com-
pounds is structurally dijfferent from ibat present in S3'-
dichlorodiethy! disulphide and similar compoundsd, and that
#ulphur monochloride i@ capable of reacting in the two
forma indicated (fuc, cit.).

Further work is in progress with a view to throw addi-
tional light on the problem, by gtudying the influence of such
roagenis ag sulphur dichloride, sulphuryl chleride, thionyl

"chloride, etc., on these and corresponding derivatives of
cyancacetic acid. '
EXPERIMENTAL

Dithivacetnacetanilide.~Two grama of acetoacetanilide and
2.5 grams of sulphur monochloride {(8,Cl;) were heated under
reflux with 50 ¢, ¢. of dry benzene for two hours. Reaction
started in the cold, hydrogen chloride gas being vigorously
evolved. When the svolution of the gas ceased, the product
wad filtered and washed thoroughly with dry benzene to free
it from the excess of sulphur monochloride. The seolid
residue, after repeated paorification from a mixture of
benzene and petrolenm, melted and decompesed at 125°
(Found: S =26-83. C,,H40,N8, requires S=26.78 per cent.).

The acetoacatanilide reguired for the experiment was
prepared by Knorr's method (Joc. ¢il.). The product obtained
was very pure, but the yield was very small. I{ was cry-
stalljsed from a mixture of benzene and ligroin.

The dinitro-derivative of the above dithioacetoacetanilide
wad prepared by warming the thio-compound with a suffi-
ciency of nitric scid (d 1.5), reaction bsing very vigorous.
The nitration product was precipitated by the addition of a
minimum of water, and after being washed with njtrie acid
and with water was obtained as a brown powder, decom-
posing at 167° (Found: N =12.90; S=18.82. C;,H,0,N,S,
requives N =12.76; S =19.45 por cent.).

Avetoacet-p-toluidide.—~ Acetoscetio ester and p-tolnidine in
equimolecular quantities were heated in a sealed tube g
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120--125° for five hours. The alcohol having been evapo-
rated, the residue was cooled in a freezing mizture and the
resulfing erystalline mass washed with a mixture of benzene
and ligroin and subsegnently crystallised from the same
golvent; the substance obtained melted at 95° 1t is very
goluble in alcohol or benzeneand sparingly soluble in ligroin
(Found: N=7.56. C;;H,;,0,N requires N=7.33 per cent.).

Dithioacetoacet-p-toluidide.—Equal quantities (3 grams) of
the above p-tolnidide and sulphur monochloride were heatad
under reflux with 100 ¢. ¢. of benzene for three hours,
Afier hydrogen chloride ceased to be evolved, the produnct
was treated in the same way as the corresponding anilide
derivative. It began to decompose at 120° and melted at
140° (Found : S=25.28. C,,H,,0,N3, requires S=25.2)
per cent.).

The dinitro-derivative was prepared in the same way as
the corresponding dinitroanilide, and obtained as a yellow
powder decomposing at 170° (Found: N =12.16; S=18.85
C;1HgOg NS, requires N=12.24; S=18.65 per cent.).

Acetoacet-o-toluidide,—~This substance was prepared in the
same way ad the corresponding p-tolyl derivative, and after
recrystallisation from benzene and peiroleum melted at 107°
It i3 very soluble in alcohol or benzene and sparingly soluble
in ligroin (Fomnd: N=7.62" C;,H,40,N requires N=7.33
per cent.). .

Dithioacetoacet-a-toluidide,~—The o-toluidide was .treated .
with salphur monochloride in the same way and in the same
proportiona ag the corresponding para-derivative. The pn:o-
duct, on repested purificatien from a mixtare of benzene and .
petrolenm, melted and deecomposed at 167° (Found: $=25-26.
C;,H,,0,N8, reqnires 8 =25.29.per cent.).

We take this opportunity to record our thanks to the
Chemiecal Society for a grant which has partly defrayed the
expenge of this investigation,

The Baroda Colleqge, Baroda, India.
“( Reprimted from the Transactions of the Chemical Society, 1921, Yol, 119 )
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V.=Absorption of Halogens by Mercurous Salts: Preli-
minary Note.~-Tho present work grew out of an attempt
to make a more effective mercurial preparation for external
application by treating calomel with jodine. In spite of the
large amount of work which has been done on various com-
plex mercuric compounds,” the mixed mercuric egalts,
X—~IIg—Y, have not been prepared by the action of halogens
on mercuroud compouunds. During the predent study.
moreurous chloride, snlfate, and nitrate have been treated
with aleoholic solutions of iodine and bromine in excess.
Mercurous chloridoe yiclds mercurie iodochloride, HgICl, and
morcuric bromochloride, HgBrCl. The gulfate yields di-
fodomeorcuric  sulfate, (IHg),80,, and a perbromide,
(BrHg);80,.Br,, Tho latter compound reactd with dry
chlorine to give dichloromorouric sulfate, (C1Hg),SO,. The
nitrate givos a per-iodide, (IHgNOQ,),.I;, and a perbromide,
(BrlIgNQ,),.Bry. The former compound, when treated with
chlorine, differs from the corresponding eulfate by giving a
perchloride, (C1HgNO,),. Cl;.

It is too carly to discnss definitely tho constitution of this
geries of compounds of morcury. They exhibit a nomber of
interosting peculiarities which are being actively studied by
physicochomical means. The study of their therapeutic
offcets may lead to interesting developments. Ad they contain
oastly reactive halogon atomsd, they might be useful in making
other compounds of mereury or in organic synthesis,

‘The experimental details of the preparation and properties
of the substances, as well as the analytical data, will be
published in a later paper on their constitution,

1 Ditte, Compt. remd , 87, 794 (1879); 92, 353 (188l) Varet, ikid,

123, 497 (1896). Harth, Z. anorg. Chem . 14, 323 (1897). Dobrosserdoff,

J. Ruse. Phys, Chem. Soc, 33, 303, 387 (1901). 8herrill, Z. physic. Cham ,

43, 705 (1903). Borelli, Gass. chim. ital, 38, I, 361 (1908); 38, II, 421
(1908).

The Chemical Laborateries af the Collega Kuverji Gosai Naik,
faroda, India Mualadeo Dattatraya Avasare.
(Reorinted from the Journal of the Amerlcan Chemical Society, 1913 Yol. XLV)
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VI—Interaction of Sulphur Monochloride with Organic Acid
Awmides. Part IT

By Kuversr Gosal NATIE AND CHATURBHAY SHANRABRBHAI PATEL,

It i3 well-known that dry gaseous ammonia interacts
vigorously with sulphuar monochloride with the precipitation
of sulphur (Naik, T., 1921, 119 1166). In a previous commau-
nication ( loc. ¢il. ), it was shown that when this ammoniacal
reactivity was neatralised by strong acid residues, e. g., in the
organic acid amides such a3 oxamide, malonamide, succi-
namide, phthalamide, ete., sulphur monochloride reacts no
longer. Between these two extreme limits, of vigorous
reactivity and no reactivity, come a number of cases where
the reactivity of the amido group is only partially neutralised
by the acid character of other residue.

The amides of acetic and benzoic acids interact with
sulphur monochloride giving a mono-sulphide (Ine. ¢it. ),
which is presamably derived from a disulphid e._i;fﬂl i 8=8,

—l

that had been initially formed.

The work described in this paper was undertaken with
a view to throw some additional light on the conditions
governing the reactivity of the amido group in organie acid
amides, and alsa on those which govern the stability of the
pulphur atom present in the resulting monosulphides, By
weakening the acid residue of the amides still further, the -
reactivity of the amido group may be slowly increased, a
point being ultimately reached where it i3 possible that the
monosulphidg would chabge into a econdensed di-imido or-

—NH
hydrazine, | *derivativa, a limit, which, if achieved, would
—XNH
correspond to a stage just below the extreme une, viz., when
dry ammonia interacts with sulpbur monochlori-le.
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With the above end in view, isobutyramide, valeramide,
and capronamide were selected. The reaction with sulphur
monochloride in all the three cases followed a very simple
course, two molecules of the smide condensing to give a
di-amide with profuse evolution of all the-sulphur, thus :

CH4.(CH,),-CONH|I QI

+ % B=8us
CH,+(CH,),-CONHH Cl

(CH, .CH, -CH, .CH, CONH), +2HCI +2b (I)
and w0 on for the othoers.

Thesgo produots which showed no trage of sulphur usually
had shkowed higher melting points than the original amides
from which they wero found to be different by the method
of mixed wmelting points. The molecnlar weights, too, when
determined by the cryoscopic method, gave resulis in compleis
accord with those required for the condensed product.
Morcover, the di-imide produect obtained from ecapronamide,
gave Lho original amide, on reduotion with alcoholis sodiuwm
hydrosulphido, thus proving its constitution,

Tha cffset of strengthening the aeld group on the reactivity
of tho amido group, was also studied by eclecting monochlo-
racetamido and trichloracstamide as typical examples. Where.
a8 tho ammoniacal reactivity of the amido group in acetamide
and monochloracotamide was sufficient to give a8 mono-
sulphido, that in trichloracetamide wad reduced to the desired
oxtent and gave the expected di-imido produect, thus :

CICIL, .CONH|I €1
+ }S=S—-—>(CICH,CONH),%+2HCI+S.(II)
clell, -CONH|IL €l

C1,C-CO-NILHL Ol Cl1,C-CONH
+ 1} 828em | +2HCI428, (III)
Cl,C.CONILH O} Cl,C.CONH
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Exzperimenia were alao insiituted with a view io examine
the possibilities of sransferring the aciivity from the amido
group in CH,CONH, to the methylene group by substitating
one of the hydrogen atoms of the methyl group by acidie
groups such a3 phenyl and e¢yanogen (<f. Naik, T., 1921, 119,
379. Ths reacition with phenvlacetamide wa3a inconclusive,
and is being investigated more thoroughly, whilat in the cage
of ¢yanacetamide the reactivity was found to be transferred
From the amido to the methylene group, thog :

CN cN
 cr, fcH
NH,CO Ct NH,CO }
+ $=5—3 $=S. (IV)
XH,CO Cl1 NH,CO
; CH, § cH
cN CN

The reaction was very vigoroas, as wasd the case with crana-
cetic ester (Naik, T., 1921, 119, 1232).

Further, the reactions of solphur mouc;chloride with
gabstituted amides such as isobutyranilide, phenylacetanilide.
and acetylsalicylanilide were sgtudied. Whereas igobu-
tyranilide and phenylacetanilide gave a disulphide, thus
resembling the reaction of salicylamide, (Joc, ¢if.) :

2(CH,) ,CHCONEC,H, +5,Cl,—> )
(CH,):CHCONHC, H -S-S-C, H,NHCOCH(CH,),
2C, H4CH,;CONHC, H,; +5,Clo—>
CoHCH,CONHC,H,~S-8-C, H,NHCOCH, C, H,,1VI).

aceiylsalicylanilide gave a trlsulphzde. resembling the reactions
of acetanilide and benzanilide with sulphnr monochlorile :
CH, -CO-0 ..
2 } C.H, +Sems"—?
C,H,NHCO ;
CH,C0-0 . 0.CO.CH,
] } CoHy-S-5-5-C; 1, { (VID
C.H,NHCO - CONHC:H,
On niiration of the disulphide resalting from (V1), a
tetranitroderivalive was obtained as before ( . cif ).
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EKPEBIMENTAL.

Symm-dicaproyl hydrazine

Capronamide (3 grams) and sulphur monochloride
( 2 graina ) were separately dissolved.‘in dry petroleum ( 25
¢. ¢. for each ) and boiled under a reflux condenser, The
reaction started with evolution of hydrogen chloride.
After thres hours the flask was allowed to cool and a viscous
mass deposited at the bottom. The excess of salphur mono-
chloride was washed away with dry petroleum and the
product wad kept overnight in vacuam in an alkali desiceator.
On being boiled with animal charceoal in benzene and filtered,
it deposited from the clear filtrate on cooling, in plates with
.pearly lustre, and melted on recrystallisation at 111—112°C,
The original amide melted at 38°C, while the mixture of the
two melted at 35°C. It was easily soluble in benzene, alcohol,
acctone and warm water, more diffioultly soluble in chloro-
form, insoluble in petroleam and ecarbon disnlphide.

Molecwlar Complerity.—A 8pecimen recrystallised from
benzenc and carefully dried gave the following molecular
complextty by the cryoscopiec method in this solvent; 0.0102
. grams and 0.0152 grame dissolved in 20 c. 6. of benzene

depressed the freezing point by 0.011°C and 0.019°C,
respectively; M =265, 229 (average 247). C,2H; .0, N, requires
M =228. (Foand: N=12.39, C,,H, ,O,N, requires N =12.28
per cont ). There wag no saulphnar in the compound.

Reduetion,—5 grams of the above compound were dissolved
in 50 o. c. of abdolnte gleohel and an aqueous sclution of
godium hydrosulpbide and caustio soda was gradeally added
(Brand, Ber., 1906, 42. 3464). On cooling a erystalline pre-
cipitate was obtained. The crystals were washed free from
alkali with hot water and the product on recrystalligation
from alcohol melied at 98°C. It was found to be pure
capronawide.
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Symm-divaleryl hydrazine

Valeramide (3 grams) and salphur monochloride (2.3
grams) were separately dissolved in dry petroleum (13 ¢. ¢.
in each case), mixed and boiled. Hydrogen chloride bsgan
to evolve on heating this mixtare. The brown viscous solid
deposited on completion of reaction (3 hoars), gave shining
pearly plates from benzene, as in the ease of capronamide,
which meltad at 123°C. Ii wad soluble in beuzene, alenhol,
acectone and also in warm water, but insoluble in petroleam
and carbon bisulphide.

Molecsslar Complexrity.~0-0124 gram of the sabstance dis-
golved in 20 c. c. of benzene depressed the freezing point by
0:025°C; M =222, CyoH,,N,0, requires M=200. (Found:
N =1425. C,;4H,,0,N; requires N = L1{.20 per ceat.).
Sulphur was fonnd to be absent.

Symm -di-isobutyryl hydrazine.

Isobutyramide (3 grams } and sulphar monochloride
{3 grams) dissolved in dry petroleum (30 c. c.} were boiled
nnder a reflux condenser. Copious avolutio_n of hydrogen
chloride was observed. After treatment of the brown viscons
residae in the same way as before, pearly white plates melt-
ing at 120—121°C were obtained. The product was found to
be easily soluble in benzene, aleohol and acetone. but only
slightly soluble in chloroform.

Molecular Complerity.—0-0058 grams of the subsianca
dissolved in 20 c¢. ¢ of benzene depressed the freezing point
by 0-014°C. M =180. C H, 0,N, reguires M=172. (Found:.
N=1620. C H,;0,N, requires N =1623 per cent). The
"campound contained no sulphur.

N-sulphidolics-chloracetamide,

A mixtare of monochloracetamide (3 grams) and sulphur
monochloride (3 grams) in 50 ¢. ¢. of dry benzene was boiled
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till the evolution of hydrogen chloride ceased. A white
golil was gradually deposited, ‘I'be reaction was stopped
after 6 hours, the product filtersed, washed free from
sulphur monochloride and crystallised from hot alechol,
when it was obtained in ghining white crystals. It begins
to molt at 163°C ( decomp.), formiog 8 yellow liguid,
(Found : N = 13.14; 8 = 14.5; Cl = 32.26, C,HgO,N,CLS
requires N =12.9J; $ =14.75 and Ci=32.72 per cent.).

Symm-howachlordiacetyl hydrazine.

Trichloracetamide (6 grams) and sulphur monochloride
(2 grams) were boiled in dry benzene (50 ¢.c¢.) as in the
previous case. A brisk evolution of hydrogen chloride was
notud. Un cooling a yeliowiah white mass was deposited
which en being freed from the excess of sulphur monochlo.
ride and sulphur, was cryatallised from benzene and obtained
in the form of white needles. On recrystallisation from
benzene it melted at L48—149°C. Trichloracetamide melts
at 140°C, :

Motecwlar Complexity.—0.0423 grama of the sabsiance
dissolved in 20 c. c. of benzene depressed the freezing point
by 0.045°C. M =348, C,H,0,N,Clg requires M=323. (Found:
N =880; Cl=65.80, C,H,O,N,Cl; requires N =8.67  and
Cl=65.94 per cent.). No Bulphur was detected in this
- gompound.

Cyanacotamids-C-disulphide.

Cyanicetamide (3 grams) and sulphur monochloride (3
grama) were boiled in dry benzene (50 ¢. ¢.). A brown
granular wass was obtained as the evolution of hydrogen
chloride procseded quickly. On completion of the reaction
(after 4 bours), the excess of sulphur mouvochloride was
removed by hot bonzene. The product was freed from
sulphur by being repsatedly boiled under a reflux condenser
with carbon disulphide until the mslting point became
constant, It melts at 103°C (deconp.); it is insoluble ig
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benzens, petrolenm and carbon disulphide, und hydrolyses
in aleohol. Op standing it undergoes slow deccomposition
to a dark mass. (Found: N=24.77; §=27.73. C H,O,N,S,
requires N =24.34 and S=27.82 per cent).

Symm-di-isobutyryl-diamino-diphenyl disulphide.

Isobutyranilide { 3 grams) and sulphur monochloride
(3 grams) were boiled together in dry benzene (50 c. c.) for
12 hours. The resulting pink coloured solution was slowly
evaporated in .a caorrent of dry hot air, when an indigo
coloured mass was obtained: On boiling in benzene with
animal charceal and leaving the golid mass obtained on
evaporation of the golvent benzene, in an alkaline desiceator,
it wag freed from the hydrogen chloride with which i§ was
at first contaminated. The resulting granular mass was
redissolved in benzene from which it was deposited in the
form of an indigo coloured amorphous granular powder
melting at 100—102°C ( decomp. ), very easily scluble in
benzene forming a beautiful violet coloured sclution and
also soluble in alcohol and acetone. (Found : N=7.55; S =
16:9. CyoH,,0.N,S, requires N=7.22 and $=16.3 per cent..

Symm-diphenyl-diacetyl diamino-diphenyl-disulphide,

Equal quantities () grams) of phenylacetanilide and
sulphur monochloride were boiled together in dry benzene
(50 c. ¢.) for 15 hours. The excess of sulphur monochloride
was then evaporated in a draught of dry sir, the viscond
golid residue redissolved in beunzene and precipitated by’
petroleum. It melted at 162 to 163°C. (Found : N =3.88,
§=1298, C,3H,,0,N,S, requires N = 579 and S$=13.22
per cent.). o '

Symm-tetranitro-diphenyl-diacetyl -digmino-diphenyl-

disulphide.

Two grams of the above sabstance were gradually treated
with 10 ¢. e. fuming nitric acid ( S. G. 1.5), keeping the
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tamperature low. At first a sudden evolution of the oxides
of nitrogen took place, the disnlphide going into solutjon at
the same time. The liguid was slightly concentrated, allowed
to cool and filtercd, when on slight dilution with water, a
very pure yellowish mass was obtalned, which melted at
148—150°C { decomp.). (Found : N=12.76; 8=9.23,
CosHz00,0N 65 requires N =12.65 and S=9.64 per cent.).

Symm-diacelozy-dianilino-diformyl- dvphmyl— |
trisulphide. ‘

Acetylsalicylanilide (4 grams) were boiled in dry benzene
(100 c. ¢.) with salphur monochleride (3 grams) for eightoen
hours, After the evaporation of the golution in a current of
dey air, the dirty white viscons mass obtained was redie-
solved in benzene and boiled with animal charcoal. The
clear filtrate was allowed to drop into a large quantity of
poetrolenm ether, when a partly granular and parily viscous
mass wag obtained. This was left in an alkaline desiceatar
overnight, dissolved in benzene and precipitated by. petro-
leum in the form of a light yellow powder which melted at

78°C (decomp.), (Found: S=15.62, CSOHMOGN 84 requires
S =15.89 per cent.).

The Chemical Laboratories,
The Baroda Collages,
(Reprinted from the Journal of the Indian Chemical Society, Vol.l, Issue No. 1.}



VII— Absorption of the Halogens by Mercurous Sults Part 1.
Formation and Properties of some Complex Compounds of Mercury.
BY KUVERN GOsal NAIK AND MAHADEO DATTATRAYA AVASARE.

Tha work undertaken (a preliminary note on which
appeared in J. Amer. C. 8, Vol. 45 (notes), pp. 2763-70)
originated during the course of a mercurial preparation
involving the use of calomel for outside application in which
it was thought advisable to use iodine, as it was expected
that (1) ealome] would eombine with iodine to form a com-
pound with increased mercurial activity and (2) the iodine
being a germicide would contribute favourably to the
germicidal properties ef the preparation.

The toxicity of mercuric salta i8 directly related to the
ionising capacity of the salts, whilst mercurous salta like
ealomel, which are insoluble, cannot be absorbed to the
necessary extent, and so their nse as germicides is limited. It
gppeared, therefore. that if soms way could be found to
slightly inerease the solubility of these eompounds, without
very much increasing their degree of dissociation. their use-
falness would be greatly enhanced.

In the work described here the mercurous salts, chloride,
sulphate and nitrate were shaken with alcoholic solutions of
bromine and iodine. The latter were rapidly absorbed and
gave beautiful crystalline compounds from which attempts -
were made to produce the corresponding chloro-derivatives
by passing dry chlorine gas over them. During the conrse
of this work the following compounde were obtajned :—

From mercurous chloride—

lodine Bromine Chlorice
Cl Cl Cl
(1) Hg< 2) Hg< & Hg<

1 Br Cl
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From mercurous aulphate— ‘
Hg-1 Hg-Br . Hg-Cl

(4) 80,< (5)[So.< ]Br, 6) S0,<
Hg-I .Hg-Cl

From wercurcus nitrate—
(D [Hg< ]I (8)[Hg< ]Br, (3)[Hg< lCl

Compound (1) bas been prepared by Kohler (B, 72, 1187)
and by others but in small yield, whilst the method deseribad
here ig extremely simple and gives quantitative yields of the
pure proeduoct.

The fact that compound (3) was goluble in boiling water
and it wae found possible to estimate its bromine guantitati~
vely in the ordinary way a8 silver bromide from ils agueons
solution, as well as the fact that (6), which ia derived from (5)
by passing chlorine gas aver it, is also solable in water and
in which chlorine could be estimated in the wusual way,
excludes the possibility of such compounds being molecular
componnds or double salts having the formule HgS80,.
Hg Br,.Br, and Ig80,HgCl, For it is well known that
under guch circumstances merouric sulphate (and mercuric
nitrate as well) would hydrolyse to a baslo mercuric salt
which will precipitate as a yellow substance. Hence the
mereury atom in such compoundas can be suggested to form a
part of the moleeular complex, which would perhaps render
such a proparation thorapeulically nseful.

The interaction of wercurous nitrate with the halogens
gave tetrahalogen derivatives (7), (8) and (9). The bromo-
and the ohloro- derivatires (8) and (9), like (5), were soluble

Tin a large quantity of Loiling water without any hydrolyeia
and it was from- the water solutions that the halogens were
vatimatod in the nsual way, conllrming the view that all theac
sompounds are not doublue salls but somplex compounds,
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EXPEBIMENTAL
() Merouric Chloriodide.

Two grams of powdered calomel were shaken with an
alecholic solution of iodine in & stoppered bottle at room
temperaturo The iodine 'began to be rapidly absorbed.
After the absorptmn of the iodine ceased, the solulion was
kept for some days and a beautifnl red c¢rystalline compound

+was obtained. It wag re-crystallised from alcohol. It changed
_fz:q:;:_._rgc_l.tb yell_ow_a_t 125° and melted to a yellow liquid at
153, Yield three grams. :

(Found: Cl=9.58; 1=3522. HgCII requires Cl=9.79;
___I=35-03 per. cent_.) . e

The compound though 1nsoluble in water, dissolved
readily in alcohol B R - '

P

) f S (") Mercwncchlorbrmmde

* "Four grams of ﬁnely'powdered't:alomel were shaken with
an aleoholic solution of bromine as before, when the bromine
‘was found to be rapidly absorbed with rige of tempcraturc

The roaction mixture was consequently kept at roomr tempera-
"ture by shghtly ‘cooling it under the tap. When bromine
7_'ceased to be absorbed, the golution was allowed to. evaporate

to remove the excess of bromine, when a syrupy liquid was
obtained which-yielded a while crystalline mass on standing

"over sulphuric acid ina deswcator It slowly subhmes mth-
out melting, when heated in a multmg point tobe. (Fouud:

Cl=11.23; .Br=24.98. ' HgC!Br requires Cl=11.26; Br=25.36
per. cent.) -

rrhe compound wag frqely' soluble in slcohol, Spéringly
goluble in cold water, easily scluble in boiling water.

When its solation in water is treated with silver’ mtraﬁe.
silver bromide i8 quanhtatwely precipitated.
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On passing dry chlorine over mercuric chloricdide (1), at
room temperature in a tnbe open at both ends, and driving
away the excess chlorine by means of dry carbon dioxide, a
white mass was obtained which when ecrystallised from
alcohol was found to be identical with mercuric
chloride (HgCl,).

(4) Di-todo-dvmercurio sulphate

This compound was obtained as a red crystalline mass by
ghaking mercurous sulphate with an alecholic solution of
iodine under the conditions stated above. When crystallised
from alcohol it turned yellow at 143° and melted at 243°
Yield quantitative. -

(Found: 1=33.87. Hg,50,I, requires I=33-86 per cent.),

The compound though insoluble in - water was soluble in
aloohol.

(3) Tetrabromodvmerourio sulphate.

On treating mercurous sulphate with an alcoholic solution
of bromine, under the conditions already described, a syrupy
liquid was obtained, which deposited a white crystalline
mass when loft to orystailise in a desiccator over sulphuric
avid, Un recrystallisation from alechol, it was found to
decompose at 125° and moelt with decomposition at 235°,

(Found: Br=3%17; Hg=49.10;: 80,=11.78. Hg,S0,Br,
required Be =33.21; Hg = 49.03; 8O, =11.77 per cent.).

The compound was found to be sparingly soluble in cold
water, mora in boiling water. It dissolved freely in alcohol.
When allowed to stand in air it elowly emitted vapours of
bromine. Silver bromide was quantitatively precipitated
from ite solution in water by the addition of silver nitrate.

(6) Di-chlorodimercuriosulphate.

When dry chlorine gas was passed over (5) tetrabromodi-
mercuric salphate, a white amorphouns mass was obtained

which when ecrysiallised from alecohol began to darken at
175° and melted at 270°
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(Found : Cl=12.50. Hg,S80,Cl;, requires Cl=12.52 per
cent.).

It is sparingly soluble in cold water, more in hot watcr
and freely soluble in alcohol. Itz halogen was estimated in
the usval way from its water solution.

(1) Tetraiododimercurienitrate

Mercaroud nitrate was shaken with an alcoholie solution
of iodine, ag befors. The resulting red compound was cry-
stallised from aleohol, when it changed to yellow at 145-146°
and melted at 250°. Yield quantitative.

(Found : [=4922, Hg,(NO3),I, requires I=49.23 per
cent.).
(8) Tetrabromodimercuricnitrate.

This compound was prepared in the same way, ag its
corresponding iodo derivative, using an alcohbolic solation
of brominse in place of iodine. The resalting liguid, after
the excess of bromine was allowed io go away, gave on
standing over sulphuric acid in a desiceator, a white cryst-
alline substance which on subsegent re-crystallisation from
alcohol, yielded a compound which decomposed on heating.

(Found : Br = 38-02. Hg,(NO;),Br, requires Br = J7.31
per cent.) , .

The compound was very soluble in alcohol, appreciably
soluble in cold water and more in hot water without decom-
‘position, The halogen was estimated in the usual way from
its water solution. ' ' '

(9) Tetracklorodimercuricnitrate.

The above compound 'W;as obtained as a white amorphous .
powder, when *dry chlorine "gas was passed over (7) the
vorresponding tetraiodo lcompoﬁnd. On crystallisation from
“aleohol it berins to deecompose and darken at 100° Yield
quaﬁtitahiva.
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(Fonnd : Cl=21.16. Hg, (NO,),Cl, requires Cl=21.32
per eant).

The componnd was sparingly soluble in cold water, more
in boiling water and freely soluble in aleohol. The halogen
could he qnantitatively precipitated from jts water solution
by silver nitrate.

The Chemirtry Department of the College,

Bareda, Inlia,
(Reprinted from the Jearnal of the Indian Chemical Society, Yol I, Issue No. 1)

I"7/1-Interaction of Sulphur Dichloride with Substances
containing the Reactive Methylene (—CH.—)
Group or Substituted Methylene Group.

By KUvERIT GosAT NATK AND GANPAT VISHRAM JADHAV.

The work was undertaken with a view (1) to study the
roactivity of the bydrogen atoms of a methylene gronp
situated between two carbonyl groups as in the case of
anbatitoted amides of malonic and methylmalonic acid, and
{2) to throw light on the debated and vexed question of the
constitution of salphur dichloride.

The existence of a definite compound of the cowposition,
SCl, has beon repeatedly called in question (J. Chem. Soc.,
1870, 23, 455, 1871, 24, 1163, Compt. rend. 1878, 86, 664;
Bul, Soc. Chim., 1886, 45, 867). SCl; has been regarded by
sowe ad & solution of chlorine in sulphur monochloride and
by others as a componnd jn the state of partial dissociation.
Costa (fruzzetta, 1890, 20, 367) determined cryoscopically the
molgcular weight of the reddish brown ligonid obtained by
saturating the monochloride with chlorine below 0° and then
removing the excess of chlorine by a current of carbon
dioxide. The results of the determinations of molecular
woight in beneene and in acetic acid solutions agree with the
formula SCl,. This view was challanged by Ruaff and Fischer
{Ber., 1903, 36, 418) who nssert that they got no evidencs of
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the existence of the compound SCl, when they examinad
the composrition of the liguid and the wvapours at tempera-
tures between —10°C and 0° Bsegeken (Fec, trav. chim.,
1905, 24, 209) obtained diphenyl sulphide by the interaction
of snlphur dichloride with- benzene in the presence of an-
hydrous aleminium chloride at 0°. This supports the view
that at low temperatures sulphur dichloride possesses the
formula SCl,. At 60° however, the reaction takes a different
gourse, chlorobenzene and thianthrene being the products
formed. This is attributed to the decomposition of sulphur
dichloride .into the monochloride and chlorite, the latter
then attacking the benzene nucleus.

Beckmanu and his collaborators (Zeit. physikal. Chem.,
1909, 65, 289) determined the molecular weights of the
monochloride and the dichloride. They found that in
liquid chlorine, atits boiling poini, sulphur monochloerida
and sulphur dichloride have the molacular_ weights
corresponding to the formulm S,Cl, and SCl, respectively.
They also arrived at the formula SCl; by means of
.eryodcopic determinations in xylene, p-xylene, ethylene
dibromide, acetic acid and bromine solution. These
results seem to have been confirmed by the work of
Bergmann and Bloch (Ber., 1920, 53, [B], 977).

Malonanilide and malon dl-o-tolylamlde interact with
SCl, as follows :—

RNH.CO RNHCO 8-C1 .
>CH, 428Cl,—=> >C< +2HCI (1),
RENH.CO .RNHCO 8—-C1

where R stands for the phenyl or the tolyl group.

In the case of both -methyl-malonanilide and methyl- .
malon di-o-tolylamide only one hydrogen atom in the reac-
tive —CH,— group is available for interaction with szlphur
dichloride, thus :—
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RNH.CO H RNHCO 8—Cl
>0  +8CL,—> >C< +HCI1 (II)
RNH.CO  CH, RNHCO  CH,

where F, represents either the phenyl or the tolyl group.

From the above it will be evident that the total negativily
of the adjoining group, -CO.NHR (where R is either phenyl
or tolyl) which influences the reactivity of the hytdrogens of
the methylene group is practically the same, and hence the
reaction should follow the same course, Experiments bave
justified thia.

It algo appears that both the hydrogens of the methylene
group in compound (I) are simultaneously attacked by sal-
phur dichloride., This is in contrast with what happens in
the case of sulphur monochloride, where one mclecule of
the substituted amide reacts with one molecule of sulphur
monoohloride and not two (Naik, J. Chemn. Soc., 1821, 119,
379)., Thus in the case of sulphur monochloride the reaction
follows the course :—

RNHCO HClS RNHCO )
>C< 4+ | —> >C< | +2HC1  (II)
RNHCO HClS8 RNHCO 8

where R ig either the phenyl or tolyl group.

It io interesting to observe that, in general, the dithio-
keotones obtained by the interaction of sulphur monochloride
with some of the subatituted amides are extremely stable
(Naik, J, Chem, Sve,, 1921, 119, 1231), whereas the compounds
obtained by the action of sulphur dichloride are unstabla,
when treated with fuming nitric acid. In the case of com-
pound (I) the reaction proceeds as follows 1—

RNHOCO S—Cl nitration R, (NO,)NHCO
>C< —_— >CH,
RNHCO S—C1 R,(NO,)NHCO

where R, standa for phenylene or tolylene group.
1



[350]

The products obtained from malon di-n-propylamide and
malon di-naphthylamides (cc— and (3—) belong to the same
class, The reaction follows the course given below :—

R,NHCO H R,NHCO H
>C< o >C< <+ HCI (IV)
R{NHCO H+Cl—8—Cl R;NHCO 8—Cl1
(Iv) .
where Ry stands for propyl group.
RNHCO H RNHCO H
»C<H4Cl—S—Cl —» >C< +HCL (V)
RNHCO RNHCO 8—Cl
V)
Where R stands for cc- or S-naphthyl group.

Here the total negativity of the group .CO-NHR (where R
is the propyl or vaphthyl group) is reduced to a level which
admits of the reactivity of only one of the hydrogens of the
methylene group. In such cases it is bot nataral to expect
the above course of the reactjon. '

These compounds are also unstable and lose all their
sulphur and chlorine when nitrated, thus :—

RNHCO H Nitration R,(NO,)
>C< —_ ~CH
RNHCO 5—Cl - RyNO
where R, stands for naphthylene group.

Finally, in the cases of malon di-p-tolylamide, malon
di-benzylamide and methyl-malyn-di-p-tolylamide the reac-
tion with suolphur dichloride proceods further and very
_ungtable compounds containing excess of chlorine are pro-
duced. In the case of methyl-malon-di-p-tolylamide the
methyl gronp also is attacﬁad‘ thos :—

RNHCO H RNHCO Cl )
>0 428CL, = . =>C«  +2HCI48 (VI)-
RNHCO H RXHCO SCl1
where R is a p-tolyl or benzyl group.
C,H,NHCO - CH, C,H,NHCO CH, .
>C< +23Ct, = >C< | +2HC].
C,H,NHCO H ; C.H,NHCO 5
‘ . A
Cl Cl

(ViI)
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The above producis are stable only ina des;(':cator over
sulphuric acid. In moist air they decompose, the orjginal
amide being obtained, with the evolution of hydrogen chlo-
ride and depo#ition of sulphur. It is interesting to obgerve
that the toly]l compound (VI) on nitration loses all its gul-
phur and chlorine forming

[{NO,)C,H¢NH.CO],CH,

The constitntions assigned to the above compounde follow

from the following considerations :—

{1) That the hydrogen atom or atoms attacked by the
dichloride are nof those from the aromatic nueclej is evident
from the course of the reaction in case (IV) where no such
aromatic nuclei are present.

{2) The iwo hydrogen atoms eliminated sre not those
which were originally attached to the two nitrogen atoms;
beosuse, if that was so, the course of the reaction in every
case ought to have been the same, for every one of the amldes
has two available .CO-NHR groups.

(3} On reduction with alkaline hydrosulphide, eay, in
the case of (I), the original amide is obtained,

ClS),C: (CONRC,H,),+4H,=CH,(CONHC,H,),+2HC]1 +2H,8

(4) That the original amide is obtsined in the case of
(VI) and (VII) in the presence of even a trace of moisinre is
sufficient to shew that the reaction takes place with the
hydrogens of the methylene group;: because, if the interaction
bad taken place with the hydrogens of the aromatic mucleus,
the substituted halogens could not be easily removed with
water,

Apart trom the hght avhioh the study of these reactions
tbrows on the reactivity of the grounp, CO- -CH,4-CO, apother
and a very important bearing of this work is in relation to
the constitution of snlphur dichloride, The previous work
done bjr one of us (Naik, loc. cit) has tentatively shown that
sulphar monochloride reacta in two forms :
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Ci—8 Ct
I @ 8=8< 11
Cl—S Cl

and it is only in the case of (I) that stable disulphides are
obtained. 1t was suggested in the beginning that sulphur
dichloride is a mixture of monochloride and chlorine, or of
tetrachloride and monochloride (Ber., 1903, 36, 418}, If this
had been the case, in none of the above reactions could there
have been a posaibility of obtaining a definite ciase of com-
pounds. The monochloride which was supposed to Le one
of the constituents which go to form the dichloride, ought to
have contributed stable dithioketones, as was found out by
Naik (loc. ¢it.). The other conatiluent of sulphuor dichloride,
viz,, chlorine ought to have easily chlorinated the aromatic
nucleus, and given aromatic chloro-compounds. But in no
case were nnclei substituted halogen derivalives obtained.
On the other hand, the compouuds obfained possessed a
separate identity of their own. It ig, therefore, beyond doubt
that snlphur dichloride did neither reaet as a mixture of
sulphur tetrachloride and monochloride, but it is a definite
chloride of sulphur having the formula SCI;.

EXPERIMENTAL

The reactions were carried out in benzene solution. Under
the conditions of the experiments there was no interaction
between the solvent and the sulphur dichloride. In most
cases the produoct of renction separated from the cold solu-
tion in the crystalline form. Dry materials were always
used, and when a reaction mixtare had to be left overnight;
precautions were taken against the entrance of moisture,

Sulphur Dichloride and Malon-aniide

Malon anilide (3 g.) was mixed with dry benzene {20 c.c.)..
and sulphur dichloride (6g.) was added to tbe mixture. The
reaction started at once and_ hydrochlorie acid gas was
gvolved. The flask was corked with caleinm chloride fube
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to avoid moisture and was left overnight. Next day it was
heated under reflux over a sand-bath for four hours. As soon
a8 bonzene began to boil, copions fumes of bydrochlorie acid
gas were thrown out. The eclear solution on standing
depoyited feathery needle-shaped crystals. They were filtered
and washed with dry petrolenm. They:-.were found to be
very soluble in acetic acid, fairly soluble in alcohol, benzene
ani chloroform, sparingly soluble in light petroleum. On
crystallisation from benzene the substance melted at 164.165°,
(Found: Cls18.69; 8=16.72. C,;H,;,N,0,5,Cl; requires
ClelB.35; 8=16.54 per cent.).

Nitration,-~The compound (1 g.} was gradually added to
fuming nitric acid (7 c.c). Nilrogen peroxide came off and
the mixture became hot. After some time air was blown
into the acid to remove the fumes of nitrogen peroxide, The
oolourless liquid was then slowly added to water, when a
yollow solid separated. It wag filtered and waghed completely
with water. It shrank at 81° and melted with decom position
at 90°% (Found: N=16.10. C,,H,;N,0, requires N=16.28
per cent.).

Sulphur Diohloride and Malon-di-ostolylamide.

Malon-di-o-tolylamide (2 g.) was mixed with dry benzene
(20 ¢e¢), and sulphur dichloride (5 g.) was added to the
mixture. The reaction was vigorous and copious fomes of
hydrogen chloride were formed. The mixture was refluxed
over a sand-bath for three hours. On standing the clear
liguid deposited wh.te silky necdlea They were filtered and
washoed with dry potroleum. They were soluble in benzene,
aleobol, acetone, carbon tetrachloride and chloroform, and
sparingly soluble in ether and petrolenm. They were crystal-
lised from hot bengzene; m. p 160-161°. (Found: Cl=17.34;
Swml15.55. C;,H,4N;0,8,Cl, requires Cl=17.11; S=15.43
per cent.)

Heduetion.—The substanes (1 g.) was dissolved in aleohol,
and 10 ¢. 6. of an ayueous solution of sodium hydrogen
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- sulphide (A solution was made by saturating 1.5 g. of caunstic
goda with hydrogen sulphide in a small quantity of water.
To it caustic soda (5-7 g.) dissolved in a small guantity of
water was added and the whole made up to 30 c. ¢.) was
gradually added to it, when a brown solution was obtained.
The solution was diluted with water, and the solid obtained
was washed with water. It was crystallised from glacial
acetic acid; m. p. 190-191°. Tt contained neither cblorine
nor suiphur and was identified as the original amide.

Nitration.—The compound (1 g.) was gradually added to
10 ¢. e. of fuming nitric acid when fumes of nitrogen pero-
xide were- thrown out. The Iliguid, after fometime, was
warmed a little on a water-bath. After blowing air through
the acid, the nearly colonrless liquid was "diluted with water
apnd the reddish mass obtained was filtered and washed with
cold water. It shrank at 75° and melted with decomposition
at 85°. (Found: N=14.88. ©,,H,40,N, requires N=15.05
per cent) '

Sulphur Dichlorids and Methyl-malonanilide.

Methyl malonanilide (2 g.) was added to dry benzene
(15 c. ¢.), and sulphur dichloride (4 g.) was then added to
it, The reaction mixzture was ﬁmshed up as in the preced-
ing case. The solid was soluble in acetic acid, alcohol,
acetone, benzene and chloroform, and sparingly goloble .
in other and petroleum: m. p. 13%°. (Found: Ci=10.39;

= 9.27, C;gH,5N,0,SCl reqmires Cl = 10.61; S = 9.56
per cent)

Sulphur thlcm,de and Methyl-malon-di-o-tolylamide,

Methyl-malou-di-o-tolylamide (2g) was put in 13 c. ¢
of dry benzene and sulphur.dichloride (3 g.) was added: to
it. Thé reaction mixture was heated under reflux overa
gand-bath for three hours, after, keeping it at ordioary
temperature for some time. On standing, same crystals
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were deposited and more solid was obtained on dilution with
dry petroleum., The mass was crystallised from benzene;
m, p. 150° (Found : Cl1=9.39; S§=8.69 C,. H,;4N,0,8Cl
requires Cl = 3.79; S =8.82 per cent.).

Sulphur Dichloride and Malon.di-oc-naphthylamide.

Malon di-oc-naphthylamide (3 &) was added to 20 c. e,
of dry benzene. Sulphur dichloride (7 g.) dissolved in a
little benzene was then added to the mixtare. After some
time, the mixture was refluxed over a sand-bath for three
hours when hydrogen chloride ceased to evolve. When
benzene began to boil, the liguid assumed green colour.
On standing the solution deposited a solid which was filtered
and washed with dry petroleum. The white mass Soon
begau tu be blue on tho surface. It was therefore putina
desiccator, It was crystallised from benzene. It became
blue. It was scluble in acetic acid, acetons, benzene and
carbon tetrachloride, and sparingly soluble in ether
and petroleum. It melted with decomposition at 145°%
(Found: Cl =8.63; 8§ =8.09, C,;H,;N,0,8CI requires Cl =8.44;
S=7.6 per cent.). '

Sulphur Dichloride and Malon-di-B-naphthylomide.

" The smide (5g.) was added to 50 c. ¢. of dry benzene
and sulphur dichloride (10 g.) was added to it. Hydrogen
chloride was at once thrown ount. ''he mixture was refluxed
over a sand-bath for four hours, but the produect was inso-
luble in benzene. On cooling the solid was filtered and
washed. It was sparingly soluble in aleohol, acetone and
ether, and fairly solublle in boiling acetic acid, from which
it cume down as an amorphous yellowish powder. It melied
with decomposition at 230°—31°. (Found: Cl1=8.55; S="T7.37.
Cyall; s N;OSCI requires Cl =8.44; S=7.61 per cent.).

A-’irmthm‘.-.The compouand (1 g.) wos gradoally added to
10 0. ¢. of fuming nitrie acid, Copious fumes of nitrogen
peroxide were thrown out. The mixtare was heated ona
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water-bath for some time and then air was blown into the
hot mixture to 1emove the fumes, It was then diluted with
cold water and the yvellowish solid obtained was filtered and
washed. It shrank at 175° and melted with decomposition
at 185°. (Found: N=12.45. C,.H,;N, 04 requires N =12.6
per cent.).

Sulphur Dichloride and Malon-di-n-propylamide.

The amide (2 g.) wad added to 25 ¢. ¢. of dry benzene and
gulphur dichloride (4 g.) was then added to it, The reaction
gtarted at once and the reaction mixture lLecame hot. The
flask was eorked with a calcinm chloride tube and left over-

"night. Next day it was refluxed over a sand-bath for about
. an hour and then coneentrated, when a solid was deposited.
It was filtered and washed with dry petreleum. On slow
evaporation of petroleum the white solid began to smell of
hydrochloric acid and became pasty. It was then placed in
a desiccator over caustic soda for several days. Afterwards
it was crystallised from dry benzene and the solid +was
washed with a mixture of ether and petroleuam. It is soluble
" in alcohol and benzene, and sparingly soluble in chloroform,
other and petroleum: m. p. 141—142° (Found : Cl=13.80;
§=12.50. CoH,:N,0,SCl requires Cl = 14.96; S = 12.67
per cent.)

Sulphur Dickloride and Malon-di-p-tolylamide.

The amide (4g.) was mixed with 25 c. c. of dry ben-
zene and sulphur dichloride (8 g.) wae added to the
mixtare. The reaction started at once with tbe evolution
of hydrogen chloride. The flask was corked with a
calcium chloride tube and left overnight at room tempera-
ture. Next day it was refluxed over a sand-bath for about
four hours. On ceooling the clear solution deposited white
crystals which were filtered and washed with dry petroleum.
They were soluble in acetic acid, alechol, acetone, benzene,
carbon disulphide and chloroform. The solid was crystal-
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lised from benzene; m. p. 158°% (Found: Cl=18.16; 8=8.78.
Cy,H,4N,0,8Cl requires Cl=18.54; 8 =8.35 per cent.).

Tho compound when put in ordinary air was found to
gmoll of hydrochlorio acid after some days. This went on for
about two monthg, after which period the compound assamed
a yellowieh tint. It was insoluble in benzene and was
crysiallised from glacial acetic acid; m, p. 247°% It was
found to contain neither sulphur nor chlorine and was
identificd a8 the original amide. The compound is atable
when put in a desiccator over concentrated sulphurie acid.

Nitration :—The compound (L g) was gradually added
te 8 c.e. of fuming nitric acid. Fumes of nitrogen peroxide
wore thrown ont when the snbstance waes being added. After
some time air wag blown into the acid and the nearly e¢olour-
losa solution was diluted with water, when a yellow mass was
obtained. It shrank at 85° and melted with decomposition
at 12¢°, (Found: N=14.72, C,,H,,N,0, requires N=15.05
per cent.).

Sulphur Dicklovide and Mulon-di-benzylamide,

Tho amide (3 g.) was taken with 25 c.e. of dry benzene
sud sulphar dichloride (6 g,) was added to the mixtare, The
reaction mixture wag corked with a caleium chloride tubeand
loft overnight at room temperature. Next day it was refluxed
over a eand-bath for six hourse when hydrogen chloride
conged to evalve. The elear solution on standing deposited
white silky necedlo-shaped erystals, They were filtered and
washod with dry petrolenm. They were scluble in acetic
ncid, alecohol, acetone, benzene and chloroform. The mass
wog crystallised from boiling benzeme, m. p. 143—150°
(Found: Cl=18.26; §8-=8.82, ¢C,,H,,N,0,S8Cl; requires
Cl=18.54; 8=8.35 per cont.).

Thia product also decomposed as in the case of malon

di-p=tolylamide and the original amide was obtained in thig
cage too,
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Sulphur Dickloride and Mahyl-malon-di-g-te ylamide.

The amide (4 g.) was put in 23 c.e. of dry benzene and
sulphaur dickloride (8 g.) was added to the mixtare. The
flask was eorked with a calcinm chloride tube and left over-
night at room temperature. Next day it waz refluxed over a
gand-hath for three hours. The elear solniion on standing
deposited erystale. They were filtered and washed with dry
retrolenm, They were solable in acetic acid, aleobol,
benzene, aectone and chloroform, and sparingly solalble in
ether and petroleum. The mass was crystallised from benzene,
m. p. 137—=15%° (Found; Cl=13-23; 8=7-33. C,;.H,,N,0,5Cl,
requires C1=17.88; S=8.0¢% per cent.)

This eompouand also decomposed a3 in the two previous
cazrs. The decomposition product was insolnkble in benzene
and therefore it was crystallised from glacial acetie acid,
m. p. 240°. 1t was identified as the original amide, The
compound was stable when put in a desiccator over concen-
trated sulphurie acid. :

Chemiral Lahorators.
Barady Colleres
( Raprinted from the Joaraal of the Indiam Chemical Society,
Yol, H, Issue Neo. 4.}



1Y ~Interaction of Sulphuryl Chloride with Substances
Containing the Reactive Methylene (CH;) Group.

By KuvERJI G0osAl NAIE AND MOHANLAL LAxMIDAS SHAH.

The reactivity of the hydrogens of a methylene (—CH,.—)
group in compounds containing —CO.CH,.CO— and
CN.CH,.CO— has been taken advantage of in numerons
condensgationes, Some light bas been thrown on the factors
which govern the reactivity of the methylene group, in
substituted malonamides, with the help of sulphur mono-
chloride (Naik, J. Chem, Soc, 1921, 119, 379; 1921, 119, 1231;
(Naik and Avasare, ibid, 1922, 121, 2592; Naik and Patel,
J, Indian Chent, Soe,, 1924, 1, 27), It was decided to carry
ibis subject further by studying the interaction of substituted
malonamides and sulphuryl cbloride. The results show that
gulphuryl chloride ean react a8 a chlorinating agent on the
methylene group, and, algo, in certain cases, on aromatic
nucloi.l

In view of chlorination having been already oflected with
the holp of sulphuryl chlorido, it was expected that in the
gubstituted malonamides containing aromatie nuclet, the
chlorine might sattack both the methylene group and the
aromatio nuclens, and that only whoen the roactivity of both

1 Chlorination with sulphuryl chloride seems to have been studied
by various workers (Zeit. Chem, von Beilstein u. Hubnar, 1866, 2, 705;
Dubois, Bull. Aead. roy. Balg.. 1876, 42, 126; Tohl and Eberhardt, Ber.,
1893, 216, 2940; Peratoner, Gazzetia, 1894, 24, 1 236; Wohl. D.R.-PP.
1395562, 1467/1902, 160102/1902, 162394/1903; Silberrad, J. Chem. Soo.,
1921, 119, 2029: ibid, 1922, 123, 1015; Durrane, J. Chem. Soc., 1922, 121,
44; Elber and Klemm, Per,, 1922, 55, 217; Macbeth, J. Chem. Soc., 1922,
121, 1116; idid, 1923, 123, 1122; Durraas, J, Chem. Soc., 1923, 12}, 1424;
Bulow and King, fnnalen, 1924, 439, 211; Fuchs and Katlachor, Ber,,
1924, 57 [B], 125G; Silborrad and Parke, J, Chem. Soc., 1925, 127, 1724;
Bilborrad, J. Chem. Soc., 1925, 127, 2677.).
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the hydrogens of the methylene group —CH,—, was suffi-
ciently modified by the proximity of other groups, that

sulphuryl chloride wonld attack the nuclens. This has been
found to happen in certain cases.

The main results of the interaction of sulphuryl chleride
with varions mono- and di-sobstituted amides of malonic
and methylmalonic acids can be summarised as under :(—

I. Conversion of the group —CH,— into CCI,.

(@) without chlorination of the nuecleus: malondi-
phenylamide, malondibenzylamide, malondi-o-toly-
amide, malondi-p-tolylamide; malon-dipropylamide
and malon-mono-p-tolylamide undergo this change;
{0) with chlorination of the nucleus; malon-di-m-
{olylamide, malon-mono-phenylamide and malon-
di-3-naphthylamide undergo this change.

1I. Conversion of the group —CH,— info —~ CHCl—

(a) without chlorination of the nucleus: malon-di-
methylphenylamide andergoes this change;

{&) with chlorination of the pucleuns: malon-di-oc-
naphthylamide undergoes this change.

111, Conversion of the group —CH(CHz)—in¢o CCI(CH,CI):
methylmalondiphenylamide, methylmalon-di-a-tolya
lamide and methylmalon-di-p-tolylamide unndergo
this change.

L4

Type L (2). Malondiphenylamide reacts with sulphuryl,
chloride a# nnder i

(PhNH.C0),CH, +2C1,80, = (P h NH.C0),CCl, +2HCI + 280,
- (D
That the subsiance produced from malon diphenylamide has-

the constitution follows from the facts enumerated below :—

(1) The two hydrogen atoms that are replaced by chlo-
rine, are not supplied by the phenyl group because («)a
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gimilar dichloroderivative iz obtained from malondipropyl-
amide; (/) the chlorine atoms can bo replaced again by
hydrogen with production of the original amide by tho action
of sodium hydrosulphide (Brand, Ber., 1906, 42, 3464), and
by potassium iodide and hydrochloric acid (Meyer, Annalen,
1811, 380, 212),

{2) The hydrogen atoms that are replaced by chlorine are
not attached to the nitrogen atoms, because malon-dimethyl-
anilide, whera there is no hydrogen attached to the nitrogen,
yiclds a monochloro-derivative.

Type I (h). In the case of malon-m-tolylamide, the reac-
lion was mare vigorous (giving rise to a tetrachloro-deriva-
tive) than with the corresponding o- and p-compounds.

C,11,-NH.C0),CH, + 450,01, = (C, H4C1. N H.C0),COl,
- +4HCl 4450,

Of the four ohlorine atoms present in this componnd, two
are attached to thc mothylene carbon as is evident by the
reduction with potassium iodide and concentrated hydro-
chloric acid. The other two halogen atoms which are pre-
gent in the compound, even after reduction, may be present

eithor in the ortho- or para-position to the amino-group in
the aromatic-nuclens.

On studying the behaviour of malon-di-S-naphthylamide
with sulphuryl chloride, there was a copious evolution of
hydrozen chloride and sulphur dioxide. The tetracklore-
compound thus formod lost, on reduction by the above
method, two atoms of chlorine, which were attached to the
mothylene carbon, Malon-monophenylamide exhibitg

8
pimilar roactivity, und the reaction proceeds as under :—
NILE.CO NH.CO
>CH,+350,Cl,= >CCl+50,+3HCL
CegH, NH.CO CgH CLNH.CO

Type II (¢}, Tho intoraction of malon-dimothylphenyl-
pwido with sulphuryl chlorido resulis in the production of a
monoobloro compound.
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[CH3(CgH;)N-CO,CH, +80,Cl,=[CH4{C¢,H,)N-.CO],CHC1
+HC1 480,

In spite of the two hydrogen atoms of the methrlene
group being available only -one is atfacked. This course of
the reaction is not an abnormal one, as is evident from the
work of Naik (loc. cit.) and West ( J. Cheni. Soe., 1222,
121, 2196).

Type 11 (Z). When oc-paphthylamide was made to react
with salphory} chloride in the ratio of 1 : 3, a trichloro-
compound wad obtained.

C,H.-NH.C0),CH,+3C1,80, =(C, ,HC!{.CO),CHCl + 3HC(I
+330..

That in this trichloro-compound, only one chlorine is

attached to the methylene carbon, and the other two are

substitated in the aromatic nuclei, is shown by the sindy of

its reduction with potassinm iodide and hydrochloric acid.

It i3 eaurious that maton-di-oc-naphthylamide gives a
trichloroderivative, whereas the corresponding S-compounnd
gives a tetrachloro-derivative under similar conditions. That
the difference between the behaviour of =>c-naphihyl com-
pounds and S-naphihyl ecompounds iz genmeral was noticed
by other workers (Whiteley, J. Chem. Soc., 1903, 83, 24). and
was attributed to wvarioug reasons (Weinberg, Ber,, 1924,

54(B], 2168).

Type III. Fuarther, it was desirable to see if the same
type and reactivity pereisted' amongst the corresponding
derivatives of methylmalonic acid. Here one of the hydrogen
atoms of the methylene group is replaced by the methyl
group, 8o that 8 monochloro derivative might be expected on
interaction with sulphuryl chloride. Yet, in the three cases
that were studied, dichloro-derivatives were formed. On
redunction of these by the usual method it was found that
both the chlorine aioms were replaced by hydrogen. Hence
the second chlorine atom must have entered ihe methyl
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radicle. If the sccond chlorine atom had entered the ben-
zono nueclous, it could not have been reduced by the abave
method, nor could it have come in place of the hydrogen of
the imino ( —NHR— ) group, as waa pointed out. previously.
Thus :

(R.NH.C0),CH.CH, 4 250,C, = (R-N H.C0),CCL.CH,Cl + 2HC}
+250,

where R repregenta cither a phenyl or a tolyl group).

The above dichloro-compounds showed no trace of any
free hydrogen chloride contained in them; for, when they
wero shaken with water, the filtrate gave no reaction with
silver nitrate. Examples of chlorination similar to this are
known (¢f. Willgerodt and Durr, Ber., 1887, 20, 539). The
moechanism of this interesting course of chlorination ia
discussed later on.

Coming to the gunestion of reactivity of the hydrogens of
the mothylene group in grouping such as —CO.CH,CO-—,
CN.CH,.CO— etc., it is interesting fo note that the experi-
ments described hara afford clear evidence that tbe interac-
tion of sulphoryl c¢bloride with compounds containing the
methyleue radicle depends on the total negativity of the
groups attached to the two remaining valencies of the carbon
stom (loc. i) If these valencies carry neutral groups such
* a8 CO-NH,, a8 in mnalonamide no interaction cecurs with
sulphury} chloride. 1If, however, the neutral character of
oither or both of the carboxylamide groups is disturbed by
the entrance of phenyl, tolyl, ete., interaction with sulphuryl
chloride readily occuors.

The rcactivity of snlphuryl chloride with malonie
ester, ncotoncelic ester, cyanacetic esier ete., has been
etudied by Macbeth J. Chem. Soe., 1922 121, 1120; 1923,
123, 1125), who obtained chloro-compounds, In sll guch
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case?, the reactivity of the sulpharyl chbloride wlhhb
eslers was found to be great, ceriaiely greater than the
reaeiivity of the corresponding amide and snbstituted amido
derivativea.

Alithough mne definite measuremenis bave as yet Leen
made, it i3 evident that the speed of the reaction depecds on
the total negativity of the atiached groups. For example,
gsalpburyl ehicride reacis more vigorously with compound
(114, R=Ph) than wiih (#7, RB=Tol) whilst the reaction wiih
the ester itself is the most vigorcas, even daking place at the
ordinary temperature. So in a seriss like.

() CH.{CONEH,,

{(ri) NH,-CO-CH,.CO.-NHR (R=Fh, Tol ete.)
() CH{CONHR),

() CHp{COOC.H;),

the reactivity which iz-absent in (i) i3 found in (17) and goes
on increasing through the geries (Naik, . il )

The reactivity of the CH, group may be referred to
(a) polarity {Macbeth and his collaborators, J, Chem, S,
1922, 121, $92, 804, 1109, 1119, 2162, 2527, 2001; 19223, 123,
124, 1122; 1925, 127, £72, 1113), (1) to keto-enol trapzforma-
tion (Thorpe and his eollaborators. J. Chera. S, 1911, 99,
921%3; 19221, 119, 1203; 1222, 121, 1826), or () to the combinad
infpences of polarity effects, steric influence anl sirnctural
characteristics such as would give rise to keto-enol transfor-
maszions {(West, J. Ciem, Soe, 1324, 125, T10).

The reaciiviiy of the compo-ands invesiigaied herein can
be explained on the basis ef keto-enol transformaten, “In
the eases where boih the hrdrogens of the meihylene group
are replaced by chlorine stoms, the eobzlance, aceording to -
.Norris and Thorpe (J. Ciem, S, 1321, 119, 1203), assume«s
"ap enolie form. Thus in the ease of formation of compeuni
1, the course foliowed can be represented thos:
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PhNH.CO-CH ;-C0.NHPh-—sPhNH.C0.CH: C{OH)-NHPh

Cl
2 SPhNH.CO.CH:C{OCl)-NHPh
unetable
~->PhNH.CO.CHCI.CO-NHPh.

By a similar gories of changes the final product is the

dichloro-compound, CCl,(CONHPh),.

In the ecase of malon-dimathylphenylamide, only cne
bydrogen is reactive. It appears that after one of the two
hydrogen atoms has reacted, the other becomes sluggish,
only s monochloro-compound being obtained. West (loe.
¢it,) has shown that further chlorination of this amide is not
possible on passing more chlorine. This sluggishness of the
gecond hydrogen atom can be explained ad being due to the
slability of the keto-form a8 In the case of acotyl aceione
{Norris and Thorpé, loc, cit,), which gives 8 monobromo-com-
pound, (CHg.CO),CHBr. Further bromination doe# not take
place,

In somo casos, however, enolisation involves a hydrogen
atom of a terminal methyl group. For example, in the ecase
of methylmalondiphenyl amide, after the gronp —C(CH;)Cl
hag beon formed, enolisation involves a hydrogen atom of tha
methyl group: ‘

CH, CH, OH
é é >C<
Cl-l —CO.NHPh == Cll NHPh
CO.NHPh CO.NHFh
enolic form
CH, 0Cl
| >C<
Cl--C NHPh CH,CI
| ' |
CO.NHPh —=>» Cl—-C—CO-NHPh
unatable

(lJO-NHPh

Such a change due to the enolisation of a terminal methyl
group was noticed by Hantzsch (Ber,, 1894, 27, 356, 3168),
?
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EXPEBIMENTAL
Dizhloromalondiplenylamide.

Malondiphenylamide (2g.) was made to react with
sulphoryl chloride (2-25 g.} in presence of dry benzene
(A c.c.). The mixtare was refluxed for four Lours over a
water-bath, Dense fumes of sulphur dioxide and hydrogen
chloride were evolved. Whea ihe reacticn was over, the
goluiion was filiered hot and the filirate, on cocling, deposited
a whire crystalline mass. This was filtered, washed repeatedly
with dry peiroleum io free it -from exeess of sulpharyl
chioride, and erystallized from hot benzene, m.p. 127°,

It iz fairly soluble in acetone, chloroform, ethyl acelate
and nitrobenzene, sparingly 2o in benzene, aleohol, toluene,
acetic aeid and carbon tetrachloride, and insolnhle in light
petroleum.  (Foumwnd: C1, 21.8, C,,H,.N,0.,Cl; requires
Cl, 21.96 per eent.).

Eeduction of the alove Compound with Hydriodic Acid—
The dichloro-compound (0.1498 g.) was dissolved in absclute
alechol (30 e.e.). To the solution, potassinm iodide (1.8 g.)
dissolved in water (30 c.¢.) was added, and then concentrated
hydrochlorie acid (12 c.c.). The misture was reflaxed for 3
hounra at about ¢0°. A control experiment was set np ai the
same time with the same amount of absolate alcohol,
potassiom icdide and concentrated hydrochloric acid, for the
same period; and from the observations in the control experi-
ment, a correcilon was introdaced in the observationa of the
acinal redoction experiment. The subatance liberated iodine
equivalent to 13.3 c.c. of C-(971 V sodinm thiosulphate solu-
tion. (Found: Cl (equivalent of the iodine liberated), 22.16.
C,5H,5N,02"1, requires Cl, 21.96 per cent.’

E=duction of Dickloromalondiphenylamide with allaline
Hydrmeulphide.—~The chloride (2 g.) was added to absolute
alechol (20 e. ¢.) and refluxed for about half an hour. Anb
aqueous golution of godiam bydrosulphide, prepared by
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gatorating sodinm hydroxide (0-3 g.) dissolved in a small
quantity of water with hydrogen sulphide, was gradually
added to it. After a time the whole went into solution with
a brown colour. On cooling a slight crystalline precipitate
appoared, The golution was diluted with water (500 c.c.) and
fillered. The substance was washed [ree from alkali by hot
water. Tho product was then crystallised from acetic acid,
and was found to be pure melondiphenylamide, m.p. 224-225°

Dichloremalon-dibenzylamide.

This subgtance was prepared from malon-dibenzylamide
(2 g.), and sulphuryl chloride {2 g) in presence of dry
benzone (50 ¢ ¢ ) a9 before. It was deposited 29 a white mase
sparingly soluble in benzene, from which it was erystallised
in white shining plates, m.p, 170-171°,

It is fairly solublo in chloroform, sparingly so in benzene,
alcohol, acctone, toluene, acetic acid, carbon tetrachloride,
ethyl acetate, carbon bisulphido, ether and nitrobenzens, but
insoluble in light potroloum, {Found: Ci, 19.82, C,,H,0,-
N,Cl, roguirea Ci, 20.20 per cont.

Dichloromalon-di-o-tolylamide.
Thie spubstance was propared from malon-di-o-tolylamide
(2 g.) and sulphuryl chloride (2 g)in the usnal way. The
white solid i3 sparingly soluble in alcohol, from which it
wad cryetallised in white needles, m. p. 140-141°.
. It 1a fairly soluble in acetone, chloroform, ethyl acetate,
carbon bisulphide and nitrobenzena, sparingly go in benzene,
aleohol, toluene, acetio acid, carbon tetrachloride and ether,
but inscluble in light pelrolenm. (Found : Cl, 20.15,
C, ¢ H, 0,N,Cl, requires Cl, 20.20 por cent.).

Dichloromalon-di-p-tol ylamide.

The above compound waa obtained as a white amorphous
powder whon malon-di-p-tolylamide (2 g.) wag treated with
snlphuryl chloride (2 g.) in the usual way. It was crystal-
lised from aloobol in ghining white needlos, m. p. 145-146°,
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It is fairly solnble in benzene, aceione, chloroform,
toluene, acetic acid, ethyl acefate, carbon bisulpbide, ether
and nitrobenzene, eparingly so in aleohol and ecarton tetra-
chloride, but insoluble in light petrolemm. (Found: Cl,
20.01. C,+H;40,N,Cl, requires Cl, 20-20 per cent.).

Dickloromalon-dipropylamide.

It was prepared by the action of sulphury]l chloride (3 g)
on malon-dipropylamide (2 g.) in tbe usunal way. The solid
product was erystallised from benzene in shining cubes,
m. p. 108-109°,

It is fairly soluble in acelope, sparingly s0 in benzene,
alcohol, chloroform, tolcene, acetic acid, ecarbon tetrachlo-
ride, eithyl acetate, carbon bisulphide, ether and niirobenzene,
but inscluble in light petrolenm. (Found : Cl, 27.83.
CgH, 0. N,Cl, requires Cl, 27-82 per cent.)

Dichloromalon-mono-p-tol ylamide.

It waa prepared from malon-mono-p-tolylamide (2 g) and
sulphury] chloride (2 g.) in the usual way. A white solid
was obtained, which on erystallisativn from benzene melted
at 1435-146°,

It is fairly soloble in acetone, ethyl aceiate and ether,
gparingly so in benzene, alcohol, chloroform, toluene, acetic
acid, carbon bisulphide and nitrobenzene, bnt almost ipso-
luble in petrolenm and carbon tetracbloride. (Found : Cl.
27.1. C,0H100,N,Cl, requires Cl, 27.17 per cent.).

Preparation of Malon-di-m-tolylamide.

Malonic ester and pure m-toluidine were taken in mole-
cular propcrtions in a flask provided with a cork, through
which a wide tube passed. This tube was bent at the top
and was fitted into a condenser. The length of the tabe.
fiom the cork upwards to the bend at the top measared
153 em. The flask was put in a paraffin-bath and maintained
at 130-110° for four hours, when alcohol distilled off drop
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by drop. The temperature at the end was raised ko 150°,
The rate of the disKllation was go regulated that for every
drop of alcohol distilled, fifteen drops of the liguid returned
to the flask, Thig increased the yield of the diamide. The
liquid wag then transferred to a mortar, where it solidified
on cooling. The solid was exiracted with alcohol and finally
washed with a little ether. When crystallised from acetic
acid, it was obtained in brilliant needles, m. p. 152°

1t is fairly soluble in chloroform, ethyl acetate and
pitrobenzene, #paringly 8o in benzene, alcohol, acetone,
toluene, acetic acid, carbon tetrachloride, carbon bisulphide
and ether, but almost inseluble in light petrolenm. (Found :
N, 9.8, C,.H,40,N, requires N, 9.9 per cent.).

Dichloromalon-di-m-tolylamide dichloride.

On treating malon-di-m-tolylamide (2 g.) with sulphuryl
chloride (4 g.) in the nsusl way a white mass was deposited
on standing. The resulting product was crystallised from
benzensa in cubie orystals, m. p. 164°

It is fairly soluble in acetone, sparingly go in benzene,
alcohol, chloroform, toluene, acelic acid, ethyl acetate, sther
and nitrotenzene. but almost inecluble in carbon tetrachlo-
ride and light petroloum. {(Found: Cl, 33.51. C:,H,,0,N,Cl
roquires Cl, 33-78 per cent.).

Dichloromalon-monochlorphenylamide.

Thie compound was prepared from malon-mono-phenyl-
smide (2 g.) and snlphuryl chloride (3 g.) in the same way
a8 the proceding chloride. After the reaction was over, the
product crystallised immediately on cooling. On recrystal-

lising from benzene, it yielded shining pearly plates,
m. p. 136°,

It is fairly soluble in acetone, ethyl acetate and ether,
sparingly so in benzone, alcohol, chloroform, toluene, acetio
acid, carbon tetrachloride, carbon bisulphide and nitroben-
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zene, but almost insolable in light petrolenm. (Found: Cl,
37.67. CyH,0,N,Cl, requires Cl, 37.80 per cent.).

Dichloromalon-di-B-naphthylamide dichloride.

The above compound was obtained as a white amorphous
powder, when malon-di-S-naphthylamide and sulphuryl
chloride were treated in the usual way. It was crystallised
from benzene, in which it is difficultly solable, in shining
crystals, m. p. 183°

It is sparingly soluble in benzene, alcohol, chloroform,
toluene, acetic acid, carbon tetrachloride, ethyl acetate and
nitrobenzene, but almost ingcluble in light petroleum,
acetone, carbon bisnlphide and ether. (Found: Cl, 29.25.
Ca3H,; 4O,N,Cl, requires Cl, 28.84 per cent.).

Monochloromalon-dimethylphenylamide.

Malondimethyl-phenylamide (2 g.) and sulpharyl chloride
(2 g.) were made to react in the usunal way described. The
amorphous white product, when erystallised from absgolute
alcohol, yielded eolourless prismg, m. p. 187°,

It is fairly soluble in chloroform, sparingly so in acetic
acid, ethyl alcohol, acetone, toluene, ethyl acetate, nitro-
benzene, and carbon bisulphide, but nearly insoluble in
light petroleum, carbon tetrachloride and ether. (Found: Cl,
11.44. C,,H,,0,N,Cl requires Cl, 1L1.2 per cent.).

This chloro-compound was prepared by West (J. Chem,
Soc., 1922, 121, 2196, by direct chlorination of the amide.

Chloromalon.di-oc-naphthylamide dichloride,

This compound wad prepared from malon-di-oc-naphthyl-
amide (2 g.) and sulphury! chloride (2.5 2.) in the usual way.
The mass obtained, when érystallised from benzene, gave
pure shining cubic crystals, m. p. 182°,

It is fairly soluble in chloroform and nitrobenzene,
sparingly do0 in bengzene, alcohol, acetone, tolusne, acetic
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acid and ethyl acotate, but nearly insoluble in light petro-
leum, carbon tetrachloride, carbom bisulphide snd ether.
( Found : Cl, 23.41. Cg4H,,0,N,Clg requires Cl, 23.23
per cent. ).

Chloromethyle-chloromalondiphnylamids.

The sbove substance was prepared from methylmalon-
diphonylamide (2 g.) and sulpharyl cbloride (2 g.) in the
usual way. Thoe solid was precipitated from a large quantity
of putroleum. On crystallisalion from a emall amount of
bonzone, it gave shining pearly plates, m.p. 128°.

CItis {airly soluble in acotone, ethyl acetate, chloroform,
othor and mitrobenzense, sparingly so in benzene, alcohol,
tnluene, acetic acid, earbon $~trachloride and carbon bisul-
phide, but almost insolable in light petroleam. (Found: CI,
21.18, C, g, (O,N,C], requires Cl, 21.05 per cent.).

Chloromethyl-chloromalon di-o-tolylamids.

This eompound was obtained from methylmalon-di-o-
tolylamide (2 g.) and sulphuryl chloside (2 g.) as above. The
white solid, on crystallisgation Erom a benzene-petrol mixture,
gave a feathery mass, m. p. 130°

It ig fairly soluble in acetone, ethyl acetate and nitro.
benzene, sparingly go in benzene, alcohol, chloroform,
toluene, acetic acid, carbon tetrachloride, carbon bisulphide
and ether, but insoluble in light peiroleum, (Found; Cl,
19.85. C,,H,,0,N,Cl, requires Cl, 1343 per cent.).

Clloromethyl-chloromalon-di-p-tolylamide

The above compound was obtained as shining white
needles, when methylmalon-di-p-tolylamide (2 g.) and sul-
phuryl chloride (2 g.) were made to react in the wusunal way.
It was recrystallised from benzene. in which it is sparingly
soluble: m.p. 138°,

The solubility of the chloride was of the same order as
the preceding chloride. (Found: Cl, 1981. C, H,,0,N,Cl,
requires Cl. 19.43 per cent.),
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The anthors desire fo express their gratitude to His
Highness the Maharaja Gaskwar’s Government for a grant by
which the expenses incurred in this research were met.

Chemistry Department,

The College, Baroda.

(Reprinted from the Jeurnal of the Indian Chemical Seciety, VoL 1V, Issue No. 1.)

X—Interaction of Sulphur Monochloride with Organic
Compounds containing the reactive Methylene (—CH,—)
Group. Formation and Properties of Dithicketones
(R.C:S:S) and Dithioethers (R:S:S). Part IV

BY KUVERJ GOsAt NATK AND YESHWANT NARAYAN BHAT.

The work described in thisa eommuuication is a continuna-
tion of the work already published by one of the anthors
(Naik, J, Chem. Soc., 1921, 119, 379, 1231; 1922, 121, 2392)
It was then suggested that sulphur monochloride appears %o
react in two forms:

S /CI S—C1
1) 8= and (i7 '
© S Nai @ sl_(n

Whereas the formation of stable dithio-componndsg points
to the fact that S,Cl, appears to react in form (&), it wounld
be indeed difficult to explain the formation of mustard gas
on any other assumption than that sulphur monochloride
reacta in form () (Joc. €il.) = .
/;, (CH,;CLCH,).S:S

> (CH,CLCH,),S+S

As reported before the ditbio-grouping resulting from the -
joteraction of sulphur monochloride with amides of malonic
ester i8 very stable, for the resulting di-thioketones and
dithio-ethers could be eadily nitrated with fuming nitrie acid .
withount affecting the dithio-grouping. '

The interactions of sulphur mouochloride with (1) malon-
di-ethylamide, (2) malon-di-n-propylamide, (3) malon-di-
isobutylamide, (4) malon-di-n-heptylamide, (5) malon-di-m-

2 CH, : CH,+Cl, S:S
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toluidide and (6} methylmalon-di-m-toluidide and (7) methyl
malon-dibonzylamide were examined. Of these, malon-di-
n-heptylamide, malon-di m-toluidide and methyl-malon-
dibenzylamide were prepared for the first time. Whereas
(¢) compounda (1), (2), (3), (4) and (5) interacted to give
dithioketonea of the general formula

R )

>C< é

R
(#) eompound (€} gave the dithic.ether of the general
formula, R-C(CH,).8.8.C(CH4)R. '

Thus, R.NH.CO Cl—S8 R.NH.CO 8

>CH, + !‘—e - >0< |

(a) R.NH.CO Cl— R-NH.CO g
and

(b) (RNH.CO},CHMe Cl—8  (R-NH.C0),—C(Me)S

: + |-

(R.NH.CQ),CHMes Cl—S (R-NH.CO),-—C{Me)S
where R may be an ethyl, propy!, fsobutyl, heptyl or tolyl
group,

On nitration with fuming nitrie acid, the dithio-compound
derived from (5) gave a tetranitro-derivative, thus:

S CO‘NH'C{H, fumiug S CO‘NH'CQH|(NO;)Q
| >C< —_—> | >C<
s CO.NH.C,H, HNO, § CO-NH.C,H,’NO,),

From this, it may be suggested that the dithio-grouping in
compoundeof the above type, may be structurally different
from that present in B33’ dichlor-dietbyldisnlphide and such
nllied compounds. It also lcnds further sapport to the
snggestion previously made, that eulphur roonochloride may
react in two forms (¢) and (i) and when it reacts in form
(), it gives riss to very stable dithio-compounds having

the groupings
. ] SeCome -

| >C<  and |

] S—C—

ExPERIMENTAL
Interaction of Malondiethylamide with Sulphur Mono.
chiloride~Malon diethylamide was :prepared by Whiteley's
methed (J, Chem, Soc,, 1921, 119, 366) by the condensation
19
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of ethylmalopate (16 g.) with ethylamine (30 g. of 33 per
cent golation). It was crystadllised from benzene, m.p. 149°%

Malondiethylamide (2 g.) was put in a flask with 30 c.c. of
dry benzene. Sulphur monochloride (2 g.) was added to it,
and the flask was refiuxed on a sand-bath for three hours.
Hydrogen chloride began to evolve moderately” on heating.
Within 15 minutes, a solid, separated, and bumping began
which had to be controlled. The solid was separated by
filtering the solution at the pump, and was washed with dry
petroleum to remove the adhering sulphar monochloride.

It is very goluble in acetone, ethylacetate, acetic acid and
chloroform; less so in methyl aleohol, ethyl alcohol, benzene
and toluebe; gparingly solnble in carbon tetrachloride,
carbon bisulphide and ether, and ingoluble in petroleum.
It was crystallised from absolute aleohol. It shrinks at 186°
‘and melts at 202°.  (Found: N, 12.97; § 29.46. C,H,,N,;0,5,
requires N, 12.73; S, 29.09 per cent.).

Malon-di-n-propylamide and Sulphur Monochloride.~Malon-
di-n-proepylamide was prepared by Whiteley’s method (lue.
¢it.). Ethylmalonate (9-5 g.) and An-pr_opylaininé were taken
in a sealed tnbe and, after 24 hours, wers heated at 125°—130°
for six hours. The mixture solidified when allowed to
remain at the ordinary temperature for some hours. The
gealed tube was then opened, and the white solid was
washed with petroleum. The m. p. of the snbstance, purified
from benzens was 139°

The above amide (5 g.) was condensed with solphar
monochloride (5 g.} in a similar way.

The product is very soluble in chloroform, benzene,
sthyl acetate, acetone, acetic acid and nitrobenzene; less go in
ethyl alcobol, methyl aléohol and toluene; gparingly soluble
in carbon bisulphide and ether; and insoluble in water and
petroleum. It was crystallised from absolute alcohol, It
ghrinks at 172% and melts at 180°. (Found: N, 10.92; 8, 25.69,
CgH, (O, N,8, requires N, 11-29; S, 25.80 per cent.),
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Malon-di-isobutylamide and Sulphur Monochloride.~Malon-
di-isvbutylamido was prepared in the same way ag malon-
di-n-propylamide, by condensing ethylmalonate (8 g.) with
isobutylamine (7:3 g.). The product was crystallised from
benzeno and maelted at 126°

The above amide (2 g.) and snlpbur monochloride (1.5 g.)
ware condensed ag in the previons cases. _

The white produet so obtained disgolves readily in chloro-
form, acetic acid, ethylacefate, or nitrobenzene; less readily
in henzene, toluene, methyl alcohol, ethyl alecohol and
acotone; sparingly so in ether, carbon bisulphide, or carbon
tetrachloride, and is insoluble in hot water ‘or light petro-
leum. It was crystallised from absolute aleohol. It shrinks
at 196° and molts at 202° (Found: N, 10.43; 8, 22.98,
0;,H,40.N,8, requires N, 10.14: 8, 23.19 per cent.). O

Preparation of Moelon-di-n-heptylamide.—A  mixture of
n-hoptylamine (11.5 g.) and ethylmalonate (8 g.) was allowed
to remain in a sealed tube at the ordinéry tem perature for
24 hours, when it was found in & semi-golid condition.
The sealed tube wuas then heated in a paraffin bath at
125-130° for abont 7 hours. The tube wns opened when
cool, and the white solid was tuken out and washed with

potroleum. The solid thns obtained wae practically purs,
and weighod 12 g. .

It dissolves very readily in chloroform, benzene, toluene,
ethyl acetate, acotic acid, methyl alecohol, ethyl aleohol,
acoetone, and nitrobenzene; less readily in carboun tetrachlo-
ride and ether; and i sparingly soluble in petroleom. and
fnsoluble in water. It crystallises. from benzene and melts

at ,132° (Found : N, .52, C;,H4,0,N, requifes N,8.40
per cont,).
Malon-di-n-heptylamide and Sulphur Monochloyide,.~Malon-

di-n-heptylamide (3 g.) was condensed with eulphur mono-
chloride (1.5 g.) in the wsual manner. The resnlting sub-
stanoo, Loing vory soluble in benzene, was precipitated by
putroloum. It came out 43 a golatinous white mass which
wag filtored and washed with dry petroleum,
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It is very soluble in benzene, chloroform, acetic acid,
methyl alcohol, ethyl alecohol, acetcne, ethyl acetate and
nitrobenzene; less soluble in toluene and carbon bisulphide;
and sparingly soluble in ether, petroleum, and carbon
tetrachloride. It was purified from alcohel, m. p. 125°
(Found: N, 7.83; 8,17.37. C,,H;,0,N,S, requires N, 7.77;
8, 17.77 per cent.).

Malon-di-m-toluidide and Sulphur Monochloride.—The
amide (2 g.) and saulphur monochloride (1 g.) were condensed
a8 in the previous cases.

The product ig readily soluble in chloroform, acetic acid,
othyl acetate, acetone and npitrobenzene; less readily in
benzene, toluene, methyl alcohol, ethyl alcohol, carbon
tetrachloride and carbon hisulphide; eparingly soluble in
ether and hot water, and insoluble in light petrolemm. It
was crystallised from absolute aleobol. It shrinksat 138° and
melts at 180° to a yellow liquid. (Found : 8. 18.13. C,,H,,
0,N,S, requires 8, 18.60 per cent.).

Nitration —Qne gram of the above substance wag added
in a conical flask to 10 ¢. . of fuming nitric acid (d 1.5%
The flask was heated on a sand-bath until the evolution of
oxides of nitrogen slackened. The flagk was allowed to cool,
when a little yellow solid came down. As the solid was
too litile to be filtered through the aasbestos, the solution
wad added o some distilled water in a beaker. The pre-
cipitated solid was filtered at the pump, washed with dis-
tilled water, and allowed to dry at the ordinary temperatare
and powdered. The powder was dried in an air oven at -
60-70°. It melts with decomposition at 166°. (Found:N;
16-32; 8, 12.27, C,,H,,0,,N¢8, requires N, 16.03; 8, 12.21
per cent.). _

Methyl malon-di-n-toliidide—~Methylmalonic ester (10 g:).
was condensed with m-toluidine (13 g.) in the same way as
in the case of the c¢orresponding malon-derivative. The
temperature, in this case, was raiszed to 280° The yield was
vory poor.
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It is very solnble in benzene, tolnene, chloroform, acetic
ucid, ethyl acetate, methyl alcohol, ethiy! alcohol, acetone and
nitrvbenzene; less readily in carbon tetrachloride, and ingo-
luble in petrolenm. It was crystallised from benzene, m. p.
157°.  (Found : N, 3.86. C,; H,;,0,N, requires N, 9.46
per cent.),

Methyl maton-di-m-toluidide and Sulphur Monochloride.——
The above amide (2 g.) and sulphur monochloride (0:5 g.),
were condensed together in the nsual manner. The reaction
iu this case was slower than in the case of the corresponding
malon-di-m-toluidide derivative.

The white product is readily soluble in ethylacetate,
acotio aoid, acetone and nitrobenzene; lesa readily soluble in
benzene, toluane, chloroform, carbon tetrachloride, methyl
aleohol and ethyl aleohol; slightly acluble in carbon bisal-
phide, ether and hot water and inscluble in petroleom. It
was crystallitsed from absolute alcohol, m. p. 157°.188°
(Found: 8, 9-39. C,;,H;,0,N,8, requires 8, 9.78 per cent.).

Methylmalon-di-benzylamide.—Ethylmethylmalonate (9 g.)
and benzyvlamine (11 g.) were taken in a round bottomed
flapk and heated at 150-160° ag in the case of other amides.
The white product so obtained readily dissolves in benzene,
toluene, chloroform, methyl aleohol, ethyl alcohol, acetone,
ethylacetate, acetic acid and nitrocbenzene; less readily in
chloroform, and ia eparingly soluble in ecarbon bisalphide,
ether, petroleaum and hot water. It was purified from
benzene, m. p. 142°% (Found: N, 9.66. C,zH,,0,N, requires
N, 9.46 per cent).

We take this opportunity to record our thanks to the
Government of Hizs Highness The Maharaja Gaekwar of
Baroda for a grant which hae defrayed the expense of this
inveatigation.

Chemistry Depariment,
The Collage Baroda.

(Repriated from the Journal of the Indian Chemical Society, Vol.1V, lssue No.1.)
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It is very solable in benzene, chloroform, acetic acid,
methyl aleohol, ethyl alcohol, acetone, vthyl acetate and
nitrobenzene; less soluble in toluene and carbon bisulphide;
and sparingly soluble in ether, petrolenm, and carbon
tetrachloride. It was purified from alcohol, m. p. 125°
(Found: N, 7-83; 8, 17.37. C,,H;,0,N,S, requires N, 7-77;
8, 17.77 per cent.).

MHalon-di-m-toluidide and Sulphur Monochloride.—The
amide (2 g.) and sulphur monochloride (1 g.) were condensed
ad in the previous cases,

The product id readily soluble in chloroform, acetic acid,
othyl acetate, acetone and nitrobenzene; less readily in
benzene, toluene, methyl alcohol. ethyl alcohol, carbon
tetrachloride and carbon bisulphide; sparingly soluble in
ether and hot water, and insoluble in light petrolemm. It
was crystallised from absolute alecobol. It shrinksat 158° and
melts at 180° to a yellow liquid. (Found : 8. 18.13. C,;H,,
O,N,S, requires 8, 18.60 per cent.).

Nitration —One gram of the above substance was added
in a conical flask to 10 c. c. of fuming nitric acid (& 1.5).
The flask was heated on a sand-bath until the evolution of
oxides of nitrogen slackened., The flask was allowed to cool,
when a littla yellow solid came down. As the solid was
too little to be filtered through the asbestos, the solution
wad added to some distilled water in a beaker. The pre-
cipitated solid was filtered at the pump, washed with dis-
tilled water, and allowed to dry at the ordinary temperature
and powdered. The powder was dried in an air oven at
60-70°, 1t melts with decomposition at 166°%- (Found: N,

16.32; 8, 1227, C,,H,;,0,,N¢S, requires N, 16.03;S, 12.21
per cent.).

JIethyl malon.di-m-foluidide.—~Methylmalonic ester (10_ g.)
was condensed with m-toluidine (13 g.) in the same way at
in the case of the correspouding malon-derivative. The
temperature, in this case, was raised to 280°% The yield war
Yery poor.
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It is very soloble in benzene, toluene, chloroform, acetic
acid, ethyl acetate, methyl alechol, ethyl alcohol, acetone and
nitrvbenxene; less readily in carbon tetrachloride, and inso-
luble in petroleum. It was crystallised from benzene, m. p.
157°. (Found : N, 9.86. C, H,,0,N, requires N, 9.46
per cent.),

Methyl maton-di-m-toluidide and Sulphur Monochloride.—
The above amide (2 g.) and sulphur monochloride (05 g.),
were ¢ondenged together in the nenal manner. 'The reaction
in thie case wae slower than in the case of the corresponding
malon-di-m-toluidide derivative.

The white product is readily soluble in ethylacetate,
acetic aoid, acetone and nitrobenzene; less readily soluble in
bevzene, toluane, chloroform, carbon tetrachloride, methyl
alecohol and ethyl aleohol; slightly soluble in carbon bisunl-
phide, ether and hot water and ingoluble in peiroleum. I
wag orystallised [rom absolute alcohol, m. p. 187°-188°,
(Found: 8, 9-39. CgHg,0,N 8, requires S, 9.78 per cent.).

Methylmalon.di-benzylamide.—Ethylmethylmalonate {9 g.)
and benzylamine (11 g.) were taken in a ronnd bottomed
flagk and heated at 150-160° as in the casa of other amides.
The white product o obtsined readily dissolves in benzene,
tolnene, chloroform, methy! aleohotl, ethyl alcohol, acetone,
ethylacetate, acetic acid and nitrobenzene; less readily in
chloroform, and is sparingly soluble in carbon bisulphide,
ether, petroleum and hot water. It was purified from
benzene, m. p. 142°% (Found: N, 9.66. C;4H,,0,N, requires
N, 9-46 per cent ).

We take this opportunity to record our thanke to the
Government of His Highness The Mabaraja Gaekwar of
Baroda for a grant which has defrayed the expense of this
investigation,

Chemisiry Department,
The College Baroda.

(Reprinted trom the Journal of the Indian Chemkal Soclety, Vol.1V, lssue No.l.)
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Xl—Condensation of Cyanacetic Ester with some Aryl
and Alkylamines. Preparation of some
Aryl and Alkyl substituted
Cyanacetamides.

By KUvERJI GosAT NAIE AND YESHWANT NARATAN BHAT.

The msthod adopted in the preparation of these com-
pounds wad a mgdification of that employed by Freund
(Bcr.. 1884, 17, 134) and Whiteley (J. Chem,. Suc, 1303, 83,
24), in the preparation of malondiphenylamide.

Cyanacetanilide [Compt. rend,, 1893, 121, 18%; Queunda,
Chem, Centrr., 1892, i, 283 from Ati. R. Accad. Seci. Torins,
27; Warapeky and Hillers, J. pr. Chim, (i1), 82. I97].
cyanacei-p-toluidide (Grothe, Arch. Fharm. 238, 608; Haller,
Compt, rend., 1889, 108, 1116), evanacetbenzylamide {Guares-
chi, Chemn, Centr,, 1332, i, 382 from Attr R, Aecad, Sci. Twrina,
27} and eyanacetxylidide m.p, 167°) are already known.

{1} Cyanacet-o-tolunidide, {2) ecyanacet-m-toluidide (3)
eyanacet-oc-naphthylamide, (4) cyapnacet-S-naphtbylamide.3)
cyanacet-adj..m-xylidide, (f) cyanacetmethyl-amide apnd
(7) cyanpacetethylamide were prepared for the first time.
The methods employed had to be varied with the varying
basic nature of the amines, mcre drastic method being
employed in the case of those amines which possessed feebls
ammoniacal characteristica, o

Benzylamine resembles, though remotely, the paraffin
amines aud hence the method of preparing an amide with
the heip of this amine has to be modified from that alopted
in the previous cages. Aniline. teluidines and naphthylamines .
possess ammoniacal characteristies to a very feeble extent
indeed, and in their cases, mors drastie methods for the
production of the substituted derivatives were emplored.
We can thus roughly divide the preparations of the amides
into three division :—

A. Cyanacetmethylamide; evanacetethylamide.
B, Cyanacetbenzylamide.
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C. Cyanacetanilide; c¢yanecet-p-toluidide; cyanacet-o-
toluidide; cyanacct-m-toluidide; cyanacet->c-naphthylamides
cyanacet-S-naphthylamide; cyanacet-adJ 1= xyl:dxde

Of the ahove substituted armdes gyanacetanilide, cyanacet-
p-toluidide and  cyanacetbenzylamide are kpnown, bai no
roliable details of the methods employed in their prepara-
tiond could be found. The meliing pbints of these substances
fairly agree with those reported and the analyees confirm the
porcentage of nitrogen reguired,

EXPERIMENTAL,
Preparation of Substituted Amides of Cyanacetic Ester,

In the preparation of substituted amides of the aromatic
series Whiteley’s method (J. Chem, Soc,, 1903, 83, 24) with
the modifieation degeribed by Naik (J Ciwm Sor,, 1921, 119,
379) was followed.

Cyanacetunilide~Ethyl cyanacvtate (37 g.) and pure
redistilled aniline (45 g.) were wixed together in a round-
bottomed flask provided with a wide upright bent tube, one
end of which passed through a cork in the mouth of the flagk
and the other end was attached to the condenger. The flagk
wag keopt at 160°—170° for. six bours. The height of the
uprixght portion of the Lent tube was so adjusted that for
evory drop of alcohol distilled over, a dozen drops of the
lquid went back to the flask. Thia was to avoid any of the
reacting liquids coming over unchanged. The temperature
was #lowly raiged to 180° #ill no more alcohol came over.
Tho ¢ontents of the flask, when hot, were then poured into
a pbreolain mortar where the whole solidified, The colour
of the liguid whon taken out of the bath was red. The rolid
cako was broken and triturated with a mixtare of equal
volumes of benzene and light petrolevin, and filtered at the
pump. The process was repeated until the reddisk colour of
the solid dis appeared, The yield was 66 por cent,
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Cyanacetanilide is readily soluble in methyl aleohol,
ethyl alcohol, acetone, acetic acid, ethyl acetate and nitro-
bonzene; and insoluble in light petrelenm (b. p. 50-60°),
carbon tetrachloride, earbon disulphide and xylol. It was
crystalliged from alcobol as white needles, m.p. 198-199°.
(Found: N, 17.63. C;HgN,O requires N, 17-50 per cent.).

Cyanacelap-toluidide —Cyanacet-p-tolnidide was prepared
frcm ethyl cyanacetate (20 g.) and freshly distilled p-tolui-
dine (21 g.) in the same way as cyanacectanilide.

The white product so obtained is readily scluble in
methyl alcohol, ethyl aleohol, acetic acid, ethyl acetate,
acetone and nitrobenzene, less 8o in benzene, toluens and
chloroform; sparingly soluble in carbon tetrachloride and
hot water, and insoluble in ether, light petroleum and carbon
bisulphide. It was crystallised from alcohol, m. p. 180°
(Found: N, 13.71. C;4H;¢N,0 requires N, 16.09 per cent.).

Cyanacet-o-toluidide ~Ethyl eyanacetate (34 g.’ and o-tolu-
idine (29 g.) were condensed together in a similar way. .

The white product ia readily soluble in benzene, methyl
alcohol, ethyl aleohol, ethyl acetate, aceiic acid, chloroform,
acetone and nitrobenzene; less readily so in cearbon tetra-
chleride, very sparingly goluble in hot water and petroleum,
and insoluble in earbon bisulphide and ether. It was erystal-
lised from alechol as thin plates, m. p. 125° (Found: N,
15.90. C,oH (N30 requires N, 16.09 per cent.).

Cyanacet-m-toluidide,—Ethyl eyanacetate (15 g.) and
m-toleidine (13 g.) were condensed in the usual manner,
The solid was triturated and washed with ether.

Itis readily soluble in methyl alcohol, ethyl -alcohol;
acetic acid, ethyl acetate, acetone and nitrobenzene; less
readily in benzeme, tolusne, chloroform and hot water:
gparingly soluble in earbon tertrachloride, carbon bisulphide
and ether; and insolable in ‘petrolenm. It separated from
benzene in the form of white needles, m. p. 132° (Found;
N, 16.25, €,oH,4N,0 requires N, 1609 per cent,},
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Cyanaceta~canaphthylamide.—Ethyl cyanacetate (22 g.) and
oc-naphthylamine (25 g,) were similarly condensed. The
product wag finally washed with alecohol until the reddish
colour of the solid was removed.

It is freely soluble in ethylacetate, acetic acid, acetone,
and nitrobenzene; less eoluble in methyl alcohol, ethyl
alcohol, bonzens, toluene and chloroform; sparingly soluble
in carbon tetrachloride, ecarbon bisulphide, petrolenm,
ether and hot wator. It was eorystallised from acetic
acid, m. p. 175° (Found: N, 13.65. C,3;H,,N,0 requires
N, 13.33 per cent.).

Cyanacet-B-naphtlylamide.—Ethyl cyanacetate (25 g.) and
-naphthylamine (22 g.) were condensed as in the previous
CARos,

The whita solid so obtalned is very soluble in ethyl
acelate, acotic acid, acetone and nitro-benzene; less so, in
benzene, toluens, chloroform, hot water and methyl aleohol,
othyl aleohol; sparingly soluble in ecarbon tetrachloride,
carbon bisulphide and ether; and insoluble in light petrolenm.
It was crystallised from aleohel, m. p. 174° (Found: N, 13.18,
Cy 3 oN,;O requires N, 13.33 per cent.),

Cyanacot-ad)-m-zylidide.~—Ethyl cyanacetate (11 g.) and
ndj-m-xylidine (12 g.) were condensed in the usual manner.
Tho product is readily soluble in ethyl acetate, acetic acid,
methyl alcohol, ethyl alecohol, acetone and nitrobenzene;
. less go in benzene, toluene and chloroform and very slightly
soluble in petrolenm, hot water, carbon tetrachloride, carbon
bisulphide and ether. 1t was crystallised from alcohol, m. p.
107 (Found : N, 1524, C;,H;,N,0 requnires N, 14.89
por cont.).

Cuyan-acetbenzylamide.—In the preparation ot this sub-

gtance. Whiteloy’s method (J. Chem, Soc., 1921, 119, 370) for
the preparation of malon-di-benzylamide was nged.

Ethyl ecyanacotate (32 g.) and bengylamine (22 g.) were
putin a conical flask and refluxed gently on a sand-bath,
H
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The substance condensed readily to a yellowigh white mass.
The heating was stopped after seven hours and the solid was
waghed with a mixtnre of benzene and petrolenm ether to
free it from unchanged reactants, The yie]d.was 90 per cent.

It djissolves readily in benzene, toluene, (jhloroform. eihyl
acetate, acetic acid, metbyl alcohol ethyl alcohol, acefone
and nitrobenzene; Iess readily m carbon bLisuiphide and hot
water, and is sparingly soluble in light petroleum, carbon
tetrachloride and ether. - I_t wad crystallised from benzene
in white long wneedles, m. p. 120°. (Found : N, 16.19,
CmHmN 0 requires N 16.09 per cent.),

"y [

i

Cyanncetmethylamide.—This was ‘prepared by a method
corregponding to the method of Whiteley (loc. ¢it.) for the
preparation of malon-di-ethylamide, by shaking a mixture of
eﬁhyl cyanacetate (50 g.), methylamine (45 g. of 33% gola-~
tion) and sodium bydroxide (0-2 g.) for about one hour,
at 0°, until it was homogeneons. After keeping the mixture
at the ordinaery temperature for twelve hours the solution
was concentrated on s water-bath. On “cooling, a reddish
pasty mass was obtained. It was .drained on a porous plate
when a mass of grabular sclid was obfained. The yield was
very poor being about 25 per cent.

It is very soluble in niéthyl' alcobol, ethyl alcbhol. chloro-
form, cthyl acetate., aoetic acid, acetone, water and ‘nitro-
benzene; less soluble in ben?ene and toluens and . sparingly
soluble in carbon tetrachlorlde. ca‘bon bisulphide, ether and
petroleum. It crystallises in long white needles from
benzene, m. p. 101°. {(Found-: N, 28.83, C HgN.Or requires
N, 28.57 per cent) i

Cyanacef- (‘ﬂiy!amade‘-—,Ethyl cyanacetate (23 g.) was cen-
densed with cthylamine (38 g. of 33 per cent solution} in the

BAIM6 Way. as, csapacetmethylamlde The yield was about
15 per cent
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It is rcadily soluble in chloroform, ethyl acetate, acetic
acid, methyl alcohol, ethyl aleohol, water, acetone and nitro-
beonzene; less readily in benzene and toluene; and aparingly
goluble in carbon tetrachloride, carbon bisulphide, ether and
light petroleum. It was cryat,allised' from benzene as white
necdles, m. p. 74° (Found: N, 25.21. CzH N,O requires
N, 25.0 per cent.).

We lalie this opporturity to record our thanks to the
Government of H. M, The Maharsja Gaekwar of Baroda
for a grant which has defrayed the expense of this investiza-
tion. o

Chamiatry Departmant,

The College, Baroda.

(Reprinted from the Journal of the Indian Chemical Society, Vol. IV, Issue No. 4.)

XIi—Interaction of Chlorosulphonic Acid with Substituted
Amides of Cyanacetic Acid.

By K, G, Naix axp M. B, AMIx.

The aim with which this piece of work was undertaken
wad to slydy the reactivity of the two hydrogen atome of a
reactive methylene group silnated between a cyanogen group
and a carbonyl group, ad in tho cage of sabstituted amides of
oyanacctic acid. Attompis were all;eady-made to ﬁtudy the
reactivity in the case of substituted amides of malonic acid
nsing eulphur monochloride and snlphur dichloride as
reagents by Naik (J. Chem. Soe, 1921, 119, 379, 1231), by
Naik and Avasare (ilid, 1922, 121, 2592, 2595), by Naik and
Patol (J. Indian Chem, Soc,, 1924, 1, 27), by Naik and Jadhav .
(3. Indian Chem. Soc, 1926, 3, 259). Attention is here
oonfined to the study of tho interaction of some of the sub-
slituled amides of eyanacetic acid using chlorosulphonic acid

. ad the reagent. -

It is well-known that chlorosulphonic acid reacts with
many organic compounds giving riso to sulphonic derivatives
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In fact the reagent has been often employed in the prepars-
tion of such compounds (Thrope’s “Dictionary of Applied
Chemisiry,” Vol V. p. 301)

Reference to previons work® elearly shows ihat chloro-
snlphonic acid was principally used eiiher in sulphonating
aromatie compounds or in the preparaiion of sulphoryl
chlorides. It was expecied that here, too, the ehloresulphornie
acid wonld atiaek the hydrogen atoms of the reactive
methylene group and give rise to sulphenic acld derivaiives
The experimental evidence recorded in this paper bewrs
this ont.

An attempl is also made here {o shew thatl the reactrily
of these hydrogen atoms depends in some measure. on tke
enmtiotal negativiiy of the groupa adjoining the reaciive
methylene grup.

Interaction of chlorosulphonie acid wiih the following
gubstances was studied e

Cyanacetanilide; eyanaesf-benrylamide;
eyanacet-p-{oluidide; eyanacet-oc-naphihylamide;
cyanacet-o-tolnidide; cyanacef-S-naphihylamide;
eyanacet-m-toluidide; cyanacet-xylidide (1:4:5)-

The first snlphonic acid of the series enumerated above was
prepared by reaciing cyanaeelanilide with chloresaiphonie
acid, using dry salieyl chloroform prepared according to
Anschitz’s method (Aanaien, 1593, 273, 94; B, 1892, 23,
3301, 3512), aa the mediam of interaction. Salicyl chloro-
form, so.prepared, hias no action on chlorosulpbonic acid at
i8 boiling point.

1 Hemilizn { Ber, 1873, &, 196); Claessen (Ber. 1581, 14 307);
Hodgkinsen and Mathews (Ber., 1583, 14, 1103); Limpricht (Ber. 1833,
18, 2172); Tranbe (Ber., 1690, 23, 1634% Reinhard (J. pr. Chem_, 125.332 ¢
Stewart (J. Chem. Sor., 1923, 123, 2384, 2388); Jacob, Pollak. Faneggand
Reis ( Homatsh. 1925, 46, 383, 397); Erasjinovie (Ber, 1226, 5%, 2117,
2719) .
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During the course of the interaction, neither sulphonyl
chlorides por sulphones of the sromatic substituted amides of
eyanacelic acid conld be jgolated. In all the cases sulphonic
acid derivativea were obtained and the reagent attacked the
methylene group.

Cyanacetanilide, readily interacted with chlorosulphonic
acid, thus: .

CN.CH,-.CONHPh +2C180 ,H=CN-C(80,H), CONHPh +2HCL.
)

That the constitntion assigned to (I)is correct, and that
all the sulphoacids, derived from the various amides
enumerated above, can be generally Bo rvepresented follows
from the considerations given below,

{1} That the hydrogen atoms eliminated during the course
of the interaciion are not those which were originally
attached to the nucleus because on hydrolysis with aleoholic
caustio potash, p-toluidine was obtained a8 one of the products
of hydrolysis from the corresponding sulpho-acid which wag
derived from cyanacet-p-tolunidide,

{2) The resulis of the above hydrolysis aldgo point to the
fact that the hydrogen atoms replaced by the sulphonic
groups are not those which were originally attachad to the
nitrogen atoms, as in that case, p-toluidine could not have
been found ad one of the producta of hydrolyais.

(3) Further, on attempting to brominate the sulpho-acid
(I} the two FI30,4 groups were found to have been replaced
by two bromine atoms, as was apparent from subsequent
roduction of the di-bromo derivative, both the bromine
atoms being easily reduced by Kart Meyer's method, This
clearly proves that the bromine atoms were attached $o the
methylens carbon atom, and hence, the original sulphonic
groups which were replaced by these bromine stoms, also
had been attached to the methylene cardon atom.
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The three eyanacet-toluidides, cyanacet-benzylamide and
cyanacet xylidide and cyvanacet-naphthylamides react in a
similar manner with chlorosulphonic acid giving analogous
sulphoni¢ acid derivatives. But in the cases of the
naphthylamides a longer time was required before the reac-
tion was complete.

In relation to the question of the reactivity of the
hydrogen atoms of the methylens group with regard to
chlorosnlphonic acid it may be said that the experimental
obgervations afford a clear evidence that the avidity of the
interaction of chlorosalphonic acid with the sabstituted
amides depends on the fotal negativity of the groupsattached
to the two remaining valencies of the methylene carbon
atom. In the case of cyanacetamide in which one of the
valencies of the methylene carbon atom carries the neutral
group, (—COXNH,). no reaction takes place. But when the
neutral character of this group i3 distarbed by the entrance
in it of a phenyl, a tolyl, a benzyl, a paphthyl or a zxylyl
¢roup, the reactivity starts.

Although no definite measurementis have been mada, it is
evident from the experiments recorded here, that the rapidity
with which the reaction proceeds in these cages depends on
the electro-negative character of the groupings attached to
the methylene earbon atom. Thus in a series like thig—

(1) CN.CH,-CONH,, (2) CN.CH,.CONHC H,,
(3) CN.CH,-CONHC;H, () CN.CH,.CONHCgH,,
(5) CN.CH,.COOE, :
the reactivity which is absent in (1), starts with (2). and goes
on increasing through the series. )

The mechanism of the interaction studted here is interest-
fng. In such cases where” both the hydrogens of the
methylene group are replaced by sulponic groups when the
reaction starts, the snbstance may be supposed to assume an
enolic form (Norris and Thorpe, J. Chem. Sec, 1921, 119,
1203). ’
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EXPERIMENTAL,

_ Disulphiocyanaeetanilide:—Cyanacelanilide (3 g.) wad
mixed in a flask with 25 ¢. ¢. of salicyl chloroform and an
excess of chlorosulphdnic acid {5 g.) was added. A vigo-
roun reaction started with evolntion of heat and hydrogen
c¢hloride. The flask was kept overnight and refluxed the
noxt day in order to complete the reaction. When the
evolution of bydrogen chloride ceased and the superfluouns
chloroform was taken out, 100 c¢. ¢. of distilled water were
sdded to the syrupy product and the mixture was boiled.
T'he syrupy mags went into solution and was finally filtered
to free it from any unaltered cyanacetaniiide. The filtrate
deposited shining leaflets, which were washed repeatedly with
aleobol in which they were almost insoluble. Finally the
product was recrystallised from water.: During the course
of this investigation it was observed that in all the cases
molecular proportions of the reactants did not give a good
yvield of the final product. An excess of chlorosulphonic acid
gave quite satisfactory results, the chanee of the amide
romaining nnreacted being thns completely eliminated.

. The pure substance was found te Le almost insoluble
in aleohol. chloroform, carbon disulphide, carbun tetrachlo-
ride, acet.ne, benzenc, toluene, ether and light petrolenm,
It was extremely soluble in hot water. 1t had no m.p. bat
tharred above 270°%  ( Found : 8, 16.06; H,0, 18.3; N, 7.65;
Lqv. wt., 197, Cyli,0,N,5,,411,0 requires S, 16.32; H,O,
16« 6; N, 716 per cont. Equiv, wt, 196.)

In the following preparations § . of chlorosalphonic acid
and 3 gme, of the snbstituted smides were employed. The
produects were purified as in the previons ecase. In solubi-

lity and other physical properties they resembled disulphocy-
anacetunilide.

" Disulphocyanacet-p-toluidids, erystallised from water in
colourless shining leatlets. It hiad po definite m.p, but darke-
ned and charred at about 270° Water of erystallisation =
HI1,0, of which the compound lures half a moleggle bt
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The three cyanacet-tolnidides, cyanacet-benzylamide and
eyanacef xylidide and cyanacet-naphthylamides react in a
similar manner with chlorosulpbonic acid giving analogous
sulphonic acid derivatives. But in the cases of the
naphthylamides a longer time waa required before the reas-
tion was complete.

In relation to the qguestion of the reactivity of the
hydrogen atoms of the methylene group with regard to
chlorosnlphonic acid it may be said that the experimental
observations afford a clear evidence that the avidity of the
interaction of chlorosulphonic acid with the substituted
‘amides depends on the total negativity of the groups attached
to the two remaining valencies of the methylene carbon
atom. In the case of cyanacetamide in which one of the
valencied of the methylene carbon atom ecarries the neantral
group, (~~CONH,). no reaction takes place. DBut when the
neutral character of this group is disturbad by the entrance
in it of a phenyl, a tolyl, a benzyl, a naphthyl or a xylyl
. groap, the reactivity starts,

Although no definife measurements have been made, it is
avident from the experiments recorded here, fhat the rapidity
with which the reaction proceeds in these cases depends on
the electro-negative character of the groupings attached to
the methylene carbon atom. Thus in a series like this—

(1) CN.CH,.CONH,, (2) CN.CH,-CONHC,H,,
(3) CN.CH,.CONHC, H, (€))] CN-CH,-CONHCSHQ.
(5) CN.CH,-COOEt,
the reactivity which is absent in (1), starts with (2), and goed
on increasing through the geries.

The mechanism of the interaction studted here is interest-
ing. In such cases where' both the hydrogens of the
methylene group are replaced by sulponic groups when the
reaction starts, the substance may be supposed to assume an
enolic form (Norris and Thorpe. J. Chem, Sve,, 1921, 119,
1203). - '
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EXPERIMENTATL,

. Disulpliocyanacetanilide:—Cyanacetanilide (3 g.) wasg
mixed in a flask with 25 ¢. ¢. of salicyl chloroform and an
excesd of chlorosulphohic acid ( b g. ) was added. A vigo-
rous reaction started with evolution of heat and hydrogen
chloride. The flask was kept overnight and refluxed the
naxt day in order to complele the reaction. When the
evolution of bydrogen chloride ceased and the superfluous
chloroform was takken out, 100 c. c. of distilled water were
sddod to the syrnpy product and the mixture was boiled.
The syrupy masd went into solution and was finally filtered
to freo it from any unaltered cyanacetanilide. The filtrate
deposited sbining leaflets, which were wasbed 'repeabed']y with
aleohol in which they were almost insoluble. Finally the
producet wag recrystallised from water.: During the course
of this investigation it was observed that in all the cagoes
molecular proportions of the reactants did not give a good
yiold of the final product. An excesa of chlorosalphonie acid
gave quite satisfactory resuolts, the chance of the amide.
remaining unreacted being thns completely eliminated,

. The pure pgubstance was found to be almost insoluble
in alcohol, chloroform, carbon disulphide, carbun tetrachlo-
ride, acolone, benzene, toluens, ether and light petroleam.
It was extremely soluble in hot water. It had no m.p. but
¢ harred above 270°  ( Found : 8, 16.00; H,O., 18.3; N, 7.65;
Kqv. wt, 197, CgH,0,N,8,,411,0 requires S, 16.32; H,O,
1fe 6; N, 7-10 per cont. Equiv, wt, 196.)

In tho following preparations 5 g, of chlorosnlphonie acid
and 3 gms, of the substituted smides were employed. The
products were purified as in the previous case. In solubi-

lity and other physical properties they resembled disvlphoey-
annoetanilida,

" Disulphocyanacst-p-toluidide, crystallised from water in
colourless shining leaflets, It had no definite m.p. but darke.
ned and charred at about 270°. Water of crystallization =
21‘130. of which the compound lures half a molegule of
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water ( 2.91 per cent. ) at 120° ( Found : S, 17.1, C;4H,;,0,
N,8,.2H,0 requires S, 17.29; loss of water, 2.43 per cent.)

Disulphocyanacet-o-toluidide had no definite m. p. bat
charred at 255-265°. (Found : 8, 17.0. C,,H,,0;N,8,.2H,0
requires S, 17.29 per cent.).

Disulphocyanacet-m-toluidide erystallised in colourlesa
phining scales. It has no definite m. p. but chars between
260° and 270° (Found : S, 16.96, Ci0H;00: N, 8,,2H,0
reguires S, 17.29 per cent.).

Disulphocyanacet-cc-naphthylamide crystallised from hot
water. It has no definite m. p. but c¢hara between 270° and
280°. (Found: S, 1646. C,3H,,0,N.S,, H,O requires S,
16-49 per cent.).

Disulphocyanacet-B-naphthylamide was purified by ecry-
gtallisation from hot water. It formed sbining yellowish
atout needles, which had no definite m. p. but charred bef-
ween 27(° and 280°. (Found : §, 15.80, C,zH,,0,N,8,,H0
requires S, 16.43 per cent.).

Disulphocyanacetbenzylamide formed ecolourless plates,
which charred between 263° and 275° (Found: S, 17.3.
C; oH ;007 N8;.2H,0 requires S, 17.29 per cent.).

Disulphocyanncetrylidide (1:4:5) erystallised in the form of
colourless light shining scales. It has no definite m. p. but
chars between 270° and 280°, (Found: 8, 17.4. C;,H;,0,N,-
8,.2H,0 requires 8, 17.18 per cent.).

The authors desire to express their gratitude to His
Highness the Maharaja Gaekwar’s Government for placing
at their disposal the resources ¢f the Research Laboratory
of the Baroda College and defraying all the expense incarred
in connection with thia investigation.

Chemistry Depariment, -
- The College Baroda.

(Reprinted from the Journal of the Indian Chemical Society, Yol V, Issug Ne. §.)
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Studies in Coumarin Condensations. Partl. The Con-
densation of Allylacetoacetic Ester with Phenols.

BY KuvERJ (Gosal N1k, RaANCHHODII Dasipaal DESAI AND
HaniBual RANoBHODJII DEsAL

" Though ethyl acetoacetate condenses with phenols o give
coumaring (I) * Simonis and his co-workers have shewn
that ethylacetoacotic ester condenses with phenols in pre-
goned of phosphorus pentoxide to form benzo-Y-pyronea (II):

0H C,H,00C.CH

+ I
C.0H—>
f
CH,
o /%
~
- + 1 "OH
C-CH, —>
CO0C,H,
(o0
(1I1)

According to Ghosh and Jacobson (J. Chem, Soc, 1915,
107, 424, 359, 1051), the formation of either the benzo-c -
pyrones (coumarins) or the benzo-Y-pyrones mainly depends
npon the character of the radical present in the subatituted
acotoacoiio csters, whoreas the condensing agent plays a
subgidiary part. Thus, even using concentrated sulphuric
- acid a8 the condensing agent, the acetoacetic esters of the
general formula, CH4.C(OH)=CR.COOC,Hy give the benzo-
Y-pyrones, where R is the benzyl or phenyl group. If Ris

* Pochmann, Der., 1884, 17, 929, 1646. 2187; 1899, 32, 3681; 1901, 34,
423; Fries and Klostermaun, Axnalen, 1908, 3621; Simonis Ber., 1913, 46,
2014; 1914, 41, 2229),

12
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ethyl, a mixtare of oc- and ¥-pyrones ig obtained, while only
coumaring are obtained if R i3 either hydrogen or methyl.
This work of Ghosh and Jacobson has been contradicted by
Baker (J. Chem. Soc., 1925, 127, 2349)and Baker and Robinson
(J. Chem, Soe,, 1926, 129, 1981) and they are of opinion that
all the products prepared by Ghosh and Jacobson are benze-
oc-pyroned and not benzo-yY-pyrones, Thus the available
views regarding the influence of the radical present in the
methylene group of the acefoacetic ester are conflicting.

On consulting the literature, it was found that the effect
of an alkyl radical eontaining more than two ‘carbon atoms,
Buch as propyl, butyl, ete. and an unsaturatel alkyl radical,
such ag allyl, substituted in place of one of the hydrogens in
the metbylene group of the acetoacetic ester, on the course
of the reaction between the phenols and such esters, has not
been fully and systematically studied. This communication
describes the results of the condensation of various phenols
with allyl acetoacetic ester, nsing concentrated sulphuric acid
ad the condensing agent,

Phenol, resorcinol, pyrogallol, m-cresol, oc-naphthol,
B-naphthol, phloroglucinol, guaiacol, thymol, catechol, and
quinol were eondensed with the above ester. Phenol, how-
ever, failed to give any solid produét; oc-napbthol condensed
very easily giving almost a quantitative yield of 4-methyl-
3-allyl-5:6-naphtho-pyrone, The phenols, having a sub.
stituentin the mrla-position, ey, resorcinol, m-cresol, and
phlorogiueinol condensed very readily giving almost guanti-
tative yields of the corresponding coumarind. Pyrogallol
condensed with the eater giving the oc-pyrone when phos-
phorus oxychloride was used as the condensing agent.
Catechol, gnaiacol, thymol, S-naphthol -3nd gquinol did not
condense at all.

The condensation of resoreinol with the ester was also
carried out using gaseous hydrochloric acid as the conden-
ging agent. The reaction proceeded very readily in the cold,
and a product containing chlorine was obtained. The acetyl
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and benzoyl derivatives also contain chlorine. The consti-
tution 7-hydroxy-3-chloropropyl-4-meihyl-benzo-oc-pyrone
has been provisionally assigned to thi? componnd.

When coumarins, obtained from resorcinol and oc-naph-
thol, were subjected to the action of 507/ boiling agueous
solution of sodium hydroxide (4 bours), and the solution waa
acidified, the original products were obtained in each case.
If the products were benzo-y-pyrones, resorcylic acid and
naphthol-carboxylic acid respectively would resnlt:

0 OH
HO CH, HO /
l —
. / Calls N
CoO COOH
The benzo-Y-pyrones are Lknown to give the hydroxy
carboxylic acide on hydrolysis (Ghosh and Jacobson, loc, cit)),
but the oc-pyrones may or may pot give them. Ag the

carboxylic acids were not oblained in the present case, the
cc-pyrone constitation has been suggested for them.

EXPERIMENTAL,

7Ilydrory.dullyldemethyl.benzosocpyrone~To 8 mixture
of resorcinol (2 g.) and allylaceto-acetic ester (3 g.) concen-
trated H,80, (20 g.) was added in small amounts. It wasd
found necessary to keep the mixture cool. It was kept over-
night and then poared into a large amount of water. A pale-
brown solid scparated, which was filtered off and dried (yield,
3.8 gma.). When the crude substance was boiled with
alcohol, it became white, and melted at 221°-222° It is
gparingly soluble in alcohol and glacial acetic acid. It was
recrystallised from a mixture of pyridine and water, when
it was obtained in small white needles. The substance for
analysis was dried in an air-oven at 120°, (Found: C, 72.09;
H, 579. C,3H,,04 requires C, 72:22; H, 5-35 per cent.).
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The acetyl derivative wad prepared by boiling the sub-
stance with acefic anhydride for an hour. When crysiallised
from alcohol, white plates melting at 152°-153° were obtained,
(Found: C, 74.88; H, 4-89, C;H,,0, requires C, 75-0 and H,
9.0 per cent.)

Hydrolysis of TeHydroxy-duillyldanethyldbenzoas <pyronee—
The substance (1 g.) was boiled with 15 c.c. of 507/ aqueous
caustic potash for four hours. The clear solution was erystal-
lised from pyridine and water. It was found to be the
original substance, as was apparent from its m,p. and its
acotyl derivative.

THydrozy.3.chloropropyld-methyl-benzo.oc-pyrone.—~Resor-
cinol (2 g.) and allylacetoacetic ester (3 g.) were dissolved in
10 c.c. of glacial acetic acid. Dry gaseous hydrogsn chloride
wag passed into the mixtore for two hours. As the mixture
became hot, the flask had to be cooled under water. Aflter
an hour, the mixture became viscid, and on keeping over-
night, white crystalline plates separated out. On diluting
the mixture with water, more of the subsiance separated
(yield, 4 gms.). The product which erystallised from alcohol
in white, prismatic needles, melted at 200°-201°, The chlo-
rine in it was not removed even by boiling its alcoholic
solution with sodium acetate solution, (Found: Cl, 14.05.
C, 3H,504Cl requires Cl, 14.06 per cent.).

The acetyl derivative prepared as above, ¢rystallised from
alecohol in white, short needles melting at 122°123°%
(Found: Cl, 12.28, C, H, ;0,Cl requires Cl, 12.05 per cent ).

The benzoyl derivalive crystallised from glacial acetic
acid in white, shining needles melting at 193°% (Found: Cl,
10.15. C,,H,,0,Cl requires CI, 9.96 per cent.)

3-Alyl-d-methyl-5 : 6-naphtho-o>c-pyrone~A mixture of
oc.-naphthol (2 g.) and allylacetoacetic estor (2 g.) was ireated
with concentrated H,80, (20 g.). After keeping the mixture
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_overnight, it wad ponred ionto water (yield, 3 gms,). After
treatment with animal charcoal in aleoholic solution the
substanece was obtained as yellowish white plates, m. p.
155°-156°. (Found : C, 81.33; H, 5.65. C,,H,,0, requires
C, 81.6; H, 5-6 per cent.),

3-Allyl-4 ; T-dimethyl-lenzo-oc-pyrone,—This wad prepared
ag neual from m-cresol (3 g.) allylaceto-acetic ester (3 g.) and
concentrated H,80, (10 gm.) (yield, 3.2 gms). Recrystallisa-
tion from alcohol gave yellowish white plates, m. p. 126°-127¢,
(Found : C, 78.24; H, 6.65. CHHHO requires C, 78.5; H,
6.54 per cent.).

5 : 1-Drhydrozy-3-allyl-4-methyl-benzo-oc-pyrons.—This
was propared in a manner pimilar to the above, from an-
hydrous phloroglucinel (1:5 g.), allyl acetoacetic ester (1-5 g.)
and concentrated H,80, (10 gm.) (yield, 2 gme.). The pale
yellow powder was recrystallised from dilute acetic acid,
whan pale brown, silky needles, m. p. 207°-208° were
obtained. It is very soluble in aleohol, acetone and glacial
acetic acid, but gparingly soluble in benzene and petroleum.
(Found: C, 66-75; H, 5.50. C,3H,,0, requires C, 67.24 and
H, 5-17 per cent.).

The aretyl derivative crystallises from alcohol in white
plates, m. p. 130°-131°, (Found: C, 64.25; H, 5.61. C,,H, ;04
requires C, 61.56; H, 5-28 per cent.)

T7:8-Dihydrory-3-allyl-4-methyl-benzo-oc -pyrone,~=This could
not be oltained by using H,50, a8 a coundensing agent. A
mixture of pyrogallol (2 g.), allylacetoacetic ester (2 g.) and
phosphorus oxychloride (1.3 g.) was heated on a water-bath
for nearly an hoar. Copious fumes of hydrogen chloride
were evolved, After the reaction was over, the viscous masa
was poured into water. Recrystallisation from dilute acetic
. acid gave white, small plates melting at 175°-176° (yield,
2.5 gm). (Found: C, 66.87: H, 523 C,;H,,0, requires
C, 67.24; H, 5.17 per cent.)
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The acetyl derivative crystallises from alecohol in white,
prismatic needles, m. p. 145°-146°. (Found: C, 64.12; H, 5.51,
Cy7H 404 requires C, 64-36; H, 5.28 per cent.).

We desire to express our gratitnde to the Government of
His Highness the Maharaja Gaekwar, for a grant swhich has
defrayed the expenses incurred in this regearch.

The Chemistry Departmendt.
The Colleges Baroda.

{ Reprinted from the Journal of the lndian Chemical Society,
Yol, V, Issiie No. 1.)

XIV—Phosphorus Oxychloride as a Condensing Agent

in the Synthesis of Coumarin Derivatives.
By K. G, Naig, R. D, Desa1 axp R, K, TrIvEDI.

The subject of the present communication arose from an
attempt to condense benzylacetoacetic ester with [§-naphthol
in presence of concentrated snlphuric acid as the condensing
agent. The expected coumarin 3-benzyl-4-methyl-1 :2-3-na-
phthopyrone was not obtained, but methylindene-carboxylic
acid was produced by the internal condensation of the ester.
oc-Naphthol was however, condensed under identical eondi-
tions by Ghosh and Jacobson to give the corresponding pyrone
derivative (J. Chema Soc., 1915, 107, 424). But on repeating
the condensation under the ccnditions outlined thersin, we
failed to get the product obtained by them. When concen-
frated sulphuric acid was replaced by phesphorus oxychlo-
ride as the condensing agent, oc-naphthel condensed very
readily with benzylacctoacetic ester giving the coumarin
derivative.

Equimolecular quantities of the phenol and benzylaceto-
acetic ester were mixed with phosphorus oxychloride (about
0.5 gm, for 2 gms. of the mixture) and the whole heated on
the water-bath for about an hour. The mixtare was then
poured into water, when a solid product separated which was
subgequently purified from alecohol.



[95)

In each case, excellent yields of erystalline products were
obtained. From the physical propertics and the meliing
points of their derivatives, a8 shown in the adjoining table,
the produts appeared to be identical with those of Ghosh
and Jacobhson,

Products obtained from various phenols and benzyl.

aceloacelic ester.
Phenols. Resorcinol. a-Naphthol. Pyrogallol, Phloro-
glucinol.
, Crystalline 8hort, Yellow —_ Hard, short
.- form yollow needles. need]es.
-: 2 glisteniog
g g prisma,
S
M.p. 2249 157¢ 1850 218
E'ﬁ M.p. of
22 acetyl do-
O.8 rivaiive.,, 168° - 1720 154°
¢ Mp of
henzoyl
derivative, 1500 - 184° -
o Phenols.  Resorcinol. a-Naphthol, Pyrogallol. Phloro-
S glucinol,
@ Crystalline Colourless, Pale yellow, Colourless,  Short
@ form glistening slender glistening nseedles.
2 prisma, naedles, plates.
B
< M.p 2259 185¢.90° 193¢ 2270
2 Mp. of
2 acety] de-
% rivative.., 1710 -— 1720 1580-540
5 Mp  of
® benzoyl
S derivative. 1600 - 1810 1240259

The College, Daroda,
(Reprinted from tire Joarnal of the Indian Chemical Society, Vol, Vi, Issue No. §.)
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XV-Interaction of Chlorosulphonic Acid with'the Substituted
Amides of Malonic and Methylmalonic Acids.

By K. (3, Naig anp C. Ii. Suam,

The investigation which forms the subject of this commu-
nication was undertaken with a view to study the reactivity
of the two hydrogen atoms of a reactive methylene group
gitnated between two carbonyl groups, —'CO-CH,;CO—, as in
the case of the substituted amides of malonic acid. Rueference
ig invited to a previons communication by Naik and Amin
(J. Indian Chem, Soc., 1928, §, 579). Attention is here con-
fined to the study of the interaction of some of the subatitated
amides of malonic acid wmsing ecehlorosulphonie acid as the
reagent. For this purpose the interaction of chlorvosnlphonie
acid with the following substances was atudied :—

. {1) Malon-diphenylamide, (2) Malon-dibenzylamide, (3}
Malon-di-p-tolylamide, (4) Malon-di-o-tolylamide, (5) Malon-
di-m-tolylamide, (6) Malon-di->-naphthylamide, (7} Malon-
di-B-naphthylamide, (8) Malon-di-(1: 3 : 4)-xylidide, (9)
Malon-dipropylamide, (10) Malonmono-p-tolylamide, (11)
Methylmalon-diphenylamide, (12) Methylmalon-di-p-tolyla-
mide, (13) Methylmalon-di-o-tolylamide, (14) Methylmelon-
di-m-tolylamide, (15) Methylmalon-di-cc-naphthylamide,
(16) Methylmalon-di-3-naphthylamide, (17) Methylmalon-
di-(L : 3 : 4)-xylidide.

Of the above, compounds, 8, 15, 16 and 17 were prepared
for the first time, by the same method as that used for pre-
paring the corresponding amides of malonie acid.

The results of the present investigation counld be sum-
marised ag under :—-

Type I. Compounds (1) to (10), with the exception of (9),
react to form disulpho-compounds whose constitution can be
generally represented as {—
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S0gH CO-NHI
N/
AN D
S04H CO.NHR
(R =phenyl, benzyl, tolyl, naphthyl, or xylyl group).
Type I1. Compounds (11) to (17) give rise fo disulpho-
derivatives, which can gencrally be represented as :—
S0;H CO.NHR
\C/
LS
8O,H.CH, CO.-NHR

Compound (9) reacts with chloroeulphonic acid to form
a derivative which can be represented as :—
S0,H CO.NHC,H,
\C/
/N
H CO.NHC,H,

That the constitution assigned to (I, R =Ph) is correct and
that all the sulpho-acids, derived from the various amides
ennmerated above, can gencrally be thus represented, follows
from the following considerations :—

() That the hydrogen atoms attacked by the chlorosnl-
phonie acid are not eliminated from the phenyl groups or
any such analogous nucleus becomes evident from the course
of the reaction in the case of malon-dipropylamide where no
gach aromatic nuclei are present, and yet the ‘sulpho-acid is
produced,

(i) That the hydrogen atoma eliminated were nof those
which wore originally attached to the two nitrogen atoms,
bLecause only one sulpho-group enters in malon-dipropyla-
mide, though there are two symmetrically situated —NH~—
groups present in it,

The compounds cnumerated under type (I) reacted simi-
larly with chlorosulphonic acid. Only in the case of malon-
di- "v-napbthylamide, a longer time was required before the
roaction was complete.

13
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In the above cases, molecular proportions of the reacting
sukstances did not give a good vield of the solpho-acids and
much of the amide remained wunaltered. When they were
taken in equal guantities, the vield improved and the pro-
ducts were obtained in a purer state.

With a view to sindy the stabilily of the two sgulphonic
acid groups, attached to the methrlene carbon atom, it was
thonght desirable io sce how far th2ze groupz eounld Le
replaced by a negative group, such as the nitre-group.

The following four compounds wers, therefore, subjected
to a process of nitration :—

(1) Disulpho-malon-diphenriamide;

{ 2) Disulpho-malon-di-p-toiylamide;

( 3) Disulpho-malon-di-o-tolylamide;

(4) Sulphomethyl-sulphomalon-diphenylamide,

Compounds { 2 ) and ( 3 ) when treated with dilute nitrie
acid yielded dinitro-derivatives, thus :—

HXNO
(HSO,), : C : ( CO-NHC,H,),——3(X0,), : C : (CO.-NHC,H,",

o-and p-

Compounds (1 )and ($) on being nitrated gave tetranitro-
derivativer, Thus in the case of (1) the reaction followed
the course ag under :—

HXNO,
(HS0,),:C:.CO-NHC,H),——>N0,),:C:(CO-XNHC, H,NO,),.

The tetranitro-derivative obtained from disnlpho-malon-
diphenylamide was hydrolysed with 30 per eent. aqueous
caustic potash solution, thus :—

(N0,),:C:{CO.-NHCH,-NO.), +2KO0H = {(NO,,:{C:CO,K;

+2C, H,(NH)NO,,

The formation of potassitm dinitro-malonaie as above
shows that the two —SO ;H groups originally present in
disulpho-amide, were replaced by the nitro-groups, ithe other
two being present in the aromatic nuelei of the above amide,
Boih the sulpho-groups seem to bave been simulianeously
_replaced by the two nitro-groupa.
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EXPERIMENTAL

A general method of preparing the sulpho-acide is to add
¢qual guantities of the amide and chlorosulphonic acid to
dry chloroform in a conical flask. When properly mixed
the reaclion starts and proceeds vigorously with much
evolution of heat. Clouds of hydrogen chloride are thrown
out in the initial stage of the reaction. The flask is kept
normally cool by holding under a water-iap. Snbsequently,
the mixture is refluxed on a sand-hath for two hours. when
the evolution of bydrogen chloride stops. The solven} is
then removed and the red syrupy rcaction product poured
into 100 c.c. of water. The pyrupy mass goes into .solation,
On conceniration and cooling, the pulpho-acid separates out
in clusters of shining leaflets.

Disulpho-malon-diphenylamide.—~It was obtained Erom
malondiphenylamide (3 g.) and chlorosulphonic acid ( 3 g.)
in 20 e.e. of chloroform. 1t formed shining colourless leaflets,
golublo in water, and insoluble in alcohol, acetone, acetic acid,
Lenzene, toluenc, carbon disulphide, carbon tetrachloride,
cther, vthyl acetate, nitrobenzene and light petroleum. I&
ha# no definite m. p. but decomposes above 280°. It crystall-
ises out with two molecules of water of erystallisation, which
is last whon hented to 140-150° for four bhours. (Found : S,
14.3; H,0, 7.6; Equiv. wt,, 224.C, ;H, ,0,N,85,,2H,0 requires
8, 14.2; H,0, 80 por oent, Equiv. wt., 223),

Nitration.—The above disulpho-acid (2 g.) was gradually
added to o mixture of 20 c.c. of nitric acid {(d 1-2) and 20 ec.c.
of glacial acetic acid. Oun warming the mixture, oxides of
nitrogen began to evolve. The reaction mixture was kept on
a water-bath till the evelution of the fumes ceased., Then
the remiining fumes of nitrogen peroxide were blown away
by air and the mixture poured into water. On concentration,
the nitro-compound erystallised out in the form of deep

,orange crystals, m. p. 124°. The product was found $o be
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goluble in alcohol, benzene, chloroform, acelone and nitro-

benzene, (Found: N, 13:32. C;,H,,0,,N; requires N, 19-35
per cent.).

Hydrolysis of Dinitromalon-dinitrodiphenylamide—Abont
2 g. of the substance were refluxed for several hours with 50
per cent., caustic potash solution and the resalting solution
was filtered. The filtrate was concentrated on the water-
bath, when potassium dinitromalonate separated out, which
was collected, and recrystallised from hot water. (Found: K,
29.02. C304N,K, requires K, 28.88 per cent,.)

The barium salt, Ba(803},:C:(CO-NHCgH).,H,0, was pre-
pared by digesting an aqueous solution of the acid with
barium carbonate. The solution wag filtered and the flirate
on being concenirated deposited the barium salt as needle-
shaped crystals. (Found: H,O, 3.09; Ba, 2441. C, H,,0-
N.8,Ba,H,0 requires H,0, 3-17; Ba, 24.2 per cent,),

" The potassium salt, (SO ,:C:(CO-NHC H,),,9H,0, was
prepared by the action of caustic potash on the solution of
the acid. (Found : H,0, 24.46; K, 11.94. C,;H,,04N,S8 K,
9H,0 requires H,0, 24-85; K, 11.96 per cent.).

The sedium salt, (NaS03),:C:(CO-NHCgH,),,3H,0, was pre-
pared in a pimilar way wusing canstic soda. (Found: H,O,

10-43; Na, 9.01. C,;H,,0,N,8,Na,,3H,0 requires H,0, 10-54;
Na, 8.98 per cont.).

Calciwm salt.—It was prepared like the barium salt, and
crystallised from alcohol. (Found: Ca, 8.5. Cy;H,,05N,S,Ca,
H,0 requires Ca, 8:51 per cent.).

Ammonium salt.—The solution of the acid was just
nentralised with ammonium bhydroxide and conecentrated
when it erystallised out in large prisms. (Found: 1,0, 3-84;
N, 12.86, C, H,,0.,N,8,, H;O requires H:0, 3.86; N, 1201
per cent.).
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Disulphomealonslibenzylamide,—Two g, of the amide were
made £o react with 2 g, of the acid in 20 e. e. of chloroform.
"Tho reaction product wae obtained by a process similar to
that followed in the preparation of disulphomalon-diphenyl-
ampide. The pure substance was crystallised from distilled
water, It bad no definite melting point, but decomposed at
temperalurcs above J00°% (Found : H,0, 3.98; 8, 14.08,
Cy .3, ,04N,8,,H,0 requires H,0, 861; 8, 13.3 per cent.).

The barium salt, Ba(30,),:C:(CO-NHC,H,), $H,0 was pre-
parcd ad usual by neutralising the sulphe-acid with barium
carhonate, (Found: H,0, 1.54; Ba, 23-43. C,,H,,04N,S,Ba,-
31,0 requires I1,0, 1.53; Ba, 23.42 per cent.).

Bodium salt.—It was prepared as uenal. (Found: Na, 2.44,
Cy1H,,04N 8, Na, requires Na, 3-46 per cent.),

Potassium  salt.—(Found : K, 15.12. C,,H,;04N,8,K,
roquires K, 15.00 per cent.).

The ammonium salf, (NH804),:C:(CO-NHC;H,),,4H,0
wad prepared by neuotralisation of the acid with ammonium
hydroxide. (IFound : H,O, 1.46; N, 11.31. C,,H,,0.N,8,
$11.0 requires HO, 1.82; N, 11.33 per cent.).

Disulphomealon. di-p-tolylamide.-——The amide (3 g.) was made
to react with chlorosulphonie acid (3 g)in 23 e. ¢, of dry
chlorcform. The produet (which was obtained by the
mothod adopted in the previous cases) was found to be
insoluble in all organie gelvents. It was soluble only in hot
water and had no definite melting point but decomposed
at J00°. (Found: 8, 14.42, C,,H,404N,S, requires S, 14.47
por cent.).

Hydrolysis,—The above acid (5 g.), was added to a golu-
tion of 30 g. of cavstic soda in 100 ¢ ¢.of alevhol and the
whole refluxed for 48 hours. The regulting product was
diluted with water and then extracted with ether. The
ethoreal extract deposited p-toluidine after removal of ether.
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Nitration.—The acid (1 g.) was added to 20 ¢. ¢, of dilute
nitric acid. On heating and concentrating the solaution, the
reaction produvet was obiained as orange erystals very
soluble in aleohol, benzene, acetone and acetic acid buf
sparingly so in petroleum. It melts at 68°. (Found: N, 14.08.
C;7H,40gN, requires N, 13.86 per cent. )

- Disulphomalon-di-o-tolylamide—~Two g. of the amide and
3 g. of chlorosulphonie acid were wused. On crystallisation
from water the produet formed long, silky needles.
(Found: 8, 14.5. C,,;H,s0N,S, requires S, 14.47 per cent.).

Potassium  snlt.— Found : I, 15.06. Cy,H,z;0,NS,K,
requires K, 15.00 per cent ).

Nitration.—The aeid, on nitration, as in the case of the
para-derivative, gave a greenish colounred produect, m. p. 85°
(Found: N, 15.1. C,,H,504N, requireg N, 15.05 per cent.).

Disulphomalon-di-m-Ltolylamide.—Two g. of the amide and
2 g. of the acid in 20 c. ¢. of chloroform were taken. The
product was obtained from <water in white plates.
(Found : 8, 13.3; H,0, 3.93. C,;H,s0,N,S,H,0 requires
8, 13.9; H,0, 3.91 per cent.).

The calcium salt was prepared asusual. (Found: Ca, 8.47.
C;:H,404N,S,Ca requires Ca, 8.3 per cent.).

Disulphomalon-di->c-naphthylamide.—Thie was prepared
by allowing 3 g. of the amide to react with 10 g. of the acid
in 30 ¢. ¢. of chloroform. The product was found to be
goluble only in water. (Found : H,0, 12:92; §, 11.0L
C,5H, ;0.N,S, 4H,0 requires H,0, 12.2; 8, 10.32 per cent.).

Disulphomalon-di-B-naphthylamide—~Two g. of the amide
were treatnd with 10 g. of chlorosulphonie acid. The
disulpho-derivative was found to be very sparingly soluble
in water. It had no definite melting point but decomposed
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at 280°. (¥ound : H,0, 17.4; %, 10 32, C,,H;,0.N,S,6H,0
regnires 11,0, 17.36; %, 10.28 per cent.).

Monosulphomalon-dipropylamide.~Two g. of the amide were
maide to react with 2 g, of the acid. The product could not be
isolated in crywtalline form, bnt was cbtained a8 a red syrup.
It was golnble in all organic solvents, Its darium salf was
obtained in the form of large shining leaflets from water,
(Found : H,0, 7.5; Ba, 19.08. C, H,,0,,N:8,B43H.0
reqaires HyO, 7-4; Ba, 19.00 per cent.).

Disulphomalon-monop-tolylamide.—This was prepared by
treating the mono-amide (2 g.} with chlorosulphonic acid
(2 &) in the usual manner, It was erystallised from water in
ghort needles, (Found: 11,0, 4.93; 8, 17.27. C; H,,0.N,8,,
11,0 requires 11,0, 4.8; 8§, 17.29 per cent.

Disilphomedon.dis1:3:4)xyliddie.—~The product from 2 g. of
the xylillide and 2 g. of the sulphonic acid separated as white
lustroug laminae from hot wator. (Found: 8, 13.69,
C, 4H1,,0,N 8, requires 8, 13.61 per cent.).

Sulphomethylsulphomalon-diphenaylmide —It wag prepared

by the interaction of 2 g. of the amide and 2 g. of the acid.
It comes out from water in white erystals. (Found: S, 14.34,
CmeO.,N,S.Z requires S, 14.95 per cent.).

Nitralion,—The acid was gradually added to a mixture of
20 ¢.c. of nitric acid (4 1.2) and 20 c.c. of acetic acid. After
the ovolution of tho oxides of niirogen had eccased, it wag
poured in a small gquantity of water, when the nitrated
- product camo out as yollow crystals, m.p. 120° (Found;
N, 18:73, C,,H,,04,N, requires N, 18.75 por cent.).

Polassium salt.—(Found: K, 14.97, , cHuO&N,S,Kg,HEOl
roquires K, 14.94 per cont.),

Sndiumn  saltv—(Fonnd: Na, 971 C;¢H;,04N.8,Na,
requires Na, 9.74 per conty). o
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Sulphomethyl sulphomalon-di-p-tolylam ide,—It was obtain-

ed in the form of shining needles from hot water. (Found:
H,0, 3.9; 8, 13.56. C,,H,,0,N,S, H,0 requires H,0, 3.8;
S, 13.5 per cent.).

Sulphomethyl-sulphomalon.-di-o-tolylamide.—It was obtain .
ed from water in white shining crystals, by a process similar
to the above, (Found: H,0, 3.92; 8, 13.6. C,,H,,05N,5:H,0
requires H,0, 3.8; 8, 13.5 per cent.).

Potassium salt—(Found: Hy0, 6.4; K, 13.71. C,.H,,0,-
N.;8,K,;,2H,0 requires H,0, 6-33; K, 13-73 per cent.).

Sulphomethyl-sulphomalon-di-m -tolylamide was prepared
in the wusanal way, from methylmalon-di-m-tolylamide.
{Found: 8, 14.12. €, H;,0sN,8, requires 8, 14.03 per cent.).

Sulphomethyl-sulphomalon-di-o -naphthylamide. —It was
obtained from 2 g. of the amide and 10 g. of chlorosulphonic
acid, (Found: H.0, 14.54; 8, 10:37. C,,H,;,0.N,S,,5H,0
requires H. O, 14.56; S, 10.36 per cent.).

Sulphomethyl-sulphomalon -di-B-naphthylamide was obtain-
ed in a similar way. (Found: H,0, 9.4: 8, 11.01. C, H,,0,-
N,S,, 3H,0 requires H.0, 9-28; 8, 10.99 per cent.).

Sulphomethyl-sulphomalon-di-(1:3:4)zylidide was obtained
in the form of white scales. (Found: S, 13.24, C,,H,,0,
N,S, requires S, 13.22 per ceunt.).

The anthors desire to expreess their gratitude to His

Highness the Mabaraja Gaekwar's Government for a grant by
which the expenses incurred in this research were met.

Chemistry Department,
The College, Baroda.

(Reprinted from the Journal of the fndiaa Chemical Society, Yol VI, Issue No. 2.)
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XV-(A)—Properties of Conjugated Compounds. Part X
Variability in the Mode of Ester Addition to
Butadiene Esters and Ketones.

By ExNEsT HaROLD FarMmEr and THARKORBHAI NaraNJI MEATA.

An examination of the additive behaviour of butadienoid
componnds with bromine and hydrogen has established $hat
the mode of addition varies from member to member of a
conjugated series for the same addendum, the variation being
apparéntly directly related to {(although, 8o far as has been
deflinitely proved, possibly not entirely dependent on) the
nature and position of the substituents in the butadiene chain.
There ia no reason to suppose that dependence of additive
mode on the constitution of tbe conjugated compound does
not hold for all the common dividing addenda and conse-
quently it wonld be expected that the union of sodioesters
with batadiene esters would yield o< 8-, oc§-, or both ocf3-
and oc§- addition produets in different instances, Yet, al-
though the separate occurrence of oc3- and of oc§-addition
to butadiene esters (§-phenylated and §-alkylated respecti-
vely)* has Dbeen known for more than twenty years
(Vorlinder, Annalen, 1906, 345, 227), no single inastance has
been discovered in which d0fh ocf3- and oc§-addition com-
ponnds are simultansously produced from the same reactants.

Kohler and Butler (J, Amer, Chem. Soc. 1926 48, 1036) and
Former and Healey (J., 1927, 1060) independently subjected
the malonic ester addition products of methyl S-vinylacrylate
and methyl gorbate to ozonolylic degradation in order to dis-
cover whether oc§-products were indeed the only ones

J Iodirect evidence as to the possibility of bringing about cocg-
oster addition to s phonylated butadiene ester is  furnished by
Moarwein’s production of a double addition product Ph-CHX-CH,-.
‘CHX-CH{CO:R s [X=(CHCO:R);] from cinnamylidenemalonic eater
and sodie~-malonio ester, or directly from cinnamaldebyde -and sodio-
mnlonic ester. {Amnalen, 1908, 340, 324), Here presumably the oc§
ad Jition t3 the sonjugated ester which is firat effacted is rapidly followed
by BY,><S-double bind displacement and o= 3 sddition,

"
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formed, and in 1924, before ozone was available as a reagent
in the laboratory, one of the present authors oxidised large
quantities of the latter produet with permanganate in the
hope of isolating tricarballylic acid, the expected degradation
prodact of an oc 3-additive compound (anpublished work).
The result of these efforts made it appear probable that only
ocg-derivatives were formed in these instinces, although,
in connexion with the compound from methyl sorbate, Kohler
and Batler (loc, cif,, p. 1045) mention a small fraction of the
major degradation product which, differing slightly in boiling
point from the remainder, could possibly be derived from the
ocf3-compound. Similarly the same two coujnéated egters
appeared to yield only oc§-addition products with methyl-
cyanoacetic ester (Farmer and Healey loc, cit,). Since that
time the addition of malonic ester to two conjugated kelones
has been studied by one of the anthorg, but in neither case
was the simultaneous formation of bota ocf3- and oc§-pro-
docts proved.

Now, the ozonolytic depradation of nneaturated ester-
addition products usually. proceeds so smoothly that the
failure to detect thereby the formation of more than one
type of additive componnd in each instance has suggested
that a second type, if prodoced at all, could represcni only
an extremely rmall fraction of the addition product Yet it
appeared qaite certain from experience gained with other
addenda that, if simultaneous formation of =x [ and oc§-com-
pounds conld occur at all, thep, in some examples at least,
the minor component of -the addition prodoct should be
present to the extent of considerably more than a mere trace,
Therefore, whilst the invesiigation of a sufficiently large
number of examples by the-degradation methods hitherto
employed might ultimately be expected to disclose instances
cf multiple-type additicn iinstances in wkich the ocf-,
och-ratio approached unity), there seemed to be no question
ag to the desirability of re-examining some of the older
pxamples by supplementary experimepntal methods. The
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authors have therefore returned to the investigation of the
product derived by the interaction of m_ethyl gorbate and
methyl sodiomalonate, snbutituting a reduction process for
the degradative methoda previously employed.

When this product is successively reduced, hydrolysed,
and partly decarboxylated, an oily mixture of acids ib obtain-
ed whicl is partly separable into itse components by distilla-
tion. The higher-boiling portion, which quickly solidifies,
is 3-mothylpimelic acid derived from the preponderating
ec®-product (I). The lower-boiling poriion, which remains
liguid, is a mixture of S-methylpimelic acid and S-propyl.
glutaric acid, the latter derived from an oc-product (II).
CHMe.CH:CI1.CH,.CO,Me CHMe:CH.CH.CH,.CO,Me

(!‘H(CO,Me), ) EH(C?,Me), (1L.)

¥
HO,C-OH,.CHMe.CH,.CH,-CH,-00,H HO,C.CH,.CHPra.CH,-
-COH

CHMe.CH CH,.CO
CH“<CH2—CH:>CO P"CH<CH: «£0>0

The components of this mixtare may be readily separated by
taking advantage of the dissimilar character of.theiranhydrides;
the unimolecular anhydride of the propylglutaric acid dis-
tile at a temperataure lower than that at which the polymole-
cular anhydride of its isomeride beging to suffer degradation
to 8-methylcyclo-hexanone, Since the propylglutaric aphy-

, dride is a liguid and the corresponding acid very difficuit o
reorystallise, the former ia converted into its anilic acid for
the purpose of estimating the yield. From the yields so
determined with fairly large quantities of material, it appears
that ocS-addition accompanies oc§-addiiion to. the extent of
at lonst 77/ but improbably more than 10%.

Ethyl Y-methylsorbate alao givea both ec3- and o< §-addi-
tion produots with ethyl sodiocyanoacetate. In this, the
latest instance studied, the anthors were quite unable to
bring about the catalytio reduotion of the addition com-
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pounds (III and IV) or their closely related derivatives
But here degradation by ozonolysis yields definite evidence.
The mixture of ester-addition products gives the appropriate
fission prodnets according to the scheme:

CHMe.CMe:CH.CH,.CO,Et CHMe:CMe.CH-CH,-CO,Et

[} '
CH(CN.CO,Et (III). ) (IV.) CH(CN)-CO.Et

CHMeCOMe CHO  CH4CHO+COMe.CH.CH,.CO,Et

1
¢HECN)-C0,E: T CH,CO,Es CH(CN}CO,Et
}
CHMe-COMa CO-CH,CH-CE,CO
] ~ I /
CH,-CO,H 0——CMe—0

Owing to the failure of the reduction method a satisfactory
estimate of the ocf3, oc§-ratio could not be made, but it was
clear from the amonntis of the different degradation products
isolable that the ratio approached unity Far more closely
than in the preceding example,.

The addition of ethyl malonate and of ethyl cyanoacetate
to ethyl B5-dimethylsorbate has been attempted, bat here,
ag with ester addition to ethyl ecrotylidenemalonate (Farmer
ard Healey, loc. cit.),conditions suitable for promoting reac.
tion could not be found.

It appears from the experiments carried out that the
reactivity of the differently substituted butadiene esters to-
wards sodioesters varies widely, but, on the other hand,
slight changes in the experimental conditions have many
timesd baen found to have a profound effect in facilitating or
inhibiting reaction. It is hoped later to furnich values of the
oc 3, oc§-ratio for a number of substituted butadiene esters,
ketones and nitriles, distingnishing between the effect due to
alkylation in the different positions of the c¢hain and that
{if any) due to modification of the activating group.

Whether or no the valne of the ocf3, oc§-ratio in a giveu
instanece jg at all influenced by changes in the addendnm (as,
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for instance, by alkylation or replacement of -CO,Et by -CN)
remains to be shown, but the indications at present are that
such changes affect only the ease of reaction. The influence
on the oc 3, oc§-ratio of cyclisation is algo somewhat doubt-
ful. Many ocf3- and oc§-addition products readily undergo
cyolisation in the presence of the condensing agent and in
goma instaneccs it is difficult to find experimental conditions
under which addition ig promoted but intramolecular eycli-
gation excluded. For instance, from ethyl methylcyclohe-
xenylidene-cyanoacetate (V) and methylcyclohexenylideneace-
tone (VI) only cyclic ocf3-addition produncts have so far

CMae CMe
VA AN
?H, (|3H ?H, ?H
CH, C:C(CN)-CO,Et CH, CH:CH.CO.CHg4
N/ ~N/
CH, (V) CH, (V1)

been obtainable, but the legitimacy of concluding that the
ocf3, oc§-relationsbip which holds under the cyclising
conditions employed is also the normal one is uncertain.

In view of the fact that the formalion of a 7—10% yield
of one of the ester-addition products of methyl sorbate pre-
viously escaped detection, although the search for evidence
of such formation was the specific object of investigation, it
may well be that the e §-bromination of B-vinylacrylic acid
{Farmer and Healy, loc, ¢it.) and of sorbic. acid (Auwers and
Heyna, Annalen, 1923, 434, 140) is not quite so complets as
ozonisation experimenta have indicated. The conclusions of
Farmor and Healey with respect to the bromination preduct
of the former acid hsve recently been endorsed by Duaskat,
Becker, and Lowenstein (J. Amer. Chem. Soc., 1930, 52, 326),
but the detection and the reasonably efficient isolation of
ozone fission products are so munch the more difficalt of
acoomplishment when working with diolefin dibromides than
when working with unsaturated acids (indeed experience
with hydrocarbon dibromides and hydrobromides bas clearly
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ahown the danger of relying on ozonisatien technigne alons}
that a snpplementary examination of the bromination pro-
ducis of both acids is very desirable.

EXPERIMENTAL

Addition of MUethyl Malonate ta Ueikyl Serbate.—The sield
of addition produet previowsly recorded by Farmer ard
Healey (foc. cit.. p. 1064) was censiderably improved by medi-
fring slightly the experimental conditions. Methyl malonate
(90 g.) was added to a solntion of sodium (C.6 g) in methyl
alecohol ( 6 c.c.’) and a guantity of ether ingFciend fo
produce a precipitate usuvally about 10 e.c.) was added. From
the resmlting solufion. afier being heaied on a sieam-bath for
6 bours,amixiure of unchanged reactants {b. p. 102—110°/20
mm.) and addition preduct, { b p. 172—1758°/17 mm. ) was
isolated. Yield of addition product. 807/,

Hydrogenation of the Addition Product.—The sddition
product, dissolved in aqueons methyl alecobol, absorbed 2
atoms of hydrogen per molecule when shaken therewith in
the presence of colloidal palladium for 4 hours. The redue-
tion prodact, obtained in quantitative yield, was a colourless
oil, b. p. 165—170°/14 mm., which yielded a granular sodinm
salt when boiled with alcoholie sodiam hydroxide (excess of
the latter was necessary to ensure complete hydrolysis).
After the heating had been coniinued for 4 hours, the sedium
galt was filtered off, freed from alcohol, and boiled with 257/
hydrochloric acid until decarboxylation was complete (10
hours). The hydrolysis product, isolated with only small
loss, was a colourless oily acid which would not solidify It
wa3 digtilled and collected in several fraciions, of which those
of higher beiling point partly or wholly solidified on standing..

The solid material, after bsing drained and washed with
peti-oleum (recrystallisation operations proved extremely no-
satisfactory), melted at 47 and corresponded in propertiea
with the S-methylpimelic acid (m.p. $3—350°) of Einhora and -
Ehret (dnnalen, 1897, 295, 179) [Found: Mf(dibasic), 174.
Calc., 174). I& was readily convertible into S-methyleyde-
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hexanone on heating with lime, and the ketone yielded a
gemicarbazone, m. p. 191°, identical with that derived from an
authentic specimen.

The liyuid acid, still containing a proportion of S-methyl-
pimelie acid, could not be indaced to solidify. It was there-
fore copverted into its anhydride by boiling with acetie
anhydride for 4 hours, after which the unimolecular an-
hydride of 3-propylglutaric acid vould be separated from the
polymalecular anhydride of §-methylpimelic acid by distil-
lation. The former compound was a colourless oil, b. p.
175°/20 mm., which yiclded 3-propylglutaric acid, m. p. 52°
on being heated with oanstic alkali and then acidified
(compare Day and Thorpe, J , 1920, 117, 1471), sand an enilic
acid, m. p. 128° on treatment with aniline (Day and Thorps,
{e, cit,) (Found: C, 673; H, 7.5. Cale, for Q, H,,0,N:
C, 67.45. H, 7o6%); the latter compound partly decomposed
above 200°/17 mm, and wae rapidly converted into S-methyl-
cyclohexanone when heated at atmospheric pressure.

The weight of B-propy.lglutnric anhydride (estimated as
the corrosponding anilic acid) derivable from a known weight
of the hydrolysed reduection product was sascertained. This
figuro showed the G-propylglutaric acid content of the acid
mixture to be about 7%—improbahly more than 107/— of
the whole

Addition of Esters to Ethyl y-Methylsorbate.~The Y-me-
thyleorbio cater was obtained from tiglic aldehyde in 50%
yield (b. p, 99—=100°/ 15 wm.) by the method of Aawers and
Heyna (Annalen, 1923, 434, 162). Since ethyl malonate
oould not be added to this compound ander any of the con-
ditions employoed, ethyl cyanoacetate was used in its place.

The conjugated ester (22 g) was added to a mixtore
propared by adding ethyl cyanoacstate (33 g.) to a solution
cf sodium (0-4 g.) in the minimal quantity of absolutealeohol.
No ether was added, since such addition at once precipitated
the sodiocyanvacelic ester and subsequently inhibited the
formation of an addition product. The reaction mixtare,
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after being heated for 9 hours on a steam-bath, yielded (i

unchanged reactants \b. p. below 1.30°/18 mm.), (ii) an addition
produoet, and (iii) a very small qunantity of a dark-colonred
. viscond lignid. The addition prodoct was a colourless oil,
shown subsequently to be a mizture of ethyl oc.cyanoc.Sy-di-
methyl- A'Y-pentene.oc Z dicurboxylate (111) and ethyl o< wyania
B-isobutenylglutarate (1V) (Found: C, 62.8; H, 7.93. C, Hy,-
O.N requires C, 62.9; H, 7-85%). Yield, 18—40%. :

Qzonolysis of the Addition Product,~—The addition product,
dissolved in chloroform, -was ozonised for 30 hours, The
ozonide, from which the solvent was removed in the wusual
way, was decomposed by water, the containing vessel being
gradually heated to 50° while a stream of carbon dioxide was
passed through it. The eseaping vapours were condnected
into a solution of dimethyl-dihydroresorcinol, which rapidly
deporited a bulky precipitate. The precipitate was theacetal-
dehyde derivative of dimethyldihydroresorcinol, 1:1-di-
methyl-4-ethylidene-3 ; 5-cyclohexadione, m. p. 139° (mixed
m, p. with an aunthentic specimen, 139°).

When the evolution of acetaldehyde had ceased, the reac-
tion mixture, which gave an intense puarple colour with ferrie
chloride (to be expected if either formylacetic ester or its
polymeride, cc-formylglutaconic ester, were present), was
boiled on a sand-bath for about 3 hours to decompose the
1ast trace of ozonide. The bulk of the resulting solution was
considerably reduced by distilling off . water at diminished
pressure and the residue was boiled with 25% hydrochloric
acid for 12 hours. After cooling, the acid solution -was
thoroughly extracted, first with ether and then with chloro-
form. The solvent was removed from the extracts -and the
united residues were distilled. " Two principal fractions were
collected, the first, b. p. 120—125°/10 mm., consisting
of crude f[-methyllevulic acid ( compare Bischoff,
Annalen, 1881, 206, 331), the second, b. p. 205-210°/10
mm., the solid keto-dilactone of [S-acetylglutaric acid.
(compare Emery, Annalen, 1897, 295, 104).
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'"The former of these was taken up in water at 0°to
geparato it from the disgolved dilactone and converted into
its semicarbazone. When tha precautions necesgary to tha
formation of a normal semicarbazone were followed (Blaise,
Compt. rend., 1900, 130, 1718), the producs, after twice recry-
gtallising from aqueous alcohol, decomposed at about 182°
but melted at 137°, the temperature recorded by Blaigse, when,
heated on the Maquenne block (Found : C. 44.7; H.'I'O.
Calc for C,H, 303N, : C, 44.9; H, £.97).

The solid keto-dilactone was sparingly soluble in ether
Lut readily soluble in chloroform. It erystallised in colour-
lesg needles, m. p. 98—99°, from absolute alcohol (Fittig and
Roth, Annalen, 1900, 314, 16, give. m. p. 99°; Emery, loc. cit.,
gived m. p, 101=102°). - (Found : G, 53.7; H, 5.1, Calo, for
C,H,0,:0C, 33.85; H, 5-1%).

The authors desire to thank the Government Grani
Committes of the Royn] Society and the Chemical Society
for grants which bave covered a portion of the cost of the
investigation,

Imperial Colleps of Science and Teclmalogy.
London 8. W. 7

(Reprinted from the Journal of the Chemical Soclety, 1930)

XV« B )—Muconic and Hydromuconic Acids.
Part V. Ester-addition to Ethyl Muconate.

BY ERNEST HaAROLD FARMER AND THARORBHAI NARANII'
MEHTA. '

It was previously found (Farmor, J., 1922, 121, 2015;
1923,-123. 3324) that whon alcoholic ethyl sodiomalonate or
othyl sodicoyanoacetate was heated with ethyl muconste a
complex mixture of uuidentifiable cyolised products was
obtained; when, on the other hand, the reactants wers kept
for several days at room temperature in an ethereal medinm
(or in an ethereal medjum ¢ontaining only a very small

1%
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proportion of alcohol) addition took place without the
occurrence of serions cyclisation. Under the latter condi-
tions, however, the addition product had suffercd double-
bopd digplacement and a considerable proportion thereof
congisted of the substance (II) * instead of the normal ocf3-
addilion product (I). It was pointed out that equilibration
of the three forms (I), (III),- and (II) had doubtless

Et0,C.CH:CH.CHX.CH,.CO,Et  Et0,C-CH,CH.CX:CH.CO,Et

¢ % (L)
Et0,C.CH,.CH:CX.CH,.CO,Et Et0,C.CH,.CHX.CHX.CH,.CO.Et
(I1L.) (1v.)

X =CH(CO,Et), or CH(CN).CO,Et

taken place (I - 111 II}, but no direct evidence of

the presence of (1) and (I11) was cbtained.

Recently, owing to the very numerous ester-additions
succegsfnlly carried out under * catalytic > conditions 7. e.,
with the employment of only a small proportion of sodinm
ethoxide (1/0 to 1/10 mol.), it has seemed advigable to re-
investigate the addition in order to discover if the normal
ecf3-addition product (I) i3 not indeed obtainable and to
prepare, if possible, the double-addition product (IV), which
has interesting synthetic applications,

By employing ag condensing agent a fractional molecular
proportion of sodium dissolved in the minimal quantity of
alcohol, the cyelising tendency was entirely checked. The
product from ethyl mueonate and ethyl mwalonate was the
normal addition product (1), since from both of its fiesion
produets (obtained by thé acticn of either neutral permanga-
nate or ozone) good yields of oxalic and tricarballylic a¢ids
were obtained. The addition produect was, however, not
quite free from one or both of the compounds (11} and (III),

#* Since this substance. is an ocﬁ-subatituted glutaconic ester, it
doubtlesa existed alongside and in equilibrium with its A B-(glutnco'nic)
igomeride, )
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gince it ozone fission product gave a colour with ferric
chloride; nevertheless no appreciable amount of either
of these was present, Bince none of the S-keto-esters
Et0,C.CH,.CO.CH(CO,Et),, Et0,C.CH,.CH,.CO.CH(CO,Et),, and
Et0,C-CH,.CH,.CO-CH,.CO,Et or their derivatives proved to
be isolable.

The normal addition produet was easily obtained in good
yield, but it could not be induced to combine with a second
molecule of the ester-addendum nnder “catalytic” conditions.

EXPERIMENTAL,

Addition of Ethyl Malonate to Ethyl Muconate.—Ethyl
malonate (16 g.) wad added to a solution of godinm (0.375 g.)
in absolute alcobol (5 ¢. ¢.}, and the produet diluted with
dry ether (150 c. ¢.). Ethyl muconate was then introduced,
and the whole rcfluxed for 5 hours un a water-bath. After
oooling, a solution of acetic acid (1 g.) in water (10 0. ¢} was
added with rapid shaking. The ethereal liquor was thoronghly
washed with sodium carbonate solntion and with water,
dried, and distilled. It yielded ethyl A%-butens-oc§-di-
carbozylate-y-malonale as a colourless oil which on redistilla.
tion boiled at 175--180°/2 mm. (Found: C, 56.9; H, 7.2,
Oy ¢Hye0y requires C, 57.0; H, 7.2%). Yield, 70%. The
constitntion of this addition produet, which contained a trace
of an {eomeric ester, followed from the nature of its degrada-
tion produocts {below),

Ozonolysis of the Addition Product..-Thigz was carried out
by submitting a chloroform solution of the addition product
(10 g.) to a stream of oronised oxygem until ozone was no
longer absorbed. On removal of the solvent from the pro-
duct a viscous colourless ozonide remained which was not
oasily decomposed by water except on bolling. The aqueous
decomposition product gave a deep colour with forrie chlo-
ride, indicating that to some extent double-bond displace-
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ment to the 37- or oc B-position (yielding ethyl AT Or B
“batene.cc§-dicarboxylate-3-malonate) had taken place. The
amount of such displacemenf was, however, very small,
‘since on complete oxidation of the aldehydic material in the
ozonolysis product to the carboxylic acid stage by keeping it
for 2 daye with perhydrol (30 ¢. ¢.) (Z. e, until it no longer
gave a colour with Schiff’s reagent), no peutral material—and
consequently no appreciable quantity of either of the ketonie

esters which should be formed from the respective A or

AB-form of the addition product—remained. Thig was
ascertained by making the oxidation ligqunor alkaline with
sodinm carbonate and extracting it with ether. The dis-
golved acidic esters were hydrolysed 1Ly heating with alkali
and then decarboxylated by refluxing with 25% hydroch-
“loric acid for 20 hours. By extraction with etber first of the
acid liquor, and then of the residuve left on evaporation of
the Jatter to dryness, a mixture ¢f acids was obtained from
which oxalic acid was removed as calcium oxalate. The
residual acid after regoneration from the mother-liquor was
found to be crude tricarballylic acid. This was most con-
veniently pm:iﬁéd by converting it into the lead salt and
regeneratmg the acid therefrom thh hydrogen sulphlde.
The tncarballyhc acid thus ohtamed in good yield melted
at 160° {mixed m. p., 160" .lf(tnbaslc). 175.5]. The residnes
_were acidified and re—extracted but no trace of another aeid
“was obtained. ‘

Ozidation of the Addition Product with Permanganate.—To
_the addition product (9 7 g.), dissolved in acetone and cooled
to 0% 3/ permanganate golition (containing excess of magne-
Bium ‘sulphate) was g,radually added with mechanical stirring,
Reducnon of permanbanate wad very rapid until-the equi-
" valent of 4 atoms of oxygen per molecule of the addition
product (z e., 500 c. ¢) had been added. At thls stage
reduction. ceaged and lhe product was freed from manganese
"mud in the nsual way. Tl_:le aqueons lignor was evaporated
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to dryness, and the residue acidified and extracted with
ether. The oil 80 obiained was hydrolysed with alkali, and
aftcrwards decarboxylated by boiling with 25% hydrochloric
acid for 24 hours. The acid liguor was evaporated o dry-
need and the residue extracted thoroughly with acetene, A
viscous liquid was obtained which soon wsolidified; this was a
mixture of oxalie and tricarballylic acids, from which the
individual acids were economically separated in fairly good
yiold by the method described above.

The anthors desire to thank the Chemical Soclety for a
grant to one of them (T. N. M.) which has defrayed a con-
siderable portion of the cost of this investigation.

Imperml College of Science and Technology,

Lﬂndoﬂ Sn W 7.
( Reprinted {rom the Journal of the Chemical Society, 1931. )

XVAC)~Influence of Poles and Polar Linkings.on the
Course pursued by Elimination Reactions. Part X1,
Decomposition of Quaternary Ammonium Hydro-

xides containing the f2ri-Butylcarbinyl Group.

By C. K, INaoLD axNp C. S, PaTEL.

It has been auggested (Part I;J., 1927, 997) that in the
decomposition of guaternary ammonjom hydroxides having
hydrocarbon radicals without a B-bydrogen atom the group
which is more stable a8 a cation will be preferentially eli-
minated; but the examples glven were not conclusive becanse
benzyl, for instance, forms not only a more stable eation
than methyl but also a more stable anion. A better compari-
son would be between methyl and primary alphyl groupﬁ.
and the snggestion indicated would mean that the ethyl
group, CHy3-»CH,, should ceferis paribus be more readily
eliminated than the methyl -group, ‘H-.CH,, because in the
forwmer case the inductivre - effect nap:jeaent.et_i by the arrow
should stabilise the cation. Actoally, the issue as between
muthyl and ethyl is confused Ly the cu-cumst.ance that the
labter hag an slternative mode of elimination, but the feré.

3
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butylearbinyl group, the simplest primary alphyl group
devoid of a S-hydrogen atom, has not this disadvantage, and
the argument illustrated for the ethyl group applies with
greater force fo this higher homologue, MegCo>CH,. We
find that the decomposition of (ferf,-butylcarbinyitrimeihy-
lammonium hydroxide preceeds substantially in a single
direction and that the alcohol eliminated is methyl alcohol.
Thus the order of ease of elimination of the radicals cen-
cerned, CH;>>CMe,.CH,, is the reverse of that anticipated,
and the circumstance that primary and secondary paraffin
alcohols have pever been observed to appear during the
decompositions of ammoniam hydroxides can, we think,
despite the complication of olefin-slimination, be accepted as
indicating an intringically amaller tendency in primary and
secondary alphyl gronps than in the methyl group to under-
go elimination ag an alcohol. On the other hand the case of
the tert.-butyl group (Part I, loe. cit.) will serve as a warning
against incantious generalisation. The position of the benzyl
group relatively to0 methyl and primary alkyl groups follows
from our observation that benzyl-ferf.-butylcarbinyldimethy-
lammoniam hydroxide decomposes to the extent of at least
90% in the direction leading to benzyl alcohol and the com-
plementary amine, thus indicating the order,

CoH,-CH,>H.CH,>CMe4.CH,

EXPEBIMENTAL

Preparation.—The most convenient rounte to feri.-butyl-
carbinylamine and its methyl derivatives was found to be
that which proceeds vig pivalonitrile. Pivalic acid (**Organic
Syntheses,” VIII, 108) was converted into its chloride, b. p.
103° (Butlerow, Annalen, 1874, 173, 373, who used PCly, re-
cords 105—106°), by treatment on the water-bath with SOCl,,
aud thence into the amide, m. p. 155° by means of ‘gell-coc;l_-
ed conc. ac. NH, and srysto. from H,0 to remove NH,CI.
From the amide, the nitrile, m.p. 15°, b, p, 106°, was prepared
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{Butlerow, Ine, cit), and this was reduced (Freund and Lenze,
Ber,, 1830, 23, 2867; 1891, 24, 2156; Tiesier, Ann, Chim, Phys,,
1893, 29, 373) to the primary amine, b, p. B0—82° of which
the hydrochloride had m.p. 274° (decomp.),the picrate, leaflets
Irom aleohol, m, p. 205° (Found: C, 41.9; H, 5.15, CH,¢-
0, N, requires C, 41.8; H, 5.067/), and the acetyl derivative,
m.p. 75% Methylation of the primary amine {0 the tertiary
stage was accmplished by Eschbweiler’s general method (Ber,,
1905, 38,881), a mixture of the hydrochloride (10 g.) and para-
formaldehyde beiag heated under reflux at 140° (bath temp.)
for 3 hr. Treatment with cone. ag. KOH gave an oil consisting
of tart. butylearbinyldimethylamine, which after drying with
KOH and with Na had b. p, 96—97° (Found: C, 72.9; H, 14.6,
C,H,,N requires C, 73.0; H, 14-5%). The hydrochloride, pre.
pared in Et;,0-EtOH snd oryst. from EtOH, formed bygros-
enpie priematie plates, m. p. 182° {Found: Cl, 23.15, C,H,,N,-
HCI requires Cl, 23-4%), the Aydrobromide was obtained as
hygroscopie needies, m. p. 170° (Found: Br, 40.8. C,H,.N,
HBr requirea Br, 40.87/) and the hydriodide as small crystals,
m. p. 135° ( Found: I 52.8. C,H,,N,HI requires I,
52.3%). The picrate, pptd. from Et,0 and eryst. from EtOH,
formed stout needles, m. p, 193° (Found: C, 45.6; H, 5.9. C,4
H,,0,N, requires C, 45.3; H, 5.87/). A mixtare of the tertiary
base (5 g.) and Mel (7 g.) was kept for 4 hr, at rocom temp,
and the solid mass formed was ground with Et;O and erystal-
listed {from EtOH, tert=dulylecarbinyltrimethylammonivum
indide (10 g.) being obtained as a microoryst. mass, m. p. 24(°
(docomp.) (Found: I, 43.1. CgH,oNI requires I, 49.4%).
Similarly the {erf.-amine (7 g.) and benzyl bromide (12 g.)
yielded benzyl-tert,-Lutylearbinyldimethylammonium bromide,
which, similarly purified, had m, p. 2U0® {(decomp.) (Found:
Br, 27.7. C, (Hy NBr requires Br, 28.07/).

tert.-Butylearbinyldimothylamine was also obtained,
thongh in emall yield, by the action of ?¢erf —butylmagne-
sinm ochloride on dimethylaminomethyl n-butyl ether
(McLeod and Robipson, J., 1921, 119, 1470),
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tert,-Butylearbinol, prepared by redaction of ethyl piva-
late (Richards, Ann, Chim. Phys, 1910, 21, 337), was con-
verted into the iodide with red P and I, Tissier’s method
(loc. ¢it.) being unsuccessful in our hands. On treatment
with dimethylamine this iodide yielded the hydriodide of
the original amine (cf. Noller and Dinsmore, J. Amer. Chem,
Soe.,, 1931, 53, 1185; 1932, 54, 1025).

Decomposition of Hydroxides,—A solution of fert.-butylcar-
binyltrimethylammoenium hydroxide was prepared from the
iodide (11.9'g.) and a small excess of Ag,0. Preliminary
expts. having shown that the decomp. of the hydroxide
yielded no gaseous produects (substances which could be
collected in dil. acid or Br after condensation of the aq.
distillate), the hydroxide solution was distilled (bath temp.
150—200°) in the ordinary way. The distillate yiclded 4-95 g.
of pure (lert.-butylcarbinyldimethylamine and the basic
residues, when worked np as hydrochloﬂdes, gave (.82 g, of
the salt of the same amine (total yield, 937/). The small loss
appeared to be mainly mechanical, a careful search failing to
reveal the presence of ferf.-butylcarbinol or trimethylamine.
MeQH. was found in quantity and identified as methyl
p-nitrobenzoate, . o > :

The:decomposition of benzyl-tert.-bntylcarbin‘yldimethy-
lammonium hydroxide was conducted in the same way, and
pure fert.-butylcarbinyldimethylamine was isolated in 90%
yield. Benzyl alcohol was isolated in guantity, but necither
MeaOH nor fert.-butylearbinol could be obtained.

University of Leeds.
University College, London, .

. (Reprinted from the Journal of the Chemical Society, 1933.)



XVI. A Study of the Interaction between Thionyl Chloride
and Substances Containing the Reactive Methylene
Group.

Part 1. The Formation of Sulphoxides.
By K, G, Na1K, R, D, DEsar Axp M, M, PAREKH.

During the investigations of the reaction between gulphuryl
chloride and sulstances containing the reactive methylene
(—CH,~—) group, it was observed that sulphuryl chloride
invariably acts as a chlorinating agent ( Naik and Shah,
J. Indian Chem, Suvc., 1327, 4, 11 ), It was therefore, thought
interesting to investigate the action of thionyl chloride on
thesa substances, specially -a8 it reacts with other compounds,
giving rise to various products depending upon the conditions
of the experiments, '

The reactions of thionyl chloride may be roughly divided
undor three differcnt heads, It reaclts as—

() A chlorinating agent replacing groups such as (a}—OH,
(b) —81, (¢) —NO;, (d) —80,H, and (¢) —H by chlorine
( Meyer, Monatsh, 1901, 22, 415; D. R. P, 201325.6,
Frankland snd Garner, J. Chem. Soc, 1914, 105, 1101;
Barbier anh Locquin, Bull, Soc. Chim., 1912, 11, 223; Stiahler
and Schirm Ber,, 1911, 44, 319; McKenzie and Clough, J, Chem.
Soc., 1913, 103, 687; Barger and Ewins, ibid, 1408, 93, 735,
Silberrad, dbid, 192!, 119, 2029; Meyer, Monatsh., 1915, 36,
723; Pollak and Rudich, dbid, 1922, 43, 2029; Majima and
Simacuki, Proe, Imp. dcad, Tokyo, 1926, 2, 544),

(i¢) A dehydrating agent ( Denham and Woodhouse,
J. Chem, Sve., 1913, 103, 18¢1; Michaelis and Sieber, Annalen,
1803, 274, 312; Meyer, JMonatsh, 1902, 23, 897; Lasch,
Monatsh,, 1913.34. 1653; Pawlewski, Bull, Acad. Sci, Cracow,
1903, 8, Wohl, Ber,, 1909, 40, 4698).

(ti1) A ¢ thionating” agent giving rise to sulphonium
chlorides, sulphoxides and sulphides ( Colby and McLoughlin
Ler,, 1887, 20, 195; Patker, Ber,, 1890, 23, 1844; Smiles and

14 -
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Bain, J. Chem. Sec., 1907, 91, 1718; Gazdar and Smiles,
J. Chem. Soc., 1910, 97, 2249, Smiles and Le Rossignol,
J. Chem. Soc., 1906, 89, 697; 1908, 93, 743; Michaelis and
collaborators, Ber., 1890, 23, 3480; 1881, 24, 745; 13843, 26,
2158; 1897, 30, 1L09; Annalen, 1823, 274, 173, 137, 200;
Francke, Bur,, 1593, 31, 2178; Rosenheim and Sarow, Ber,
13035, 38, 1298; Green, J. Chem. Soc., 1924 125, 1450).

It is thus evident from the literature that thionyl chloride
will react in a very interesting manner, as it does with phencls
and amines with which the reactive methylene ( —CHz— )
group has many points of similarity in reaction. \Vith these
ideas in view, the reaction of thionyl chloride was studied
first on malon-diphenylamide in presenco of dry benzene, A
vigorous evolution of hydrochloric acid gas took place, chang-
ing the colour of the solution to red, which gave yellowish-red
needles., The course of the reaction may be given as follows:—

(RNH-C0),CH.+80Cl, = (RNH"C0),C : S042HCI]
( where R =phenyl, tolyl,xylyl or a-naphthyl groups or one of
the R is a hydrogen. )

The above constitution of the compound follows from the
following considerations :—

{ i) That the two hydrogen atoms are not supplied by the
phenyl gronp, becauge—

(@) Malon-dimethylamide, which possesses no such
phenyl group, gives the compound 80 : [CH (CO°NHCH,),],.

(») Malon-monophenylamide which possesses only one
phenyl group, gives the compound, malon-monophenylamids
sulphoxide. If the phenyl group be reactive such a compound
cannot be expected.

(¢) The sulphoxides obtained are very unstable whereas
those having the grouping -SO- in the naclews are very stable
( Colby and McLoughlin, Parker, loc. cit. ),

(ii) That the hydrogen atoms eliminated are not those that
are attached to the nitrogen atom of the -NHR groap, becarse
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(¢} Malon.dimethylphenylamide, with ¢ontains no such
amidohydrogen, reacts with thionyl chloride,

() Only one hydrogen is replaced in malon-dimethyls
amide, though it contains two such amido-hydrogens,

Thionyl ¢hloride was made to react with the following
amideg ;—

(1) Malon-diphenylamide, (2) malen~di-o-tolylamide, (3)
malon-di-m-tolylamide, {4) malon.di-p tolylamide, (5) malon-
di-(1: 4 : 5 )xylidide, (6) malon-di-e-naphthylamide, (7)
malon.di-g-naphtbylamide, (8) malon-monc.phenylamide, (9)
malon.mono-o.tolylamide, (1U) malon-mono-m-tolylamide, (11)
malon-mono-gutolylamide, (12) malon-mono~g-naphthylamide,
(13) malon.mono-g3-naphthylamide, (14) malon-di.methylphes
nylamide, (13} malon-p-tolylamate. (16) malon.o-tolylamate,
(17) malon.dimethylamide, (18) malon.diethylamide, (1%
maln-dipropylamide, (20) and (21) malon-dibutylamide (n and
80-), (22) malenamide, and the amidoes of wethylmalonic acid,

Of the above, (1) to-(16) reacted to give sulphoxides
(RNH*C0),CH, +S0Cl,=(RNH.C0),C : SO+ 2HCI;

but in the case of amides (14), (15) and (L6) the reaction pro-
ducts were liquids, which did not solidify even when kept in
a freezing mixtare, Hence they were not worked up for the
present.

In the case of (17) and (18) only one hydrogen atom of the
" methylene group was found to be readlive, the reaction taking
. the following course :
2(CH,NH CO,)CH, 4+80Cl,=[(CH,NH"C0),CH],:S0 + 9HCI,
This type of reaction is not unusual, Many instances may
be cited in which only one hydrogen atom of the methylene
group had become reactive, Sulphur monochloride reacted
'with malondimethylphenylamide giving a disulphide (Ph
(Me)N' C0),CH],8, (Naik, J, Chem, Soe.. 1921, 119, 37Y;a
monochlorosderivative of the same was obtained by West (J.
Chem, Soe,, 1922 121, 2196) by the action of free chlorine
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and by Naik aad Shah (loc. cit.) by sulphuryl chloride on
the same sabstance. Malon~dipropylamide monosolphonie
acid wag obtained by the action of chlorosulphenic acid on
malon-dipropylamide (Najk and Shah, under publication), Such
a type of reaction has generally been explained by supposing
that the second hydrogen atom became slaggish after the first
was replaced by the sabstitnent, In the case of (22) no reaction
takes place under the conditions generally observed in these
experiments, In the case of all the remsining amides a
vigorous evolution of hydrogen chleride was observed but no
definite reaction product could be separated because in all
probability the sulphoxides formed were decomposed during

the precipitation. owing to tle unstable nature of such
compoands, '

From the above results it can be seen that iu a series liker—

(i) CH,(CO'NH,),, (ii) CH,(CO*'NHCH,),, (iii} NH,CO-CH,
CO'NHR, (iv) CH,(CO-NHR),, (v) CO,C,H,CH,-CO-NHR the
reactivity of the hydrogen atoms of the methylene group,
which izabsent in (i), starts in (ii) and goes on increasing, This
oan be explained as the effect of the increase of the negative
character of the two carbonyl groups adjacent to the reactive
methylene group in all the compounds; for malonamide, in
which the two amino—groups completely neuntralise the negative
character of the carbonyl groups attached to the methylene
group, does not react with thionyl chloride, wheress, in all
the other cases, the basic character of the other substituted
aminc-groupings attached to the carbonyl group being progre-
gsively reduced, the hydrogen atoms of the reactive methy-
lene group are thrown into reactivity with increasing vigour,
This reactivity is seen enhanced, when one or both of the
aminc-groups are replaced by negative groups, like phenyl,
tolyl, naphthyl. etc, In the case of (v) where one of the amino
groups in completely replaced by a carbethoxy group, the
reaction is exceptionally vigorous,

Three different hypotheses are put forth to explain the gour-
se of the reactivity depending wupon the total negativity, name-
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1y, (1) polarity hypothesis (Macbeth and collahorators, J. Chen.
Soc. 1022, 121, 892, 904, 1109, 2169, 2527, 2601; 1923 123,
1121, 1925; 1925, 127, 892, 1118; (2) keto-enol transformation
‘Thorpe and collatorators, J. Chem Soc, 1911, 99, 2183 1921,
119, 1 03. 1922, 121, 1890; (3) the combined eflect of polarity
and steri¢c hindrances as wounld give rise to ketc-enol transfor.
mationa (West, J. Clem, Soe, 1924, 125, 710). The course
of the reaction in the case of the compounds iuvestigated can
be representad on the keto-enol hypothesis. ‘Tlaking the case
of malon-diphenylamide (according to Norris and Thorpe. )
PhNH* CO' CH, CO NHPh ~»> PhNH.CO'CH:C(OH) -NHPh

S0C ,
——= " PhNIT' CO* CH : CO* NHPh-->PhNH- CO'CH' NHPh

sac sl
(unatabla)
The second hydrogen atom will again tautomerise and will
remove the segond chlorine atom, giving rise to (C,H,NH*CO),
C:80. Inthe case of substances, where the secord hydrogen
atom remaing slugygish, the second chlorine atom is removed by
tho other molecule,

It i3 interesting to obgerve that these snlphoxides give rise
to sulphides, when heated with dry benzene in presence of a
dry catalyst such as hydrochloric acid gy and iodine, This
will form the subject of a future communication.

EXPERIMENTAL,

Malon-diphenylamide  aulphoride —Two g. of malon- di-
phenylamide were made to interact with 1'6 g. of thionyl
ohloride in presence of 25 ¢. c. of dry benzene, on a water-bath,
Afier an hour and a half, when the evolution of hydrochloric
acid bad nearly ceased, the mixture was concentrated and the
sompound was precipitated by slow addition of dry petrolewm
(L. p, 50-60° ), It came out in the form of yellowish-red
needles, It was washed free from thionyl chloride by dry
petrolenm, It melted with decomposition at 129°, 1t is easily
decomposed by water and alcohol giving the original amide
an 1 sulphur dioxide, (Found: S, 10-56; N, 952,

0,5 H, ;N,0,8 requires 8, 10°65; N. 932 per cent ).
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Malon-di-o-iolylamide sulphoride—Three g. of the amide
were allowed to react with 1'6 g, of thionyl chloride as above,
It gave a deep red crystalline compound, melting at 129-30°,
It i3 easily decomposed by water and alcohol. (Found: 8, 9 61,
Ci7 H, 504 N,S requires 8, 9:75 per cent,)

Malon-di-m-tolylamide sulphozide—It wag prepared from
3 g. of the amide and 16 g- of thionyl chloride, It wasa
saffron coloured crystalline compound, which melted at 142.43°,
It is decomposed by water and alcohol, ( Found: 3, 9-87,
C..H,q O,N,9 requires 8, 73 per cent,).

Malon-di-pitolylamide sulphozxide,~It was prepared like
the above compound. It is a deep red crystalline compound.
It decomposes above 170° and melts at 215°, It is decomposed
by water and alcohol. (Found:S, 965, C,, H,,O,N,S requires
S, 915 per cent.),

Malon-di-a-naphthylamide,~1t was similarly prepared from
3'4 g, of the amide and 16 gr of thionyl chloride, It came
out in the form of charcoal-black needles, It decomposes at
163° and melts at 210°, It iz decomposed by water and
alcohol. (Found: 8, 822, C,,H,,0,N,S requires 8, 8:C0 per cent,)

Malon=di-B-naphthylamide sulphoride —It was prepared like
the previons compound, They are deep red needle-shaped
crystals, These decompose above 170°, and melt at 1660, I
is decomposed by water and alcohol. ( Found : 8§, 823,
C,,H,,0,N,S requires S, 800 percent.}.

Malon—di( 1: 4: 5: Y-zylidide sulphoxride..—It was prepared
from 3-1 g. of the amide aud 1'6 g, of thionyl chloride, It
gave deep red needles,. They meit at 172-3°, It is decompo-
ged by water and alcohol, ( Found: S, 9-06. C,H,,0,N.S
requires 8, £96 per cent, ),

Malonmonophenylamide sulphoxide—It was prepared from
2 g. of the amide and 11 g. of thionyl chloride, Yellowish-
red needles were obtained. The product melts at 150°, It is
decomposed by water ad alcobol. ( Found: S, 14°54,
C,H,O,N.S requires S, 14'23 per cent, ).
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Mulon-mono-p-tolylamide sulphozide— It was prepared
from 2'l g. of the amide and 1'4 g of thionyl chloride. It
camé down in the form of chocolate coloured needles, m, p.
156-7°, It is decomposed by water and aleohol, (Found: S,
1346, C,,H,,0,N,S requires 8, 1344 per cent, ),

Preparation of Malon-mono-m-folylumide,—Eihyl malonate
(25 g. )and m-toluidine (1l g ) were mixed in a round-
bottomed flask, having a wide upright tube passing through
the cork, fitted in the month of the flask, The length of the
tube from the cork upwards to the bent, measured 15 cms,
the flask was heated in a paraffin-bath maintained at a tem-
perature of 120.125°, The rate at which the aleohol was
sllowed fo distill was regulated in sach a way that the ester
got no chance of being distilled out, After heating for eight
bours, the contents were transferred to a stoppered bottle and
were mixed with twice its amount of ammonia ( d (88 )
This was shaken for four hounrs. The semi-solid mass was
transferred to a beaker and evaporated till it was nearly seclid.
This mass which was a mixture of malon-di-m-tolylamide,
malon-mono-m-tolylamide and malonamide, was filtered at the
pump after cooling and washed with ether to remove the
unreacted amine, 1t was boiled with alcohol and water (L : 6)
and filtered hot, This kept the insoluble diamide on the
filter paper. The liquid deposited white thick needles on
cooling the molonamide being kept in solution. The preduct
melts at 165%, It is very soluble in hot water, methyl and
othyl aleohol, acetic acid, and sparingly eo in cold water, hot
benzene and hot carbon tetraghloride. It is insoluble in
petroleum, ( Found: N, 1446, C,,H,,ON, requires N,
1458 per cent, ),

Malo-mone-m—tolylamide sulphozide :—It was prepared like
the previous sulphoxide, It gave yellowish-red needles, m.p.
140°, It is decomposed by water and alcohol. ( Found : S,
1345. C,,H,O,N,S8 requnires 8, 13-44 per cent. )

Malon-mono-o-tolylamide :—Ethyl malonate (25 g,) and
o-toluidine (11 g.) were heated nnder the same conditions ag
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stated above, and treated likewise. It gave thick white needles,
m p, 162° It is solulle in cold water, hot benzene and car-
bon tetrachloride, and insoluble in petroleam, ( Found : 8§,
13Cs. Gy, H, N0, requires N, 15-38 per cent.

Malon-mong-o-tolylamide sulphozide:—1t was prepared from
21 g, of the amide and 1'4 g, of thionyl chloride, It formed
deep red crystaly, m, p, 108°. The produet i3 decomposed by
water and alecohol. (Found : 8, 1358, €, 9,,0,N,;8 requires
S, 13-4 per cent ),

Malon-mono-a-naphthylamide :—Ethyl malonate ( 23 g.)
and a-naphthylamine (14'1 g.) were condensed under iden-
tieal conditions. After the usnal treatment, it gave reddish
needles, which after recrystallisation melted at 146°, It is very
goluble in hot water, methyl and ethy! alcohol and acetic acid,
and aparingly 8o in cold water, hot benzene and carbon tetra-
chloride, It is insoluble in petroleam, ( Fouund : N, 11'0§,
C,,H,,0,N, requires N, 12-23 per cont. },

Malon-mono-g-naphthylamide sulphoxide :—1It was prepar-
ed from 25 g. of the amide and 1-4 g, of thiongl chloride,
It forma deeply coloured needles, melting at 170° It is de-
gomposed by water and alechol. (Found : S, 11'92,
C,,H,,0; N,8 requires S, 11'64 per cent, ).

Malon-mono-3-naphthylamide -—Ethyl malonate (23 g.) and
g-naphthylamine (14'l g.) were similarly condensed and treat-
ed, The equeous-alecoholic solution gave white leaflets, m, p,
183°, In soluhility it resembles the previous amide. (Found :
N, 12-32. C H,;0,N, requires N, 12'28 per cent. )

Malon-mono-B-naphthylamide sulphoride:—It was prepared
like the last sulphoxide, It forms chocolate colomred needles,
m, p. 160°. It is decomposed by water and alcohol. (Found :
S, 1187, C,,H,,0,N,8 requires §, 1164 per cent. ).

Bis-malon-dimethylamide sulphoride.—Two g. of malon-dj-
methylamide sulphoxide were made to. react with 1'8 g. of
thiony! ehloride in 25 ¢ .c, of dry benzene, After half an hour
a white ¢rystalline substance’ separated. When the evolation
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of hydrogen ohloride bad ceased, the reaction product was
geparated and filtered and washed with dry petroleum, It
molts at 20%°, It is sparingly soluble in benzene, baut insolu-
ble in toluene and petroleum, It is not decomposed by alcohol
but is slowly decomposed by hot alcohol, ( Found : 8, 1001,
C,,H,,0,N,S requires 8, 104} per cent, ),

Bigemalon-dimethylamide sulphozide :—1t wad similarly
obtained, 1t melts at 176° The product i sparingly soluble
in benzene and insoluble in toluene and petroleum, It is not
decomposed by cold alecohol and water, (Found : S, 8§64,
0, H,,0,N,S requires 8, 8,84 per cent ),
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CrneMisrry DEPARTMENT,
Baropa CoLLeap,-Banopa,

{ Reprinted from the Journal of the Indian Chemical Society
Vol. VII. Issue No. 2)

XVIl, A Study of the Interaction between Thionyl
Chloride and Substances Containing the Reactive
Methylene Group. Part II, Conversion
of Sulphoxides into Sulphides.

By: K, G. NAIK AND M, M, PAREEH,

While studyiug the action of thionyl chluride on malon-
diphenyl amide, it was found that if the reaction mixtnre was
heated for more than four hours, a yellowish-white erystalline
sabstanoce was precipitated. This compound was found to
have the constitution, (C,H,NH-CO), C:S8;:C(CO'N HCH (D)

This behaviour of malon-diphenylamide is not sarprising
in view of the fact that thionyl ohlorida does react with

Y
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different sabstances, giving rise to different prolacts, depen-
ding on the conditions of the experiment (Michaelis and
Philips, Ber, 1290, 23, 5339; Sprange, J Ciwn S 131,59,
321; Jassinarri, Gazzeifa, 1330, 20, J02; Voswinkel, = harmZ,
1335, 40, 241; Loth and Michaelis, Ber,, 1334, 27, 2340;
Michaelis and Godchaux, Ber; 18M, 23, 5533; Michaelis and
Schindlar, Annalen 1889, 310 137),

A snlphide similar to the above was also oblained by
Michaelis and Philips {fuec cit.) by the interaction of thionyl
chloride and aceto-acetic ester, to which they attribated the
constitation (I1),

The course of the reaction was explained by them on the
assumption that thionyl chloride decomposes into sulphar
dichloride and suiphuryl chloride; and the sulphar dichloride
thas formed reacts with the ester as under:—

250C1, = SCL, + 50,Cl.ceeu-... e vemsenen(L)
CH,CO CH,CO

2 CH, +SCL= CH |s+ 2HCL.Q
CO,Et>' e 5k [co,}::z ] N ©

(11)
AMichaelis and Loth observed that thionyl chloride reacted as
under, with phenols, the final products of the reaction being
sulphides: ‘
2C,H,-OH+80Cl, =(0H"C,H),S0+2HCL........(3)
A
(OH.C,H,),S0+4 S0Cl,=(0H"CH,),5+480, + Cl,......(4)
B

Here the formation of salphides from sulphoxides was
attributed by them to “ the reducing actior of thionyl
chloride. ® This wa3s supported by the fact that the substance
(B), on treatraent with nitrie acid, gave the substance (A).

It must however, be pointed ount that the formation of the
salptides from solphoxides, as observed here, cannot be
explained on any of the above hypotheses. The hypothesis of
Michaelis and Philips presupposed the assumption that thiony!
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¢hloride decomposes into sulphur dichloride and salpharyl
chloride. The reaction of sulphur dichloride with gsubstances
containing the reactive methylene group has already been
studied in this laboratory by Naik and "Jadhav ( J. Indian
Chem, Soc; 1926, 3, 261), and in no case was a sulphide of the
type repredented by Michealis and Philips obtained, the comp-
unds formed having the constitution—
R'CO SCl R'CO

>C< or >CH SCl
R:CO SCl1 . R:CO

©) (D)

Again Naik and Shah (J, Indian Chem, Soc., 1927, 4,11)
have observed during the investigation of the action of sul-
phiaryl chloride on the same substances, that ¢hloro-eompounds
of the type,

-—CO0 Cl ~=CO

>C« or >CHCl
—CO Cl 00

(E) (F)

are formed. Finally the chlorine disengaged as per (4) above
would produce chlore-compounds similar to the above (¢f, West
J. Chem Soc., 1924, 125, 100), Had the coarse of the reaction
been 88 represented by Michaelis and Philips or Michaelis and
Loth, compounds of the type (C), (D), (E), or (F) should have
been obtained, whereas during the present work mo such
compounds were igolated.

Further, if the reaction proceeded as represented by
Michaelig and Loth, the resuliing sulphide would possess the
_ constitution (&), thus: '
—CO —CO0 :

CO>C : 804-80C1;, > CO>C.: S5+804+Cl,
(@)

whoereas the sulphides obtained bere have the oconstitution,
( RNH*CO0),C:8:C(CO'NHR),
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That the sulphides have the constitutions assigned to them
a8 above follows from the fact that, thio-bis-malon-diphenyl-
amide when hydrolysed with caustic alkali yields aniline as
one of the products of hydrolysis. From this it is clear that
the suiphur is neither attached to the nitrogen nor t any of
the carbon atoms in the nuclens.

From the above considerations, one is led to suggest that the
course of the reaction in the present case is entirely different
from that represented by Michaelis and Philips or Michaelis
and Loth, The formation of the sulphides from the sulpbo-
xides can be well explained if the following manner :—

(RNH*C0),C:8:0 + 0:8:C(CONHR), = [(RN%')CO),C], : 8450,
(

where R may be a tolyl, a phenyl or a naphthyl grouping.

This reaction may proceed either (¢) spontaneously or (if)
-in the presence of a catalyst (here thionyl chloride acts as the
catalyst). In order to decide this point freshly prepared
malon-diphenylamide sulphoxide was heated in dry benzene
golation (@) alone, (b) in the presence of thionyl chloride,
(c) in the presence of dry hydrochloric acid gas, and (d) in the
presence of iodine. In experiment (@) the original malon-
diphenylamide was obtained back; whereas in all the other
cases a distinct steady evolution of sulphur dioxide was preceiv-
ed and the sulphide was isolated as the final product. This
definitely points to the conclusion that the sulpbides are form-
ed from the sulphoxideg under the influence of the catalysts
such ag, thionyl chloride, hydrochlorie acid gas or iodine,

The investigation in connection with the formation of sul-
phides from sulphoxides was carried out in the case of the
sulphoxides obtained from the following amides :—

(i) Malon-diphenylamide, (2) malon-di-o-tolylmide, (3)
malon-di-m-tolylamide, (4) malon-di-p-tolylmide, (5) malon-
di-a-naphthylamide, (6) malon-di-3-naphthylamide, (7) malon-
monophenylamide, and (3) malon-mono-/m-tolylamide.

1n all the cases sulphides similar to (H) were obtained,
except in (3) and (6), where besides these sulphides, by-pro-
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ductd not containing sulphur and having melting pointa higher
than those of the original amides were obiained, These are-
still ander investigalion,

EXPERIMENTAL,

Lhiv-bin-meclon-diphenylamide (1)—Malon-dipbenylamide
(1'2 g.) wasa heat:d with thionyl chloride (9.9 g.) for four
houra, after which a solid begao to separate, The reaction was
continaed till there was no further separation of the weolid.
The compound was filter d after cooling, and washed with
dry potroleam /b, p, 33”). It was then boiled with dry petro-
leain to remove the adhering colour and erystallised from algo-

' hol; m,p, 196° Itis fairly soluble in benzene, alcohol and
acetic aeid, but insoluble in petrolenm and water, { Found : 8
607; N, 1062, C,,H,,N,0,8 requires 8, 5'96 ; N, 1044 per cent),

Action of dry Hydrochloric Acid on Malon-diphenylamida
Sulphozide ;-—One g, of freshly prepared sulphoxide was
dissolved in 25 ¢, e, of dry benzene and heated under reflux.
Dry hydrochloric acid gas was then slowly passed through
this solution, After dome time a golid began to separate, The
reaction wad carried on till there was no evolution of sulphar
dioxide, It wag filtered and washed with petroleum; it was
found to he identical with (1) obtained above.

Action of Indine :—The above sulphoxide (L g) was dis-
golved in 23 ¢, c. of dry benzene and 0“4 g, of iodine was added
to it, The mixturs was heated uader reflax for about half an
hour, when a solid brgan to peparate, When the evolution of
salphur dioxide had ceasel, the compound was filtered and
washed with alcohol, It was ecrystallised from alcohol and
subsequently found to be identical with the thio-bis-malon-
diphenylamide, obtained in the last two cases,

Hydrolysis of Thio-bis melon-diphenylamide —The thio-
componnd {3 g.) was reflnxed with caustie potash (7 g.) dissolv-
ed in 10 o,¢, of water for two hoars, A heavy liquid separated
out; the mixture wad extracted with ethor, which on evapora-
tion loft a liguid, which was identlified a8 aniline, The



[ 134 ]

#Zqueousd solution was evaporated on a water-bath when a solid
was obtained, which on treatment with hydrochioric acid
evolved hydrogen sulphide, In all probability the * thio -
groaping was deccomposed during the hydrolysis giving rise
to potassium sulphide, which evolved hydrogen sulphide,

T'hio-bis malon-di-o-tolylurnide,—It wis similarly prepared
from i3 g, of the amide and 09 g. of thionyl chloride by
heating for four hours. The compound was crystallised from
alcohol in white needles, m, p, 214°, It is soluble in aleohol
and acetic acid but insoluble in petroleum and water, (Found:
S, 507.C, ,H,,0,N,S requires S, 541 per cent.).

Thio-bi-malon di-m-tolylamide It was prepared like the
previous compound. Thesubstance was precipitated by slowly
adding the solution to a large amouant of petroleum. This was
repeatedly done by dissolving the compound in Dbenzene and
reprecipitating with petroleum till the melting point wag
constant, - It is a dirty yellow substance, m, p- 164°. Itis
soluble in benzene and acetic acid but insoluble in petroleum,
(Found:8, 3'45, C, H,;,0,N,S requires S, 5,41 per cent.),

Thio-bis-malon-di-p-tolylamide —1It was prepared as usnal,
The precipitated substance was flltered and washed with
petroleumn, and then boiled with aleohol to remove the
adhering colour, It i3 a deep yellow substance and melts at
198°, It ig very soluble in acetic acid and sparingly solable in
benzene and alcohol, but insoluble in petrelenm. Found: S,
571, C,H,;0.N,S requires S, 5-41 per cent,),

Thio-bis-malon-di-a-naphthylamide, —Malon-di-g-naphthy-
lamide (1'7 g.) was refiuxed in benzene with 0.9 g, of thionyl
chloride, for four hours. A sabstance was precipitated, which
wag filtered, On examination it was found to contain no
sulphur (m, p. 248°). The fltrate was then added to a large
amount of petrolenm, when a compound was precipitated,
Afier repeated reprecipitations, it was found to meilt at 132°
1t is very soluble in benzene and acetic acid Lut insoluble in
petroleum. (Found: S, 4-04, C,H;;0.N.S requires S, 4-34
per cent,),
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Thio-bis-malon-di-§-nuphtlylamide,~This was prepared
likethe previons compound. The sabstance precipitated duaring
heating contained no sulphut and melted at 265°, The * thio”
compound wag precipitated from the solution by petroleum,
After purification it melts at 146°, It is a dirty yellow
substance soluble in benzene and acetic acid but insoluble in
petrolenm, Found:S, 466, C,,H,, O, N,S requires S, 4:34 per
cent,),

Thio-lis-malon-monophenylumide~It was prepared like the
other thio-compounds, After repeated reprecipitations, it was
found to melt at 114°, It is soluble in benzene and acetic
acid Lut ineoluble in petrolenm, Found: §;8:46, C“H“O‘N‘S
requirea S, 8'33 per cent,),

Thiv-lis-malon-m-tolylamide.—This wag prepared as usual,
It is a yellow substance, m. p, 123°, It i8 soluble in bepzene
and acetic acid but insoluble in petroleum and water, (Found:
8, 758, CyoH,,0,N,S requires S, 777 per cent.).

The authors desire to record their gratitude to the Govern-
ment of His Highness the Gaekwar of Baroda for a grant which
has defrayed the expenses incarred in this work, One of the
authors (M, M.P.) also desires to express his gratitude to H, H.
the Maharaja of Bhavnagar for a scholarship which enabled
him to carry on this work.
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XVII. A Study of the Interaction of Selenium
TetrachlorideWith Substances Containing the
Reactive Methylene Group.

By K, G. NAIK anD R. K. TRIVED!.

Interactions of 1:3-diketones with selenium tetrachloride
geem tu have been studied by varions workers.* The subject
natter of the present paper consists of a study of the interaction
of selenium tetrachloride with the snbstituted amides of
maloni¢ acid. It was undertaken with a view to study the
reactivity of the hydrogen atoms of the methyiene (‘CH,)
group in amides and substituted amides of malonie acid,

In view of the deocomposition of selenium tetrachloride
studied by Taylor, Prideaux and Pool {J, Amer, Client, Soc.,
1926, 48, 2129), itis not improbable that in the present
inleraction it may decompose ag—

2Se Cl, = Se, + 3Cl,,

Asgsuch, it was expected that in the present interaction, the
reactivity of selenium tetrachloride will be similar to
that of sulphur monochloride (Naik J Chem, Sue,, 1921, 119,
4d79), Selenium tetra-chloride would, therefore, react with
the substituted amides of malonic acid to form either chloro-
componnds or selenides of the type, >C=3Se,

It ig not improbable that in the initial stage of the reaction
a diselenide, : C: Se : Se may have been formed, which then
passes over into a monoselenide of the type >C:Se. This is
not unusual in view of the mechanism of the reaction between
ethylene and sulphur monochloride.

( CH,CI'CH, ),8: 8 (1)

2CH, : CH,+Cl,: 8:8<
( CH,CI'CH, ),S+8 (11)

That the disulphide (1) passes into the monosulphide (2) was
finally settled by the late Lieut, Col, Harrison during the

# Michaelis and Kuockell, Ber, 1897, 30, 2823; Morgan and Drew,
J. Chem, Soc.,, 1920, 117, 1436; {bid, 1922,121, 2441; Morgan and Porte,
ibid, 1924, 125, 1272,
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great war. The second snlphur atom in thig case bohaves as if
it were in solation ( Naik, loc. cif. ). The same may be held
to be true in the case of the selenides,

In the predent case it was found that selenium compounds
of the type (¢) >C: Se, were only formed. It was also interes-
ting to find out the exact eonditions under which selenides
counld be obtained, as also those governing the formation of
the chloro-compounds,

With the above purpose in view seleninm tetrachloride waa
made to react with the following substituted amides ;:—

(1) Malon-diphenylamide, (2) Malon-di-p-tolylamide, (3)
Malondi-m-tolylamide, (1) Malon-di-g-naphthylamide, (5) Me-
thylmalon-di-pbenylamide, (6) Methylmalon-di-p tolylamide,
(7) Methylmalon-di-m-tolylamide, (8) Methylmalon-di-g-naph
thylamide (9) Malon-dibenzylamide, (10) Malon-dipropyla-
mide, (11) Malon-diheptylamide, (12) Malon-di-(1:3:¢)
xylidide, (13) Malon-di-(1:4: 5 ) xylidide, (14) Malon-di-a-
naphthylamide, (15) Malonamide, (16) Maloamonophenylamide,
(17) Malonmono-p-tolylamide, (18) Mal?n-p-tolylamate, 19
Malonio ester,

The main results of the present investigation can be summ-
arised as under ;—

Type I—~Amides which interact to form selenides, Compo-
unds from (1) to (8) interact to form selenides of the type,
(-CO°C'CO-},.

(1)

Se

Type 11—Amides which interact to form chloro-compounds
Compounde from (9) to (L3) react to give substances of the
type, -CO'CC1,"CO-

Type 11I—Amides which do not interact with selenium
totrachloride, Substances (14) to (17) do not react,

Compounds (18) and (19) form resinous products with
geloninm tetrachloride,

Typs I~The first componnd of this series was prepared
by the action of selenium tetrachloride on malon-djphenyjn
\d
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mide in dry ether, at ordinary temperature (27-30°). The
course of the reaction can be represented ag—
5(PhNH"C0),CH, +45eCl, = 5(PhNH-CO),CH,
+(250,Cl,4-6Cl,)
=2(PhNH'CO),C : Se + 3(C,H,CI'NH-C0),CH, + 10HCL4+2Se.
' D (In
That the reaction actually follows the course shown above
is bagsed on the following considerations :—

(1) Of the malon-diphenylamide used, only a small gunanti-
ty was utilised to forin the selenide (I), a8 was evident from
the yield.

(2) The chloro-compound (II} was obtainad in a large
yield, though it was very difficult to get it in a pure condition,
owing to the presence of iree selenium in colleidal condition,

(3) The observations of Taylor, Prideux and Pool regarding
the decomporition of selenium tetrachloride (loc, cif,) also lend
support to the view that the reaction follows the course
represented by the equation given above,

That the selenide (I) has the constitution shown above is
evident from the following observations;—

(7) The two hydrogen atoms eliminated in tte formation of
the sclenide (I} are not those which were originally attached
to two nitrogen atoms, because on hydrolysis with agueous
potassium hydroxide, the corresponding derivative of malons
di-g-naphthylamide broke dowa giving g-naphthylamine,

(¢9) The above fact also supports the view that the
hydrogens eliminated are not those from Lthe nuclei, for if that
were so, 8-napbthylamine could not be formed during the
hydrolysis,

(#7) That the hydrogens are only removed from the methy.
lene group in the present interaction is further borne oat by
the reaction of metbylmalon-diphenylamide with selenjum
tetrachloride, where a selenide of the constitution, (Ph-NH'CO),
C(CH,)"8e’C(CH;)(CO- NHPh), is formed.  Here the selenium
tetrachloride requires {wo mono-sabstitated methylene groups
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to supply the two necessary hydrogens, in 8pite of the fact that
each molecule of methylmalon-diphenylamide has two hydro-
gens available either from those attached to the nitrogens cr
from the two nuclei,

It is evident, therefore, that the formula assiguned to the
gelenide of malon-diphenylamide i3 correct. On considerations
which led Morgan and his co-workers to represent seleninm
as letravalent, the selenide (I) of malon-diphenylamide may
be represented as—

(PbNI-CO),:CSe:Se:C:(CO'NHPD),,

As tho selenided 8o oblained, are all insoluble in ordinary
solvents, it was found very difficnlt to Getermine the molecular
weight of any of these compounds. The stability of these
selenides when treated with sodium bisulphite, whizh should
reduce them to the corresponding substituted malonamides,
goes to strepngthen the view that selenium here is rather
tetravalent than divalent,

Returning now to the dichloro-compound (II), one ig led to
believe that the two chlorine atoms are in the nuclei. for, on try-
ing to reduce the dichloro-compound with hydrogen iodide by
Kurt Meyer’s mathod, the dichloro-compound was obtained une
changed. 7Thid compound is, therefore, different from the di-
chloromalon-diphenyl-amide CCl(CO-NHPh), obtained by Naik
and Shah (J. Indian, Chem; Soc,, 1926 4, 12 ) by the interaction
of sulphuryl chloride and malon-diphenylamide, That the two
chlorine atoms of compound (II) are in the nuclei is further
borne cut by the fuct that on hydrolysis with ajneous potash it
yielded m-cbloroaniline.t

$That the product of hydrolysis is m-chloroaniline is substantiated
on the following grounds:—-

() Thu acutyl (m, p. 71°) and the benzoyl derivatives (m, p, 120°) of
the product were found to be identical with those obtained from m-
chloroaniline,

(1) p : p-Dichlormalonauvilide welts at 261° (Chattaway and Mason,
J: Chem, Soc, 1919,47, 34)), whereas our dichloro-componud melts
at 175°-76°,
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It seems curiouns that in the compound (II) the halogens
should prefer the nuclear hydrogens to those of the reactive
methylene group. This bebaviour is easily explained on the
considerations of the results obtained by Silberrad and Park
(J. Chem, Soc, 1925, 127, 2449), who pointed out that in the
presence of chlorides of selenium as catalysts, chlorination of
benzene derivatives takes place preferably in the vucleus rather
than in the side-chain.

From the above it follows that the dichloro-compound (II)
should be represented as CH,(CONHC,H,Cl),.

The constitution of the two main products of the pregent
interaction having been thus established, reactions of other
substituted amides with seleninm tetrachloride were tried.

Malon-di- p- and -m-tolylamides and malon-di-8-paphthy-
lamide reacted with selenium teirachloride giving rise to the
gelenides of the type (RNH-CO),C:Se: Se: C (CO. NHR),.

In order to study whether the same, type of reactivity
presisted throughout the corresponding derivatives of methyl-
malonie acid, the following four amides, namely B) (6), (7),
and (8) (vide supra) were subjected to the action of gelenium
tetrachloride, when it was found that selenides of the general
structure, >C(CHs)Se'C, (CH,)< were formed,

It may be noted here that malonamide, malon-monopheny-
lamide and malonmono-p-tolylamide were found not to react
with seleniom tetrachloride, Thus the reactivity which only
began to manifest itself in the case of the dianilides and dito-
lylamides wage increasing rapidly in the case of malon-¢- and
p-tolylamates, and reached its maximum in the case of mulornic
ester itself, so much 8o, that 'in the last two cases. resinouns
products were obtained, Thus the experimental obgervations
afford a clear evidence that the interaction of seleninm tetra-
chloride with tbe amides enumerated above depends on the
total negativity of the groups attached to the two remaining
valencies of the methylene carbon atom, If this carry nentral
groups such as—CONH, a8 in malonamide, no interaction
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occurs, Even when the neatral cbaracter of one of the CONH,
group is distarbed by a phenyl ora tolyl group, interaction
does not start, But when the neutral character of both the
-CONH, groups is disturbed by converting them into -CONHPh
group, the reactivity starte, In a series like,

CH(CO'NH,), NH,COCH,CONHPh CH,(CO'NHC,H,),

'0) (i1) (i)
CH,(CO'NHPh)  CO,EtCH,CO'NEPh  and CH,(CO,Et),
(iv) @) (vi)

the reactivity which is absent in () and (7%) starts in (477) and
goes on increasing, lesser and lesser time heing required for
the completion of the reaction. Finally in the case of (v) and
(vé) the reaction proceeds so vigorously that resinous
products are obtained.

The interaction of seleninm tetrachloride with the amides
enmnerated under Type II, resulted in the formation of dichloro- .
compounds, thuos:

(RNHCO),CH, +8eCl, =(RNHCO0),CCl, + 2HC1 + Se.

In all these cases the halogens replaced the hydrogens
originally attached to the methylene carboz atom, as was
evident from the fact that when such eompounds were treated
with potassium iodide and concentrated hydrochlorie acid,
the halogens were easily reduced, Of the five compounds
thus prepared two, namely dichloromulon.dipropylamide and
dichloromalon-—dibenzylamide were identical with those
propared by Nuik and Shah (loc, cit), The other three are
new and their constitutions are established on the same
coneiderations a8 in the case of the first two dichloro-
compounds, Such a type of chlorinating action of selenium
tetra-chloride has aiready been reportsd by Morgan and Drew
Jo.Chem. Soc,, 1920, 119, 1452),

EXPERIMENTAL,

General Method of preparation.—The amide (5 mols,) was
made to react with selenium tetrachloride (4 mols,) suspended
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in anhydrous ether, The reactions were ecarried out at
ordinary temperature carefully excluding moisture. Hydro-
gen chloride was evolved during the course of the reaction.
At the end of the reaction, (usually after 8 or 10 hours) the
ether was slowly evaporated off and a greenish-yellow product
coated with a thin film of geleniumn (red variety) was obtained,
The dry mass was then repeatedly cxtracted with dry benzene,
till no red film was formed on the product on drying, To
ascertain that the compound was free from selenium metal, it
was treated with reduaced copper gauze in boiling beczene,
until theshining surface of thye copper gauze no longer blacken-
ed. The prodnct was thus completely freed from selenium,

Selenomalon-diphenylamnide.—~Malon-diphenylamide (1'0 g.)
was made to react with selenium tetrachloride (1'0 g.) in 50
¢, ¢. of anhydrous ether. Selenomalon-diphenylamide was
isclated and purified as mentioned above, ‘lThe substance was
ingoluble in aleohol, chloroform, benzene, ether, petroleum,
carbon disalphide, earbon teirachloride, toluene, xylene, acelic
acid and acetone, It was soluble in aniline and pyridine, but
on evaporating the solvents, the substanee was found to have
been decomposed into the original malon-diphenylamide and
elemental selenium (yellowish-green amorphous powder,) It
darkened at 217° and melted at 222-223° to a clear red liguid,
(Found: Se, 2293, C,H,,N,0,Se, requires Se, 23'86 per cent.)

Reduction of Selenomalon-diphenylamide ~On reduction with
alkaline hydrosulphide (Brand, Ber, 1906, 42, 3464) seleno-
malon-diphenylamide was transformed into malon-diphenyla-
mide and hydrogen selenide, The hydrogen selenide thus
formed deposited selenium (red variety) on standing, the
wmalon-diphenylamide obtained having been identified,

Bromination of Selenvinalon-diphenylamide-When compound
(1) was treated with bromine, selenium bromide was produced
together with CBry(CO'NHPh),, which was found to be identi-
cal with the compound of Backes, West and Whiteley (J.
Chem. Soc,, 1921, 119, 374).
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Meslon-dichlorodiphenylamide,—In the course of the above
reaction malon--diphenylimide was partly eonverted into
malondichloro-phenylamide, This suhatance was obtained in
henzene solution, unsed in the extraction of selenomalon-
diphenylamide, On evaporating benzene malon-dichlorodi-
phenylamide was obtained as a ¢rude sticky red powder, On
repeated cryatallisation it was obtained in the form of colour-
lcss cubic crystals from aleobol, m. p. 175-76°. (Found: CJ,
2170, C, H,,N,0,Cl, requires Cl, 2:°96° per cent,)

Hyelrolysis of Malon-=dichlorodiphenylamide—Tha dichloro_-'
compound (20 g) was mixed with an agucous solntion of
caustic potash (7 g, NaOH in 10 ¢, ¢,). The whole was then
refluxed for three hours. A red-brown liguid geparated,
Thie was extracted with cther, and after purificalion was
identified as m-chloroaniline (b. p. 25°). -

Selenomalon-di-p-~tolylamide.~Malon-di-p-tolylamide (13 g.) '
and seleninm tetrachloride (1 g.) in 50 ¢, ¢, anhydrous ether
were employed and the resulting selenomalon-di-p-tolylamide
was obtained after purification, as an yellow powder, m, p.
218-219°. The behaviour of this substance towards solvents
was gimilar to that of selenomalon-diphenylamide. (Found:
Se, 220, C, I, N,0,Se, requires Se, 22°01 per cent.),

Selenomalon-di-m-=folylamide,—~This was obtained in the
game way as the para-derivative aud had in similar properties,
the time required for the gcompletion of the reaction was less
in this case. . It melted at 210-211°, darkening previously at
200°,  (Fouund: Se, 21-75, C;,H,N,0Se, requires Se, 22:04,
per cent.).

Selenomalondi—-B~naphthylamide—Selenium tetrachloride
(1 g,), suspended in 60 ¢, c. of anhydrous ether was made to
react with malon~di-g-naphthylamide (1-3 g.), the reacticn
mixture being kept overnight, Selenomalon-di--3-naphthyl-~
awide, m, p, 220°, was obtained after tho wusual procedure,
(Found: Se, 13'26. C,,H,, N 0,Se, requires Ss, 18'32 per cent,),
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Hydrolysis-of-Selenomalon~di-S-naphthylamide,—Qne g. of
the selenide wasrefluxed for two hours with 20 ¢, ¢, of algoholie
potash (1 g.) when a buff-coloured solution was obtained, A
flocculent white mass separated on pouring the solution into
a large excess of water. This was subsequently identified to
be A-naphthylamine, m, p, 111°, The filirate deposited red
selenium on standing,

Selenomethylmalon-diphenylamide. ~Methylmalon--diphenyl-
amide (2 g,) and seleninm tetrachloride (15 g.) in 60 ¢, ¢, of
anhydrous ether were nsed. The sabstance resembled the
corresponding malon-diphenylamide derivative in its behavionr;
m. p, 222.224°, (Found: Se, 12-42, C,,H,N,0,Se requires Se,
1287 per cent.).

Selenomethylmalon-di-p-tolylamide,—The amide (2 g)in
25 ¢. c. of dry ether and selenium tetrachloride (10 g.) gave a
product which was purified in the wsual way, It blackens at
210° and melts at 224-225°, Found: Se, 11'76 C,H,N,0,
Se requires Se, 11°95 per cent,),

Selenomethylmalon-di-m-tolylamide —This wag obtained in
the form of a yellow amorphous powder by the interaction of
25 g, of the amide with 1 g, of selenium tetrachloride, It
melted at 221°, (Found; Se, 1163. C, H;  N,0,8e requires
Se, 1195 per cent,),

Belenomethylmalon-di-g-naphthylamide.—The selenide was
prepared in the usual way from 3 g. of the ‘amide and 1'0 g.
of selenium tetrachloride. It was a yellow powder insolable in
all organic solvents and melted at 223-230°, (Found: Se, 933,
CHN,0,Se requires Se, 9°71 per cent.),

Dichloromalon~diheptylamide,~-Malon-diheptylamide(l:5 g )
was treated with seleninm tetrachloride (1 g.)in 3J ¢, ¢, of dry
other. At the end of 10-12 hours, beth the amide and the
geleniam tetrachloride went into sclution (pink). On evapora-
ting the solution by means of hot air, a red pasty residue wag
obtained. On treatment with alcohol the pink film of red
golenjnm was precipitated and a fairly colourless solution of
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the dichloro-compound wag obtained. After repeated crystalli-
gations, the substance was obtained in colourless, stont, pris-
matic needles, m, p, 90", It was solable in alecohol, chloro-
form, carbon tetrachloride, benzene, ether, acetic acid and
acetone, ( Found : Cl, 19°05. C,,H,,N,;0,Cl, requnires Cl, 19'34
( per cent, ).

Dichloromalon-di<{ 1 : 3 : 4) aylidide—This substance
wasd obtained from malon-di-/ 1:3:4 ) xylidide (18 g.) and
selenium tetrachloride ( 1'0 g.) in 50 e, c. of anhydrous ether.
The pare sample formed fine colourless needles melting at
136-137°, ( Found: Ci, 1809, C, H,N;0,Cl, requires Cl,
1853 per cent, ).

Dichloromalon-di{ 1 : 4 : 5 ) zylidide,—This was obtained
in the same way a8 the previcus xylidide, On orystallisation
it was obtained as colourless, shining, short needles, m, p, 170°,
( Found : Cl, 18-26, C,,H,N,0,Cl, requires Cl, 18'73 per cent.)

The aunthors desire to express their gratitude to His High-
ness the Maharaja Gaekwar's Government, for a grant by which
the expenses inocurred in this research were met,
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XIX. Interaction of lodine Monochloride with Substances
Containing the Reactive Methylene Group.
By K, G, Nalg AND C. C, SHaH,

Although the chloro- and bromo-derivatives of substituted
malonamides have bheen extensively prepared and studied
(Backes, West and Whiteley, J, Chem, Soc., 1921, 119, 362;
West, ibid, 1922, 121, 2196; 1924, 125, 710; 1925, 127, 748;
Naik and Shah,J. Indian. Chem, Soc; 1927, 4, 11), iodo-
derivatives of the same are not known, However, di-iodoma-
lonio acid and methyl di-iodomalonate have been prepared by
Willstitter ( Ber., 1902, 35, 1377), who desoribes them as very

unstable substances decomposing spontaneously at ordinary
temperawure,

W
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Moreover, in view. of the fact that the chloromalonamides
are more stable than the bromomalonamides (West, loc, cit.),
it was expected that iodomalonamides will be very reactive
and will thues form an interesting sabject for the study of the
eflect of the adjoining groups on tha two hydrogen atoms of
the reactive methylene group, which problewn is being tackled
in this laboratory for the lastseveral years (Naik, J, Chem, Soc.,
1921, 119, 379 and subsequent papers).

With this end in view, the interaction of iodine mono-
chloride with the following snhbstances was studied:—.

(1) Malondipropylamide, (2) malondiheptylamide, (3)
malon-amide, (4) malordibenzylamide, () malondiphenyl-
amide, (6) malondi-o-tolylamide, (7) malondi-p-tolylamide,
(8) malon-dimethylphenylamide, (9) malondi-z-naphthyl.
amide , (10) maloamonophenylamide, (11} malonmono-p-
tolylamide, (12) methylmalon-diphenylamide, and (13) methyl=
malondi-g-tolylamide,

The nse of iodine monochloride as an iodinating agent is
well known (Schiitzenberger, Z, Chem. pharm; 1861, 5, 1;
Michael and Norton, Ber ; 1878, 11, 103; Ostermeyer, C, 1884,
937; Wheeler and Liddle, dmer, Chem,J. 1¢09 42, 441; C;
1910.1, 528; Willgerodt and Arnold, Ber; 1901, 84, 3344;
Cofman, Gazzetta 1920, IT, 50, 269; C; 1921, 1, 143) specially
in the case of aromatic componnds, It was expected that here
algo, iodo-derivatives of the substituted malonamides will be
obtained, But contrary to our expactations we only obtained
chloro-derivatives many of which have already been prepared
by Naik and Shah (loc, ¢if.).

Of the compounds investigated, in the case of (1), (2), (3),
(), (), (7) and (11), the reactive methylene gromp was
converted into -CCl, without the halogenation of the nucleus,
while in the case of (9), the nucleus was also attacked and
COl,(CO'NHC,H,Cl), was obtained. In the case of (8) aud
(10), only one hydrogen atom of the methylene group was
attacked with the formation of the-——CHCI group, the nuclei
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fn the case of (8) remaining un-affected. 1n the case of (12)
and {13}, baving only one available hydrogen in the methylene
group; Mo CCl (CO-NHC,H Cl), and MeCCl (CO'NHC,H,CI),
were formed,

Malon-diphenylamide (5) forms a curious exception for in
this case the methylene group remaing intact, the nuclei only:
being halogenated, giving rise to CH,(CO'NHC,H,Cl),, The
game compound wad obtained by Naik and Trivedi J. Indian
Chem Soc,, 1930, 7, 233) by the autlon of selenium tetrachloride
on tho same substange,

. The method for differentiating the chlorine atoms in the
mothylene group from those in the nuclens was the gsame as
thg one adopted by Naik and Shah (loc, cit,).

EXPERIMENTAL,

The amide (1 mol.) was treated with jodine monochloride
(4 mols,) in prescnce of chloroform, After allowing the
reaction mixture to remain at ordinary temperature (30°) for
twenty-four hours, it was refluxed on a water-bath for three
hours, The chloroform solution was then shaken with 10 per
cent, sodium thiosulphate to remove free iodine and after
goparation from the aqueous layer was evaporaied to dryness.
The resulting solid was crystallised from a suitable eolvent,
In the case of dichloromalonamide, nothing was recovered
from the chloroform golution, 8o the white mass adhering to
the flask was extracted with water, and was boiled till all the
iodine volatilised; the solution was then concentrated when
th'e product separated,

In this way, malon-dipropylamide gave rise to dichloro-
malon-dipropylamide (Naik and Shah), malondiheptylamide
to dichloro-malondiheptylamide ( Naik and Trivedi ), malon.
amide to dichloromalonamide (Backes, West and Whiteley)
maloudibenzylamide to dichloromalondibenzylamide (N, and
q ) malond:phenylmu:de to malondichlorophenylamide { N.
and T, ), walondiw-lolylamide to dichloromalondi~~tolyla-
wide ( N. and 8, ), mulondi-p-tolylamide to dichloromalondi-p-
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Moreover, in view. of the fact that the chloromalonamides
are more stable than the bromomalonamides (West, loc, cit.),
it was expected that iodomalonamides will be very reactive
and will thus form an interesting suabject for the staly of the
offect of the adjoining groups on tha two hydrogen atoms of
the reactive methylene group, which problewn ig beitg tackled
in this laboratory for the last several years (Naik, J, Chem, Soc.,
1921, 119, 379 and subsequent papers).

With this end in view, the interaction of iodine mono-
chloride with the following snbstances was stadied:—

(1) Malondipropylamide, (2) malondiheptylamide, (3)
malon-amide, (4) walondibenzylamide, () malondiphenyl-
amide, (6) malondi-o-tolylamide, (7) malondi~~tolylamide,
(8) malon~dimethylphenylamide, (9) malondi-e¢-naphthyl-’
amide , (10) malonmonophenylamide, (11) malonmono-p-
tolylamide, (12) methylmalon-diphenylamide, and (13) methyl~
malondi-o-tolylamide,

The use of jodine monochloride as an iodinating agent is
well known (Schiitzenberger, Z, Chem. pharm; 1861, 5, 1;
Michael and Norton, Ber ; 1878, 11, 108; Ostermeyer, C, 1884,
937; Wheeler and Liddle, Amer, Chem.J, 109 42, 441;C;
1910. 1, 528; Willgerodt and Arnold, Ber; 1901, 84, 33i4;
Cofman, Gazzetta 1320, 11, 50, 269; C; 1921, 1, +43) specially
in the case of aromatic compounds, It was expected that here
also, iodo-derivatives of the substituted malonamides will be
obtained, But contrary to our expsctations we only obtained
chlorc~derivatives many of which have already been prepared
by Naik and Shah (loc, cit.).

Of the compounds investigated, in the ease of (1), (2), (3),
(4), (©), (7) and (11), the reactive methylene group was
converted into -CCl; without the halogenation of the nucleuns,
while in the case of (Y), the nucleus was also attacked and
CCl,(CO'NHCH,Ol), was obtained. In the case of (8) and
(10), only one hydrogen atom of the methylene group was
attacked with the formation of the—CHCI group, the naclei
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in tho case of (8) remaining un-affected. In the case of (12)
and {13), having only one available hydrogen in the methylene
group; Me CCl (CO-NHC,H(l), and MeCCl (CO'NHC,H,CI),
were formed,

Malon-diphenylamide (5) forms a corious exception for in
this eage the methylene gronp remaing intact, the nnclei only:
being halogenated, giving rise to CH,(CO'NHC,H Cl),, The
game compound wad obtained hy Naik and Trivedi J, Indian
Cliein Soc,, 1930, 7, 233) by the achon of selenium tetrachloride
on thoe same substance,

‘ The method for difflerentiating the chlorine atoms in the
methylene group from those in the nucleus was the game as
the one adopted by Naik and Shah (lec, cit.),

EXPERIMENTAL,

The amide (1 mol,) was treated with iodine monochloride
(4 mols,) in prescnce of chloroform, After allowing the
reaction mixture to remain at ordinary temperature (30°) for
twenty-four hours, it was refluxed on a water-bath for three
hours, The chloroform solution was then shaken with 10 per
¢ent, sodium thiosulphate to remove free iodine and after
separation from the aqueous layer was evaporated to dryness.
The resulting solid wad crystallised from a snitable sclvent,
In the case of dichloromalonamide, nothing was recovered
from the chloroform selution, 8o the white mass adhering to
~ the flusk was extracted with water, and was boiled till all the
iodine volatilised; the solution was then concentrated when
the product separated,

In this way, malon-dipropylamide gave rise to dichle,ro-
malon-dipropylamide (Naik and Shah), malondiheptylamide
to dighloro~malondiheptylamide { Naik and Trivedi ), malon-
smide to dichloromalenamide (Backes, West and Whiteley)
mulondibenzylamide to dichloromalondibenzylamide (N. ang
8, ), mulondiphenylumide to malondichlorophenylamide { N,
and T, ), walondi~o-tolylamide to dichloromalondi-o-t¢lyla~
wide ( N. and 8, ), maloudi-p-tolylamide to dichloromalondi-g-
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tolylamide ( N, und S, ), malondimethylphenylamide to mono=
chloromalondimethylphenylamide ( N, and 8, ), and malonmono-
p-tolylamide to dichloromalonmono-p-tolylamide ( N, and 8, ),

Dichlonomalondichloro-cc-naphthylamide was obtained from
one g, of the amide and ¢ g, of iodine monochloride. It was
recrystallised from benzene as white needles, m.p, 191° It
is fairly soluble in alcohol, benzene and chloroform but slight-
ly 8o in petroleam, (Found : Cl, 28+71; Cl( malonyl ), 1444
C,,H,,0,N,Cl, requires Cl, 28'92; Cl (malonyl) 1446 per cent,)

Monochloromalonmonochlorophenylamide :—Qne g. of the
amide and 3 g. of iodine monochloride in 25 ¢. ¢. of chloro-
form were taken, The white substance was erystallised from
benzene, m,p, 152°.

Itis easily soluble in alcohol, benzene, chloroform and
acetic acid but almost insoluble in light petrolenm, (Found :
C1,28:35; Cl, (malonyl), 14:80. C;H 0, N,Cl, requires Cl, 25-46;
Cl (malonyl), 14'43 per cent. ),

Methylchloromalondichloro-phenylamidc—One g, of methyl-
malondipbenylamide and 4 g. of iodine monochloride were
wsed, The product separated from benzene; m, p, 164°, 1t is
very soluble in chloroform, acetone and ether but less so in
benzene and alcohol. ( Found : Cl, 28.31; Cl (malonyl), 9°74,
C,H,,0,N;Cl; requires Cl, 28°67; Cl (malonyl), 955 per cent,).

Methylchloromalondichloro-o-tolylamide was obtained by the
interaction of 3'5 g. iodine movnochloride with 1 g. methyl-
malondi-o-tolylamide in 25 ¢, ¢. chloroform, It orystallisea
in fine needles from benzene and melts al 184°. It is very
goluble in acetone but less 30 in benzene, alcobol and chloro-
form, and insoluble in petroleum. ( Found : Cl, 26:74; Cli
( malony! ), 9°31, C,H,,0,N,Cl, requires Cl, 26°62; Cl (malonyl),
8+88 per cent, ).

The authors take this opportunity to express their gratitude
to the Government of His Highness the Gaekwar of Baroda for
a grant which has defrayed the expenses incurred in this work,
One of the authors ( C. C, S. ) also records his gratitude to His
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Highness the Maharaja of Rajpipla, for a scholarship which
has enabled him to carry out this piere of research,
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XX Mercuration of Compounds Containing the Reactive
Methylene Group,

By K. G, NaIK aNDp C. C, SHAH.

The mercuration of the substiuted amides of malonic acid
was undertaken with a view to study the change in the stability
of the carbon-mercury linkage in these compounds and thus
throw, if possible, some light on the effiect of the adjoining
groups on the reactivity of the two hydrogen atoms of a
methylene group sitnated between two negative groups, which
has been the subject of investigation Ly Naik and his
collaborators { Naik, J. Chem, Soc., 1921, 119, 379 and
subsequent papers), )

We have employed the method of Neogi and Chatterjee
(J. Indian Chem, Sec., 1328, §, 221), the mercurating agent
being mercurie chloride in presence of sodium bicarbonate and
glycerol, It may be that at first an oxychloride of mercury is
formed, which subsequently reacts with the organic compounds
giving rise to a mercurated prodnct, thus:—

Hg Cl,+NaHCO,=Hg(OH)Cl+ NaCl4-CO,
R'H + Hg(OH)Cl=R-HgCl4 H,O.

The following compoundd were mercarated by thig
method:—(1) Malonamide, (2) malondimethylamide, (3)
malondiethylamide, (4) malondipropylamide, (5) malondi-n-
butylamide, (6) malondiisobutylamide, (7) malondiiscamyle
atnide, (8) maloudiamylamide, (9) malondiheptylamide, and
(10) ethyl malonate.

Of there (7) and (8) were prepared for the first time, Only
the alkylamides ot malonic acid were selected for the present
purpose, in order to avoid the complications that may oceur
by the entrance of mercary in the nuolei of arylamides,
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All the substances enumerated above react with mercuric’
cLloride under the experimental conditions yielding producis
having the general formula,

R-CO HgCl
R'CO.> c<I—Ig Cl

where R=ethoxy; amino-, meth;limine-, ete, group.

This constitulion has been assigned to the cumpounds
from the following considerations—

(#) The mereury has not entered the aliphatic part of the
amido-gronp ( ~-NHR) because— '

(@) no example seems to have been recorded in literature
of mercary baving thus substituted a hydrogen atom of an
aliphatic compound; o

(b) malonamide, which contains no such aliphatic part,
forms a similar mercury dcrivative;

(c) the mercury derivatives of aliphatic compournds are not
easily decomposed by potassivm iodide and hydrochloric acid,
while dichloromercurimalondiheptylamide, obtained during
the course of this work, is attacked by these reagents giving
the original amide,

(i7) The mercury atom has not replaced the N-hydrogen
atorﬁ, for ’

(2) malonic ester which contains no such hydrogen atom
forms a siroilar compound with mercuric chloride;

(b) astudy of the known mercurated sulstituled amides
ghows that the hydrogen attached to nitrogen can be substitated
By mercury under exceptional conditions, Acetanilide on
fusion with .mercuric oxide forms N-mercuri-bis—acetanilide
(Oppenheim and Paaff, Ber.,, 1874; 7, 624, Wheeler Amer,
Chem, J; 1596, 18, 696; Pesei, Gazzetia, 1897, 1, 27; 56¥),
though a boiling solution of acetanilide gives p-acetamino-
ﬁh'euylmercuric acetate (Pesci, Z, anorg, Chem., 1897, 15, 222;
Diwroth, Ber: 1902, 35, 2037). Similarly g-acetoxymercuri-os-
acetotoluidide is formed by refluxing . c-acetotoluidide with
mercuric acetate in water (Schrauth, Schoeller and Rother,
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Ber,, 1312, 43, 2812) while no N-mercary-derivative of the
game seems to have been reported, Similar results are obtained
with m-and p-acetotulnidides;

. (¢) the N-Hg-compounds behave ay weak bages aund a
golution of mereuri-acetamide can be titrated with hydrochloric,
acil using methyl orange as indicator (Ley and Kissel, Ber,,
1899, 32, 1357), while the products obfained hercy are
decomposed rather slowly,

({it) The mercury is directly attached to the methylene
carbon atom, for—

(e} ehloromercurimalonamide gives dibromoemalonamide
on treatment with bromine;

() the properties and behaviour of the products obtained
ig the same as those of compounds having mercury attached to
the carbon inoc-position to a keto=group, as is shown below,

The stability of the carbon-mercury bond varies over a very
wide range, Thus, in contrast to some of the mercarbides which
remain unchanged sven after prolonged boiling with fuming
hydrochloric acid ( Hyfmann, Ber., 1838, 31, 1905; 1900, 33
23306), substances having a mercury atom altached to a carbon
atom inoc-position to 1 keto-group, lose it on treatment with
0+25N-hydrochlorie acid (Dimroth, Ber,, 1202, 35, 2870),

Ethyl dichloiomercurimalonate (HgCl), :C: (CO,Et),, whi(‘:h
was alga prepared by Biilmann ( Ber,, 1302, 35, 2580 ), on
treatment with hot concentrated hydrochloric acid, liberates
mercurie chloride and forms ethyl monochloroinercurimalg-
nate, thus :

(HKCY), : C £ (CO, Et)y+ HCl = HyCl'CH : (CO,Et)+HgCl,,

It is rather onrious to obsarve that the second mercury atom

“in the sume position iz not removed simulianeously. This
bulhaviour iy not, however, quite abnormal, for bromomercuri-

aoetio aoid, BrHg'CHyCU,H, which contains a mercury atom

a‘l.!:uuhed to a ¢arbon atom in oe-position te a keto group, is not

t}u_composed Ly acids (Hofmoun and Sand. Ber., 1900, 33, 1346).

1
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In the oage of dichloromercurimalondiheptylamide, on the
other hand, both the chloromercuri-groups are removed by the
action of hydrochlorie acid.

It has also been possible to obtain ethyl monochloromercu.
rimalonate by the action of cold aqueons potassium iodide on
the dichloromercuri-ester, though both the chloromercuri-
groups are removed by the action of Aol potassium iodide
solation, Potassium iodide reacts with organo-mercury coms
pounds of the type R-HgX in three different ways: (7} it may
give rise to compounds of the type R-HgR (Whitmore, J, Amer
Chem, Soc,, 1919, 41, 1850); (i) it may form an iodomercuri-
compound, R*Hgl (Volhard, Annalen, 1892, 267, 172), or (i)
it may bring about a complete splitting up of the carbon-mer-
cury linkage with the liberation of one equivalent of alkali for
each carbon-mercury linkage, thus ;

R-HgX+KI[+H,0=R'H+HgXI+KOH.

All compounds having mercury substituted for the hydrogen
atoms in the grouping, -CO-CH,CO-, -CO-CH,CN, eto,,
behave in the above manner ( Biilman, Ber., 1902, 35, 2580;
Biilmann and Witt, Ber,, 1909, 42, 107J); Petterson, J. pr.
Chem,, 1912, ii, 86, 464). Dichloromercurimalondiheptylamide
is also decomposed by potagsiunm iodide, with the liberation of
two equivalents of alkali,

The sabstances containing mercury in the reactive methy-
lene group are unusually reactive towards hydrogen sulphide
immediately giving mercuric sulphide ( Biilmann, loc, cit. ;
Biilmann and Witt, loc. ¢it. , Lippmann, Z, Chem., 1869, i, 5,
23 ; Oppenheim, Ber,, 1877, 10, 701 ; Behrend, Z. phaysikal,
Chem.. 1893, 11, 478 ; Hofmann, Ber, 1898, 31, 2215; Ley,
Ber,, 1900, 33, 1014 ; Michael, Ber., 1905, 38, 209J); ethyl
dichloromercurimalonate instantaneously gives a black precipi-
tate of mercuric sulphide on treatment with hydrogen sulphide,

Sodium thiosulphate is the most general reagent wused to
bring about a change from the organo-mercury compounds of
the type R'HgX to compounds of the type R,:Hg ( Pesci,
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Gazetta, 1899, 1, 29, 394; Dimroth, Ber,, 1008, 35, 2041; Khar-
asch and Piccard, J. Amer, Chem. Soc., 1920, 42, 1861: Whit-
more and Middleton, ibid, 1021, 43, 622, ete.), However, when
ethyl dichloromercuri-malonate was dissolved in concentrated
godinm thiosulphate golution, only a negligible amount of a
red snbatance was deposited after standing for a day. '

Freand ( Ber,, 1884, 17, 133 ) obtained a compound from
malonamide and mercuric oxide to which he assigned the for.
mula CH, : (CONH), : Hg, because dibromomalonamide also
gives a similar compound, CBr, : (CONH), : Hg ( Freund Ber.,
1884, 17, 785). However for the aforesaid reasons, dichloro-
merourimalonamide has been assigned the formula (ClHg), :
C: (CONH,),. ’

It has been chserved by Naik and his co-workers that in a
peries like—

) CH, (CO'NH,), (#v) RNH-CO-CH,C0,Et
(¢) RNH'CO'CH, CO-NH, (v) CN'CH,*CO,Et
(é#) CH,(CO'NHR), © (vi) CHy(CO,Et),

the reactivity of the methylene hydrogen atoms increases from
() to (v7). In it be assumed that the chloromercuri group
which replaces 8 hydrogen atom of the methylene groupis
attached to the carbon atom with the same degree of tenacity
as the corresponding hydrogen atoms, then the decomposition
of the chloromercuri-derivatives of such ccmponnds by pota-
grium iodide, eto,, will also be in the order of this reactivity,
Thia bas actnally been found to be the case, for dichloromer-
courimalondiheptylamide reacts with potassium iodide more
glowly than does ethyl dichloromercurimalonate, _

Mercury in these compounds was estimated by the Francois’
method; while chlorine was estimated by the Carius’ method,
but the precipitate of silver chloride was filtered and washed
in the cold, on account of the solubility of silver chloride in
hot water in the presence of mercuric salts,

EXPERIMENTAL

Ethyl Dichloromercurimalonate,—Ethyl malonate (2g.)

and merourie chloride ( 7 g. ) were dissolved in dilate (30%)
#0
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alcohol and glycerol ( 20 ¢c.c. } added. A solution of sodium
bicarbonate (25 g.) was slowly added to it with constant stirr-
ing, After some time small silky mneedles began to come
down, These were filtered after two hours and repeatedly
washed with dilate aleohol, The substance is insoluble in any
of the ordinary solvents, It does mot melt below 300°,
( Found : Hg, 61°10; ¢, 114, (,H,0,Cl,Hg, requires Hg,
6%59; Cl, 11-28 per cent, ),

Action of Hydrochloric Acid on the alove,~The substance
(1 g. ) was suspended in dilate alcohol and concentrated hydro.
chloricacid (10 ¢, ¢. ) added, After refluxing for half an hour,
the residue was filtered and washed, The filtrate waa found
to contain mercurie chloride, The substance was insoluble
in any solvent and does not melt but turns grey at 192-5°.
( Found : Hg, 5093 ; Ci, &32. (,H,0,C1Hg requires Hg, '
50769 ; Cl, 8'92 per cent, )

Action of Hydrogen Sulphide ~When hylrogen sulphide
was slowly passed into a hot aleoholic suspension of the subs- -
tance, a black precipitate of mercuric sulphide was obtained,

Action of Sodivum T hiesulphate—The substance completely
went into golution in a 50% solution of sodinm thiosulphate.
On standing for twenty-four hours, a very small amount of a
red substance was deposited,

Action -of Potassium Iodide—(a) Alcoholic, The com-
pound ( 0'2036 g. ) was suspended in alcohol and potassiam
iodide (2 g, ) added. After half an hour, the alkali liberated,
required 3'4 ¢.e, of 0:098N.hydrochlorie acid, It was then reflu-
xed for four hours on a water-bath, when a farther amount of
alkali equivalent to 3'2 c.c. of 0'098N-hydrochloric acid was
liberated.

Cale, Found,
Equivslent of alkali 1 1703
2 1°99

(b) Agqueous, The substance was shaken for half an hour
with an agqueons solution of potassiam iodide, and the residue
was flitered and washed with aloohol, On analysis it was
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found to be identical with ethyl monochloremercurimalonate.
( Found : Hg, 51+15; Cl, 923 per cent ),

Dichloromercurimalonamide~Malopamide (2 g.) and
mercuric chloride (11 g.) were dissolved in water, and
glycerol ( 20 a.c,) was added, An aqueous gnlution of
godium bicarbonate ( 4 g.) was then added toit. Afteran
hoor the whole ligquid became slightly yellowish, The yellow
floating particles coagulated and were easily filtered, The
filtrate that came down wasa milky solution containing the
product in colloidal suspension. It was, therefore, allowed to
ptand for five days, when the colloidal maes came down in
small cabic crystals, Thie was filtered and repeatedly washed
with water.

It i8 soluble in alcohol, benzene and ether; the pure
pabstance shrinks at 131-2° and melts with decomposition at
220°, (Found: Hg, 70-5; Cl, 12-32, C,H,O,N,Cl ,Hg, requires
Hg, 70°05; C1, 12'43 per cent.)

Action of Bromine on the alove-Aqueous bromine was slowly
added to a saspension of the compound in water, till it was no
longer absorbed, The residue was filtered and recrystallised from
alcohol: m, p, 203°. 1Itis identical with dibromomalonamide,

Dichloromercurimalondiethylamide,—1It was prepared by a
similar process, It is soluble in chloroform, benzene, methy]
aloohol and ethyl aleohol, and melts at 241° (decomp),
(Found Hg, 66'6; Cl, 1130, C,H,O,N,Cl,Hg, requires Hg,
66'77; Cl, 11°35 per cent, ) '

Dichloromercurimalondiethylamide —This was prepared by
ihe same method, but in dilute alcoholic solution, It erystallized
after three days in cubie crystals, It is soluble in ether,
benzene, chloroform and alcchol and has no definite melting
point but decomposes turning yellow at 191°, (Found: Hg,
63-5; Cl, 1162, C,H,,O,N,Cl,Hg, requires Hg, 63:79; Cl,
11'32 per cent.)

Dichloromercurimalondipropylamide—This was gimilarly
prepared, The product was separated on the next day, It
does not crystallise like the foregoing members if allowed to
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remain’ longer in contact with the solution, but instead
gelatinises, which can neither be filtered nor separated. It is
solable in alcohol, ether, chloroform and benzene; it changes
colour at 162¢ and melts at 173-5°. (Found: Hg,61'5; C1,10-72;
C,H,,0,N,Cl,Hg, requires Hg, 6106; Cl, 10°84 per cent.),

Dichloromercurimalondibutylamide,—Prepared in the same
way as above, it was washed with dilute aleohol, asit hasa
tendency to gelatinise in presence of ordinary sclvents, This
property is also shared by the following products, It is solulle
in aleohol , ether, and benzene; m. p. 30° (Found: Hg, 584¢;
Cl, 995, C.,H,,0,N,Cl,Hg, requires Hg, 5856; Cl, 10:39
per cent. )

Dickloromercurimalon diisobutylamide.—It was separated on
the next day. It is soluble in aleohol, ether, benzene and
chloroform; m. p. 108-9° (Found: Hg, 588; Cl, 10+%2,
C, H,,0,N,Cl Hg, requires Hg, 53'56; Cl,10-39 per cent,)

Preparation of Malondiamylamide,—This was prepared by
the same method as used by Backes,, West and Whiteley (J,
Chem. Soc; 1921, 119, 3539) for the preparation of alkylmalon-
amides, Ethyl malonate (8 g.) and amylamine (8.7g.) were
mixed up in a sealed tube and allowed to remain at ordinary
temperature for 2¢ hours, and then heated at 120°, for six
hours, After cooling, the solid was washed out with petroleum
and recrystallised from benzene m. p, 126° (yield, 80 %). Itis
very soluble in benzene, alcchol, ether, chloroform and carbon
tetrachloride but slightly 8o in petrolenm, (¥ound N, 120,
C,,H,,0,N, requires N, 11-57 per cent.)

Dichloromercurimalondiamulamide,~The product became
quite granular within three hours and counld therefore be
geparated, It was converied into a gelatinous product even on
gtanding for a day. It melts with decomposition at 143° .
(Found. Hg, 563; CL994, C,H,0,N,ClHg, requires Hg,
56'25; Cl, 9 98 per cent,)

AMalondiisoamylamide—Amylamine (9 g,) and ethyl malon-
ate (8 g) were mixed up in a sealed tube and allowed to
remain for a day. This was, afterwards, heated for 12 hours at
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200°, The contents were faken out aad concentrated on a
water-bath, when a thick syrapy liguid was obtained, This
was allowad to remain at ordinary temperature for three days,
when long needles separated. There were separated by washa.
ing with the least amount of petroleum and recrystallised from
benzene (yield, 20%).

It ig very solubla in alcohol, benzene, chlorofoim, ether
and acetic acid but less so in petroleum and water; m, p,
55°% (Found:N, 12:1, C,1,,0,N, requires N, 11°57 per ceut.)

Dichloromercurimalondiisoamylamide—It was prepared
from malondi7¢camylamide. It is soluble in alecohol, Lenzeue,
chloroform and ether; m, p. 105°, (Found: Hg, 56'3; Cl, 9-83,
c,,H,,0,N,Cl g, requires Hy, 56-23; Cl, 9-98 per cent.)

Dichlvromercurimalondiheptylamide—~This was prepared
like the other compounds and separated after two hoursy
m, p, 117°, (Found : Hg, $2.4; Cl, 9.50. C,H,,0,N,C),Hg,
requires Hg, 52,15;C1,9.25 per cent.)

Action of Alcoholic Dotussium Iodide on the Above—The dry
substance (U'1898 g.) was suspended in, alcohol and an alcoholie
solution of potassium iodide (2 g.) was added. Even after two
days an amount of alkali ¢quivalent to 15 e, ¢, of 0093
N-hydrochlorio acid was liberated. It was then reBuxed for
8ix hours, when the total amount of alkali liberated was found

to be equivalent tn 3 ¢, ¢. of 0-098N-hydrochloric acid,

Cale, Found,
Equivalent of alkzli ‘e 2 1-97

Action of Hydrochloric Acid —The substance (05 g ) was
pugpended in water and 1 cc, of concentrated hydrochlorie
acid was added, On heating for fifteen minutes a white sabs.
tance wae obtained which was orystallised from alcoboi and
found to be identical with malondiheptylomide,

The authors take this opportunity to record their gratitude
to the Government of His Highness the Gaekwar of Baroda for
a grant which has defrayed the expenses incurred in this work,
One of the authors { C. C. 8, ) desires to express his gratitude
to His Highness the Maharaja of Rajpipla for a scholarship,
which enabled him to carry out this research,
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The authors are also grateful to Dr. P. Neogi of Presidency
College, Calcutta, for having allowed them to extend his
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XXV. Mercuration of Compounds containing the Reactive
Methylene (-CH,-) group by means of
Mercaric Acetate.

By: K, G. Nalg AKD R, P. PATEL,

The mercaration of the substituted amides of acetoacetie
acid and maleonic acid was undertaken with a view to study
the formation and the properties of the organo-mercury deri-
vatives of compounds containing a reactive methylene group,
and throw light, if possible, on the reactivity of the hydrogen
atoms of a reactive methylene (-CH,-) group situnated between
two carbonyl groups,

With this end in view, mercuric acetate was allowed to
react in methyl aleohol with the following substanczs:

(1) Acetoacetavilide, {2) acetoacet-o-toluidide, (3) acetoacet-
m-tolunidide, (4) acetoacet-p-toinidide, (5) acetoacetg-naphthyla
amide, (6) acetoacet-3-naphthylamide, (7) acetoacet.l : 3 : 4-
xylidide, (8) acetoacet-1 : 4 : 5-xylidide, (9) ethyl acetoscetats,
(10) acetoacet-m-nitranilide, (ll) ethyl malonate,.(12) malon-
mono-phenylamide, (13) malonmono-o-toluidide, (14) malon-
mono-m-toluidide, (15) malonmono-p-toluidide, (16) malon.
mono-¢-naphthylamide, (17) malonmono-S-naphthylamide, (18)
malonmono-1: 3 ;: 4-xylidide, (19) malonmono-1 : 4 : 5-xylidide
and (20) malonamide,

Of these (18) and (19) were prepared for the first time by
the modification of Whiteley’s method ( J, Chem. Soc. 1903,
83,24 ). )

It hag been found that when mercuric. acetate reacts with
aromatic compounds, it introduces very easily the acetoxy-
mercury (CH,-COOHg—) group in the nucleas, 1t was, there.
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fore, expeoted that in these reactions also, it would not only
attack the methylene group, but also attack the aromatic part of
these amides, Contrary to our expectations, it was found that
mercaric acetate attacked the methylene group only, leaving
the aromatic nucleus unaffected, even when mercuric acetate wag
employed in excess,

Whereas, the amides ( 1—11 ) reacted with mercaric acetate
in methyl alcohol giving diacetoxymercury derivatives of the
formala (I); the amides (12—20) reacted under similar condi-
tions, giving compounds of the general constitation (II),

CH,COOHg COCH, CH,COOHg CONH,
>C< >0<L
CH,CO0OHg CONHR HOHg CONHR
{where R a is H, Phenyl, tolyl, or naphthyl ete, group),

All the above compounds are decomposed by dilute 0-25N-
hydrochlorie acid with the separation of the original amide,
Hydrogen sulphide and ammoninm sulphide decompoge them
with the percipitation of black mercurie¢ sulphide. Potassinm
jodide decomposes the compounds with the liberation of alkali
hydroxide. From these reactions, it appeara that the linkage
between the carbon atom of the reactive methylene group and
mercury is a very weak one as is expected from compounds

containing meroury attached to a carbon atom in @-position to a
carbonyl group.

The general constitutions given to the above mercury com-
pounds have been assigned from the following eonsiderations,

(¢) That the substitated group containing mercury has not
replaced the hydrogen atom attached to a nitrogen atom of the
*NHR group ( . s, it does not contain the N—Hg linkage ), be-
cause, (a) malonio ester and acetoacetio ester which do not
contain such a nitrogen atom do form similar compounds with
merourio acetate; (b) a compound containing N—Hg linkage
behaves a8 a weak base, so muech 8o, that its solution may be
ensily titrated against standard acid, using methyl orange as the
indicator (¢f, Ley and Kissel, Ber, 1809, 32, 1357),
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(i7) That the substituted grouping containing mercury has
not replaced the aliphatic part of the molecule, for, (z) malo~
namide which does not contain such an aliphatic group, forms
a similar mercuary compound; (5) mercury compounds of
aliphatic amines are not easily decomposed by dilute hydrocha
lorio acid, potassium iodide, and hydrogen sulphide; whereas
the compounds described here are easily decomposed by these
reagents giving the original amide,

(i7¥) That the sabstituted grouping containing mercary
hag not replaced the hydrogen atom of the nucleuns, because, (@)
malonamide, ethyl malonate and ethyl acetoacetate which do
not contain such a nuclens, do form similar compouaunds; (&)
from liferature on mercury compnands, it appears that the
merenry atom in the nuelens ig not removed by dilute hydro-
chloric acid, potassium iodide and hydrogen sulphide ( cf.
Schrauth and Bauerschmidt, Ber,, 1914, 47, 2740), while the
mercury in these compounds is easily removed,

(tv) That the substituted grouping containing mercary
is directly attached to the carhon atom of the methylene
group, situated between two carbonyl groups, for. (a) the
properties and the behaviour of compounds described here, are
exactly similar to those having mercury attached tc a earbon
atom in oc-position to a carbonyl group. 1t has besn observed
in case of mercurated 3. pyrazolone { which contains four
acetoxymercury groups ) that the mercury in position-4 (7, e.,
attached to a carbon atom in @ position to a carbonyl group in
position-5) is easily removed by dilute hydrochlorie acid and
hydrogen sulphide, the other three acetoxymercury gromps,
keeping firmly to their positions in the molecule (Schrauth
and Banerschmidt, loc, ¢if.). (b) On bromination of acetoxyhy-
droxymercurimalonamide, dibromomalonamide is obtained.

Mercury compounds of the type (I} react with 10 p, o,
gulphuric acid giving compounds of the following constitution:
' : Hg " COCH,

80,< >C<
He  CONHR
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They also react with an aqueous solation of potassinm
ijodide with the separation of the original amide and the
liberation of potassinm hydroxide. The potassium hydroxide,
liberated was found to be 2°0L3 equivalents, which accdpd-
ing to theory shoumid be 2 -equivalen!s, These facts
completely prove tlhie constitution assigoed to the compounds
of the type (I).

Mercary compounds of the type (II), react with.standard
godium bydroxide solation, giving a dibydroxymercury
derivative, The quantity of sodium hydroxide required to
completely hydrolyse the acetoxymercury (-CH,CO0Hg-) group
was found to be 1'12 eqguivalents which according to theory
should be 1 equivalent. The constitution is farther supported
Ly the behaviour of the compounds with salphuric acid. They
give rise to hydroxysulphatomercury derivatives of the
tollowing constitution.

NH,CO Hy——80,——Hg CONH,
>C< >0«
RNHCO HgOl HOHg CONHR

When hydroxyacetoxymercurieo toluidide is, however, made
to react wiih an aqueons solution of pofassinm iodide, 2°37
equivalents of potassium hydroxide are liberated, which
aceording to the theory shounld be 3 equivalents, This lends a
further strong support to t.he correctness of the constitution
assigned.

EXPBRIMENTAL ' '

Diacrto.rymm-cu;-immtuacetagailide.+1§iercuric acetate (36g)
Jdissolved in methyl aléohol, v}as ‘added to a methyl
alcohol solution of acetoacetanilide 1 g) The sblution
thongh clear at first became turbid on heating on a
gond-bath for about 10 minutes. On codling, a now
white crystalline product separated out, It was ﬁlt.ered and
washed with water, alcohol and et.her to remove the nnreacted
constituents, The product was msoluble ‘in  most of the
ordinary organic solvents. It melts wnh decompos:tmn at
204:° (Found: N, 2:23; Hg. 57426, CMH“O N1ig, requlres N

2: Hg, 5772 per cent,).

21
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The rest of the mercury derivatives have been similarly
prepared by the interaction uvf mercuric acetate with the
respective amides in methyl alecohol, The results are given

in Table I,
Action ‘of dilute hydrochloric arid —The above mercury

compound decomposel by hot 0 23N.hydrochloric acid with
the separation of the original amide and mercuri¢ ¢hloride.

Action of potassium iodide,—The above ecompound (0°2627
g.) suspended in water, was treated with a golution of
potassiam iodide (1 g.)., Potassium hydroxide was at once
liberated and titrated against O'0374N-hydrochloric acid
(of which 13'3 ¢. ¢. were reqnired ). It was subsequently
heated for about 1 hour, but no further liberation of potassium
hydroxide was observed,

Action of hydrogen sulphide.—The above mercary compound
(421 g.) was suspended in water and heated to boiling. A
slow ourreut of hydrogen sulphide gas was passed into the
solution till the complete precipitation of mercuric salphide,
Precipitates were then filtered through a Gooch erucible and
washed with water, pyridine, carbon disulphide and aleohol
to remove the amide formed during the course of the reactions
as well ag the salphur which might have precipitatad together
with mercari¢ sulphide. It was then dried at 103-10° and
weighed (U-33 g,). Found: Hg, 379 C, H,,O,NHg, requires
Hg, 5772 per cent,).

This indicated that the splitting up of the carbon-—mercury
linkage by bhydrogen sulphide was gquantifalive,

Action of phenylhydrazine,—~The substance decomposed on
treatment with phenylhydrazine with the separation of grey
metallic mercury,

Sulphatomercuriacetoacetanilide —The above mercary com- -
pound (2 g.) was heated with 10 p. ¢, sulphuric acid on sand-
bath for about } hour, It was then coocled, filtered and washed
with water, alcohol and ether, The product was insoluble in
most of the ordinary organic gsolvents, It turned brown at 240°
but did not melt till 300°. (Found : Hg, 59:20; 80,, 1455,
¢, H,0,NSHg, requires Hg, 59-61 ; SO,, 14-3 per cent,).
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Compounds similar to the above have been prepared by the
action of sulphurie acid on compounds 1,2,3,9,12, and 20
of Table L.

Tho results are given in Table II. C>mpounds are number-
ed ag la, 2a, Ja, 93, 12a, and 20a,

Action of polassium iodide on diacetorymercuriacetoacel-:.-
Ioluidide.—Diacetoxymercuriacetoacet-o-tolaidide (1 g,) was
treated with potassinm iodide in water and heated to boiling,
The liberated alkali was neuiralised and the golution concentrat
el and coold when c¢rystalline needles of acotoacet-o-toluidide
sepwrated, 1, p, 107°%

Action of dilute sodium hydrozide on aceloxymercuri-
walonmonoephenylamide.-=The mercary compound (0°5033 g.)
was treated with 30 o. c. of 0°018V-sodiumm hydroxide solution
und reflnxed for 1 boar, It was cooled, filtered and washed
with water, The filtrate was then acidified with 10 e, c. of
(' N-oxalic acid to neutralise the unreacted sodium hydroxide.
The excess of oxalic acid was titrated against 0018 N-sodiom
hydroxide (3 e, ¢.).

The insoluble product was found to be dibydroxymercuri-
malon-monopheanylainide, (Found Hg, 651, C,H, O N,Hy.
reyuaires Hg. 6537 per cent.).

Action of potassium iodide on Acetozyhydrozymercurimalon-
mono o-toliidide.  Acetoxyhydroxymercarimalonmono-o-tolui-
dide (0-2127 g.) was treated with potassium iodide (L g.) in
water and Doiled for 4 hours, The liberated alkali was
neutralised by 0'0574 N-hydrochloric acid (165 o. ¢;),

Malonmono- 1 : 3 ; 4-zylidide,~~Thie was prepared by the
modification of Whiteley’s method (loc, ¢it,), Ethyl malonate
(30 g,)and 1 : 3 : 4-xylidine (15 g.) were put ina flask, fitted
with a oork through which pased a long bent tnbe and heated
in paraflin-bath, at 120:25°, To get the maximum yield, the
tomperatare wad not allowed to go beyond 123°. After 8
hours, the contents of the flask were transferred to a glass-
stoppered bottle and shaken for 4 hours with twige its volame
of ammonia (d 0.88), The semi-solid mass was then allowed
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to evaporate and the residue was pressed on a filter and finaiiy
washed with ether to remove any of the unreacted ester and.
amine, It was then boiled with dilute alcohol (1:6} and
filtered hot, The dixylidide and xylylamate remained on the
filter undissolved., The filtrate on ccoling separated malon-
mono-1 : 3 : 4-xylidide, The produet when erystallised from
the same solvent ﬂ:el_ts at 166°, . ‘

It ta very soluble in methyl aleohol, ethyl alcohol, acetic
acid, hot water, and sparingly soluble in cold water, hot
benzene, but practically insoluble in petrolenm, (Found: N,
13'57, C,,H,,O,N, requires N, 1339 per cent.),

Malonmono-1 : 4 : S-zylidide—1 : 4 : -Xylidine (15 g. ).
and ethyl malonate (30 g.) were heated similarly for 3 hours
at 120-23° as usual and subsequently treated as the preceding
compound, It was erystallised from dilate aleohol (1:6), m. p.
197°, Solubility is similar to that of the preceding componnd,
(Found: N, 13:57, C,,H,,0,N, requires. N, 13 59 per cent,).

Action of bromine on acetozyhydrozymercurimalonamide—
The mercury compound of malonamide was treated with an
agneons solution of bromine till no more bromine was absorbed,
It was then heated to bLoiling when all the compound went in
solation. The solution on cooling deposited a erystalline
product which when filtered and washed with aleohol, melts
at 293°, This was identical with the dibromomalonamide
obtained by Freund (Ber; 1884, 17, 782).

( For Table I see pages 166-167 )
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TARLE 11,

(3=Sulpbatomercuii-acetoacct),

Name, Formula, Colour change, M p.-
S-anilide C,,H,0,N8Hg. Brown at 2406 Did not melt
till Juo®
8.o-tolnidide C, H,,0,N31lg, Brown above e
24100
Sp. do C,,H,,0,NSHg, Brown above Did not melt
250° till 300°¢

Ethy}¥ sulphatomercuri- C.H,0.SHg, Yellow above 200°,
acetoacetate reddizsh brown
at 230°

- Yellow abnve 250°
Brown at 265°

Hydroxysulphatomercuri  C, ,H,0, N,
malor-monc-phenylamide SHg, .

Hydroxysulphato-merenry (',H,,0,,N, does not decomn pose
malonamide Slig, till 300°

Analysis,
Found, Cale,

Hg, 592 f:ﬂ'l')lp.C.
SO, 1435 14-50
SO, 1425 141
50,,146 1401
£0,,14°7T 153
Hg, 6253 62-4
80,, 8.1 T49
g, 704 708
$0,, 79 849

The authors take this cpportunity to ®xpress their gratitnde to the Govirnment of His Highness
thae Maharaja Gaekwar of Baroda for a grant which defrayed the expenses incurred in this work,
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TABLYE
(A=Acetoxyhydroxymercurimalon-.
No, Nawe, Formula,
1. D-anilide ¢, H,,0,NHg,
2, D-o-toluidide C,H,.0,NHg,
3. Den-toluidide C,,H,;,O,.NHg,
4, D-ptoluidide C,;H,,O,NHg,
2. D-a-naphthylamide C,,H,,0,NHg,
6. D-3- do C,;H,.O,NHg,
7. D.1:3:4-xylidide C,.H,,0,NHg,
& D-l:1:5-xylidide , C,.H,,0,NHg,
9, Ethyl-diacetoxymercury-acetoacetate  C, H, 0.Hg,
10. D-m nitranilide C.,H,,0,N,He,

11, Ethyldiacetoxymercury-malonate C,,H,,0.Hg,

12, A-monophenylamide , C,H,N,0.Hg,
13. A-mono-o-teluidide - ¢.H, 0. N, Hg,
14, A-mono-m-toluidide C,,H,0,N.He,
15, A-mono-p-toluidide ¢,.H,,O,N,Hg,
16. A-mono-a-naphthylamide C,;H,,0,N,Hg,
17. A.mono-g-npaphthylamide ¢,;H,,O,N,Hg,
18, A.mono-1 : 3-4-xylidide C,;H,,0,N,Hg,
19. A-mono-1-4-d-xylidide C,,H,,0,N.Hg,

20, A.amide C,H,0,N,Hg,
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1,
D=diaceloxymercuriacetoacet-)
Colour changes, M, p. Analysis
Feund, Cale,
aee 204° (dezomp.) Hg, 5726 5772 pe,
N, 223 202
see 184° Hg, 5612 5657
- N, 207 198
194° (decomp.) Hg, 56°21 H6-57
1R1®.82° Hg, 56-96 5657
us 200° (decomp.) Hg, 536 5§383
197° Hg, 334 533
192° Hg, 5501 5548
204° Hg, 5500 5548
e does not melt till 300° Hg, 617 612

Yellow and then decomp, above 200° Hg, 5444 542
reddish brown
lignid at 270°

does not melt till 300° Hg, 586 59°16
(decomp,)
Turns yellow s o decomp, Hg, 609 6135
uhove 260° till 300°

decomposes above 270° Hg, 5991 60°00
N, 409 4.9

Yollow above $6° does not melt till 200 Hg, 53-68 G60-C6
lirown at 230°

toddish brown r Hg, 5999 60C*CO
above 280°
278° (decomp.) Hg, 56*34 50°28
275° (decomp ) Hg,574 5698
Yellow above 250° 270° (decomp.) Hg, 5835 5882
Yellow above 260 Hg, 5904 5882
& Brown at 275°

does not melt till 500° g, 639  69-44
CueMiaTey DEPARTMENT, ’
DaARoDA CoLLEGE, BaroDA.
( Reprinted from the Journal of the Indian Chemical Society
Yol. VI, lssue No. 2 )
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XXII Mercary Acetamide as a Mercurating Agent.
By K G, NAIK AND L, D, SHAH,

The mercuration of organic compounds has been studied by
a hmnber of workers (Dimorth, Ber., 1898, 31, 21534; 1899, 32,
758; 1902; 35, 2044: Schoeller and Scraatb, Ber., 1908, 41,

2989 19.9, 42, 7i8; Hoffmann, Ber,, 1828, 31, 1904; 19C0;
33 1.28; Petterson, J. pr. Chem,, 1912, 86, 438, ete.). The
most connmonly employed reagents are mercuric oxide and the
acetate bat mercury acetamide has seldom been used for the
purpose, The only isclated instance where mercury acetamide
is nsed s a mercurating agent is its action on methylmalo-
nate (Scholeller and Scrauth Ber., 1909, 42, 731).

Fromn the experiments recorded herein, it appears that
mergury acetamid> ean be employel as fruitfully as the
ncetate for fhe preparation of organomercury compounds
Thus the substances enumerated below, viz; (1} cyanacet-methy-
lamide, (?) cyanacet->thylamide, (3) cyanacet.propylamide,
(4) cynacet-butylamide, (3. cyanacet-isvbutylamide, (6) cyanace!~
amylamide, (7) cyanacet-isohexylamide, (8) cyanacet-heptyl-
amide, (¥) ethyl cyanoacetate, (10) cyanoacetamide, (IL1)
cyanoacetanilide, (12) eyanacet-m-toluidide, (13) cyanacet-s-
tolnidide, (L1) cyanacet-p-toluidide, (13) cyanacet-benzylamide
(16) cyanacet-oc-naphthylamide, (17) cyanacet-Gnapbthylamide,
(1%) cyanacet-1 : 8 : {-xylidide, (19) cyanacet-1: 4 :3-x5lidide
are all attacked by mercury acetamide, one of the pydrogens of
the reaclive methylene group being replaced by the hydroxy-
mereari (—HgOH) group.

The properties of the compounds incicate the presence of
a very weak C-Hg bond sach as is always found when
the carbon involved i3 in the oc-position to a-CO-
group, Thus they are readily decomposed by :hot 0-25.N~-
hydrochloric acid. Hydrogen sulpbide, ammoninm sulphide
or sodinm sulphide causes the formation of black mercuric

salpbide. Potassium iodide ruptures the C-—Hg lmkage
with the consequent formation of alkali hydroxide, - Pheny-
lbydrazine and hydrazine hyd:ate ara foand to hberate
m-ztallic mercury.



[169]

The general econstitution assigned to the above compounds
follows from the conriderations given below :—

1. That the mercury atom has not replaced the bhydrogen
atom of the aromatic nuleus becanse—

() Cynacet-inethylamide which does not contain such a
nuizlens forms a similar hydroxymercuri-derivative,

(" A study of the known mercury compounds3 shows that
the nuclear mercury atom is not decowposed by dilnte hydro-
chlorie acid (u".’..iN.)' (+f. Scrauth and Baurschmidt, Ber,, 1914,
47, 2740}, whereas hydroxymercuricyanacetanilide is decom-
posed by hot U253 N-hydrochlorie acid,

2. That the mercury atom has not replaced the hydrogen
attached to the nitrogen atom of tha —NHR group, for—

(#) Ethyl cyanocacetate, which does not contain such a
hydrogen, forms a similar mono-mercurated product with

mercury acefamide,
(b) The properties of the compounds suggest 2 carbon-mer-
cary rather than a nitrogen-mercury linkage, becanse, whereas
all the N—Hg compounda are decomposed by cold dilute acid
( <f. Ley and Kissel, Ber,, 1893, 32, 1357 ) the compounds
deseribed herein are decompoged by Aof dilute acids only,

3. That the mercury atom has not entered the aliphatie
part of the amido group, because—

(#) Cyanoacetamide which does not contain sach an
aliphatic part forms a similar hydroxymercari-compound,

(4). That the mercury atom ie directly attached to the
carbon atom of the methylene group, for—

() Hydroxymercuricyanacet benzylamide gives mono-
bromocganacet-benzylamide on treatment with bromine in
AQUeous suspencion.

(b) The properties and behaviour of the compounds
obtained herein exactly correspond with those having mercury
in the oc.position to a keto or a phenyl gronp which renders
the oc-mercury atom unasually reaclive,

22
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Cyanoacetamide reacts with mercury acetsmide in aqueons
or alecoholic solation giving hydroxymercaricyancacetamide,
which is formulated as CN-CH(HgOH)'CO-NH,, This consti~
tution has heen assigned to the compound on the ground that
on freatment with bromine in aqueony suspension it gives
dibromocyanoacetamide wbich is identical with the c¢ne
obtained by Hesse (J. Amer.Chem Soc, 1596, 18 733) by the
direct bromination of cyancacetamidse,

Petterson ( J, pr, Chem., 1912, 7i, 86,-435 ) obtained from
mercuric acetata and ethyl eyanoacetate, hydroxymere ricya-
noacetic ester, CN'CH(HgOH)CO, Et, Probably an acetoxy-
mercary derivative is first formed which sabsequently under-
goend hydrolysis under the experimental conditions, Mercury
acetamide also reacts with ethyl cyanoacetate giving a quanti-
tative yield of the hydroxymerecuriderivative. In all proba-
bility an acetamido-derivative is first formed which then undcr
goes kydrolysis as represented below 1—

Hg (NHAc),
CN'CH,C0, Et——-— 5CN'CH(Hg-NEAc+)Co,Et
H,0
——"_5CN.CH(HgOH)'CO,Et.

The formation of the same product from mercuric acctate
acd mereury acetamide naturally raises the question as to the
constitution of the latter. Ley and Kissel ( Ber, 1899, 32,
1357 ) deduced from the low electrical conduclivity of mer-
cury acotamide that it contains an N—Hg bond. Itis well-
known that, in order that a mercuric salt may react with an
aromatic organic compound it must be capable of hydrolvtic
dissociation. Hence it may be that during the reaction bet-
ween mercury acetamide and substituted cyanoacetamides, the
former may react in the tautomeric form (II) containing the
O— Hg linkage.

RH
]
(CH,CONH),Hg —-» (CH,C-O).Hg
—

(D (an’
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The latter form is sasceptible to hydrolytic dissociation,
since all mercaric salts of oxyacids are considerably hydrolysed
in agueous solution,

EXPERIMENTAL

The hydroxymercuii-derivatives of the substituted cyanoa-
cetamides were prepared by the action of mercury acetamide
on the cyanoacetamides in equimolecular proportion in pre.
pence of alcohol.

Hydroxrymercuricyanacetmethylamide, — Cyanacetmethyla-
mide (2 g.) dissolved in alcohol, was heated to boiling and a
hot solntion of mercury acetamide (63 g.)in alcohol was
added, A snow white fAocculent precipitate immediately
appeared which gettled down in the course of about twelve
hours, The precipitate was washed with alcohol and then with
distilled water several times in order to remove any unchanged
reactants. The prodact is insoluble in most organic sclvents,
It begins to turn brown at 287° bat does not melt 1ill 300°,
(Found : Hg, 6398; N, 874 CH,O,N.Hg requires Hg,
63-69 ; N, 890 ger cent, ),

Action of Potassium Iodide,—~0"127 G. of the above com-
pound was guspended in water and about one g. of potassium
iodide was added, The mixture was refluxed on a sand-bath
for four hours ond the liberated alkali was titrated against
0:0174N-hydrechloric acid of which 44°7 ¢, o, were required.
This shows the presence of 1'923 equivalents of alkali indi-
cating thas the splitting of the C—Hg linkage is almost
quantitative.

Action of Hydrochloric Acid,—The above mercary com.
pound is slowly decomposed by 0°25N-hydrochloric acid {hot)
giviog the original amide and mercuric chloride,

Action of Phenylhydrazine—About 1 g. of the mercury
compound was treated with 2 ¢, of phenylhydrazine, 4
vigorous reaction ensued in the cold and effervescence due to"
liberated nitrogen was observed, A grey precipitate of meta-
llis mercury was formed which guickly collected and settled at
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the bottom of the flask. The mixtnre was then diluted with
water and filterad, The solution on concentration and cooi-

ing deposited shining needles of pure cyanacttmethylamidy
m, p, 101°,

Hydrozymercuricyanacetethylamide,—This was prepared
frcm 1 g, of cyanacetethylamide and 2'0 g, of mercury aceta-
mide, It does not melt till 300° but turns brown above 2-3°,
( Found : Hg, 607¢; N, 876, C,H, O, N,Hg rejuires Hg,
6008 ; N, 854 per cent, ).

Hydroxymercuricyanacet-n-propylamide  was  prepared
from equimolecular guantities of cyanacet n-propylamide and
mercury acetamide in presence of alcohol, It begins to turn
brown above 285% and melis with decomposition at 280°,
( Found : Hg, 58-£4; XN, 842- C,H,O,N.Hg requires Hg,
55448 ; N, 5193 per cent, ),

Preparation of cyanacet-n-Lutylamide.~In the preparation of
the alkyl amides of cyanacetic ester the method of Bakes, West
and Whitely (J. Chem, Soc,, 1921, 119, 367) was employed. Ethyl
cyanoacetate (10 g) and n-butylamine (6’5 g,) were mixed vp
in a sealed tube which was kept for twenty-four hours and
then heated at 125° for six hours., After cooling the red
crystalline mass was washed with petrolenm and crystallised
from benzene—pstrolenmn mixture when it separated in the
form of white slender needles, m, p. 73°, It is very solalle in
aleohol, chloroform, benzene, and toluene but sparingly in
petroleam, (Found: N, 20°00 per cent.)

Hydroxymercuricyanacet-n-butylemide,~Prepared from
cyapacet-#-butylamide and mercary acetamide in the usunal
mananer, it il not undergo any change till 300°. Found: Hy,
55-8%; N, 8-12, C,H,,0,N,Hg requires Hg 56-18; N, 7-87
per cent.).

Preparalion of Cyanacetisobulylamids ~~Ethyl cyanocacetate
(10g.) and 7sobutylamine (6'5 g.) were condensed in the usual
way. The mixture on strong cooling solidified. It was
puvifiel by erystallisation from hot water (charccal). It is
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very folulle in all the organie golvents, and melts at 45",
(Found: N, 2006° C,II,,ON, requires N, 20-00 per cent.).

ITydyozymercuricunncrelisobnutylimide turps brown above
230° but does not melt till 300°. (¥ound: Hg, 56-43; X, 7-72
C, 11,0, N, g requires g, 56-18; N, 787 per cent.),

Preparation of Cyancicel=ne-amylumidez,.—Ethyl cyanoa-
cetata and n-amylamine were condensed in the usaal manner,
The product was crystallised from benzene-petrolenm mixture
after purifying it with bone charcoal. It formed feathery
needles, m, p. 37°% (Fonnd: N, 1860, C,H,,ON, requires N,
13-13 per cent ).

Hydroxymercuricyanaret-n-cunylamide melts with dzcompo-
sition at 283°, (Found: Hg, 54+4+% N, 7413 C,H,O0,NHg
requires Hy, 3406; N, T'57 per cent.).

Preparation of Cyanacetisoherpluntide —T.thyl cyanoacetate
(10g ) and 4so-exylamine (Y g,) were condensed in the usual
manner, The product is very soluble in aleoho), benzene, etc,
1t was crystallised from water a8 slender, colourless needles,
m, p. 42°, (Found: N, 1692, C,H,,ON, requires N, 16-68
per cent), e

Hydvrorymercuricyanacetisohexylamide melts with decc-
mposition at 273°%  (Found: Hg, 51-%¢; N, 7.08, C,H,,O,N,Hy
requires ITg, 5200 N, 7'20 per eent.)

Preparalivie of cyanacet-n-heptylamide —This was prepared
from ethyl cyancacetate (10 g) and n-heptylamine (10 g,) in
the usual manver, Itis very soluble in al:ohol, acetone, ethyl
scetate, and bengene and gparingly in ether and petroleum,
It separates from benzene—petrolenm mixtiure in the form of
fine, colourless necedles melting at 67°. (Found: N, 1520,
C,,11,,0ON; requires N, 15 35 per cent.,).

Hydrozymercuricyanacat=n-hieplylanide  was prepared as
usual frou cyanaget-ni-heptyla nide and moercory acetamide.
i turns Lrown at 270° and mel!'s at 281°% (Found: Hg, 49-31;
N 699, C,,H,,0,N Hyg requires g, 50:25; X, 7-01 per cent,).
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Ethyi  Hydrorymercuricyanoacetatz,—Ethyl eyvanoacetate
was3 treated with the calculated quantity of mercury aecetamido
in alcsholic solution. The produet is insoluble in most of
the ordinary organic solvems and does not suffer any
change till 3J0°. (Found: Hg, 61-08; N, 437, CHONHg
requires Hg, 6379; N, 425 per cent,),

Action of potassiwm Jodide —0'1484 G, of ethyl hydroxy-
mercuri-cyanoacetate was suspended in water and about 1 g, of
potassiam iodide was added. The mixiure was refluxed for
four honrs and the liberated alkali was titrated against 00174 N-
hydrochlorie acid ( 50'0 e.¢.). Thkis shows the presence of
1'96 equivalents of alkali, indicating the compiete raop.ore of »
the C—Hg linkage,

Hydrorymercuricyanoacelamide was prepared from equimo-
Tecular quantities of eyanoacetamide and mercary acetamide in
aguecus solution, It does not mn.elt till 3uu®, (Found: Hg,
66°24; N, 970, C,H,0.N,Hg requires Hg, 66°66; N, 9-33
per cent,),

Action of Bromine~Aqueous bromine was slowly added
to a suspension of the above compound in water, till it was no
longer absorbed, The flask was finally heated on a water-balth
for about half an hour, The solntion was evaporated to
dryness and the residne was extracted with benzene, On
cooling the benzene extract, 8mall needles separated out which,
on recrystallisation from alcohol melted at 126°, Itis identieal
with dibromocyanoacetamide,

The mercury derivatives of the snbstituted cyanoacetamides
conlaining aromatic nuclei were similarly prepared by mixing
equimolecular gqnantities of the amides and mercury acetamide
in hot aleoholic solution, '

- Hydroxymercuricyanacetanilide does wvot undergo any
change till 300°. (Found: Hg, 53-48; N, 7-22 C,H,0,N.Hg
requires Hg, 5319; N, 7'43 per cent.),

Action of Hydrochloric Acid—~The above compound was
treated with 23 ¢. ¢, of 0 25 N-hydrochloric acid. On heating,
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a clear solntion was obtained wh'ch on ecooling deposited
small needles whicl were eollected and on purification proved
to be cyanacetanilide, m, p, 1997,

Hydroxymercuricyanacel-w-tolutdide does not undergo any
change till 300°, ( Found : Hg, 51'70; N, 7°23. CH,,0,N,Hg
requires Hg, 51°<8; N, 7*18 per cent ).

Hydrorymercuricyanacrt-o-toluidide does not melt below
20L%, (Found : Hg, 5U-94, C,H,,0,N,Hg requires Hg, 5128
per ccnt,),

HydroxymercuricyanacetapLoluidide does not melt till 300°,
(Found : Hg, 5090, C,H,0,N,;He requirzs Hg, 91'28 per
cont.),

Hydroxymercuricyanacelbenzylamide melts with decompo-
sition at 293°, (Found : Hg, 55°9%. C,H,0,N,Hg requires
1Ig, 5128 percent,).

Action of Bromine.—The above compound was treated with
Lromine (ill it was no longer absorbed, The flask was heated
on a water-hath for about 15 mins, when & clear solution was
obtained, On ¢-oling, the solution deposited light, white tafts,
which after recrystallisation from benzene melted af 92°,
(Found : Br, 3144 C,H, ON,Br requires Br, 31°62 per cent.).

Ieduction of the Bromo=derivative,~0:138 @, of the substance
liberated iodine equivalen to 54'6 ¢ ¢, of 0°02N.sodium thicsul-
pbate, (Found ; Br, 81'65, Cale, Br (labile), 3162 per cent). '

Ilydrorymercuricyancet-oc-naphthylamide turns grey at 253°
and melts with decomposition at 272°. ( Fouand : Hg, 4723,
C,,1,,0, N, Hg requires Ig, 46'95 per cent.), '

Hydrogymercuricyanacet-§-naphthylamide melts with de-
coipogition at 283°, ( Found ; Hg, 4671, C,H, O,N,Hg
requires Iy, 46 93 par cent.), - '

ITydroxymercuricyanacet-1 2 3 1 4-rylidide does not melt till
300°, (Found ; Hg, 5000, C,H,,0N,Hg requires Hg, 49-51
per cent.), '

Hydrorymercuricyanacet 1 ; 4 3 S-zylidide does not undergo
any change till 30L° ( Found : Hg, 4387, €, H,,O,N,Hg
reqguired I{g, 49-51 per cent,),
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The anthors take this opportunity to express their gratitude
to the Government of His Highness the Gaekwar of Baroda for
a grant which bas defrayed the expenses incarred in this work.

(‘.m:‘.\tm'rn'r DEPARTMENT
Tne COLLEGE, Bakona,
( Reprinted from the Journal of the Indian Chemical Society
Yol. VIII, lssue No. 1. )

XXl The Formation of the Sodium Derivatives of
Compounds Containing a Reactive Methylene Group.

By K, G. Naijg AND L. D. SHAH.

It is well-known that the hydrogen atoms in groupings
such ag - CO - CH,~ CO - =C-CH,-C=
-CO-NH- CO- H-€C= HOC=
are replaceable by sodium, and that the property depends npon
tbe accumnulation of residnal affinity in the immediate neigh-
bourhood of the replaceable hydrogen, Bland aud Thrope
( J. Chem, Soc., 1712, 101, 874 ) have advocated that the stabi-
lity of the sodinm componnds of the various glataeonic esters
must be dependent upon the acid character of the displaced
hydrogen, the acidity beinz determined by the naturs of the
groups attached to the carbon atom which earries ihke hydrogen
atom and they farther hold that in those eases in which one
carbethoxy group is attached to the carbon atom, the sedinm
compound is completely dissociated by water, It isalso known
that ethyl eyanoacetate and cyanoacetamide give mono-sodinm
derivatives (Henry, Comp, rend,, 1887, 104, 1619; Hesse,
Amer, Chem, J., 1836, 18, 724), The present work was there-
fore undertaken to study the relationship which may exist
between the acid character of the hydrogen atom of a reactive
methylene group and the formation of its sodinm derivative by
the replacement of such a hydrogen. The following substaneces
_ were examined :
(1) Cyanacet-m-toluidide, (2) cyanacet-o-toluidide, (3) cya-
nacet-r-toluidide, (f) cyanacethenzylamide, (5) cyanacet-oc-
naphthylamide, (6) cyanacet-g-naphthylamide, (7) cyanacet-
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methylamide, (3) cyanacetbutylamide and (J) cyanacethe-
ptylamide.

All the substances enumerated above react with metallic
fodium in presence of dry benzene or anhydrous ether, yield-
ing products having the general formula, CN'CHNa'COR
{ R=0FLt, NII,, NI Me, etc. ).

The above general constitution has been assigned to the
comnpounds from the following considerations :

(1) That the sodium atom has not replaced the hydrogen
atom of the nuclens, for, cyanacetmetbylamide which does not
contain such a nucleus formd a gimilar mono-gndiam derivative,

(2) That the sodium atom has not entered the aliphatic
part of the amido group, for, cyanoacetamide which dees not
contaip such an aliphatic part, forms a similar mono-sabstitg-
tion product with metallio sodinm (Hesse, loc. cit ),

(3) That the sodium atom has not replaced the hydrogen
attached to the nitogen atom of the — NH'R group for,

(#) Lthyl cyancacetate, which doe¢ not contain such a
hydrogen forms a similar mono-substituted preduct with meta-
1lic rodium (Henry, loc. cit),

Sidgwick and Baewer (J. Chem ., Soc,, 1925, 127, 2379)
have shown that the alkaline derivatives of 8-diketones, g-
ketonic esters, o-hydroxy aromatic esters and aldehydes and
o-nitrophenols behave in one of the three ways as exemplified
below 3

(I) The sodium derivative of ethyl roalonate is insoluble
in benzene and chars without melting : it behaves as a salt,

(II) The sodium derivative of ethyl methylmalonate
dissolves in benzene to form a clear solution from which the
compound does not separate immediately even on concentra-
tion; but cnece it bas separaled. it is quite insolable in ben-
zene or toluene,

(I1I) The sodium denvatwe of ethyl acetoacetate is solu-
Lle in hot toluene and melts to a olear liquid at 108°,

The compounds obtained durihg the present gourse of the
work must be olassed ag salts of type I given above, since they

23
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are insolable in Lenzene and toluene and do not give definite
melting points,

During the course of their investigations on the factors
governing the reactivity of the aydrogsn atoms of a reactive
methylene group sitnated between two negative groups ag in
the ¢ase of compounds containing the groupings.

-CO-CH,CO- and CN'CH,'CO-,

it has been observed by Naik and his collaborators (J, Chem.
Soc., 1921, 119, 379 5 1922, 121, 2592, ete, ) that the reac.ivity
increases in direct proporiion to the increase in then egativity
of the i:arbonyl group with its altached groupings ; so tLat in
a geries like— '

(1) CH.CO'NH,), (2) NH,CO-CH,CO'NHR

(3) CH,(CO-NHR), (4) EtO'CO-CH.CO-NHR

(5) CN'CH,CO,Et (€) CHL(C ,Et), ’
the reactivity increases from (1) to (6),

The experiments described herein afford clear evidence
that the interaction of metallic sodinm with compoands contai-
ning the methylene raiicle, depends on the electronegative
character of the attached groups. ‘ Thus, ethyl cyanoacetate
reacts with metallic sodium with the greatest rapidity forming
the mongesub:titution produet even in the ¢old, while cyanacet-
m-tcluidide required about six hours’ heating in benzene solu-
tion, In the case of eyumucet-o-naphthylamide the reaction
is found to be still glower,

EXPERIMENTAL

Sediocyanacet-m~toluidide.—1'o a flask containing moleeclar -
godinm ( 0-3 g, ) ( prepared by heating under boiling toluene
in the wsnal way ) about 3y ¢, ¢, of anhydrous benzene were .
sdded, followed by cyanacet-m-toluidide ( 2 g.). The flask
was heated under reflax when the awide went into sclution,
After about balf an hour, a white gelatinons nass began to
separate. The heating wag continued for eix hours and the
m:Xture filtered hot, The solid obtained was washed with hot
benzene several times and then with light petroleum (b, p, 50-
0% ). It was then dried in a desiceator over sulphuric acid.
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The pr.duct was 2 white amorphous mass insoluble in most
of the ordinary organic solvent3 such as benzene, ether and
petrolenm, It charred at 23'/° bat did not melt even up to
300°, Kven when preserved in a gealed tube, the product tar-
ned pink. (Found ; Na, 11'8; N, 13-8), C,H,ON,Na
requires Na, 11-73 ; N, 14'28 per cent. ).

Action of Hydrochloric Acid.—About 05 g, of the above subs-
tance was treated with 5 ¢, ¢. of concentrated hydrochlorie acid,
Tue substaace underwent decomposition which was evident
from the profound frothing that took place, Water was then
added to the mixture and the solid wad washed peveral times
with cold water, It was then ecrystallised from benzene and
identified as pure cyanacet-m-toluidide, m, p. 1329,

Action of Water.—~0'124 G, of the above substance suspen-
ded in water was heated for about h2lf aa hour, The libera-
ted alkali was titrated against (*001 N-hydrochloric acid of
which 12-6 ¢, ¢, were required, This sbowed the presence of
102 equivalents of alkali indicating that the decomposition
wag quantitative,

Sodiocyanacel-o-toluidide was prepared a8 in the above
case. It has no definite melting point but turned deep red
above 190° and blackened at 220 without melting, (Found :
Na, 11°94 ; N, 14°45, C, H,ON,Na requires Na, 11'73; N,
14:28 per cent, ). ;

Sodiocyancet-p-tuluidide,~The reaction was found to be much
slowe+ in this case and took pearly twelve hours for comple-
tion, The compound turned deep red above 245° and then
blackened without melting to a clear liquid, (Found : Na,
11°58. C,,H,ON,Na requiree Na, 1173 per cent,),

Qudiocyanacetbenzulamide was prepared from eyanacetben-
gylamide (2 g,) and metallic sodium, It changed its colour
from white to pink, It was insoluble in henzene and toluene

and blackened at 205° without melting, ( Found : Na, 1203,
0,,H,ON,Na requires Na, 11:73 per cent, ).

Sodiocyanacet-oc-naphthylamide wag prepared from cyanacet-
oc-naphthylamide ( 2 g, ) and metallio sodium ( 0'3 g ) in pre-
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sence of anhydrons benzere, The heating had to Lie conlinuned
tor twelve hours, The compound turned deep rcd above 170°
and at high temperatares fused to a dark mass without melting
( Fouud : Na, 9:¢2, C,,H,ON.Na requires Na, 3-01 per cent.),

Sodiocyanace!-R-naphthylamide was prepared as in the
above case from cyanacet-8 naphthylamide and metallic sodium,
It tarned Lrown above 203° but did not melt even up to
300°, ( Found : Na, 9478. C,,H,ON,Na, requires Na, 991
per cent, ),

Sodiocyanacetmethylamide ~In the case of the alkyl amides
of cyanoacetic acid, ether was msed as the solvent,

Cyanacetmethylamide ( 2'g,) was put in a flask and cove-
red with about 25 ¢, ¢, of dry ether distilled over secdinm.
Finely divided sodivm (04 g. ) which had been purified by
boiling under toluene, was then added, A calcium chloride
tube was attached to the flask, At the end of two days the
precipitated solid was taken out and extracted with small por-
ticns of hot benzens and finally washed with light petroleum,
On drying in a desiccator over sulphuric acid, the product
assumed a pink colour. It turned deep red above 19G° and
melted with decomposition at 223°. ( Found: Na, 1942,
C ,H,ON,Na requires Na, 19°17 per cent. ).

Sodiocyenacetbutylamide was prepared as in the preceding
cage, The reaction was found to be much rapid in this case.
The product melted with decomposition at 200°. ( Fourd : Na,
14:03; N, 1737. C,H,ON.Na requires Na, 1420; N, 17-2%
per cent,)

Sodocyanacetheptylamide, —This was prepared as in the
preceding cases by the action of metallic sodium on eyanace-
theptylamide in presence of anhydrous eth:zr, A red solid
was obtained which was repeatedly extracted withhot benzene
and finally washed with light petroleum, It melted with
decomposition at 195°. (Found: Na, 119, C,,H_.ON,Na
requires Na, 11°27 per cent.),

The authors desire to express their gratitude to His
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Highness the Maharaja Gaskwar’s Government for a grant by
which the expenses incurred in this research were met,

CaeMISTRY DEPARTMENT,

Banopa CoLLEGE, BaRopa.

( Reprinted from the Journal of the Indian Chemical Society
Vol. Vlil. Issue Ne. 1)

XXIV Interaction of Sulphuryl Chloride with Substances
Containing the Reactive Methylene Group. Part II.
By K, G, NAIK aND N, T, TALATI.

The present communication is a continunation of the work
done by Naik and Shah { J, Indian Chem, Svc,, 1927, 4, 11,

The main resalts of the interaction of sulpburyl chloride
with varions amides and substituted amides of malocic and
methyl malonic acids, obtained blerein, can e summarised
ws nnder;— '

1. («) Conversion of the group :CH,into :CCl, or (b} of the
group :CHMe into :CClMe by complete replacement « f the
methylene bhydrogen atom ¢r atoms by chlorine without
chlorination of the nucleus:—Malon-di~m- nitranilide, malon-
di-p-nitranilide, malon-di-o-nitranilide, malon-diethylamide,
malon-di-isobutylamide, malon diheptylamide, malon-di 1:4:3
xylidide, and malonamide undergo this change under (a)
whereas methylmalon--dietbylamide, methyl--malon.di.?so-
butylamide, and methylmalen-dibenzylamide undergo this
change uader (5). ‘

Furlher it was found that the same - type of reactivily
persisted oven among the saliphatic amides of the methyl-
malonic acid, [t may te noted here that in these componnds,
oue of the hydrogen atoms of the methylene group is replaced
by the wmethyl group, Thus methyimalon-diethylamide, on
interaction with sulpburyl chloride, yieldsa monochloro-
derivalive: —

(EtNII"CO),CII*Me+ SO, Cl,_(EbNH CO),CCI'Me+HC1+ 80,

II. Convecrrion of the group :CH,into :CHC] without chlorina-
tion of the nucleus :~Malon-tetrarhenslamide undergoes this
change,
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Type I, Malon-di-m-nitranilide reaets with salphury}
ehloride as under :—

{(NO,'C,H,NH-CO),CH.+ 230.Cl,=N0,C . H,NH <€0),CCl,

+2HC14-280,,

The faet that the substanee produeed from malon-di-m-nitrani-

lide has this constitution, ig based on arguments similar to
those advanced by Naik and Shah (lue. cit,).

It may, hewever, b pointed out that malontetrapbenyl-
amide, where there i8 no hydrogen atom attached to the
nitrogen, yields a monochloro-derivative. These go to prove
that sulphuryl chloride reacts at the methylene group,

Type 11, The interaetion of malontetiaphenylamide with
sulphuryl ¢hloride as stated above followsa different course,
yielding, a monochloro-compound:-

[ PboN CO 1.CH,+80,Cl,=[Ph N"CO],CHCI+HC1+£0,.

In this e¢ase, inspite of the two hydrogen atoms of the
methylene group being available, only one is attacked. This
course of the reaction is not an abnormal one, ag is evideat
from the wecrk of Naik (J. Chem. Sor,, 1921, 119, 38'), Naik
and Shah (loc, cit.) and West (J, Chem Soc,, 1922, 121, 2196,

The experiments described here afford clear evidence,
with regard to the reactivity towards sulphuryl chloride of
¢componnds containing the reactive methyiene group, that it
depends on the electropegative character of the adjoining
groups, For example, sulpharyl chloride reacts more vigoro~
nsly with malon-dinitranilide than witk malonamide, while
the reaction with etliyl malonate is the most vigorous, taking
place at the ordinary temperature, So in a series like:~

(Iy CH,(CO'NH,),
(II) CH,(CO-NH'C,H,NO,).
(IIT) CH,(CO,Et),
the reactivity which is Jess pronounced in (I) hecomes more
and more manifest with increasing negativecharacter of the

adjoining groupe,
EXPERIMENTAL

Preparation of Malon-di-m- and -p-nitranilides,—Thece
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amides were prepared by condensing ethyl malonate and the
corresponding nitraniline in equimolecalar proportions, on
the basis of the preparation of imalonamide by Whiteley
(-4, Chem, Soc., 1903, 83, 35). The solid obtained was extracted
with alcobol and finally ¢rystatlised from acetic acid in
granulated masg, The m-compound had m, p, 196°, wheress
the p-compoand - a faintly yellowish ecrystalline one - had
m, p, 243°,

Lreparation of Malon-di-.-nitranilide,—~The reaction with
ethyl malonate and o-nitraniline did not go even at 200%
Ience the amide was prepared from mnalonic acid and o-nitrani-
line using phosphorus oxycbioride asa condensing agent as
used by Backes, West and Whiteley ( J. Chem, Sec, 1921, 119,
371) . The amide was extracted with benzene in which it is
soluble, It was erystallised from alcohol as yellowish, glisten-
ing, feathery needles, m, p, 182%, All the three malon-nitrani-
lides were goluble in aleohol, acetio acid, benzene and toluene;
sparingly so in carbon tetrachloride, chloroform, nitrobenzene,
¢thyl acetaie bat insolrble in ether, carbon disulphide and
light patroleum. {Found: N, 16'4l (orthe), 1643 (meta),
16:13 (pura), C,H,,N,0; 1equires N, 16°28 per cent,].

Dichloromalon-di-nitranilide,~Malon-di-m-nitranilide (1 g.)
and sulphuryl chloride (1 g,) were made to react by the method
followed in the preparation of dichloromalon -diphenylamide
(Nail and Shah, loc, cit), The product obtained wa3 crystallis-
ed from aleohol in grey leaflets, m, p. 166°,

It is fairly solable ic alcohol, acetic acid, benzene, and
toluene; fairly so in nitrobenzene, carbon tetrachloride and
tthyl acetaie, but almost insoluble in ether, carbon disulpbide
und light petroleum.  ( Foued : Cl, 17°31, C,,H,,0,N.Cl,
requires Cl, - 7*i9 per cent.).

Dicllaromalon-di-p-nitranilide.—The above compound was
obtained as yellow erystalline mass when malon-di-p nitranilide
(1 g,) was treated with salpharyl chloride (1 g.) in th2 presence
of 50 ¢, ¢. of benzene in the nsual way, It was crystallised
from alcobol in yellowish needles, m, p. 178% It behaves in
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almost the same way with different organic solvents, as the
previous one does, (Found : Cl, 17°35, C,H,O,N,Cl, requires
€1, 17-19 per ecent.), ’

Dichloromalon-di=oanitranilide~It was prepared from malon
di-o-nitranilide {l g,) and sulphuryl ehloride (1 g.) in the pre-
sence of dry benzene in the udaal way, The solid product was
crystallised from alcohol in yellowish priems, m, p, 132°, ‘Lhe

‘golubility of this eompound is of the same order as that of the
previous ones. ( Fouwnd :Cl, 170l. C, H,ON,Cl, requires
¢l, 17-19 per cent.). ' '

Dichloromalon-diethylamide~On treating malon-diethyla-
mide (1 g.) with salphuryl chloride (1 g.) in the uswal way,
white mass was deposited on standing, The resuelting product
was crystallised from alcohol in the form of white needles,
‘m. p, 131°, The produmet has a golubility of the same order as
that of the compound above describ.d. (Found : CI, 31-30,
C,H,,0,N,Cl, requires Cl, 30-28 per cent,),

Dichloromalon.di-isobutylamide,—This compound was pre-
pared from malon-di-isetutylamide (1 g.) and sulphuryl cbloride
(14 g.) in the same way a8 the preceding chlcride. After the
reaction was over, the product cr;:stallised from water in the
fcrm of white needleé, m,p, 34° It i3 soluble in almost all
organic Bolvents except light petroleam. (Found : Cl, 25-19,
(J,,_,H,,,,(‘J&TSC]"z requires Cl, 25'.9 per cent,).

Dichlorwnalon-dih«.mtylamide,-—‘Malon—diheptylamide (tg)
and sulpharyl chloride (1 g.) werv made to react in the usual
t;.vay described, The mass on crystallisation from benzene gave
colourless prismatic needles, m, p, 9.°, It is found to be iden-
tical with the dichloromalon-diheptylamide prepared by Nuik
and Trivedi ( J. Indian Chem, Soc,, 1930, "7, 246 ) by conden~
sation of the amide with selenium tetrachloride,

Dichloromalon-di(L : 4 ; 5) zylidide—The above compound
was obtained ‘a8 a colourless crystalline mass, when malon-di=-
(1:4:5) xylidide (2 g) and sulphuryl chloride (2 g.) were
treatad in the usual way, It was crystallised from alcohol in
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colourless needles, m.p. 170°, 1t is found to be identical with
dicbloromalon-di-(1:4:5) xyhdule prepared by Naik and
Trivedi ( e, cit,)

Dichloromalonamide,~-As ander the above conditions the
malonamide was inactive, it was directly treated with sulphuryl
" ¢hloridle, The reaction started slowly on heating, with an
evolutien of gulphur dioxide and hydrogen chloride, When
tha reaction slackened after three hours, the liquid was diluted
with acetic acid and filtered hot. The filtrate on standing
gave coloarless, shining needles, They were washed with dry
petroleum and erystallised from glacial acetie acid, m, p, 203?
It is tound to be identical with dichloromalonamide prepared
by Zincke and Kegel (Ler.,, 1890, 23, 245),

Munwchloromalon-tetraphenylamide.- Malontetraphenylamide
(1 g.) and sulphuryl chleride (05 g ) were made to react
a8 usual, The filtrate on leaving overnight deposited
coloutless crystals, which were recrystallised from henzene,
w, p, 204°, It is found to be identical with moncchloromalon~
totraphenylamide prepared by West (J, Chom, Sue, 1922, 121,
2200) by direct chlorination of the amide,

DPreparalion of Methylmalon-diethylamide.—The amide was
prepared from methylmaloni¢c ester and ethylamine by the
method of Backes, West and Wkiteley (loc, cit., p. 366) adopted
for the preparation of malon-diethylamide, The mass was
crystollised from benzene in colourless needles, m, p, 151°,

It is fairly soluble in almost all organic solvents and
also in water, but insolable in light petrolenm,  (‘Found: N,
16 53. C,H,,0,N, requirea N, 16-28 per cent.).

Monochloromethylmalon-diethylamide.~This compourd
was prepared by treating methylmalon-diethylamide (1g.)
with sulphuryl chioride (L g,)in the usual way. Colourless
needles were obtained on standing for a day. It was orystallised
from alcohol, m, p, 108% Its solubility in different organic sol-
vents closely resembles that of dichloromalon-diethylamide.
( Found: Cl, 17°61. C;H, 0,N,Cl requires Cl, 1715 per cent.)

24
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Preparation  of  methylmalon-di-iso utylanide.—~This
amide is prepared fromm methylmalonic ester (10g.) and
issbutylamine (9g,) by the method ad~pled by Backes, West and
Whiteley (loc, cit,) for the preparation of malon-n-propylamida,
The mass was removed from the tnbe by dissolving in benzs ne,
This solution on concentration gave white mass, which when
erystallised from alcohol gave colourless needles, m, p, 133% Its
solubility i3 of the same order as that of the preceding com-
pound. (Found:N, 1264, C,H, ON, requires N, 12:28 per
¢ent,).

M(machloromethylmaZon-:li-isq'.utylamide.—Methylmalon—
di-iscbutylamide (1 g.) and sulphuryl chloride (1 g) were made
to react in the usnal way, The lignid on standing overcight
gave white mass, whiech when crystallised from alcohol yielded
colourless nvedles, m, p, 102°, It closely resemkles the prece-
ding compound, in its solubility, (Found:Cl, 13'73, C,H,,
N,0,C! requires Cl, 13-52 per cent.).

Monochloromethylm lon-dibenzylamide — This compound
was prepared from methylmalondibenzylamide (2 g,) and sul~
phuryl chloride (2 g.). in the ueual way, The product, when
cryatallised from benzene, gave shining pearly plates, m, p, 159°.
It is soluble ia chloroform and other organic sclvents, like the
above ennumerated compound but is insoluble in light petroleunm
ether and water, (Fouud: Cl, 1113, O, H, ,0,N,Cl requires
Cl, 10r74 per cent ), :

The authors desire to express their gratitude to His High-
ness the Maharaja Gaekwar’s Government for a grant by which
the expenses incurred in this research were met,

CHEMISTRY DEPARTMENT
Tre CoLLEGE, BARODA,
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XXV A Study of the Interaction between Thionyl Chloride
and Substances containing the Reactive Methylene
(-CH,-) Group. Part III.
BY K, G. NAIK as8D V, B, THOSAR,

The present work iea direct continuation of a previous
work (Naik and Parekh, J. Indian Chem, Soc., 1930 7, 137) the
amided used being the substitated amides of acetoacetic acid
and acetone dicarboxylic acid. The aim of this work is to
show that tie reactivity of the hydrogen atoms of the reactive
methylene (-CH,~) group, sitmatedl between two carbonyl
gronps, with respect to thionyl chloride, is in complete
accordance with the hypothesis put forward (Naik, J, Chem,
Soe , 1921, 119, 1166, 123L; Naik and Avasare, J. Chem, Suc,
1922, 121, 2392). viz., that the interaction of sulphur mono-
chloride and a ¢compound containing a ceactive methylene
group, depends npon the mature of the groups attached to the
two remaining valencies of the carbon atom.

Thionyl chloride was made to react with following amides
in presence of dry benzene,

(1) Acetoacetanilide, (2) acetoacet- « ~toluidide, (3) acetoacet-
m-toluidide, (4) acetoncet-p-toluidide. (5) acetoacet- «-naphthyl
amide, (6) acetoacet-3-naphthylamide, (7) acetoacet.(L : 3 ; 4)-
xyhdide, (») acetoacet (1 : 4 : 5)-xylidide, (9) acetone dicarbox_
yanilide, (10) sacetone dicarboxy o tolnidide, (1!) acetone
dicarboxy-ptoluidide, (12) acetone dicarboxy-ec-naphthyl-
amide and (13 acetone dicarboxy-S-naphthylamide,

When the eolation was reflux d there was a copious
evolation of hydrochlorie acid with a change in the ¢olour of
the solution, The reaction was complete at the end of
one hour.

The preparation of the substituted smides of acetoacetic
acid was first attempted following the method deseribed by
Knorr (Annalen, 1886, 236, 75) which was sabsequently
discarded, yield being found extremely ansatisfactory. After
some trials, the method used by Ewins and King (J, Cliom,
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Preparation  of wmethylmalon-di-isolutylamide.—Thi
amide i3 prepared from methylmalonic ester (10g.) an
issbutylamine (9g.) by the method ad~pted by Backes, Westan
Whiteley (loc. cit.) for the preparation of malon-n-propylamid.
The mass was removed from the tube by dissolving in benz n«
Thig solution on concentration gave white mass, which whe
crystallised from aleohol gave colourless needles, m, p, 133°% It
solubility is of the same order as that of the preceding con
pound. (Found:N, 1264, C,,H, O, N, requires N, 1228 p
cent,),

MmzochloromcthyIvnalon-:di-z'soZutylama'de._Methylmalo:
di-isobutylamide (1 g,) and sulphuryl ¢hloride (1 g.) were mac
to react in the usnal way, The lignid on standing overcigh
gave white mass, which when ¢rystalliced from alcohol yielde
colonrless nuedles, m, p, 102°, It closely resembles the pree
ding compound, in its solubility, (Found: (Cl, 1379, C,H
N.0,Cl requires Cl, 13:52 per cent.).

Monocklvromethylm don-dibenzylamide — This eompouL
was prepared from methylmalondibenzylamide (2 g.) and sv
phuryl chloride (% g.), in the usual way. The product, whe
crystallised from benzene, gave shining pearly plates, m, p, 15!
It is soluble in chloroform and other organic sclvents, like t!
above ennmerated compound but is insoluble in light petrolem
ether and water, (Fou:d:C), 11'13, O,,H,,0,N,Cl requir
Cl, 10:74 per cent ), :

The authors desire to express their gratitude to His Hig
ness the Maharaja Gaekwar's Government for a grant by whi
the expenses incarred in this research were mnet,

CAEMISTRY DEPARTMENT
THE CoLLEGE, BaroDA,

(ﬁeprinted from the Journal of the lndian Chemical Society
Vol. VIIL Issue No. 4 & 5. )
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XXV A Study of the Interaction between Thionyl Chloride
and Substances containing the Reactive Methylene
(-CH;-) Group. Part III.
BY K, G. NAIK AND V, B, THOSAR,

The present work isa direct continuation of a previous
work (Naik and Parekh, J. Indiun Chem, Soc,, 1930 7, 137) tbe
amides nsed being the substitated amides of acetoacetic acid
and acetone dicarboxyliec acid. The aim of this workis to
ghow that the reactivity of the hydrogen a!oms of the reactive
methylene (-CH,-) group, sitnated between two carbonyl
gronps, with respect to thionyl chloride, is in complete
accordance with the hypothesis put forward (Naik, J, Chem,
Sve , 1921, 119, 1166, 1231; Naik and Avasare, J. Chem, Soc;
1922, 121, 2592), viz,, that the interaction of sulphur I ono-
chloride and a compound contiining a ceaclive methylene
group, depends upon ihe nature of the groups attached to the
two remaining valencies of the carbon atom,

Thionyl chloride was made to react with following amides
in presence of dry benzene,

(1) Acetoacetanilide, (2) acetoacet- « -toluidide, (3) acetoacet-
m-toluidide, (4) acetoacet-p-tolnidide. (5) acetoacet- «c-naphthyl
amide, (G)acetoacet-3-naphthylamide, (7) acetoacet.(L : 3 ; 4)-
xylidide, (*) acetoacet (1 : 4 : 5)-xylidide, (9) acetone dicarbox_
yanilide, (10) acetone dicarboxy o toluidide, (11) acetone
dicarboxy-p-toluidide, (12) acetone dicarboxy-oc-naphthyl.
amide and (13 acetone dicarboxy-S-naphthylamide,

When the solution was reflux d there was a copjons
evolation of hydrochlori¢ acid with a change in the colonr of
the solution, The reaction was complete at the end of
one hour,

The preparation of the substituted amides of acetoacetic
acid was first attempted following the method described by
Knorr (Annalen, 1886, 236, 75) which was subsequently
discarded, yield being found extremely unsatisfactory, Aftepr
some trials, the method used by Ewins and King (J, Clzm,
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Soec., 1912, 103, 104) with some modifications was found to
yi-ld satisfactory results. For the preparation of the substitute
ed amides of acetone dicarboxylic acid, the method described
by Besthorn and Garben (Ber,,*1900, 33, 3432) was adopted,
Amides (5 to 8) and (12 to :3) havo been prepared for the
first time.

The reaction in the case of substituted aniides of
acetoacetic acid {1 to 8) can be represented thus:

CH,CO_ o CH,C0,

CH, + 8QCi, - C:8:0 4 ZHCI

R-NH-C0”/ *RNEC0/ |

In-the cage of the substituted amides of acetone dicarboxy-
lic acid (9 to 13), although more than two molecules of thionyl
chloride were. taken for every molecule of the substituaterd
amide to give ample epportunity for the substitution of
sulphoxide groups for all the hydrogen atoms in the two
reactive methylene groups, reaction did not proceed to this
extent and the product contained only one sulphoxide group,
one hydrogen atom of each methylene groap having been
substituted,

RNE-CON g | RNECONgg
CO + SOC, — > co >S:0+2H01
N SCH, . N\CH
R-NH-co 7 “H: . RNHCO/
an

The above constitution of the sulphur compounds follows
from the following cousiderations :

(?) That the two hydrogen atoms are not supplied by the
phenyl gﬁoup follows from the reasons, (@) malondimethyl
amide which does not contain such a phenyl nuclens reacta
similarly with thionyl chloride to give a similar sulphoxide
(Naik sod Parekh, loc cit.); (b) acetone dicarboxyanilide which
containg two such phenyl groups also gives the same type of
compound. On the supposition that the phenyl group i
reactive, such a compound cannot be expected.
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(i7) That the two hydrogen atoms are not those which
are originally attachel to the nitrogen atom cf the -NH‘R
group for, (2) in the first place there i8 only one such
hydrogen in a molecule of aceloacetanilide, while two hydrogen
atoms have taken part in the reaction from the same molecule
of acetoacotanilides (1) a tertiary amide like malondiimethyl-
amide which does not contain such amido hydrogen, reacts
under similar conditions with thionyl chloride to give a
similar compound (Naik and Parekh, loe cit,),

Now tiking into considerations the three compodunds (7)
CI,CO-CH, CO'NH'R, (7) R. NH'CO'CH,*CO'NH'R and (7'[:')
R'NH-CO-CH,'COCH,"CO'NH'R it will be seen that the total
negativity of the carbonyl groups with thzir sttached radicles
in the ease of () is due to two groups, one of which' CO°'NH'R'
is common to all the three compounds and the other, the
acetyl group, which is more negative than the partly neutrali-
zed group, CO'NH'R which is present in (¢d) and (i)
Again, the negative effect of the gentral carbonyl group in (¢:%)
ig divided between two adjacent methylene groups, sd fhat the
totul negative cffect on each of the methylene group is smaller
than that on a single methylene group when linked as.CO'CH,
‘CO' as in () or (¥). Hence it was expected that the two
methylene groups in (4%7) would be less reactive than the oné
in (it); which in ite turn would be less reactive than' thaf in
(7). ¥rom the facts stated above, {t will be quite evident' that
such has actually been found to be the case, Whereas com-
pounds of the type (iii) have given rise to snlphoxides of the
type (II), compourda cf the type (¢i) and (¥) reacted thus :
RNICONeg 4 5001, —» BNHCONG 60,2110

RICO/ R"CO/ *
where R’ is—CIL,or—NH'R group, Reaction in the case of
(¢) however is much faster than in case (é). Such behaviour is
quite in accordonce with the theory, already referred tc above,

As compared with the sulphoxides of the substituted amides

of malonie acid, thesze sulphoxides are not degraded into
sulphides by Dboiling in benzene eolation in presence of a
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catalyst like thionyl chloride, hydrochloric acid gas or iodine,
They are also more stable towards moisture,
EXIERIMENTAL,

Acetoacet-oc-naphthylamide — Acetoacetic ester { 13g, ) was
mixed with oc-paphthylamine (14 g,) in a conieal flask with an
air condenger. and the mixture was heated quickly to
boiling and kept gently boiling for 1} minutes, On
cocling, the amide crystallised out. It was filtered and
washed with a mixiare of bcnzene and light petroleum
(1:1) till it was free from the ester and the amine,
It was then redissolved in hot Lenzene and filtered from the
ineoluble residue of the diamide which was also formed in
the course of reaction, The filtrate was dilated with an equal
volume of light petroleum (b, p, 5(-60°) and allowed to cool.
Acstoacet->c-napthylamide erystallised out in pale red small
needles, m, p, 108 09°, It is highly solulle in ethyl alcohol,
mzathyl alecoh 1, benzene and nearly insolable in light
petroleum, (Found: N, 6'12, C, Y,.0,N requires N, 616
per cent).

Rest of the su*stituted amides of acctoacetic acid (5 to &)
were similarly prepared by condensing the rezpeective amines
with ethyl acetoacetate, 'Fhe resulis are tabmlated in Table I.

Acetone dicarbozy-oc-naphthylamide.— Acetone dicarboxylic
ester (10 g.) and « -naphthylamine (11 g,) were mixed togather
and heated in aseuled tube at 130° for 24 hours, 'The reaction
mixtare was diluted with about .00 ¢, ¢, of benzene when the
amide separated out, It was filtered aud washed with benzene
till free from ester and finally with ether to remove amine,
It was then recrystallised from hot alcohol as pale red
granular mase m. p. 163°, It is fairly soluble in glacial
acetic acid, sparingly 8o in aleohol but insoluble in benzene,
toluene, light petrolenum or ether, (Found: N, 694, C,.H,,O;N,
reqaires N, 707 per cent,)..

Acetone dicarboxy 8-naphthylamide +was similarly prepar-
ed from acetone dicarboxylic ester and 8- naphthylamme
The results are tabulated in Table II,
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Avceloacelanilide sulphoride.—Pure dry aceloacetanilide
(1I'7 g.) was made to react with thionyl chloride (L'4g.) in
presence of dry benzene (30 ¢.c.). After refluxing for 1 hour,
when the evolution of hydrochlorie acid had nearly ceased,
the clear solution obtained wag concentrated and allowed to
cool, Nothing separated-out, Hence it was slowly added to a
large amonnt of dry light petroleum (b.p. {0-6L°) when a bean-
tiful gnuff coloured compound separated out, It wag redissolved
in benzene and separated by slow addition of light petroleum,
It was then keptin an alkali desiccator 1ill it was free from
hydrochloric acid. It melte with decomposilion to a thick
black ligoid at 90° with a previous shrinking at 63°, (Found:
N, 643; 8, 14:26. C,H,0,NS requires N, 627; 8, 14'35
per cent,) :

All other sulpboxides were similarly prepared by treating
the respeciive amides (1 mol) with thicnyl chloride (I mol.}
under similar cenditions, The results are tabalated in Table III,



TABLE 1.

New Suwlstituted Amides of Accloacetic Aeid,

Name, Formula,

Acetoacei=x naphthylamide C,,H,;,O,N Pale red short needles,

Acetoacet-8 naphthylamide C, I, ,O,N White crystals,

Acetoac \-(1 :3 :4)xylidide C,;H, O, N White short needles,

Appearancoe, Duration of M. p.
heating, -
13 min, 118109°
1} 103_-].0+°
13 920
%96°

Acotoacet=(1 :4 :5)-xylidide €, ,;H,,0,N Shining white tuits,

TABLE II,

New Suwbstituied: £ nmudes of deetone dicarbozylic Acid,

Aceotone dicarboxy- « -naphlhylamide C, H,,O,N, Pale red granular mass.

Acctone dicarboxy-g-naphthylamide

CpH,,O,N, White ncedles,

24 hrs,
24

Analysis,

Found, -Calc,

N,612 6-16 p,c.

N.657 616
N,7'12 682
N,695 682

165° N,694 707
207° N,671L 7:07

{ze1]
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(E=Sulphoxide ),
Name

Acetoacetanilide-S
Acetoacet-o-toluidide-S

Acetoacet-m-teluidide-S
Acetoacet-p-tolnidide-3
Acetoacet-oc-naphthylamide-S
Acetoacet-g-naphthylamide-S
Acetoacet-(1 :3 :4)-xylidide-8
Aocetoacet-(1 :4 :3)-xylidide-3
Acolone dicarboxyanilide-S
Acetone dicarboxy-o-toluigide-S
Acetone dicarbozy-p-tolunidide-3

Acetonedicarboxy-oc-naphthylamide-S C,,

TABLE III,

Condensation Products of Thionyl Clloride twith Substituted Amides of
Acetoacetic and Acetone dicardozylic Acids,

Fornu'a.
C,,H,O,NS
CllHl :O:NS

folele)

m:::hm
000
Z 'z

m"m 7

Acetone dicarboxy-g-naphthylamide-S C,,,H 0, 1\

The anthors take this opportunity to express their gratitade to the Government of His Highness

Appearance,
Snaff colour

Pale brown

Deel’; brown
Pale brown

3

Deep brown
Fine rosy
Pink

Pink

Greenish brown

S Crimson

Shrinks at, M P, (with Found Cale,
decomp,)

€9°
N, 643
87°  110° 81579
N, 594
8° 9394° 81370
870 02 3° §,1317
92 112 §,11'34
§ae 107° S1126
90Q° 102 §,12:83
Y i 114° §,1310
140° 170° 8. 951
155-56° 174° B, 843
185° 208-10° §, 829
137° 155° 8, 759
185° 207° i- 699

Analysis.

90° 38,1426 143ipc.

627
13-50
5.90
1350
1350
1172
1172
1275
12:75
435
8 64
861
724
724

the Mabaraja Gaekwar of Baroda for a grant which defrayed the expenses incurred in this work,

CHEMISTRY DEPARTMENT,
Tnre CoLLEGE, BARODA,
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TABLE T,

New Sulstituted Amides of Acetoacetic deid, Aualysis,

Name, Formula, Appearance, Duratién of M,p, Found. -Culc_
heating, - '

Acctoacei- « naphthylamide C,,1i,,0,N DPale red short needles, 1§ min, L8100° N©'12 616 p,c.

Acetoacet-8 naphthylamide C, H,,O,N While crystals, 13 103-104° N,697 616

Acetoac -1 :3 :4)-xylidide C,,;H, 0N Whito short needles, l.j; 920 N,7°12 682

Acctoadet-(l :4 :5)-xylidide C,H, ,O,N Shining white tufte, 13 9p° N,603 652 "—i\}‘:;
. | S—]

TABLE II,
New Substifuted £ mades of dectone dicarborylic Acid,
Acotone dicarboxy= « -naphthylamide Co H,,0,N, Dale red granular mass, 24hrs, 105° N,691 707

Acctone dicarimxy-ﬁ-gmphthylamide C,, H,,0,N, White ncedles, 24 207° N,K71L 7:07
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} TABLE III,

Condensation Products of Thionyl Chloride with Substituted Amides of
' Acetoacetic and Acetone dicarborylic Acids,

{ E=%ulphoxide ) Aaalysis.
Name, Fornu'a. Appearance. Sbrinks at. M P. {with Found Cale,
decomp, )

Acetoacetanilide-S C,H,0,N8 Snaff coloar €9° 90° 85,1426 1433pe.
N, 643 627
Acetoncet-o-tolnidide-8 C,,49,,0,X8 Tale brown 87 110° S5 gﬂ 13-50
V’ 33+ 5.0
Acetoacet-m-toluidide-S C,H,,0,N8 . 78° 9394° 51370 1350
Acetoacet-p-toluidide-3 C,H,,0,NS Decp brown Rie 02 3° S,1317 13350
Acetoacet-oc-naphihylamide-S C,H,,0.NS Pale brown 92*  112° §8,11'3+ 1172
Acetoacet-g-naphthylamide-8 c, H,,0,N8 » 82°  107° 8,11'26 1172
Acetoacet-(1 :3 :1)-xylidide-S C,H,,0,N3 » 90°  1G2° 8,1283 1275
Acetoacet-(1 :4 :3)-xylidide-§ C,;8,,0,N8 Deep brown 70 114° 81310 1275
Acetone dicarboxyanilide-S C,.H,,0,N,8 I'ine rosy 140° 170° 8, 51 935
Acetone dicarboxy-o-toluidide.S CioH,sON,S Pink 155-56° 174° 8, 845 864
Acetone dicarboxy-p-tolridide-S C,H,,0,N,8 Pink 185° 208-10° §, 829 864
Acetone dicarboxy-oc-naphthylamideS C, H,,O,N.8 Greenish brown 137° 155° 8, 759 724
Acetone dicarboxy-S-naphthylamide-S C,,H 0 N 8 Crimson 185 207° b, 699 721
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the Maharaja Gaekwar of Baroda for a grant which defrayed the expenses incurred in this work,
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XXVL A study of the Interaction between Thionyl
Chloride and Substances Containing the Reactive
Methylene(-CH,-) Group. Part 1V.

By E.G,Naik ARD V, B. THOSAB.

A close study of the reactions of thionyl chloride with
orgavic ¢compounds clearly shows that the course of reaction
followed by thionyl chloride is entirely gaided by the condi-
lions of experiment in many cases. The reaction of tbionyl
chloride with phenols, phenetoles and alcohols might be cited
ag examples of this type. Generally in presenee of anhydrous
alaminium chloride, these commpounds give rise to salphides,
Bot by slightly changing the conditions of the experiment, the
same reaction can be made to follow a different coarse, as a
result of which sulphoxides are obtained (Loth and Michaelis,
Ber, 1894, 27, 2510; Smiles and Rossignol, J. Chem. Svc.,
190+%, 93, 745), Hence it was thought interesting to examine
the ecurse of the reaction followed by thionyl chloride when
it reacts with sabstapces containing a reactive methylene
(-CH,-) group in cold ethereal slution, althongh a similar reac-
tion 10 foiling henzene solution had already resalited in the
formation of sulphoxides (Naik, Desai and Parekh, J. Indian

" Chem, Soc,, 1930, 7, 137; Naik and Thosar, bid,, 1932, 9, 127);
and as will be seen from the experiments recorded in this
paper this expectatioa is compietely fulfilled,

Thionyl chloride was made to react with the following
amides in presence of cold anhydrous ether,

(1) Acefoacetanilide, (2) acetoacet-o-tclnidide, (3) aceto.c-
et-m-toluidide, (1) acetoacet p-toluidide, (3) acetoacet—ﬁ-naph-
tbylamide, (6) acetoacet-1 : 3 1 4-xylidide, (7) malondi-n-propy-
lamide, (%} malordi-isobntylamide, (9) malondiamylamide,
{10) malondibeptylamide, (11) ethylmalon-o-tolylamate. (12)
ethylmalon-p-tolylamate, (13) ethylmalon-@-naphihylamate,
(14) sthylmalon-1 ¢ 3 ¢ 4 t~xylilamate, (15) ethylmalon-1 : 4 15
X, lilawnate. . .

The amides slewly went into solution, from which sulphi-
des Legan to separate out, the reaction leing compl.te after
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eeveral days, the time required depending upon the nature of
the amide used. Amides (1) to (10) gave sulphides of the
general constitution,
e -T2!
VS or_s_mc/ "
RNH-cO/ "\CO'NHR
(where R=phenyl, tolyl, naphthyl, xylil or propyl groups and
R’ is eitcer a CH, or -NHR group); but in the case of amides
(1) and {10) the reaction products were lignids which did not
sclidify even when placed in & freezing mixture, They will
be worked up later, Onu the other hand tte amates (11) to (1)
gave sulphides of the formula
CO*NHR
c/

" Nco-oc,H,

‘s he above constilution of these pulphides follows from the
following considerations :

(") That the two hydrogen atoms are not supplied by the
phenyl group, since (@) acetoacetio esler, which does not cona
tain such a phenyl group reacts with thiony! chloride in a
similar manner (Michaelis and Philips, Ber,, 1890, 23, 559);
() malondi-n-propylamide containing no phenyl nucleus also
reacts with thionyl chloride to give a similar compound,

(i) That the hydrogen atoms eliminated are not those,
which are originally attached to the nitrogen atom of -NHR
group, for (z) ethyl acetoacetate which does not contain sach
o hydrogen atom reacts similarly with thionyl obloride; (2) in
ense of malondi-n-propylamide which containg two such amido
bydrogen atoms only one is replaced. Oun the supposition
that the hydrogen atom of the -NHR group is reactive both
thess hydrozen atoms must react,

Finally ia order to establish that these compounds are not
gulphoxides of the formula

R/*CO COR’
rNH-Co> CH—3—HC< co.NmR
0
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advantage was taken of the fact that AMichaelis anl Philips bad
actually obtained a sulphide of acetoacetic ester by the aciion
of thionyl ghloride upon it (foc. ¢it.), As the conditions wsed
by these authors were sligbtly different from those used here,
thionyl chloride was made to react with acetoacetic ester nnder
exactly the same condition3aas were used here and it was found
that tha prodact obtainad wasd identical with that obtaineld Dby
the above anthors, This salphile of acatoac:tic estar has been
prepared by a host of workers from varions sources so as to
leave no doubt as to its constitution (Buchka, Ber., 135, 18,
2092; Delisle, dbid., 1839, 22, 306; Schonbrodt, Annalen, 1389,
253, 138; Sprague, J, Chem, Soc., 1391, 59, 329),

The reaction of thionyl chloride with amates (11) to (15) i3
algo in favour of the sulphide constitalion for the following
reasons :

(z) These amates, when they were made to react with thiv-
iyl chloride in boiling benzens, where there is a greater possi-
lility of the foruaation of sﬁlphaxidea. gave rise 7 liquid pro-
ducts (Naik, Desai and Parekh, loc, cit.),

(if) The reaction products obtained here are white crystal-
Iine substanecss, whereas the sulphoxides of the linking:C: S
+ O vbtained till now are always coloured substances,

Michaelis and Philips (loc, cif.) hold that in snch reactions,
thionyl chloride behaves as if it were a inixture of snlphur di-
chloride and salpharyl chloride, 2 SOCl,»SCl,, 80,Cl,.sulphar
dichloride reacting with acefo.icetic ester with the formation of
the above rulphide, This view is farther confirmed by the
reaction of thionyl chloride with aromatie tertiary amines
vielding two different products a3 represented py the .
equations : ’

. C,H,N(CH,Y
3PhN(CH,)+4250C,=S[C H,N(CH,),1,4 80, <
‘ T Cl +3HCl-
the second product being obtained by the action of sulpharyl
chloride (S0,CL) on the amine (Michaelis and Godchaux, Ber.,
11890, 23, 553), The reaction of thionyl chleride with phenol
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also gives a sulphide together with other substances containing
Loth sulphur and chlorine (Tassinari, Gazzetta, 1390, 20 362),
The same esplanation can very well be given in the reac-
tion studied here,
R-CO

]

- RCO
+250C,> 2 CH,
RNH-COY

T -

Sen,

+801,,
RNH-CO”

R! 'CO CO'R’
NCH—8—HC/

RNH-cO/ \CO'NHR
The course of the reaction followed by S80,Cl, cannot be defi-
nitely ascertiined here, as the mother liguor on evaporafion
gives only a semi solid mass, which it is proposed to work up
Iuter, In all probability the coarse followed by the reaction
is different from that followed under ordinary e nditions wnere
chloro compounds are obtained ( Naik and Shah, J. Indian
Chem, Sve., 1927, 4, 11), It is just possible that the catalytic
action of thionyl chloride might again play its important part
here and give rise to compounds of the type obtaiped in the
case of tertiary amines and phenols,

'The reaction in the case of amates (11)to (15) can be repre-
sented as

C,PLO'CO\ C,H50'CO\ ]
CH,+230Cl, -» C: 8+ 2HC. 4 S0,Cl,.
RNHcO/ RNHCO/
Such a course of reaction is not an abnormal one. Many
instances can be cited where under similar conditions both the
" bydrogen atowns of the methylene group of the amates react,
whereas nsually only one hydrogen atom of the methylene
group in the cate of the aliphatic amides of malonic acid is
found to react (Naik, J. Chem. Soc, 1921, 119, 319; West, ¢&id,
1322, 121, 2196; Naik and Shah, J. Indian Chem, Soc,, 1930, 7
111; Naik and Shal, t4id., 1927, 4 11; Norris and Thorpe, J.
Chem.  Soc,, 1921, 119, 1223), The course of reaction
where ouly one hydrogen atomn takes part, is explained by anp-
posing that the second hydrogen atom becomes sluggish after

the first is replaced by a substituent,

50,C1, ~> +80,01, + 2HCI
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From the consider:ticn of the time taken to complete the
reaction { vide experimeatal) in a series such as,

COgH CO-0C,H N
1: A0/ o= nc/ " me/ CONHR
CONHR _ NCO-NHR NCO-NER
@O an (I19)

the time requir:d for the completion of the reaction in the
case of the type (III) is longer than that required in the case
of type (11}, which in its own turn was found to be less reac-
tive than type (I). 7This is quite in accord with the hypothe-
sig put forward by Naik (J. Chem. Soc,, 1921, 119, 1166), and
sapported by the experimental work carried on in these
Jaboratories since then, That the compoands of type (II)
ara less reactive than those of type (I} follows from the
fact that the total negativity of the adjoinimg ecarbonyl
groups in type (II) is made smaller than that in type
(1), by the replacement of a earbethoxy group in place of acetyl
group, the other (-CONHR; group b.ing common to all the -
three types. This total negativity is still further reduced in
compounds of the type (III)}) where both the carbonyl groups
are partially neuntralised |y the -NHR group and hence in this
cage the reactivity of the bhydrogen atoms of the methylene
group i3 the least and the fime required for the completion of
the reaction longest.

On examining the properties of these compounds it was
found that the thio grouping (-S-) in these compounds is not so
stable as the thio grouplog in the componnds obtained by Naik
by the action of sulphur monochloride on substances containing
the reaclive metlzylene group (J, Chem. Soc,, 1921, 119, 1166
1231}, Thus, while the dithio grouping is quite unaflected by
fuming ni‘ric acid and silver nitrate, the thio grouping in thesz
gompounds is destroyeci, giving rise to free sulphurie acid in
the first case, and silver sulphide in the cther, The sulphides
derived from amates are still rhore unstable and are gradually
decomposed on keeping for a long time,
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EXPERIMENTAL,

Thiobisaceloacelanilide—Thionyl chloride (2°3 g,) was added
to pure dry acetoacetanilide { 3°3 g, ) suspended in dry ether
(30 c. ¢) in a conical flask tightly co:ked with a calcium chlo-
ride tabe to avoid moisture and left at room temperature (28-30)
The amide slowly went in solution (3 hours) and the ethereal
folution attained a rich 1ed colour, On the next day while
hexagonal plates began to geparate out, After 3 days, when the
reaction was complete the g:parated solid was filtered at the
pump and washed with dry ether to free it from the excess of
thionyl chloride, After crystallising it from a mixtare of
benzeno and light petrolenm (b p, 5U-60°) the substance was
obtained in tbe forin of white, hard prismatio needles, m, p.
132°, But this eubstance was found to contain traces of hydro-
chlorio acid from which, it could not be freed even on repeated
crystallisations or keeping it in an alkali desiceitor for along
time. The melting point alco remained anchanged, Hence the
pubstance was dissolved in b:nzene and boiled with a small
amount of animal charcoal (U'2 g.) under reflax for nearly 6
hours, The clear filtrate from animal charcoal was allowed to
cool after adding an equal amouet of dry light petroleam, The
resulting product was now free from hydrochloric acid and was
obtained in the form cf white silky needles, m p, 147. Itis
interesting to note here that the impure compound had the
same meolting point (132°) in whatever conditions it was taken
out of the reaction mixture, The analysis of the impure sut-
stanced algo amounted to nearly 1 mol. of hydrochlorie acid in
combination with 1 mol. of the sulphide,

The substance i8 readily soluble in benzene, eparingly so in
chloroform, carbon tetrachloride, carbon digulphide and insolu-
ble in petrolenm ether and ether, (Found : N, 7-25; 8, 790,
CyoHON.S requires N, 7-29; 8, 8-33 per cent, )

All other sulphides were similarly prepared by treating the
respective amides with thionyl chloride under the above condi-
tiong. A slight .xcess of thionyl chloride than required by
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equation was always necessary to compensata for the loss canged
by gradual decomposition. All the sulphides execept those
obtained from amates had to be purified by hoiling with animal
charcoal for 6 hours, The resulis of thess experiments are
tabulated in Table I,

Hydrolysis uf thiobisacefoncel-8-naphthylamide-The compound
(3 g.) was added to the solation of caunstic potash (7 g.) in water
(8 ¢. ¢.) and reflnxed for 2 bours. The mixture was ¢ooled and
filtered, It was washed with ccld water till it was free from
alkali. The solid was crystallised fromn hot water, when chara-
cteristic rosy leaflsis separated out, m, p. 111°, The substance
was identified as g-naphthylamine and confirmed by mixed
melting point, The filtrate was evaporated to drynpesson a
water bath and the solid obtained was treated with hydrochlorie

acid when H,S was found to evolve,
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[ T=Thiobicaceto ; D=Thiobismalon ; E=Ethylmalon ]
Name Formaula, Appearance. ‘M.p., Duration Anpalysis
of reaction Found, Cale,
(days)
T-acetanilide C,H,0,N,S  Silky needles 147° 3 S5.790 8+p.c,
N,73 729
T-o-toluidide C,,H, 0 N,S Light flakes 160° 3 8.7 776
NIG.G 6'79
T.-m-toloidide c,,H,0N,3 Prismatic needles 104° 3 8,752 776
T-p-tolnidide C,,H,,0,N,8 Silky needles 174° 3 57-a8 776
T-g-naphthylamide C,.H,,0,N,8 Light tufts 185° 4 ST 661
T-(1: 3 : 4)-xylilamide C,H,,0N,S Shining light tafta 134° 3 8,7-32 721
D-di-n-propylamide CHH,‘O‘I\LS Short needles 1230 10 S8.805 795
D-di-isobutylamide C,,H,0,N, S Light tufts 155¢ 12 5,669 €98
E-o-tolylamate sulphide C,H;O,NS Small prisms 196° 6 8,12+4 127
E-p-tolylamate sulphide C,H,,0,NS Hard needles 203° 6 81245 127
E-g-naphthylamate sulphide C,;H,,0.N8 8ilky needles z05° 6 51101 1114
E-1:3:4-xylilamate sulphide C,,H,,0,NS Light tufts 1750 6 S 1179 15-L8
E-1:4:-xylilamate gnlphide  C,)H,,O.NS Short crystals 1870 6 S,11'88 1208

The authors take this opportunity to express their gratitude to the Government of His High-
ness the Maharaja Geakwar of Baroda, for a grant which defrayed the expenses incurred in this work,
CnEMISTRY DEPARTMENT, .

BaroDA COLLEGE,~-BARODA,
( Reprinted from the Jouroal of the Indian Chemtical Society Vol. VII, Issue No, 7)
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XXVl Mercuration of Compounds Containing a
Reactive Methylene (-CH.) Group by means of
Mercuric Chloride. Part II.

By: K, G, NaIK axD R, P. PaTeL,

1t is well known that when an aqueons solution of mer-
curic chloride is boiled with sodinm bicarbonate, mercuric
oxychlcrides are precipitated ( Mellor, * Comprehensive
Treatise on Inorganic and Theoretical Chemistry,” 1923, Vol,
1V, p. 833; Milion, Ann, chim, phys., 1346, {ii, 18, 372).
These oxycklorides differ in their composition according to
the experimental conditions and are usually expressed as doc-
ble compounds of mercuric chloride and mercaric oxide, Buat
it is possible to ecouceive that when to a boiling agueous alevhe-
lic solationr of mercaric chloride and a reacting organic com-
pound, a solution of sodium bicarbonate i3 added, the above
double compounds of merecury, no sooner are Lhey formed in
ap incipient condition than, would react with the organic
compound present, With snch a possibility, the orgapic €om-
peunds containing a reactive methylene group would, mnder
the above conditions, give prodocis containing the grouping
>(C : Hg. Such bas actually been found to be the case,

The course of reaction may he ezpressed as ;
He(Cl,4+-NaHCO,—m HgCl,'"w"HgO

R ~
Hg'm HgCl.—>n C:Hg
= R /

R
n R>C

‘Hy, + n0O

The foullowing sabstitoted amides of malonic acid ard
acetoacetic acid when mercurated under the above conditions,
gave products of the general formula :

cO-

Hg:C :

<:CO—

(1} Malonmonophenylamide, {2) malonmono-o-tolunidide,.
malonmono-p-toluidide, (4) malonmone-m-tolnidide, (3) malen-
mono-oc-naphihylamide, (6) malonmono 2-naphtbhylamide, (7)
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malonmono-1: 3 : {-xylidide, (8) malonamide, (9} ethyl
malonate, (L0) ethyl aceto-acetate, (11) acetoacetanilide, (12)
acetoacet-o-toluidide, and (1.3) acetoacet-p-tojuidide,

That the eompounda ebtained do not contain admixed mer-
cario oxychlorides, is shown by the fact that they come uvut of
the mixture a8 white precipitates which when separated and
nnalysed were found to contain no chlerine; and at no fime
during the reaclion was any c¢hange of colour observed, Fur-
thermore, the mercury derisatives were insolcble in the ordi-
nary solvents, whereas the original amides are quite solable,

The resnltant produets deemnpose on treatment with dilute
0'25 N-hydrochloric acid giving the original amide and mer-
curio chloride, With hydrogen sulphide they react quanti-
talively giving black mercuric sulphide, Potassium icdide
decomposes the compounds forming the original amide and at
the same time liberating twn equivalents of alkali for each
melecule of the product. 1’henvlhydrazine and hydrazine
hydrate decompose the above compounds with the separation
of weinllic mercary. The above reactions clearly iodicate
tlie existence of a weak C—H 4 link .ge, which i8 usually fonad
in compounds, ccontaining mercary attached to a carbon atom
in «-position to a carbony! group,

Irom consideralions such as (s)the formation of a mer-
cury derivative from elhyl acetoacetate and eithyl malonate,
(V) the nonrupture of the (C—Hg linkage wunder conditions
which invole the rupture of N—Hg linkage (Ley and Kissel,
fer., 1899, 32, 1357 ), (¢) the Lehaviour of the resultant com-
. pounds ina way similar to those having mercury attached
to a carbon atom in  « -position to 8 carbonyl group ( Billman,
Ber,, 1102, 35, 2582; Schoeller and Schrauth, Ber, 1308 41,
2091; Detterson J, pr. Chem,, 1912, ¢, 86, 498; Schrauth and
Banerschmidt, Ber,, 914, 47 2740); (d) the quantitative de-
composition by potassinm jodide, and (¢) the formation of dibro=

momnalonamide, with bromnine as advanced in a previous com-
munication ( Naik and Patel, J. Indian Chem, Soc, 1932, 9,
135 3, the abovs constitution has Leen acsigned to the com-
pounds degeribed herein, .
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EXPERIMENTAL,

Mercurimalonmonophenylamide, (1)—Malonmonophenyla-
mide ( 1 g. ) and mercarie ¢hloride {115 g.} were dissoived in
alcohol and the solution heated to boiling in a flask, To the
hot solation was added a golation of sodinm bicarbonate (1 g.).
The solution became turbid as the compound began to separate
and there was effervescence due to the esecape of carbon
dioxide, The flask was then heated for } hour to complete
the reaction. The precipitate was then filtered hot at the
pump, washed thoroughly with the alcohol and subsequently
with water. The prodoect is insoluble in mcst of tke
ordinary organic golvents, 1t melts with deccanposition at
275.78°, ( Fouund : N, 7°25; Hg, 5328, C,H,0,N,Hg requires
N, 7-44; Hg. 53°19 per cent. ).

Action of dilute hydrochloric acid on (1),—The compound
(1) on treatment with hot 0"23.N¥-HCI went into solution wbich
when concentrated and cooled deposited ecrystals of malon-
mcnophenylamide, m. p. 164°,

Action of hydrogen sulphide on (I).—The conipound {D
{C-6039 g. ) was suspened in 30 p. ¢, alcohol and a slow current
of hydrogen sulphide gas was passed into the solution till the
precipitation of mercury as mercuric sulphide was complete,
The precipitates were then filtered throungh a Gooch crucible
and: washed repeatedly with alechol and water till free from
hydrogen sulphide and the amide formed by the decomposi-
tion of the compound, It was then washed with carlon
disulphide {20 ¢, ¢. ) and pyridine (20 c.c.) to remove the
galphur which might have been precipitated together with
mercuric sulphide, It was finally washed with alcohol and
ether to remove the adhering carbon disulphide and pyridine,
dried at 105-10° and weighed (03762 g.), ( Found: Hg',
5369, C,H,0,N,Hg requires Hg, 33-19 per cent. ),

This indicates that the decomposition of the substance with
hydrogen sulphide was guantitative.

Aclion of phenylhydmmne and hydrazine hydrate—The
compound (I) was decomposed when it was treated either with.
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phenylhydrazine or with hydrazine hydrate with the separa-
tion of grey metallic mereury which settled down.

Action of bromine on mercurimalonamide—~The mercary
derivative suspended in water was treated with an aqueous
golution of bromine till no more bromine was absorbed, The
flask waa then heated to boiling and the sclution concentrated,
On cooling orystalline precipitates of the bromo-derivative and
mercaric bromide were obtained. The precipitates were then
filtered and washed with alcoho! till free from mercuric
bromide, The residue when dried melted at 203-04°, It was
identical with the dibromomsalonamide obtained by the direct
bromination of malonamide ( Freund, Ber 1884, 17, 782),

Mercurimalonmono-o-toluidide, (II),—~This was prepared in
exactly the same way as the corresponding malonmonopheny.
lamide derivative (I). The product is insoluble in all the
ordinary organie solvents and melts with decompogition at
257-59%, (Found: Hg, 516, C,H,O,N,Hg requires Hg
51'8 per cent, )

Action of polassium dodide on (II),—The compound (IT)
(028 g ) suspended in water was treated with an
aqueous solation of potassinm iodide (L g.), Potassinm hydro-
xide was gradually liberated. After a day, the liberated potas-
finm hydroxide was titrated against 0°059N-HC1 (23:3 c. 0. ),
It was found that no more potassium hydroxide was liberated,
even on further healing the mixture, showing that the reaction
was complete in the cold.

The liberation of 1'915 equivalents of alkali indicates that
the rupture of C-Hg linkage is almost guanlitative in the cold,

Compounds sijnilar to the above have been prepared by the
intevaction of the compounds (3) to (13) with mercaric chlo-
ride in presence of sBodinm bicarbonate under identical condi=-
tions, Thess have been tabulated in the annex<d table,



Reaction products of mereuric chloride with substanczs containing the reactive methylene group.

Namoe.

M-plienylamide

M-o-toluidide
M-p-toluidide
Man-toluidide
M-oc.naphthylamide
M-S-naphthylamide .
-MA(1:3:4 xylidide
Merourimalonamide
Mercuriethylmalonate .
Mercuriethylacetoacotate ...
Mercuriacetoacetanilide
Merouriacetoacot=o-tolunidide
Meronriacetoacet-p-tcluidide

(M = Mercurimalonmono—)

Formula,

moo O
-3
o
w

JeleYoRototoXe!
X m mm
ilo“ K.

i

Q"

£2
o
aw
®

82
C,H,0,NHg
C;H,,0,NHg
C,H,,0,NHg

M. p.
( with decomp ).
275780

257:59°
27y°790
25.0
2690
2700
27.0
281,

Doas not decomposa til} 308¢
Turns brownish black above270°

230°
243-17°

A nalysis,

Found, Cale.
Hg, 5329 5319 p, o
N, 72j 7-14
Hg, 516 513
Hg, 505 a3
Hg, 509 51:3
Hg, 474 46 94
Hg, 4743 4634
Hg, 492 435
Hg, 6662 6666
Hg, 56 U1 5585
Hg, €05 60-93
Hg, 5366 5533
Heg, 51°75 514
Hg, 51-3 514
N, 39 859

The authors teke this opportunity to express their gratitude to the Government of His Highness
the Maharaja Gaekwar of Baroda, for a grant which defrayeqd the expenses incarred in the work,
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XVIlI—Properties of Conjugated Compounds. Part XIL
The Addition of Esters to Butadiene Esters and
Ketones : the Effect of Constitution on
the o< 3, =< §-Ratio.

By ErNesT HAROLD FarMER and THARORBHAT NARANJI MEHTA.

The study of ester addition is a useful means of determin-
ing the extent to which the additive mode of butadienoid
compounds s dependent on congtitutive factors. The Michael
reaction affords the advantages of fairly constant conditions
of operation over a wide range of examples, and a high
degree of stability in the end producks; consequently it seemed
possible to follow experimentally the variation in additive
mode with (1) change in the alkyl (or other) pubstituent in
the butadiene chain, {(2) modification of the activating group
aftached to the cc-carbon atom of the butadiene chain, and
(3) graduated modification of the addendum, The utility of
the process as a gource of accurate comparative data has, in
practice, been greatly diminished by the difficulty of separat-
ing. estimating, or even recognising the presence of the
isomeriec compounds which should result from the simultane-
ous occurrence of different additive modes; indeed, owing to
this difficulty, the concurrent production of both ocf3- and
o< §-eater-addition products has only recently been demon-
strated (Farmer and Mehta, J., 1930, 1610). The compounds
which should arise by interaction of the simpler butadiene
esters and ketones with common ester-or keto-addenda are for
the most part nnknown and difficalt of synthesie; consequent-
ly, separative methods offer at present the only practicable
moeang of computing the ratio of isomeric addition products.
The present paper describes sn aitempt to overcome the
experimental difficulties (compare Farmer and Mshta, loc, cil.)
enfliciently to obtsin reasonably acourate estimates ol the
o< 3, o< §-ratio holding for a number of alkylated butadiene
esters and ketones.

Of the two methods previously employed in computing
{he ratio, 11z, (@) the quantitative ep{imation of the proportion
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in which acids of the glutaric and pimelic Beries c¢an be
obtained from the calalytically reduced addition produects,
and (b) the separation of suitahble derivatives of the ozonolytic
degradation products of the respective additive compounds,
only the fivst could be succesefully applied to the product
from methyl sorbate and methyl malonate. The game
method, however, proved unsuvitable when applied to the
product from ethyl y-methylscrbate and ethyl cyanoacetate,
the presence of the Y-methyl group in the addition product
appearing effectively to inhibit the ecatalytic redaction of
£Y- and y§-double-bonded addition products under con-
veniently accessible conditions of temperature and pressare.
A similar resistance to catalytic reduction appears from recent
work to characterise the presence of a 5-methyl group in the
addition prodact; therefore, a3 no type of simple derivative
generally suited to the separatibn of isomeric addition pro-
dunets has been discovered, it has been necessary, in order to
deal with instances in which the reductive method fails, to
improve the ozonolytic method.

This method of estimation, being degradative, requires the
employment of much larger quantities of starting material
than the reductive method; moreover, the oc3-addition
products of the series yield uliimately, by degradation, acida
of the tricarballylic group which are extremely liable to
(gcape isolation, By improving -the method of extracting
these acids, whilst employing larger quantities of addition
product than formerly, it bas been. possible to increase
the total yield of separated degradation produets, but this
yield does not exceed 637/, " There i3 a possibility, therefore,
that the figures obtained by the two methods are nat
comparable, 1. e,, that the losses incurred by employing the
ozonolytic method apply unequally to the respective degra-
dalion producis of oc3- and oc§-forms., This does ‘not
appear, however, to be generally or seriously the case, since
the values of the ocf,oc§-ratio determined by the two’
prethods for the additions of methyl malonale to methy]
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gorbate and to crotylideneacetone are almost identical in each
cate. The table shows the effect on the percentage of the
cof3-addition product of () methyl substitution at the 3- and
y-atoms of the butadiene chain in sorbic ester® and () change
of the activating group from carbomethoxyl to acetyl.

Yield of Proportion

Method of ‘isolated of
Reaction, treatment.  material, Y/ oc:B-form.
1, Methyl sorbate+ (i) Ozonoclysis 60 - 9
methyl mzlonate (ii) Hydrogen- 80 7—10
ation
2. Ethyl S-meathyl- Ozonolysis 62 <7*
sorbate +ethyl :
malonate
3. Ethyl Y-methyl- (i) Hydrolysis 64 745
sorbate +ethyl and ozono-
cyancacetate lysis
(ii) Ozonolyais 76 70
4. Crotylidéneacetone (i) QOzonolysis 67 27
+methyl malonate (ii) Hydrogen- 90 29
ation.
*Farmer and Mehta, loc. cif, y

The numerical values appear to have a well-defined con-
stitutional significance. At present, however, it is difficult
'to correlate the low ratios found for the ‘§-methyl and S5-
dimethylbutadiene eaters, and the high ratios for the analog-
oul ¥§-dimethyl compound. with such detailed views on the
relative activating and modifying powers of groups erituated
at the difforent carbon atoms of the three-carbon system as
have becn expressed in connexion with the prineiple of
mobile ion tantomerism ( gee Ingold, 4nn, Reports, 1928
25, 127), Further comment on this question is, therefore,
postponed pending investigation of the way.in which the

* Methyl substitution at both S-und §-carbon atoms of
sorbic ester totally inhibits addition, so that the joint effect of
[3-and §-alkyl substitments bus been unascertainable It
seems probable [rom recorded observations .(Kohler aud
Butler, JJ. Amer, Chem, Soc., 1926, 48, 1036; Farmer and
Healey, J., 1927, 1060) that the amount of the ocS-isomeride
from the parent buiadiene ester (S3-vinylacrylic ester)
amounts gt most to one or two unitsy,
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ratio varied with changes in the activating group attached to
butadiene system. It is clear that the nature of the activat-
ing group ie not without some effect in determining the
proportion between isomeric forms of the addition product;
indeed, the alteration in the ratio consequent on change from
CO,Et to COMe is so great that comparisons between different
types of butadienoid compounds (esters, ketones, pitriles,
ete.) wounld seem to be invalidated.

It should be noted that the addendum in the instance of
ethyl Y-methylsorbate was ethyl cyanoacetate and not ethyl
malonate. Presumably the ocf,oc§-ratio of an alkylated
sorbic ester is independent of the constitution of the parti-
cular ester- or keto-addendum employed in its determination,

but the point is being tested experimentally. It ehould also
be noted that the ester additions deseribed in this eeries of
papers have all been carried out under * catalytic” condi-
tions of operation, %, ¢,, with only a small proportion of
godinam alkoxide a3 condensing agent.

HO,C.CH,.CHMe-CH,.CH,.CH,CO,H  Pr- CH<gg’ 5950
A
| AcCl
NaOBr HO,C.CH,-CHPr-CH,-CO, H
TN;OBr
HO,C-CH,: CHMe.CHg-Cﬂz -CH,.COMe HO,C-CH,.CHPr- gH
COMe
Hydrogenatmn Hydrogenation
and hydrolysis 1 and hydrolysis

(Me0,C),CH.CHMe.CH:CH.CH, .COMe
{oc§-produet) CHMe: CH CH(CH,-COMe)-CH CO,Me),
03 (o 3-product)

0 1 ]
(Me0,C), CH.CHMe-CHO 4+ CHO.CH,.COMo  {
CH,.CHO + CHO-CH(CH,COMe)-CH(CO,Me},

Cxidation and Czxidation and
bydrolysis bydrolyais
HO,C-.CH,.-CHMe.CO;H . HO,C-CHZ-CH(002H)-CH2-COM9
AcCl . \l' NaOBr
CHMe~CO
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Since the more important details connected with the
reduction and degradation of the addition produects from
methyl sorbate and ethyl Y-methylaorbate have slready been
deseribed, it i8 only necessary to refer to the method
of dealing with the products from crotylideneacetone
and ethyl [B-methylaorbate. The ocB,oc§-ratio for the
former was determined (a) by weighing the amount
of B-propylglutaric acid (isolated from its mixture with
B-metbylpimelic acid) derivable from a weighed amount of
the catalytically reduced addition product, and (b) by esti-
mating the proportions of tricarballylic acid and methyl-
succinic anhydride obtainable by the decomposition of a
weighed amount of the addition product. The stages passed
through in attaining the end products are indicated in the
scheme above,

The addition products from ethyl S-methylsorbate should
yield by degradation S-methyltricarballylic acid and methyl-
succinia acid. The latter was readily isolated, but the
presence of S-methyltricarballylic acid remained undetected.
This acid ia doubtless produced in very small amount, since
its complementary degradation produaect, acetaldehyde, is
detectable, but in view of the faect that it sbould be more
readily extraoted from the oxidation residues than tricar-
ballylio acid and that the latter has been isolated in a propor-
tion corresponding to 7Y of an ocS-addition product, there
is evory reason to believe that the proportion of o< S8-addition
produet in this instance does not exceed, and is probably
oonsidorably less than, 77,

EXPERIMENTAL

Addition of Aethyl Malonate to  Methyl Sorbate.~Tha
mixture of addition products (compare Farmer and Mehta,
loc, ¢it) (32 g.), dissolved in chloroform, was ozonised at (°
uutil no more osone was absorbed. Removal of the solvent
from the produet yielded a viscous oszonide which was gently
heated with water (40 ¢.¢.) to abont 70°, the vapours gonorate

27
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ed in the reaction vessel being swept by a slow stream of
carbon dioxide into a saturated solution of 5:3-dimethyl-
eyclohexane-1:3-diome. After & few minutes a precipitate
hegan to form in the latier soluiion; this, after being washed
with water, melted at 139° and was found to be the acetald.
ehyde derivative of dimethylcyclohexanedione (mixed m. p.
139°).

The aqueous reaction product, which gave an intence
colour with ferric chloride, indicating the presence of
formylacetic ester or its polymeride. Y-formylglutaconic
ester, was ultimately heated for 2 hours on a sand-bath in
order to decompose any residual ozonide. The aldehydic
egsters contained in the prodvet were oxidised with 30%
hydrogen peroxide (40 c. ¢.), the mixtore being kept at room
temperature with occasional shaking wuntil the product no
longer gave a coloration with Schiff's reagent {2 days). The
acid reaction prodoet, when made alkaline with sodium
carbonate and shaken with ether, -yielded no neutral (un-
oxidiged) material. The dissolved acid esters were hydro-
lysed by heating with the calculated quarntity of caustic soda
solution and then decarboxylated by refluxing for 12 hours
with approximately 20% hydrochloric acid. The resuliing
liqguor was extracted 10 times with ether, evaporated to
dryness, and the residue exhaustively extracted with ether.
The final residue was heated for some time at 130° o convert
any polybasic acids into their anhydrides, and then thorou-
ghly extracted with ether. The firtst snd second of these
extracts yielded crude methylsuccinic acid; the third con-
tained no dissolved material. Since in none of the degrada-
tions of the sorbic ester addition product previously carried
out had separation of even a small quantity of tricarballylic’
acid from the crude methylsnccinic acid been achieved by
fractional erystallisation, the whole of the acid material was
heated wilh seetyl chloride for 3 hours. Removal of excess
-acetyl chloride by distillation, and of acetic acid by keep.
.ing ihe residue .over caustic soda in a vacunm desiccator,
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yielded an anhydride which was weparated by distillation
into tweo portions, (i) b, p. 112—115%7 mm. and (ii) b. p:
220:.225°/7 mm. The firgt fraction yielded methylsuecinie
acid on boiljng with water (m.p. and mixed . p. 111%
equiv., 66), and the second, which eolidified in the receiver
(m. p. 131° after recrystallisation from acetic acid-chloro-
form), gave tricarballylic acid (m. p. and mized m. p: 160%;
equiv., 58.3) on boiling with water, Yields: methylaucecinic
acid, 9 g.; tricarballylic acid, 1.2 g.

Addition of Methyl Malonate to Crotylideneacetone «—The
additive process, The addition product was obtained by warm-
ing gontly on a steam-bath for 7 hours the mixture obtained
by adding successively methyl malonate {50 g.), sufficient dry
other to produce turbidity (about 10 c. ¢.), and crotylidenea-
cetone (24 g.) to a solution of sodinm (0.6 g ) in tha winimal
guantity of methyl alechol (about 6 ¢ c.). The produect was
cooled, poured into water, and extracted with ether, Th
dried ethereal extract yielded (i) unchanged reactants whi
distilled below 100°/18 mm,, (ii) the addition prodn
colourless oil, b, p. 170—175°/18 mm., and (iii) high-bg/®
material which constituted only a small -proportion
whole except when the additive process was und
longed. The addition product, obtained in 667/
shown as described below Lo be a mixture of

gubstancns methyl B-acetnnyLAy-pfmtene-ocx 60'@1‘”‘
-

and methyl B-methyl-S-acetyl- A Y _pentene- 5 ; ‘;‘WM’

(Found: C, 59.3; H, 7.3, C o H,.Cy reqr i H,

=)
7-4%). _ - ddition pp
Hydrogenation of addition productsf] s1oq, . °
duct (24 g.) wae dissolved in aqueougojq,] panad.ﬂnd
shoken with hydrogen in the presencfew thg [om

and gum arabic: it was necessary
several times in order to ensure

aular proportion of hydrogen, T
ed np in the usual way,
178—163°/12 mm.; yiold quan
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Acids derived from the hydrogenation product.—The
reduction product was boiled for 12 hours with 4 times its
volume of 20% hydrochlorie acid. The resalting solutwn
was firgt extracted 6 times with ether and then evaporated
to dryness, the residve being taken up in ether. From the
ethereal liquors an almost guantifative yield of syrupy
ketonie acid was obtained.

Since the ketonic hydrolysis product could not be direct-
ly resolved into its component acids, it was oxidised by
dissolving it (17 g.) in cold dilute potash solution and gra-
dually adding it with shaking t¢ a hypobromite solution
(bromine, 20 c. c.; potassiom hydroxide, 45 g.; water 250
6. ¢.). The resuiting solution, from which bromoform soon
geparated, was kept over-night, treated with sedinm sulphite,
evaporated to drynegs, acidified with hydrochloric acid, and
extracted thoroughly with ether., From the ethereal extract
a syrupy mixture of isomeric acids was obtained in about
907 yield. Separation of the acids was achieved by dis.
tillation, the portion distilling at 163-.165°/10 mm. consisting
of [B-propylglutaric anhydride admixed with a little [3-
methylpimelic acid, and that distilling at 185—200/10 mm.
consigting of [3-methylpimelic acid, m. p. 47° (mixed m. p.
47°); tha calcium salt of the latter readily yielded, on heating,
3-methyleyclohexan-l-one, b. p. 160—165° (gemicarbazone,
m. p. 191°), The [B-propylglutaric acid wae purified by
converting it into its anhydride by means of acetyl chloride
and boiling the pure anhydride (b. p. 181—183°/23 mm.)
with water; the regenerated acid, after recrystallisation from
dilute hydrochloric acid, melted at 52° (mixed m. p. 52°), and
ite anilic acid at 128° (mixed m. p. 128°). The total yield of
B-propylglutaric acid from -15 g. of the mixed acids was:
4.4 g., corresponding to a proportion of cc 3-addition pro-
ducts of 29-37.

Ozonolysis of the addy}ion product. A further portion of the
addition product (37 g)\was ‘ozonised as described above.
Considerable acetaldehyde\ was generated (dimethone, m. p,
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and mixed m, p. 139, and the agueoud recetion product gave,
a8 would be expected if an oc§-addition product were present
originally, a doep colour with forric chloride. The aldehydic
estora were oxidised with bydrogen peroxide ae described
nbove, and then heated with 157 "hydrochloric acid for 24
hours. The aqneous acid liquor was thoroughly extracted
with ether, and then evaporated to dryness, and the residuve
taiten up in- ether. The dried ethereal liquors ylelded an
acil syrup which was heated with acetyl chloride for 3 hours,
and then, after removal of the reagent and acetic acid, dis-
tilled, giving methylsuccinic anhydride, b. p. 113-120°/10
mm., and acetonylsuccinie anhydride, b. p. 200—~210%/10 mam,,
a8 colourless oils. The former wad identified by eonversion
inte the anilic acid (white crystallive powder, m. p; 156%
Kohler and Butler, J. Amer. Chem. Soc,, 1926, 48, give m. p.
147°. Found : C, 63.55; H, 61. Cale. for Cy,H,,0,N:
C, 63.4; H, C-B%) and inlo methylsucelnic acid (eolourles
prisms, m. p. and mixed m. p. 111°; equiv., 66); the aceton
succinie anhydride, which could not beinduced to crystal
ur give a semicarbazone, n nitrophenylhydrazone, or a

stalline specimen of ita- acid (Emery, J. pr. Chem.. 18 t'

into tricarballylio acid (m, p. and mixed m. p.
converston was accomplished by the aetion

Addition of Ethyl Malonate to Ethyl [8tance iy
Ethyl B-methylsorbate. The preparation o
pure condition and good yield is diffiot
showed that, in the ususl method
ethylideneacetone and ethyl bromona
and Ingold, J., 1929, 2029), (1) hief;rormatsk,-
employ excess of the ketone in th aote 8ve beep
reaction, and (2) of the numero » the &ctjon
applied to dehydration of Re
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of thionyl chloride is preferable in this instance. The
hydroxy-ester (85 g.) (ethyl ﬁ-hydroxy-ﬁ-methyl-ay-hexe-
noate) is dissolved in pyridine (10 g.), and into the solution,
cooled in a freezing mixture, thionyl chloride (354 c. ¢.)ia
dropped slowly with shaking; the produect is kept at room
temperatare for 3. hours, then poured inta water, and worked
up in the nsuil way. The conjugated ester, b. p. 115—116°/36
mm,, is thus obtained in 64}/ yield (Found: C, 63.7; H, 8.9,
Cale. for C4H,,0, : C, 63.6; H, 9-17/). ‘

The additive reaction. Ethyl malonate (50 g) wag added
to a solution of sodiom' (0.5 g ) in. ethyl alcohol (7 c. 0.).
Ether (about 10 ¢, ¢.) and the conjugated "ester (23 g.) were
then added, and the mixsture heated in a steam-bath for 7
hours. The reaction product, worked up in the wnsunal way,
gave unchanged reactants and a colourless oil, b. p.
170—175°/10 mm. Tho latter proved to be a mixture of
ethyl B-mthyl-Ay—hexenéaté«ﬁ-malonate ‘and athyl B§-dime-
thyl A B—pmrtene-ocg s -tricarborylate (Found: C, 61.0; H, 83.
0, ¢H,60¢ reguires G, 61.1; H, 8.3%). Yield, 39—42%. The
Teduction of this mixfure (in the presence of colloidal palla-
dium or platinum) was atnempted but at room femperature

only very gmall amounts of bydrogen were absorbed under
1or2atm.

Ozonolysis of the ad(htwn product. The operation was con-
ducted ag previously deseribed. The addition preduct (36 g.)
gave a very viscous ozonide which decomposed to form ace-
taldebyde {dimethone m. p. 139°) and a mixture of aldehydic
e3ters. The Jattgr, which gave the expected deep colour with
ferric chloride due Yo the presence of acetocetic ester, were fur-
ther oxidised with hydrogen' peroxide (see above) and subseqa-
ently hydrolysed with alkali acrd daecarboxylated by boiling
with 207/ hydrochleric acid for 12 hours ( direct hydrolysis
with hydrochlovic "acid caused gross decompos'ition
through charring 3, From the hydrolysis prodact an acid
syrop was oiitaine@ which wag immediastely converted by
acteyl chloride into a mizture: of anhydrides. This distjlled,
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with the exception of a few drops of high-boiling material,
at 115—120°/10 mm. and conaisted almost entirely of methy-
lsuccinic anbydride. The anhydride was converted into
methyleuceinie acid (m. p. and mixed m. p. 111°), the total
yield being 9.4 g. (627/yicld); no [B-methyliricarballylic acid
derived form an ocfB-addition product was isolated, and
repctition of this experiment, with careful examination of the
methylsuceinic acid_‘,' failed to establish the presence of the
former acid. '

The oc Bioch-Ratio of the Addition Products from Ethyl
Cyanoacetate and Ethyl y-Methylsorbate,—~The method previ-
ously employed in attempting to determine the composition
of the addition produect from ethyl Y-methylsorbate (Farmer
and Mehta, loc.. cit,) was modified as deseribed in () and
(b)) below, By this meand independent approximate estim.
ates of the oc 3, oc§-ratic were obtained.

{2) The addition produet, b. p. 130—~125°/18 mm. (20 g.),
wad dissolved in concentrated sulphurle acid (50 g.) and ke
over-night. The solution was diluted with water (120 c.
and then refluxed for 9 hours on asand-bath. Thehydro

product, a mixtute of B)ﬂdimethyl-Ay-pentene-xi
boxylic acid and [S-isobutenylglutario acid, was eff,
with ether and worked up in the usual way. Yield
acid mixture was ozonised, and the -ozonide dec

acid (2 g.),b. p. 140—150°/20 mw., and (2) thompare
(3-acetylglutario acid (7 g.), b. p. 200—210°{2Qfrtiong of
Farmer and Mehta, loc, cit, p. 1615). Tlfnitially of
these substances corresponded to the pon product,
25.5/ of the oc§-and 74.59% of the ofosition prog.
On this basis the total yield of the pur
ucts was 64.3%, iginal additiop

() Ozonolytic decomposition /ed above, T,
produet ( 15 g.) was carried ouifFDerly employeq
subsequent procedure differed fr,
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of thionyl chloride i3 preferable in this instance. The
hydroxy-ester (85 g.) (ethyl B-bydrOxy-B-methyl-Ay-hexe-
noate) is dissolved in pyridine (40 g.), and into the solution,
cooled in a freezing mixtare, thionyl chloride (334 ¢, ¢.)is
dropped slowly with shaking; the produet is kept at room
temperature for 3 hours, then poured into water, and worked
up in the wsual way. The conjongated ester, b. p. 115—-116°/36
mm., ig thos obtained in 647, yield (Found: C, 63.7; H. 8.9.
Cale. for C4H,,0, : C, 63.6; H, 91/) '

The additive reaction, Ethyl malonate (50 g.) was added
to a solution of sodium (0.5 g) ' in ethyl alcohol (7 e. e.).
Ether (about 10 ¢, ¢.) and' the oonjagated ester (23 g.) were
then added, and the mistare heated in a steam-bath for 7
hours. 'The reaction product, worked up in the usunal way,
gave unchanged reactants and a colourless oil, b. p.
170—175°/10 mm. -The latter proved to be a mixture of
ethyl B-nwthyl-Ay—]ze.renéaté-ﬁ-malonate and ethyl $§-dime-
thyl- A B-pentene-ocg s -tricarborylate (Found: C, 61.0; H, 83.
CyH,60¢ requires C, 61.1; H, 8.3%). Yield, 30—42%. The
Teduction of this mixture (in the presence of colloidal palla-
diom or platinum) was attempted, but at room temperature

only very small amounts of bydrogen were absorbed under
1 or 2 atm.

Ozonolysis of the addetwn product, The operation was con-
.ducted ag previously described. The addition product (36 g.)
gave a very viscous ozonide which decomposed to form ace-
taldebyde (dimethone m. p, 139°) and a mixture of aldehydic
e3ters. The latter, which gave the expected deep colour with
forric chloride due to the presence of acetocetic ester, were fur-
ther oxidised with hydrogen-peroxide (see above) and subseqa-
ently hydrolysed with alkali acd decarboxylated by boiling
with 20%h3dr0chlorie acid for 12 hours ( direct hydrolysis
with hydrochlori¢c "acid caused gross decompos'ition
through charring . From the hydrolysis product an acid
syrop was obitained swhich was immediately converted by
acteyl chloride into a mixture: of anhydrides, This -distilled,
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with the exception of a few drops of high-boiling material,
at 115—120°/10 mm. and consisted almost entirely of methy-
lsuccinic anhydride. The anhydride was converted into
methylsuccinic acid (m, p. and mixed m. p. 111°), the total
yicld being %1 g. (627/yicld}; no B-methyltricarballylic acid
derived form an oc[3-addition product was isolated, and
repotition of this experiment, with careful examination of the
methylsuceinic acirlj.r failed to establish the presence of the
former geid. '

The ocB.ocs-Rmtib of the Addition Products from Ethyl
Cyanoacelate and Ethyl ¥-Methylsorbate—~The method previ-
ously employed in attempting to determine the composition
of the addition product from ethyl Y-methylscrbate (Farmer
and Mehta, Joc. cit.) was modified as described in (a) and
(0) below. By this means independent approximate estim-
ales of the ocf3, oc§-ratio were obtained.

(@) The addition produect, b. p. 190—195°/18 mm. (20 g.),
was dissolved in concentrated sulphurle acid (50 g.) and kept
over-night., The solution was diluted with water (120 e. ¢.)
and then refluxed for Y hours on asand-bath. The hydrolysis

product, a mixtare of Sy-dimethyl- Ay-pentene o>c = -dicare
boxylie acid and [3-irobutenylglutaric acid, was extracted
with ether and worked up in the usual way. Yield 907/. This
acid mixture was ozonised, and the ozonide decomposed as
provionely deseribed.. The decomposition produnets were
extracted with ether and, distilled, giving (1) S-methyllevulic
acid (2 g.yb. p. 140—150°/20 mm., and (2) the dilactone of
B-acetylglutario acid (7 g.). b. p. 200—210°/20 mm., (compare
Farmer and Mehta, loc, cit, p. 1615). The proportions of
these substances corresponded to the presence initially of
25.5/ of the oc§-and 74.5%, of the ocf3-addilion product,
On this basia the total yield of the pure dacomposmon prod-
uots waa 64.37. .

() Ozonolyt:c decomposition of the original addition
product ( 15 g.) was carried out as described above., The
subseguent prooedure differed from that formerly ,employed
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by the authors «(loc. ¢if.) in that the ketonic esters first
produced (ethyl oc-cyano-S-methylizvulate from the oc§-and
ethyl oc-cyano-3-acetylglutarate from the ocB-addition
product )} were not converted for purposes of estimation into
subatances {1) and (2) [see (a)above] respectively. The esters
differed sufficiently in .b. p. from one another and from

the original addition -product to allow of reasonably good
fractionation, It being assamed that these [ractions

were homogeneous, the ccf3, oc§-ratio of the original addition
prodocts was 7 : 3; on this basis the yield of isolated decom-
position products wag 767/. The ketonic esters were subse-

quently shown to be respectively convertible into the acid
and dilactone named above.

The authors desire to thank the Government Grant
Committee of the Royal Society and the Chemical Society for
grants which have defrayed a considerable part of the
cost of the investigation.

Imperial College of Science and Tachnolyy,
London, S. W, 7
(Reprinted from the Journal of the Chemical Society, 1931.)
XXIX.—Properties of Conjugated Compounds. Part
XIIl. The Michael Reaction and the Manner
of Formation of Certain Saturated
Double-addition Products.
BY ErxgsT HAROLD FABMER and THAKORBHAI NARANJT MEHTA

As a consequence of the authors’ demonstration that a
plural mods of attachment of ester-addenda to butadiencid
compounds could obtain (J., 7930, 1610", it secmed probable
that a detailed study of the counrse followed by tbe Michael
and other allied reactions which proceed in alkaline solution
could unltimately give umnequivoeal information as to the
order of eventa in thess reactions and consequentiy ag to the,
mechanism of an important type of nnsymmetrical addition
and the manner of polarisation of cobjugated esters. If,
during addition, [the -anionic component of the addendum

were the first to become attached, the resulting eystem -
could be protoiropic (A) or non-tantomeric (B):
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A,
R.CH.CH.CH:CH.CO,R’ R.CH:CH.CH.CH.COQ,R’

| — | =
(A) CH(QO,R"), CH(CO,R"), (B)
in the former case the completion of addition could yield a

A .or A B—form of an oc§-addition product (in most cases,

probably, the latter almost exclusively in view of the relative
aclivating tendencies of the graoups attached ito the proto-
tropic system) and in the latter case an ordinary ocB-addi-
tion product, This.means that the complex anions necessarily
formed intermediately covld not be in equilibrium with one
another, 80 that there is no possibility of oc 3, o §-isomeris-
ation except via the retrograde Michael reaction, thus: oc -

Product G__B Reactants ;_':)_ ocf-Product. If, on the other

hand, the kationic component firat became attuched, the
resulting system would be anionotropic,

p—Pe P e,
R.CH:CH.CH.CH,-CO,R R-iH-CH:CH-CHz-CO,R
+

so that a direct mechanism for the production of isomeric
forms akin to the mmechanism of bromination would be
provided, Both views have been put forward in connexion
with the addition of unsymmetrical addenda to mono-olefinic
caters nitriles and ketones. It id imporiant to note, however,
that if the initiation of oc§-ester addition to butadienoid
compounds js dependent on the appearance of positive pola-
rity on the %-carbon atom of the butadiene chain, then
polarisation of the Thiele type is efectively produced before
roaction eommencos, '

In the preceding paper consideration has been given to
the ratio in which o-3- and o< §-addition products are formed
from varions buladienoid esters and ketones: the resulls
whioh have heer: obtained do not give clear and definiie
support to the view that an anionotropie mechanism detere
mines the additive ‘mode. There is, however, a series of
observations ou record which seem to indicate that a con-
sidoration other than the simple ones outlined above may

28
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enter into the problem relating to the formation of ester (and
allied) addition produects.

It was shown by Bechert (7. pr. Chem.,1894,50,13) and Hior-
ichsen (Annalen, 1904 336, 339) that cinnamaldehyde reacts
with cyanoacetic ester and with malononitrile in the presence
of a few drops of alcoholic sodinm ethoxide to yield c¢inna-
mylidenecyanoacetic ester, Ph.CH:CH-CH:C(CN)CO,R, and
cinnamylidenemalononitrile, Ph-CH:CH.CH:C(CN),, respecti-
vely; later it was shown by Meerwein {dnnalen, 1908, 358.
71) that cinnamaldehyde eondenses with methyl malonate in
the presence of a molecular proportion of sodinm methoxide
to yield a saturated trimalono.compound which could reason-
ably be represented as the double-addition .product .( 1) of

Ph.CH.CH,—-CH-CH,-CO,H

Ph-CHX.CH,-CHX.CH(CO,R), E}H,-COQH I01:13-(302]5[

(L) (Iv.)
Ph-CH:CH.CHX-CH(CO,R).; CH, <CHPh—CH2

(IL) co—-—cq,>CHCH,-
.C0, H

Ph-CHX.CH:CH-CH(CO,R), (V)
(1T Ph.CH,.CHX-CHX.CH(CO,Et),

[X =CH(CO,Et),] (VL)

cinnamylidenemalonic  ester, Ph-CH:CH.CH:C-( CO,R ;..
The tendency to the formation of this compound was so
great that even when strictly molecular amounts of
the reactants were employad it still appeared—mixed with
unchanged cinnamaldehyde but unaceompanied by igolable.
amounts of cinnamylidenemalonic ester or either of the
simple additiom products thereof (II and III ). The
constitution assigned to the saturated addition product
rested on its hydrolysis to a fribasie acid represented as
(IV), which in turn was oonvertible by the action of
godium on its ester, followed by hydrolysis, into a cyclic
keid-apid represonted as (V).

Now the formation of' a double-addition product of this
kind could be explained by asqnming the steps : (1) the
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formstion of cinnamylidenemalonic ester, (2)the formation
of ancc§-addition-produet (1IT) which subgsequently suffered
BY, c<3-double bond displacement, and (3) the addition of
anolher molecnle of malonic easter at the. oc3-double bond
of the resnlting compoand (compare Meerwein, loc. cit.,
p. 338). The oorreatnesa of this .view was, however, at
least open to doubf, for although a simple ester-addition
product of cinnamylidenemalonic  ester bad never
been obtained! ( consequently the possibility of r_éﬁlisihﬁ
the postulated oc§-addition bhad not. been tested);- yet
there was evidence to show that in the paralled reaction
with potassium cyanide the same conjugated ester 'yielded
first an ocG-addition product, Ph-CH:CH.CHKCN)-CH\CO,Et),.
and then asaturated double-addition product representable ag
Ph.CH(CN).CH,.CH (CN).CH(CO,Et), ‘
(Thiele and Meisenheimer, Annalen, 1899, 306, 252). It the
monoaddition product in the latter instance were indeed
wholly of oc3-type, then the representation of additive mode
88 dotermined by mobile ion tautomerism (of either type) in
the simple manner envisaged ubove would bocome impossible
of aco:ptance so far ag oster addition is concerned. Although
it i8 by no means certain from the published evidence that
the ocQ-hydroeyanide referred to was unaccompanied by an
jsomeric oc§-product, or that the corresponding double-
addition product was unaccompanied by one or both forms
of the mono-addition product. there was, however, another
possibility to consider, viz., the formula reasonably assigned
to the doubleaddition product was incorrect and ought to be
replaced by the only alternative formula (VI) which could
correspond with Meerwein’s observations A substance of
this formula would of conrse give cyclopentanone- instead of
cyclubexanone-derivatives on cyclisation, but i;s formation
would be dependent on the cccarrence of rearrangeme}:t of

1 There is litile doubt that Knoevenagel and Herz's &llegud cinnam-
ylidooedinulonio ester, prepared by condensation of cionamaldebyde and
malouic ester in the presence o piperiding (Ber., 1904, 37, 4483), was
petually cinuamylidenemalonje gster (Meerwein, loc. cit., p. 336),
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the first-formed oc3-addition product whereby the malonie
‘ester group became traneferred to the Y-carbon atom,

Ag the manner of hydrogen cyanide addition to e¢innam-
ylidenemalonijc ester and other conjogated compounds was
already under investigation in connexion with another series
of experiments, the anthors thought it advisable to examine
the reac_tivity of crotonaldehyde towards malonic ester. The
formation of crotonylidenemalonic ester under the condensing
action of piperidine had been effected by Meerwein (Joc. cit.),
but the preparation of crotonylidene-dimalonic ester (VII)
had not been accomplished. Farmer and Healey had unsucec-
essfnlly attempted to prepare the latter compound and the
corregponding cyanoacetic egter addition produet by addition
to crotonylidenemalonic ester (J., 1927, 1065), and the
present authors in renewing these attempis have found that,
although some condengation e¢an be effected betwesn croton-
aldehyde and malonic ester in the presence of a few drops
of sodium ethoxide solution, the product is complex and
cannot be satisfactorily fractionated; on the other hand, they
have found that the interaction of the two substances in fhe
prasencia of a molecular proportion of sodium ethoxide yields
very readily an analogune (VIII}of Meerweoin’s double-addition
compound (I). The behkaviour of this substance (which
appeared to be quite from crotonylidenedimalonic ester or
its oc§-isomeride) paralleled that of Meoorwein’ds compound.
It yielded by hydrolysis a tribasic acid (IX), and to some
extont a cyclised derivative thereof. The latter compound
(X) was also obtained by submitting the ester of (VIII) to the
Dieckmann reaction and hydrolysing the solid ketonie ester
go obtained, to which one of the formule (XI) and (XII)
should apply. ' )
CH,.CH:CH.CHX.CH(CO,Et), CH,.CHX.CH,.CHX.CH ‘CO,Et),

(VIL) (VIII) ‘ .
CH, CH CH,—CH CH, CO H CH,< CEI\Ie—CH,\CH CH,.CO,T1

CH,.CO,H CH, CO,H *<C0——-CH,”
(IX) (X)
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CHMs CHMe
/N LN
¢H, cH, KMo,  CH, OH,
t L
(XL) ¢0 CH.CH,COEs ™  (0,H CH.CH,.CO,E
N/ X
CH.CO, Et. C0:CO,Et
CHMoe '

/N
x1r)  Et0,0:CH CH,

0 CH. cﬂz-ooth .

N/
CH,

[X= CH(OO,Et),]

Adtually the former formula was correct, since the Dieck-
mavon reaction product gave G-methylglutaric acid and oxalie
acid as the final products of oxidation with permanganate;
it followed algo from the fact that B-methylglutaric rcid was
obtained that the formula (VI), as representing the original
dotible-addition product, was finally confirmed, since the
Dieckmann reaction product from (VII) should have yielded
sthylengcinic acid.

The formation of the satarated donble-addiiion compound
from eorotonaldshyde and malonic ester thus constitutes the
third known example of this type of additive reaction.
Preliminary experiments on the addition of malonie ester to
gorbio ester in the presence of a molecular proportion of
#odium . ethoxide indicate that a saturated double-addition
gompound is formed in this example also. It seems clear,
therefore, that although reaction c¢an proceed direct from
aldehyde to double-addition product in one operation, it,
neod not necessarily do go, but can atart from the butadiene
ester; in all oases, however, the employment of the sodinm
enolate of the addendum is necessary. It ie a remarkable
fact that in the formation of double-addition eompounds
from both cinnamylidene-and crotonylidenemalonio ester it
had not been possible to arrest reaction at the stage inter-
mediato betwesn the [ormation of the butadiene ester and the
donble-addition compound. (Iu al of the pumerops addi-
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tions to butadiene esters under “ecatalytic” conditions which
have been studied, reaction appears to cease at the stage of
simple addition). ‘

The conditions and manner of formation of donble-
addition gompoands will be further investigated, but there ia
little doubt that radical-migration plays no part in their
production, Therefore, sinee there is no appearance that the
proportions in which ocf3- and oc§-addition products are
formed are purely fortuitows, the experimental evidence in
favour of butadienoid polarisation of a conjugative type is
strengthened in direct proportion as the evidence of an
apionotropic relationghip between isomeric addition pro-
ducts is weakened.

EXPERIMENTAL,

Condensation of Ethyl Malonate with Crotonaldehyde.—(2)
. With a fractional molecular proportion of sodium ethowide at
0°, Condensation under these conditions procecded to some
extent, bui the condensation produmet was obviously not
homogeneons and conld not satisfactorily be resolved into
its eomponent compounds by fraciional distillation.

(b) With & molecular proportion of sodium ethoxide,
Freshly distilled crotonaldehyde (98 g.; 1 mol.) and cthyl
malonate (192 g.; 3 mols.) were mixed and cooled in a frec-
zing-mixtare. A solution of sodinm ethoxide (9.2 g. of
godiam in 140 c. c. of absolute alcohol) was gradeally added
duricg 1 hour, the temperature not being allowed to rise.
The golution, which had become ye}low and viscous, wag
. kept for 3 hours at room temperature and then diluted with
a large quantity of water. The alkaline liguor was extraeted
with ether to remove the neuntral prodacts of reaction: these
consisted of unchanged ethy! malonate snd a very small
quantity {too small to allow of identification) of an oil, b. p.
140—150°/13 mm. The mother-liguor, after acidification
with the calenlated quantity of hydrochloric acid, yielded an
acidic reaction product on extraction with ether. This.
gubstance, obtained as a colourless viscous liquid, wag
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immediately hydrolysed by boiling with 35% hydrochlorie
aold for 30 bours. The acid obtained by extracting the
product with ether was a thick viscous oil which began to
golidify after standing for some days in a vacumm desiccator
and became completely solid after being kept for 3 months
with occasional seratehing of the containing vessel and tri-
taration with common organic rolvents. In latéer experi-
ments it was found advantageous io esterify the hydrolysed
product directly by dissolving it in alcohol and saturazting
tho solution with dry hydrogen cbloride; the oily produect
obtained could then be easily feparated into two compounds,
(i} a colourless cil, b. p. 140°/11 mm., and (ii’ a colourless oil,
b. p. 187—188°/11 mm. The former of thess was ethyl
1-methyleycloheran-3-one-5-acetate, which was later obtained
(see below) jn a different way; it yielded a semicarbazone
_{colourless prisms, m. p. 152°, from ethyl acetate. Fonnd:
C, 56.3: H, *2. Cy,H,,03N; requires C, 56.4; H, 837%).
The latter compound was ethyl [B-methylpimelate- 3 acelate
(Found: C, 61.0: H., 8.7. Cy4H,404 requires C, 60.7; H, 8.9%),
which yielded on hydrolysis with hydrochloric acid pure
B-methylpimelic- B’ acetic acid in almost quantitative yield. The

acid was obtained in colourlesa eubes. m. p. 1300, after cry-
gtallising in turn from ether-petroleum and acetone-chloro-

form (F'ound: equiv., 77. Cale: equiv., 77.3), and from the

acid the corresponding crude anhydride was obtained asa
non-golidifiable liquid by boiling with acetyl chloride. By

saturating an alooholic solution of the acid with hydrogen
ohloride at 0° ethyl B-methylpimelate-3'-acetate was re-
generated in very pure condition (Found: C, 60.5; H, 8.77).
Ethyl 1-Methylcy clohenan-3-ons. 4-carbonylats-5-acetats —
Sodium (6-2 g.) was pulverised under xylene, and the
xylene replaced by benzene. To the suspension, ethyl
B—lpethylpimelate-B‘-acetate (42 g.) was added, and the mix-

tare hoated to {0° in au oil-bath. A vigorous reaction ensied
which was completed by heating the product for 5 honrs at

100°. The jelly-like sodiunm derivative was decomposed with
fce-cold 107/ sulphurioc acid, and the derived ester extracted
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.with ether. The ether-benzene liquor, freed from a small
.amount of acidic material by shaking with sodiom carbonats,
wag dried and distilled. It yielded pure ethyl l.methylcyelo-
hezan-3- -one-d-carboxylale-d-acetate as a colourless oil, b.p.
170—172°/11 mm., which solidified after several days and
gave colourless needleg, m. p. 47°, on recrystalligalion from
light petroleum (Found: C, 62.1; H, 83. C,,H,,0; reguires
C. 62.2; H, 827/). Yivld, 759/. No remicarbazone of this
strongly enolic substance could be obtained; the phenylhydfm.
zone crysiallised from aleohol in long peedles, m. p. 111°
(Found: C, 66.5; H, 7.8. Cy0Hy50(N; requires C, 666 Hy
7.8/, but decompoted on keoping.

1-Methyleyclohexan-3-one-5-acetic Acid.—Ethyl 1-methyl-
cyclohexan-3-one-4-carboxylate-5-acetate was boiled with equal
.volumes of alcohol, hydrochloric acid, and water for 3 hours,
.the free alechol wag then expelled, and hydrolysis continued
‘fo'r 12 hours,, The product was neutralised and traces of
_residual neutral material were removed by extraction with
ether, - From the alkaline liguor an oil was isolated which
,sohdlﬁed after distillation (b, p. 185°/9 mm.). This crystal-
lised in long colonrless needles, m. p. 77°, from petrolenm
(Found: C, 63.7; H, 81, CzH,,0; requires C, 63:5; H.S-?%).
‘The corresponding silver salt was obtained as a white
powder {Found: Ag, 39.1. CyH,,0,Ag requires Ag, 39.0%)),
the semicarbazone separated from methyl alcohol a8 a white
orysl;allme powder m. p, 218 (Found: C., 52.6; H, 7.5
010H 703N3 requires C, 52.8; H, 7.57/); the ester obtained
by warming the gilver salt with alcoholie ethyl iodide wasa
colourless oil, b p 144“[13 mm., obvmusly ldentlcal with
(Found C. 68 5; H, 9.1. C,_,_H1803 requires C, 66 6: H, 9:157/),
since it yielded a Barmcarbazone, m. p. 152°, identidal with’
that previously obtained (Found: C, 56.3; H, 8. 34)

Oé':‘;.'ddﬁon,,qf Ethg)l l-Mqthylcyclohe.z:an-3-0ne-4-0arborylate.~
5-acetate~~To an ice-cold suspension of the ester in very.
dilute agueous caustic potash, 37, permanganate golution
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equivalent to 7 atoma of oxygen was slowly added, with
rapid stirring, The solution was kept over-night and then
the small amount of residual permanganate was reduced by
addition of a little hydrogen peroxide. After removal of the
panganese mud, the solution was concentrated, acidified, and
extracted with ether; the residue left on evaporation of the
mother-ligunr to dryness was algo extracted with ether. The
firat ethereal extract yielded a water-soluble oily acid, partial
golidifiation of which set in after inoculation with 8 crystal
of [-methylglutaric acid. This golid portion was drained
on a poroud tile, and the dry solid extracted ic turn
with benzene, chloroform, and ether. The The benzene
extract yielded crystals of [(-methylglutaric aeid which
after reorystallising -in turn from benzene and ether-
petroleum melted at 87°, and did not deprees the melting
point of an authentic sample of the acid. The chloroform
contained an acid which was extremely difficult to recrystal-
lise, but this on further oxidation with permanganate yielded
f-methylglutaric acid. The ethereal extract on concentra-
tion deposited crystals of oxalic acid, but a much larger
quﬁnti;y of the same acid was obtained on evaporating the

ethereal extract of the solid residue (above). It was foand
that ohromio acid yielded gummy oxidation products differ-

ing greatly from those here described.

‘The anthora desire to thank the Government Grant Com-
mittee of the Royal Society and the Chemical Society for
grants which have defrayed a portion of the cost of the
investigation,

The Impoarial Collegs of Science and Technology,
Loadom, B. W. 7.
( Reprinted from the Journal of the Chemical Socicty, 1931. )

XXX —Chimie Physique.—Couleur et comportement

chimique dans la serie cinnamique. Note (1)
Di Mme RaMarT-Lucas et M. TrivEDI, :

L'un de nong a insists sur ce que le comportement chimi.
que (énorgies ot vitasses de rémction) d’un chromophore,
introduit Jane un oarbure saturg, doit changer em mgme
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temps que 1'stat interne du chromophore, ¢t par suite, en
mame tampa que la couleur intreduite par ce chromophore;
ot sur ce que, quand cet état interne reste le mame (la couleur
étant done la mame), les égnergies de réaction du chromophore

A sur un auntre groupe B ports par une antre molécule doivent
étre les maémes. ainsi gue probablement les vitesses de reac-

tion (sanf géne stérigque apportse éventnellement par enronle-

ment dans le cag de trégs longues chaines). En particulier,
puisque dans une série homologue telle que H. A, CH? A,
CH3, CHE2. A, ete. la coulsur ne change pratiguewment plus

4 partir du troigigme terme (ce qui veut dire yue A est de

moing en moing altérs par l'allongement de la chaine) le
comportement chimiqae, en ce qui regarde A, sera pratique-

ment le mgme 3 partir du troisiéme terme (2), Plus générale-

ment et en abrégé: quand un chromophore A introdnit une
méme couleur dung diverses molécules par ailleurs absolu-

meut gueleongues, elle doit avoir méme comportement chi-
mique par rapport 5 un groupe B fixé sue wune autre

molécule (). .

Ces prévisions se sont déja trouvdes virifides dans la
plupart des sgries homologunes & chaine normale pour les
réactions jusqu'ici ¢tudides: vitesse d'estérification des acides,
de saponification des esters et des amides, vitesse de réaction
des amines avee 1'iodure d’allyle et avee 1e malonate d’éthyle,
vitesse d’oximation des cétones CH.CO.(CH).CH, éte.

Soit maintenant une moléeule possidant plusiewrs chromo-
phores liés directement: A, B, C, D; ils exercent upe influence
mutbuelle qui contribue de facon parfois trés importante 3
déterminer leur état intérieur. Si nous fixons un groupe T
sur A par exemple, 1'état de ce dernier changera, il en
resultera une modification du {(couplage)) de A et B, par
suite 1’état intérieur de B ne sera plud le méme, ce q_ni anra
pour conséquence une variatian du (( conplage )Y de-Bet C, .
ete. En sorte que ’on peut préveir que I'introduction dq T

-~ r1) Séance du 2 novembre 1932,
(2) Mwe Ramart, Comptés rendus, 194, 1932, p. 726, ]
(3) Mme Ramart, Bull. Soc. chim., 4e gérie, b1, 1932, p. 343,
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gur A anra pour effet non senloment de changer I'état
intérienr de ce dornier, mais aussi celui des autrea chromo-
phoras.

Considérons I'acide c¢innamique C8HS%CH =CH.COOH ou
V'un de ses dérivés. D’aprés ce qui précide toute substitu-
tion sur l'un des chromophores, qui aura pour effet d’en
modifer 1"4tat intériear, doit auasi changer 1'absorption et le
comportement chimigue des autres puisqw’ils s’infilnencent
tous mutusllement. Nous avons é4tudié I'absorption des
aoides, esters, amides méthylsinnamiques et la réactivitd des
groupes fonotionnels acide, amide, ester. Nous avons con-
#taté que V'introduction solt en position @, soit en position
B-d'un groupe CH® (qui n'introduit par lui-méme aucune,
couleur) change 3 la foig notablement et 1’'sbsorption de la
molécule vt la réaclivitd du group fonectionnel : acide, sster
ou amide,

Le spectre d’absorption de 1’acide ecinnamique (et de ges
dérivés ester, amide) est formé de deux fortes bandes: le
maximum de ]a premiére est situé vers L=2080. logs =425,
la scoonde se prolonge dans l'aliraviolet plug lointain,

L'expépience nous & montré que si I'on compare 'absorp-
tion des dérivés cinnamiques et celle de leurs dérivég
mathylds, on observe, pour ces derniers, 4 la fols une
diminution de I'inlensité d’absorption et un déplacement des
bandes vers 'ultravivlet. En sorte que la modification de
gouleuar se traduit par une diminution de I’'absorption
générale, Le phénoméne g'accentue quand on passe du dérivé
cinnamique 3 'ca-méthyl pois an S-mithyl et enfin aa.deriva
dimdthyleinnamique.

D'outre part, nous avous constaté que, pour toat dériva
méthyleinnamique Ja réactivité chimigque est notablement
plus faible que celle du dérivé non substituéd correspondant,

- Lua quantités d’ester formées en chauffant los acides avee
de l'ulecol abaolu en tubes scellés (sins catalyseur) pendant
8 heurcs 2 100° eont indiquées dans la colonne I. Les pro-
portions d’ester ot d’amide bydrolysés par chauflage en tubeg
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scellés 4 100° (pendant 4 heures pour les premiers et 4
heures et demie pour les seconds) avee de I’alcool contenant
0,05 molecule de HC1 au litre se trouvent dans les colonnes
II et II1.

L IL 111
. (Pour 100 d’acide (Pour 100 d'ester (Pour 100 d'amide
Darivda: éthérifié), hydrolyse), hydro’yate).

Hydrocinnamiques ...... 22,09 47,64 37,0
Cinnamiques ........ veranse 14,55 36,40 30,10
B-Mééthylcinnamiqueu 12,18 36,0 30,0
oc-M2thylcinnamiques 9,37 330 29.4
oc, 3-Diméthylcinnamiqnes— 28,5 —_

La diffsrence entre les vitesses de r¢action trés notable
pour les acides est plug faible pour les esters et surtout pour
les amided; mais pour ces denx g¢ries, la présence de HCl
comme catalyseur peot modifier I’allure du phénoméne.

L'influence paralysante du groupe CH?® en position S
g’explique par le fait que ce radical modifie 1’stat interne dun
gronpe C6HS.CH (on sait que C8H3.CH =CH?2, C5H5.C =CH?2,
CéH3.CH =CH.CH? | :

CH®
n'ont pas la méme couleur) et par guite Vaction mut-
ue]le qui 8'exerce entre les radicanx C®HS5. CH=CH ot COOH
{I’ester ou I’'amide). Lorsque la substitution a lien en cc deux
effets se superposent : I'nn d’eux concerne la modification de
CsHS5, CH=CH laqulle se répercute sar COOH et I'autre qui
provient du couplage des groupes CH?* et COOQH gui sont
fix¢s sur le mgme carbone.

En rgsumé : les groupes CH? -qui par eug-mames sont
"incolores dans I'ultraviolet nioyen-at n’ont qu'one trgs faible
réactivité chimigque modifient nutablement 3 1a fois la coulen?
de la moléenle et 1a réactivits c¢himique des fonctions acide;’
ester, amide, lorsqu’ils sont introduits dansg la chaine des
derivés cinnamiques,

(Extrait des Comptes rendus des seances de 1 Academie des Sciences,
t 195, p- 783, geagce dq 7 sovembre 1932)
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XXXI—The Principles Underlying Aromatic Side-
chain Reactivity from the Standpoint of the
Electronic Theory of Valency.

By CaristorHER EELE INGOLD AND CHATURBHAI
BHARXKEBBHAT PATEL.

1. Historioal : Primeiples of Correlation and Inversion.

Recent work on the effect of nuclear substituents on
reactions in the side-chaing of Lenzena derivatives had led to
generaligations which pave the way to a theory of aromatio
Bide-chain reactivity closely linked with the modern theory
of nuclear aromatic substitution.

Some time ago Olivier demonstrated the existence of a
relation between nuclear and sida-chain reactivity, for the
examplo of the latter representud by the acid hydrolysis of
benzene chlorides (Ree. frav. chim., 1922, 41, 301, 646; 1923,
42, 516, 775): the velocities of hydrolysis for three isomers
of ibe form R.C4H,.CH,Cl were found to be in the nrder
0, p>m ov Mm>0, p, according a8 R belonged to the op- or
m-orionting serieg; and, moreover, the facilitating or retard-
ing action of different groups R exhibited a close parallelism
to their influence on reactivity in ordinary nuclear snbstitn.
tion. Bimilar relationships have since been established for
reveral gther side-chain transformations, including the con-
densations of bengyl chlorides with benzene in the presence
of aluminium chloride, the eaponifieation of benzoic esters,
the addition of hydrogen sulphide to benzonitriles, and
bromination in a methyl side-chain (Olivier and Berger,
ibid., 1926, 45, 710; 1927, 46, 605; Kindler. dnnalen, 1926,
450, 1; Ingold and Rothetein, J. Chem, Soc,, 1928, 1217),

1t is known, however, that there is anocther group of
side-chain reactions for which the above relations become to
a large extent inverted. Lapworth, Shoesmith and others
have found (J. Chen, Soc., 1922, 1391; 1924, 1312, 2278, 1926,
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214) that the two groups of nuelear substitnents for which
the ease of acid hydrolysis of isomeric benzyl halides are
respectively in the order o, p>m and m>a0, p, become intere
changed (with the exception of chlorine and bromine—see
Section 6) when the reaction studied is the reduction of
benzyl bromides with hydriodic acids; indications of a
similar phenomenon are apparent in the work of Franzen
and Rosenberg (J. pr. Chem., 1920, ii,101, 333) on the alkaline
alcoholysis of benzyl halides; and Tasman has shown (Rec.
trav. chim., 1927, 46, 653) that the effect of different nuclear
substituents on the velocity of alkaline hydrolysis of phtha-
lides runs antiparallel to their influence on reactivity in the
side-chain transformations mentioned in the preceding para-
graph. A further clear illustration is available in the work
of Conant, Kirner and Hussey (J. Amer. Chem. Soc., 1925, 47,
448), and especially in that of Benneit and Berry (J. Chem.
Soc., 1927, 1676} on the conversion of benzyl chlorides into
corresponding jodides. Obviously the two groups of side-
chain reactions are in some fundamental respect the inverse
of each other, and this circumstance is of counrse, al the basis
of the suwccessful application by Lapworth and fhoesmith
of the principles of alternate polarities to most of the
examples stndied by them,

2 Clagsification of Side-chain Reactions

The view here under development incorporates the above
analogies and cocclusions, and staris from the classification
of side-chain transformations given by Ingold and Rothstein
(Ann. Reports, Chem. Soc., 1927, 24, 135; J. Chem. Soc, 1928,
1217). These reactions are divided into two main categories
according t¢ whether (type A) an influr of elections from
the nuclens towards the side-chain, or (type B) a recession of
electrons from the side-chain towards the nucles, [facilitates
the change. The influx of electrons which assists reactions
of type A may be required either to liberate or parily
liberate a portion of the éi_de-chai_n which carries all itg
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electrons with it (type A,) or to attract towards the side
chain an electron-seeking reagent (type A,). Similarly, the
eloctron-recession which facilitates reactions of type B may
agviat either the partial or complete liberation of a group
which abandong a previously shared electron-pair (type B,),
or the electrostriction of a basic (positive-centre-seeking)
resgent (type B,). The following table contains some
examples.

Type. ’ Example. Facilitated process,
A, Therwal fission of benzylammo-  Ph->Ch,—NR;+
vium hydroxides ...

—

- N
. Acid hydrolysis - of benzyl Ph>CH,—Cl

chloride
" L 4
" Addition of H,S to benzonitrile Ph>C= N
§+8-

A,  Bide-chain bromination of toluene = Ph->CH,...Br.Br

—

B, Reduction of benzyl bromide by NA
HI .. . PheCH,~Br...LLH

B, Alkaline alcoholylsis of benzyl -—
chloride Ph«CH,CI...OEt

" Conversion of benzyl chloride —
into iodide ... PheCH,CI...1

It should be stated that, in the absence of data relating to
the inflluence of nuclear substitution of velocity, the preli.
minary nssignment of a side-chain reaction to its proper class
is one of the main praetical difficulties in the application of
the theory, and that although an analysis of the cirenmst-
anced of the reaction and of the type of reactivity normally
charactoristio of the aromatic compound and reagent is
always valualle as a guide, it frequently fajls to do more
than indicate a probable allocation. In general, two separate
pointe require consideration: first, a decision i# required
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between two alternaiive possible mechanisms, which are
usually related much as are these of the sscond and sixid of
the above examples; secorndly, it must be deeiled wtkich
phase of the acinal mechapism controls the speed. althoumzn
naturally, if intermediate forms are not present in appreci-
able concentration, the rate-conirolling phase iz necezsarily
the iniiial one. The utility in connection with this part of
the problem, of data relating to the induence ol nueclear
spbstitation on side-chain reactivity c¢an imme.istely be
made apoare w withoni reference to ihe less superficial poinis
which arise in the adapiation of the 1theory of pnclear
aromatie snbstifction to side-chain reaciion?. Faciiliation by
a nniquely eleciron-repeliing gronp (e g., p~Me) and retarda-
tion by a anigaoely elecuron-aiiracting group (2. 7., p-NOy) is
diagnostic of reaciions of trpe A, whilsi the inverse of these
effects characierises resciions of type B. Further-more, it i3
possible to detect complieaticns due to simoelianeons me nter-
ship of Loth types,—a condiion which may arisa from iwo
main cavses; either ine side-chain reaciion may prore. 1 Ly
two contemporan2ous mechanisms, one belonging fo each
typa, or it3 zinzle rouie may involve two raie.aidecting
phases, one of esch type. Lf there are two simnltaneons
reactions the speeds corresponding with 2 reries of nuclear
substitaents taken in order of decreasing electron-releasze and
inereasing eiectron-resiraint shounld pass throogh a single
minimom, b2cause at both exiremes of the series the acceiera-
tion of cne mechanism will mask the retardaticn of the
other; possible examples of this efiect are provided by
Franzen and Resenberg’s experimenis and by Berger and
Oliviar's investization of tue hydrolysis of benzoyl chl-rides
(R trav. chim., 1327, 46. 3125 compara Ann. Reporis, Cheri.

S, 1927, 24,150 I 2 s-u-b.e n.ecbanism requires both
electron-absorpiien ar.l relcage, the velocitiea shounld - pass
through a sinzle maximum, since at bath ends of the seri-s
the retardation of one phase will mazk the acceleration of the
cihier; it bas been suggested (Arnn. Eeports, Chem. Soc. 18IS,
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25, 147), on the basis of Lapworth and Manske’s investiga-
tions (J. Chem. Soc., 1928, 2533) that such conditions cbtain
in the formation of ¢yanchydrius from benzaldehydes. The
wmatter is considered further in Section 7.

(8) Reactions Requiring Electron-release.

A transformation having lLeen assigned to type A, the
modern theory of ordinary nuclear benzene sustiiution (for
summary see Fec, trac, chom. 1929, 48, 799), in which it is
implicit that the substituting agents require available electrons
at the focus of reaction, may be applied. Adaptation is
necessary, however, in order to allow for the circamstance
that the effects of naclear substituents have to traverse not
only the nucleus, but also part of the side-chain in order to
reach tho region of reaction. It may be recalled that Ingold
and Shaw (J. Chem, Soc., 1927, 2018) have shown how the
eluctron-availability at a nueclear carbon atom in a mono-
substituted benzene is moditied by {z) the natare, and (#) the
orieulation, of the substituent. As to (a),...groupa were
divided into four categories, according fo their electron-
aflinitive relatively to that of the hydrogen atom theyreplace,
and nccording to whether or not the groups possess nnshared
valency electrons, the presence of which wonld enable
negalive charges to appear in the nuclens as a result of
\automeric tranaformation, As to (b),—it was found, when the
mode of propagation of etfects originating in these causes
wag considered, that whereas the permanent electron-
allinity of the gruup increases or decreases the electron-
availability of the o- and p-carbon stom strongly, and affects
the m-carbon atoms in the same sense but to a emaller extent
(inductive effect,1I), the existence of a mechanism whereby
an electromoeric charge-transfer can oceur when slimulated
by an electror-demauding reagent augments the effective
elegtron-availability of tho o- and p-carbon atomas, but is
without sensible effvct on the m-carbon stoms (tantomeric
effect,4+ 7). The following table of examples is intended to

80
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facilitate the application of these principles. The special
modification which it iz necessary io inirodnee im applving
them to side-ckain reactions of f{vpe A are two-fold. First,
owing to the small displaceability of the electrons in a single
linking. selectively heavy damping accompanies the trans-
mizsion of the tantomeric effect through side-chain single-
linkings to the point of reaciion (compare Goss, Ingold and
Wilson, J. Chem. Soc., 1956, 2443 also E-e, trav. chim., 1929,
48, S04). Secoodly, for a reason explained bzlow, the
tautomeric effects should, with additional damping in the
nuclens, affect reactivity in m-zide-chains.

Classification A of Nuclear Substituenis.
(+1,-op->m-activation. —I, op->mi-de-activaiion.
+ 7, op-activation).

Group No.  Mechanism. Eramgpies.
L 41 Ty eR -MeCMeg

N o+
A § >R .CO,H, -COMe, SO,R, :NO,, -NMe,

~ f A + +
3. —I4+T | =R -0Me, -Hals, -XO, -SOR, SMe,, .IPh
¥

s —i_p }<R CR:CRE..0

A comprehensive exemplification of this part of the
general theory, which, it will be seen. incorporates ihe
equivalent of Olivier’s correlation priaciple, ean bLe found in
the work of Olivier. Berger. Kindler, Lapworth, Shoesmith
and others alreidy referred to (Section 1), and detailed
allusion may be omitted. Further consideraticn may,
however. appropriaiely be given to, the two special circum-
gtanced (above} which complicate the aralogy between
nuclear and side-chzin reactirity, since these determine the
limitations affecting the vaiidits’ of Olivier’s correlation
principle within the field to which it was intended to apply.
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4. Limitations of the Correlation Principls.

The effect of golective damping in the side-chain may
first be considered. In group 3 of the above clagsification of
substituents, the induclive and tantomeric effects work in
opposite directions, and everything depends, therefore, on
the relative imporiance, so far at least as concerns op-nuclear
reactivity and type-A reactivity in op-side-chaind. The
induetive effect results in de-activation,.to an extent depend-
ing on the electron-aflinity of the group; the tantcomeric
efTact leads to activation, in proportion to the tendency of
the unshared electrons to become shared, that is, to the
basicity of the group. Now the electron-aflinity of the
halogens in the neutral state is pronounced {(ecompare stabi-
lity of the halide iong), but iodine differs from the others in
possegsing considerable basicily (compare stability of iodi-
ninm ions); and in nuoclear subetitotion (nitration) it has
heen found (Ingold and Shaw, loc. ¢if.) that for iodine, the
tautomeoric effect prodominates, this element belonging to the
op-activating rection of the group-3 substituents, whilst, for
thoe other halogens, the inductive effect has main importance,
and these belong to the de-activating series. In type-A side-
obain reactions, on the other hand, the tautomeric effect of
iodine, presumably owing to seleciive damping, no longer
outweighs the inductive, and this element ranges itself with
the other halogens a8 a de-activating substituent. It will be
sovn that the iodine substituent qualitatively violates Olivier's
cnrrelation principle, and that the broader theory naturally
acocommodates tha apparent anomaly.

Before exemplifying tautomerie polar intluence on reac-
tivity in a m-pide-chain, a few words of explanation are
desirablo with regard to the theoretical inference that such
eflects should be perceptible. It will be readily uvderstood
how, in nuclear substitution, in which the reagent normally
has the choice of execiting and tlhereafter utilising, the
tantomerje effect in those positions (0-ind p-) in which they
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are primarily, and hence most easily, stimulated, the orien-
tation process is largely self-definitive,—the reagent becow-
ing more and more irrevocably committed to o- or p-attack
doring its approach, from the moment when it began to
exert electrical action on the aromatic molecule until
union is definitely accompiished; thos it is that the
+ T-effect (unlike the + I-effect which is a permanent pro-
perty of the aromati¢c moelecule) never leads to appreciable
m-gubstitation. On the other hand, a reagent attacking a
m-side-chain has no alternative method of utilising an exist-
ing mechanism for tautomeric electron displacement within
-the nuclens than that of allowing the final stages of transmis-
sion of the effect of such displacements to proceed to the
point of reaction by ordinary induection; and thus a sub-
stituent should, by its tautomeric, a8 well as by its inductive,
effect, influence reactivity in m-side-chaine, althongh natuor-
ally to a less degree than were the side-chains otherwise
situated. Itis possible to perceive the operation of this
principle in several recorded oberervations on side-chain
reactions, but all are rendered more or less complicated by
the simunltaneous presence cf the indunctive effect, the relay
of which to the m-position is not peculiar to side-chain
reactions. In the experimental part of this paper, however,
we show thﬁt a m-phenyl substituent appreciably increases
the speed of acid hydrolysis of benzyl bromide. Now phenyl
(a form of substituted vinyl) is a snbstituent of group 4 in
the above classification, but its inductive effect is negligibly
gmall; in diphenyl itself it is not merely small, but is zero,
both from symmetry and from the determined zero dipole
moment of this hydrocarbon.. The strong op-orienting action
of phenyl is, of course, a manifestation of its tantomerie
effect. Therefore, since in the phenyl-substituted: benzyl-
bromide the tantomeric effect alone is under ot servation, the
experiments referred to definitely confirm the anticipated
cange of failure here considered of the simple analogy with _

nuclear aubstitutjon,
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8, Reactions Requiring Electron-restraint.

For side-chain reactiond known to belong to type B, the
procedure corresponding to that described above, utilises, not
the analogy of ordinary nuvelear substitution, that is the repl-
acement of nuclear hydrogen by the action of negative-con-
tredeeking reagents, but the analogy furnished by aromatie'
substitution reactions in which the replacement of electro-
negative elements such as chlorine is effected by the
attack of positive-centre-seeking (basic) rcagents. The
theory of this kind of aromatic substitution bhas not yet been
greatly developed, but it has been ontlined (Ingold, Fec. trav.
chim,, 1929, 48, 809); and the main features arp, first, that
tho manifestations of the inductive effect become reversed in
pign, + 7 representing deactivation and — I representing de-
activation and — 7, activation, although their nuctear distri-
bution, ap>m, remaine as before; and second, that whilst the
tautomeric effect 4 7" is not stimnlated by the reagents now
under consideration an op-activating tautomeric effect — 7,
dopending on o< 3-unsaturation in the orienting substituent,
ia rendered operative by such reagents, since this struciural
feature permits the appoarance in the nucleus of positive
charges by electromeric transfer, This scheme of classifica-
tion, which is illustrated in the table below, will also apply
to side-chain reactions of typs B, after introduction of quali-
fications, similar to those mentioned in section 3, relating to
the diminished relative importance of the tautomeric effect,
and the ability of this effect to penetrate a m-side-chain.

Classification B of Nuclear Substituents,

(+1, op—>m-de-activating. <1, op—>m-activating.
==T', op-activating.)

roup No. Mechaniem Ezamples.

1. +1 \I <R Me, CMey, O

\ +
2. —I )R Hals., NMey



[238]
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N~ v

3, "‘"‘I—T | €-“—I{ CO:H, NO. NOz' CN
NV

4. +1--T | >R CR:CR'R".

On comparing this scheme with that mentioned in Section
3, it becomes evident that, owing to the radically altered
nature of the tantomeric effect, the inflnence of groups on
the kinds of nuclear zubstitution now considered is far from
being uniformly the inverse of their influence on reactivity
in the replacement of nuclear hydrogen. On the other hand,
in side-chain transformations, the diminished importance of
the tantomeric effcct, leads to a certain simplification of the
theory, inasmuch as it renders the modifying influence of
groups on type-B reactivity more nearly the uniform inverse
of their effect on reactivity in changes of type-A. In short,
a fairly consistent inversion of the kind indicated ig to be
expected, and 1t is on this basis that the theory accommodates
the series of relations formerly elucidated by the principle
of alternate polarities. Ample illustration of this matter is
to be found in the work of Oliver, Tasman, Lapworth,
Shoesmith, Conant, Bennett and others already mentioned
{Section 1); at the present stage more interest attaches to
expected departures from exact inversion. Tbis is discussed
in the mnext Seclion, but it i appropriate lo mention hers
that the appended experimental record eontains a proof, on
pimilar lines fo thoge indicated in Section 4, that the kind
of tantomeric effect which is specially characteristic of
side-chain reaction of type B, eanr influence reactivity in a
m-side-chain, ’

6. Limitations of the Inversion Principle,

Failure of the inversion rule is to be expected amongst
groups which are associated with a powerful tautomerie
(or weal indnctive) eife-ct.' and at the same time fnlfil one of.
two conditions relating to claseification. These cenditions are
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(1) that the group shall beleng to group 3 of classification
A and algo to either of groups 2 or 3 of classification B, and
(2) that it shall Lelong to either of groups 1 or 4 of the
A-clasgsification, and also to group 4 of the B-classification.

An illustration is furnished by the anomalous behaviour
of chlorine and bromine wentivned in Section 1. These
aubstituents fulfil the first of the above alternative classi-
ficatory conditions since they belong to group 3 of the type-
A scheme, and group 2 of the type-1B scheme, In nuclear
substitution they are in the peculiar position of being de-
activating but op-orienting; that is, their inductive effect (-I)
deprusded reactivity throughout the nuclens, the m-positions
jucluded, whilst their tantomerie sffect (+ 7') restores activity
to the op-posilions vnly, raising them above the standard of
reactivity set by the de-activated m-position (op-orientation)
bat not np to the standard represented by unsubstituted
benzene (de-activation). In the acid hydrolysis of the chloro
and bromo-benzyl bromides (type-A reaction) these pheno-
mena gualitatively repeat themselves. the substituted comp-
ounds are all hydrolysed more slowly than benzyl bromide,
but the isomerides amongst themsulves stand in the order
op>m a# regards thoir rates of reaction. Turning to the
reduction of these compounds (type-B reaction), the tautomerie
effect (+ 7T') of tho nuclear substituents should be inoperative
and their inductive effect (~7) should activate in all positions
in the normal order, op>m; and this is what bappens. In
short, when the snbstituted compounds are compared with
. the unwubstitated parent the inversion rule holds, but when
the substituted isomerides are compared amongst themselves
the inversion rule fuils, The anownaly, although inconsistent
with any elmple alternating prineciple, is thus natarally
accommodated by the view here developed.

In the appended experimental record will be found an
instance illustrating the even more complete failure of the
foversion prinviple. The nuclear substituent was chosen to
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fulfil the second of the two alternative classificatory ccndi-
tions, and in selecting it we had in mind, not only the
further - theoretical requirement that its inductive effect
should be relatively small, but also the practical one that it
should be inert towards the reapgents employed. The latter
condition ruled out many furms of the substituted vinyl
‘group which otherwise would have l:een suitable. On the
other hand, phenyl ig a group which possesses the necessary
stability and has the added advantage that its inductive effect
is entirely negligible. The influence of the nuclear phenyl

gubatituent on certain side-chain transformations was there-
fore investiguted, and following precedent, we utilised the

acid hydrolysia of benzyl bromides as representative of
side-chain reactions of type-A, whilst reduction of the same
compounds with hydriodic acid served to exemplify the
reactions of type-B. We are able to show, first that the
introduction of a phenyl group into either the m-or p-position
of benzyl bromide enhances both the velocity of hydrolysis
and that of reduetion, and secondly, that, as regards the
relative reactivities of isomerides, the m- and p-compounds
retain the same order, namely p>m, for both reactions. The
inversion principle thua faila ¢n both counts, and it i8 clear

that, as theoretically anticipated, whilst the phenyl group has
the ability to generate taatomeric electron-displacements in

oither sense, the direction of the displacements actually
stimulated in a given case depend on the necessitiea of the
atﬁacking reagent. Incidentally it may be noted that thisis
exactly the result which is needed to reconcile the obgerved
offects of phenyl in another field of investigation, in which
it has found that this group can excite mobility in attached
tantomerie systems, not only when the displaceable atom is
released as a cation { e. g., H,-** prototropy ) but also when 15
migrates as an anion (& g Br.,- * anionotropy * ); these
observatiops necegsitate the assumption of eleetron-absorption
or-release by phenyl according to the elecirical requirementa
of the kind of tautomerism involved ( Burton, Ingold and -
Shoppee, J. Chem. Soc., 1928, 904, 1650;-10929, 447 1199 ),
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7. Reactions Requiring Electron-absorption and Releuse.

It is necessary to refer once more to the classification
of side-chain reactions which forms the starting point of the
considerations here presented. The classification assumed
that side-chain reactions depend on a preliminary dissociation
or asgociation, in the course of which an electric charge,
appearing in the side-chain leads to consequential electrical
adjustmenis as between the side-chain, the nuclens and any
gubstituents attached therato. When several aromatic nnuclei
possess & common side-chain a counterpart to these assumed,
transient dissoacitiond can be found in directly demonstrable
fonic equilibria in which the charged components have
considerahle life (e, g.. Phy C-K and Phg C-Cl in ionising
golvents ); but, under the same structural conditions, another
type of diesociation also becomes directly observable, in
which the separable components apparently bear no charge
(i.0, Phy C, S
theory of side-chain reactivity obviously cannot be general
unlees it includes recognition of this type of dissocialion also,
not only when it is pronounced as in the chemistry of free
radicals, but alse in any of its more ephemeral manifestati-
ong, should these arise in other circomstances. The
conditions leading to the stability of free radicals have been
considered by Burton and Ingold Proe. Leeds Phil, Soc., 1929
1,421 ) whose conolusiond, in so far as they affect the
question under discussion, may be summarised as follows:
The side-chain of a free radical, although neutral, may be
regarded as initially unsaturated, with respect to both
negative and positive electricity, because it requires to gain
or lose an electron in order to complete its duplets ( achieve
gpin-symmetry), and to loge or gain an electroniec charge in
order to recover the neutrality which the completion of the
duplete would destroy. Now if this interpretation of the
electrostatio condilion of free radicals is correct, then the
o:8entin) condition for promoting dissocialion inoto mneuniral

a1

2 Phy C in non-ionising: -solvents ). A
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componeénts is the poseibility of dupler electrical re.adjust-
meunts; and if this actraily ig the case, a gensral provision for
side.chain reaction depending on aqch a mechanism hag
already been made ( although not hitherto explicitly ) in the
foregoing statement of the theory, inasmuch as reactions have
been envisaged which are characterised by the inclusion
within a single mechanism of # phases »” { which need not
necessarily be sfages in the sense implying separation in time)
respectively dependent on electron--absorption  and
release. Some justification for contemplating such a catrgory
of side-reactions is to be found in the fact thatthe inferred
practical criterion relating to the eflect of nuclear substituents
has been experimentally encountered ( Section 2) but the
investigation referred fo did not include a stundy of the
phenyl substituent, the duplex tauntomeric effect of which
should place it in a highly peculiar position with reshect to
such reactions. Inthis conclusion one may perceive a reagon
why the sufficient accumulation of phenyl, or other aryl
groups possessing a common side-chain constitutes almost
the only known structural condition for the -realisation of
considerable dissociation into neutral components; further-
more the obvious corollary that the introduetion of phenyl
gubstituents into any positions (but especially into the o-or
p-positions) of the aromatic nuclei bearing the side-chain
gshould increase such dissociation is confirmed, 80 far as
substitntion in the p-position is concerned by Schlenk’s
well-known work on free radicals containing the p-diphe-
nylyl gronp. Apart from the p-diphenylyl, however, other
polynuclear aryl groups are known markedly to facilitate
dissociation into radieals, and- since the order of the relative-
intensities with which they do 8o is also known,a simple.
test of the whole matter can be mada.

The work of Schlenk and Gomberg and their ecollaborators
(Annalen, 1910, 372, 1; J. Amer, Chem. Soc., 1917. 39, 1652;
1922, 44, 1829) establishea the sequence—
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o&-naphthyl>B—naphthyl$p-diphenylyl>pbenyl

for the ability of these groups to promote dissociation into e
neutral radieals. If this sequence is to be- interpreted as
reprefenting capacity for the daplex electrical readjustments
reffered .to above, then the same geries shounld represent
in addition, firstly, the order in which the groups facilitate
pide-chain reactions involving dissociations dependent on
eloctron-release (reactions of sub-type A,),-and secondly,.the
relative facilitation by the groups of side-chain transform-
ations d‘epandent on dissociations demanding electron-restraint
(reactions of sub-type B;). The reactions we have studied
belong respectively to these sub-types; and for both reactions
we find a segquence identical with the above ;

oc-naphthyl>3-naphthyl>p-diphenylyl>m-diphenylyl>phenyl

It is scarcely necessary to add that completeness ig not ¢lai-
med for theoretical treatment here outlined. In particular,
gaparate discussion ia required regarding two other struetural
influences, nimely, those dus to external molecular electrie
fields, and to steric faotors, which become of considerable
importance in certain cases of.o-gubstitntion.

EXPEBIMENTAL,
1. Preparation of Aryl Methyl Bromides.

3- Bromomethyldiphenyl,—3-Methyldiphenyl was prepared
by a mothod identical in principle with that of Perrier (Bull,
Soe, Chim,, 1892, [3]. 7, 181) and purified by alternate frac-
tionation (column) and freezing. Bromination was effected
by loawding dry bromine (10% excess) into the hydrocarbon at
200° (bath temperature) and fractionating the produet. The
pale yollow oil, b. p. 150°/ 15 mm., consisted essentially of
d-bromomoethyldiphenyl contaminated by an inert impurity
not containing gide-chain bromine. Therefors, ag prelimi-
nary to the guantitative work deseribed below, the percent-
age purity of each sample was determined by treatment with
alooholie trimethylamine and estimation of the jonic bromine
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thus formed. m-FPhenyllenzyltvimethylammionion prerate,
obtained by addition of aqueous sodiam picrats to 2 solution
of the quaternary ammonizm bromide preparzd in this wary,
geparated from aqueomss aleokol in rheoinbic plates, m. p.
152°,"(Found: C, 53-2;-H, 4-79. C,2H,,0,N, requires C, 5815;
H, 4.85 per cent)).

4-Bromomethyldiphenyl. —+Methvidipheny]l was prepared
(compare Carnelly, J. Chem, Soc,, 1876, 29, 13). purified, and
brominated a8 in the former example, and the kromination
product fractionated. The portion, b. p. 130- l4l'!°,’i0 mim.,
which solidified on cooling, yielded 4-Lromomethyldiphenyl
a3 pearly leaflels, m.p. §2° on crystallising from a mixtore
of ether and ligrein below 0° (Feund: C, 63.3; H, 4.3%.
C,sH;, Br requires C, 63.2; H, 4.43 per cent.). The sobstance
gave the theoretical proportion of bromide iin when treated
with trimethylamine by the method illasirated for the
-mecompound and the qnaternary ammoninum bromide solo-
tion, when treated with agueons sodinm picrate, yielded
p-phenylbenzylirimethylammonium picrafe, which crystallised
from aqueous alcohol, in thombie plates, m.p. 179°, (Found:
C, 57.9; H, 511, C,,H,,0,N, requires C, 53.13; H, 435 per
cent.t. The lesa volatile portion of the bromiraiion produoet
on crystallisation from alechol, with nse of charcoal, yielded
a vellow microcrystalline powder, m. p. 125 Analysia
showed thia to be a dibromo-Lumethyldighenyl, ( Foand : C,
48.0; H, 3.32. C,3H, Br, requires C, {&1; H, 3-07 per cent ).
Except that ita stability to boiling alcohol indicates that both
bromine atoms are attached to the ancleus, thers ia no evide-
nce of their orientation, bat the most probable positions wonld
appear to be the 2 : 4’-positions.

oc—Bromomethylnaphthalene,—This was prepared as deses
ribe3 by Schmidlio and Massini ( Ber,, 1909, 42 2359, bot-
we confirm Shoesmith and Rubli’s statement (J. Chem, Soe,
1327, 3098 ) thag it ig a erystalline solid, m. p 53% '

-Bromomethylnaphthalens,—The compound, which bad
the properties recorded by Schultz ( Ber., 1334,17, 1323), °
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wad prepared by his method, except that the temperature.
during bromination wae maintained at 20.°.

2. Hydrolysis of Aryl Methyl Bromides.

Ceneral Method.—Weighed quéntities ( about 0.08¢g. ) of
the bromide, each dissolved in 100 c. c. of 907/ aqueous
‘alcohol, wore kept in a thermostat at 24° for various measured
periods of time and the liberated hydrobromic acid titrated
with  carbonate-free  godjum  hydroxide, Usually from
20-457 of the complete reaction was followed in this way
and the velocity coefficionts were then calculated from each
‘obeervation by means of the formnla % = (1/¢) x log,otf(a ~ 2},
the units of time being minutes.

Preliminary experiments with S-bromomethylnaphthalene
in which the reaction was followed nearly to completion
showed that its course substantially conforms to the wnimol-
gcunlar law although the calculated coefficients tends to fall
glightly near the end of the process.

Ilrsulis-=These are eammarigsed in the following table, in
‘which the second set of determinations relating to 3-brom-
omethylnaphthalene ig included to show that the disturbance
agsncinted with the * tail ” of the reaction is without influ.
once on the velocily coeflicients recorded for the first 20- 45/
of hydrolysis, since, even if as much a8 807, of the change is
fellowed, the meoan coofficient remams substantially the

BAMO (— SR ‘
Substance Noumber of Percentage of Cale. k x 100
hydrolysed.,  observations, reaction followed. ———*—

. Mipi- Maxi- Meap.
mum. mum.

Beneyl bromide 3 20-7 76 79 Ki:]
3-Bromomothyl, .
diphenyl. 6 343 138 154 146

4-Bromomethyl-
dipheuyl. 8 375 158 173 165
-Bromomethyl- )
-zaphthalene, 5 453 170 192 184
10 805 177 195 185

oc-nrom‘l‘:mnlhyl- D S
naphthalene. 6 - 407 203 227 * 220
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The relative values of the coefficients obtained for oc-and
B-bromomethylnaphthalene are consistent with Shoesmith
and Rubli’s observations on thege substances (loc. eit.),

3 Reduction of Aryl Methyl Bromides,

General Method.—(t) Weighed quantities of each bromide
(about 0-15 g.) were reduced for 1 or 2 Lours at 106°in 10 ¢. ¢,
of a golution prepared from coustant-boiling hydriodic acid
{ 1 vol. ) and glacial acetic acid ( 10 vols, ), and the liberated
iodine estimated as msual. Simuitaneously with each experi-
ment a control was perfomed in which all conditions were -
maintained the same, except for the omission of the bromide,
the object being to aliminate error arising from the liberation
of iodine by atmospheric attack.

(b) Weighed guantities (ahout -3 g.) of those bromides
which were founnd to be reduced nearly completely under the
conditions of method (&) were each reduced at 66° for 6 or 15
houra with 10 ¢. c. of a solution prepared by making 1 vol.
of constant-boiling hydriodic acid up to 5 vols, with glacial
acetic acide The remainder of the experiment, and the
controls, were carried out as above,

Results,—These are recorded in the following table, the
footnote to which illustrates the degree of consistancy of
individual experiments,

Percentage redaction.

Buabstance reduced, p A -

Method (a) Method ()

. e\,
1 bour. 2 hours. 6 hours. 15 bours,

Benzyl bromide - a2e - —_
3-Bromomethyl-diph¢nyl, 26 43 - -—
4~Bromomethyl-dipheryl. 36 67 —_ —_—
B-Bromomethyl-naphlhalena. 95 ° 99 23 41
oc -Bromomethyl naphthalene. 96 99 35 59

* (Individual values :}32, 34, 30, 30°-577).
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The resalts for the +bromomethylnaphthalenes are not in
good agreament with those obtained by Shoesmith and Rubli
(e, cit.)

Summary.

A theory of aromatie side-chain reactivity, linking thia
dubject on the ecne hand with nnclear aromatic gnbstitution
and on the other with pure radical chemistry, i8 advanced
and gupported by obgervations on the reactivity in hydrogen
and reduction of polynuclear analogoues of benzyl bromide.

One of us (C. 3. P.) desjres here to acknowledge bis indeb-
tedness to the Government of H, H. the Maharaja Gaskwar ‘of
Baroda for granting t¢ him a period of study-leave during
which this investigation has been carried out.

( Reprinted from the Journal of the Indian Chemical Soclety,
Yol. Vil. Issue. No. 1. )
The Univarsity, Lesds,

XXXII—The Influence of Substituents on the

Mercuration of Coumarins.
By Kuveryt G, NAIK aND AMBALAL D. PATEL,

Meroury acetamide, which has been nasad as amercurating
agent for compounds contalning a reactive methylene group
{Naik and Shaly, J. Indien Chem, Soe,, 1951, 8, 29), is eflective
also in the mercuration of coumarins. It does not attack
these directy, but only after the action of 5% godium
hydroxide solution upon them. The course of the reaction
with coumarin may be represented by the scheme given below,

Meroury acetamide has thus been made to react with the
following substances ( the numbers in parentheses indicate
the compounds referred to in the tables): (l) coumarin,
(2) T-hydroxy-4¢-methyl-, (3) 7-amino-4-methyl-, (4) 4 : 7-dim-
othyl., (5)5 : 6-dihydroxy-4-methyl-, (6) 6-hydroxy-4-methyl,
(T) 6-nitro-, (8) 4 : 6-dimethyl-, (9) 4: 8.dimethyl-, (10) 7-hyd-
roxy-4 : S-dimethyl-, (11) 7-hydroxy-4-methyl-, (12) 7-hydr-
oxy-3-benzyl-4-methyl-, (13) 7-hydroxy-4.phenyl-, (14) 3-car-



[ 2501

On treatment with dilute hydrochloric acid and with
hydrogen sulphide the bisacetoxy-mercuricounmaring give
results similar to those obtained with the bishydroxymercuri-
coumaring. Treatment with potassinm iodide solution,
however, liberates only two equivalents of alkali instead
of four :

cold
C.H,0,(Hg.OAc), + 8KI + 2H,0—-»C,H,0,(HgOAc) +

K Hgl, + CH,-CO,K + 4KI 4+ KOH + H,0 }Ea-t:i C5HgO,
+ 2K, Hgl, 4+ :CH,.CO,K + ZKOH.

6 : 8- Bisacetoxymercuricoumarin, when treated with sodinm
thiosulphate w®olution, is converted into a compound,

C,H, 0, <gg>COH*0= (1V), which readily gives a sulphato-

mercuri-derivative (compare Dimroth, Ber,, 1902, 35, 2853;
Maynard, J. Amer. Chem, Soc., 1924, 46, 1510; Pesci, Gazzetta,
1899, 29, 394).

The effect of substitnents on the mercuration of coumaring
by mercuric acetate is, in general, similar to that in the case
of mercury acetamide. The main differences are; (1) 6-nitro-
coumarin yields 6 : B-bisacetoxymercuriconmarin; so also
does coumarin-6-sulphonic  acid; (2) 3-acetyl-4-methyl-
coumarin gived a bisacetoxymercuri-derivative; (3) 4-phenyl-
3.allyl { or benzyl) coumarin yields a hydroxymercuri-
acetoxymercuri-derivative. Compounds of the last type,
when treated with potassium iodide solution, liberate only
three eguivalenis of potassium hydroxide. 6-Acetoxy-
mercari-1 : 7-dimethylcoumarin, similarly treated, liberates -
one equivalent of alkali. '

The constitntions assigned to the mercury compounds now
described are based on the followirg considerations :

(1) The mercury-containing substitnent has not opened .
the etaylenic link, because (@) the behaviour of the com-
pounds towarde sodinm carbonate and bicarbonate is like that
of conmarin itself, (&) cinnamie acid, which containsa double .
bond in a similar position, ia not mercarated when similarly
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treated (Biilmann, Ber., 1302, 35, 2576; 1910, 43, 574), and
(0, the compounds decolorise potassium permanganate soul-
tion a8 do the coumarinsg,

(2) The mercury atom has entered the nuclens, because
‘a) all atlempts to mercurate conmarin directly failed, but
when the hydroxyl group was generated by means of 5%
sodinm hydroxide solution, the phenolic compound was
mercurated at once. A phenolie hydroxyl group not only
facilitates mercuration, but also appears to exert an oreenting
inflnence (Mameli, Gazzetia, 1922, §2, 1, 452; ii, 18, 23, 113;
1920, 56, 948), mercuration taking placein the p- or o-posi-
tions to it; these become positions £ and 8 when the ¢onmarin
ring is formed, That the mercury is in positions 6 and 8 ig
further proved by the facts that coumaring with a substituent
in position 5 or 7 give dimercurated compounnds, whereas
thosa with a gubstituent in position 6 or 8 give only mono.
mercurated derivatives. () From a study of known mercury
compounds, *such athose of allocinnamie aecid, it appears
that the mercury atom in the nncleus is not removed
by dilute hydrochloric acid or hydrogen sulphide
(Whitmore, * Monograph on Merenry Compounds **). (¢) The
reaction of the compounds with potassium iodide solution iy
of the same type ag that of the mercurated phenols (Whit-
more, op. cit). (d) Iodination of dimercurated covmarin
gave a Lri-todndihydrocoumanrin, which on oxidation furnished
4 ¢ 5-di-iodosalicylie acid.

From the following [facts, it appears that the mercury- con-
taining substituent in position 6 ia more reactive than that in
position 8 : (z) the reaction of a bishydroxymercuricoumarin
with potagsinmw iodide solution liberates two equivalents of
potassinmn hydroxide in the cold and two more on heating;
{0) in the reactions with carbon disulphide, dilute hydro-
chloric acid, and 1[)"/o sulphuric acid, only one of the two
subslituents is attacked; (¢) G-nitrocoumarin on mercuration
is ¢convorted into G-hydrqumercuricoumari_q._
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EXPEBRIMENTAL,

The coumarina required for the work were prepared
mostly by the condencation of phenols with 3-ketonic esters
in presence of sulphuric acid; a few were obtained by the
condensation of salicylaldehyde with [3-ketonic esters in
pregence of piperidine. For the preparation of 7-hydroxy-
3-allyl- and -3-benzyl-conmarin phosphorus oxychloride was
used as condensing agent, with excellent results (Naik and
Trivedi, J. Indian Chem. Soec., 1929, 6, 801).

6 : 8-Bishydroxymercuricoumarin.—Coumarin (2 g.) was
dissolved in 59} eodium hydrexide solution (100 c.ec.), and
the excess of alkali neutralised with dilute acetic acid. The
yellow precipitate obtained on addition of a solution of
mercury acetamide [Scholler and Schrauth, Ber., 1909, 42,
784) (10 g.) in water was washed with water, alcobol, and
ether (Table I, No. 1).

6 : 8-Bishydrozymercuricoumarin i3 insoluble in moss
organie solvents, bot dissolves in dilute aqueous sodiom
bhydroxide. A suspension (0-3365.g) in water (30 c. c.) was
treated with a solution of potassivm iodide ( 3 g.) and the
liberated alkali titrated (phenclphthalein) against 0-0636N-
hydrochlorie acid; in the cold 1.90 equive., and after heating
a further 2-05 equivs., were neuntralised. The .total of 393
equivs..iudicates that the rupture of the C-Hg link was

complete.

The addition of dilute hydrochloric acid te a golution of
the mercury compound in agueous bhydroxide gave a white
bulky precipitate, consisting of the chloromercuri.com-
pound (II), which was washed whith water and alcohol
(Found : Cl, 6-3. CoH;0O3Hg,Cl requires Cl, 5-9%).

Heated for 4 hour in 10% sulphurie acid, the mercuration
produact gave a whits precipitate, the sulphatomercuri-coma
pound (I), which was washed with water and alcuhol (Found;
8, 29, Cy5H100,0He,S requires S, 2-65%). '
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A fow drops of carbon disulphide were added to an
alkaline solution of the mercuration product, the mixture wad
shaken for a few minutes, and the excess of alkali neutralised
with- dilute acetic acid., - The yellow precipitate obtained
(Table IIT, No. 1) was washed with water, alecohol, and ether,

The mercuration prodact was heated with 0.1 N-iodine for
13 minntes. The brown precipitate formed was erystallised
from alcohol (Found : I, 71.9. CyH,0.I, requires I, 72-4%)
and oxidised with alkaline potassium permanganate; 3 : 5-di-
lodosalicylic acid, m, p. 220—222°%, was produced.

6-Hydroxymercurithiocoumarin.~Thioecoumarin (1 g.)'. dis-
.Bolved in alcohol, was treated with an aleoholic solution of
mercury acotamide (5 g.). The yellow product (Table I,
No. 18) was washed with hot water, alcohol, and ether.

6:8-Bisrcetorymercuricoumurin.—Merenration of eoumarin
with merourio acetate was carried out in agqueous aolﬁtipn
through the neuntral sodium salt. The yellqw precipitate
{Tabla II, No. 1) was washed with aleohol and ether. It was
insoluble in all organic solvents, but goluble in dilute sodinm
bydroxide golution.

Iia suspension (0.516 g.) in water was treated with a sola-
tion of potassium iodide (2 g.) and the liberated alkali was
titrated against 0-0492N-hydrochlorie acid; in the cold 15.5
¢.¢,, and hot, a further 17.5 c.c..“of the acid weres required.
In all, 2.03 equivs. of the alkali were liberated, indicating the
complete rupture of the O—Hg link,

The bisacetoxymercuri-compound (1 g.).'-suspendad in a
golution of sodinm thiosulphate, was heated for 3 hour, and
- kept for 8§ days. The black precipitate which bhad formed
was retmoved, and the filtrate boiled for 2 hours. The red
precipitale "]1V) thus produced was collected, washed with
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Reaction Products of Coumarina and Veroury Acelamids,

Coumarin derivative prodnoed.

6 : 8-Bishydroxymercuri-

7-Hydroxv.6 : 8-bishydroxymercuri-
4-methyl-

7-Amino-6 : 8-bishydroxymercuri-
4-methyl-

6-Hydroxymerouri-4 : 7-dimethyl-

3-Hydroxy-6-oxyhydroxymerouri-
8-hydroxymercuri-4-methyl-

Oxyhydroxymoereuri-4-methyl-

6-IHydroxymarcuri-

8-Hydroxymercuri-4 : G-dimethyl-

6-Hydroxymorceuri-4 : 8-dimethyl-

7-Hydroxy-6 : *-bishydroxymercuri-
4 : b-dimethyl-

7-Hydroxy-i : 8-bishydroxymercuri-
4-methyl-Y-allyl-

7-Hydroxy-6 : B-bishydroxymercuri-

d-benzyl-4-methyl-

7-Hydroxy-6 : 8-bighydroxymercuri-
4-phonyl-

6 : 8-Bishydroxymercuri-3-earboxy-

Formula,

0,H,0, Hg¥
Oloi'lsO.Hgg

Cy0T1,0.NH,

0], )I{] 003Hg
C,ol1,0411g,

0,,H,0,Hy
CoH,0,Hy

0] |]]lanI'Ig
C, IIIIUO ,Hg‘.
Cl 31"1-1,0.1'1&{’
Cl 1[11405}111'
C1aH, 00510y,

0,,11,0,Hg,

Temp,
of colour
Colour. change.
Yellow 225°
Orange 270
Doap red 253
Light yellow 261
Deep yellow 160
Brown 218
Yellowigh-brown 218
Light yellow 198
Yeollowish-brown 243
Bufl —_
Deep oranpe-red —_
Daep roed 272
Deep red 260
Lemon-yellow 251

7 Hg
found.

69.6
69.3

05.4

52.0
64.2

50.4
H5.4
51.1
50.9
64.8
62.2
33.8
39.3

65.0

7 Hg

cale.

692
65.7

65.8

51.3
64.1

51.0
55.2
al.3
51.3
64.4
61.8
57.2
59.7

64.3

[ ¥sz1]
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15 6 : B-Bishydroxymereusi-3-acetyle- C,0Hs0,Hg, Yellow _
16 6-Hydroxymercuri-3-benzoyl. C,6H100.Hg Deep yellow 230 42.8 424
17 6 : 6’-Bishydroxymercuiiketodi- CioHy00.Hg, Yellow 235 526 53.3
18 6-Hydroxymercuri-thio- C,H,0,SHg Yellow — 327 529
19 Hydroxymercari-G-methyl-1 : 2-cc- C1,Hi100sHg  Light red 161 47.6 47.0
naphthapyrone
20 Hydroxymercuri-6-methyl-3 : 4-3- C,.H;,0,Hz Light yellow 188—198 47.4 470
faphthapyrone .
TapLe 1L
Reaction Products of Coumarins and Mercurie Acelals.
Decom- % Hg </ Hg
No. Coumarip derivative produced, Formaula. Coloar. position. émnd. éalc.
1 6 : 8-Bisacetoxymercuri- C,sH100:Hg, Yellow 248° 60.85 60.5
2 7-Hydroxy-6 : 8 bisacetoxymercuri- C,.H;,0;Hg; Deep yellow 208 585 57.9
4-methyl-
3 7-Amino-6 : 8-bisacetoxymercuari- C,.H,,0,NHg, Deep red 270 58.45 &7.9
4-methyl-
4 6-Acetoxymercari-4+: T-dimethyl- C,3H1,0.Hg Faint pink — 46.1 46.3
5 5-Hydroxy-6-oxyacetoxymercuri- C,H1;0eHg, Deep yellow 145 56.9  56.5
8-acetoxymercnri-4-meth yl '
6 6 : 8-Bisacetoxymercuri- C,H300.Hg, Yellow — 59.85 60.5
7 6-Oxyacetoxymercuri-4-methyl- CysH,,0:Hg Brown 230 45.6 46.1

[z ]



No,
8

]
10

11

12

13
14
15
16
17

18
19

20
21

TABLE 11— Reaction Products of Coumaring.and Mercurio Acetate—(Concld.).

Coumarin derivative produced.

$-Acctoxymercuri-4 : 6-dimethyl

6-Acetoxymercuri-4 ;: 8-dimetyl-

T-Hydroxy-6 : 8-bisacetoxymercuri-
4 : 5-dimethyl-

.7-Hydroxy-6-hydroxymercuri-8- .-
.- acetoxymercuri-4-methyl-3-allyl-

7-Hydroxy-6-hydroxymercuri-8-
acetoxymercuri-J-benzyl.-4-methyl-
7-Hydroxy-6-hydroxymercuri-8-
acetoxymercuri-4-phenyl-
6 : B-Bisacetoxymercuri-3-carboxy.
6 : 8-Bisacetoxymercuri-3-acetyl-
6-Acetoxymercuri-3-benzoyl-
6 : 6’-Bisacetoxymercuriketodi-
6-Acetoxymercuri-thio-
Acetoxymercuri-6-methyl-1 : 2-0c-
naphthapyrone _
Acetoxyrerouri-6-metayl-3 ¢ 4-3- -
naphthapyrone
6 : 8-Bisacetoxymercuri-
{(from coumarin-6-sulphonic acid)

Formula. .

ClsngO‘Hg

Olsl'llzo‘Hg .
Cy5H,40.Ha,

cluﬁuo‘oﬁgg
CioH,,0¢Hg,
C,:H,30:Hg,
C1.H,,04Hg,
CyeH, 30, HB:
GquuOan
023H1‘09Hg.
C, 1HeO35Hg
Cie H,,0,Heg
C,,H,.0,Hg

C' aHloOﬂ Hg.

Colour.

Yellowish

Yellow
Orange-yellow
Deeop red
Deep red
Yellow
Yeollow
Deep yeollow
Yellow

Pink

Light red
Light yellow

Yellow

Decom- ¥, Hg

position. found.

238 467
Z 466
210 56.9
212 58.4
— 546
— 558
260 57.0
215 574
190 392
192 47.5
252 4T.9
220 42.1
196 42.3
— 610

7 Be
cale.

46.3
46.3
56.6
579
54.05
56.2
56.63
56.8
39.3
479
471-6
42.7
42.7

60:-5

[ogz ]
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Reaction Products of Mercurated Coumarins ( Table I ) and Carbon Disulphide.

Decom- ) %8

No. Coumarin derivative produced. Formula. Coloar. position. found. cale.
1 6-Mercaptomercuri-B-bhydroxy- C.H,0,5Hg, Yellow 1820 5.3 5.4
mercari- . , .

2 T7-Hydroxy-6-mercaptomercuri- _ C,oH:0,SHg, Deep red 187 4.85 5.10

8-hydroxymercuri-4-methyl- _ - )

16 6-Mercaptomercuri-d-benzoyl- - C,.H,4033Hg Red —_ 6.9 6.6
17 6 : 6’-Bismercaptomercuriketodi- C,9H:140,5,Hy, - _ 8.5 . 8.2
19 Mercaptomercari-6-methyl- C,.H,,0,5Hg —_ —_ 7.1 7-3

1 : 2.oc-naphthapyrone

alcohol, and dried. It became black at about 195° (Found : Hg, 58.5. C,,Hs0,Hg, requires Hg, 58.1%);

Action of Iodine on T.Hydrory-6 : B.bisacetoxymercuri-d-methylcoumarin—The compound (1g.),
suspended in water (30 ¢ ¢.), was treated slowly with a solation of iodine and heated until no further
absorption was observed. The product, crysiallised from alcohol, melted at 172° (Found : I, 68-6.
C]_OHTUBIH rﬁquireﬂ I. 68'5%). .

t-Acetoxymercurithiocoumarin—When alccholic solutions of thiccoumarin (1 g) and mercnrie
acetate (5 g.) were mixed, a pinkish precipitate (Table II, No. 18) separated; it was washed with aleohol
and ether.

The authors express their gralitude to the Government of His Highness the Maharaja Gaekwar of
Baroda for a grant. -

The College, Baroda (India).
S . (Repriated from the Jourual of the Chemical Soclety, 1934 )
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XXXIIIL—Investigations on Hyponitrites. Part I.
Sodium Hyponitrite ¢ Preparation and Properties.

By JamEgs RIDDICE PARTINGTON AND
Caaxpurar, CHHOTALAL SHAH.

Sodinm hyponitrite required for the present work was
prepared by a modification of the methed of Divers (J., 1899,
47, 97). Three other methods (Joanis, Compt. rend,, 1894,
118,°718; Weitz and Vollmer, Ber., 1924, 57, B. 1013; Scott,
J, Amer. Chem. Soc,, 1927, 49, 986) were tried and found to
give hyponitrite, but the method adopted here was found to
be the most suitable, as regards both cost and purity of the
product. We were not able to obtain it in the pure white
form by the method of Weitz and Vollmer.

Three solid hydrates of the salt have been reported, the
penta- (Divers, loc. cit.), the hexa- (Menke, J., 1878, 33, 401),
and the ennea-hydrate (Weilz and Vollsr, loc, ¢it.). We find
that the solid salt exists in the form of two different hydrates.
From a concentrated solution of sodium hydroxide, if
geparated on standing in a vacuum over sulpharic acid in the
form of small granules of the pentahydrate, If this or the
anhydrous salt’is redissolved in water, and the solution con-
contrated over sulphuriec acid in a vacuum, or the solid
precipitated by a large excess of alcohol, the octahydrate is
formed. In the first case, the octahydrate forms short thick
needles, and in the second it appeard a8 very small crystals,
The hexa- and the ennea-hydrate eould not be obtained, and
very probably these have been mistaken for the above itwo
hydrates. Divers could not obtain the salt in the .crystalline
form, and denied the statement made by Jackson (P., 1893,
12, 210), wbo obtained it in needles.

Analysis.—The salt, in either the anhydrous or the
hydrated state, has not been analysed previously, except one
analysis each by Divers, Menke. and Weitz and Volimer
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(loc. cit), Menke estimated the nitrogen in the substance by
heating it with soda-lime and determining the amount of
ammonia formed, We found no. trace of ammonia either
noder these conditions or when the salt was treated with
Devarda’s alloy and potassinm hydroxide. Nitrogen in
hyponitrites, in general, however, can be estimated by a
modification of Dumas's metbod. The dry salt is mixed with
fused sodinum hydrogen sulphate and heated in a combustion
tube, the gases evolved being passed over hot reduced copper
ganze, and the liberated nitrogen measured. Kirschner
(Z. anorg. Chem , 1898, 16, 424) used copper powder instead of
godium bisulphate. This method gives good results with
other salts, but fails in the case of the sodinm compound, the
resulis of the nitrogen analysie being always too low, appa-
rontly because some nitrogen as eodinm nitrate remains
undecomposed by sodinm hydrogen sulphate, even at a red
heat., The residue was, in fact, found to contain sodinm
nitrate. Since no snitable method could be found for the
detormination of pitrogen in the sodium salt, the hyponitrite
radical was determined as the silver ualt; but as silver
ocarbonate and nitrite are also insoluble in o neutral solution,
the godium salt was examined for the presence of both of
these, The amoant of nitrite in the ealt was found to be less
than 0.001%/, and no-carbonate was detected.

Action of Hydriedic Acid.—Various viewa ure held asg to
the action of hydriodie acid on hyponitrites. A solution of
the sodium salt doed not immediately give any blne colour
with hydriodic acid and starch, although this colour develops
in 2—3 minutes. We believe that this result is due to small
tracea of nitrous acid present in the preparation. A golution
which has Leen kept for 24 hours behaves similarly, showing
that'the amount of nitrous acid does not appreciably increase,
though a sensitive colorimetric determination with Griess
reagent shows that nitrons acid docs increase somewhat in
guch a solution. In a freehly prepared Soluti(;n, the content
of sodium nigrite was found to be 4.2 x 10-¢ %, and in the
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gamo eolution after 24 hours it was 6.3 x 10- %, which
increaged to 7.3 x 10-¢ %/ at the end of one week. Probably

[+]
in golution the salt decomposes according to the equation

3Na,N,0, + 2H,0 = 2NaNO, + 4NaOH + 2N,. (1)

but the amount of nitrous acid formed is too small for macro-
estimation. The solution does not give the djphenylamine
test,

Thermal Decomposition of the Solid.—The action of heat on
the solid anhydrous salt has been studied by Divers (loc. cit.),
who states that it ig stable up to 300° but at higher tempera-
tured decomposes as follows

3Na,N,0, = 2NaNO, + 2Na,0 + 2N, )

Ray and Ganguli (J., 1907, 91, 1399) find that the products of
the action of heat on the silver salf’ consist of silver, silver
nitrate, nitrogen, and nitriec oxide; and on the mercury salt,
of mercury, mercurie oxide, nitric and nitrous oxides, together
with gome nitrogen and mercorous pitrate. In contrast to
these two salts, we find that the sodium salt decomposes
according to the equation given by Divers [(2) above] when
heated in a vacuum, the decomposition occurring suddenly
and explogively at 260—265°, leaving a red residue which
‘becomes yellow on cooling. The solid on analysis wag found
to consist of equimolecular proportmns of sodinm’ mtnte and
godium oxide, while the gas evolved was pure nitrogen.

~ When the dry salt 1s heated with sodinm hydrogen
sulphate, the gaseous products consist of nitrous and nitric
‘oxides and nitrogen, while, as stated above, even at a red heat
gome aodmm nitrate remaing in the sdlid .residue. Probably
the deccmposmon proceeds mmultaneously according to the
equations . . < 3

Ns,N,0, + 2NaHSO, = 2N3,80, + H,0 + N,0 . (3
3Na,N,0, 4+ 4NaHSO, +2NaNO, +4N3a,S0, +2H,0+2N; (4
-2Na,N,0,+4NaHS0, =4N3a,S0, +N,+2H,0+2N0 . (5
3NaNO, +2NaHS0, =2Na,30, + NaNO;+H,0+2NO (6)
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Aqueous dolutions of the salt instantaneously decompose
in a vacnum to the extent of 50/, giving nitrons and nitric
oxides and nitrogen, the main product being nitrous oxide
(68.57/). The action may be represented by equations (3)
and (5), H,O being substituted for NaHSQ,. If the pressure
is not beiow 40 mm., the solution does not decompose
abruptly, but does so slowly, the decomposition mainly
proceeding according to equation (3). No nitrate or nitrite
can be delected in the solution.

Action of Acids.—Ray and Ganguli (J., 1307, 91, 1866)
stadied the action of dilute mineral acids on the silver and
the mercurous gai$, and showed that the former is completely
docomposed by these aclds, whilst the latter is only partly
docompoded, except by hydrochloric acid. We have examin-
ad the action of dilute sulphuriec and hydrochlorie acids on
the sodium salt, and find that the reaction is the same as in
aqueoug Bolution; the percentage decomposition is a little
higher and the proportion of nitrogen and nitric oxide is
slightly greater, thus showing that the reaction (3) is
favoured by acids, No nitrate or nitrite appears to be formed
during the reaction.

The salt is completely decompbsed by concentrated
gulphuric acid. Nitric acid and traces of nitrons acid
aroe formed basides nitrous and nitric oxides and nitrogen.
The reaction i8 very vigorous and the whole vessel becomes
filled with white fnmes, the solid salt being so much heated
at places that it glows. The main reaction (63} is represent-
ol by equation (3). All the reactions (3), (4), (5) and (6)
probhably oceur, an:d also probably, in addition :

5Na,N,0,+8H,80, =2NaNO, +8NalIlSO, +4H,0+4N, (7)

O.cidation with Potassiion Permanganate.~Various workers
liave examined the oxidation of byponitrous acid and of
sodium anid other hyponitrites in.presence of sulphuric acid
Ly means of permanganate, but have reached very different
conolusjons, Ilantzgch and Saner (Annalen, 1897, 299, 67)
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prepared a solution of the free acid by shaking N/100-bydro-
chloric acid with a weighed amounnt (excess) of silver hypo-
nitrite; the amount of potassium permanganate nsed by such
a solution was less than that required by the equation

H,N,0, + 40 = 2HNO, (%)

Similarly, Kirschner (loc. cit.,) treated weighed amounts of the
barinm, ecaleciom, gtrontinm, and silver salts with acid
potassinm permanganate and alzo obtained low values, On the

contrary, Divers (Joc. ¢it.), using N/20-golation of the acid,

and Thum (Monatsh., 1893, 14, 294), using N/100-golution of
the acid, in both cases prepared from silver hyponitrite and
hydrochloric acid, obtained values showing that the oxida-
tion proceeds to completion according to equation (8)
Recently, Raschig (** Schwefel- und Stickstoffstudien,” 1924)

has shown that the action of acidified potassinm permanganate

proceeds according to the equation
H,N,0; + 20 = 2HNO, )]

and differs from the action of snbsequently acidified potassium
permanganate (acid added 15 minuntes after the permanganata
solution), which proceeds accordiug to eguation (8) above.
As is well known, nitrouns acid i8 oxidised quantitatively to
nitric acid by potassium permanganate in presence of acids.
To avoid this difficulty, Rasching supposes that ananhydride,
N,Og, difierent in constitution from the anhydride of nitrous
acid and stable towards permangauate in acid solntion, is
formed. In his experiments he used a solution of the sodium
galt obtained by shaking silver hypomtnta with staturabed
sodinm chloride solution.

We have repeated these. experiments, umeing colutions of
different concentrations and prepared in different wayd, and
we think that a portion of the byponitrous acid m always
oxidised to pitric acid according to equation (8), the other
portion decomposing into nitrous oxide and water according
to equation (3). Owing to the spontapeous decompogition of

)
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golutions of hyponitrites and hyponitrona acid, the resalis
obtained are invariably low as can be seen from Table II,
Another cange for the low values i the fact that silver
hyponitrite is not completely decomposed by shaking with
bydrochloric acid {(Ray, De, and Dhar, J,, 1913, 103, 1562), or
with sodiam chloride (Diveres, loc. cit.).

Bince aqueous solutiona of the salt decompose in a vacuum,
as shown above, they were not used for examining the
products of oxidation formed in a vacnum. The results
obtained with the solid sodiam #sali show that the above
conolusion regarding the action of permanganate on hypo-
nitrous acid wviz,, that a portion of it ig oxidised to nitric acid
and the other portion decompoges into nitrous oxide, im
correct. In the presence of acidified potassium permanganate,
65% of the salt decomposey, giving nitrous oxide and nitrogen.
The remaining 357/is oxidised to nitric acid. Bat if the acid is
added 15 minutes after the potassinm permanganate solation,
48% of the salt decomposes into nitrous oxide and nitrogen,
and the rest is oxidieed to nitrie acid. The formation of
nitrogen probably ocours according to equation (5), the nitric
oxide simultaneously formed being oxidised to nitric aecid,
Thus the low values obtained by Rasching are to be attributed
rather to the greater decompositiou suffered by hyponitrous
acid than io the formation of a hypothetical oxide, NyOs. In
his attempt to aeparate thia N,O,, be failed to account for
one-third of the total nitrogen, which very probably escaped
before he began his estimation.

Reduction.—-Among the products of reduction of hypo-
nitrous acid, four substances, viz, nitrogen, hydroxylamine,
hydrazine, and ammonia, are likely to be formed. By reduc-
tion with zine and acetic acid, Daevarda’s alloy and potassinm
hydroxide, aluminium amalgam, sodium bisnlphite, stannons
chloride, titanous chloride, and sodinm hydrosalphite (hypo-
sulphite), we find that none of the last threa is formed, though
vou Brackel (Ber., 1900, 33, 2115) claims to have obtained
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hydrazine by reduction with zinc and acetic acid and also
with sodinm bisulphite. In the case of sodiam hydrosulphite
(alkaline), no nitrogen either appears to be formed. Coblens
and Berusteio (J. Physical Chem., 1923, 29, 750) elaim to have
reduced silver hyponitrite to ammonia by the successive
action of stannous chloride and titanous chloride. We were
unable to obtain any ammonia by the action of these reagents
on sodinm hypooitrite solation. Traces of ammonia sufficient
for colorimetric estimation by Nessler reagent were found in
the solution, but this is probably due to imparities rather
than to the reduction of the hyponitrita,

Table I summarises the foregoing results in the form of a
nitrogen balance.

EXPERIMENTAL,

Preparation of Sodium Hyponitrite.—235 G. of pure sodium
nitrite (Divers, J., 1893, 47, 85) are dissolved in 50 ¢.c. of
water. Sodinm amalgam, prepared by dissolving 25 g. of
sodiom in ;40 c.c. of mercury, ia slowly added to the above
solution contained in a round-bottomed flask, During the
addition the solution is kept cold by running water. After
all the amalg v is added, the flask is vigorounsly shaken and
cooled till no more heat develops. The whole is then trans-
ferred to 2 thick-walled separating funaoel, the solid adhering
to the flask being twice washed with very small amounts of
water, and gshaken continunounsly for one hour to reduce any
nitrite which might have been precipitated along with the
hyponiirite from the strongly alkaline solulion. The amalgam
is then separated. The sodium hyponitrite is filtered off
through asbestos, without unduly exposing the liguid to the
aclion of air, which ¢in best be done by passing a current of
carbon dioxide-fres air or nitrogen over the solution being
filtered. The solid is then takén out and repeatedly tritarated
with alcohol till the pulp-like mass falla to a fine powder,
which is then filtered and washed with the same reagent. It
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is redissolved in the least amount of water, and fillered from
sudpendod impuoritics. The solution is then concentrated over
sulphuric acid in a vacounnin The vessel ehould preferably be
covered, ag considerable bomping occurs. On the third or
fourth day thick shiort neodles separate. These are crushed
and tritarated with alcohol, filtered, and washed with alcohol
and ethor, The salt so prepared is the oclahydrate (Found :
Na, 18.05; N,O,, 24.7; 11,0, 55.5. Na;N,0,.88;0 requires Na,
18:4; N;0,, 24.0; 11,0, 57-67/).. When left for 24 hours over
‘concentrated sulpharic acid in a vacaom, it becomes an-—
hydrous (Found : Na, 42.3; N,0,, 54:1. Cale. for Na,N,0, :
Na, 43-4; N,;0,, 56.6%. The yinld of the anhydrous ealt is
19%. lte specifio gravity is 1.726 at 25°,

For preparing the pentahydrate, sodiunm nitrite is digsolved
in 75 o. e. of water. Alter geparation of the amalgam, ‘the
golution ig filtered through ashestos, and the filtrate loft in a
vacuum over sulpharic acid. After about 25 days, Bmall
granulod separate. These are filtered in a small GQooch
crucible without asbestos and washed with aleobol, They are
then taken out, triturated with alcohol, filtered, and washed
with aleohol and ether (Found : Na, 23.9; N;0,, 29.8; H,0,
45.1. Cale. for Na,N,0,,6H,0 : Na, 23.5; N,0,, 30.6; H,O0,
45'9%).

In studying the action of various reagents in a wvacunam,
the apparatus sbown in Fig. 1 ( for fiig. see J. C. 8, 1931,
p. 2077} was used. The pgubstance was weighed out iu
tho small tube A and carefully introduced into the
flask. Tho solution, the .action of which it was desired
to study, was contained in the side tube B or D. In cases
where it was necessary to study the action of two
reagents in suocossion, these were separately introduced into
B and ). The vossel was then attached to the Sprengel
pump and evacnated, and the solutions added to the substance
through the three-way tap E. A small amount of air remains
i the tap (caloulated, 1-1 ¢.0.) and in the analysis this volume
ig deducted from the amount of nitrogon,
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For studying the action of heat, the substance was weighed
in the tube shown in Fig. 2. ( See for fig. J. C. S, 1931 p, 2077
The epiral at the top, which contains somse glass wool.
preventd escape of gsolid when it euddenly decomposes.

This tnbe is heated in a -Pyrex tube, having a ground-in
glasda thermometer and atiached to the pump.

Action of Heat.— (i) 0.1005 G, of the hyponitrite gave 13.9
c.c. of nitrogen (at S.T.P.). The residue weighed 00826 g.
and required 139 c.c. of 0-0935N-hydrochloric acid for
neatralisation (phenolphthalein) and Il.2 ce. of O-11LN-
potassinm permaopganate solution. (ii) 0-1236 G. left a
regidne weighing (0994 g. and required 17-0 ¢.c. and 144 c.c.
of the above reagents respectively.

The hyponiirite remaing unchanged to 260°. At 260—265°,
it begins to melt, effervesces, and suddenly decomposes,
turning firat yollow and then red. Afier cooling, the residue
ig yellow.

Action of Sodium Hydrogen Sulphate.—The hyponitrite waa
weighaed in a poreelain beat, mixed with 1 g. of sodiom
hydrogen sulphate, and introduced into a short length of
combustion tubing, which was then evacuated. (i) 0-1730 G.
gave 7.6 c.c. of nitrous oxide, 3.6 c.c. of nitric oxide, and
16-1 c¢.c. of nitrogen. The residne contained nitrate (diphenyl-
amine teat) and traces of nitrite (potassinm iodide and starch).
(ii) 0-1237 G. gave respectively 9.8, 2.2, and 13-2 c.c. of these
three gages. The residue gave 4.0 c.c. of nitric oxide (estima-
tion of nitric acid by Crum~Frankland method).

In this experiment, and in the action of eoncentrated
sulphuric acid, a washing tube containing potassivm hydro-
xide wag interposed between the pump and the apparains, but
no nitrate or nitrite was detected in it (diphenylamine test). )

Action of Water.—(i) 0-1038 G. of hyponitrite gave with
20 c.c. of water 7-9 c.c. of nitrouns oxids, 2.5 ¢.¢, of nitrogen,
and 1.0 ¢.0, of nitric oxide; on the next day 2.3 ¢.c. more of.
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the firat gad were evolved. (ii) 0-1142 Q. gave with 10 e.c.
of water 8.1, 2.7, and 1.1 c.c. of these gases respectively. The
grlution did not give any test for nitrate or nitrite, but
showed the presence of undecomposed hypounitrite by giving
s yoellow precipitate with silver nitrate,

Action of Acids,—This is ehown in the following table.
With the dilate acids the resulting solution gave the same
reactions ag with water, but with concentrated sulphurie acid,
it contained nitrate and nitrite (the latter too small for
estimation) and gave 1.6 ¢c.c. of nitric oxide from the first
folution.

Ng,N,0,, N,0, N, NO,

Acid. g. c.c, c.c. 0.C.

H,80,(app. 3¥), 20 c.c.... 0.1557 15.5 4.3 7.4
0.1040 11.2 3.2 4.0

HCI (app. 3N}, 20 c,0. ... 0.1060 115 35 4.2
0.1270 14.0 38 35

H,80, (2 1.84%), 20 o.0,... ¢.1032 14.3 5.6 1.3
\ 0.1042 14.5 6.2 1.7

Action of Acidified Potassium Permanganate~—~Thesgolution
vged contained 0.5 g. of permanganate in 20 c.c, of 2N-
sulphuric acid, The results of a gecond experiment are in
parentheses, 0.1000 (0-1249) G. gave 12.3 (16:4) c.c. of
nitrous oxide and 2.2 (2-5) ¢.c. of nitrogen. The dolution was
concenirated, and decolorised with oxalic acid,the excess of
the latter being removed by slowly adding permanganate
golution till a slight pink c¢olour remained, An aliquot portion
wad taken [or estimating nitrie acid. The whole gave 14.0
{20.7) c.c. of nitrio oxide.

Action qf Polassium Permanganate followed by Sulphuric
Acid.—The aoid (20 c.c. of 2N) was added after the gases
evolved during the addition of the permsanganate (0.5 g, in
20 o.0, of water) had been collected (about 30 mins.) : 0.1054
g. gave before addition of acid 2-1 ¢ 0. of nitrons oxide and
2.1 c.0. of'nitrogen; and after addition of acid &.1 and 1.2 ¢.q,
respectively,
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The solution gave 23-3 e,e. of nitric oxide.

"' In examining the products of reduction, the presence of
ammonia wag tested with Nessler reagent, hydrazine by
reduction of Fehling's soluiion and benzalazin test, and
hydroxylamine by the benzoyl chloride-ferric chloride test.

Summary.

It has been shown that sodinm hyponitrite ocecurs in the
" form of two hydrates—the penta- and the octa-hydrate. The
action of heat and various reagents on the solid salt in a
vacuum has been studied. The anhydrous salt, when heated,
decomposdes into godinm oxide, sodinm nitrite, and nitrogen.
It is partly decomposed by water, dilute sulphurie acid, and
dilute hydrochloric aeid, forming nitrons oxide, nitri¢c oxide,
and nitrogaﬁ; and completely by conceatrated sulpharic acid,
forming nitrous and nitric acids besides the above products.

TasLe L
" Percentages of the various profducts calcwlated in terms of
| nitrogen. (Theoretical total, 26-4%.)

Reaction ¢ N,0, N,. NO. HNO,,. HNO,, Total.
Hoat — 173 — 80 — 23.9
" — — = %0 — —_
Water 95 3.0 06 — - 131
" . &9 30 06 — —_ 12.5
K,S0,, dil 125 39 30 — — 19.4
) e P 13.5 3-8 2.4 —— —_ 19.7
HCl, ail L1360 41 25 — — 20.2
" . 138 37 1.7 — — 19.2
H,S0,. conc. 17.3 68 079 — 0.8 2569
» L1740 T4 10— — 25.8
NaHSO, .. 55 116 13 — — 18-1
" e 4127 1L — 1.9 251
EMnO,, acidified. 154 28 '— — 8.8 27.0
" " o 164 25 — - 104 20.3
KMnO, then acid 89 39 — — 128 20.2
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Taere II.

Amount of 0.1N-KMnO}
required by 10 c.e, of
" the sol. if its conc.

Cone. of wag 0.1
HNO, ~ " .
g. -mol. Acid at  Acid after
per @ame time 15 mins. Ratio, )
Source of solution. litre. (I, (ID). (ID/KDs
Jlid Na,N,0, dissolved in ¢ 0,050 16.7 32.2 133
vater... { 0050  14.2 27.4 1.93
ofst Ag,N 10 Bhaken w1th
LIN-NaQl and diluted .. 0.025 —_ 9.0 —
aNgO, shaken with 0.IN-
V8,50, and diluted e 0,025 2.1 6.6 31
oist Ag;N,0, shaken with ¢0.0467 7.0 20.5 203
L0935N-HCI and dilnted.. {0.0701 15.7 3L 1.98
oist Ag,N,0, shaken with ¢ 0.1335 14.8 29.3 2.07
atd NaOl sol. and diluted  § 0.0482  11.1 23.8 216

By the aciion of potassinm permanganate, a portion of the
Balt is oxidised to nitric acid and the other portion de-
composes into nitrons oxide and sodinm hydroxide, the pro-
portions of the two depending on the experimental condi-
tions, thue explaining the variable results obtained by
different workers under glightly different conditions. The
salt could not Le reduced by stannous chloride, titanous
chlorido, sodinm hydrosulphite, ete.

One of the authors (C.C. 8.) takes this opportunity of
exprogsing his gratitude to the University of Bombay for a
gcholarship, and to the Truatees of the N, M. Wadia Charities
tor a loan, which enabled him to earry out this work, and
Loth autors thank the Chemical Society for a grant which
has partly defrayed the expenses incareed in the research,

Last London College,
Univarsity of London.

(Reprinted from the Journal of the Chemical Soclety, 1931.)
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XXXVL—Hpyponitrites. Part 11 : Metallic Salts
Part Il : Esters.

Ey JA}].ES-R. ParTrxeTON AND CHANDULAL C. SHAH.
Part 1L

Calcium, strontiom, and barium hyponiiritea have been
previouly prepared in pare crystalline forme {Divers, J.,
1899, 47, 97:; Maquenne, Compt. rend, 1889, 108, 1303;
Kirschner, Z. anorg. Chem., 1898, 16, 424), the first and last
occurring as tetrahydrates, the gsecond as a pentahydrate, We
obtained all three in the cryst, form by ppin. on adding
excess of a solution of the corresponding nitrate to Na,N,0,
aq., washing with H,O (at 4(°), EtOH, and Et,0, and drying
on a porous plate (in the cage of the Ca zalt in a desiceator).
The analyses of the products confirmed the formuls stated.

We were unable to obtain the alleged basic l-ad hypo-
nitrite, PbO,PbN,0, (Kirschner, loc. cif, , or Pb{OH),,PbXN,0,
(Neogi and Nandi, J., 1928, 1449), under any conditions, the
normal salt, PbN.0,, prep, by Divers (loc. cit), Kirschuer
(loc. cit.)), aud Thum (Inaug, Diss,, Prague, 1833; llonatsh.,
1393, 14, 294), being always obtained in a pale yellow form
by pptn. a8 in the case of alkaline-earth salts, and drying in a
vae. If, instead of Pb(NO,)., Ph(0Ac), is used, the ppt. is
deep sulphur-yellow, and the salt detonates more violently
when beated than that obtained from the pitrate. No attempt
gshonld Le made to dry the Pb ealt by heating, The other
properties and the chemical composition of the two forms are
the same.

A basic copper hyponitrite, Cug/OH). N,0, (Divers; Thum;
Kirschner; locc. ¢it.), conld not be obtained. The ppt. formed
on adding CuSO, aq. to NXa,N,04 aq. was found {by Cu and
N detmtn.) to have the eomposition CaN,0,.

Analyses —N was determined as described in Part I (J.,
1931, 2071), The metal in Ca, Sr, Ba, and Pb hyponitrites
was determined as sulphate, and in Ca  byponitritg
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a8 Oxide by maintaining the galt at a red heat for some tjme.
Ca ealt (Found : Ca, 23.21; N, 16.32, Cale. for CaN,0,,4H,0:
Ca, 23.29; N, 16-29%), Ba salt (Found : Ba, §1.37; N, 10.9.
Cale. for BaN,0,4H,0 : Ba, 50.97; N, 10-40%), Sr salt
¢(Found : 8r, 36.9; N, 11.5. Cale. for SrN,0,5H,0 : Sr, 36-86;
N, 11-79%) Pb ealte (Found, for yellow product : Pb, 77.32;
.N. 10-45. Found, for pale yellow produet: Pb, 77.85; N,
10.3. Cala. for PbN,0,: Pb, 77.57; N, 10:497/). Cu salt
(Found : Cu, 50:97; N, 22.4, Cslc. for CuNy0, : Cu, 51.44;
N, 22.67%)).

Action of Air.—According to Kirachner, barjom hypo-
nitrite I8 decomp. by dry CO, while calcium hyponitrite
la gaid by Divers to be very stable and a good hyponitrite to
stock. Maquenne found thut the alkaline-earth hyponitrites,
do not completely lose H,O of crystn. at 100°. Copper hypo-
nitrite wad found by Kirschner to be slightly hygroscopie.
We found that these hyponitrites. when exposed to dry air
or CO,. remained practically unchanged in wt., whilst on
exposure to air gatnrated with water vapour, there was a
gligbt {increase. The alkaline-earth hyponitrites retained
their cryst. structare as seen undor the microscope, even on
exposure to ordinary air for geveral days, and the analysis of
the ealts exposed to air for a week did not show any change.

Secott (J. Amer. Chem, Soc., 1527, 49, 986) states that the
Na salt prep, by him was non-hygroscopie, but this seems to
bave been based on appearance only. We exposed weighed
amounts of the salt, prep. by our modification of Divers's
method (J, 1331, 2075), to air, dry COy, and CO,-free air
saturated with water vapour. When exposed to air the salt
at frest rapidly absorbs moisture and increases in wt.; after
about 3 days it begins to lose wt. When exposed to air
saturated with water vapour in a desiccator, the increass in
wt. oontinues for a considerable time, but the wt. immediately
falls on expoaure to the free air., The wi. of the dry salt
remaing unaffected on exposare over conc. H;SO, in an atm,
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of 00:2. A sample of sodium hyponitrite after exposure to
air for a fortnight gave no characteristic yellow ppt. with
AgNO;. It appears that the dry salt is unaffected by CO,
and is hygroseopic; in contact with water vapour or in solu-
tion it is slowly converted into the carbonate on exposure te
ordinary air., The external appearance of the salt remains
like that of anhyd. MgS0,, even on absorption by the salt of,
twice its own wt, of H,O.

Thermal .Decomposition.~-The  thermal decomp. of the
alkaline-earth salts has not been examined previounsly. Divers
found that CuN,Q, gave H;0, Cu0, Cu,0, N.O, and NO.

The thermal decomp, of these salts cannot be represented
by one equation, as in the case of NagN;0,, for although
N20 forms the major portion of the gaseous reaction products,
it is always accompanied by NO and N. The alkaline-earth
salts behave similarly and decompose at a temp. higher than
320°, The principal gaseous products are N,O and N, with
some NO. The solid residue is alk. and cortains some nitrate
and an amount of nitrite, which, although it can be detected
qualitatively, is too small for determination. The following
equations, in which R = Ca, Sr, or Ba, probably represent the
decomposition ;

RN,0,=RO + N,0' we e o (1)
, 5RN,0, = RINO,), + 4RO + 4X, ... (2)
9RN,0, = 2RO + 2NO 4+ XN, .. ... (3)

During the decomp. of lead and copper hyponitrites, N,0
ig likewise the main product, but no nitrite or nitrate can be
detected in the solid residue. The Pb salt ie so explosive
that the gaseous products could not beé examined, but the
greyish-yellow solid residue was Pb0. Lead hyponitrite
appears to be unstable even at 100° at which temp. i slowly
tarns brown and loses wt., with evolution of N,0. Since no
pitrite or nitrate is found in the residue, it appears that the )
decomp,, which is slow at lower temps, and occurs explo=-
sively at 150—160° proceeds according to equation (1).
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TapLe L
Wt. of % of total N as
gubstance N,, N,0, NO, - s -
Reagent. g c.c. ¢c ¢c, Ny N,O.NO,HNO,,
CaN,0,,4H,0.
Heat ... 0-1088 28 9.2 1.7 20 65 &6 9
" 01360 39 119 2.3 22 62 6 8
Dil. HCI 00954 09 4.0 1.7 7 32 7 0
Dil. H,30, .. 0.0994 — 1.3 — 0 10 O 0
Cone H80, ... 0.1007 2.9 6. 0.9 22 47 34 —
” 01235 32 7.9 1.0 20 49 31 -—
Acid KMnJ,... 00970 0.2 4.2 — 2 33 0 65
KMnO, 4acid 0.I146 0.8 3.2 — 5 21 O 74
- 0.1082 0.8 3.0 — 6 21 0 73
. BaNgOSO4H20|
Heat ... 0.1376 38 67 24 33 59 10 ..
- 0.1032 30 5119 35 59 8 —
Dil. HC! 01008 07 5213 8 62 8§ 0
Cono. 11,80, .. 01001 23 41 21 27 53 13
Aeid EMnO, ... O.l113 04 4.7 — 4 51 0 —
KMnO,4acid.., 31042 07 32 — 8 387 ¢ —
SrN,0,,4H,0,
Heat ... 01270 3.8 6.8 2.7 31l 56 11 —
- 21010 3.0 5.4 2.1 31 57 1L —
KMnOy +acid 01078 — '35 == 0 3¢ 8 o=
PszO’I
Dil. HNO; .. 01347 —~ 78 — 0 69 O 0
' CuN.Oz.
Heat .., 01042 1.1 168 20 & 89 5 0
" 00830 0.3 13.5 7 2 90 3
Dil. H,80, ... 01256 — 191 — 0 84 0 0
" o 01137 — 174 — 0 8 0 0
Dil. HCI 00038 — 14.2 — Q0 83 0 0
"o e 1029 — 154 — ¢ 8 0 0
Cona. H,80, ... 01020 4.2 0.8 &5 23 58 10 —
" 00803 30 82 28 21 56 10 —
Aoid KBIHO‘ . 0'1256 — 7-5 b 0 33 0 —

Unlike the Pb salt, copper hyponitrite i8 not explosive.
It decomposes at 225—230°, and the gaseous products of

docomp. are N,0, NO, and N. The residue was shown by
analysis to be CuQ. Equationa (1) and (3) represent the
decomp.
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Action of Water and Alkalis.—Water has no apparent
action on the alkaline-earth, lead, or copper salts, and no gad
id evolved when they are treated with water in a vac.
9 N-NaOH aq., when added to the salis, causes no evelution of
gas, but hyponitrite can be detected in the solution. In the
cage of PbN 0., which becomes perfectly while, the reaction
is probably PLN,0, +2NaOH - Pb(OH); +Na;N,0,. Even
in this case the conversion ig not complete, for the insol.
_residoe contains some hyponitrite. For studying the actiom
-of heat and various.reagents in a vae,, the apparatug deg-
eribed in Part I (loc. cit.) was nsed. The resalts are given in
Table L

- Action of Acids.—Qur expts. on the reaction of dil. H,S0,
and HCl with Na,N,0, (loc. ¢it.) indicated that NyO was the
main product, and those now described are in general agree-
ment with those of Cambi (Gazzetta, 1929 59, 770) on the
action of 7N-H,S0, on PbN,0, and 4N.acid on Na,N,0, in
an atm, of CO,, but not with his results in the case of the
action of TN-acid on CuN,0,. All the five hyponitrites be-
have towards acids like the Na salt; with the Ca, Sr, Ba, and
Pb salts, the decomp. by H;80, is only slight, the Pb salt
losing its colour very slowly, As in the case of the Na salf,
no nitrate or nitrite is formed. Cone. H S0, completely
decomposes all the salts at room temp., the products being
similar.

Action of Ozidising Agents.—The action of KMnO, aq. on
H,;N,0, has been previously deseribed (loc. cit.). Cambi
(loc. cit.) has aldo studied the action of KMnO,, I, and
K3Fe(CN)e on Na,N;0,. and finds that" nearly 609, of the
kyponitrite N escapes as N20 He states that the amount of
I abgorbed depends on the py of the mediam, and wupon the
order in which the reagents are added.

._Potassmm permanganate. Our results shew that the
patare of the acid has an influence on the amount of KMnQ,.
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consumed, the results being always hizh with HOAe¢ and
HC1, In the titration with KMnO, a weighed amount of the
galt was added to dilate acid, followed by excess of KEMnO,
ag. After 15 ming,, standard H,;C,0, was added and the
exceds determined by titration with EMnO,.

C.c. of 0.1N-KMnO,
required for 1.0 g, Equivs. of

Halt, of the salt, 3O required Acid,

CuN,0, 267.8 3.3 H,S80,

275.3 3.4 HNOg4

338.4 4.2 HCI
CaN,0,,4H,0 379.8 65 HCI

267.8 4.6 HNOQ,

268.5 4.6 H,80, .

269.5 4.6 + HOAe+H,S0,

344.2 5.9 AcOH
BaN,0,,4H,0 270.7 7.3 H,S0,

287.4 77 HNO,

2924 7.9 HCl

290.2 7.8 HOAc
SrN,0,.0H,0 189.2 4.5 H,S0,

198.6 4.9 HNO,

259.3 6.2 HCOI [air.

259.5 6.2 HCl(excluding

233.3 5.5 HOAc

PbN 0, gave varying results., Some values obtained with
HXNO, are given, the figures in the last line corresponding
with 1.0 g. of salt.

Wi, g. we 00990 0-1129 0-1302 01336 01475 0-1645 0-1717 0-1773
Vol. required,

8.0, ... ver %6 82 107 129 129 115 125 110
Vol.perg. ... 97-0 726 8256 066 815 699 728 -620

Todine. The iodine titrations were carried ont exactly in
the manoer described by Raschig (* Schwefel- und Stick-
stostudien,” 1Y24, p, 103, (figures in parentheses give atoms
of I por mol. of salt):

0.1N-I absorbed, 0.1-I liberated

Amount of substance C C. by H,80,, c.c.
10 ¢ 0. 0:1335N-Nay,N 0, 4.0 (3.0) 35 (2.6)

0.1 g CaN,0,4H,0 10.8 (1.9) 59 (1.0)

0'1 gc SI'N,,O.J.5H’O 8-5 (2'0) 5'0 (102)

"l g BaN,0,,4H,0 9.6 (2.6) 31 (l.4)
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The results were very discordant, and it is very doubtful
whether the reaciions proceed as represented by Raschig
( op. cit. ) viz,,

H,N;0,+1 = HN,0, +HI )
HN,0, = HNO,+N @)
HN,0, = NO+NOH

2NOH = N,04H,0 (20)

HNO, +HI = NO4I+H,0 3)

(1) represents the absorption of I in HOAe¢ solation, and (3)
the liberation of I in presence of H,SO,. If the reaction
proceeds smoothly according to (1), (2), and (3), all the I
nded in the first stage should be liberated in the third.
Ruschig found 'that only: one-half is liberated, and hence
guggested that (2) may occur in either of the two ways, the
alternative being (2a).

Sodium hypochlorite. Oxidation by NaOCl gave the same
regults a8 that by KMnO,. The action was invesiigated by
adding excess of the reagent. After 5 mins., H,80, was
added, and then an exzcess of KIlag. The liberated I was
titrated with Na,S,0,.

Amount of substance 0-1N-NaOCl, e.c.
10.0 c.c. 0-05N-N2,N,0, 33.7 (6:7)
0.! g. of CaN,0, 4H,0 40.1 (6:9)
0:1 g. of SrN,;0.:.5H,0 26.7 (6.3)
0.1 g. of BaN;0,,4H,0 28.5 (1.7)

The figures in parentheses give atome of active Cl per

mol. of salt.
PART III.

Esters of Hyponitrous Acid.— Ethyl hyponitrite, prep. by
Zorn (Ber., 1878, 11, 1630) by the action of Ag,N,0, on EtI
in presence of dry ether, is described by him as a liguid,
gtable at room temp. but explosive at higher temps., having "’
the -normal vapour density [mol. formula (C.H,);N,0,]
pelow 61°, He found that on reducti_on with Sn and HOAg¢
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or HCI or Na-Hg, traces of amino-compounds are formed.
In presence of H,0, the eater decomposed slowly at ordinary
temps,, rapidly at 40° and upwards, according to the equation
{C3H,)aN,0, =2 C,B,.-OH4CH,.CHO+N,,.

Benzyl hyponitrite, deseribed as fairly volatile at room
temp., wad prepared in a similar way by Hantzsch and
Kaufmann (Annalen, 1896, 292, 329); it decomposed similarly
in presence of H,0, forming Ph-CHO.

We describe the preparation of very pure silver hypo-
nitrite, from which we prepared the ethyl, n-propyl, #-butyl,
and bonzyl esters by the same method, the first three being
lignids and the last a solid. Cryoscopie determination of
their mol, wts. in C,H, solution showel them to possess the
formula R_N,0,. Attempts to determine the vapour density
showed that even as low ag 15° and at correspondingly low
pressures, the ligquid esters dccompose, giying a gaseous
product. A rapid determination of the vapour density of
ethy! hyponitrite at 46° in the apparatus described below
wave the value 46 (cale, : 59, H = 1).

Reduction of the esters with KOH and Devarda’s alloy did
not give any amino-compounds. The benzyl ester remained
unchanged when treated with Al-Hg in alc. solution at room
temp., but at higher temps. (60-70°), redaction to benzyl
alcohel oceurred. Since H,O rapidly decomposes the ester
at this tomperature according to the equation :

(C,H,).Nzo. = CIH'OH""CQH"CHO"‘NS (1)

the aldehyde first formed i8 no doubt reduced to the alcohol.

The three liquid esters are readily decomposed by H,O at
40° aceording to equation (1}, but the benzyl ester only above
ity m. p. Even in presence of 50% EOH aq, the reaction
appears to take the rame course, sinoe, afier hydrolysis either
at room temp, or at 0°, no hyponitrite can be detected.

The benzyl ester, when Leated at 70—80° with an
[10Ac golution of phenylbydrazine, gave an 80% yield of
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benzaldehydephenyl-hydrazone (m, p. 157°), o that even in
acid solution the reaction takes the course of equation (1).

All the esters are unstable. The liguids on standing
become slightly yellow, sometimes deep yellow, but the
colour disappears on shaking. If the ester i8 kept for more
than a week, however, the colour does not so disappear. The
esters possess the normal cryoscopic mol. wts. even after a
weelk, although the density of the lignid ethyl ester increases
from 0.953 to 1-047. The benzyl ester becomes yellow and
pasty; and after a week forms a lignid. On account of its
low m, p. it is very difficult to prepare in hot weather.

Silver Hyponitrife.—Great care is necessary in the pre-
paration of thig salt, since otherwise the product is grey, or
even black (¢f. Divers, J., 1899, 47, 97; Coblens and
Bernstein, J. Physical Chem., 1923, 29, 750). 10 G, of
Na,N,0, are dissolved in H,O, the filtered solution made up
to 200 ¢.0., and, slightly less than the theoretical amount of
10% AgNOj aq. added drop by drop (stirring). If the solu-
tion is added rapidly, or a more cone. solution used, a
considerable amourt of a brown ppt, is formed, which
requires vigorous shaking before it becomes pure canary-
yellow. The ppt. is allowed to settle, the snpernatant liguid
ig decanted, and divided into two equal parts, To one, the
AsNO; solution ig slowly addead till the ppt. becomes slightly
discoloured. The volume added is measured and the two
portions mixed. An amount of AgNOQ, aq. § c.c. less than the
amount required in the previous operation is then slowly
added and the whole is mixed with the main ppt. and shaken.
After the ppt. has scttled, the liguid is decanted and 1%
AgNO; ag. added until the colour of the liquid begins to
change from bright yellow to pale yellow. This liquid is
then shaken with the main ppt., snd the .remaining solid is
washed 6-—8 times by decaniation, filtered off, and dried for
2—3 days in vac. over H,SOQy in the dark, during which it
must retain its bright yellow colour. It is then powdered,
and on standing over-night in a vac. desiceator cver P,0y it,
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becomes perfectly dry (Found : Ag, 78.1; N, 10.7. Cale. for
Ag,N,0, : Ag, 78:21; N, 10.16%)).

Ethyl, n-Propyl, and n- Butyl Hyponitrites.—5-0 G. of Etl
{or 5-5 g. of Prl, or 6-0 g.of n-Bul) are added to 20 c. c.
of dry Et,0 in a freezing .mixture, and 5-0 g. of dry powde-
rad Ag,N,0, slowly added. The flagk is closed with a cork
carrying a CaCl, tube and lefc in the refrigerator for 24 hre.
The solution is filtered into a large test-tube, throngh which
a carrent of dry air is slowly drawn until all smell of ether
is removed, The ester ia kept for 2 hrs, over anhyd. CaCl,
and filtered, The esters cannot be distlled even at low
predsures, The amount of nitrogen evoived on hydrolysis
by H,0 showsd them to be pure.

All the esters are easily sol, in EtOH, Et,0, and C,H,, but
practically insol. in H,0, Ethyl hyponitrite when heated
beging to decompose rapidly at 80-—82° and explodes, but not
vory violently, whilst acecording to Zorn (loc. ¢il.) it is as ex-
plosive as NCI%. The propyl and the butyl ester detonate
when heated rapidly, bub with slow rige in temp. the decowmp.
is smooth and withount detonation.

Benzyl Hyponitrite—From CH,PhI (6.0 g,) and Ag,N,O,
(4.3 g.), this ester is prepared as in the preceding cases, the
ether being evaporated in a vae, over H,850,. When nearly
all the Et,O has been removed, the solid is washed with dry
light petrolenm, redissolved in the minimum of dry EtO,
and pptd. by the former solvent. It is then left on a porons
plate in a partly evacnated desiccator containing H,S0, and
golid paraffin ; m. p. 48—49° (Found : N, 11.9. Cale. for
Ci JH1 N0, : N, 11-57%].

Action of Agqueous Alcohol on the Esters—A weighed
amount of ester wag dissolved in 10 ¢, ¢, of EtOH and dilated
with HO to 25 ¢. 0, in a flask fitted with two delivery tubes,
one connected with a nitrometer and the other with a CO,
gonoerator. The tlask was placed in a freezing mixture, and
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the air expelled by a current of CO,. The flask was then
heated at 40—50°, or, in the case of the benzyl ester, at 70—
75° The gas collected was ingol. in EWQOH and was N. Gas
evolution ceased after abont 45 mins,
N,, S
Gas at — ’AA

Ester, g. N.T.F.,c.c. Found. Calc.‘

Ethyl hyponitrite ... 0.1205 22.0 22.83 ¢ 923,73
" ' e 00937 17.1 22-82} )
Propyl . 01180 17.5 13.54 1518
Butyl " . 041095 13-7 15-64} 16-10
" ” .. 0.0823 10.1 15-24

Benzyl ., ... (1020 9.0 11.04
" " . 020923 82 11-11} 11.57
» . v 0.1527 13.5 11.05

Action of Phenylhydrazine on Benzyl ' Hyponitrite,—To
0-0677 g. of the ester, dissolved in EtOH, a solution of
NHPh.NH, in HOAc¢ was added, the sclution heated at
70—80° for 15 mins.,, and diluted with H,O0. The pptd.
benzaldehydephenylhydrazone, .0436 g. {77-7% of theory),
was recryst. from EtOH (m. p. 156—157°).

Hydrolysis of n-Butyl Hyponitrite.—0.5 G. of the ester
‘wad added to ale. KOH, the solution kept at room temp. for
o hours, and then dilated with H,0. The liquid had no
emell of the ester. On addition of a little dil. AgNO,
aq., only a brown ppt. was obtained, whereas yellow hyponi-
trite is first pptd. even in presence of a large excess of alkali.
When the solution was left in the refrigerator, the smell of
the ester could be detected after dilation for 3—4 days, but
at no time, even after a week, when it no longer smelt of the
ester, did the solution give any yellow ppt. with AgNO,.

Reduction of Benzyl Hypownitrite by Aluminium Amalgam.~—
0.5 G. of the ester was dissolved in dil. aq. EtOH and 1 g. of
freshly prepared Al-Hg added. After standing for § hr. at
room temp., the solution was poured into a large vol. of H,0
and extracted with Et,0 ; the extract on evaporation at re-
duced press. deposited uuchanged benzyl hypounitrite. When'
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the solution was kept at 60° for § br., the ethereal extract
gavo a non-nitrogenons lignid, b. p. 240°, wviz., benzyl alcohol.

Reduction of  Ethyl Hyponitrite by Devarda’s Alloy.—
About 1 g. of the ester was added to 25 ¢. 6. of 50/ KOH
golution with 2 g. of Devarda’s alloy. The distillate was very
slightly alk, (requiring 0-1 ec. c. of 0-1N-HCl) and showed a
trace of NH;. It gave no carbylamine test.

Veagpour Density.—In the determination with ethyl hyponi-
trite in the Hofinann apparatus, the mercury column, on
enoling, did not rotarn to the original level, indicating
degomp. at the reduced press. The modified Hofmann
apparatus shown in Fig. I (See J. C. 8. 1932, 2595 )
was then usod in an attempt to determine the vapour

presgure, but the inatability of the esters renderedit

useless in thie case. ‘The tube A is filled with dry Hg,
and a small amount of substance introduced into it. It is

thon transferrcd in a deep mercury trough to the tube B,
and the rubber stopper pressed in. The whole apparatus ig

thon immersed in a water-bath. When the bath attaing the
desired temp., B ig connected with a Sprengel pump, When

the morcury in A begins to fall, the pumpis stopped and the
manometur reading taken. Tle difference (d) in the mercary
levels i{g measured by a cathetometer and, after temp, cor-
reclion, i8 added to the manometfer reading., After each
reading the vac. can be released, whereupon, if no decomp,

ocourd, uo gas will be found in A,

IFor the determination of vapour dene.ity A 18 substituted
by a 50-0. ¢, {lask as shown dotted. After the apparatus has
hoon heated to the desired temp., the puomp i# started, and
the IIg in the neck of tho flask adjusted to the graduation

mark. Decomp. can he deteoted as in the previous case,
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Molecular waights of the esters in benzene solution.

Ethyl hyponiirite (M =111),"  Propyl hyporitrite (M =145).

CeH, =13.25 g. ‘ CeH,=12.13 g.

w. d. M W, d. M.
0.0468  0.151° 119.9 0.0281 0.076° 141.2
0.0964 3.322 115.8 0.0658 0.179 1434
01286  0.429 116.1 0.0469 0.121 151.2

Mean 117.3 Mean 146.3
Butyl hyponitrite (M =174}, Benzyl hyponitrite J{ =242,
CeH, =13-30 g. CoH, =147 g.
0.0577 0127 172.6 0.08i3 0.121 241.5
0.0643 0-110 174-6 0-0602  0.089 213.2
0.1030 0.226 1732 0.0907  0-135 241.5
. Mean 173.5 Mean 242.1

Measurements of the parachors and dipole moments of
the esters, and the dipole moment of nitramide, have beeon
made and will be published. The parachors of the esteras
are not in agreement with the usnal formula if the wsual
values for tho constants are used, but the dipole moments
ghow that the formula RO.N : N.OR ig very probably correct.
The dipole moment of nitramide is large and throws some
light on its constitution.

One author (C.C.S.) thank the University of Bombay for &
acholarship and the Trustees of the N. M. Wadia Charities for
a loan, which enabled him to participate in the work, and
both authors thank the Chemical Society for a research grant.

Eaat London Collsge.
University of London.

( Reprinted from the Journal of the Chemical Society, 1931)
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XXXV —Influence of Poles and Polar Linkings on

the Course pursued by Elimination Reactions.
Part XlI. Decomposition of Quaternary
Ammonium Alkoxides.
By C, K. InacoLp axp C, S, PaTEL,

Previous studies of quaternary ammoniam compounds
have shown that the praportion in which thermal decom-
porsition proeeds according to the reaction (B) whereby a
radical from the eation appearg in association with the anion,
or according to the alternative reaction '(A), in which a radi-
cal from the cation i3 eliminated as an olefin, is strongly
dependont on constitutional inflmences. In particular it is
known that a general change in reaction-direction in the
gense B—-> A is observed on passing from an ammoniam
compound with a very feebly basic anion such as chloride
towards one in which the anion has the strong basicity of
the hydroxide ion, the cation Leing the same throughont.
The hydroxide ion is the most basie of those hitherto inveati-
gated in thia connexion, and the present experiments were
undertaken in order to determine whether the aforesaid cha-
nge in the direction of decomposition continues to progress
in the same sense when the basicily of the anion is further
increased, beyond that of hydroxide, to that of methoxide
and ethoxide,

According we have prepared trimethylethylammoninm
and trimethylisobutylammonium methoxide and ethoxide,
The four compounds decompose to give, on the one hand
othylene or isobutylene, and on the other a methyl or an
othyl ether, together with the complomentary amine in each
cads (cf, Achmatowiez, Perkin, and Robinson, J., 1932, 5060)
The proportion of reaction A, far from being notably greater
thin in the cnse of the ammonium hydroxides, was actrally
a fow units % smaller (Table), and it appears that the replace-
mont of reaction B by reaction A on increasing the basicity
of the anion of the ammoninm componnd doeg not continue
for anions more basicthan b ydroxide.
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The Principal products of decomposition of benzyltrime-
thylammonium ethoxide are trimethylamine and benzy!

ethyl ether.
Talble : Percentage of Reaction A.

Cation. Anion.........0E ™" ONe . OEt ",
CyHy-NMeg 94 90 88

EXPEBIMENTAL,

Ethyl- isobutyl-trimethylammonium bromides (o 1 g.-
mol.) were converted vig¢ the hydroxides into the chlorides,
which after thorough drying were added to an eqguiv. of a
solution of NaOMe or NaOEt in the appropriate Ca-dried
aleohol. After. filtration of the NaCl with precautions against
access of moisture the solutions were completely distilled
through the following train, viz, a condenser, a cooled flask
containing dil. HCI1, a reflax condenser, a second fask of dil.
HCl, a second reflux condenser, a cooled flusk containing Br,
a gecond similar flask, a drying-tube, and an aspiratér. At
the end of the digsillation the apparatus was swept through
with 10 vols. of dry air whilst the lignid in the HCI éraps
wag kept genfly boiling under reflax. The excess of Br was
destroyed with ice and 80,, and the olefin bromide extracted
with light ligroin, washed with NaHCOj; ag, and H,0, distilled.
The figures in the two right hand columns of the table are
based on concordant triplicate determinations of the yield of
olefin bromide, and the figures under the heading OH--are
taken from Ingold and Vassg’s data(J. 1928, 3125). Amines
and ethers could not be isolated guantitatively.

Benzyltrimethylammoninm ethoxide prepared from the
direetly formed chloride, yielded 637/ of rectified benzyl
ethyl ether b. p. 185° a large amount of trimethylamine, and
a fmall amount of a less volatile bage, presumably.benzyl'-
dimethylamine, )

The University, Leeds.

University Coliege, London.
( Reprinted from the Journal of the Chemical Society, 1933.)
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XXXVI—Influence of Poles and Polar Linkings on

the Course pursued by Elimination Reactions.
Part XV]. Mechanism of the Thermal
Decomposition of Quaternary
Ammonium Compounds.
Br E. D. Huaggs, C. K, IncoLp, anD C. S. PATEL

Although the general theory of the two main modes of
decomposition of quaternary ammoniam compounds

+ —_
RI1R2CH.CR’R*NR'R"R"'}X—>

RIR*C:CR3R* 4+ NR'R"R" 4 HX (A)
+ -—

(R'NR,R"R'”}X'—9

RX. + NR’R”R:M . {B)

has not been treated in this serics since the appearance of
Part I Hanhart and Ingold, J., 1927, 997), yet the point of
view nnderlying the more recently recorded experiments has
developed appreciably in the meantime.

Reuction (A).—The conception of reaction (A) advanced
in Part I may be symbolised as follows :

—~ [t
v . +
R'R2C—=>CR*R*—=>NR'R"R""—=
RIR*C:CR®R* 4 NR'R"R"" 4+ HX (A2)

The eguation depicts, first, predisposition towards reaction
arising from the incipient ionisation of the B-hydrogen atom
induced by the olectron-attraction of the ammonium pele;
and secondly, the sactual process whereby the [S-proton is
attracted by the anion with the assistance of octet-preserving
digplacemonts of elesctron-duplets towards the pole of the
cation. Wide variations in the siructare of the ammoninm
coinpouml hnve been shown to affect the reaction in the ma-
nper domanded hy thig mechanism,
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The above description reguires that reaction '(A) be ofthe
first order with respect to each of the participating ions
and therefore of the second order with respect to the ammo-
nium compound, The numerical part of the description
(A?) is intended to symbaelise this dynamieal character
{ vide infra ).

In part XV (preceding paper)it is shown that the dyna-
mics of the decomposition of [-phenylethyltrimethylammeo-
nivm hydroxide (reaction A) conform to the requirements of
mechanigm (A2); and we regard this demonstration as indi-
rect evidence that second-order dynamice govern the deccm-
position (reaction A) of all ammonium compounds in which
the incipient ionisation of the S-hydrogen atom is nct greater,
and the basicity (proton-affinity) of the anion is not less, than
in B-phenylethylirimethylammonium hydroxide. For exam-
ple, the formation of any purely aliphatie mono-olefin from
a duaternary ammoniom hydroxide or alkoxide (Part XII,
this vol.,, P 68.) may be considered to proceed according to
mechanism (A2),

Starting from any of the ammonium componnds referred
to in the last paragraph, we pow imagine progressive
changes of structure which (@) increase the hydrogen-
polarisation in the ecation, and (b} decrease the
proton-affinity of the anion. Evidently a state will
nltimately be reached in which the anion (@) is not required,
and (4) is strocturally unable, to assist effectivaly in the
extraction of the B-proton. In these circumstances reaction
{A) must be a (wo-stage process such that the cation and

anion are concerned in separate stages :
H
17 N+
RIR!*C——CR3R4-—NR'R"R”,—>
+
RIRQC:CRSR‘+NR'R”R'”+IIso]vafed

+ o el | i LY
X + Hsolvated _ “HX + solvent
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Thus we are led to envisage a second mechanism, here de-
signated (Al), which is+of firsb order with respect to the
cation, of zero order with respect to the anjon, and thus of
order unity with respect to the ammoniam eompound.

Examples illustrating this mechanism are given in Part
XV (loc. cit ), Starting from S-phenylethyltrimethylammon-
ium hydroxide, the hydrogen-polarisation in the cation is
fncreased by the introduction of a nitro-group and the basi-
city of the anion is decreased by replacing it by a halide ion,
The decompositions (reaction A) of the resulting S-p-nitro-
phenylethylirimethylammoninm bromide and iodide were
each found to be unimolecular with respect to the appropriate
galt, and both salts gave the same velocity coefficient.

In relation to these examples, the first stage of mechanism
(Al) may regquire subdivision by the introduction of a
hypothsetical, and presumably unstable, intermediate botaine;
the smmoniunmn cation would then be regarded ae a definite
aoid of which the betaine is the conjugate base and the
immediate precnrsor of the colefin:

+ —
R!'R2CH.CR®R&-NR'R"R", >

R1R2C.CR"°R* -I-'I'-R’R”R”’ +].F*I-solvated
vl v+

RIRZC——CR*R4——NR'R"RV'u>

R'R?*C:CR?R* + NR'R"R™
1¢ k, and %, are velocity coofficients repregenting respectively:
the rate of dissociation and of formation of the acid, whilst
k, similarly epecifies the speed of fission of the bage, then
the experimental animolecunlar coefficient, %, has the form,
K len (o[-} +%3). A definite dependence of £ on [H-] has
been obsorved and ite direction is consistent with the formula
given. This is the reason for the suggested sub-division,
which, however, i8 not regarded as necessarily a general
feature of mechanism (Al)
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Thus the original conception of reaction (A), represented
in mechanism (A2), is now generalised by the contemp lation

of a graded range of mechanism, (A2)—(Al), of which the
extremes have been illustrated.

Reaction (B).—In the representation of this reaction ad-
vanced in Part I (loc. cit.) two stages are distinguished : it is
agsumed that the cation suffers fission without the direct
intervention of the anion, which only subsequently unites
with the ejected radieal :

v+ +
R—NR'R"R"”’—=R4+NR'R"R*” }
+ — e o (B1)
R+X—-RX

This mechanism, designated (Bl), represents a reaction
which is of first order with respect to the cation, of zero order
with regpect to the anion, and therefore of first order with
respect to the ammoniom componnd. It has afforded a con-
sistent explanation of many phenomena. but recent invesii-
gation, both by von Braun and his collaborators and by our-
gelves, has revealed four difficultiea in ils general application.
Firgt, von Braun ef al., atudying the decomposition of tri-
methyl-n-decylammonium bydroxide in dilute solution &t
constant volume, found that the ratio of the guoantities of
meothyl alcohol and decylene eliminated in the same experi-
ment did not..depend on the initial concentration of the
ammoniam hydroxide (Annalen, 1929, 472 121; ¢f. Ber., 1931
64. 2610). This result shows thst reaction {A) and (B) are,
in this instance of the eame order, but it does not determine
the order. We combine it, however, with our dynamical
study of reaction (A) (Part XV, loc. ¢il.), which as the previ-
ous section shows, requires the elimination of deeylene to
be bimolecular. It follows that the elimination 6f methyl
alcohol is bimolecular, contrary to the reaction order reguir-

od by mechanism. (Bl :
Secondly, an investigation into the decomposition of
benzhydryltrimethylammonium hydroxide in dilute splu-
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tion at constant volume has shown (Part XIII, this vol., p. 69)
that the ratio of the gquantities of benzhydrol and methyl
alcohol eliminated in the same experiment is strongly depen-
dent on the initial concentration of the ammonium hydroxi-
de. Thoe ratio is also changed Ly the initial addition of ex-
traneous hydroxide ions. Both  resulls are indicative of the
existence of simultaneons reactions of different orders, and
a Fatisfactory interpretation was found to Pollow from the
agsnmption that the elimination of benzhydrol and methyl
alcohol are reactions of the first and second order respectiveiy
Once again the elimination of methyl alcohol exhibits dyna-
wmics contrary o the demands of mechaniem (BI).

The third difficulty is that, although until recently all the
available observations concerning the relative facility with
which those groups which cannot appear as an olefin become
eliminated a8 alcohold from quaternary ammoniom hydroxides
wero congistent (Part I, loc, cif,) with mechanism (Bl), yet
one clear case contrary to this mechaniem has been observed -’
(Part XI, this vol., p. 67} in the exclusive formation of me-
thyl alcohol and the complementary amine from trimethyl-
neopentylammonium hydroxzide; for mechanism (B1) requires
that the gronp with the greater tendency to separate as a ca-
tion should preferentially be eliminated as alcohol, and
evidently electron-release from the tert.'-butyl portion of the
neopentyl radical should facilitate the formation of the co-
rresponding cation, wherefore neopentyl alaohol rather than
methyl alcohol should have been climinated.

The fourth and last point has reference to the widely
observed phenomenon that, when the decomposition of an
smmonium 8alt with a feebly basic anion (¢4, a choride)
is compared with that of a corresponding compound having
the same cation but 8 much more strongly basic anion (e.g,,
the hydroxide), reaction (A) assumes considerably greater
relative importance in the latier csse, This is consistent
with the operation of the combinalion of mechanisme (A2)
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and (Bl) (ef. Part I, loc. cit.), and whilst the hydroxide ion
remained the moest basic of those investigated in this con-
nexion no difficalty with this interpretation arose. But an
extension of the comparision by the inclusion of alkoxide
iond (Part XII, this vol,, p, 68) haa revealed that the suppres-
gion of reaction {B) in favour of (A) does not continne when
the basicity of the anion is increasen bLeyond that of the
hydroxide ion. This effect cannot be ageribed to the opera-
tion, over the extension in the range of anions, of the com.
bination of mechanism (Al) and {Bl), for it will be clear
from the preceding section that any increase in the basicily
of the anion must tend to sirengthen the retention of
mechanism (AZ2). The effect referred to must therefore be
attributed to some failure of mechanism (B1).

Commencing with any case to which mechansim (BL)
applies, Iot us imagine changes of structure which (a) de-
crease the cationic stability of the eliminated group, and (0)
increase the basicity, or, more generally, the nucleophilic
tendencies, of the anion. Eventually a state must be reach.
ed in which the intervention of the anion () id necessary
for, and (b)is effective in, the elimination of the group.
The process will now occur in once stage as in the gcheme ;

{R’R"RR-"’-'I"%—-—%} X —a RR"R"N+RX (B2)
According to this mechanism reaction (B) is of the first order
with respect to each ion, and hence bimolecular with respect
to the ammonium ocompound, wherefore the mechanism
receives the designation {B2). Thus arises the possibility of
a generalisation of the mechanistic theory on the lines already
illustrated in relation to reaction (A).

Before pursuing thia conception, it is necessary to refer to
the alternative suggestion by von Braun et al. (loc. cif.) that
reaction (B) is a decomposition of the un-ionised amrponium' )
hydroxide molecule : '
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{RRR"RN}OH _2>

RRR'R*N-OH =

R.OH 4 R'R"R"N (B")
Two Beried of special experiments, relating to the decom-
position of trimethyl-n-decyl-ammoninm hydroxide, were
held to support this view. Firat, it was found thai the
addition of glycerol to the ammonium hydroxide decreased
the proportion of decylene formed and thus augmented the
proportion of methyl alechol; and it was argued that the
glyoerol by repressing the ionisation of the ammonium hy-
droxide, should favour the molecunlar reaction (B} at the
expande of the ionie reaction (A), though possible distur-
banoe through the formation of ammoniom glyceroxides was
admiltted. Secondly, it was observed that the addition of
potassinm hydroxide inereasad the proportion of decylense
and decreased that of methyl aleokol; and the argument on
thia point was that, althongh extraneous hydroxide ions by
repressing ionisation, muet fecilitate reaction (B), yet, becua-
go the congentration of molecular ammoninm hydroxide is
in any circumsatances small, therefore this effect must be
gmall in comparigon with the direct, accelerative effect of
the added hydroxide ions on the ionic reaction (A).

We acoept Sidgwick’s principle whereby the formation
of an un-ionised quaternary ammoninm hydroxide is impo-
paible, and accordingly regard all decompositions of ammoni-
um compounds as exclusively inonic. Concerning the effect of
added glycerol, we concur in the suggestion relating to the
formation of glyceroxides. Regarding the effect of added
potassinm hydroxide we would remark, firat, that the arga-
mont based on this effect is oonirary to the mass law, and
gacoudly, that von Braun and his co-workere themselves
have shown that in agueous solution reactione (A) and (B) ars
eqttally nffected Ly hydroxide jons, Furthermore, we ima-
gina that the un-jonised molecnle is expected to b2 more
plentiful in the fused armmonium hydroxide than jn dilute
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agqueous golution; wherefore, according to scheme (B),
the proportion of reaction (B) might be expected to be
greater in the former case, contrary to the observations, The
foregoing comments will not obscure the circumstance that
von Braun’s scheme (B’j requires the same reaction order
as our cheme (B2).

Returning to the congidertion of mechanism (B2), we first
obgerve that, in each of the cases in which the application
of scheme (B1) hes led to inconwsistencies, the ad koc intro-
duction of its alternative (B2) wounld interpret the observa-
tions. It provides the dynamics which are required iu re.
lation to the elimination of methyl alecohol., It accords with
reaction inhibition by electron release, and thus interprets
the case of the neopentyl group {MegC—>CH,.), since polari-
gation in this direction musi oppose the address of the anion.
Algo, mechanism (B2), like (A2), depends on the basicity of
the anion, and this circumstance accommodates the observed
abgsence of any marked change in the direction of decompo-
gition on replacing the hydroxide ion by the more basic
alkoxidae ion.

On the other hand, it is equally evident that no general
application of mechanism (B2) is poesible; for the reasons
which led originally to the proposal of mechanism (BIl) stil}
hold, and in addition we now have direct evidence for un-
imolecular dynamic in the elimination of benzhydrel, and
indirect evidence for the same mechanism in the case of the
elimination of triphenylearbinol (Huoges, Part X1V, this vol,,
p- 75). Both mechanisme must be envisaged [this was done
in Part I, but (B2) wag not regarded ag important].

The circumstances which theoretically ehould determine
the replacement of one of these mechanisms by the other

e —
are clear, In the molecule §RR'R"R™N}X, if either (4) the
cationic stability of R is progressively increased, or (&) the

basicity of-i id progressively decreased, then a sgtage .shonld
be reached at which mechanism (B2) becomes superseded by
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(Bl1). 1t remains to show that this theoretical ralation corres-
ponds to known experimental data.

The effect of charges of type ‘«) in the cation may be
illustrated firat by reference to alkyl groups. Conecerning
the series CHge, AlkCH,., Alk,CH,, AlkgCs, it i8 known that
methyl and ferf-butyl groups are readily eliminated as
alcohola from quaternary ammopninm hydroxides, whilst
primary and secondary alkyl groups are not {cf. Parte I and
XI, loce, cit,); thus the property of facile elimination in the
form of alcohol passes through a minimum in the geries
considered,

The circumetance may be interpreted as follows. From
left to right in the series the inductive effect of the alkyl
componenis produced a progresgsive increase of electron
density at the point of attachment of the whole group. This
electron density is lowest in the methyl group and it is
eongistent that this group suffers elimination by mechanian
(B2). As explained in connexion with the neopentyl group,
the first effect of the introduction of alkyl components in
place of bydrogen ia to suppress reactivity by mechanism
{B2), and, apparently, one alkyl substitnent is sufficient to
render it immeasurably small. Mechanism (Bl), however, as
is evident from its nature, must be facilitated by alkyl sabati-
tution, so that et some stage in the series reactivity by this
alternative mechanism should rige, to an appreciable valoe;
and once this mechanism takes control of the decomposition,
further alkyl substitution must enhance reactivity. This
explains the minimnm occurring in the series, and we expect
similar conditions to apply in analogons substitution reactions
sach a8 the alkaline hydrolysis and alecohclyeis of alkyl

balidcs,

The corresponding theory of the aralphyl series CH,.,
ArCH,, Ar,CH., ArgC. is different becanse the polar effect of
the phenyl gybstituent -is electromeric and duplex,and thig
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group thme adjusts itself to the requirements of the
‘gystem. In mechaniem (B2 ) itis difficultto state what
thoge requirements are, since at the moment of reaction the
aromatic electrons are simultaneously urder the opposing
inflaences of the ammonium pole and the atiracted anion.
In mechanism- (Bl), however, an integral cationic charge

requires dispersal, and accordingly electron release
from the aryl groups must be maximal, Hence in reaction

by mechanism ( B2 } progressive su bstitution by aryl
groups is expected o produce comparatively small effects (in
either direction), but in reaction by mechanism BIl) each
additional aryl group should groatly enhance reactivity.

Thug, this series also should contain apoini at which
mechanism . Bl) sapplants (B2). 'The point of supersession

need not, however, be .associated with minimal re;acl;iﬁty,
but it should have the property that the portion of the geries
to its left should show slight (possibly irrégu]ar) effects, and
that to its right a large enhancing effect, of the aryl groups
on reactivity. -

In the series, CHg, CH,Ph, CHPh,. CPb;. observations
are available (cf. Parts XIII and XIV, loce. cil.), and the pre-
ceding statement faithfonlly deseribes them. 7The point of
gupersession occurs at CHPbh,, and, independently of the in-
dication provided by the observed differences of reactivity,
the alteration of mechanism is clearly .established hy dyna-
mical evidence. The expectation that eimilar ecnditions
will prevail for other aliphatic substitutions such as the
alkaline aleoholyzis or hydrolysis of corresponding halides
is supported by the observation (Ward, J., 1927, 2285) of a
change from second- to first-order dynamics in this reaction
on passing from a benzyl to benzhydryl chlorlde.

Effects of type (b) to be expected, from changes in the
anion may beillustrated by means of a reries such as OEt,
OH', OPh’, OAe, Cl, the  order being that of decreasing

basicity. In general, there will Le'a point such that, to itg
left mechanism {B2), and to its right mechanism (B1), con-_

trols reaction (B). Assaming "that a simultaneous reaction
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(A.) ia controlled by wechanism (A2) throughoub. then to the
loft of the point of mechanistic replacement both reactions
{(A) and (B) are sumlary dependent on the anjon, changes
in which will not much alt.ar the direction of decomposition,
whilst to the right of the same point reaction (A) alene will
depend on the anion, a decrease in the basicity of which
should therefore favour reaction 1B), The above will be
recognised as a description of the corresponding observationa
(cf. Parts I and X1I), which formerly could not be re-
conciled,

When the wvarjous series ¢an be more fully filled in, what
has been described a8 a “point” of mechanistic change will
probably appear as a regjon, and thus, just as with reaction
(A), we now generaliee the original conception of redetion (B)
by the contemplntion of a range of mechanisms, (Bl)—(Bz),
both extremes of which -have” been exprrimentally exempli-
fied. Most aliphatic substitutiona can with advantage be re-
garded analogously, and the lines along which this further
generalisation would proceed will become evident on com-
paring the foregoing with a previous discuseion of aliphatic
substitutjons in the side chaine of aromatic compounds
(Ingold and Rothstein. J., 1928, 1217; cf. Ingold and Patel,
J. Indian Chem, Soc., 1930. 7 93).

Univeraity Collsgs, Landon.‘ . |
( Reprinted from the Journal of the Chemical Society. 1933.)
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XXXVI.~Interaction of Selenium Oxychloride with the
' substituted Amides of Malonic Acid.

Br. R. K. TrIVEDI.

Ever since the study of the nature of the hydrogens of the
reactive methylene (CH,) group sitnated between two
negative groups was undertaken in these laboratories, efforts
have been made to replace these hydrogens of the reactive
methylene group by various groups and to study the effect
of the adjacent radicals on suck replacements. The chlorides
of sulphur give many fruitful results. Salphur monochioride
gave dithioketones and dithicethers, (Naik, J. C. 8. T. 1921,
119, 379-1166); while sulphur dichloride yielded compounnds
of the type

R. NH. CON\ ({ SCl1

R. NH. CO /\SCl
(Naik & Jadhav, J. L. C. 8. 1926, 3, 260).

Reactiond with Thionyl chloride also gave two types of
producta:

(i) Sulphoxides
and (ii) {Sulphidea. (Naik & Parekh, J. I, C. S. 1330, 7, 145).

From the study of these interactions it was expected that
the chlorides of selenium, being of a nature similar to thst of
sulphur chlorides, woald alse react in 8 similar manner. A
stady of the interaction of seleninm tetrachloride with
fabstances containing reactive methylene group or a sub.
stituted methylene group revealed the formation of the
gelenides of the type : — '

R. NH. CON, . ZCO.NH. R.
C:8:8e:C
R. NH.CO / ~\CO. NH. R.

(Naik & Trivedi, J. I C. S.; 1930, 7, 239.)
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Iu the present study it was thought interesting to study
the interactions between selenjum oxychloride ( SeQCl, ) and
gnbstances containining the reactive methylene group pituated
butween two carbonyl groups. For these purpose the follownng
substances were selecied :— .-

(1) Malonanilide (GBH.NH. CO),CH,

(2) Malon-diorthotolyl amide. (C, H,NH. CO),CH,-ortho.

(2) Malon-diparatolyl amide. (C,H,NH. CO),CH;-para.

It was expected that as in the case of the interaction of
thege substances with thionyl chloride ( Naik & Parekh, loe.
cit ) this reaclion would also yield the Selenoxides .of the
type :—

R..NH, CON\ -
C:8:0

R.NH. 00/
The corresponding sulphoxides obtained by Naik & Parekh
(loo. oit.) were given the structure

R. NH. CON|

0:8:0

R. NH. co/

Accordingly, the reaction of selenium oxychloride with
malonanilide was studied at the ontset; -Beleninm oxychloride
and malonanilide in anhydrous ether at room temperatare
gave dichlor-malonanilide and selenium as follows i=

C‘HbNHo CO\ CQH'NHQ CO\ '
CH, +8¢00],=  COl,+H,0+8e.
CgH,NH. €O/ ¢,H,NH. 0/

In boiling anhydrous benzene the reaction procesded in a
different way and the produot obtained was jdentifled as
mygoxanilide m. p. 191°0. This subtance has also been oba
tained by J. U, Nef (J. C, 8. A,, 1892, 62, 1440). The interac-
tion oould be represented a8 taking place in two stages : At

firat the selenoxide is formed :

CnH‘NH- CO\ CIHsNHo 00\ -
CH,48e0Cl,= . C:8e: 0+2HCI
C,H,NH. CO / C.H,NH. CO/

(L Malonanilide-gelenoxide.
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In the next stzge the substance (1) seems to decompose as
under :—

CoHNE: con, CoH,NH CON
: Se:0 = C:0+50
C.,H,NH. CO/ CsH,NH.CO/
O o {II) Mesoxanilide.

That the substance (I) m.y decompose to give rise to .11} is
l_:bt surprising ‘in view of the experimental conditions, as also
in view of the fact that the selenoxide is more unstable than
the corresponding ‘sulphoxide. This is also supported by an
6bservation viz., ...'t the gelenium atom is far more labila
than the sulpbur atom in the corresponding thiocompounds.”
(Schmidt, Ber., 1921, 54 (B; ,2067-2070).

The interaction of malondiorthotolylamide and malondi-
paratolylamide with selenium okychloride followed the same
conrse giving rise to the respective mesox-derivatives as
follows :—

C,H,NH. 0O\ C,H,NH. CON
CH,; +Se0Cl, = C:0+2HCl+8e
C|H'LTH. CO/ CTH’NH- CO/

EXPERIMENTAL
(i)“ Interaction of malonanilide with Seleniwm ozychloride:

Eguimolecular quantities of selenium oxychloride and
thé amide were.kept suspended in 30 ¢.¢,s of anbydrous
ether prepared by distilling it over sodium as well as over
phiosphorus pentoxide. The amide went.into solution very
gfowly and during the interaction hydrogen chloride was
found to evolve imperceptibly, after standing for ‘24 hodrs
(ks dark red réaction mixture deposited fine silky needles.
This’ reaction product (in the case of malonilide ) wase
purified when flne white needles were obtained. On analysis.
and further identification these were revealed to be the
cry'sfzﬁls";of dichloromalonanilide, m. p. 127°C. (Naik & Shah,
J. L C S 1927 4, 11) The mother liquor was allowed to
stand tor a ‘fow days more bat nothing separated out except .
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a film of grey, metallic seleninm. The reaction geems tq take
place a8 represented on page (298)

It was then thought interesting to revise the expenmental
condltlons to see if such a revision secured dxfferent reaults.
The reaction was, accordmgly. carrled out in bolhng an-
hydrous benzene Bgolution with equimolecular guantities
(Malonanilide 5 gms. and selenium oxychloride 2.5 gms.) of
the reactants as in the previous case. After refluxingifor 24
hours a dark red solution of the reaction prodidct was
obtained. This wag concentrated and wae then added drops
wise into. a large amagunnt. of petrpleam, A resinops 1ed
product wae precipitited. This was isolated from the henzep.p,
petrol mixture and was redissolved in benzene. This goln-
tion was refluxed with freshly reduced coppar-ganze in crder
to remove the free seleninm which might inhibit the cryata-
llisation of the pure substance, The pure product was
obtained after six such attempts at punﬁcatmn The product
was found to be a pale yellow microcrystalline powder. with
m. p. 191°C  Selenium as well as chlorine were found to. be
abeent in thig prodact. On analysis and farther identification
this substance was found to be mesoxanilide, (Nef, J, C.8, A.,
1892, 62, 1410; Anunnalen, 270, 267-335). The. . product
obtained herein combinea readily with water and with alechol
to form oolouriess hydrate and alcohol respectively, It also
combines with pheny!l hydrazine in dry benzena spluuop.
All these reactlons are shown by the mesoxauihde m. p.
1909C, ubtamed by Nef ('loc. cit ).’ [Found 0 . §7.06; H
4.49; and N, 10.5; C,, H,z N, 03 requlrea O 67.16; H
4.48 and N, 10.45.

The mixed melling points of the products as prepared by
Nef’s (loo. cit) method and as prepared ad described herein
confirms the jdentity of the product obtained herein.

(II) Interaction of Malondiorthotolylamide with selemum
oxychloride .

The reactants were taken in egimolecular quantities ag in
the provions case and the reaction product was obtained in
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éxactly the same way as deseribed above. It was obtained
atter purification in the form of yellowish micro-crystalling
powder melting at 172°C. [Found : C, 68.85; H, 5.5; and N,
9-5; Cay Hyq4 N, O4 requires C, 68.9 H, 5.4 and N, 9.46. ]

- The substance gave a hydrate on boiling with water. This
hydrate was obtained in the form of colourless needles which
tarned yellow at 100°C, and melted at 127-130°C. with decom-
position. I{ turng blue litmus red and is goluble in dilute
golution of sodinm carbonaie

({11 Interaction of malondiparatolylamide with selentuwm
vzychloride,

Mesoxdiparatolylamide was prepared in exactly the sama
way a8 the corregponding ortho derivative, The pure pro-

duct melted at 187°C, [ Found C, 68.8; H, 5.35; and N,
9.53; C1¢ Hag Ny O requires C, 68.9; H, 5.4 and N, 3.46.]

The product when boiled with water gives a hydrate
which is obtained in the form of colourless needles melting
with decomposition between 122—-130°C. Mesoxdjparatolui.
dide hydrate. C (OH),[C(OH}: N, Cg H, Me], melis between
120, 130°C, (W. R. Smith, Amer Chem. 16. 372; 393; J. C. 8.
A.1824, 86, 407).

" The author takes the opportanity to thank the Univer-
gity of Bombay and the Government of Baroda for research

granta which defrayed the expenses in connection with this
investigation. Ie is also thankful to Dr. Naik, for exten-

ding ugeful help from time to time.

Chemistry Department,
The Coll_egc. Baroda.
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Uber Einige Neue Abbauprodukte Des
Digitogenins
von
A. WiNDAUs ANXD S, V, SHam

In Anechluss an fruhere Versuche von Kiliani; haben wir
die Einwirkung von Salpetersaure aunf Derivate des Digito-
goning (I) stundiert and zunachst die Digitosaura (II) and die.
Oxydigitogonsaur  (VII) mit diesem Oxydationsmittel
behandelt.

(I) ILinwirkung von Salpetersaure auf Digitosaure

Digitosaure ist eine Ketodiearbonsaure von der Formel
CysH,4u0,, 8io anthalt noch 3 hydrierte Ringe, 2 Carboxyl-

gruppen, 1 Ketogruppe and 2 oxydartiz gebundene Sanerstoft-
atomo.

CHOH CHOH
/N
H,C CH CHOH

SR
H,C CH CH,
NN/
CH CH

~— —

0——cCH,

| |
C,H,. CIL CIL. CH,. CH,. CH. CH. CH.
| CII, | o,
0

(1) Digitogenin,
CO cooH

//
1,c C'H 0'0011
1,C CIl CH,

NN/
Cii CH
L
’ 0 cn,
| ]
C,1l,. CH. CH. CIT,. CH, CH, CH. CH.
| CH, 1
0 | CH,.

(I1) Digilosaure.
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Digitosaure liefert bei der Oxydation mit Salpetersaure
eine schsn krystallisierte Saure, die vier Kohlenstoffatome
weniger enthalt als das Ausgangsmaterial and die Formel
CeeHgz10,0N besitzt; sie gibt einen krystallisierten Dimethyl-
ester, in der Kalte titriert sie sich zweibasisch, beim Erwar-
men mit Alkalien spaltet sie salpetrige Saure und vielleicht
auch Salpetersaure ab and geht in harzartige Produkte_ uber;
bei der Oxydation mit Kalinmpermanganat gibt sie eine neue
Saure, die pich als dreibasisch erweist und vielleicht die For-
mel C,H,,0,, besitzt. Eg ist nicht moglich, auf Grund dieser
Boefunde den Verlauf der Reaktion klar zu nbersehen.
Bemerkenswert ist es aber, dass auch dia Gitogensaure (III)
beim Erwarmen mit Salpetersaure 4 Koblenstoffatome abs-
paltet; diese Abspaltung erfolgt aus der Seitenkette und
fuhrt zn einem Lacton C5 4,05 (1V )

CH, COCH

/N/ '
H,C CIFI C?OH —
|
H,C CH CH,

NN/
CH CH
) 0——CH,
|
. C,H,. CH. CH. CH,. CH,. CH. CH. CH.
| CH, | cH,
'Y i
(1II ) Gitogensaure.
CH, COOH
N/
H,C CH COOH
S
H,C CH CH,
NN/
CH CcH
| 1
C¢H,. CH. CH. CH,. CH,. CO
-0

(IV) Lacton CyHasOs
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Es ist wahrecheinlich, dass anch die 4 Kohlenstoffatome,
die aue dor Digitosanre abgespalten werden, aus der Seiten-
kelte stammen; hierbei entsteht aber kein Lacton, sondern,
wie e8 echeint, ein Ister der salpetrigen Saure oder der Sal-
petersanre. Wir haben uns lange um eine Deutung dieser
Reaktion bemuht und sind zu der Vermutung gekommen, die
neue Verbindung CpHz10,oN sei der Salpetersaureester
eined Lactols. Der Abban der Seitenkette ware dann folgen-
dermasgen zu formulieren :

0
1 :

|
C‘ [{gc CII- CII. Clizn CH,: CII- CH. CH- '_'9

CH,

| CH, | CH,

0
| ONO,
A .
C.H,. CH. CH. CH,. CH,. CH.

Allerdings kann sich die Oxydation nicht auf diesen Vor-
gang Dbeschrunken, da das Reaktionsprodukt dson npur 9
Sauerstoffatome enthalten warde, wahrend die richtige For-
mel Cy,,,0,,N lantet. Vermutlich wird gerade wie beim
Ubergang der Oxydigitogensaure C,gHy,0, in Digitsaure
Cy0115401o mnoch ein tertiar gebundenes Wasserstoffatom zn
Hydroxyl oxydiert worden gein,

Wir erteilen also der Saure C,,H,,0,,N dieformel V
und erklaren uns die Bildung des Oxydationsproduktes
Cpylg0040 (VI) bei der Einwirkung von Permanganat go,
dass der Salpetersaureester des Laectols zum Lacton oxydiert
wird und dass der carboxylhaltige Ring genau 8¢ anfgespal-
ten wird wie beim Ubergang der Digitoeaure (I1) in Oxydigi-

‘togensaure (VII).
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CO COOH
N/
HC CH COOH

R —>
H,C COH CH,
NN/
CH CcH
R
P
ONO,
C,H,. CH. CH. CH,. CH,. CH,
| CH,
0
(V) Saure C,H;, 0,,N
COOH CO0H
VA 4
B,C CO COOH
S
H,C C-OH ,CH,
NN/
CH CH

) |
C,H,. CH. CH. CH,. CH,. CO
| CH, |
0 ]
_ (VI) Saure C3,H30050
(II) Einwirkung von Sulpelersqure auf Ozydigilogen-
saure.

Bei der Oxydation der Oxydigitogensaure (VII) mit
Salpetersaure entsteht eine krystallisierte Saure CyH,,0,, N
{VIII); sie ist dreibasisch und liefert einen krystallisierten
Trimethylester (IX); beim Erwarmen mit Kalilauge spaltet
sie salpetrige Saure und vielleicht Salpetersaure ab und geht
in ein harzartiges Produkt uber; beim Erhitzen des Trime-
thyleaters C,,H;,0,,N im Hochvakaum spaltet er sal petrige
Saure ab und gibt einen krystallisierten Ester C; Hae04 (X),
der bei der Verseifung eine Tricarbonsanre C;, H3,0, liefert.
Disse Sanre enthalt, wia die Titration beweist, ausser den 3
Carboxylgruppen 1 Lactongruppe und auch einenach Zotre-
witinoffs Methodenachweisbare Hydroxylgruppe.
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Kine Deutung [fur den Reaktionsverlauf versuchen wir
hier auf demselben Wege zu finden wie bei der Digitosaure.
Nach den fruher angestellien Ermittlungen besitzt die Oxy-
digitogensaure (VII) wahracheinlich die Formel einer oc-Keton-
#anre; bel der Behandlung mit Salpetersaure verliert sie nicht
4 Kohlenstofatome wie Gitogensaure und Digitosaure, son-
dern 5. Wir nahmen an, dass 4 Kohlenstoffatome aus der
Seitenkeite stammen und eines auf der Gruppe. CO. COOH,
Ferner wird auch hier ein tertiares Wasgerstoffatom zu Hydr-
oxyl oxydiert, 80 dass sich der Ubergang der Oxydigitogen-
saure (VII) zur Saure C;,H,,0,,N (VIII) folgendermassen
darstellt : ‘

COOH COOH
/ /
HG €O COOH —
I
H,C ba CH,

NN/
CH cH
I
- ?__cﬁ,
CGIIO' CII- CH. CH.. CH'- CH- CH. CH
(l) CH, , CH,

(VIL) Oxydigitogenianre,
COOH

/
H,C COOH CO0H

| ) |
H,C C.OH CH,
NN/
CH CH

A

’ -

ONO,
CgH,. CH. CH. CH,. CH,. CH
Ol !‘
(V) Saure C,,H;,0,N

9



[ 306 ]

Wir weisen aunch bier nachdrucklich darauf hin, dass
diese vorlaufige Deutung des Reaktionsverlaufes sicher
verbesserungsbedurftig ist; immerhin gelingt es, auch das
Verhalten des Trimethylesters C, [ H;,0,;N (IX), der bei der
Destillation salpetrige Saur verliert und einen Ester C, ,Hg,-
0Oy (X) entstehen lasst, durch diese Formulierung zu
veranschaulichen :

COOCH,
/
H,C ‘CO0CH, COOCH;
| I I —>
H.C C.OH CH,
N
cil cH
| |
’ T 0/NO,
C,H,. CH. CH. CH,. CH,. c(g
| CH, |
0 '
(IX)
COOCH,
V4
H,c COOCH, COOCH,
J | ]
H,C C.OH CH,
NN/
CH ci
C,H,. CH. CH. CH,. CH,. CO
| CH, |
0 ]
(X)

(IIIy Ozydation der Digitogensaure mit kaller Chrom-
saurdosung. )

Wie bereitd in der Arbeit von Windaus nnd Willerding?
mitgeteilt worden ist, entstehen bei der Oxydation der Digi-.
togensaure mit heisser Chromsaurelosung 3 Sauren, eine
Pentacarbonsaure C,eHgg(54)0,4, €ine Tricarbonsaure Cs -
Hy40¢ und cc~Methyl-glutarsanre. Die Saure C.sH;z40,. die.



[ 3073

gelbat nicht krystallisiert, wurde durch ihren schonen Trime-
thylester charakterisiert, Wir bhalben nup gefunden, dass
dijuse Saure O, 4H,,0, schon mit kalter Chromsaurelosung ans

Digitogensaure gebildet wird, Wir glauben darnm, dass der

carbonylhaltige Ring der Digitogensaure unverandert geblie-
ben ist. und dass dje Seitenkette in der Saure C,gH 4,0, (XI)
angegriifen ist.

Um die Formol des Esters C,oH,,0, sicherzustellen, ha-
ben wir ihn partiell verseift und hahen einen einfach sau-
ren Dimcthylester und einen zweifach sauren Monomethyl-
estor erhalten; dann haben wir den Ester C,4H,,04 mit Eise-
ssig und Jodwasserstofisaure behandelt und sind uber ein
jodhaltiges  Zwischenprodukt zu einer Tricarbonsaure
CyeHg, 0y (XII) gekommen, in der augenscheinlich der
Oxydring anfyespalten und reduziert ist.

Der weitere Abbau der hier beschriebenen Stoffe wurde
gicher neoe Einblicke in die Konstitution deg Digitogenine
goslatten; leider wird die Fortfuhrung der Verguche durch
die Kostbarkeit des Materials gehr erschwert.

CO CooH
LN/
H,C CH COOH
l I:I | —>
H,C CH OCH,
VAN
CH CH
P
: COOH
C.H,. CH. CH. CH,. CH,. CO. CH. CH
CH, ! CH,

(XI) Saurs C;4Hy,04
CO COOH

/\/

H,C CF CooH
l |

HC CH CBH,

NN/
CH CH
l‘i
: COOH
CgH,. CH., CH. CH,.CH,.C0.CH,. CH
CH, CH,

( XI1) Saurs C,eH,,04
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I. Saure C,;Hg,0,,N

1 Teil Digitosaure wird vorsichtig mit 5 Teilen rau-
chender Salpetersaure (1,5) ubergossen; die Reaktion ist ziem-
lich heftig, es wird ausser Stickoxyden zuch Kohlendioxyd
entwickelt nnd die Digitosanre geht in Losung. Man fallt
nach dem Stehen uber Nacht das Oxydationsprodukt mit
Wasser aus und krystallisiert <8 mehrmals ans siedendem
Eiseseig nm. Die nene Saure ist fast unloslich in Wasser und
Ather, ziemlich gut loslich in Eisessig und Alkohol. Beim
Erhitzen im Schmelzpunktsrohrchen farbt sie sich bei 230°
braun, bei 242° ist sie vollig zersetzi. Ausbeute 20%.

3,177 mg. Substanz gaben 6,571 mg., CO,, 1,906 mg. H,O.

4,328 mg. " w 0,111 ecem N (17° 757 mm).
CsgHj,0,oN Ber. C 56,29% H 6,61% N 2,98%
Gef. ,, 56,40 w 0,00 o 3,01

Titration: 6,763 mg, Substanz verbrauchten 0,29 cem njf10-
Lauge.

Aquivalentgewicht: C,,H;,0,(N (zweibagisch) Ber. 231
Gef. 233.

Wird die Saure C;:H3,0,4N in der ublichen Weise mit
atherischer Diazomethanlosung behandelt, liefert sie einen
schon Lkrystallisierten Dimethylester, der nach dem Um-
kristallisieren aus Methylalkohol bei 194 - 195° unter Zer-
getzung schmilzt. Der Ester ist loslich in Alkohol, fast
unloglich in Ather, er krystallisiert in feinen Nadeln.

2,965 mg Substanz gaben 6,307 mg. CO,, 1,835 mg. H,O.

3,404 mg . w 3212 mg Agd.
Cp,Hss01oN Bor. € 57,957 H 7,04% OCH, 1247%
Gef. ,, 58,05 .. 6,88 . 1246

Beim Erwarmen des Esters mit methylalkobolischer Kali-
lange wurden 3 Aquivalente Alkalilauge verbrancht; in der’
Verseifungsflussigkeit liess sich salpetrigsaures Salz nach-

weisen.
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Ozydation : 1 Teil Saure Cy;H;y0,,N warde in 100
Teilen n/3-Natronlange gelost und s¢ lange mit 2%iger
Kalinm permanganatlosung behandelt, bis die Farbe des
Permanganats etwa 1 Stunde bestehen blieb. Nach
beendigter Reaktion wurde das Gemisch mit schwefliger
Saure und Schwefelsaure versetzt nnd 10 mal mit Essigester
ansgeschuttolt; der Essigesterextrakt wurde eingedampft
und der Ruckstand aus Wasser umkrystallisiert.

Das neue Oxydationsprodukt ist in Wasser und den
meigten organischen Losungsmitieln ausser Petrolather leicht
loslich, e8 schmilzt znnachst bei 113°, erstarrt dann wieder
und schmilzt nunmehr erst bei 172°

3,037 mg Substanz (bei 100° getrocknet) gaben 6,23% mg
CO,, 1,909 mg H,0.

3,020 mg Substanz 1" Y} ow 7,159 mg
CO,, 2,126 mg H,0.
Cy2H3001'H,0 (F) Ber. C 55,937/ H 6,78/

Gef. ,, 55,68 55,50 ,, 6,99 6,76

Titration : 8,054 mg Substanz verbrauchten in der Kalte
0,51 ecm nllO-Lauge.

Aquivalentgewicht : Cg3H350,4-H,O (?) (dreibasisch)
Ber. 151 Gef. 157,
3,117 mg Substanz (bei 135° getrocknet) gaben 6,575 mg
C0,, 1,994 mg H,O-
CyaHao010 () Ber. C 58,147/  H 6,61
Gak. ,, 57,56 w 1,16
II. Saure Cg,Hy,0,,N

1 Teil Oxydigitogensaure wird vorsichting mit 5 Teilen
rauchender Salpetersaure 1,52 ubergossen; unter heftiger
Reaktion, bei welcher reichlich Kohlendioxyd entwickelf
wird, geht die Oxydigitogenaaure in Losung.- Nachdem die
Hauptreaktion wvoruber ist, erhitzt man die salpetersaure
Losung anf dem Wassderbad, big die Gagentwickling aufhort.
- HHiorzu sind etwa 2-Stunden erforderlich, dann wird die
Losung bis gzur Trubung mit Wasser versetzt, worauf sich im
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Laufe einiger Stunden die Hauptmenge (25%) des Oxyda-
tionsproduktes in schonen Nadeln abscheidet; aus den
Mutterlaugen fallt im Taufe einiger Tage noch eine weitere
Menge (37) ans. .

Aus Kisesing umkrystallisiert bildet die neue Saure
glanzende Blattchen und schmilzt bet 218 - 220° onter
Zersetzung; sie ist leicht loslich in Alkohol und Eisessig,
schwer loslich in Ather und in Wasser.

3.687 mg Substanz gaben 3,095 ¢cem N (21°, 751 mm).
2,97 mg " w 2,972 mg CO,, 1,688 mg H,0.
CyH;3,0,,N Ber. € 53,280/ H 655/ N 2,969
Gef. . 53,02 w 6,36 . 296

Titration : 0,0463g Sobstanz verbrauchten 2,75 cem
n/10-Lauge.

Aquivalentgewicht : C,,Hg,0,,N (dreibasisch Ber. 158.
Gef. 165. ).

Beim Erwarmen mit alkoholischer Kalilauge spaltet die
Saure salpetrige. Saure ab und verbraucht genau 4 Aquiva-
lente Alkalilauce.

Der mit atherischer Diazomsethanlosang bereiteta Tri-
methylester krystallisiert in Nadeln vom Schmelzp. 171° er
ist leich loslich in Alkohol, sehr schwer loslich in Ather.

3,017 mg Substanz gaben 6,191 mg CO,, 1,868 mg H,O.

2,981 mg " " 6,102 mg CO,, 1,809 mg H,0.
3.578 mg " " 0,087 cem N (19° 744mm ).
2,674 mg . “ 3,639 mg Agl.

3,094 mg . " 4141 mg Agl.

C:. Hg,0,,N

Ber. C 55929 H718Y N 2729  OCH; 18.06%
Gef. . 5399 5585H 683 679 N278 17,99 17.70
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Molelulargewichtsbestimmungen ¢
0.313 mg Subatanz, 4,108 mg Compher, Erniedr. 60, Mol.-Gew. 508

0,497 mg o 4918 mg ., » 90 " 449
0,298 mg " 2,82 mg . " 850 497
0,215 mg " 2, 49 mg " " 650 |, 532
0.418 mg " 7, 56 mg " " 450 492
0,228 mg . 3,7 mg . w500 . 485
C2I14,0, Mol.-Gew- Ber. 515 Gef. 434,

Destillation des Esters vm Hochvakuum :  Der Ester
Cy Hy0,;N wurde aus einer kleinen Retorte im Hochva-
kuum aberdestilliert und ging bei einer Temperatur des
Luftbades von etwa 250° ala braunes Ol uber, Das erhaliene
Destillat wurde mehrmals and Methylalkohol nmkrystallisiert
und dadurch von hartnackig anhaftenden braunen Verunrei-
nigungoen befreit; In den schwerer loslichen Fraktivnen ste-
cken sehr kleine Mengen von Verbindungen, die bei 176° und
157° schmelzen, der Hauptteil des Destillats (50%) schmilzt
konstint bei 14.°, er krystallisiert in derben Nadeln nnd ist
laicht loslich in Alkohel, schwer loslich in Ather und Amy-
lather; die Probe auf Stickstoff ist negativ.

2,87 mg Substanz gaben 6366 mg CO,, 186 mg H,O,
3,25 mg o w 4,654 mg AgJ.
4153 mg w 0,952 Agl.
Cy M,40s Bor. C 61,337 H 7.69% OCH,4 1'-.‘.87%
Gef. , 61,45 w T3l " 18,95 18,92

Dur mit methylalkoholischer Kalilange verseifte Ester gab
eine Saure, die aus Ather in feinen Nadeln vom Schmelz-
punkt 215-216° krystallisierte; sie ist sehr leicht loslich in
Alkobol, schwer loslich in Ather.

3,205 mg Substanz gaben 7,117 mg CO,, 2,013 mg. H,0
3,145 mg . " 6,775 mg CO,, 1,930 mg H,O,
Cy1H3e0y  Ber. C 5913%  H 7,08
Gef. ,, 58,93 58,76 ,, 6,83 6381
3.8% g Substanz verbrauchten 0,265 cem N/10-Lauge.
0,057l mg . " 3, 67 cem N/10-Lauge,



[ 312 ]

Aquivalentgewicht : C,H;,04 ( dreibasisch ).
Ber. 142  Gef. 144 156
In der Hitze wnrde mehr Alkalilauge Verbraucht.
0,0571 g Substanz verbrauchten 452 cem n/l0-Lauge.
III. Verseifung des Esters CyqH ;0.

( Nach Versuchen von O. Linsert ).

Der Ester C,9H,,04 lasst sich aus den Mutterlangen die,
bei der Darstellung der Digitogensaure abfallen, in einer
Ausbeute von etwa 10% isolieren und mit dem fruher be-
gchriebenen Ester® durch Analyse und Miechschme]zpﬁnkt
identifizieren,

3,098 mg Substanz gaben 7,426 mg CO,, 2,303 mg H,O.
4,076 mg " o 9,075 mg Agl.
CyogH 209 Ber. C 65,15% H 7,92% OCHg, 17,42%
Gef. ,, 65,41 » 8,32 18,07

1 Teil Ester wurde in einer Mischung von 15 Teilen Eis-
essig und 10 Teilen 10Y iger Schwefelsaure gelost nnd das
Gemisch 1 Stunde am Ruckflussknhler gekocht Die nech
heisge Losung wurde mit Wasser big zur Trobung versetzt;
nach kurzer Zeit begann das Verseifungsprodukt anszukrysta-
llisieren. Das Rohprodukt wurde in der nblichen Weise in
oinen neutralen und sauren Anteil zerlegt; der saure Anteil
wurde auas verdunntem Aceton umkrystallisiert nnd lieferte
dabei den in derben Nadeln krystallisierenden sauren
Dimethylester, der bei 125° gchmolz. Ausbeute etwa 257,
In den Mutterlaugen fand sich der Monomethylester.

3,415 mg Substanz gaben 7,801 mg CO,, 2,282 mg H,O.

”

5,014 mg " w 4,289 mg AgJg.
CyHy00sH, O Bear, C 62,13% H 7.Sﬁ% 0CH, 11,52%
Gef. ,, 62,32 ,, 7.48 - 11,31

Titration : 0,2707 g Substanz verbrauchten 5,41 ccm
n/10-Lauge. .
0,1225 ¢ " . 241 cem
p/10-Launge. .

‘ 02333 g, " 4,50 com
n/10-Lauge,
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Aquivalentgewicht CygH,,0,-H,0 (einbasisch).
Ber, 536 Gef. 500 508 518

Zur Darstellung des Sauren Monomethylesters lost man

1 Teil Neutralester C,gH,,0y in 10 Teilen Eisessig, fugt 10

Teile 20% iger Salzsaure hinzu und kocht 5 Stonden am

Ruckflugskuhler., Das Verseifungsprodukt wird durch

vorsichtige Wasserzugatz ausgefallt und aug Aceton um-

krystallisiert. Der saure Monomethylester krystallisjert in
feinen Nadeln, die bei 201° schmelzen,
5,301 mg Substanz gaben 2,463 mg AglJ.

CoaHgs04 (OCH)H,O Ber. OCHg 5,90% Gef. OCH, 6,08%
0,1129 g Subatanz verbrauchten 4,33 cem nf10-Launge.
0,1160 g " " 4,57 cem n/10-Lauge,
0,1257 g " " 4,81 cem nf10-Lauge.
Aquivalentgewicht : Cg,H;,04H,0 (einbasisch)

Ber. 262 Gef. 260 2564 261
Saure C,gHggOg : ¢ Teil Ester wurde mit 10 Teilen

Eigessig und 6 Teilen Jodwasserstoffsaure (2,0} 3 Stunden am

Ruckfusskuhler gekocht; nach dieser Zeit fallte man das

Realtionsprodukt ‘durch Wasserzusatz aus; es ist eine

methoxylfreie, aber jodhallige Saure, die sich aue verdunntem

Mothylalkohol umkrystallisieren lasst. Beim Erhitzen im

Hohmelzpunktrohrchen zersetzt sie Bich bei 240—250° sije

gcheint nicht ganz einheitlich zu sein und enthalt etwas mehr

Kohlenstoff und weniger Jod als der Formel CygHg,04J

entspriokt,

3,063 mg Substanz gaben 5950 mg CO; 1,81 mg H,O.

3,207 mg " » 6,252 mg CO,, 1,888 mg H,0,
3,719 mg w w0752 Agd.
CaoH420gJ Ber. C 51,657 H 6,109 J 21,09/
Gel. , 53,12 53,30 w 20,2
H 6,63 6,58 .

6,078 mg Substanz verbrauchten 0,351 com nj10-Lauge,
Aquivalentgewicht : CyHg,0,J (dreibasisch)
Bor, ®01 Gef. 199,
@



[ 314]

Der mittels Diazomethan bereitete Trimethylester ist
dimorph, er zeigt den Seh:mlzp. 122° and 103%

3,018 mg Sabsianz (122°) gaben 6,037 mg CO,, 1,890 mg H,0.
3,060 ,,

» » 3,998 , CO,, 1,847 ,, H,O.
3,947 ,, " ” » 0786 ,, J.
4,462 ,, " " w2075 ,, Agl.
3,099 ,, w (1053 ,, 620 ., CO0, 1,99 mg H,0.
2,837 ., ” " w 05,685 mg CO,, 1,783 mg H,0.
C29H430sJ Ber. C 53,87}/ H 6,667/ J 19,66 OCHs 14,4

Gel. ,, 5458 5455 ,, 7,00 6,89, 1991
- D459 b466 , 723 698

Um aunp der Saure C,gH;,0,J das Jod herauszanehmen,
kochten wir die essigsaure Losupg 2 Stunden mit Zinkstaub
am Ruckflussknhler; das Reaktionsprodukt wurde mit Wasser
ansgefallt und aus verdunnter Essigsaure umkrystallisiert;

die neue Saure ist jodfrei, sie echmilzt bei 273—274°,

3,004 mg Sabstanz gaben 7.210 mg CO,. 2,214 mg H,0.

» 15,03

2,814 mg " w 6,737 mg C€0,, 2,096 mg H,O.
CyeHyg0g Ber. C 65.27% H 7,95%

Gef. ,, 65,48 63,33 w 3,20 8,347

Titration : 6,200 mg Substanz verbrauchten 0,373cem
n/10-Lauge,
6,503 mg

” " 0.35300m
n/1C~Laage,

Aguivalentgewicht : C,5H ;404 ( dreibasisck )
Ber. 159 Gef. 163 163.

Deor in der ublichen Weise bereitete Methylester schmilzt
bei 125-126°,

2,881 mg Substanz gaben 7.101 mg CO,, 2,319 mg H,0.
4,693 mg ' " 6,285 mg Agl.
C3oH 04 Ber. C 65,927/ H 8,467/ OCH; 17,88%/
Gef. ,, 67,20 ,, 894 17,87.
Referenees

1, Kiliani und Merk. Chem, Ber. Bd. 34, 8. 3563 (1901),
2. Diese Zs. Bd. 143, S. &7 (1923),
3. Diese Zg, Bd. 143, S, 44 (1925).

( Hoppe Seyler’s Zeitschrift fur Physiologische Chemie,
151, 86-97, 1326 ).
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XXXIX Interaction of Phenylhydrazine with the
Halogen derivatives of the substituted amides of
Malonic acid.
by
R. K. Trivepr AND C. M. MERTA,

In order to study the labile nature of the Chlorine atoms
gubstituting the hydrogens in the reactive methylene group
-CH,-, the interaction of Phenylhydrazine with the compo-
unds mentioned below was inveatigated.

(1) Dichloromalon-~di-phenylamide.

(2) Dichloromalon-di-o-tolylamide,

(3) Dichloromalon-dj-p-tolylamide.

(4) Dichloromalon-di-1:3:4 xylidide.

(5 ) Dichloromalon-di~-m~dichloro-tolylamide
(6) Dichloromalon-mono-chlorophenylamide,
(7) Dichloromalon-mono-p-tolylamide.

(8) Chloromethyl chloromalon-di-o-tolylamide,
(9) Chloromethyl ¢hloromalon-di-p-tolylamide.

All the above eompounds reacted with Phenylhydrazine
yviolding their respective hydrazon derivatives, The coms.
pounds (1), (2) (3) and (4) gave rise to the general type
O,1I,NIIN:C:(CONHR), according to the equation
JC;Hy NHNH,+Cl,:C:(CONHR}—~» CgH NC:C: (CONHR),

+20,H,NHNH,HC].
whils compounds (5) and (6) reacted with Phenylhydrazine
yielding the compounds in which the ¢hlorines in the nucle-
un remained unaffected.

The ¢ompounds (8) and (9) reacted with Phenylhydrazine
in a similar way giving a tri-membered ring.

CI\ /CONHR / CONHR
3C,CsNCNC, + C + CgCyNHN 7 C
CiC;C/ \CONHR H,C “\CONHR

+ 2C,H,NHNH,HCI.
All the above hydrazone compounds are found to be very
stable and resist boiling with water and alcohol,



t316)

XL The velocity of reduction of the chlorines
substituting ther hydrogens of the reactive methylene

in the compounds of the type CI.C

group -CH,~
/ CONHR

“SCONHR.
where R is Phenyl, Tolyl etc. group.

by

‘R. K. TriveDpI aNp C. M. MERTA.

The velocity of reduction of the chlorine atoms was stu-
died by treating the following compounds by means of hy-
driodic acid -HI- generated through the action of HCl on
KI. ( Kurt Meyer, loc. cit.; J C. S.T. 1921, 119, 951, 305 .

(1)
(2)
(3)
(4)
(3)
(6)
(7)
(8)
(9)

10)
(1)
12)
(13)
(14)

Dichloromalon-di-phenylamide.
Dichloromalon-di-p-tolylamide-
Dichleromalon-di~-m-dichlorotolylamide.
Dichloromalon-di-o-tolylamide.
Dichloromalon—- 1:3:4 xylidide.
Dichloromalon-di-/5-dichloronaphthylamide.
Dichloromalon-di-peptylamide,
Dichloromalon-di-propylamide,
Dichloromalon~di-benzylamide.
Dichloromalon-monochiorophenylamide.
Dichloromalon-mono-p-tolylamide.
Chloromethyl chloromalon-di-phenylamide.
Chloromethyl chloromalon-di-p-tolylamide,
Chloromethyl Chloromalon-di-o-tolylamide.

The velocity of rednction of chlorines was represented by
obtaining the caorves by plotting the time of heating along
the abscissa and the percentage reduced along the ordinatee.
It was observed from the nature of the curves of the above
compounds that the velocity of reduction goes on inereasing.
in series from compound (1) to (5). This is attributed to the
nature of the groups attaches to the carbonyl groups between
which the -CCly-compex .- is sitnated as well as to the inser-
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tion and the position of the methyl groups in the phenyl
nuclous, In each case the velocity of reduction is consider-
ably lowered when fifty percent of the total chlorine is
reduced.

The curves of the compounds (7), (8) and (9) indicate that
when the radicale atlached to the ecarbonyl group carry
aliphatic chain the velocity of reduction i¢ increased. If the
chain i8 shorter the velocity of reduction is decreased.

The compounds (10) & (11) show a drop in the velocity of
reduction which is due to the presence of only one heavy
radical in the ecomplex.

The remarkable decrease in the velocity of the com-

pounds (12), (13) and (14) is attributed to the presence of the
-CICH,-grouping.

XL1 A study of the interaction of Atoxyl (sodium p.
aminophenyl arsonic acid) with the Halogen deriva-
tives of the substituted amides of Malonic acid.

BY R. K. Trivept axp C. M, MrrTA.

Herein 1t wae proposed to etudy the reactivity of the
chlorine atoms substitnting the hydrogens of the reactive
methylene group -CH,~ with regard to Atoxyl but the reac-
tion was not found to have taken place. This could be attris
buted to the comparative.inactivity of the chlorine atoms
towsrds atoxyl. On the other hand the Bromo derivatives of
the substitutated amides of malonic acid interacted with ato-
zyl according to the following eqnation :—

NaO

I{0>Ag\ >1\H2 4+ BrCH= (CONHR);—=
0

. 110

1o3as/  SNH.CH: (CONHR), + NaBr.
o/
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This is due to the bromine atoms being comparatively more
labile than the chlorine atoms similarly placed.

The following Compounds were selected to investigate the
reaction:—

(1) Mono bromo malon-di-p-bromanilijde.

(2) Mono bromo malon~di-p-tolylamide.

(3) Mone bromo nalon-di-benzylamide.

The higher activity of bromine should he atiributed to
the higher atomic volume of bromine.

XLIf The relation between the chemical activity and the
absorption in the Ultra-violet of the compounds

. of the type

CONER (1 CONH Cl
\C/ \C/ * and \C/

ci{ ScoNur; €1/ NScONHR 0,/ NCONHR
Where Rgis phenyl, tolyl ete. groups.

Cl CONHR

BY K. G. NaIE, Mwe RaMmarT. R. K, TeIVEDI axDp C M, MEHTA.

This stgdy was undertaken with a view to throw some
light on the relalionship between the chemical activity of the
chloro derjvatives of the substituted amides of malonic acid
and their absorption in the Ultra—-violet.

The following compounds were selected for the study:—

{1} Dichloromalon-di-phenylamide.

(2) Dichloromalon-di-o-tolylamide.

(3) Dichloromalon-di-p-tolylamide.

(4) Dichloromalon-di-m-tolylamide diecbloride.
( 5) Dichloromalon-di-~1:3:4 xylidide.

{ 6) Dichloromalon-di-heptylamide.

(7) Dichloromalon-di-benzylamide.

{8) Dichloromalon-mono-p-tolylamide.

(9) Dichloromalon-mano-chlorophenylamide.
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(10 ) Chloromethyl chloromalon-di=phenylamide.
(li} Chloromethyl chloromalon-di-p-tolylamide,
{12 ) Chloromethyl ¢chloromalon-di-p~tolylamide.

It can be seen here that the general absorption in com-
pounds ( 2 ), (3 )and ( 4 ) increases as we pass from ortho
to para derivatives. The bands of abworption ara shifted
towards the visible region ag follows,

Or4+ho —=3 Meta —-—== Para,

In the case of compounds ( 5 ) and (6) the curves are
ghifted more towards the visible,

In componnds (10 ), ( 11 }and ( 12 ) the difference in the
ahgorption i8 produced which is due to the absence of
methylene group,

The results show that the more active i3 the molecule the
bigher ig its absorption in Ultra-viclet and the bands are
ghifted more towards the visible.

XLIII The velocity of Saponification of the chloro
derivatives of the substituted amides of the malonic
acid of the type

CONHR €l CONH cl
\C/ \C/ : ﬂnd \io/

1/ NCONHR : €1/ NCONHR  CIH,c/ “CONHR
Wheore R = Phenyl, Toly! ete. groups.

Cl CONHR

BY K. Q. NaIg, R K. TrivEp! aND C. M. MERTA.

In order to investigate chemical activity of the c¢hloro
componnds as oxpressed by their velocity of saponification
thre following compounds were selected for study :—

{ 1) Dichloromalon-di-phenylamide.
2y Diechloromaton=di-p-tolylamide,
3) Tichloromalon-di-m-tolylamide dichloride,
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(4) Dichloromalon-di-o~-tolylamide,

(5) Dichloromalon-di-1:3:4 xylidide.

(6) Dichloromalon-di-heptylamide,

( 7) Dichloromalon=di-propylamide,

{ 8) Dichloromalon mono~p~tol ylamide,

(9) Dichloromalon monochiorophenylamide.
(10) Chloromethyl ¢chloromalon-di-phenylamide.
(11) Chloromethyl chloromalon-di-p-tolylamide.
(12) Chloromethyl ekloromalon-di~o-~tolylamide.

The above compounds were made to reaect with standard
alcoholjc potash solution and titrated with standard hydro-
chloric acid at regular intervals. The results were tabulated
in the form of curves repredenting the time as abscissa and
the percentage of the compound saponified as ordinates.

In compounds (2 ). ( 3 ) and ( £ ) the augmentation of the
velocity of saponification proceeds as
ortho ==-» meta —-» para.

The velocity of saponification depends npon the nature of
the radical attached to the saponifiable imino ~NH- grouping.
1t algo depends upon the position of the methyl group with
regard to the saponifiable imino group.
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XLIV Formation of the sodium derivatives of compounds
containing a reactive methylene (-CH.-) group
and study of the stability of the sodium
atom with regard to the methylene group.

gy K. G. Naix axp M. L, Suag.

This work was undertaken to stndy the formation and
the stability of the sodium eompounds of the following subs-
titnted amides of malonic and methylmalonic acide and con-
gequently the reactivity of the hydrogene of the methylene
{ -CH;-) group in them:—

(1) Malon-di-phenylamide.

(2) Malon-di-p-tolylamide.

(3) Malon-di-m~tolylamide.

(4) Malon-di~o-tolylamide.

(3) Malon-di-1:4:5 xylidide,

(6) Malon-di- oc-paphthylamide.

(7) Malon-di-3-naphthylamide.

{8) Malon-di-benzylamide.

{ $) Malon-di-n-propylamide.
{10) Methylmalon-di-o-tolylamide.
{11) Methylmalon-di-p-telylamide.

They all reacted with motallic molecular sodiam yielding
mono-godivm derivalives. In compounds (1) to (9)
conversion of the gronp -CH,-into -CHNa- takes place;
whereasg in eompounda (103 and (11), the conversion of
proup-CIH{CH4)- into -CNa(CHj)- is effectad,.

(i) Malonamide (ii) Malon-mono-phenylamide and
( iii ) Malon-mono-o-tolylamide are found to remain un-
reacted.

Fxperimental resnlts show that the above sodinm  deriva-
tives furmead ore comparatively more stuble than those of the
amidos of eyanacotie oster ( Najlk and Shah, J, Ind. Chem.
Hoe. 1931, 8, 43),

il
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The velocity of the stability of the sodium atom in fhe
ahove compounds is fally studied. When boiled with water,
compounds (1) to (8) suffer slow decomposilion, the velocity
of hydrolysis varying with the groups attached to the
nitrogen marked with an asterik in the following formula;—

¥*

.
H\C/COA\HR
1:04 \COI:IHR

The zodiam derivatives of (10} and (11} are hydrolysed more
rapidly than the above ones,

Chemistry Department,
The College, Baroda,

XLV On Active Charcoal.
BY M. D. AvAgaRE AND S. N, Dave,

It has been known that the activity of charcoal, as measu-
red by the magnitude of absorption, depends on its physieal
nature, the temperature and time of activation and on the
nature of tl.e gasin which it is activated. It has further been
known that the magnitude of absorption on any given quali-
ty of active charcoal depends on the physical and chemical
rature of the nbsorbate.

During a series of experiments nndertaken to investigate
the corclation bLetween the various factors that influence the
activity of charcoal it is found that the magnitnde of absorp-
tion on the aetive Charcoal depends on ti.e degree of evacn-
ation to which the active charcoal is subjected previous to
the study of absorption. '

Under ordinary conditiony of evacnation, absorption is
inereased owing to an increase on the pore dinmeter canged
by a partjal removal of the oxide film, but on intensive ovqy-
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cnation its actjvity decreases to a large extent. The presen-
¢o of the oxide filin, therefore, appears to he essential for a
high degree of activity.

Chemistry Depariment,
The College, Baroda,

XLVL Formation and properties of Polyiodides.
BY M. D. Avasarz anp A. M. TriveDL

Phade rule study of the system NIH I-I,-CCl, at 30°C
showod the formation of a binary compound NH_I; as eon-
firmed by quantitative examination and by measurement of
ite dissociation pressure.

Treatment of an aqueons solution of ammoninm jodide
of dofinite concentration resulte in the formation of NH I~
8 very hygrogeopic and unstahle compound.

A dotailed study of the solubility of iodine in agueous
golutions of (1) sodium, (2) potassium and (') ammonium
fodides has sbown the formation of (a) Nal,, KI, and NH,I,
only when the salt golutions of concentration .range 0.017
M to 0.7 M were used and (b) the formation of NaI;KI, and
NH,I, and Nal,, KT, and NH,I, when the sault concentra-
tion above 1 molar to saturation were employed.
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XLVIl Investigations on Hyponitritosulphates.
BY N.V.DHARAN axp C. C. Szan,

Pure potassinm hyponitritesulphate has been successfuliy
prepared and it8 chemical reactions have been studied. The

following equations represent the course of its spontanscus
decomposition:— '

K,804N, = K,80, + N,0 vovoeivn e (1)
K,SO0:N, = K,S0; + 2NO .o vveenennn(2)

The course of the reaction has been found, to depend on
the concentration, temperature and the P value of the soln-

tion. In ordinary air, the solid salt decomposes, mainly,
according to equation (1). Anhydrouns earbon dioxide bhas no
effect mpon the galt. In saturated water vapour, the salt
decomposes rapidly into sulphate and nitrous oxide. The
aqueous solution of the salt is unstable and decomposes
according to equation (1). All kinds of acids decompose the
galt in the same way 1. e. in accordance with equation (1),but
alkalies appear to have a stabilising influence on the salt.

In acidic solatjon, potassinm byponitritosulphate is nei-
ther oxidised by commoner oxidising agenis such as potassi-
um permanganazte, iodine, bromine, sodium bromate, hypoio-
dite, hypobromite ete., nor reduced by reducing agents
such ad gtannous chloride and hydrochlorie acid, stannous
chloride and fitanous chloride, sodium bisulphite and hydro-
chlorie acid, zinc and acetic acid ste, ’

In alkaline solution, potassium permanganate and sodium
hypochlorite oxidise it with the formation of potassiumn sul-
phate and nitric acid; all the nitrogen does not, however, get
converted into nitrie acid, some of it escapes as nitrous oxide

By the action of alkaline reducing agents a very small
amount of ammonia i8 formed and a variety of products gach’
ad hydrazine, potagsium sulphifd, sulphate, ete., are detected
in thu reduction products.
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'he results ohtained so far show that the hyponitritosal-
phuric acid, probably, exists in two [orms:—

HO.S0, NO:NOH ..rvsvve e en(1)
HY04N.0 N.OH oovv e (D)

Yodium and smmmonitum hyponitritosulphates and the
doble ealts of zine, cobalt, manganese, cadminm, silver, and
harinmn have been prepared and their chemical properties
aro buing examinad,

XLVIIl Oxidation of Hydroxylamine sulphate and
hydrochloride by means of potassium permanganate.

BY N. V Duagax axDp C. C. SHAH.

In the rednetion of nitric acid to ammonia, hype-
nitroud aecid hag beon considered a8 au intermediate product
{ Jour. Phy. Chem. 1928, V. 30, . 1222). But it has been
ghown by Partington and 8hih (Jour. Chem. Soc. 1331 part I
p. 2071), that hyponitrous acid cannot bereduced to ammonia
though it can he oxidised to nitric acid to a certain extent,
Leaving out nitrogen, hydroxylamine should be the firat
reduetiion produet of hyponitrous acid. in order to elucidate
this bhohaviour, experiments have WNcen conducted to

study the oxidation of bydroxylamine by potassinm per-
manganate.

The e¢ourye of the oxidation of hydroxylamine by
pitassinm permanganate in neutral sclution can be repre-
sunted by the following eguations (—

SN0, TS0, + 4KMu0, = K80, + 4MnSO, +
2KNO, + 2N,0 + 2N, + 201,0 (0
HNTLOITICH 4 2KMnO, = KCI + 2MnCL, +  , .

"KNO, + N,0 + N, + 10H,0 (2)
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In acidie solution, the course of the oxidation ig repre-
gsented by the following equation :—

5(NH,O0H),H,S0, + 10EMnO, + 10H,S0; =

5K,80, + 10MnSO, + 8HNO, + N, + 26H,0, ()
10NH,0H.HCl + 10KMnO, + 20HCI = 10KC! + 10 MnCl;
+ SHNO, + N, + 26H,0 )

The course of the oxidation is depentdent on the concen-
tration and the pC value of the solution, The temperature
bas little effect on the course of reaction.

It appears from the results so far obtained that the
velocity of the oxidation reaction is very smali- Further
work is in progress.

XLIX Studies in Salting out effect.

BY M. D, AvasarE AND C. B, PATEL.

Salting ont of non-clectrelytes fromn agueouns solutions by
electrolytes hag been generally sattributed to either (i) an
increase in the internal pressure of the solvent cansed by the
added electrolyte or (ii ) hydration of the electrolyte.

In this part of the investigation, it is attempted to study
and clagsify the effects ¢f different saltg on the salting out of
isoamyl aleohol, iso-butylalcohol, aniline and O-toluidine
in relation to the hydration capacity of these salts.

It has been found that though hydration does not seem
to be the only cvanse for the salting out effect the magnitude
of salting out etfact generally tuns parallel with the hydration
capacity of the eleetrolyie. Further it has bewn observel
that cations and anions stand in the following order: with
respect_to the maguita of their salting out effectd.
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N > K* > NH'* 80" > C1I’ > NO,’ — and that
the gume order is observed with regpect to their capaeity for
hydration.

The following equation (aul M, Gross, chem. rev; 62. 92,
1933) has been found to hold good over the range 0.23 to
1.0 molar concentration of salt golutions employed in this
invegtigation :—

Ve k, Cs
where v, i the additional vilume in litres of solution which

would be required to hold on9 molecule of a non-electrolyte
in golution in prerence of the added salt concentrations C’3

in excess of the volume of water required for its golution in
abgoence of the salt and k, is a constant.

Further, it has been observed that the salting out eflects
of vlactrolytos on the consecutive members of homologous.
non-alectrolytea hear a constant ratio, given by the expres-
gion BL = k, where g, and 8; stand for the decreare in the

R, .
golubility of the non-electrolytes in water caused by the
addition of electrolytes,



’
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L—Couleur et riactivit: chimige dans la sirie
cinnamique; par Mme RAMART-LUCAS ct
M. R. TRIVEDL

( 25-11-1932 )

8i 1’on considére plusieurs cLhromophores liés directement
entre enx A, B, C, D......ils exercent une influence multuelle
qui contribue de fa¢on importants & déterminar leur état
intérieur. Si ’on modifie 'un d'eux., A par exemple, en y
introduigant un groupe T, non senlement A sera changé ep A’
mais ce changement aura uno répercussion sur le (‘couplage’)
de A et B en sorte que B n’aura plus ie mame état intérieur,
ce qui aura pour conséquence une varistion dn e¢ouplage de
B et C, etc. On peut prévoir, par guite, gue 'introduction da
T aura pour effet non seulement de changer A mais aussi de
modifier I’état intérieur des autres chromophores B, C, D.,.et
par suite leur réactivité chimigue.

L'étude de I’'absorption dans I'ultraviolet et de l'activité
chimique :des dérivés cinnamiques et méthylcinnamiques
(acides, éthers, amides) confirment ce point de vue. Ll'intro-
duction sur la chaine des dérivés cinnamiques d’'un groupe
CH® (qui par lui-méme est incolore st n'a gu'une faible
réactivité echimique), soit en oc, 80it en 8, a pour effet de
changer 4 la'fois la counleur des dérivés einnamigues et la
réactivité des groupes acide, <¢ther, amide. Les coorbes
d’abgorption, dey acides et des amides cipnamigues, oc et 3
méthyleinnamiques sont données,  L’absorption générale
déeroit dang l'ordre snivant : dérivé cinnamique, oc méthyl-
cinnamique, 8 méthylcinnamique.

Des mosures de vitesse d'éthérification ont ¢été efiectudes
gur les acides; hydrocinnamique, cinnaniigue, oc un.¢ihyl, 8
méthyl, oc, B-dimétbylcimmp]iqnes; ainsi que des Inesures
de vitesse d’hydrolyse des éthers et des amides corrvspond-
ants. L’activité chimique du groupe fonetionnel décroit
dans 'ordre: dérivés cinnamique, 5 méthyleinnamique, oc
méthyleinoamique, oc, 8 diméthyleinnamique,
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Imtroduction,

L'an de nond a insisté (1) sur ce que le comportement chi-
mique (épnergion et viteages de réaction) d'un chromophore in-
troduit dane un carbure gaturé doit changer en mgme temps
gue !'dtat interne de ce chromophore et par suite en mime
temps que la couleur introduite par ce chromophore; et sur ce
que, quand cet état intérieur est le mame (la counleur restant
donec la méme), les énergies de réaction du chromophore
A sur un autre groupe B porté sur une auire molécule
doivent éire les mames; ainsi que probablement les vitesses
de réaction ( sauf géne stérigue apportés éventuellement
par enroulement de la molécnle dans le cas de tréd
longues chaines).

D'antre part, 1'état intdrieur d'un chromophore A dépend des
atomes on groupes d'atomes anxquels ils 8e trouvent liée. En
gorte que dans une 8érie homologue. les moléenles H.A. CHS,
A, CH3.CH2,A aunront an éiat intérieur différent et par suite
une couleur et une réactivitd diférentes, Mais 1’influnence de
I'allongement de la chaine diminune rapidement, et dans 1ne
gérie homologue & chaine normale, A partir du troisiéme
terme, tous les tormed supérieurs ont sendiblement une mime

-couleur et, par suite, doivent avoir, migme comporiement
chimique vis~a-vig d'un gronpe B fixé sur une autre molécule.
Il fant naturellement, comme il a 6té dit plue haut, envigager
le cas o un enroulement de la molécunle viendrait ganer
I'spproche de A et B.

Cette prévision s'est déja trouvée vérifiée pour un grand
nombre de séries homologues.
Par exemple les acides normanx CH®*(CH*)»COOH qui ont

la myme absorption depuias la terme pour laguel n est égal &
denx, jusqu’d » dgal & 14, (2) ont la méme vitesse d'éthérifica-

(1) Mme RAMART C. R, 194, p. 726 (1932).
(2) Mwme RAMART, Mlle BIQUARD, M. GRUNFELD,

C. R, 1930, ¢, 190, p. 1196,
42
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tion depuis l'acide butyrique jusqu's l'acide stéarique (3),
Ajoutons que ces acides gras normaux ont sengsiblement la
méme constante de dissociation depuis 1'acide propionique.

Il en est de m¢ma pour les amines primaires CH? CH*)n
NH2? gui depuis I’éthylamine out 1a m¢me vitesse de réaction
avec le bromure d'allyle (4). Or, M. Grunfeld (3) ayant
mesuré 'absorption d’un certain nmombre d’amines de cetie
gérie depuis la pentylamine jusqu's la dodécylamine a trouvé
conformément 4 ces prévisions que tous ces composés ont une
absorption identigme; il a de plus tronvé, toajours dans la
méme ordre d’idées que ces amines ont les mémes vitesses de
réaction avee 'éther maloniguna.

On peut encore citer les travaux de Calvet (6) qui a
constaté que led amides grasses & chaine normale ont depuis
la butylamide jusqu'a l'hexylamide les meémes vitesses de
réaotion et les mames énergies de réaction. Or, Mme Ramart
et Mme Grumez ont trouvé que ces amides quoi avaient les
mames réactivités avaient anssi 1a mgme absorption (7).

Enfin M, Razicka (8) en mesurant les vitesses avec les.
quelles les cétones se combinent avec I’hydroxylamine, trouvé
gue la vitesse d’oximation est gensiblement la mgme pour les
méthyledtones CHY,CO.(CHZnCH®* Qepuis la méthylpropyl-
cétone jusqu’a la méthyltéiradécylcétone, Or, d'aprés Rice (9)
toutes ces cétones ont la mame absorption depuis la propyl-

(3) SUDBOROUGH et GITTINGS, J. Chem. Soc., 1908,
t. 93. p. 210.

(4) MENTSCHUTKIN, Ber, dtsch, Chem. Ges., 1897,
t. 30, p. 2775.

(5) GRUNFELD, C. R,, 1931, t. 192, p. 1560.

(6) CALVET, C. B., t. 192, p. 1569 (1931).

(1) Mme RAMART et Mme GRUMER, Bull, Soc. Chim.
1932, t. 51, p. 1338. '

(8) RUZICKA et J. B. BULJS, Helv Chim, Acta, t. 15,
p. 3 (1932). , ' '

(9) RICE, Prod, Roy. Soc., London, 1915, t, §1, p. 62, .
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méthylcétone jusqu’d la nonylméthyleétone (il n’a pae étudié
les tormes aupérieurs).
Plus généralement ot en abrégé (10) :

“ Loraque dans diverses moléeunles, par ailleurs absolu-
ment quelconques, un chromophore introduit la mamea
couleur cela signifie qu'il a mame état intérieur, done mgme
réactivité chimique vis-i=-vis d’un groupe B sur une molécule
voisine’. '

Soit maintenant plugieurs chromophores A, B, C, D, liés
directement entre eux, ils exercent une inflnence mutuelle
qui contribue de fagon trés importante A déterminer leur $tat
intérienr. 8il'on modifie 'un d’eux : A par exemple, en ¥
introdnigant un groupe T (ainei lorsque dans C°*H¥ on
introduit un radical R pour former R.C*°H#%). Ce changement
aura une répercussion gur le * couplage ” de A (qui en fait
fera devenn A’ par suite de l'introduction de T) et B, en gorte
que B n'aura plus le méme état intérieur, ce qui aura pour
songéquence une variation de ** couplage " de B et C, etc.

On peut alors prévoir que la modification de A, par. suite
de l'introduction de T sur ce groupe, aura pour effet non
geulement de cbanger ce dernisr, mais anssi l'état intérieur
des autres chromophores B, C, D et par suite, forcément, leur
comporlement chimigue.

Considérond par exemple les acides arylacryliquas :

Ar.CH=CH.COOH ou lears dérivés éthers, amides, nitrilea,
D'apred ¢e qui précéde toute subastitution dans 1'un des
chromophores doit modifier 1’dtat interne, done 'absorption et
le comportement chimique des autres chromophores présents
puigqu’ils lui gont liés directement et par suite s'influnencent
mutuellement. :

Lo faits observés par M. lonescu dans l'étude de I'abgorp-
tion des arylidénes-indanediones et leur activité chimigue
gont en acoord avec ce point de vue,

(10) Mwe RAMART, Bull. Suc, wChem. (4], t. 51,
p. 329; 1932,
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Ce savant sous la direction de M. Radulescu (11) prépare
un certain nombre d'arylidénes-indanediones de formule
générale

CGE‘<88>C=CHR oi (R=H, CI, CH*OH, NH?*)

Il mesnre l'absorption de chacun de ces composéa et il
congtate que le * front rouge " (expresgsion employée par
M. Radulescu pour désigner la partie da spectre la plus
voigine du visible) est de plus en plas proche du visible a
megure qud R représente H, Cl, CH?, OH, NH®.

Chacun de ces composés est ensuite condensé avec une
moléenle pogsddant un groupe méthylénique actif tel gume
Y'acide malonique (Ia condensation s’efectue entre la fonction
éthylénigue et le groupe CH?).

L’expérionce montre que la facilitd avee laguelle de fait
cette condendation est variable avec la nature du radical R
qui se irouve en para vig-&-vig de 1’atome de carbone fixé sur
Tun des atomes de carbone doublement lié. La vitesse de
réaction diminne & mesure que R est successivement H, CI,
CH?®, OH, NHA

Ce savant ajoute que ces exemples sont d’antant plua
intéressanis que cette diminution de ’activité chimique est
provoquée par la présence des groupes d’atomes éloignés de la
partie.de la molécule qui entre en réaction et que l'on ne
peut par suite invoquer un empéachement atérique. :

Nous montrerons dans ¢ce qui va guivre que I'introduection
d’un groupe CH® (qui par lni-méme est incolore et ne posseda
qu’une faibie réactivité chimique) soit en oc soit en 8 sur la
chaine des dérivés cinnamiques (acide, éther, amide} a pour
effet de changer & la fois la coumleur de ces dérivés et la
réagdctivité chimiqae ded groupes fonctionnels : acide, éther,
amide.

(11) RADULESCU (Bull, Soe, Sctences de Cluj (Roumanis), -
t. 11, p. 155-156 (1924) et. p. 280-298.



{3331

Les propriétés des acides cinnamiques et de leurs produits
de substitution gur la chaine ont depuis longtemps attiré
l'attention des chercheurs et 'on connatt actuellement d’inté-
reaganted rclations entre la structure de quelgues-uns de ces
composéa et certaines de leurs propriétés physiques et
chimigues.

En e¢e qui regarde leur réactivité, ce sont surtout les vitesses
d'éthérification, de saponification, de fixation d'halogénes que
l'on connait le misux,

Sudborough et ses collaboratenrs ont en particulier mesaré
leg vitesges d'éthériflcation par CHY.OH en présence de cataly-
geur (ClH) des acides cinnamiques, des acides oc et S
halogéunés, oc eyan et cc-phényleinnamiques (12),

Il8 constatérent que la présence d’une liaison éthylénigne
en oc vis-a-vis du carboxyle diminne beaucoup l'activité {en
¢8 qui concerne l'ethérification) que ce dernjer posséde dans
I'acide saturé correspondant.

Drautre part, l'expérience lenr moutra que tous les dérivés
de substitution de l'acide cinnamique ont une vitesse d'éthéri-
fication plus faible que celle de ce dernier et gu’enfin, pour
les dérivés monosubatitutés, des denx isomeéres c'est 16 dérivé
B pour lequel la vitesse d’éthérification est la plus élavée.

Pour expliquer cette dimination d’activité chimique
plus élevée pour les dérivés oc substitués, on a invoque I’
“ pmpechment stérique ™,

Pourtant un ensemble de [aits nous conduit & attribuer
non pas & L'encombrement spatial des radicaux maijs sartoat

4 leur influence sur le groups fonotionnel acide, 'inertie de
ce deruijer.

Hi en effet 1o voluine seul intervenait, l'activitd du ear-
boxyle devrait atre d’antant plus faible que le volume du
radical fixé en oc est plug grand. Par suite, en coneidérant
los groupes d’atomes : CN et C6H®, l'influence paralysante

(12) Sudboroueg et Lleyd, J. Chem, Soc.; 1898, t. 74p. 81.
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de ces groupes sur I'activité du carboxyle devrait augmenter
quand on passe de CN & C*HP. Or, il n’en est rien ainsi qu’en
témoignent les megures de vitesses d’éthérification effectuces
p ar Sudborough et Lloyd et qui sont consignées dans le
tableau snivant :

0/0 de I'cide éthérifiné.

Acide e¢innamiquae........,... 09,12
= phényleinnamique...... 74,94
&c eyancinnamique....., ... 20,32

La vitesee d’éthérification fut ¢tudice en chanffant & 100°
pendant une heuare les acides avee CH30QH absolu en utilisant
ClH conmme catalyseur (30/0 de CIH dans 10 cm? d'alcool).

Les radicanx alcoyles fixés sur la chaine des dérivég einna-
miques : .

. acides, éthers; amides exercent également comme nous le
verrood plus loin une action paralyeante sur l'activité du
oarboxyla.

Les mesures d’absorption nous ont permis d’autre part de
mettre en évidence que cette action paralysante provient non
pas de la protection du radical acide par les radicauxalcoyles,
mais d’'une action mutuelle que s’exerce entre ces différents
groupement.

On sait en efet que les alecoyles sont incolores dans V’ulira-
violet moyen, par suite 8'ils n’avaient ancune action sur les
grouped d’atomes an voiginage desquels ils se trouven$ fixés,
les acides alcoylicinnamignes devraient avoir la méme coulenr
que 'acide cinnamiqguoe. -

Or, il n’en est rien, et les acides, éthers amides cinnami-
ques n’ont pas la mgmse absorption que lears dérivés méthylés
gur la chain,

La modification de couleur provoquée par la présence des
groupes CH? correspond done 4 une action mutnelle de ces’
derniers et des groupes fonctionnels ce qui eniraine "forcé-
ment nne variation dang les propristés ehimigues,
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Et ceci permet de comprendre que la prssence d’un
groue CH® méme en position 3 modifie de fagon trés notable
I'activity chimique du earboxyle. Il change en effet 1'gtat
intérienr do gronpe C*H®.CH=CH (le styroléne et I'cc-methyl-
Atyroléne ont des couleurs différentes) et par sunite celui de
la liaison ¢thylénigue, Or, comme 'influence sur le carboxyle
de cette liaison ¢thylénique est jmportante, ainsi gu’en
témoigne l'étude comparative des vitesses de rgaction des
dgrivgs cinnamiques ot hydrocinnamiques, & toute modifiea-
tion de I'état intérieur de la lisison éthylénique doit corres.
pondre-une variation dans 1'activité chimique de la fonetion
acide (ou.de ces dirivés).

En ce qui regarde ’influence sur la réactivité chimique de
la substitution en position oc deux effets e superposent ;: la
modification de 1’itat intérieur du groupe C°HS.CH=CH et
I'action mutuelle de CH? et du groupe fontionnel acide, ces
deux groupes gtant fixgs sur le mame carbone.

Et cela explique, 8ans qu’il soit nécessaire de faire inter-
venir la notion d’empgchement stirique, l'action paralysante
du groupe CH? soit plas importante lorsque ce dernier est en
pogition oc,

Vitesses de reaction.

En dehors des travanx déja cités de Sudborough et de ses .
collaborateurs sur les vitesses d'¢thérification des acides
cinnamjques : halogéngs, eyand, pheénylé nous n’avons trouve
aucune recherche sur I’stude de la réactivite chimique des
dérivé ecinnamigues suivant la position la natnre des radicaux
alcoyles flxée sur la chaine (14}

(14) Les expériences de M. Vavon concernant 1’hydrog-
énation des acides méthyl et diméihylcinnamigues
ont porté seulement sur la mesure de V'activiié de la
linison éthylénigne. Vavon et Husson, C. R, 1923,
t. 76, p. 989, '
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Nous avons mesoré les vitesses d’éthérifications des acides:
hydrocinnamique, cinnamique, oc-méthyl, S8-méthylcinnami-
ques et oc, 3-dimethylcinnamigue, les vitesses d’hydrolyse
deg éthers et des amides correspondants,

Nous avons pu constater, et ceci est en aecord avec les
conclusions de Sudborough concernant les dérivés halogénés,
que, d’ane fagon tout & fait générale 8i I’on compare Pactivité
des fonctions acide, éther, amide d’une part dans la série hydro-
cinnamique, et d’autre part dans la série cinnamique
cc-méthyl et oc, B-diméthylecinnamique, c¢es produits se
rangent comme suit dans 1’ordre d’activité echimique décrois-
gante :

Dérivéa hydrocinnamiquee-»cinnamiques-»S-méthyleinnami-
quess> oc-méthyleinnsmiques -» cc. S-diméthyleinnamigues.

Iractivité chimique du groupe carboxyle, mesurée par les
vitessen d’éthérification, est la plus nette et sans doute aussi
1a plud intéressante puisque cette éthérification a été effectude

en 1'abgence de catalyseur,

Sor la fig. I sont tracés les courbes qui indigquent en
fonction da temps, la quantité dacide éthérifié en chauffant &
100° une golution d’acide & la concentration de n{i00 dans
’alcool absolu en tubes scellés.

En ce qui regarde 'hydrolyse des éthers et des amides,
lag régultats obtenus confirment ceax qui concernent les
vitesges d’éthérification. Les différences de vitesses de réaction
sont toutefois moins accentuées surtout en ce qui regarde les
amides, mais il faut tenir compte de ce que cette hydrolyse a
&t4 faite en présence d’un catalyseur.

La figure II contient les cour bes tracées en portant en
abacigses les durées de chauffage et en ordonnées la quantité
0/0 d’éther hydrolysé en chauffart co dernier en tuhes scell¢s
avec une solution hydroaleooliqne de CIH,
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La comparaison des regnltats obtenus dansles s¢ries hydro-
cinnamicues et cinnamigues montre combien est importante
I'influence de la liaison gthylénique sur led vitesses de réact-
jon des groupes : COOH, CO-NH?, CO%.CH3CRH?.

Mesures d absorption.

Parmi les compogés dont nous avons mesuré 1’absorption
geuls les acides : cinnamijque (15), occ-méthyl et oc.S-di-
métbhylcinnamiques, (mesures qualitatives) (16) avaient déja
été étudides de ce point de vue.

Des mesaree quantitatives ont été effectudes sur 1’acide
cinnamique par V, Henri (17) et par Arends (18). Les résul-
tats de nos moesnres en ce gui regarde ce dernier acide, sont
lea mimes que ceux qui ont été trouvéd par ced savants.

Nous avonsd étudié I'absorption des substances gnivantes :

Acide cinnamiqne C°H®*CH=CH.CO%*H; acide oc méthyl-

cinnamiqne C'H’CH-C<0%,H. acide 3 méthylcmnamlque

C*H5.CI(CH?*)=CR.CO?H; acide oc cyancinnamique C°HF,
2

CH=C<8§)I H; aingi que les éthers et les amijdes corres.

pondanta.

Danag la fig. (III) sont tracées les courbes d'absorption des
aoides: cinnamique (1), oc methylcinnamique (2), 8 méthyl-
cinnamique (3). Nous donnons. également les courbes du
styroléne ot oc mithylstyroléne afin da mettre en évidence
d'une part 'infuence dn groupe carboxyle sar ls radical

(15) E.C, C. Baly et K. Schaefer, Proc. Chem. Soc., t. 24,
p. 207.—M. Stobbe Berl, Ber. dtach, chem. Ges, 1925, t, 58,
p. 2859; 1910, t. 43, p. 504; 1911, t. 44, p. 1289; et 1919, t. 52,
p. 1021, — Crymble, A, W, Stewart, R. Wright et W,
Glondimung, J. Chem, Soc. London, t. 99, p. 451.
(L6) Tey ct Rincke, Ber. dtsch, chem. Ges, 1923, p. 971.
(17} Yiundes de photochimie, Gauthier-Villars, Paris 1919,
p. 139,
(18) Avends, Ber, disch, cheny. (Jes.,, 1931, t. 64, p. 1936,
43
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C®*H°®CH=CIH (en comparant 1’acide cinnamigue et le sgtyro-
léne) et d’autre part la modification d’absorption produite sur
le- styroléne par la présence d'un groupe méthyle en
position oc.

L’absorption des éthers oc et [(-méthylcinnamiques est
analogue & celle des acides. Nous ne donnons pas la courbe
de ces composés qui sont liguides et dont nous ne pouvons,
par sunite, garantir la pureté, '

Dans la figure IV nous donnons les courbes des amides :
cinpamique (1), occ-méthylcinnamique (2), S-méthyleinnami-
que (3).

Enfin dans la figure V ge trouvent les courbes du nitrile
cinnamique (1) de 'acide oc cyancinnamique (2) ot celle du
cinnamate d’éthyle (3).

Nous avons constaté que 'introdunction des groupes CH?
qui pourtant sont par eux-mgmes incolores dans ceite région
du spectre, modifient la couleur des dérivés einnamiques.

Si l'on compare la coulenr des dérivés cinnamiques et celle
des dérivés méthyleinnamiques correspondants, on observe
que le maximum d'absorption de ¢es derniers est situé plus
loin vera I'ultraviolet et posséde une intensité plus faible que
leg dérivés non méthylés. L.a modification d'absorption est
plus ‘importante pour les dérivés 5 méthylés quepiur les
oc méthylés,

L’absorption générale diminue done gquand on passe d'nn
dérivé cinnamique (acide, amide) an dérivé oc méthylé ot de
celui-ci au dérivé 3 substiiné.

Liiotroduction en o< d'un groupe CN modifie fortement
la position de l1a bande de l'acide cinnamique; or les nitriles
CH3(CH?)=CN n'ont aucune bande d'absorption détinie pour
des longueurs d'onde plus grandes que 2400 A.

PARTIE EXPERIMENTALE.
Vilesse d'éthérification—~Afin d’éviter autant gue poszible
toute action secondaire nous avonsg effectué I’éthérification
des acides en absence de catalygeur,
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I.a méthode générale adoptée pour la détérmination de la
vitesse d'éthérification de chacun des acides est Ia suivante ¢

On a digsous 0,01 molécule gramme d’acide pur { séché
dans un dessiccateur pendant trois jours) dans 50 em?® d'aleool
éthyliqee absolu frajchement distillé sur du sodium; 5 ¢cm?
de celte solution fut titrée an moyen d'ane solution de souds
0,094 n en prenant comme indicatenr la phénolphtaléine,
On connaissait ainei l'acidité de la solution au temps zéro.

La sensjhilité de la phénolphtaléine, comme indicateur
pour ces expérienced, fot examinde comme suit: une guantité
connue de I'acide (correspondante A celle qui fut employée
danv chaqua expérience) fut dissoute dans 1'alcool et cette
golution titrée au moyen de soude 0,094 n, La difference
entre la quantité d'acide calculée et celle qui fut trouvée etait
de l'ordre de 0,075 0/0,

Pour chaque expérisnce 9 ampoules contenant 5 em? de
la polution d'acide furent scellées et mises dans un bain d'ean
bouillante. Aprés chagque heure de chauffage une des
ampoules était prélevés et refroidie dans un courant d'ean
glacée, L'ampoule était ensuite brisée et le contenn titré
avec une golution de soude 0,024 n.

Vitesse d'hydrolyse des éthers.—-La méthode suivie pour
déterminer la vitesse d'hydrolyss de chaque éther fut la
suivante: (0,01 molécule gramme d’éther fut dissous dans 100
em3 d'une solution de ClHn/2 alcoolique; 5 cm® de cette
solution furent immédiatement titrés an moyen de soude ce
qui donnait I'acidité de la solution an tempsa zéro.

On introduisit ensuite 5 cm? e ceite golution danes unne
gérie d'ampoules qui furent  scelldes, puis plongées dans an
bain d'eau bouillante.

,

Aprés chaque 1/2 heure une des ampoules éiait prélevée
‘da bain, refroidie dans de l'eau glacde; le contenu était



[310)
enguite titré-avec de la soude 0,094 n en prenant comme
indicateur 1a phénolphtaléine.

Pour chaque substance deux séries de mesares ont été
effectuées et les réanltats ont trés bien concordé,

Vitesse d hydrolyse des amides,—La méthode wutilisée pour
mesurer la vitesse d’hydrolyse des acides est identique a celle
qui a été décrite pour mesurer la vitesse d'hydrolyse des
étherd.

On dissout 0.01 molécule g. d'amide dans 100 ¢cm® dune
golution de ClHn/2 alcoolique; 3 cm?® de cette solution farent
titrés az moyen de soude en présence de rouge congo;
l'acidité de la solution était ainsi connue au temps zero; 9
ampoules contenant chacune 5 em?® de cette sclution étaient
plongées dang un bain d'ean bouillante. Aprés chaque 1/2
heure une amponle était prélevée, refroidie et lacidité du
mélange était titrée. Ici encore pour chague substance deux
séries de mesures ont été effectudes,

¢

Préparation des dérivés cinnamiques.

Tous ced composés étaient déjs connus et certaing d'entre
eux avaient été obtenus par différentes méthodes.

Nous avons choigi parmi ces méthodes celles qui étaient
susceptibles de nous donner des produits purs exempts de
substances Becondaires absorbantes.

Synthése des acides cinnamigues.—Les acides cinnamigques
ot méthyleinnamiques ont été préparés ‘par la méthode de
Perkin (19); cette derniére consigie a traiter wun aldéhyde
aromatique par un sel de sodium en présence de l'anhydride
de cet acide :

Ar.CHO+R.CH:.CO’Na -» ArCH=CH.CO?Na

('est ainsi que pour obtenir 1'acide oc-méthylcinnamigue
nous avone chauffé en tubes scellés pendant 6 heures & 180°

(19) Perkin, J. Chem. Soc,, 1877, t. 31. p. 393.
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un mélange de 20!g. daldéhyde benzoiqme et de 30 g.
d’anbydride propionigque (tous deux fraichement distillés)
avac 11) g, de propionate de godium pulvérise et soigneunse-
ment desséché, On verse ensuite le mélange dans H*O, puis
on chagse par entrajnement & la vapear d’ean l'excés
d'aldéhyde. Le résidn est ensuite .neutralisd par CO3Na3,
filtré 2 chaud puis acidulé par CIH, Aprés avoir été traitd
par du noir animal trés pur, l'acide est purifié par des erista-
lligsations répétées dans de 'alecool & 95°.

L'acide 3 méthylcinnamique a été préparé par saponifica-
tion do son éther dont nous traiterons plus loin de la synthese.

L’'acide oc c¢yancinnamique a éle préparé par deux
méthodes différentes : 1’une d’elles préconisée par Fiquet (20)
coneiste & chauffer un mélange équnimoléculaire d’aldéhyde
benzoique et d’acide cyanacéiique & 120°, On arrate de
chanffor guand le mélange entre en ébullition, on laisse
refroidir, puie on traite le tout par de ’eau: on entraine 4 la
vapeur d'eau, pour éliminer l'excés d’aldéhyde benzoique.
L'acide est ensnite purifié comime il vient d’stre dit pour les
acides cinnamigues.

Co composé a étd édgalement obtenu par saponification de
gon éther dont nous exposerons plus loin la synthése. Enfin
Lacide hydrocinnamiyue a été prepard par la méthode classique
qui consiste & traiter un halogénure par CNK et hydrolyser
le nitrile obtenu,

Synthise dox dthers cinnamiques,—Le ¢innamate d’éthyle a
#16 prépard en utilisant la méthode saivante : 100 g. d’acide,
100 g. dalevol absolu et 20 g. de SO*H2concentré (4 94 0/0)
furvnt chauffés au bain-marie pendant 7 &4 8 heures. On
chauge ensnite 'alcool en exces, on ajoute de 'ean an rdsidu,
on lave la solution éthérée avea CO*Na2, on la sdche sur du
sulfate de gsodinm anbydre. Aprés le traitement Rabitue)
on distille I'ither sons pression rgduite C'est un liguide
bouillant & 1J0-131° gous 15 mm.
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oc~Méthylcinnamate &'éthyle—Noud avons employé la
méthode de Claisen (21) pour obtenir cet éther. On introduit
dans un ballon 3 g. de sodinm en fil, environ 100 g. de pro-
pionate d’éthyle et ’on versa goutte a goutie sur ce mélange
25 g. d’aldéhyde benzoique; on laisse refroidir, on agite de
temps en femps le mélange: puis ce dernier est refroidi
versr — 14°% (mélange de glace et de CIH) puis abandonné
pendant 24 henres a Ia température ordinaire. Aprés ce temps
on ajoute 30 g. d’acide acétique cristallisable et de 1’eam, on
épuise avec de ’éther, on lave la solution ethéree 3 'eau puis
avec une solution de CO3Na?, ete...

L’éther ainsi obtenu est trés soigneunsoment fractionne. Le
‘r‘;indement en éther pur, distillant 4 150° sous 15 mm,, est de

d g

L’éther oc cyanocinnamique a  été préparé par la meme
méthode en faisant agir des quantités égnimoléculaires d’éther
cyanacétique et d’aldéhyde benzoique en présence de sodinm
métalligue; la température ayant été maintenue an-dessous
de 13°.

Les éthers 3 méthyl et oc, B-diméthylcinnamiques ont éié
préparés par la méthode de Réformasky (22) qui consiste a
faire agir Zn ou Mg sur un mélange d’éther o= halogéne et
d’aldéhyde ou de cétone suivant le cas, et a déshydrater
I’éther-sel alcool tertiaire ainsi obtenu, Ces réactions peuvent
itre, pour les éthers o méthyl et oc, 5-diméthyicinnamiqaes,
résumées par le schéma snivant:

C*H®.CO.CH® 4+ Br.CH2.COOCZH®* -
CH? CH®
certc/ —_CH:COOC*H* - CSH*C-CH.COOC2H®
“oH
C*H*®.CO.CH*4-CH*.BrCH,COOC’H* >
cgs /°F° s O ,CH?
CH.COOC=H* » C*H*.(C=—=C.COC*H"*

ceas.c/
NoH

(20) FIQUET, Bull. Soc. chim. (3).t. 7, p. 11; Ann. Chim,
(6) t- 29, p. 442, ~
(21) CLAISEN, Ber. dtsch. chem. Ges., 1890, t. 23, p. 978.
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Synthise der amides cinnamiyues —De fagon tout 4 fait
générale nous avons préparé les amides par action de NH3
sur les chlorures d’acides obtenus enx-mémes par action de
S0OCIL* (bien purifid) sur les acides.

Le# amides ainei obtenues & 1'état déja pur, ont été purifides
par cristallisations répétées dans de 1'alcool.

Eztratt du Bulletin de la Societs Chimique de France
49 S'erie, t. 58, p. 178, 1933,
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LI —Absorption et Reactivite Chimique de Certaines
Classes D’ Amides.

BY Mme. Ramant. M, M. Naig, et TrivEDI

Les recherches que nous allons exposer ont pour objet 1’
etude de la variation de Vabsorption et de la réactivité
chimigue d’un certain nombre d’amides dérivées de 1'adide
malonigue et de V'acide acatylacétique

R.NH.CO.CH®.CONH?, R.NH.CO.CH .CO.NH.R,

CHS3,C0.CH3.CO NH.R, R.NH.CO.CHZ.CO3.C*H ¢

R
A
R.N.CO.CHZ2CO.N (R = CTH15; C*H*; CH®.COH#* (0. m. p.),
cas? Nems

na htyle oc et .

Dans chacune de ces substances la fonction amide étant
lide, Boit par son carbone, goit par son azote & des radicaux
différents, la réactivité chimique de cette fonction doit varier
snivanf 1a nature de radicanx presens.

Si en effet nous considérons une molécule R.CH.CO.NH.-
R, l'état intérieur de chaque groupe &’atomes sera fixé par les
atomes aaxquaels il a'attache en sorte qur touta variation dans
1a strocture de R on de R’ provoquera un changement 3 la
fois dans les propriétés de CH? et dans celles de 1a fonction
amid Réciproguement toute variation dang la structure de
CH? et de CO.NH doit retentir sur 1’état intérieur de R
et de R,

Dang ces composés, la réactivité chimigne du groupe
CH2 vis & vis de certains réactifs tels qme S2.C12, 8.C12, S20-
Cl%, 803 CIH, S0 C12 ete. a été lopguemen €tudiée par l'un
de nous et ses collaborateura. (1), _ .

{1} NAIK Josrn. Chem. Soc. 1921 p. 379-85 1921 119, p. 1231-1242

NAIX et AVASARE, Journ. Chem. Soc. 1922 121 p. 2592-
2595. NAIK et JADHAY Jour. Ind. Chem. Sec. 1926 1II,
p. 260-272. NAIK et SHAH. Journ. Ind. Chem. Soc. 1927, 1V
p. 11-21, BHAT«Journ. Ind. Chem. Soc. 1927, IV, p. 425,
AMIN. Journ. Ind, Chem. Soc. 1928. V, p. 58)0. SHAH Jonrn.
Ind. Chem. Sec. 1930 VII, p. ITI. NAIK et TRIVEDL Jours,
Ind. Chem. Soc. 1930, pp. 239,
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Il a aingj été constatd que amides maloniques, cyanaceti-
gued, acélylacétiques, réagissent gnur ces reactifd par le groupe
méthylénigue en donnant des complexes, et que ced réactions
#effectuent avee une facilité variable snivant la pature des
radicaux lies au groupe méthylénique.

En particulier, ’étude du comportement chimique de ces
amides vig-a-vig du tétrachlorure de 8¢glénium a conduit anx
résuliats auivants : #i 'on traite soit ’amide .malonique, #oit
une amide monosubstituge NHAL.CO.CH3.CO.NH.R par SeCl*,
on n'observe pratiguement aucune réaction., Mais si 'on
a'adresse & des amides disnbstituées R.NH.CO.CH2,CO.NH.R;
on obtient ded combinaisons sélénigens de formnle :

(R.NH.CO.)* C = Se = Se = C (CO,NH.R)%,

D’autre part, gi 1'on classe les amides gtudiges par ordre
d’activitg croissante avee SeCl4, "ordre est le suivant :

R.NH.CO.CH%..CO.NH,, R.NH.CO.CH*.CO.NH.R,
R.NH.CO.CH.CO®C*H5; CH3.CO.CH2CO.NH.R.

De plus, lorsque R est un radical tolyle, I'activité de la
moldeule déoroit quand on passe du dérivé ortho an dérivé
méta et de celui-ci & l'isomére para.

En co qui regarde le mécanisme de ced réactiond la question
ne semble pas delaircie de savoir i les amides réagissent moit
gous la forme amide vraie poit sous nne forme tautomére,

Dans tautes, as etudey e'etait en queldue sorte la variation
dactirté chimigne du groupe CH? wsunivant la natores des
radieanx fixé Bur ee groupe qui était observed,

Nous avons entrepris 1'stude de la réactivité chimique de
la fonetion amide dans ces composés par la mesure de leur
vitesse de saponification, et none avons déterminé leur
absorption dans I’ultra violet.

Nous avons -constaté que la vitesse de saponification pour
unoe wmame eérie d'amides R'.CH2,CO.NH,R (formule dana
lagunalle R' représents NH .CQ, R".NH.CO, CH.CO,

11
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CO*C2H®) diminue quand on passe d'une amide pour laguelle
R est un alcoyle, & celle pour laguelle R est un aryle.

D’antre part, pour chacune de ces séries, lorsque R est un
radical tolyle, la vitesse de saponification décroit quand on
passe du dérivé ortho an dérivé méta et de ce dernier &
l'isomire para e quand R est un naphtyle la vitesse de
reaction déeroii quand on passe du oc naphtyle a l’isomére S.
(exactement comme en c¢e qui regarde I’action de SeCl* sur
ces mémes amides),

Or I'¢tude des viteswes de saponification d’acétamides de
formules

CH®.CO.NH.Ar et CH‘.CO.\T/Ar (Ar représentant
Noms

led radicaux phenyle, ortho et para tolyle) effectuée par 1’une
de nous avec M.lle WOHL, (l) a conduit & des r¢snltata
différents, D’aprés les mesures faites, la vitesse de saponi-
fication de ces anilides diminue quand on passe de V'acétopara-
tolylamide son isomere ortho, et ceci tant en ce gui regarde
les amides monosubstitoées qu en ¢e qui concerne les amides
disubstiteges,

Il reste done & fromver les raisons pour lesquelles se
manifeste une telle modification dans le comportement
chimigne de ces denx classeg d’amides.

Des arguments d'ordre chimigue, (2) (e) aussi gque I'étude
de 'absorption dans Pultraviolet de certaines amides, ong
condnit 4 adettre gue, en solution ces substances se trouvent
en cquilibre sons les deux formes amide et iminoalcool :
/OH

0
/7 —_
. R.C:
8 C<NH’ «— "Ny

(1) Mme BAMART LUCAS et Mlle WOHL C.R. t. 196,
p. 120, 1933.

(2) TAFEL et ENOCH, Ber. d: chem, (Ges., 23, 1890, p. 104,
Mme RAMART LUCAS, Mile Laclotre et Anagnostoponlos
C. R. t. 185, p. 282, 1927, HANTZSCH Ber. d. chem., Ges., 64
p. 661, 1931,
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La proportion des formes en présence dépendant de la

nature de R, du sclvant ef, selon la loi de Gibbs et Van
t'Hoff, de la températura.

'On pouvait penger que la différence dans le comportement
chimique dvs amides icj $tudiées et dans celui des acét tolyl
ainjdes était dneaun fait que les solutiong de ces deux classes
d’amidos contenajent dea proportions différentes des deux
formes : amide et jtninoalcool.

Pourtant la fait que les acétatolylamides disubstitudes,
qui ne peuvent prendre la forme iminoalcool, se counduisent,
(vis & vis dus des alcalis) comme les acételylamides mono-
substituces, sambla devoir dcarter coette hypothdse.

I1 parait poesible d'expligner la différence de proprigtés
dos malon tolylamides et des acétolylamides, en admettant
que lod atnideg peuvent prendre, en solution, les trois formes
tautomérss' aminoaleool ¢thylénigue (l); amide vraie (IT',
iminoalcool (IIT)

0H
NR

OH 0
R cH=c/ ® omz.o” R' CH.C {:

NNH.R NNHR

4y (In (11D)

La proportion des formes on équilibre varient naturelle-
mont suivant la constitution de R et de R’ el aussi suivani
la solvant,

Les amides maloniques, acstylacstignes possédent un
gronpe mythyléniane dont led atomed d’hydrogdne sopt
particulidrement mobiles, ca qui doit faciliter 1’apparition de
la forme (I).

On gaft d'autre part, que l'introduciion dans Yacide on
I'amide benzoiquée d’un groupe CH3 en ortho paralyse par
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tielloment I’activité de la fonction amide ou acide; il est
done & penser que la dimination d’activit§ du groupe COXNH
dans les orthotolylamides, dérivées des acides malonique ef
acétylacétiqne, favorise ¢galement Vapparition de 1'isomére
(I). Cette hypothése semble d’antant plus raisonnable, que

I'on admet actmellement gue le malonate d'éthyle =ode
posgéde la struciure

/ OC2ZHS>5
CHO,CO.CH=C
\Na

En sorte gue, 8i les amides peuvent prendre cette forme,
on doit la rencontrer en proportion plus élevée dane les
solutions d'orthotolyl malon imide et d'acétylacétortho-
tolylamide.

Si la forme aminoalcool éthylénique réagit avec une
vitessa plus grande que les autres formes avec les alcalis, on
s'explique aicément gue, pour les tolylamides ici ¢tudiées, les
dérivés ortho aient nune vitesse de saponification plus grande
que celle de.leurs isoméred méta et para, alors que c¢'est
I’'inverse qui se produit en ¢e quni regarde les acéto tolujdes
pour lesquelles la forme (I) n’'est guére a envisager, tout
an moins en quantité appréciable. Les mesores d’absorption
semblent bien confirmer les vuea précédentes,

Auncone de ces substances n’avait encore 4 notre connais.
gance é{é étudides du point de vue de 'absorption.

Nous avons constaté que les arylmalonamides Ar.NH CO.-
CH2.CONH et les malon diaryl amides (Ar.NH.CO)?=CH?2
ont des spectres tout & [ait gemblables, { compte tenu dela
différence de constitution des radicanx Ar, et du fait que les
corps de la premiére 8érie ne contiennent qu'an groupe Ar. )
Ceci indigne que ces amides ont une méme etructure et gue
i ‘elles existent en solution sous plusiears formea en éguailibre,
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les proportions des formes en présence doivent, pour un
radical Ar donné, sgtre sensiblement les mames, pour les deux
gérien.

Nous avonsg d'autre part mesuré ’absorption d’unne amide
N disubstituée, la malon di ( methylphényl) amide
CTHbN
( N CO )*, C*H? ot nous avons constate qu’il existe
CH3 y
une diflérence d’absorption trés importants ( comme dans le
cas des# acdtanilides ) entre une amide disubstitude comme la
malondi (méthylphényl) amide, et une amide monosubatitude
sur 'azote telle guu la malondiphénylamide, Cette difference
de couleur que il peut etre pestifiée par la presence du groupe
CH3 dans la malon di 1néthylphényl amide est telle (forme
et position des bandes) qu’il faut admetire que ]eg solutions
de ces substances contiennent, tout an moipé & l'état de
milange des corps ayant des structures différentes.

Amide N disubstitude est beancoup plud transparente que
l'amide N monosubstitude; ses bandes se trouvent plus loin
dn vigiblo ot ¢nt une intensité d’absorption beauncoup plus
faible que colle de I'smide monosabstitade, ( Voir fig. V).

8i la malon diphénylamide (et toutes les amides N mono-
substitudes qui ont 6té étudides ) peut d’aprés sa constitution
prendre les troie formes: amide aminoalcool éthyléniguie, et
iminoalcoul, et par suite posséder I'un dee groupe. I, II, III,
la malondi ( méthylphényl ) amide ne peuat avoir que les
tormee amide (I) et aminoaloool éthylénique (I1) formes dang
lequelles les atomes qui se trouvent fixés directement sur le
radical aromatique ne sont liés gue par une valence.

Ar.NH.C=CH (I) Ar.NH.CO.CHXII) Ar.N=C.CH? (III).
~ N
0H OH

Or d’aprce ce que l'on connait des relations entre la
coulaur et la struncture des moléculea organiques, les bandes
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d’absorption de la forme iminoaleool (III) doivent se trouver

plus prés du visible et posséder une intensité d’absorption
plus élevée que our les forme (I) ou (II).

On est insi conduit comme dansg le cas des acétanilides 2
admettre que la fortne iminoalcool est présentie dansg les
golutiond de malondiphénylamide (et dans toutes les amides
wmonosnbatitades) puisqu'elles ont des spectres qui corres-
pondent 4 des structures semblables sans que l'on puisse
toutefois en déterminer les proportions puisque Von ne
connait pae la couleur de cette forme & 1’état par.

D’antre part, si l on compare les spectres des solutions de
I'acétanilide (fig. I courbe 2) a celui des solutlions de la malon-
.phénylamide (courbe 1), le spectre des soluiions de acétc-
paratoluide ( fig. Il conrbe 2 )4 celui des solutions de la
walonparatolylamide (courbe 1), on n'observe, entre les duex
amides dans mettre couple qu’une faible différence d'absorp-
tion ce qui correspond & une analogie de structure entre les
acétanilides e les malonamides.

Si maintenant, on examine les courbes de l'acétortho-
toluide, fig. II courbe 4, et de la malonorthotolylamide
(courbe 3), on econstate entre cea deux substances, une
différence d’absorption notablement plus importante que
dans les cas précédents. Il est par suite raisonnable de
penser gue ceste différence d'absorption correspond a la
présence dans les solntions de malonorthotolylamide, d’une
snbstance ayant une structare différente de celles gue
possédent g0it les acétanilides, soit les malonphényl on malon-

paratolylamides.

En effet. pour un mame radical Ar, les acétanilides
CH3ACO.NH.Ar ot les malonamides NHZCO.CH:*.CO.NH Ar
ne différent da point de vue de leur constitution que par le
fait que le CH?® des acétanilides se ‘trouve dans les malon-
amides, remplacé par NH®.CO.CH?: Lorsque le radijcal
aromatique Ar, est soi un phényle. soit un paratolyle, cette
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diflérence dans la congtitution ge tradait par wn faible diflér-
ence d’absorption {ce qui est trés com préhensible puisque
Iahsorption du groupe NH? CO.CH? deit itre petite vis
4 vis de celle du reste de la molécule ), alors que la différence
d'abuorption entre l'acétorthotoluide et la malonorthotolyl-
amide est asgez importante, Cette différence d’absorption
doit done gtre considérée comme correspondant & une
diférence dans la structure de ces deux amides ce qui
confirme bien les conclusions auxquelles ont conduit les
mesnres de vitogse de saponification, & savoir que les différ-
ences entre le ocomportement optiqgue et chimique des
malontolylamides, d'une part, et celui des acétyloluides
d'autre part, peavent etre aitribnées & la présence dans les
golutions des malonamides de la forme aminoalcool éthyléni-
que (I11) qui pour les raisons énoncdes plus haut existerait
en quantité plus importante dans le cas des malonorthotolyl-
amide,

( Reprinted from the * Buolietin de la Société Chimiqus de
France " April 1334,

THE END.



I—On a Serious Difficulty in Cotter’s Treatment
of the Quantum theory.

By D. V. GogaTE,

According to our present conceptions the thermal content
ol 8 monatomic solid is nothing more than the energy of the
elastic vibrations about their positions of equilibrinm of its
aloms which are arranged in the form of a space lattice. If
we apply the law of equipartition of energy to these vibra-
tions we find that the mean kinetiec energy of an atom is equal
to its mean potential energy. In the kinetic theory of gases,
assguming that the molecules of the gas are geometrical points
endowed with mass exerting no force of attraction or repulsion
on the neighbouring molecules, weé obtain

2
dme=% Ry 6
as value for the mean kinetic enorgy of a molecule of the gas,
If this expression obtained for an ideal gas can also be taken
to be it mean kinetic energy in the solid condition then
the total mean energy in the gfolid condition of a molecule
wuold be 3R, and the atomic heat of a monatomic solid body
at constant volume becgomes
a dF 3R, B
a(}v = -y "dg = W= 5.96,

This is the law of Dunlong and Petit according to which
tho atomio heat ot constant volume of monatomicaolid bodies
haa the value 5.36 indopendently of the. temperature, This
Inw howevor bas been found to be trane only for high tempera-
tures, tho lower the temperature the greater being the
deviation frem the law,

Now this variation of the specific heat with temperature
has been aceounted for by Debye by making use of Planck’s
Quantuin Theory. The Quantum theory denies the equiparti-
tion of enorgy postulated by Maxwell, and gives a new law
of partition of energy, Particnlar frequencies will be speciai-
1y favoursd by the solid and will therefore exist in greater
atrength. Since unit mass of the solid containg Natoms each
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of threc degrees of fresedom it possesses 3N degrees of freedom,
that is it is capable of vibrating in 3N different ways and
these must be classified before we can apply Planck’s law,

Cotter, adapting the treatment of Jeane and Lorentz effecta
this classification in the following manner :—

Let the unit mass of the solid under consideration be in
the form of a rectangular parallelopiped whose linear dimen-
siond are 1, ¢ and . The vibrationa will consist of traing of
waves which will be reflected at the surfaces so that the angle
of reflection is equal to the angle of incidence. If oc, B, ¥
are the direction consines of any wave front then the waves
after any reflection will travel in some one of the eight
directions whose direction cosines are = oc, £ 3, 2 7. In
order that no energy may be gained or lost at the surface the
distance travelled belween any two succeseive reflections
maust be some multiple of {/; where £ is the wave length.
In his treatment Cotter gives the relations

2 o< p=pr; 2 RozAy; 2Yre/z

where z, v and z are integers, whence from the relations
oc24 5324¥2=1 he deduces the equation

a? y2 2 _ 4 4 1
wtewtw Ty O
It should be noted that (1) is an eguation of the 2nd

degree.

But from an examination of the figure {(See. L, U. Journal.
1925, p. 2) it is clear that if PQ be the path ofa *ray’
travelling from the plane z=0toz=7r, and if oc, B, Y
be the direction cosines and ! the length of PQ we have
obviously

r . A
T =Y and l= 2‘2—
where z i3 an integer,
~n2r=4zY

Similarly we shall get
2p=Lzoe, and 29=Ayf
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for rayse travelling between the other pairs of planes. Hence
from the relation cc? +3*+¥?=1 we deduce the equation
pz 92 r2 A2
atygta=g &

This is obviously an equation of the 6th degree.

If we substitute thisequation in place of (1) in the treat-
ment a8 given by Cotter the whole of the subsequent theory
falls through.

Asg thig result is utilized in a&counting for the distribution
of energy in the spectrum of a black body in accordance

with the quantum theory the difficulty arising here makes
that inveatigation algo invalid.

*“8cientific Bolsheviem’’ ig the name given to the Quantum
Theory by the physical ohemist Lewis. Explanation of the
variation of the specific beat of solids with temperature and
the energy distribution in the black body specirum are two
of the achievements of this theory. It appears however the
claim to have explained these phenomena is anything but
firmly established.

{ Reprinted feom L. §. Journal, 1925.)



II—A Note on Ultra-Short Waves and Radiation
from Free Electrons.

By D. 8, KoTHARI AND D, V, GoGATE.

Recently, Prof. Yagil bag described some experiments
with a Magnetron. He has succeeded in producing waves of
the order of 10 cms. and has given a semi-theoretical for-
mula, £=2cf, where, c=velocity of light and {=time taken
by the electron to move from the filament to the anocde

. He has, however, given no theoretical diecussicn regard-
ing the origin of his short waves and we are, therefore,
giving a preliminary explanation. The work seems to be of
great importance for it brings ont several points of novel
interest.

In the ordinary osciilatory circuits radiations are generated
becanse of the oscillations of electric e¢harge in a metallic
conducting path consisting of an inductance and capacity.
However, if an electron could be made to describe a closed
path in space with fregquency v, it should become a source of
radiation of this frequeney. It seems that in Prof. Yagi's
experimenis we have an almost direct proof that such radia-
tions are taking place, though Yagi himself does not offer
any sach explapnation.

The Magnetron i8 a diode valve with a cylindrical anode
and an axial Blament placed in a magnetic field acting along
the axis of the cylinder. The field can be adjosted in
strength. When the field is sufficiently increased most of
the electrons will just fail to reach the anode as they move
tangentially past its surface. Knowing this critical field

1Yagi. Proe. Inst. Radio Eng., Vol. 16, p. 715, 1928.
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value and the anode voltage, ¢fm can be easily calculated.!
At this eritical field-value, in the anode cylinder there will
be electrons moving in a closed path (almost circular of
rading 5/2), and therefore, radiating waves of wavelength,?
y=2 ct =2enb J‘zeV
m
where V =anode voltage and b =radius of the anode,

These waves are impressed on the oscillatory circuit of which
the capacity is that between the anode eylinder and the fila-
ment. Oscillaticns are generated in this circnit and so the
voltage of the anode undergoes slight fluctuations. Buta
alight increase in the anode-voltage above the critieal valuoe
atiracts most of the electrons that were previously moving
only tangentially past it, whereas a slight decrease in the
anode-voltage does not allow them to reach it.. As in the
critical eondition the electrons are moving tangentially past
the anode, a slight fluctuation in its voltage can attract them
to it or repul them off from it. Thue the oscillatory cnrrent
in the circuit, because of this reaction incresses in strength,

There may seem one difficulty in this mode of explana-
tion, ' From the filament eloctrons are issuing, and, they will
be, while describing the closed path in the e¢ritieal state,
sonrced of approximately simple harmonic waves of constant
smplitude but random phase. Lord Rayleigh’s® -analysis,
however, of a large number of simple harmonic motions of
constant amplitnde and random phase clears this difﬁculty.

In order to verify the above theoretical considerations,
weo are aitempting to repeat Yagi's experiments with-a triode.
As a preliminary, we have repeated the experiments of

1 D S. Kothari. Tod. Jour. Phy. p. 485, July, 1928. {The paper
containe the description of a laboratory wethod of determining e/m
with a triode valve Yagi's arravgements are ideatical, though they
wore meant for anothor purpose. His curves are of the same form and
they give as good values of efm).

% Loc cit Yagi

3 Lord Rayleigh's Souand. Vol. I
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determining e/m and on short waves by B, Majomdar (Ind.

Jour. Phy, 1928) Gill and Towngend (Phil, Mag, 1921) and
others, and have found some interesting results.

It has been found that in the e/m experiments, the anode
current which falls saddenly at the critical field value, shows
a slight increase for smaller values of the field. This incr-
ease in the anode current is interesting. It seems to be an
effect of the space-charge, for, the increase obtained is much
less with increasing anode-voltage, or smaller filament current
or when the grid is given a positive biar. Theory also
indicates that an increase in the anode current for small
values of the magnetic field is to be expected when space-
chal_'ge is predominant.

We may also note that in the paper of Mr. B. Majumdar
it is stated that the capacity of the anode and the grid as
meagurad experimentally by Toshniwal’s method 1 was found
to be about 40 ¢ms., whereas, if it is calculated from the
wavelength of the short waves generated (£ =2.r o/ CL), it
comes out to be about 6 ems. only. This discrepancy is
explained if the self-capacity of the wires forming the oscilla-
tory circat is taken into account. In calculating the Erequ-
ency of the oscillations this self-capacity becomes a more
predominating factor than the wvalve capacity.

Our best thanks are due to Prof. M. N. Saha for kind
nuggestionh and continned guidance.

Physics Department.
Allahabad University.

(Reprinted from The Indian Journal of Pliysick, Vol. 1V, Part Il.

1 G. R. Toshniwsl, Jour. Sci. Inst., July, p. 220, 1928.
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lIl—Effect of Direct Current on the Frequency
of Sonometer Wire.

By D, V, GoGATE and Y. G, NaIx.

The maintenance of oscillations of a gsonometer wire by
the passage of an alternating current through it has been
gtudied in detail by Krishnaiyer and others (Phil. Mag., 1922,
etc.). If, however, direct current of the value of about an
ampere be pasped through the wire, it is found that the
frequency of the oscillations, for a fixed position of the two
gonometer bridges, is slightly lower than what it is when no
current is passing. This effect is best observed by tuning the
gonometer with an electrically excited fork placed on the
gonometer board. When the wire is tuned to this freguency
it begine to vibrate with a large amplitude. These vibrations
are obgerved with a low power microscope, 1f the the direct
current be now passed through the wire, the amplitade of
the vibrations i immediately reduced, and can be restored
again to its original strength by shortening a Jittle the length
of the wire between the bridges.

We have verified that this lowering in frequency is not
dus to the heating effect of the current and is also not a
magnetic effect. This effect can also be observed with an
ordinary tuning fork and wires of any material,

The gquontitative measurements and other interesting
results will be published elsewhere.

Phyrica Laboratory,
Baroda College, Baroda.
(Repri nted from “‘Nature" May 11, 1930)
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IV—Further Experiments on Ultra Short Waves.
BY D. V. GogaTE aNp D. S. KoTHARI,

Abstraget.

The experiments deseribed in this paper are a continuation
and extension of the experiments of Mr. B. Majumdar.) The
effect of coupling two resonance circuits to the same value
is also studied and from these measurements the interelee-
trode anode-grid capacity of the triode is determined. The
effect of the self-capacity of the wires forming the induct-
ance of the oacillatory circuit is also taken into account.

8. 1.

~ The oscillatory circuit used was like that of Gill and
Townsend.? A French valve (Anode volts up to 600 V, Fil.
Volts 5.5) similar to that used by Majumdar was used. The
inductanee of the oscillatory circuit was formed by two
straight parallel bare enreka wires 8. W. G. No. 16, separated
by about a distance of 7 cms, from each other, the two ends
at one extremity being connected to the anode and the grid
pins of the valve (which was held inverted in a clamp)
respectively and the other two ends bridged by a bye-pass
condenser (0-003u¥F). The wave-length of the short waves
genorated was measured on a Lecher wire system coupled
inductively to the oscillatory circuit, a R. F. milliammeter
being uged ag the detector of the potential anti-nodes. The
straight wires forming the inductance of the oscillatory eir-:
cuit were gradually shortened in length, the wave-length of

the oscillations being measured in each case. It was not
found possible fo reduce the length of the wires beyond a
certain stage (23 cms. corresponding to £ =3m.) as then the

oscillations produced were too feoble to be detected, while

for larger wavelengths a current of about 300 m A. wag

detected at the potential anti-nodes of the Lecher wires:

* B. Majumdar, Ind. Jour. Phy, 19428
¢ @ill and Townsend, Fhil. Mag, 1921.
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It was found that for small changes Alin the length 7 of
the inductance wires the wave-length changed by about 4AI
1. 8.,

By
ar (approx.})

a fact observed previously by Gill and Donaldson.1

The circuit used is similar in principle to the well-known
capacity coupled cirenit of Colpit? unsually represented as
shown in Fig. 2. ( See for the figures Ind. Jour. Phy, 1930,
349-354, It will easily be seen that C, and C; of
Fig. 2 are replaced respectively by the interelectrode fila-
meunt-plate and filament-grid capacities of Fig. 1. See for
the figurea Ind. Jour., Phy. 1930, 350), A rough solution
of the condition for maintenance of the oscillations in such
a circuif can be easily found acecording to the usual
method,? 4, &,

|, .
W o (1)

where 7 is the resistance of the oscillatory clrcmt rp tha
plate resistence of the valve In the present experiment u,
the geometriec amplification factor is about 25,

rp is about... ... . e .. 2x10% ohms

[* s e ~wer e 2o o 107 henry

Ci+Cy .. v e e w 10719Farads
Hence for the maintenance of oscillations » should be less
than about 10 ohms. Aectually, in the experiment » ia of the
order of an ohin.

The capacity of the oscillatory circunit is formed of (1)
the inter-slectrode capacity between the grid and plate (C,)
(2) the eelf-capacity of the siraight wires forming the induct-
ance (C). Thede two capacities are in geries and hence the
effective capaocity is

Ccc, - C . C
ot 0, iz’ where 2 = ﬁ:

}  Gill and Donaldson, Phil, Mag., 1926.
¥ Morecroft, Principles of Radio Commuuniocation, p. 576.
8 2'.lL‘lat:h'ioal_ Engingers, Data Book, E B. Wadmore, Vol. III, p 1%
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the well-known formula for wave-length is

A2 O e e e e (D)

where C and L are measured in ems.

Indoctance of a straight wire of length { is

41
53 —_— e T -an e sva 3
l[ log e 3 1] (3)
Capacity of straight wire of length I is
- i
2 log ¢ % e . )

where d i8 the diameter of the wire.
Using the above formul®m we have

A = 4rz Rl LR Y] *ep e (5)
Vi
where 27 is the total length of the straight wires forming the
inductance,

From the observed values of £ and I, x can be caleulated
from the above formula and hence we can find the value of
C,. The following table gives these results.

TABLE L
Wave-length _C C C
Length ! cms. Ao cm. X = o cms. cms.
630 532 121 826 680
595 512 113 746 695
566 500 102 7-53 7-38
5190 450 018 6 88 882
50-0 476 074 . B 913
430 412 0-72 594 825

Mean value of C, the inter-eletrode grid-plate capacity.
= 7.9 cmy. Considering the uncertainties attendent in thesa- .
ultra short wave experiments the values of C,are fairly

constant,
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5. 2.

Coupling of two resonunce circuits.
A circuit of the type shown in Fig.3 was tried, ( See

for the figures Ind. Jour. Phy. 1930 p. 333 ) 4. e., it cousisted
in putting on the same valve two resonance circuits which

wera coupled to each other through the inter-elsctrode
grid-plate eapacity C,, The length of the straight wires.

forming the two cirenits was the same, i, ¢, the two circuits
weore iu resonance. Two Lecher wire systems were used

which were respectively counpled to each of the oscillatory
circuité, The wave-length measured on both the Lecher wires

wad found to be the same (this result being true even when the
two oscillatory ocircnits had different natural frequencies)

and it was obgerved that if one R. F. milliammeter was put

on each of the Lecher wire systems, the maxima located
and the milliammetera kept in that position, the deflection in

the milliammeters on the Lecher wire (1) increased appreci-

ably when the milliammeter was  removed from the Lecher
wire system, (2) and vice versa; thede results are to be

expected. Ino the following table is given the wave-length 4

a8 obeerved in thig case for different lengths [ of the straight
wires forming the inductanc¢e. In the second column are

given the values of /£, 7. ¢., the wave-length when only one
oscillatory oircuit was present (as in the experiment of S. 1),
The remaining columnua of the table are referred to later. -

TABLE II,
Length of the | Wave-length Wave-length Co the grid-
inductance when the two | when one osoi- C plate capa-
wira { (om4.). | escillatory cir-| llatory circuit za ¢ | city (cms.)
cuits sre pres- is present °
ent Aem.
Aoms.
630 420 632 1-40 6-9
595 412 512 1-16 67
56'6 408 500 0-95 79
510 392 480 0-95 T2
500 386 476 105 64
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The theoryl of the oapacitative coupling of two circuits
enables ug to interpret the above results. An equivalent
simplified diagram of the circnit in Fig. 3 ig shown in Fig. 4.
( See for the figures. Ind. Jour. Phy. 1930 p. 353-354.)
The Ca.and C% of the circuit in Fig. 4 are the self capacities of
the straight wires forming the inductances of the two
-oscillatory circoits of Fig. 3. Lg and Ly are the respective
inductanced of the two circuits.

The theory of capacitative coupling of two oscillatory
circuits shows that if w, and w, be the nataral frequencies of
the circuija (1) and (2) respectively, 1. e., :

_ ICa+Co Co+Co 6
wy JCaCoﬂa' wg ™ C_—__bcoi_b see aen ( )

We have the modified frequancies due fo conpling

leﬂ +w22:l=.\/(w1 :—wzz)z+4k2w1 wo

IE w1 =wg this rednces t0 vy N/ [EE

. Cas
(Ca+Co) (Co+Co) -

IE La also equala Lp ag is the case in the experiment des-
oribed, then the two values of the frequency are,

. 1 -
w'= TG o e e e e )]

this frequency being independent of Co,
W’ = J20+C° e e e e (B)

where k=

[_CCo
La=Lb= =L
Ca=Chs=C

It seems possible—-that- in the experiment only the frequ-
ency w#” will be maintained and w’ will be absent, for
the maintenance of ogcillations in the triode does depend
upon the value of Co while " is independent of it. How-
ever, gupposing that both are maintained and thus preseni

1 Electrical Engineers’ Data Book, p. 76; (for detailed treatment see
Electrical Oscillations and Electric Waves—Pierce).
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gimultaneonely, the two frequencies will beat ] m the usual
w’ +w

manner, the net result being a frequency modulated
by the emall frequenoy w’;w’

w-—tbhe observed frequency when both the oscillatory
circuits are pregsent—must then equal w'-;z-w”

w' 2w

% .y W= ——g— =-2- [ Jl-|-a: 1: ;’]-...--(9)

where z -g_and w, i8 the fraquency when only ene osci-
° ) . .

llatory circuit is present.

. Now, in every case in these experiments w is observed to
be greater than w, or A<A,. If we try to solve equation (3)

for £ by pautiing for %‘j— = -i-’. the observed value which i
o ,

always greater than unity, we find that z becomes imaginary.
This means, that if in any actual oscillatory cirenit &’ and w”
be both simunltaneously present, w cannot exceed. i must be
less than w, Baut as it is found that w >w,, 80 we are justi-
figd in agsuming that it ia only w'" that is maintained and
botb ' and w’ are not present.

Hence wé put,

w=w" o u}° HJI:-E: e 1Y) ase an ) (10)

or A=£“=,{°{—’ %

1t ie easily deduced from the eguations already given that
if the self-capacity of the wires forming the inductance of the
ogelllatory eircuit be not taken into account, we should have

LAY Y e T
w, A

but we geté’nl-% to 1.22 for different values of I, This

_shows that the sclf-capacity has to be taken into account.

1 Kleotrical Eogineers' Data Book, p 5.
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In Fact, we can calculate the value of x=£-£rom the ob-
-]

gerved ratio%". Legn. (10) ] and knowing z we can find C,

This is done in ecolumns IV and V of Table II.

Thug these two different methods of finding C, i e, the
simple resonance method of section I and the Coupling method
of section 2 give valuez of C, that are in fair agreement.

C,=79 ¢ma. .. .. .. .. (method 1)
C,=68cms .. .. .. .. (method 2).

Morecroft! and others have found that for ordinary
valves the grid-anode capacity lies between 3 to 13 cms.

The results obtaind in these experiments on the coupling
of two circuits are jn accordance with theory and it is hoped
that a further study of them-—the general case when the two
circuits are not in resonance—will enale us to understand
more fally the mechanism of the generation of oscillations
in a triode and the theory of coupling itsslf.

We wish to express our grateful thanks to Prof. M. N,
Saha, F.R.S,, for his very kind interest and guidance in this
work.

_  (Beprinted from The Indian Journat of Physics, Vol. 1V, Part V.)

1 Electrical Engineers' Data Book, p. 161.



¥V~—On the Application of the Ultra-short Wave
Method to the Measurement of Small Capacities
and Dielectric Constants.

By D. V, GogaTg, aND D. 8. KotHAR!L,

In a previous paperl we bad described some experiments
on the coupling of two resonant circuits to a triode and from
a stndy of these coupled circuits, a method was. suggested of
determining the inter-electrode grid-plate capacity of a valve.

The present paper is divided into three sections. The first
gection deals with the location and meagurement of the
harmonics that are found to be invariably present along with
the ultra-short waves, The conditions necessary for maxi-
mum oscillations have been studied.

The general theory of the coupling of two non-resonant
circuits to the same valve is disousged in the second section
and il application {0 the measurement of the inter-electrode
grid-plate capacity of a valve is described.

In the third gection is described the application of the
ultra-ghort-wave method to the determination of the dielectric
constants of certain liquids,

Sec, I,

Short -waves were produced by using the oscillatory
circuit already described in a previous ‘paper.2 The valve
employed was a French power valve (anode veolts up to 600
and fil. volta 5:3). It was also found possible to use two
Philip's receiving valves in parallel in place of the valve, the-
valves 425 giving the Lest results. Two straight parallel bare
eureka wires, 8. W. G. No. 16, formed the inductance of the
oscillatory circuit. These wires were connected, at one ex.
tremity, to the anode and grid pina of the valve and were
bridged at the other extremity by a bye-pass condenser A
lecher wire system coupled inductively to the oscillatory
circuit was used to measure the wave-length of the short

1 Ind. Jour., Pby., Vol. IV,:pt. 5, 1930, '
# Lic, City '
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waves produced, a thermo-milliammeter being employed as
the detector of the current antinodes. The effect of varying
the distance of the negative and of the flament wire *w'
from the grid ‘G’ wag then tried. To do this, the end ‘w’
of the filament wire was moved along the grid-wire GX
(fig. 1) ( See for the figures Ind. Jour. Phy. 1330 p. 418)
and the current intensity was noted by means of a
thermo-milliammeter *M’ coupled induetively to the oscil-
latory circuit AYXG. It was found that the current intensity
was proportional to the distance of *w’ from ‘G' and became
conptant at the point ‘X’ where the grid.wire is joined to the
condenser. Ad‘w’ was moved beyond the point ‘X’ towards
4)’ there was no variation in the current intensity, showing
thereby that the latter became constant from the point ‘X’
onwards, Similarly, when the end ‘w’ was taken wvery
near ‘G’ the current fell to zero and remained zero even
when ‘w’ wag moved along the grid-wire GN on the other
gide of ‘G’. 'These facts are represented in fig. 2 (See for the
figard Ind. Jour. Phy. 1930 p. 419). where the straight line
portion of the curve showsd that the current intensity is pro-
portional to the distance of ‘w’ from ‘G’ for quite a big range.

It was algo Eound that the distance of the end *w’ from the
grid did not affect in any way the frequency of the waves
produced by the oscillatory eirenit.

In the production of these ultra-short waves it was only
the fundamentals that were stadied in the previous papers,
the harmonics wers however found to be invariably present
and their location and measurement were .consequently
undertaken _

One method? of studying these harmonics, which is quite
common, ig to connect the thermo-milliammeter to the ends
of the lecher wires near_tha oscillatory cirenits. By meand

1 Blake and Rappersberg, Phy. Rev,, Vol. XXXII, (1911).

Blake aad Sheard, .o " w (o1,
» ” L " 1" " III- (19[4,

n " " ' " " " | lx'. (.1?17)'7
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of a plece of bare wire, the lecher wire system is then short-
cirenited at different points along its length and the corres-
ponding changes in the eurrent noted. This has been done
and the values of current strength are plotted against the
distance of the short circuiting wire from the milliammster,
fig. 3 (A). ( See for the figure Iand Jonr. Phy. 1930, p. 420)
The graph c¢learly showe the fundamental at the distance
of 550 emn. accompanied by different harmonics.

The harmonics were also studied by another method. The
thermo-milliam meter wae joined in series with one of the
wire ‘L' of the lecher system ( fig. 4 See for the figure
Ind Jour, Phy 1930. p. 421 ) kept inductively counpled
to the oscillatory circuit by a loop passing round a wooden
pulley ‘P’ fixed at a short distance above the circuit. At
their extremity, the lecher wires were wound in opposite
directions upon a eylindrieal ebonite rod and weights were
hong from each end of the wires to keep the latter atraight.
By means of this arrangement it was made possible to
measure the ourrent intensity at every point of the lecher-
wire system by simply turning the ebonite rod about its axis.
At a distance of 550 ome. from the pulley, where maximum
current wias noted in a preliminary experiment, the lecher
wire system was kept short.circuited by a piece of bare wire
and then by turning the ebonite rod about ita axis, the
thermo-milliammeter was moved along the length of the
locher-wires.

In thig way the current-strength was measured at diffe-
rent pojuts along the lecher-wire system and a graph
( fig. 3 B. ) ( See for the figure Ind. Jour. Phy, 1930 p. 421).
wase plotted with current against distance from the wooden
pulley. This graph shows clearly the presence of two chief
antinodes at the distances of 0 and 550 ems. respectively
togother with the other harmonics that were present.

Sec, 2,

The experiments on the cvupling of oscillatory eircuits
were tried with circuits of different natural [frequencies.

3
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After meaguring the wave-length of the short waves produeced
with one ogeillatory circnit (length of parallel wircs 63 ems.)
attached to the valve, a second circuit, whose induetance and
capacity were different from those of the first circuit, < e.
which was not in resonance with the firsl circuit, was
coupled to the valve on the other side, fig. 5, ( See for the
figure Ind. Jour. Phy. 1930-422 ) and the wave-length again
meagured. The first circuit was now removed and the
wave-lenglh determined with only the second circuit present.
This process was repeated with circnits of different natural
frequencies, the first eircuit (length of parallel wires 63 cms.)
beidg kept fixed. In this way different readings were taken

and the valued of wave-lengths obtained have been given in

columns, 3, 4, and 5 of table I.

For a theoretical diseussion of the compled sircnits let us

represent the oscillatory circunit of fig. 5 by its eqguivalent
simplified diagram (fig. 6). ( See for the flgure Ind. Jour,
Phy. 1930-422)

The C, and C, of the circuit of fig. 6 ( See for the fig.
Ind Jour. phy. 1930 p. 424 : are the self capacities of the
straight wires forming the inductances of the dseillatory
circuits (1) and (2) of fig. 5. L, and L, are the inductances
of the two circuits respectively.

Lot an e. m. f, be supposed to be irtroduced at X and the

-

tutal impedance of the two circuits obtained and equated to-

zarp, The zolution of the quartic equation in thus obtained
gives the regsonant frequencies of the whole system.

! 30w+ —W>Xt L (L)

where Z, is the impedance of the circuit (2)

l-wﬂchg (‘))
JCotﬂ-J'wscoLzoz +Jng "

".- Z2=
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2~ Total impedance= 5 Cow-:::?:é:%gcg o
+7611_w‘ FILyw=0 .. . (3)
o] 4 B o
where ,* = —g;—g—l—%—‘;— e ()
and = %ié;gz | . (6)

w1 and w, being the natoral frequencies of the two circnits
respectively.
On solving this gquartio equation,

" we have,
w = “’12+wg’4-s/(w1’—w,’)”+4k’t;7wg”—
5 e (D
C,C
h , = 1V2 .
where, k J(c.+co)(0.+co) . (8)

From the values of wave-lengths given in tabls I, all the
frequehcies, w, w, and w, can be calculated and then the
value of & can be determined from the above formula.

The self-capacity of thé straight wires forming the oscil-
latoty circunits i calculated from the relation®;—

C= i - ‘ ’ w (9
2 lqu '?
where, !=length of the wire,
and d =djameter of the wire,

In this way knowing the values of C,, C, and %, the
value of C,, the inter-electrode grid-plate capacity of the
valve can be caloulated from the quadratic equation (8).
This hag been done in table ]| where the firat two columns
give the lengths of the straight wires forming the oscillatory

cirouits,
1 Elootrioal Eogineer's Data Book, E. B, Wedmare, Vol. ILI,
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TABLE I.
din | | | Tkt | o o
cujts present | circuit present y ’
A in cms. Ay in cms. pr‘;tz;s.ﬁz

63 84 458 528 636 7-76
" (] 448 n 602 7-35
" 70 438 " 582 6:30
" 66 424 " 548 5-60
" 63 416 " 528 580
" 80 -412 - 512 585
" 55 402 " 476 680
" 50 386 " 448 635

Mean value of Cg = 65 cms.

It will be seen from the above table that the valaes of C,
are fairly constant. It may also be noted that the mean value
of C§ obtained by this method agrees fairly well with that
given by the resonance method.2

See, 3.

Measurement of Dicleotric Constant.

The method of ulira-short waves wag also applied to the
moasurement of dieleectric constant. For this purpose the
circuit of fig. 7 (See for the figures Ind. Jour. Phy. 1330 v.
426) was used. The wires BB on the right side are bent at
right angles a8 shown in the fig. The vertical portions of
thege wires which are equal in length are dipped in a glass
vesgel in which different liguids whose dielectric constants
are to be measured may be filled.

The principle of the method is to measure the change in

wave-length produced by the change in capacity of the
1 Loe. cit. p. 417 above. j
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vertical portions of the wires when they are dipped in diffe-
rent liqnids, From the change in wave-length thus pro-
duced, the dielectrio constants of the liquids can be deter-
mined.

Let & be the capacity of the two parallel vertical portions
of the wires in air. Then the wave-length -of the oscillatory
cirounit ia given by :

A=27 JLC+E) - (10)
whore, L minductance of the oascillatory cireuit,
and C=gapacity of the oscillatory cirenit.

5 AB=4xIL(C+E).
Differentiating, we get,

24 =4 3L dk
= AdA
or dk= S ils . . - (A1)

All the quantities in the right hand expressicn of equa-
tion {11) being known, dk can be calculated.

Now, if J==length of the wire dipped ia the liquid,
D =distance between the two dipping wirea,
d =diameter of the wire, »

then the capacity formed by the two vertical portions .of the
wires is given by? :(—
k= +109¢
2D ‘s ’(12)
lotio ()

with air as the dieleotric.

Whon the wires are dipped in a ligquid of dielectric
constant §, the capaoity is given by:*—
k= 8 x.1097

logig (%) ' - 13)

! Fleming's Poocket Book.

~
" " "
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. change in capacity

1007 o (14)
die=(8—1) —07 —
&—1) logy o(D/d) .
Substituting the value of dk obtained from equation (11),
§ can be ecalculated. :
A4 .1097

P AR B Ty 77 (15

Length of the wires of the oscillatory.circuit 25 ems,
Distance between the two wires of the osci. cirenit 85 ems.

Diameter of the wire 0.123 em.
Distance between the two wires dipping 1.0
Valves used :—Philips A 425; Two in parallel. -

TABLE IL*

Dislectric | Length dippixig Wave-length ~ |Dielectric Constant

Air 603 cms.
Kerosene oil 39 cms. 6156 ,, 406
Petrol - 33 . 613 ,, 2-8

® Wa are indebted to Mesers. Jaichandra and B. D. Pant for these
observations. :

Calculations :—
(I} Kerosene oil.
L=41 10gd(2 D’d)

dr= AR, =4 x 25 x 23 log (17/-123)
2w 2L =492-2 cms.
Again, dk= £x-109 (5—1)
log. —%2
d
S B=4.06

(2 Petrol,.
Similarly, for petrol we get §=2.8.
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The experimental procednre can be varied. The R. F.
inilliammeter is kept fixed on the lecher wirey and a graph is
pl‘ol;ted between the lengths of the wires VV and the current
in the milliammeter, The wires VV ar® then dipped in the
liquid and from the change of current .in the milliammeter
which is kept fixed on the lecher wires, the change in the
capacity of the wires VV i3 noted by means of the graph
already plotted This change in capacity gives immediately
tho dielectric constant, This procedure gives more accnrate
results and is bolter adapted to the study of the temperature
variation of the dielectric constant which is to form the
subject of a eubsequent communication.

Our best thanks are dae to Prof. M. N. Saha, F,R.S., far
kind interest in this work.

Baroda College and Allahabad University,

(Reprinted from The Indian Journal of Physics, Yol. V, Part IV.)

VI—On the Measurement of Quantity of Light by the
Photo-Electric Cell. .

Br D, V. GodATE AxD D. S, KOTHARI.

The application of the photo-electric cell in the measnre-
ment of intengity of light is well-known. The present paper
deals with the use of the cell for the determination of the
quantity of light, These two uses of the photo-eleotric cell
correspond to the use of a galvanometer for measuring current
and quantity of eleotrieity respeotively.

if a source of candle power (C. P.) be placed at a distance
» from a cell of area A, the luminous flux received by the

-¢gell will bo ((:_;P') A lumens, If thig canses a galvanometer
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deflection of g divisions, then we have,

g (CP) A=Seg v (D)
?.4

’

where S¢ represents the currents gensitivity of the galvano-
meter and K is a congtant.

If light from the source of candle power (C.P.) be allowed
to fall on the cell for a time AY, then,

548°=K'Q=K'AT At
where Sg denotes the ballistic sensitivity of the galvanometer,
g’ the kick observed, Q, the quantity and I, the intensity of
light. Therefore,

sq0'=k'a O Ay - @

The cell used is the Westinghonse Photo-electric cell (Ty pe
P.A.I). 1t consists of a dise of copper oxidised on one side
by a special treatment to cuprous oxide.

To teat the relatlon (I) the cell was placed at different dis-
tances from a 16 volt 32 watt lamp and the corresponding
deflection g in the galvanometer was observed in each case.

It was found that »2g waa nearly constant and we obtained
for K the value 7.5x10-6 amperes per lumen.

The relation (2} wad verified by allowing the lamp to fall
vertically from different heights in front of the photo-electric
cell and noting the corresponding kicks in the galvanometer.
For this purpose the lamp wae fixed in a thick card-board
gheet which was allowed to fall smoothly in a vertical plane
distant about 10 ¢ms. from the photo-electric cell by means
of pulleys and falling weights, “The illumination of ths
photo-electric cell by the falling lamp is maximum when it
ig just in front of it, but even when i} ia8 a couple of centi-
moetres away from this position, on either side, the cell,
receives an appreciable amount of light. The * effective
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value 7 Ax of this range was determined by plotting a graph
hetween the steady deflection in the galvanometer and the
height of the Iamp. The area enclosed by this graph divided
by the maximum value of the deflection gives the value for
Az. The duration of exposureAf was then calenluted from
the relation,

Ag_.._A_x..
T N

where, f id the acceleration of the system (lamp, weights, etc.)
and @ denotes the height of the lamp from the e¢ell. Thus
finally, we have, :

(C.P.) Az
rd vofy

89’=K'A e (3)

Our experiments gave the value for K’ to be 6 x10-° conlombs
per lumsen-gecond, From the known properties of the photo-
eloetrie oell one ghould expect this value to agree with the
valne of K in equation (I). Our experiments show that K is
8lightly lesa than K.

For these experiments the cell was connected directly to
the galvanometer, Wa now propose to introduce an ampli-
fier in between and then use the cell for measuring the
quantity of light in lightening discharge and other similar
phenomena,

It may be of intereat to note here that the internal resist-
ance of the photo-electric cell, a8 given by the makers, is
1800 ohma, It is, however, found to vary with the current
passing in the cell, # When the direction of the current ia
from copper to cuprous oxide (the same as the diraction of

* The current wae always kept less than abont two milli-amps, iy
"accordnnce with the instructions of the manufacturers,
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the photo-electric current),+ the resistance is foand to in-

crease with the current and varies from about 350 to 1700

obms. The latter value corresponds to a current of about

1.5 milli-amperes in the cell. On further increase in the

current through the cell, its resistance beginsg to decrease and

i3 nnsteady., When the direction of the current in the cell.
is from cuprous oxide to copper (the same as the direction of

the rectified eurrent),t the resistance decreases with increase

of current and varies from about 300 to 140 ohms,

Physics Laboratory,
University of Dalki.

(Reptinted from The Indian Journal of Physics, Vol IX, Part V. )

VII—Physics of * Smell.”
By D. V, GogaTE axp D. S KoTHART,

_ Prof. Bohr in his recent addresst on * Life and Light ’ has
emphasised the pecnliar organisation of living beings with a
view to understanding their essential characteristics. This
organisation exhibits typical atomistic and, quantum traits
combined with the ordinary mechanical characteristics, in a
manner having no counterpart in inorganic matter.

" As an illustration of the refinement to which ‘this orga-’
nisation is developed; Prof, Bohr has considered the case of
the human eye.  The eye is an ideal and perfect optical
instroment inasmuch ag its resolving power and ity sensitiva-
ness have reached the limit imposed by the wave and
quantam nature of Jight. It has been found that the"eye can
be stimulated by 'a few light quantam (or pessibly a single
light quantum 7). Further the optical resolving power

- 1 The direction of the generated current in the photo-electric cell”
is from copper to cuprous oxide, i, ¢, opposite to the direction of the
rectified current, wheu the combination Cu-CugQ is used as g rectifier,

} Nature, March 25 and April 1, 1933
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(5/d”) where d i# the aperture of the eyelens in inchesn )
and the physiological resolving power ( angle pubtended by
the * cone * in the retina at the eyelsns) of the eye are
almost the same, This perfection of the eye naturally lsads
"one to expect that the other organs also may reveal similar
characteristics, the study of which will greatly help in

establishing the relation between organic evolution and
physica. '

A congideration of the construction and function of the
nose may also afford another interesting example. The
human nose appears to be very sensative to smell. However
Physics corresponding to the sensation of smell does not
exist at all, though physics of the eye and tha ear {(being
simpler) has developed so much.

It is of interest to see whether the sensitiveness of the
nose has aldo reached a lmit imposed by the atomie
_character of substances giving rise to the sensation of smell;
i, e, whether the seusation of smell can beexcited even when
there be present a few molecules {or a single molecule ? } of
ab intongely smelling substance. Any data that might be
obiained in thie connection are bound to be helptul in the
study of the evolution of senses. It is intended to make
some tests on Lhis point and we shall be glad to receive
information on dala concerning thig if already obtained.

(Reprinted from ** Cuerent Sclence ™ Vol. 1I, No. § December 1933.)
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VIII-—On the theory of the Surface-tension of
Liquid Metals.

By D. V. GoagATr AND D, S, KOTHARL.

1t i8 well-known that the surface-tension of liguid metals
is very much greater than that of other substances, For
example the surface-iension of Au, Pb, Hg eic. ia of the order
of five hundred while for non-metals like sulphur, petrol etc.
it is only about £fty. We have worked out, on the free-
electron model of Sommerfeld and taking into account the
Coulomb forces between iond and free-electrons and the
Fermi Dirac distribution law for electrons, a theory of
gurface-tension of -ligunid metals. By a straight-ferward
application of the theory, we obtain the formula for surface-
iengion S,
1 h2 P T d3
S= 32 ﬂ-mrfaé (T)é-l- 4 dr
Where 3 id a constant, very nearly unity, but its exact
value ig to Some extent nncertain; P is the density, A the
atomic weight, T the absolute temperatare, m the mass of the
electron and my the mass of proton. Taking S ae unity and

for the present neglecting the small correciion due fo the

term -'-T-» ﬁi we give below the calculated and observed

4 4T
values for a few metals. Better agreement ia obtained by

taking S=0.9

Metal S (calc_l {vith 3 ((gl;%.v\grith SD(;E::}II:;?):
Na 329 294 294
Ag 924 8% 800
Pb 7 498 445 444
Cd 81 . 697 630
Hg 668 " 596 465
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The obgerved values are taken from the International
Critieal Tables. It may be noted that these values are not
very reliable as different observers sometimes give widely
different results; for example, in the ecase of Hg, Kaye

and Laby’s Tables (1932) give after Quincke the value 547,

The value of the correction term 1—%1,"1&;' is uncertain as the

data for :-ii;- are very meagre and even 8o not available in

all cases. To obtain an idea of this correction we take the

T dS

cass of Hg where -g—% is found‘to be nearly 0.4 and so IdT

- will be about 30,

The above theory also explaing some important proper-
tied of thin films i. e. the electric conductivity of very thin
filma I8 smaller than the conductivity of metal in bulk by a
factor of (5~10) The full paper will shortly appear in
Phil, Mag. *

(Reprinted from ** Science and Culture ™ Yol. I, No. 3 August 1935,)
IX—A Note on the theory of Viscosity of Liquid Metals.

A theory of the viscosity of liquids on simple classical
lines has been recently put forward by Prof. Andrade.
Assuming that the liguid molecunles retain sufficient of the
crystalline charaeter which they had in the wsolid state and
possess a frequenoy of vibration very nearly .equal to the
frequency in the solid state at the melting poiot, and on
replacing this characteristic frequency in terms of the melt-
ing point by using Lindeman’s #emi-empirical formula, he
obtaing the formula

(A T, — AT g

where 1 ig the viscosity, A is the atomiec weight, N the

_Avogadro's number, T'm the melting point and V4 the volume
of & gram-atom at the temperature Tm.
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‘In view of the recent investigations® into the propertics
of liquid metals it may be of interest to deduce a
formula for viscosity of metals in the liguid state in a slightly
different form. Following Andrade, we take the liguid metal
pear the melting point, as still possessing the lattice structure
which was characteristic of it in the solid state. The Debye
or rather Einstein characteristic frequency is, of coure,
different in the liquid state and in fact,

kr
Where L is the latent heat.

I1f the liguid molecules vibrate with a frequency V we get,

‘with Andrade, n=% Vz’" wheore ! is the average distance
‘between the centres of molecules. Putting Bl=7n ¥ Where

* n i8 the number of molecules per unit volume and S is a

coustant.n:,‘,Bané. If P denotes the dendity, A the
atomic weight and mpg the mass of the hydrogen atom, we

have,
1

n=

: Pyd &
dn=4 BV {_—
mpg ancn=3 ( A) AmH
If now, weput Av=k 8 or v= ..;:_ ngwhare K repre-

gsents Baltzmann’s constant, A is Planck’s constant, and
-@ g, i8 the Debye characteristic temperature, we get
k 3 Py3 .
-4 QT Al =\3®
. m=iB g ma A(g)%es - @

The v_’alués of viseosity calculated from the above formula
and ihe observed values of vidcosity of certain liguid metals
for.which published experimental data exist are shown in the
following table :—
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Liquid metal. n cal. with B =23 * nobs.
Cd 024 > 018
Hg ) 023 021
Ca 032 038
Pb 023 - 028

It will be seen from the above table that the agreement
between the calculated and observed valaes i# fair, consider-"
ing the large discrepancies between the values of viscosities’
obtained by different observers and also the approximate
nature of the theory. According to Andrade's formulé the
agreement between theory and experiment for the four
liquid metals Hg, Pb, 8n, and Cun i3, no doubt, very satis-
factory; but this is to a certain extent a chance coincidence.
Ad Andrade himself observes, “No great emphasis’ is placed by’
the writer on the surprising closeness of the agreement for
the four metale, which ig within 10 per cent. or less, for this
agreoment depends npon the exact value given to the
constant in formula (1)”. In formula (2) the agra‘emént
depends upon the value of the constant B and upon the‘
crystal structure of the metal,

Again, it is more ngoal and theoretically better to express
the characteristic frequency in terms of the Debye tempera-
ture 8L as we havedonein (2) and not in terms of the melting
point, a8 in (1). In this we are also following Mott’s recent
use in his paper3 on the resistance of liquid metals,

Buroda Collags,
Gujrat,

. (Reprinted from '* Sclence and Culture ™ Vol. L. No. 4. September I’JSJ

(1) Phil. Mag. 17, 497, 1934,
{2) Proc, Roy. Soo. 146, 465, 1934,
(3) Loc. Cit,
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X—~+The present position regarding the Theories about
the Nature of Active Nitrogen.

By C. R. DHODAPKAR.

In 1900 E. P. Lewis observed 2,7 that nitrogen could be
gtimulated by an electric discharge to emit a bright yellow
glow which continued for some'time even after the discharge
had ceased. He photographed the infra-red portion of the
gpectram and made & number of Bpectroscopic observations
on the glowing nitrogen. Lord Rayleigh, who investigated
the phenomenon in a more general and systematic way,
discovered that the glowing gas had remarkable spectrogcopio
and chemical propertiea and named it * Active Nitrogen’,
Active Nitrogen could be produced in a number of ways,
Kaplanl® produced it by passing condensed discharge through
air at 0.5 m. m. Herzberg showed that it was possible to
produce active nitrogen in which the percentage of nitrogen
varied from 100 per cent to 40 per cent. Hagenbach and
Frey 13 showed that glowing active nitrogen could be pro-
duced by pasging condensed discharge through air at 10 .,
The spectra observed by all these authors were the same as
that obtained from active nitrogen that has been produced
from almost pure nitrogen, Itis, however, our experience
that active nitrogen, as produced from almost pure nit:-ogen
i the most intense.

It may be mentioned, a8 a passing remark that a line
gpectrum due to the nitrogen satom is
known, but ie not shown by active
nitrogen. Wien showed the emitting system of the nitrogen
first positive bands to be uncharged. He allowed a stream
of lnminous gas to flow out of a canal tube into a space
where a vacuaum of the order 10-3 to 10—% m.m. ia continu-
ously maintained by a number of diffusion pumps. Ia this
gpace the gag is allowed to pass between t{wo parallel plates .

Ng molsculs $he emitter.

#® The presence of a slight impurify is very essential for the pro-
duction of aclive nitroges,
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which are maintained at a small distance apart at a constant
difference of potential. The spectrum of the luminous slit-
like region i# photographed, Particles which are uncharged
showed gtraight spectral lines, while lines due to charged
particles are bent one way or the other. The vaccam in the
space ia o high that no collision takes place amongst the
particles, Further Rayleigh was unable to condense any-
thing which might indicate the existence of a body such as
Ng. 1t seems fairly certain therefore, that the characteristio
luminescence is emitted by simple diatomic nitrogen mole-
oules in some wnusual State,

As has been eaid b_efore. active nitrogen has remarkable

spectroscopic and chemical properties.
Its most conspicuous features are
green, yellow and red bands®; the

yellow ones, being usnally the brightest, give the glow a
yellow colour. The passage of a weak discharge through
active nitrogen excites the fourth positive bands, but results,
né wasd pointed out by Strutt, in the partial destruction of the
afterglow. Heat has a peculiar effect on the afterglow. If
a stream of glowing gas is passed through a tube which is
moderately heated, the glow ia locally extingnished, although
it is still able to excite sodium atomsa to the emission of the
yellow doublet (31,12,18) If on the other hand, it is
carried throngh a tube immersed in liquid air, it glows with
fnoreaged luminosity. Active nitrogen reacts with metals,
non-metals and compound bodies in a remarkable way. It
oxcites the D and sometimes tne green doublet of sodinm,
and also the line spectra of Cd, Mg, Hg, K, Zn, P, Th. It
changes yellow phosphorus to red, forms a transparent
green deposit with sulphur and reacts with several non-

Properties and Pheno-
mena observed,

» The system of bands referred to are the N, bands in the
gpectrum of active nitrogen belonging to the First positive
System B*r 3 A'S. See Dr, Jevop's Report on Spectra‘
P. 206.

b
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metals such ag iodine, arsenic, ete. The reaction with nitric
oxide is important; the gases interact with the production of
a greenish.flame, the svolution of heat and the formation of
nitrogen peroxide and nitrogen. It develops the band spectra
of compounds when they are vaporised in it, giving in many
cases 8pectra of substances too unstable to be examined at the
temperatured of Bunsen flame, In fact this simplified develop~
ment of the band structure constitutes a great advantage of
active nitrogen over the are or the ppark in the sindy of
band-spectra. It ig true that the band system developed in
this way often differs considerably in appearance from the
game system developed in are or epark on account of a
radieal change in the ibiencily distribution as regards both
the intepsity of the lines in each band and the relative
intensities of the bands of the system. In its interaction with
other substances, active nitrogen is' able to tranefer to atoms
and molecules amounts of energy up to, but not exceeding,
9.4 thoogh amounts up to 104 volte may be transferred
under certain conditions®,

Various theories have been advanced to explain the natare
of active nitrogen, and the mechanism of it8 formation and
decay, but as yet there is no theory which can explain all the
characteristics, the properties, and the reactions of active
nitrogen, The present is an attempt to throw some more
light on this problem which still awaits a more satiefactory
solution.

It hag been 6aid above that the presence of =ome
impurity is essential for the production of active nitrogen.
The emission of the spectram of the afterglow is one in which
nitrogen alone ig concerned; the impurity simply plays the
part of a catalytic agent, and is involved in no other way, for
the spectrum is identical whether the impurity is oxygen,

immethane or any other gas.

We now come to the consideration of the mechanism by
v hiich active nitrogen is produced snd suffers decay. We
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have obviously three possible views before us; {a) atomic
nitrogen emerges from the discharge and then recombination
takes place to give the molecules which are at an energy level
high enovgh to give the known spectrum, (b) nitrogen atoms
emerge from the discharge and in a triple collision that
follows combine to form a normal molecunls, the energy
involved in tbe recombination process being utilised to excite
a third partner, tbe normal molecule involved in the colli-
gion, to a higher energy level, {¢) molecules of nitrogen
excited in the discharye to a higher energy level are
¢ metastable *; that is, they have considerable life and can
countinue to exist for some time after leaving the discharge.

If we now assume (a) to ba the possible mechanism, a
#pectroscopic difficulty arises, in that we sghould expecta
cortain amount of continuous spectrum as a result of the
recombination of free atoms, There I8 yet another difficulty;
unless the two atoms meet in a triple collision with a third
molecule which can remove the energy liberated in the
union of two atomas, there is every reason to expect that the
energy so liberated in the recombination procee? would again
‘break asunder the newly formed molecnle into atoms. Thus
if the mechanismjinvolves the union of atoms into molecules,
that recombination can take place only in triple collisions,

Ono of the main differences of the condensed and the
uncondensed discharge in nitrogen {s
~ the excitation of the fourth positive
group in the former, the null {0,0) band in this group
requiring about 14.8 volts for its excitation, In order to
obtain active nitrogen In any appreciable qunantity, it is very
necessary (0 use a condensed discharge. All the known
fourth positive bands originate on the D level that has zero
a8 it§ vibrational quantum number *. Bands arising on
higher D levels have nol been ohserved, duygesting  that the
binding in thig state is so weak that dissociation
pooura quite readily. These facts suggested to Sponer the

Tripls Collision.

(%)} Dr Jevon'l_raport on band-spactra, p. 77,
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following hypothesisl4 regarding the nature of active nitro-
gen. A discharge in which the molecnles are on the brink
of dissociation should according to Sponer abound in atoms.
This and the long life of active nitrogen and its bebaviour
in the presence of catalysis snggest with reaconable certainty
that active nitrogen is composed of normal atoms and
molecales. The characteristic visible afterglow is emitted as a
result of triple collision between two atoms and one molscule;
the energy liberated daring the recombination process of two
atoms is in many cages sufficient to raige the third partner to
the vibration level corresponding to quantum number twelve
of the B state. Dr. Sponer’s estimate of the dissociation
energy'* was 11.5 volts, the energy which is necessary to
excite these bands. But it is now difficult by her theory to
account for the afterglow bands, as the work of dissociation
of the nitrogen molecule has recently been estimated at about
7.34 voltst (the figure now accepted by all). Secondly her
theory is nnable to explain the exceptional enhancement of
the abnds corresponding to vibration numbers 11 and 6 in the
upper B% r state.

Before we go on to consider the mechanism (¢), we will
just congider the selection rules for electronic fransitions for
band-systems. They are '

S

( i:) ‘Change of S=0 usually or 1 less frequently; i. e.
change of multiplicity=0 wusually or +2 less
frequently.

(ii) Change of = O or =:1; Change of == 0.
(iii) Change of £ for ‘emission’ electron= 0 or = 1.

.

(1) Bponerand Herzberg determined-the:value of dissociation
energy to be 734 volts (Zeits fur Phys-Chem 26 B, 1, 1934) although
the accuracy of their result is questioned by Appleyard, Thomson and
Williame (Nature 134, 322, 1934) The figure 73 is now stroogly sup-
ported by Maier-Leibnits and Sponer (Z P 89, 431, 1934), Mulljken
(P R, 46, 144, 1934) and Buttenbender and Herzherg (Ann der Phye,
21, 577, 1935) and some of Kaplan's 1934 notes.
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- (iv) Of the three conceivable transitions between thres
given electronic etates, all may take place in a
compound molecule, but not more than two in -an
elementary molecule.

This extra restriction in the case of elementary molecules.
was interpreted by an application of the quantum mechanics,
The elementary states of an elementary molecule are classed
theoretically as ‘even’ or “ odd " according as the sum of the
individunal l-vzlues for all electrons i8 even or odd, exactly as
in the care of atomic states, Transitions ocour only between
gtaten of opposite character; g -» u and and n > g, and this
rule, which is exactly the same for atoma, applies rigoronsly
to elementary molecules. The molecule which emits the
afterglow bands is N;. an elementary molecule, The N,
gtates X, A,a, Band Care classed ags X'Zg, A3=u,a’ =/u,
B} /g, and C® = [u respectively. The observed system
C > B ( 2nd positive ), B> A ( first positive) and A > X
Vegard's = system, are all according to this selection rule.
But A 'is a triplet level, while X is a singlet level. The
trangition A - X is very feeble becauss of the inter-multipli-
city. A is thus a metastable state to a certain extent.

Fuorther from the Hund theory, we can predict the lowest
thres terms of atomic nitrogen to be *S, 2D, and %P, whera
*S term s a normal one, and *D and ?P are metastable states.
The diference 2D—*3 is found from Hopfield’s data on the
fonizatiop limite of N1 to be 2.37 volts. The difference
IP—*S has besn interpreted from the spectrum of Q@ Ii
and s found to be 3-56 volts,

Cario snd Kaplan!® gonsidered that beside normal atoms
and molecules, active nitrogen containe non-vibrating
metastable molecules in the A= state corresponding to sn
energy of 8.2 volta® in addition to two kinde .of metastable

% Btole A3 waa at that time supposed to have electronic
energy of sbout 8'2 volts, but has fecently been shown to have onlys 14.
The stale B3 » haa therefore 7-31 volta
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atomsin *D and ?P state corresponding to euergies of 2.37
and 3.56 volts regpectively, They -explain the special
enhancement of the bands corresponding to quantum numbers
11 and 6 in B® =/ gtate as a result of collision between metast-
able atoms and the metastable molecules, for the energies
necessary to excite these bands are very nearly equal to 11.5
(824356 )and 10.5 ( 8-242.37 ) volts respectively. With
thja theory the * dark modification ' which can still excite D
lines oﬁ sodium, the emission of the afterglow bands, as well
as other properties could be sahisEachoﬁly explained.

Agsuming that in active nitrogen, metastable molecnles
and metastable atoms occur at proper concentration, the
so-called resonance effect in the metallic spectra should be
expected to occur, that is to pay the lines corresponding to an
excitation energy greater than that of the metastable
molecules ( 8.2 volts ) will 'be extremely weak in comporison
with those which have their excitation energies equal to &2,
2.37, and 3.56, or smaller than 8.:2. The more intenge the
lines appear, the nearer their excitation energies to &2, 2.37,
3.56, volts,. No special enhancement of such lines wae
observed in the metallic spectra observed by several experi-
‘menters. '

POTASSIUOM #

Line observed Excitation energy Remark.
128—42P 3.58 No special
. _ ‘ enhancement.

2:P—4?D 3.38 "
2:p-—-318 3.38 "
Caesium *

128_5%P 3.42 .
2°3-62P . 3.55 ' "
2:P—62D 3.43 "
2:P..72D '3.56 "
Mercury *

23p—-213 7-8'9 "

# The Science Reports of the Tohoka Univ, vol. 21, No. §, p. 557, 1932,
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It is to be concluaded from the above that as there isno
evidonce of rosonanca enhancements, the conecentrations of
such metastable atome and molecules, if they exist at all in
active nitrogen, i8 negligible. On the other hand, it is
generally obgerved that in active nitrogen, lines of lower
excitational energy appear, without any exception, to he
more intense than thoay of higher excitational energy, and
that the decreasing rate of the intensities of the lines with
the increase of term number is more rapid in this case than
in any other case of excitation. (3, 4, 6). Again the long life
of active nitrogen which is itsa important feature cannot be
explained by the existence of metastable atoms and molee
oculed. Besides from the results of exhauastive experimenta
carried out by Ilerzbergl®, Kneser,! Wredel® Bay and
Steiner2! it is at present generally accepted that active
nitrogen is Composed of nitrogen atoms and that its main
properties ara natural congequences of ita atomic nature.

J. Okubo and H, Hamada?® accepted Sponer’s hypothesis
regarding the nature of active nitrogen, namely that active
nitrogen is composed of normal atoms and molecules, They
have made, howsever, two assumptions to explain the
obrerved results and properties of active nitrogen. The
assume in the first instance that in the vibrationsal states with
v'" =8 in the metastable A’ state and that corresponding to
v'=6in the upper B3x state, the near-nuclear turning
points have the same nuclear distance as the nuclear gepara.
tion between the nuclei in the normal X1 molecular state,
Secondly they assume that with the exception of neutral
unexcited atoms and moleoules, molecules corresponding to
quantnm nambers 7 or 8 of the metastuble A®S state are the
mo8t numerons. With these assnmptions, they suggest that
the nitrogen molecules are excited to the required energy
levels in two steps, the first being the excitalion to the
metastable A% v2 8 state and the second to the B« ¢ 21 apnd
B>7 v . Most of the properties of active nitrogen can then
be explainad ‘t_)y this wodified view,
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It is however doubtful if the two assumptions made have
really the experimental backing they need. The Morse
function that they have uged to find the near-nuclear
distances gives the values very approximately. Secondly it
will algo be seen from the diagram ( see Journmal of the
Univergity of Bombay September, 1935 ) that the potential
energy ourves for B* wand A3x states on the left hand side
run almost steep and_it will be equally accurate to say that the
nuclear distances for some gnantum numbers other than 8
for the A% state and those for some quahtum numbers
other than 6 for B3 » state are equal to the nuclear separation
of the nuclei in normal X' state. Further J. Okubo and
H. Hamada take it for granted that the dissociation energy of
the nitrogen molecule in the X' state is greater -than the
excitation energy for the A%g ©“18 gtate. The exact deter-
mination of- these energies i8 very necessary, since their
values are nearly egual to each other. Their whole hypo-
thesis fallg to the ground, if it be shown that the energy or
the A% V2 © ig greater than the energy of dissociation,

G. Cario?® who with Kaplan'® had assumed the existence
of metastable molecules and metastable atoms to gxplain the
emission bands ef active nifrogen now considers that active
nitrogen id atomic in nature and recombination of two normal
nitrogen atoma to molecules ig possible only in triple collision
Molecules so produced are in an excited metastable state,
Collision between two such molecules gives rise to a metasi-
able 3P atom and normal *3 atom, or $wo atoms in the 3D
gtate and a normal molecnle in each cage, These metastable
atoms collide with metastable molecules raiging them to
higher energy levels from which they emit the afterglow
bands. ' ' ‘ :

The arguments advanced for the production of metastable
molecules and metastable atoms are worthy of careful atten-
tipn. Cario accepts 7.34 volts as the value of the dlssocxahon
gnergy as determined by Sponer and Herzberg" 9, and 6. 14-
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volts a8 the value of the ground level of the A state as against
9 and 8.3 volte respectively. So far agthe mechanism of the
emidgion of the afterglow is concernad the quantitative data
do not matter, although it may be remarked that the
sccuracy of these data is questioned by some experimenters®
and supported by many others. To follow Cario then, two
normal atoms and one normal molecule meet in a triple
eollision. In their recombination process, they liberata 7.34
volts of energy which raises the molecule to A’Z w17, or to
A= v1° In the latter case the difference (7.34-6.1%) will be
used partly by the old and partly by the new molecule to
change their translation energy. Metastable at-ma are pro-
duced by collision of two metasinble molecules. For a 2P
atom the reaction would be .

Volta. Volts, Volta. Volts.

614 4+ 614 = 7.3 4 356 4 aemall part.
The small amount of energy which remains unsaccounted
for would be used up by a 2P atom to change its translation
or vibrational energies. For a 2D atom,

614 + 614 = 7.3 + 2.37 + 2.37.

In thig cade a very small amount would be left for chang-
ing the translation or vibrational energies,

It will be seen from the above reactions that in the
collision between metagtable molecules the namber of 2D
atoms producod on an average should bhe twice as great as the
number of 2P atoms produced. Interpreted spectroscopically
this meand that in the spectrum of active nitrogen, bands
from B3x W° B%xr W5 otc. should be more intense than
those arising from B¥w Y 11 gto, This is quite In contradic-
tion to the observed distribution of intensity in the afterglow,
where, bands arising from B®* = % 11 heing the most intense,
2P atoms must obviously be the more abundant of the two.
This constitutes clearly a contradiction between experience
on the one hand and theory on the other. Cario’s present

"bypothesis is gtill open t» the objection that ng impact
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resonance in metallic vapoure is experienced, in spite-of the
production of metastable atoms and molecules in the process.

It will be clear from the foregoing pages that although
there is no doubt ag to the atomic natuve of active nitregen,
the special enhancement of the bands arising from B2 » L1111
gtate is still inexplicable. Of the two assumptions made by
J. Okubo and H. Hamada, one at least has now the experi-
mental backing after the determinalion of dissoeiation energy
at 7+34 volts by Sponer and Herzberg which is greater than
the excitation- energy for A®s "¢ state. As has
been shown before, their other agsumption is still very uncon-
vineing, and as such the special enhancement of the bands
arising from B? & ¢ 1l gtate cannot be explained, as
they claim, on the Franck-Condon principle. We could,
of eourse, see from Cario’s theory that the bands arising
from B3x %111 and B5# W °® ghould be more intense than
those arising from other levels of B®#x gtate. But looking
to the proportion .in which the metastable atoms in the
P and 2D states are produced according to Cario’s theory,
the bands arising from B® = ¥ ¢ should be the most intense—
a conelusion falsified by experiment. Cario’s theory is still
open to the objection, that in spite of the production of the
metastable molecules and metagtable atoma in triple eollisions
no impact resonance in metallic vapours is experienced.

It has been said in the beginning that the presence of

i foreign matter is very esgential
nﬁatl;l;tplayed by foreign ¢, the production of active nitrogen.
It therefors yet remains to consider

the part thus played by the small proportion of foreign gases
in its production. We have seen that the afterglow bands are
due to the N, molecule alone. The impurities play no part
in the actual. light emission process. Their function muet
therefore be in some way to accelerate the formation of
atoms into excited molecules in’the discharge, or to retard
the spontaneoys reversion of the active nitrogen which, in
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their absence, may be very rapid indeed, The work of Wood
and Bonhmwffer in their investigation on hydrogen aod the
proccssa of chomiluminiscence provides us with a suitable
analogy which, when applied to active nitrogen, probably
explaing the point in question. Wood and Bonheffer have
shown tbat in a discharge tube filled with slightly impure
hydrogen, the gad is completely dissociated in those parts of
the tube which are far from elecirodes, snd can be pumped
in a monoatomio form by a fast pump into a connecting tube.
The walls of the tube cause a catalytic recombination of
hydrogen atome into molacules, and the impurities in the gas
such ag oxygen ete, act 8o ad to hinder the catalytic recom-
bination of atoms into molecules by the walls of the tube.
The * impurities * in nitrogen could have an exactly similar
effect in preventing the destruction of atomic nitrogen in a
* useless * wall reaction.

SUMMARY.

1. A short aceount is given of the properties and pheno-
mena of active nitrogen and also of the different methods of
producing it. It is shown that the first prositive sBystem,
B*r >A%3s is due to N, molecule.

2. Three possible views of the mechanism by which
active nitrogen id produced and suffers decay are disomssad.
Tt ia now admitted that active nitrogen Is atomic in nature,
but none of the two theories discussed in the article explaing
convincingly the special enhancement of the bands arising
from B*=r ¢11lgtate.

8. An account is given of probable part played by foreign
matter which ig essential for the production of active nitrogen.
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