


(Vol. 124, Part VII, $p. 79 10 104. =~

 JOURNAL

Indian InStitute-~ of ‘*S'Cli'éticl‘e;_ e

1. FORMATION OF HETEROCYCLIC COMPOUNDS FROM
’ DIETHYLXANTHIC FORMIC ESTER :

BY 1

- Prnphulla Chandra ﬁuha nﬁd Dévendm Nath Datta

-----




JOURNAL
. OF THE
INDIAN INSTITUTE OF SCIENCE

—Caain.

VoLuMe  1.—(1914-18).
Parts I-xv. . VoLumg  I1.—(1918-19).
Parts I~IX. . VoLume I1L.—(1920).
Vorume IV.—(1921).

Parts 1-XX].

Parts 1—XvI.
Parts 1-x1V, - VoLume V.—(1922).
Parts T_xuig, VoLome VI.—(1923).
Parts |—Xv. VorLume VII.—(1924).‘
* Parts I—XV]. Vorume VIII (A)—(1925).
) Vorvue VIII (B)—1925.
Parts I-11, . : o
eami—x.  VoLoms IX (A)-1926.
- MI__V ‘ "' Voivms IX (B)—1926.
" Paal—X. ‘VoLume X (A)—1927.

" Vor_tmn X (B)—1927.

. _ ‘ .
% art [.- Tmts on Suspehsion Insulators after Ten Years' bervlee By A.S. Venkates- ;

waran and U. Gangnly. Price, Re. 1.

. Part I s—Tha Measurement of Voltage Gradient on a String of Suspennion lnsu!ators

By G. Yoganandam and R. K.
Sen. - Price, Re. 1.

Partm "Iﬁtﬁnﬁlty VaAd.gtmns of Madras (Foft) Radio Station. By K. Sreemvasan
. Price, . 8.

Part IV '-Sﬁipensxon Imlator Testmg By G. Yoga.nandsm Prico, As. 8.

T Voums X1 (A)—wze
S P*“ 1 "l Studieuan Iuvertaae\ Part I, Preparntion and PBurification of the Easyme,

By B. N. Sastr] and Roland V. Norris. II. Noté on & Simple Method for

g conceﬁtratmg Ensyme Solutions.. By B. N. Sastri. Price, Re, 1
: mll.—.’l‘he Bleaching of Lac. . By M. Venugopalan. Price; As. 8. '

. Part [iL.—~Contributions to the: Study 6f Spike-Discase of Séndal (Sewlalum Albww,
f . Lida.). Parti. Diastatic " Activity of the Leam- Byll Sreenlvmyu

B andBNSutn Pﬂce,A.s‘m, N

 PartTVi— A Micto-Method for the Determinatfon of Emym Acdvlty ByB N. Suta" :

and'M. Sreenivmya. Pﬁee,A. 12

O

;mv’-m, Dielectric Constants. of . Agnnouia, Phoe;snme and Anmo. By a.\n.‘ R

' Wation. i"ﬁco. Re. 1.

el ..
B i et .
R A Lo 2

. .

Price, Rs. 1-4.] [(Vol. 124, Part VI, pp. 79 to ro4.

JOURNAL.

OF THE

indian Institute of Science.

CONTENTS.

I. FORMATION OF HETEROCYCLIC COMPOUNDS FROM
DIETHYLXANTHIC FORMIC ESTER.

BY

Praphulla Chandra Guha and Devendra Nath Datta.

Il. RING CLOSURE OF HYDRAZO-MONOTHIODICARBONAMIDES
WITH ACETIC ANHYDRIDE : FORMATION OF
IMINOTHIOBIAZOLONES AND IMINOTHIOLTRIAZOLES.

BY

Praphuila Chandra Guha and Tarani Kanta Chakraborty.

Dg. M. O. FORSTEBK, F.R.S., CHAIRMAN OF EDITORIAL BOARD,



—FORMATION OF HETEROCYCLIC COMPOUNDS FROM
DIETHYLXANTHIC FORMIC ESTER.!

By Praphulla Chandra Guha and Devendra N'ath Datta.

Diethylxanthic formic ester, CO,Et-S-CS-OEt, was prepared by
Holmberg (/. pr. Ckem., 1905, 71, 264) by the action of chlorocarbonic
ester upon potassium ethyl xanthate. Similar compounds, viz.,
diethylxanthic acetic ester and ethylxanthic propionic acid and their
calcium, barium and sodium salts had also been prepared by the same
author. This appears to be all about such di-esters and their reactions
as studied up to this time. Ethylxanthic formic ester contains two
active ester groups, so it was thought advisable to utilise this com-
pound as a reagent for the construction of heterocyclic compounds.
With this object in view its action upon bases like amines, hydrazines,
diamines, semi- and thiosemicarbazides has been studied, and as will be
seen the object has been amply realised.

The primary amines, e.g., aniline, o-and p-toluidines, s- and p-
nitranilines and B-naphthylamine react readily with the di-ester to

. yield the corresponding thiodicarbo-monothiodiarylamides and thus the

following compounds (I-V]) have been obtained :

o/ CONHCH, _/CO-NH-CgHCH, : CO-NH-C,H#NO,
<CS'NH'C6H5 \ CS'NH°C0H4'C H3 CS'NH.CGH‘.Noz
I - © (I & III) (IV & V)
(ortko and para) (meta and para)
. _/CONHC,H, (8)

N\CS'NH:C,H, (8)
(V1)

Y

The diarylamides form diacetyl derivatives and instead of disul-
phides by the oxidising action of ferric chloride, yield simple iron salts _
and are iridifferent to the action of iodine and potassium ferricyanide.
They are decomposed on being boiled with strong hydrochloric acid

1 Reprinted from the Journal of the Indian Chemical Society, 1929, 6, 65.
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into carbon dioxide, carb ; y , | monothio-ester, C;Hy NH-NH-CS-OC,H;, would yield diphenyldithio-
arylamines, thus: carhon oxysulphide, sulphuretted hydrogen and p-urazine or N-phsen;l-N-anilinodithiourazole, thus :
s/CO'NHR HzOS CO,H ' ’ CsH,'NH°N4I_-I-CS°OCzH, . CsHs-l\lI-NH-(:lS’
N\CS'NHR <CS'OH+ 2 R'NH, | | EtO-CS'NH'NH'CH;  « CS*NH'N-C¢H,
C,HyNH'NH-CS-O&H, CGH;NH-III—CS .
+ ' - > *Cells
2H,0+ H,;S+CO,+COS. . EtO-CS'NHNH-CH, * SC—NH”
' 4 N-phenyl-N-anilinodithiourazole.
It was expected by analogy with the action of arylami ‘ ' . .«
. . ylamines that two . dvieldedonlv a t .
e oyl Py o would reactwith ane molecule f th e Dptneacion was vy complicated ad yiededorly  tay ma
: . enylhydrazide. But th d actually isolate .
1s monothxophenylca_rbazinic ester, C.,H?ls]o]{ln.‘glﬁn.cs.om? So, it recovered ; athsh)l lgwer temperatures (1 Io-.I; 5°) the ester was’ found
Was assumed that the reaction had proceeded thus :— . to remain unchanged. , » |
N | The action of aqueous potassium hydroxide (20 per cent.) was
SN, +s¢ CS.O]::t H.S C“H’.NH'NH.CS.OB(A) next stuiliéag ::::i it,wgs foundpthat the gster is decompc:;enfnto lf)he}?‘y]l;
‘NH- | S+ ' ine, alcohol and potassium thioCarbonate from the last of whic
GH/NHNH, ~ "NCOjEt ~ ° 'CHyNH'NHCOEt . B haretied hydrogen was evolved during acidification.
and it is well known that acidy] Iphides like S(CO'CHy); and " ' The actfon of stromg hydrochloric acid upon the ester,
S((;O'C,H,)z react with ammoniay, ::n‘l:)els, hydrazine(&g_cw to Yi‘%‘d' - CsHy NH-NH-CS*OEt, however, led to a heterocyclic five-membered
amides and hydrazides thus: B Y S | compound (VIII) containing two sulphur atoms in the ring,
" aNHy+S(CO-R),=H,8+2R'CONH, = - R T s';-co .

~in

The explanation as to the course of thé reaction é’{’feﬂs,ed in
equation (A) appears to require some modification as the other product,

5s., CHy NH"NH-CO,Et, could not be traced and also because of the LT
fact that carbon vdioxidezwas o‘uo:l‘:cllnto be one product. The equation LT hat i A
which can explain all these tgt_é"‘.’ippears to be as given below : - of the tiny : e with e
C L e o : . A k. ‘ SR
CHNHNH+ 8¢ Ot i NHNH-CS OBt + | - ®orpe Bheuyliydrasioe 95d. smmphenylethyl-
CHNHNHSC o = S |  hydrasing was/Rlageiind 3 hey ielded thecprresponing ‘mosothio
.. HSCOEt - .. | carbazinic estérs (TRY  4d;in the cas¢ aliphenylbydrazine. . -

o
H . s
. ’C.H L" o

N  ONNHCSOCH,

‘ 53

“
!

\The"th'iocﬁrbéilf‘ﬁv(.:- ester bem 'né;tébl;:‘ ishydrolysed into alcohol.\ p | N A : C ‘S |
. Jarbon dioxide and "“p"“:"‘,-“*‘.’51’;'?5?“‘2&:.’. U s %ilx) L ® .
B  with: the forsiatish of dishenslurasins b the acticiiof - R S N T S L
hest upon phenylcatbasiuie coios Chorr b H . 200 st 850  The compouisd (VI11) was alio Sbtsined from (1) a0 (X) on
263, 283; Ber., 1896, 29; 829) it wasigxpected that pliSoyloarbainic - . treatment with hydrohlorieagd, oL T e

w g
S g

C
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Action of Diamines.

The reaction of o-phenylenediamine with the is 1 i
/ ) L ter is interestin
and is attended with the formation of th o ;
X1 o (X1, ree compounds, u7z., (XI1),
Firstly o-phenylene monothiodiurethame! is form i
e . ed wh
the conditions of the experiment suffers internal conden:;t;gg il:nntd\:(;

different ways yielding -carbethoxyphenylene thiourea (XI) and A-

thiocarbethoxyphenylene urea (XII) thus:

NH CS-OC,H . ‘
CHS 48 s g CSOGH,

|
éOZ'CZHS CS'OCsz

The formation of phenylene urea (XIL) can be explained th
assumption that compound (XI1) is first hydrolysed and then l%ges :
molecule of carbon oxysulphide.

‘hydrolysis NH ~ COs NH
Xm " — cH{ Yo S cHZ \co
NN e \nNH”
\CS‘OH (XIII)

The correctness of the formulae (XI) and (XII) has been established
by the facts gathered from a study of the action of potassium hydroxide
solution (20 per cent.) upon them when phenylene thiourea and
phenylene urea are obtained respectively from (XI) and (XII), thus :

KOH NH NH
/ \
X)) — CsH, S | —C,H,
[ \ I,\T >C J C H<‘N /CS

CO,H -
(XII) —»[C.H.\ . >co]_> C°H‘\NH 0

‘ \?S'OH

* A contpound of the type of (XV1) has actually been isclated with-ethiylensdiamiae.
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The action of 1 : 2-naphthylenediamine has also been studied
but its behaviour with the di-ester appears to be a little peculiar! in
so far as the two products finally isolated are quite different from
compounds (XI, XII and XIII). Two compounds, 4 : 5-naphthylene-
2 : 7-endoxy-1 : 3 : 6-thioheptadiazine (XIV) and 1-carbethoxyarnino-
naphthyl-4 : 5-naphthylene-2: 7-endoxy-1: 3 : 6-heptatriazine (XV) are
formed in this case; the formation of (X'IV) can be best egplained
thus :

/NHz /Coz'Csz NH'COZ‘Csz
Cxﬁs\ +5 —>Cy,Hg .- + H,S
NH, \CS-OCH, NH-CS'OC,H,

HZO N:C —OCsz /N :C —OH
N CmH.,< NS —>CyHE s
N:C” —OC,H, N:c” —OH
N=C , -
— C,,,H< s O
N = C |
(XIvy ¢

That the sulphur atom of compound (XIV) is a member of the
ring is proved by the fact that it cannot be desulphurised on treat-
ment with mercuric oxide ; moreover the absence of any group like
(NH—CO) or (NH—CS) is proved by the fact that the compound
is insoluble in alkali (compare compounds XI-XIII which are all

soluble in alkali).

As regards the formation of the heptatriazine compound, it
appears to be essential tor asgume, first of all, the formation of
1-amino-2-carbethoxyamino-naphthalene, NH,C,HgNH-CO,Et,
which in its turn acting upon (XIV) produces compound (XV).

‘ NH, LCO.Et ‘% = .. ,NH:CO,Et . JOC,H;
€, H ;,_’+s<z . .-CI.H.< S +CS<
’ NH: . S.OEt ) NHz' SH

& N -« C———
CI:H/’ v 6 + HzN'CmHg"NH'COz'CzHS
\N-g/l 1
- X1v)
N-Co—
— c,.H.< ‘ O N'CyHyNH-CO,C,H,
N-c ! o
(XV)

It will be seen that the éxperiments with pheﬁlgnu- and naphthylenediamines have not
been conducted under identical conditions (vide Experimental).



| Such replacement of sulphur by a mtrogen atom by the zctmn bi
- ammonia and amines is well known ‘in heterocychc chem:stry. W

" (XVI) has been furfBer confirm

The actlon of one diamine of the ahghatlc series, vfz., ethylené-».
dianine has been studied when ethylene monothiodiurethane | -

S (XVI) and e lene thiourea (XVII) are snmultaneously formed

thus: _
"_CH}—;—NH”J cs-oc,H,,f; CH,‘-NH-cs-oczHS -
s (XV1)

.o SR |
CHZ"—NHZ COz'Csz : H '—NH'C02'C2H5 &
'c:H;NH-cs;oc,H, ' CH~NH{ . CH,—NH
o I ~ & Cs—> | = >CS
CHz'NH’COz'Czﬂe Hz""‘N\ CH:""NH E
o | ] 'LO,CZH, v

The above equauon regardinﬁ thq@ formatmn of (XVII)*irom ,v
from a study . of the action of
‘hydrochloric acid upon (XVI) wheh ethylene thiourea is obtained .

- (dompare _the - formatxon Of phenylene thxomea from N carbethoxy- "  ,

| phenylene thiourea). .

| nionothxocarboxyhc ethyl éster, R‘H

tf -C,HyNH Cé’ ‘NH: NH,—-)ﬁ.C,H}i&Hff N
CuH, NH C§‘NH NH,«»C,,H, NH: CS ‘

. ‘ﬁ;
R

on% ,by_heating *o-phenylene -disulphocyanide * (Leltmdzin, Amdm
y

eth
~ at the temperature of boxlmg water.

. ; B T ,;;\r.; ,-'u

Phenylene and ethylene thxourea could up tv thxs tune be obtamed

221, 8).and’ the- thiocarbamic - acid’ dériva
enediamine and carbon disulphide ‘(Hoﬁnanh

Attm of se»u-g e;f‘

' Semicarbazide reacts. with ~-tﬁe 41»&&: to yxeld‘ semxcarbazide >
(XVIII). 1t is interesting to: tote™th: tl'g,. ;
carbazide dnd 4- arylthxosemzcathmdes Rwatds e ;
from that of semicarbazide.. ;Ser 81ds th
monothxocarbomc ester, whér

NHz CO NH NH,——> NH ‘CO'N TN
CGH NH CS NH NH;...;CGH’ NH" ‘

to show that the:wulphor abo
- i ot
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which one preponderates. From a survey of the
XXII) a generalisation appears possible. The r
group of semicarbazide, being more negative in c
pared with the (NH, CS) group of thiosemicarbazide, fac e

formation of NH,"CO*NH- NH CS-OEt; whereas the NH,"CS group “
of thiosemicarbazide being less negatlve, facilitates the formatfon

- of NH;CS*‘NH'NH'CO,*C,H,.

The action of strong hydrochloric acid upon the semxcarbazxde
and thiosemicarbazide compounds (XVIII and XIX) is also quite
interesting ; the former is decomposed into alcohol, carbon oxysulphide
and semlcarbamde whereas the latter yields 2-amino-4-carboxylic-5
keto-4: 5- dlhydro- 3 : 4-thiodiazole (XXIII), thus: - ‘

NH, CO NH'-NH-CS-:OC,H; —» NH,CO*NH‘NH, + H,0
+COS + C,HyOH

- N—NH:- CO, CZH, . N——-——N CO,'C.H,
Hz C + COz C2H5 ""—"—> HzN C 4 4:0

SlH IJH ‘NH- CS ‘NH, Y

£ ] N—'—N'COzH
|
—>» H,N-C éo

>

(XX111) :

It liberates carbon dxoxxde from sodlum bxcarbon and is readxly .

‘soluble in sodium carbonate. ‘showing the. presence of a carboxylic
‘group; it does. not form merca? )
. . acetate, doe ‘pot’ form diSulphic

b with ‘mercuric chloride and lead
vith iodine; nof can. it.be desul-

phurised by treatmént with me‘el;fme -oxitde. - All these reactions %
g-presént fiot in the *'SH ' form, no

in the thigk tonic for it-as 4 member of the ring, It forms
a’ benzy idene’ denvatwe wit bnzaldehyde whxch shows that - it
contams &n"armno-group E

Benzxdme and tohdme form thh the dl-ester [: p'- dlphenyl-
mono‘ghxodmrethane (XX‘iV) and p ﬁ' dttolyl monothxodxurethane
(XXV) ~

CGH‘ NH COz CgHs ", C,He NH COzt HS '

NH Cs: oc,H, ,H,-NH-cs-oc,H,, 77 <
¢ XIV) )

l’ R - ‘)fxv | _. o \(}?
| | . Q(‘{{\({?/‘-
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EXPERIMENTAL.
THIODICARBQ-MONOTHIODIPHENYLAMIDE (I)

* Diethylxanthic formic ester (4 g.) dissolved in a small quantity
of alcohol was cooled to 0° in an ice-bath and aniline (3'8 g.) gradually
added. Heat was developed during the reaction with liberation of a
small amount of sulphuretted hydrogen. For completion of the
reaction the mixture was allowed to stand for two to three hours.
It was then shaken with dilute hydrochloric acid to remove excess of
aniline. A solid separated at this stage which was filtered, washed
" with water and crystallised from dilute alcohol, m.p. 63-64°. The
substance is soluble in dilute alkali but insoluble in dilute acid.
On being boiled with concentrated hydrochloric acid it decomposes
into carbon dioxide, carbon oxysulphide and aniline hydrochloride
(Found: N, 9°82. C,H,,ON,S; fequires N, 9*71 per cent.).

Behaviour towards Ozidising Agents.

The substance was heated with excess of ferric chloride under
reflux for about two hours and allawed to cool. The crystalline green
solid was repeatedly washed with ether to remove ferric chloride (neither
water nor alcohol should be used for washing, for in the former case a
tarry matter is formed whilst in the latter the substance passes into
solution). The residue was crystallised from dilute alcohol. The
substance is insoluble in alkali but the original substance is soluble-in
alkali. The test for iron was made by burning the substance. A
brown residue always remained which responded to the usual tests for
iron. So the substance is not oxidised by ferric chloride but only its
iron salt is formed. The substance was found to be quite indifferent
to the oxidising action of iodine and potassium ferricyanide. v

4

T kiodicarbo-monothiods-o-tolylamide (11).

An alcoholic solution of o-toluidine (2:2 g.) was gradually added.

to an alcoholic solution of the ester (2 g.). As the reaction proceeded

with development of heat, ithad to be moderated by cooling. A small.

quantity of sulphuretted hydrogen was evolved during the reaction.
The mixture was allowed to stand at the room temperature for two to
three hours, ten diluted with water. and shaken with dilute hydrochlo-
ric acid to remove excess of o-toluidine. A solid separated at this
stage which after filtration and washing was crystallised from absolute
- alcohol, m. p. 205° (Found : N, 8-91." C;iH,,ON,S, requires, N, 886
per cent.). : ; : '
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Thiodicarbo-monothiodi-p-tolylamide (111) was obtained in a similar -

+ manner. It crystallised from dilute alcohol, m. p. 85°, .is soluble in

dilute alkali but insoluble in dilute acid (Found: N, 8'52; S, 20°81.
C;sHsON,S, requires N, 8:86; S, 20°25 per cent.). _

Thiodicarbo-monothiods-m-nitranilide (IV).

m-Nitraniline (1°5 g.) was added to the ester (2 g.) dissolved in
alcohol. As the reaction took place with development of heat, the
mixture was cooled with ice water; traces of sulphuretted hydrogen -
were detected. The mixture was allowed to stand at the ordinary
temperature for two to three hours, diluted with water and shaken
repeatedly with warm dilute hydrochloric acid to remove excess of °
m-nitraniline. The crystalline solid was filtered and recrystallised
from dilute alcohol, m. p. 105°; it is, soluble in dilute alkali but
insoluble in dilute acid (Found: N, 14°52. C;;H;,O:N,S, requires N,
1481 per cent.).

The diacety’ derivative was obtained by heating the substance for
a short time with an excess of acetic anbydride and crystallised from
alcohol, m. p. 114~-115° (Found: N, 12°42. CgH;;O;N,S; requires N,
12°12 per cent.), ‘ _ '

. Thiodicarbo-monothiods-p-nitranilide (V). |
The method of preparation and purification was the same as in the

~ case of the previous compound. It melts at 95-96°, and is soluble 'gn
2

dilute alkali but insoluble in acid (Found: N, 14'65. C;Hy,OsN,
requires N, 1481 per cent,). o . . .

Thiodicarbo-monothiodi-g-naphthylamide (V1) obtained in a similar -
manner melts at go°," It is insoluble in acid but soluble in alkali
(Found: N, 7'05. C;HuON;,S, requires-N, 7°21 per cent.). -

" Mmothinphenyloarbazinitaster (VII). - -

_ An alcoholic solution” of phenylbydrazipe (22 g.) was gradually
added to the ester (2 g) dissolved’ in alcohol under ice cooling when
the reaction proceeded with evolution ‘of sulphuretted hydrogen. For
completion of the reaction the mixture was allowed to stand at the

sropm temperature for two to three hours and then heated under reflux
on a water-bfth for half an hour more. The cold solution was then
shaken with dilute hydrochloric acid to remove excess of phenylhydra.
zine. A solid separated which was crystallised from dilute alcohol,
m. p. 73~74°. It is soluble in alkali but insoluble in acid (Found : N,
14°41. CH,ON,S requires N, 14-28 per cent.).. The filtrate from the
above carbazinic ester on evaporation gave phenylhydrazine hydrochlo-
ride. ‘ S ‘
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. Conversion of (VII) into (VIII).

The esfer was heated under reflux with concentrated hydrochloric )

acid for half an hour when a clear solution was obtained i

~ yielded a precipitate which was filtered, washed and c’r;:til?ir;:g ?1'1;%
water, m.p. 135°. The substance is soluble in alkali and can be

precipitated with acid. It does not give any disulphide with iodine

and cannot be desulphurised with mercuric oxide (Found: N, 10°2

C,HO,NS, requires N, 10°37 per cent.). '

Action of Heat upon Monollziopﬁmykar&axiﬂic ester.

About 5 gms. of the ester were heated in an oil-bath at 230-240° |

for 3-4 hours when sulphuretted hydrogen was pre ‘

tarry mass was obtained on- coolingz: vggie Sclhg?e’l,)i?faieg --ea‘égltz;i. fc\i
benzene but slightly less soluble in alcokiol ; it was treated with al ai:] )
when a very small amount of solid insufficient for uriﬁéatidnls arat 3
The reaction was.repeated at 140-150°, the period of heatin r:par.at.e ,
the same. In this case also a good quantity of tar whs fo%megmncllng
small quantity of the unchanged substance ‘only could be reco:;'eda

At a still lower temperature (110~115°) f
was found to remain unchanged. 3 ); o »féurteen‘,h.oq’r S the whole

Abtion of Potassium Hydroxia‘(,’t',,,'_(vln'; i O

The ester was heated with aqueous caustic potash L -
under reflux for about 45 .minut.;es.‘q The élez?;ifig?v:las( :ﬁeﬁe:n"'nt-)
to cool and acidified with dilute hydrochloric acid which lif:é?v:eg
sulphuretted hydrogen profusely and a solid containing sulphur, e
substance was freed from sulphurby extracting with benzene in whi ;
the substance is very soluble.  On evaporation of benzene, a solid v
obtained which on examination was found to be nothin but th oy
changed substance, The original filtrate contained phgnylh dr:z'un-
Evidently the monothiophenylcarbazinic ester is, decom o);ed' into
phenylhydrazine, alcohol, and potassium thiocarbonate ftom;)th 1 into
which sulphuretted hydrogen is ‘evolved during acidification; e last of

. p-Nitrophenykarbasinic Monothivethyl estey (ix;' S
. L - e A . -
p-Nitrophenylhydrazine under conditions similar to phenylhydra-

zine gives a similar type of compound. - After crystallisation from *

alcohol it melts at 108-106° ; is soluble in alkali but i .
(F ound: N, 17°61. CH,OsN,S requires N, 17“15 puetr-l:esgtg?le l'n.a:ld

| . Conversion of (IX) into (VIIT). |
p-Nitrophenylcarbazinic monothjo-ethyl est V 1
reflux with concentrated hydrochloric acid yfof ;:l;':: 1;;::&:;.3:: ‘

L ]

-
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whole of it passed into solution. . The solution was then allowed to
cool when a solid separated. The mixture was then diluted with water
when a part of the solid passed into solution. The residue was filtered,
washed with cold water and crystallised from boiling water, m.p. 135°.
The substance on analysis was found to be identical with compound
(VIII). (Found: N, 10°50 per cent.).

Ethyl Monothio-ethylphenywcarbazinsc ester (X).

This was obtained similarly to the foregoing compound ; crystal.
lised from alcohol it melted at 242° (Found: N, 12:32. CyH,;ON,S

requires N, 12°50 per cent.).

 Action of o-Phenyienediamine on Diethylxanthic formsc ester :
Formation of (X1), (XII) and (XIII). o

An alcoholic solution of o-phenylenediamine (2 g.) was gradually
added to the ester'(4 g.) cooled to o°. During the reaction, heat was.
developed and sulphuretted hydrogen liberated. The reaction mixture
was allowed to stand at the ordinary temperature for two to three hours.
to complete the reaction. A solid (XI) separated at this stage which
was filtered and crystallised from water, m.p. 93—94° ; it is soluble in
dilute acid and dilute caustic alkali but insoluble in dilute ammonia
(Found : N, 11°77. C,,H,,0:N,S requires N, 12°10 per cent.).

Through the filtrate from compound (XI) steam was passed for
three to four hours to remove some oily matter; on cooling a solid
(XI1I) separated which was soluble in dilute alkali but insoluble in
dilute acid and even in strong acid. It was crystallised from alcohol,
m.p. 306° (Found : N, 21°20. C,H,ON, requires N, 2089 per cent.),

_ The compound is phenylene urea (m.p. 305°-307°).

The reaction of o-phenylenédiamine with the ester was also con- .

. diictéd at the ordiiiiry temperatire without solvent. A solid separated-

and was shakenswith dilate lsy'drﬁéhlbrié acid to remove excess of
o-phenylenédiaminé. - The-soli ‘portion insoluble in hydrochloric acid
()?II) wag filtered, washed and crystallised from dilute alcohol ; mi.p.
122-123°. “The compound. (XII) .is soluble in dilute alkali (Found :
N, 11°83. CyuH;O:N,S requires N, 1210 per cent.). _

To the filtrate from (XII) dilute ammonia was added ;. the precipi-
tate on crystallisation from water melted at 93° and was found to be
identical with compound (XI). ‘ &

Action of Polassium VHydroxide upon (XI).

N-Carbethoxy-o-phenylene .thiourea was heated with the alkali
on (20 per ceht.) for half an hour under reflux. The solution was

4

soluti
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then allowed .to cool and acidified with dilute-hydrochlaric acid;; the
precipitaté wasnﬁltere.d washed with water and crystallised from dilute
alcohol, m.p. 301+302%. .It:gives with"iodine B.disulphide -which méits
gr,t :230%.:: The compound has all the properties of phenylene thiourea.

he melting poimt of-phenylene thiourea is giver in Richter as 298°
and in Meyer and Jacobson 292-293°. The-meltin Ng point ©of the dishi-
phide is given in literature as 230° (Found 18'56. C,H,N,S
requxres, N, 18-66 per cent.).

. N j T
Amon of Potassium Hydroxde updn (XII)

N- Thxocarbethoxy o-phenylene urea . ‘was_heated with potassiuim
hydroxide solution (20 per cent.) for half ‘an-hous. :The # ution , was
allowed to cool and acidified with djlute Hydrochlorig: peid,’ “when
sulphuretted hydrogen was evolved and'a white precipitate niixed with
sulphur-was obtdined. This was freed from sulphur' by ‘disgdltition in
warfn dlcohol ;“on oncenttation of the alcoholic solutibnia crystalline
cdl‘npound (m p. 305°) was obtained identical with?; hetfylene u*rea '
(Found ‘N, 26 68 C, NZO reqmres N 20*89 per ceht)

oy
2

| Adm of' 1 -Naplztﬁallemdmmzm on Dtdllykauﬁmfm“ e.mr :
Fmtm Of (XIV) W(xv ) | i i <;‘\' % ‘-,3‘ !.1“;»'1 i

Ti2- Naphthylenedlamme (r 5 g ) was aédéd futhé es #(a der
ice cooling, The reaction took place with develofirhent: d*iéa! and.
evolutién of Hydrogen sulphide;: A£€er fifteen minités'the mixtdid wis
diluted with alcohol and allbwed to stand at the ordinary temperiture
for three to four hours diring which a solid substance, gradually

- accumulated which was filtered and ' crystallised froth’ mefme “ P,
25Q°.. It is insolublein both dilute acid and dilute alkali. It is ot

+desulphurisgd when, heated m Cfshly preparcd yellow mercuric
axide (Found © N, 1 ¢ON;S réqiires'N, 12-38 and

S, 14°15 per.gent.). ¢ ﬁI 1V) was év porated to ryness'
when % sma,ﬂ qqantxty ok the s;xne,s}tbstance was o'btamed - .

, Sl s gl ML i |
The actxon oﬁ Mphthyicuedximme on the esﬁr was tned o

a lngher temperature The reaction; as before, was first of all coﬁgted o
under ice’; cdohng in’ alcohoti¢ ‘$ispension ;. andafter an hour the '
‘mixture was heated under reflux “for two hours when the reaction: vwas
completed. The solution’ was then;cooled and the'aahd (X} formed -
was filtered and crystallised fromn pyridine. The sab: > is soluble in -
no other ordinary ordanic solvents. It is insoluble'in dilute acid and”
alkali ; m.p. 304° (Found: N, xz*s'z. CanO.Hn recpuires Ny 12°

- per cent.). ; .

SJ»
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Eihylene mnot&w-a’mretéam (XVI) and Etkylme thourg (XVII)

To 'an dlcoholié solution of the est\er (8g.) ethy]enedxamme ‘2'4 g)
“as: gradually’added under ice cooling; the redction took:place at onde
“with hbei'éhon of 'heat dnd, evolution of - “hydtogen ‘sulphide.’ - The

~ ‘reaction miikture wad allowed to stand for two to three hours angd thén
. “diluted with water when an oil separated. -The dilute solutior “wis

shaken with hydrochloric acid to ‘rémove ‘excess of ethylenediamine.
At this stage the oil solidified. The éolid (XVI) was separatetl by
filtration and trystallised from dilute alcohol, m.p. 1ro-1119, 1It'is
insoluble in dilute acid and dilute alkali (Found: N. 12'56.
CsH, 404N, S requires N, 12:72 per cent.). To the acid filtrate from

- (XVI) dilute ammgnia was added as in the case of the reaction with

-0- phenylgnedxamme but nothing was obtained, "

The action of ethylenediamine on the ester was conducted without
-solvent and at the ordinary temperature.. The solid (X\VII) which
separated was filtered from oil and crystallised from dilute alcohol;

m.p. 193-194°; It is soluble in alkali bnt could be precipitated with
‘dllute acid., It forms a mercaptide, a disulphide and a:lead salt ‘with
mercuric chlaride, iodine and.lead acetate respectively.: It gives a -

‘ h drochloride thelting at 304*-305 (Found :.N, 27 22. C,H,N,S requires

i 27°45 per cent-)
To the oxly fltrate " from (XVII) d:lute alcohol was - addedp”‘v
passed into solution which, on. bein dg d_xlund }vthhﬁ “
watpt, yielded 2 sohd subsga{ece “this: was t:qstalhse from. altolk
mP 3 IiQ—ﬁ ‘°* QS‘Q{"‘W’ r&ent;cag Wl Brovice ik ashe " Bt ﬁ"f“’

The hy drazxde was covered with acetic anhydnde in presence of

- a little powdered fused sodium acetate and gently heated to boiling for

about five minutes ; the turbid solution was poured into water through

a filter. The separated 0il was stirred vigorously for ten minutes with

hot water and within an hour or so the oil solidified, being freed from

tar by washing successively with acetone, ether and benzene It was

then crystallised twice from boiling pyridine ; m.p. 293°. - The com-

pound contains no sulphur, is insoluble in acid and alkali and in all

solvents excepting boiling pyridine (Found : N, 9'18 per cent.). Itis
therefore .s'ym -Q a'-dmapithjr] urea (Cal. N, 8-97 per cent.).
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Action of Potassium Hydroxide on Ethylene monothio-diurethane.

Ethylene monothio-diurethane was mixed with caustic potash-
(20 per cent.) and allowed to stand at the ordinary temperature for
twenty-four hours. It was then heated at 60—-70° under reflux for two
hours when a clear solution was obtained. The solution was then
allowed to cool and acidified with dilute hydrochloric acid when hydro-
gen sulphide was evolved and a small quantity of sulphur separated.
The solution was filtered from sulphur and the filtrate evaporated to-
dryness. The solid residue was extracted with absolute alcohol and
from the alcoholic solution on cooling ethylene thiourea was obtained.
on dilution with water.

Semicarbazide monothiocarboxylic ester (XVIII).—Semicarbazide:
hydrochloride (4°5 g.) dissolved in the least quantity of water was
treated with anhydrous sodium carbonate (2 g.) to liberate the free
base. The solution was diluted with alcohol and added to the required
quantity of the ester. Reaction began in the cold with development of
some heat and liberation of hydrogen sulphide. " The mixture was

allowed to stand for about two hours at the ordinary temperature and
~ then heated under reflux for half an hour; needle-shaped crystals were
found to have been formed overnight, which after filtration were
crystallised from water, m.p. 161°. It is soluble in dilute acid and
dilute alkali. On being boiled with strong hydrochloric acid it is
decomposed " into ' alcohol, carbon .oxysulphide and semicarbazide
. hydrochloride (Found : N, 26°20. C,H,O,N;S requires N, 25'76 per
cent.). C , )

Thiosemscarbagide corboxylic ester (X1X).—An alcoholic solution
.of the ester (2 g.) and thiosemicarbazide (2 g.) were heated for an
hour under reflux when a clear solution was obtained. ‘Hydrogen
sulphide was evolved during the reaction. On allowing the solution
to cool a solid separated which after filtration was crystallised from
water, m.p. 1551~56°. The substance is soluble in dilute alkali but
insoluble in dilute acid (Found: N, 2586. C,H,O,N,S requires
N, 2576 per cent.). The filtrate from (XIX) was evaporated to
dryness and a second crop of the substance obtained. e

Action of Hydrochloric Acid on T htosemscarbazide carboxylic ester :
Formation of (XXIII).—Thiosemicarbazide carboxylic ester. was.
heated with strong hydrochloric acid for half an hour*when it passed
into solution ; this was diluted with water and evaporated to dryness.
The white crystalline solid (XXIII) thus obtained was recristallised.

from water. It shrinks at 179° and melts at 189°. The substance is,
chlorine-free and liberates carbon dioxide from sodium bicarbonate.+

Though it contains sulphur it dogs not givea mercaptide or a disulphide-

with mercuric chloride and iodine respectively. Itis not desulphurised.

03

when boiled with freshly prepared yellow mercuric oxide, so the
sulphur atom is present in the ring. It gives a benzylidene derivative -
which melts at. 158-159° (Found: N, 24'89. C,H,0,N,S requfres
N, 25°40 per cent.). T

- *

4-Phenylihiosemcarbozide corboxylic ester (XX and XX1I).—To"
2 gms. of the ester, 4-phenylthiosemicarbazide (3'5 gms.) was added.
The reaction took place with evolution of hydrogen sulphide and rise of
temperature. After allowing the mixture to stand for two hours it was
diluted with alcohol and then heated under reflux for about haif an hour,
The- solid was filtered and crystallised from alcbhol; m.p. 149~150°.
It is soluble in dilute alkali and can be precipitated by dilute acid

(Found: N, 17:23; S, 12°85. 'CIOH”OZNSS requires N, 17°57; S, 1328
per cent.). » ‘

. A-para-Tolylthiosemicarbazide carboxylic ester (XX1I).—In a manner
similar to the preceding reaction g-tolylthiosemicarhazide was condensed ,
with the ester. The product was crystdllised from a mixture of -
pyridine and water y m.p. 183~184°. It is insoluble in dilute acid but

soluble in alkali (Found: N, 16°74. CuHyiO,N,S requires N, 1653
per cent.). -

. B-Naphihylthiosemicarbazide carboxylic ester (XXII) was obtained
In a similar manner from 8-naphthylthiosemicarbazide (4 g.) and the
ester (2g.). The product was crystallised from pyrizfine; m. p.
287-2887. It is soluble in alkali but can be precipitated with acid o

- (Found : N, 14°71. CuH”Oz_N,S requires N, 14'52 per cent). ' .

Hydrazodicarbonamide (X1) and acetic ankgdride : Formation of
sym-Diacetylhydrazsne. | o

Hydrazodicarbonamide (10 g.) prepared according to the method
of Thiele (Annalen, 1892, 271, 127) was heated with 30-40 c.c. of pure
acetic anhydride in a sealed tube at 200° in an oil-bath for two hours
when all dissolved. On opening the tube carbon dioxide escaped
under great pressure. The solution was filtered from a small quantity
of hydrazodicarbonamide and steam passed for four hours to remove
acetic acid. The solution was then evaporated to a brown syrup on-
the water-bath, dissolved in acetone;and boiled under reflux for thirty
minutes with animal charcoal. ~A¥ter filtration and concentration,
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- unsubstituted dicarbonamide.

I.—RING CLOSURE OF HYDRAZO-MONOTHIODICARBONA-
'MIDES WITH ACETIC ANHYDRIDE: FORMATION OF
- IMINOTHIOBIAZOLONES AND IMINOTHIOLTRIAZOLES."

By Praphulla Chandra Guha and Tarang Kanta Chakraborty.

The ring-closing action of acetic anhydride upon hydrazo-dithio-
‘dicarbonamide and its substituted derivatives has been studied by one
of us (Guha, /. Amer. Chem. Soc., 1923, 45, 1036) where it has been
shown that the reaction takes place with elimination of sulphuretted
hydrogen yielding 2 : 5-diamino-1 : 3 : 4-thiodiazoles. In the present
paper, the ring-closure of the following substituted hydrazodicarbona-
mides with acetic anhydride has been studied of which I-V1] are

_substituted in the thiocarbonamide group, VII1 and X are sybstituted

in the carbonamide group, IX is substituted both ways and XI is an
CHyNH CS—~NHe-NH~CO~NH, (I)
C,HyNH—CS—NH~—~NH—-CO—NH, (II)
CyHy NH—CS—NH—NH~CO=NH," (IIi)
0-CHy CH ,~NH—CS—~NH—NH=-CO—NH, (IV)
$-CHyC;H,~NH—CS—NH—NH—CO—NH, (V)
(CHJ)CoHy NH-CS8—NH—~NH~CO~NH, (VI)
-CyH,~NH—CS—NH—NH—CO—NH, (VIIy
NH~CS~NH—NH—~CO—~NHPh (VIil) .
“ NHPh—CS—NH—NH—CO--NHPh {IX) |
NH,—CS—~NH—~NH—CO—NH-C,Hy(a) (X) s
NH,£D~NH-NHmco—NH;(xn"
1 Reprinted from the Jot;malo{ the Indian Chemical Society, 1929, 6,99,
£
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Monosubstituted hydrazo-monothiodicarbonamides of the type
NHR—~CS-~NH«~NH—-CO--NH, might react in the following four
different ways to yield one or more cycloids of the type A to H.

NH—NH NH—NH NH'NH
s¢ do Tk do Tt o
‘urbn,  Wa e
- (A) (B) .
NH—NH NH-NH - NH-NH

RN:A (l,'O, —_>RN:C! éO o RN:é (]:O
da Y Y
, ' (©) * (D)
NH--NH +-NH—-NH NH-—-NH

Sé: é:NH"‘_’ Sé ('I:NH O.r ‘S(|? é:NH

I
NHR OH Y }{

- - (B (F)
NH—NH NH—NH , . NH—NH

e W

'RN:(% Nl — ri:d é:NH.orRN:A’ d.nn
S

But the com lclm‘n_d*é actually isolated correspond fo the general
formula-C;H,RON,S and so cannot possess the stgucture represented

. by formulae A, D, E, ¥, G or H, F and G- being free from oxygen,

D and H being free from sulphur, A and E being free from the group
R. So the formula must be B or C, and ab% the compounds are not
mercaptans only C meets all the points,  The acetyl derivatives of the
substituted iminothiobiazolones are invariably obtained from the
hydrazides  I-V1 which on deacetylation give the free R-iminothio-
biazolones, Bebides the formation of the acetyl-R-iminothiobiazolones,
indication is given as to .the formation of other products and the
actual isolation of  more than one has been possible with the
hydrazides II, 111 and V. It is worth mentioning that one product
from the hydrazide V happens to be an iminothioltriazole of type F.

~The hydrazide VII is completely decompoged with the regeneration

of B-naphthyl ésothiocyanate glmosg in a quantitative yield,

-
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The. hydrazide VIII under mild treatment gives mono- and
diacetyl derivatives of iminothiobiazolone. The ring closure is
evidently effected with elimination of aniline, thus :—

e

: N'H—I\IIH
_ . ,» |
NHPh—CO—NH—NH—CS—NH, —> CIO CI:NH
) NHPh SH
- . : NH—NH

K

NS

" When bgjled with acetic anhydride over a free flame, the hydrazide
is decomposed yielding diphenylurea, acetanilide, a trace of mono-
acetyliminothiobiazolone and two compounds meltingat 92-93° and 115°
res(rectively. - The formation of acetyliminothiobiazolone, diphenylurea
an .

gc_etgniliQe can."bg;gxplained thus :— TR S
NHPh'CO:NH'N HCSNH,-——)- 0 C:NH+ NH,Ph

NHPh-CONH-NH-CSMH, = 5 NPH:CO + NH/NH:CS-NH,!
2 NPh:CO +'H"'O—'>FQ(I§H1P5)2T.S:sz_:i*  T

The formation of unsubstituted iminothiobiazolone in thé present.

instance and of substituted iminothiobiazolones with the hydrazides
containing substit%ted thiocarbonamide groupings is significant.

The behaviour of the sym-disubstituted hydrazide, .
NHPh'CS'NH'-NH:CO'NHPh appears to be peculiar, as ingtead of
yielding the expected iminothiobiazolone detfVatives, it-gives 1-MV-
phenyl-2-phenylimino-5-thiol-dihydro- 1 : 3 : 4-triazole, thus:— -

HS-C :NPh . * "~ ‘—> HS'C C:NPh:
NHPhOH o NPh

1 The analytical values of tiW compound, m.p. 92-93°, agree fairl wéll with those of

. diacetyl thiosemicarbazide (Ca;c. N, 24'28;6, 18'5. Foqnd:lﬁ, #:70; ,1867 pgf’cqnt.). :
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- When boiled with’acetic&nhydn%e, the hydrazide yields djphenyl-
urea as the main product. The hydrazide IX, like VII, is easily
decomposed and the a-napthyl isocyanate so formed reacts readily
with'water to givg di-a-napthylcarbamide. o ‘ t

Iz : * g . » . P
 Hydrazodicarbonamide (XI) is unaffected even when boiled with
acetic anhydride for several days, but when the mixture is heated'in a

|
do Linms NH,Ph

C,HsON,S requires N, 37:84 per cent.). = - -

sealed tube at 200° is decomposed into various products amongst
‘ whic&‘carbon diokide and sym-diacetylhydrazine have been identified.

EXPERIMENTAL. .
_qu’ra.éodicaréo-mono{/ziomgtltylamz’a’e (I).

" Semicarbazide hydrochloride (56 g.) was dissolveg in the least
qifintity of water and sodium carbonate (27 g.) added. Molecular
proportion of methyl mustard oil dissolved in the least quantity of
alcohol was added and the mixture was warmed. Within a minute
or two the hydrazide separated, and was crystallised from alcohol,
melting at 212°; the yield was”quantitative (Found: N, 3762

2-Methylimino-4-acetyl-s-keio-2: 3; 4 §-tetrahydpot: 314"

The substance was heated with excess of ferric chloride under
reflux for about two hours and allawed to cool. The crystalline green
solid was repeatedly washed with ether to remove ferric chloride (neither
water nor alcohol should be used for washing, for in the former case a
tarry matter is formed whilst in the latter the substance passes into
solution). The residue was crystallised from dilute alcohol. The
substance is insoluble in alkali but the original substance is soluble-in
alkali. The test for iron was made by burning the substance. A
brown residue always remained which responded to the usual tests for
iron. So the substance is not oxidised by ferric chloride but only its
iron salt is formed. The substance was found to be quite indifferent
to the oxidising action of iodine and potassium ferricyanide.
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when crystals of the hydrazide began ‘to separate as shining plates.
The reaction was complete within ten minutes. The hydrazide was
purified by crystallisation from alcohol; m.p. 202° (Found; N, 32°52.
CsH,,ON,S requires N, 32°18 per cent.). .

2-Allylimsno-3-acetyl-5-keto-2 : 3 :'4: §-tetrakydro-1: 3 4-thiodiazole.

A few grams of the hydrazide were just covered with acetic anhy-
dride and heated under reflux over a small free flame until a clear solution
was obtained. On pouring the solution into water, an oil separated
which solidified on keeping under water for a few days. The yield of
the solid was very small and the presence of a considerable quantity
of ‘mustard oil was detected, showing that the major portion of the
hydrazide had undergone decomposition. The solid was washed with
ether and crystallised from alcohol; m.p. 137°. The'yield was so small
that no further investigation of the substance was possible.

The experiment was repeated by heating the hydrazide with acétic
anhydride on a water-bath instead of over a free flame ; the resulting
oil soon solidified yielding a much greater quantity of the substance.
It was washed with ether, and on attempting crystallisation from
rectified spirit was found to be a mixture of two substances. The
solid was dissolved by heating with 6o per cent. alcoho! and filtered
while hot. The filtrate yielded on cooling a crystalline substance,
representing about go per cent. It was again crystallised from rectified
spirit; m.p. 171° (Found: N, 21°33; S, 15°65. The monoacetyl
compound, C;H,O,N;S requires N, 21°11; S, 16'08 per cent.).

¥ .

The substance dissolves in, cold dilute alkali but is not acted on
by oxidising agents stich as iodine solution or hydroien peroxide. It
was deacetylated by heating with moderately strong hydrochloric acid
when it dissolved, yielding on concentration crystals of the free
thiodiazole ; m.p. 210° (Found: N, 26:83.- C;H,ON,S requires N,
26°75 per cent.). _ .

The mother-fiquor was concentrated on a water-bath to very small
bulk, filtered and allowed to cool when a white crystalline s#bstance
separated, m.p. 269°, and sparingly soluble in cold alkali, but more
in hot, giving the smell of ssocyanide. The yield was only 005 g.
and so it could not be analysed. .

Hydrazomonothiophenyldicarbonamide (\11) and acetic ankydide.
Formation of 2-Phenylimino-3-acetyl-5-keto-2 : 3: 4 : §-tetvahydro-1:3: 4-
thiodiazole and 2-Phenylimino-3: 4-diacetyl-s-keto-2 : 3 : 4 & 5-ltetyahkydyo-
1:3: 4-thiodiazole. ) ~ » '

The hydrazide, NH,;CO*NH-NH-CS‘NHPh, grepared according
to the method of Arndt, Milde and Tschenscher (Ber., 1922, 55, 349)

L
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was heated over a small flame' with acetic anhydride sufficient to cover
it, in presence of a little well powdered fused sodium acetate. The
clear solution thus obtained was poured into water when an oil with a
strong smell of phenyl mustard oil separated and solidified on keeping
under water for a few days. The yellow solid was washed successively
with rectified spirit and ether, dissolved in boiling dilute alcohol, the
solution filtered and the filtrate allowed to stand for some time while
a good quantity of crystals separated. They were filtered, and the
mother-liquor on concentration gave another crop of crystals of different
shape’ and appearance from the former. The two portions were
separately collected and gave different and fairly sharp melting points
(210-211°) and (171-172°) respectively. After recrystallisation' from

* dilute alcohol, the first portion melted at 21 3° and was the diacetyl

compound (Found: N, 15:47. C,H,;,OsN,S requires N, 15 per cent.).
The second portion melted at 173° and was the monoacetyl compound
(Fgund: N, 18-01. C,H,O,N;S requires N, 1795 per cent.).

2-Phenylimino-5-ketotetvahydro-1 : 3 : 4-thiodiazole.

The above acetyl compounds were separately hydrolysed with
strong hydrochloric acid. A crystalline white precipitate was slowly
produced from each solution on adding water and was crystallised from
dilute alcohol, melting at 206°. It slowly dissolves in cold dilute
alkali with the development of a pale green ¢olour and the disagreeable
smell of &socyanide (Found: N, 21'98. C,H,ON,S requires N, 2176
per cent.).

The hydrazide was also heated with acetic anhydride in presence
of a small quantity of fused sodium acetate on a.water-bath instead of
over a free flame, with greatly increased yield. Only a small fraction
of the hydrazide was acted on during a period of two hours. Only the

- monoacetyl compound was obtained in this way.

Hydrasompmothso-ortho-tolyldicarbomamide. (IV).

Semicarbazide hydrochloride (5 g.) dissolved in the least quantity
of water was treated with anhydrous sodium carbonate (2°4 g.) and
heated under reflux with o-tolyl mustard oil (6°6 g.) for twenty minutes
while the hydrazide‘sgeparated as a white solid. It was crystallised
from alcohol; m.p. 201° with decomposition (Found: N, 2512,
C,;HO,N,S requires N, 2500 per cent.). ' »

k2-0-Talylz’mino-g-acctyl-s-ééto—z :3:4:5-tetrakydro-1 : 3‘ : 4-thiods-
azole. | .

The above hydrazide was covered with acetic anhydride in pre-
sence of a little powdered fused 'sodium acetate and carefully heated
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with a small flame until the reaction commenced, yielding a clear solu-
tion which gave an oily product on being poured into water. After 24
hours’ standing the solidified oil was washed well with alcohol and
ether and crystalMsed from rectified spirit; m.p..,183° (Found: N, 17°10.
CuHyO,N,S requires N, 16:87 per cent.). *

. "
2-0-7 o(ylz'mino-s-éetotetmltydro- 1:3: 4-thiodiazole.
The above acetyl compoundA was boiled under reﬁux_ with fuming

hydrochloric acid but was not dissplved. The solid product was
washed with water, driedand crystallised from a large quantity of dilute

alcohol; m.p. 210°i(Found: N, 20°44. C,H,ON,S requires N, 20°29 _
' i o

per cent.).

Hyz;’rdzomorqotﬁio-p-tolyldicar&onahside (V).

Semicarbazide hydrochloride (5 g:) dissolved in the least quantity
of water was treated with anhydrous sodium carbonate (2'4 g.) and
boiled under reflux with p-tolyl mustard oil (6'6 g.). After 15 minutes,
crystals of the hydrazide ‘began to separate ang the reaction came to
an end after about half an hour. It was+crystallised from. alcohol;
m.p. 192° (Fourfi: N, 25732.° CH,,ONS requires N, 25000 per

cent.). ’ MR

« S S S B S -
Hydrasomonothio-p-tolyldicarbonamide and_ acetic snkydyide, For-
mation of 2-p-Tolylimino-5-keto-2:3:4:5-tetrakydro-1 :3:4-tﬁiddi¢zak and

p-Tolyl-2-imino- sétlziqlé 36fa;4fyl-’2§3-d£kydrq¢ 1:3:4-triasole.

The clear solution obtained within a few minutes" heating was
poured into cold water and allowed to stand overnight.. Nextmorning
the oil was found to bhayp partially solidified with a layer of crystals
depOSited OVet ito T‘he , ites‘?hd that Came fm the aqueous solu.
tion was carefully collécted and ‘crystallised from rectified spirit; m.p.
247°. It was 2-o-tolylimino-s-keto-2:3:4:5-tetrahydro-1: 3:4-thiodiazole, -
insoluble in alkali ,al_lg,remaining ‘inchanged onbeing boiled with
fuming hydrochloric aqr%poinﬁng o the fact thadthere was no acetyl
group present (Found: N, 4661, C,H,ON,S fquires N,
cent.). The SOlidiﬁed’”ml waswahgd ’ca&iunymetw and © ry‘?"
stallised twice from rectified spirit; m.p. 154° ‘tt,*fe'ﬁdi‘lyfdiss;wlv‘eg' in -
alkali from which acid precipitatesit. It is acted on by farri
hydrogen peroxide and iodine solution. Itis 2:o-tolylini
thiol-2: 3-dihydro-x:3:4-triazofle. (Found : N, 21°97; Sy 12:8% !
ON,S requires N, 22:58; 8§, 12'90 per mt’)’ As the  4n;
very small it could not be deacetylated with hydrothlopicaci
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Hydrasomonothio-xylyldicarbonamide (V).

Semicarbazide hydrochloride (5 g.) dissolved in a small quantity
of water was treated with anhydrous sodium carbonate (274 g.) and
boiled under reflux withi"xylyl mustard oil (7°2 g.) in about 200 c.c.
alcohol. Within half an hour the reaction was complete and the
separated solid was crystallised from alcohol, m. p. 200° with decom-
‘posmon (Found : N, 23:81. C,H,,ON,S requires N, 2353 per cent.).

2-Xylylimino-3-acetyl-5-keto-2 : 3 : 4 : s-tetrahydyo-1 : 3: 4-thiods-
azole.—The hydrazide was treated as usualswith fused sodiﬁmd‘acetate
and acetic anhydride and within two.minutes a clear solution was
obtained which was poured into water. An oil separated smellin
strongly of mustard oil and solidified after 24 hours. It was washe
with ether and crystallised from rectified spirit, m. p. 218° (Found:
N, 16'00. CH,;;0,N;S requires N, 15'97 per cent.).

Hydrolysis.—The above acetyl compound was boiled for half an
hour under reflux with fuming hydrochloric acid, and the product

crystallised from reotified spirit; m.p. 232°. The substance slowly -

dissolved in cold dilute alkali with-a pinkish colour which disappears
on boiling but reappears on cooling (Found: N, 18-68. C,H,ON,S
requires N, 19+00 per cent.). '
Hydraso-monothio-g-naphthyldicarbonamsde (V11).
thyl mustard oil (5 g.) was dissolved in alcohol by warming

8-Naph ‘
and,_ to &is,-v!w,aaf‘ ‘added ' an aqueous solution . of semicarbazide .
hydrochleride (3 ‘lsh) treated: previously with anhydrous sodium carbo-

mixture was then.

. extrgniely direfifly) detimponed -copipletelyss Among the decomposi-
ity. of g-naphthyl mustard oil

- Hydeas Mothio-phekyidicarbomimide (VIIL) and acetic ambydride.
aymation;of 3-Imino-3acetyl-s-ketoa: s 3:: 4.2 5-Btvakydro1 : 3 : g
4-thiodiasole.” -
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thiosemicarbazide according to Freund and Schander (Ber., 1896, 29,
2510) was treated with acetic anhydride in the usual way. The solid
obtained from the oil after 24 hours was crystallised from rectified
spirit, m.p. 275° (Found : N, 2652, 2672 ; S; 19'g0. The monoacetyl
compound, C,H;O,N;S requires N, 26:42; S, 20°13 per cent.).

The solution after the separation of the solidified oil was concen-
trated to small bulk, and steam passed through it until the solution
was almost free from acetic acid. The volume was again considerably
reduced by evaporating on a wateér-bath and crystals came out on cool-
ing ; these were recrystallised from’ a mixture of water and alcohol,
m.p. 160° {(Found: N, 21'04. The diacetyl compound, C,H,0,N,S
requires N, 20°90 per cent.). The free thiodiazole derivatives could not
be prepared by deacetylation. with hydrochioric acid for want of suffi-
cient quantity of the acetyl derivatives.

In another experiment the hydrazide was boiled with excess of
acetic anhydride for about 10 minutes and the clear solution found to
smell of phenyl zZsocyanate. The reaction mixture on being poured
into water gave an oil which solidified on standing, and from which

- diphenylurea and acetanilide were isolated. The aqueous solution
was evaporated to a syrup and kept in a desiccator containing
potassium hydroxide under vacuum for two to three days when it was
found not to solidify. It was then dissolved in water, steamed until
free from acetic acid and evaporated almost to dryness. On cooling a
solid separated which was found to be partially soluble 'in sodium
hydroxide solution. This alkaline solution after acidification was
evaporated to dryness, extracted with absolute alcohol and the
alcoholic extract gave on concentration and cooling a crystalline mass,
m.p. 92-93° (Found: N, 24'7; S. 1867 per cent.).

The alkali insoluble solid on repeated fractional crystallisation
from spirit yielded twl ¥ompounds melting respectively at 115° and
296°. The former on analysis gave C, 4261 ; H, 5:01, and the latter
gave.S, 19'2; N, 2672 (C,H,0,N,S requires S, 20°13; N, 26-42) and
is evidently identical with acetyl iminothiobiazolone of Guha (/. Amer.
Chem. Soc., 1923, 55, 1042). '

Hydrazomonothio-sym-diplenyldicarbonamide (IX) and acetic an-

hydride.  Formation of 1-Phenyl-2-phenylimino- 5-thtol-2 : 3-dikydro-1: 3
4-triazole.

-
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obtained after the usual treatment was washed with ether and crystal-
lised twice from alcohol. It 'melted at 208°. The substance was
soluble in alkali and unchanged by boiling with strong hydrochloric
acid, showing that no acetyl group was present (Found: N, 21-06.
CyH NS requires N, 20°90 per cent.). On heating with excess of
acetic anhydride for about ten minutes the main product was
diphenylurea, m.p. 236°*.',gixed with a small quantity of the alkali
soluble substance, m.p. 208°. .

. Hydrazomonothio-a-naphthyldicarbonamide (X).

Thiosemicarbazide (4 g.) dissolved in the least ghantity of boiling
water was treated with a few drops of acetic acid ; to his was gradually
added a-naphthyl Zsocyanate (7:4 g.) in about 20 c.c. of absolute
alcohol. A vigorous reaction took place instantaneously, the hydrazide
came out as a white solid and was crystallised from rectified spirit;
m.p. 213° (Found: N, 2168.  C,H,,ON,S requires N, 21°54 per
cent.). » .

Hydrazomonothio-o-naphthyldicarbonamide and acetic anhydride.

The hydrazide was covered with acetic anhydride in presence of
a little powdered fused sodium acetate and gently heated to boiling for
about five minutes ; the turbid solution was poured into water through
a filter. The separated oil was stirred vigorously for ten minutes with
hot water and within an hour or so the o1l solidified, being freed from
tar by washing successively with acetone, ether and benzene. It was
then crystallised twice from boiling pyridine ; m.p. 293°. - The com:-
pound contains no sulphur, is insoluble in acid and alkali and in all
solvents excepting boiling pyridine (Found : N, 9'18 per cent.). Itis
therefore sym-a : a’-dinaphthyl urea (Cal. N, 8:97 per cent.).

’ £% e

Hydrazodicarbonamide (X1) and acetic amhgdride : Formation of

sym-Diacetylhydrazine. g

Hydrazodicarbonamide (10 g.) prepared according to the method
of Thiele (Annalen, 1892, 211, 127) was heated with 30-40 c.c. of pure
acetic anhydride in a sealed tube at 200° in an oil-bath for two hours
when all dissolved. On opening the tube carbon dioxide escaped
under great pressure. The solution was filtered from a small quantity
of hydrazodicarbonamide and steam passed for four hours to remave
acetic acid. The solution was then evaporated to a brown syrup on-
the water-bath, dissolved in acetone;and boiled under reflux for thirty
minutes with animal charcoal. After filtration and concentration,
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excess of ether was added to the cold syrup under vigorous stirring
when a beautiful crystalline mass separated. It was purified by
precipitating again from an acetone solution and finally crystallised
from benzene; m.p. 139° (yield, 4 gms.). It was proved to be sym-
diacetylhydrazine (m.p. 138°) and on being heated with strong
hydrochloric acid gave hydrazine dihydrochloride, m.p. 200°.

Our thanks are due to Mr. Sreekumaran Unni Nair for some
preliminary work in connection with this paper.
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