
n.-RING CLOSURE OF HYORAZO-MONOTHlomCARBONA­
MIDES WITH ACETIC ANHYDRIDE: FORMATiON Of 

IMINOTHIOBIAZOLONES AND IMINonnOLTRIAZOLES. I 

By Praphulla Chandra Guha and Tarani Kat.ta Chakraborty. 

The ring-closing action of a.cetic anhydride upon hydrazo-dithio­
dicarbonamide and its substituted derivatives has been studied by one 
of us (Guha, J. Amer. Ckem. Soc., 1923. 45, 1036) where it has been 
shown that the reaction takes place with elimination of sulphuretted 
hydrogen yielding 2 : s-diamino-I : 3 : 4-thiodiazoles. In the present 
paper, the ring-closure of the following substituted hydrazodicarbona­
rnide~ with acetiG anhydride has been studied of which I-VII are 
substituted in the thiocarbonamide group. VIII and X are substituted 
in thtl Garbonamide group, IX is substituted both ways and XI is an 
uns\\bstituted dicarbonamide .. 

CH,NH'CS-NH-NH-CO-NH, (1) 

C,Hs'NH-CS-NH-NH-CO-NHz (II) 

C6H,NH_CS-NH-NH_CO_NHz (III) 

o-CJ;{iC6H,-NH-CS-NH-NH-CO-N Hz (IV) 

p-CH"C6H,-NH-CS-NH-NH-CO-NH, (V) 

(CH3hC6H,.'NH-.cS-NH~NH-CO-NH2 (VI) 

.e-C,oH,-NH-CS-NH-NH-CO-NH2 (VII) 

NH2~CS-NH-NH-CO-NHPh (VIII) 

NHl'h-CS-NH-NH-CO-:NHPh (IX) 

NH~-CS-N H-NH-CO-NH 'C,oH,(a) (X) 

NH2"'""'CO-.NH-NH-....CO_NHz (XI) 

1 Reprinted from the Journal of tke Indian Chemual Society, 1929, 6, 99. 
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Monosubstituted hydrazo.monothiodicarbonamides of the type 
NHR-CS-NH-NH-CO-NH2 might react in the following four 
different ways to yield one or more cycloids of the type A to H. 
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But the compounds actually isolated correspond to the general 
formula CzH zRON3S and so cannot possess the structure represented 
by formulae A, D, E, F, 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 as 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-VI which on de acetylation give the free R-iminothio· 
biazolones. Besides 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, III 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 decomposed with the regeneration 
of .e.naphthyl isothiocyanate almost in a quantitative yield. 



The hydrazide VII~ ~nder. u:i1d treatment giv:es mono- and 
diacetyl derivatives of .lm.mo~hlOblazo~o.ne. The flng closure is 
evidently effected with elllmnatlOn of amI me, thus :-

NH-NH 
I I 

NHPh-CO-NH-NH-CS-NHz ___ CO C :NH 
I I 

NHPh SH 

NI-I-NH 

--- I I CO C:NH+NHzPh 

V 
When boiled with acetic anhydride over a free flame, the hydrazide 

is decomposed yielding diphenylurea, acetanili~e, a trace of mono­
acetyliminothiobiazolone ~nd two coml?o~nds J?el~mg at 92-? 3° and 1150 

respectively. The formatIOn of acetyhmmothlOblazolone, dlphenylurea 
and acetanilide can be explained thus :- . 

NH-NH 
Ac20 I I 

NHPh'CO'NH'NH'CS'NHz -+ CO (;: NH + NHzPh 

Y 
Ac20 

NHPh'CO'NH'NH'CS'NH, -+ NPh:CO + NH,'NH'CS'NH,I 
2 NPh:CO + H,O-+CO(NHPh), + CO,. 

The formation of. unsubstituted iminothiobiazolone in the present 
instance and of substituted iminothiobiazolones with the hydrazides 
containing substituted thiocarbonamide groupings is significant. 

The behaviour of the sym-disubstituted hydrazide, 
NHPh'CS'NH'NH'CO'NHPh appears to be peculiar, as instead of 
yielding the expected iminothiobiazolone derivatives, it gives r-N­
phenyl-z·phenylimino-s-thiol.dibydro- I : 3 : 4·triazole, thus :-

N-NH 
II I 

HS'C C: NPh 
I I 

NHPhOH 

N-NH 
-H20 II I 

-+ HS'C C: NPh 
"-./ 
NPh 

, 1. The .anaIY,tical values ,of the compound, m.p. 92-930
, agree fairly well with those of 

dmcetyl tblosemlCarbazlde (Calc, N) 24'28 j 8, 18'5, Found: N 1 24'70 ; S, 18-67 per cent,~, 
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When boiled \yith acetic anhydride, the hydrazide yields diphenyl­
urea as the main product. The hydrazide IX, like VII, is easily 
decomposed and the ct,-napthyl isocyanate so formed reacts readily 
with water to give di-ct,-napthylcarbamide. 

Hydrazodicarbonamide (XI) is unaffected even when boiled with 
acetic anhydride for several days, but when the mixture is heated in a 
sealed tube at 200° is decomposed into various products amongst 
which carbon dioxide and sym-diacetylhydrazine have been identified. 

EXPERIMENTAL. 

Hydrazodicarbo-monothiome thylamide (I). 

Semi carbazide hydrochloride (5'6 g.) was dissolved in the least 
quantity of water and sodium carbonate (2'7 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, 37'62. 
C,H.ON,S requires N, 37"84 per cent.). 

2-Methylimino-4-acetY!-S-keto-2 : 3 : 4 : s-tetrahydro-l : 3 : 4-
thiediazole. 

The above hydJ'llzide (5 g.) was heated with a slight excess of 
acetic anhydride, the hot clear solution poured into 100-120 c. c. of 
cold water and the aqueous solution boiled for some time when an 
oily product separated which, however, solidified after 24 hours. It 
was filtered, washed with ether and crystallised from alcohol. It is 
very slightly' soluble in water and in acid; alkali decomposes it 
producing a faint smell of isocyanide; m.p. 197°, yield 1'5 gms. 
(Found: N, 24'02. C,H,02N3S requires N, 24'3 per cent.). 

Hydrolysis to the thiodiazole.-Two grams of the above acetate 
were boiled with strong hydrochloric acid for about three minutes, 
becoming dissolved and on evaporation yielding the free basic 
thiodiazole. It was filtered and further purified by crystallisation 
from water, m.p. 232° (Found: N, 31'57. C,H,N,OS requires N, 
32'06 per cent.). 

Hydrazomonothioallyldicarbo1zamide (I I). 

Semicarbazide hydrochloride (5 g.) was dissolved in water, treated 
with anhydrous sodium carbonate (2'4 g.) and boiled on a water-bath 
with an alcoholic solution of allyl mustard oil (4'5 g.) for five minutes 



when crystals of the hydrazi~e ,began t~ separate as shining, plates, 
The reaction was complete wlthll1 ten nunutes, The hydrazide was 
purified by crystallisation from alcohol; m.p. 2020 (Found; N, 32'52. 
C,H'OON,S requires N, 32'18 per cent.). 

2-Allylimino·3·acetyl-S·kefo-2 : 3: 4: s-tetrahydro- [ : 3: 4-thiodiaBole. 

A few grams of the hydrazide were just covered ~vith acetic an~y­
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. [37°. The yield was so small 
that no further investigation of the substance was possible. 

The experiment was repeated by heating tbe hydrazide with acetic 
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 60 per cent. alcohol and filtered 
while hot. The ftltrate yielded on cooling a crystalline substance, 
representing about 90 per cent. It was again crystallised from rectified 
spirit; m.p. 1710 (Found: N, 21'33; S, 15'65. The monoacetyl 
compound, C,H 90 2N,S requires N, 2I'1I; S, 16'08 per cent.). 

The substance dissolves in cold dilute alkali but is not acted on 
by oxidising agents such as iodine solution or hydrogen peroxide. It 
was deacctylated by heating with moderately strong hydrochloric acid 
when it dissolved, yielding on concentration crystals of the free 
thiodiazole; m.p. 2100 (Found: N,26·83. C,H,ON:,S requires N, 
26'75 per cent.). 

The mother-liquor was concentrated on a water-bath to very small 
bulk, ftltered and allowed to cool when a white crystalline substance 
~eparated~ ~.p. 269°, and sparingly soluble in cold alkali, but more 
111 hot, glVlng the smell of isocyanide. The yield was only 0'05 g. 
and so it could not be analysed. 

Hy!'razom01totkiophenyldicarbonamide (III) and acetic anhydride. 
Fo!'matzort of 2-Phtnylimino·3-acefyl·5·keto-2: 3: 4: s-tetrahYllro-1 : 3: 4-
tlzzodtazole and 2-Pkenylimino'3 : 4-diacetyl-s-kdo-2 : 3: 4: s-tetrahydro­
I : 3 : 4-tkiodiazole. 

The hydrazide, NH2'CO'NH'NH'CS'NHPh prepared according 
to the method of Arndt, MiJde and Tschenscher (Ber., 1922, 55, 349) 
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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 
(2IO-2IIO) and (171-172°) respectively. After recrystallisation from 
dilute alcohol, the first portion melted at 213° and was the diacetyl 
compound (Found: N, 15'47. CI2 H nO,N,S reqnires N, IS percent.). 
The second portion melted at 173° and was the monoacetyl compound 
(Found: N, I8·0r. CIOH,02N,S requires N, 17"95 per cent.). 

2-Phenylimino-5-ketotetrahydro- I : 3 A-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 colour and the disagreeable 
smell of isocyanide (Found: N, 21'98. CsH,ON,S requires N, 21'16 
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. 

Hydrazornonothio-ortho-tolyldicarbonamide (IV). 

Semi carbazide 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 twentyminlltes 
while the hydrazide separated as a white solid. I t was crystallised 
from alcohol; m.p. 201° with decomposition (Found: N, 25·I2. 
C9H012N,S requires N, 25'00 per cent.). 

2-0-Tolylimino-3·acetyl-s-keto'2 : 3: 4: s-tetrahydro- I : 3 : 4-thiodi­
azole. 

The above hydrazide was covered with acetic anhydride in pre­
sence of a little powdered fused sodium acet;lte lind carefully heated 
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with a small flame unt,il 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 crystallised from rectified spirit; m.p. 183° (Found: N, 17' 10. 
CuHllO,N3S requires N, 16'87 per cent.). 

2-0-Tolylimino-s-hlotetrahydro- 1 : 3: 4-thiodiazole. 

The above acetyl compound was boiled under reflux with fuming 
hydrochloric acid but was not dissolved. The solid product was 
washed with water, dried and crystaJlisedfrom a large quantity of dilute 
alcohol; m,p. 210° (Found: N, 20'44. C,H90N,S requires N, 20'29 
per cent.), 

Hydrazomonothio-p-tolyldicarbMlamidr (V), 

Semicarbazide hydrochloride (s 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 ?il (6'6 g,), After.IS minutes, 
crystals of the hydrazide began to separate and the reactIOn came to 
an end after about half an hour. It was crystallised from alcohol; 
m.p. 1920 (Found: N, 25'32. C,H1,ON,S requires N, 2S'00 per 
cent,). 

Hydrazomonothio-p-tolyldicarbonamide and acetic anhydride. For­
mation of 2-p-Tolylimino-s-keto-2: 3:4: s-tetrahydro-I; 3:4-thiodiazole a1ld 
p-Tolyl-2-imino-5- thiol-3-acetyl-2: 3-dihydro-l: 3: 4 -triazole. 

The clear solution obtained within a few minutes' heating was 
poured into cold water and allowed to stand overnight. Next morning 
the oil was found to have partially solidified with a layer of crystals 
deposited over it. The white solid that came from the aqueous solu­
tion was carefully collected and crystallised from rectified spirit; m.p. 
2470. It was 2-o-tolylimino-5-keto-2:3:4:5-tetrahydro- I:3:4-thiodiazole, 
insoluble in alkali and remaining unchanged on being boiled with 
fuming hydrochloric acid pointing to the fact that there was no acetyl 
group present (Found: N, 20'61. C9H90N3S requires N, 20'29 per 
cent,). The solidified oil was washed carefully with ether and cry­
stallised twice from rectified spirit; m,p. 154°. It readily dissolves in 
alkali from which acid precipitates it. It is acted on by ferric chloride, 
hy,drogen peroxide and i?dine solution, It is 2-o-tolylimino-3-acetyl-S­
th101-2:3-dl~ydro-I:3:4-tnazole (Found: N, 21'97; S, 12'83' Cll H12 
ON,S req~lres N, 22'S8; S, 12'90 per cent.). As the quantity wa~ 
very small It could not be deacetylated with hydrochloric acid, 
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Hydrazomonothio-xylyldicarbonamide (VI). 

Semicarbazide hydrochloride (5 g.) dissolved in a small quantity 
of water was treated with anhydrous sodium carbonate (2'4 g.) and 
boiled under reflux with 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. 2000 with decom­
position (Found: N, 23'81. ClO H140N4S requires N, 23'53 per cent.). 

2-Xylyitmino-3"acetyl-s-keto-2 : 3 : 4 : 5-tetrahydro-l : 3: 4-thiodi­
azole.-The hydrazide was treated as usual with fused sodium acetate 
and acetic anhydride and within two minutes a clear solution was 
obtained which was poured into water. An oil separated smelling 
strongly of mustard oil and solidified after 24 hours, It was washed 
with ether and crystallised from rectified spirit, m. p. 218° (Found: 
N, 16'00. C12H1,02N,S requires N, IS'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 rectified 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, r8·68. ClOHnON,S 
requires N, [9'00 per cent.). 

Hydrazo-monothio-s-naphthyldicarbonamide (VII) . 

.a-Naphthyl mustard oil (5 g.) was dissolved in alcohol by warming 
and to this was added an aqueous solution of semicarbazide 
hydrochloride (3 g.) treated previously with anhydrous sodium carbo­
nate (1'4 g.). [he mixture was then gently boiled under reflux for 
about 10 minutes and the separated hydrazide after washing with 
alcohol was crystallised from a large volume of the same solvent; m.p. 
210° (decomp.) (Found: N, 21'10, CI2 H120N,S requires N, 21'54 per 
cent,). 

The hydrazide on being heated with acetic anhydride (though 
extremely carefully) decomposed completely. Among the decomposi­
tion products almost the calculated quantity of tl-naphthyl mustard oil 
was isolated and identified. 

Hydrazomonothio-phenyldicarbonamide (VIII) and acetic anhydride_ 
Formation of 2-lmino-3-acetyl-s-kefo-2 : 3 : 4 : s-tetrahydro-l :.3 : 4-
thiodiazoleand 2-lmino-J: 4-diacetyl-s-keto-2 : 3 : 4: s-tetrahydro-l : 3 : 
4-thiodiazole. 

Hydrazomonothiophenyldicarbonamide, 
NHPh'CO'NH'NH'CS'NH2, prepared from phenyl isocyanate and 
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thiosemicarbazide according to Freund and SchalJdn 
2510) was treated wi.lh acetic anhjdride in the 
obtained from the 011 after 2+ hDurs wus 
spirit, m.p. 275° (Found: N,. 
compound, C,H,O,N1S reqUIres 

(lln"o, 1896, 29, 
The solid 

rectified 
i 'he monoacetyl 

The soiution after the sep" r:l.tion uf the solidii1crl oil \\ as COllcen· 
trated to small bulk, and steo.i11 passed t:;rouf~h it tlCl!i! tice solution 
was almost free from acetic acid. The volume was considerably 
reduced bv evaD~rating on a water· bath and crystals C~l1lC ·ut on cool· 
ing; these wer~ recry~tallised tr:m a mixture of <,'.<atel: a~d a1cohol~ 
m.p. 160° (Found: N, 21'04. [he compouno, C"H,03N3S 
requires N, 20'90 per cent.): Th~ free t!,iodiazole d~'ri;"tives could I1?t 
be prepared by deacetylatlOl1 WIth hyarochlonc aC:ld Lor warn of suffi· 
cient quantity of the acetyl derivatives. 

In another experiment the wa, builed with excess of 
acetic anhydride fm' about 10 minutes and the clear solution found to 
smell of phenyl isocyanate. The reaction mixtur:.: on being poured 
into water gave an oil which solidified on standing, and trom which 
diphenylurea and acetanilide Ivere isolated. T'he aqueons solntion 
Ivas evaporated to a syrup and kept in a desiccator containing 
potassium hydroxide under vacuum for two to three days when it was 
fonnd 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 alkalin\: 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, 18'67 per cent.). 

Th~ .alk~li insolnble solid on repeated fractional crystallisation 
from spmt YIelded two compounds melting respectively at j I ,0 and 
296°. The former on analysis gave C, 42'61 ; H, 5'01, and the'latter 
~ave.S, 19'2,; N,26'72,(C,H,02N,S requires S, 20'13; N, 26'42) and 
IS eVidently IdentIcal WIth acetyl iminothiobiazolone of Guha (f. Amer, 
Chem. Soc., 1923,55,1042), 

. Hydrazomon~thio.sym.dipitenyldicarbonamide (IX) ami acetic an· 
kydr.ide. Formatzan of l-Phmyl-2·phenylimino·5-thio!-2: 3-dihydro·l: 3: 
4· trwzole. 

Hydr~zomo?othio .. sym.diphenyldicarbonamide, was prepared from 
4-phenylthlOsemlcarbazlde and phenyl isocyanate, The solidified oil 



obtained after the usual treatment was washed 'with ether and crystal­
lised twice from alcohol. [t melted at 208 0

• The substance was 
soluble in alkali and unchanged by with strong hydrochloric 
acid, showing that no acetyl group was (Found: N, 21'06. 

C
"

H12N,S requires N, 20'90 per cent.). heating with excess of 
acetic anhydride [or about ten minutes the main product was 
diphenylurea, m.p. 2360 mixed with a small quantity of the alkali 
soluble substance, m. p. 208°. 

Hydrazomonothio·a-lzaphthyldicarbonamide (X). 

Thiosemicarbazide (4 g.) dissolved in the least quantity of boiling 
water was treated with a few drops of acetic acid; to this was gradually 
added a-naphthyl isocyanate (7'4 g.) in about 200 C.C. of absolute 
alcohoL A vigorous reaction took place instantaneously, the hydrazide 
came out as a white soliJ and was crystallised from rectified spirit; 
m.p. 213° (Found: N,2!'68. C

"
H,20N,S requires N, 21'54 per 

cent.). 

Hydrazomonothio-u-naphthylilicarbortamide a7zd 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 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.). It is 
therefore sym-a: ct'-dinaphthyi urea (Cal. N, 8'97 per cent.). 

Hydrazodicaromzamide (XI) and acetic a7,hydride: Formation of 
sym-Diacefylhydrazine. 

Hydrazodicarbonamide (IO 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 2000 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. After filtration and concentration, 
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excess of ether was added to the cold syrup under vigorous stirring 
w hen a beau tiful erys talline mass separ~ted. I t was purified by 
precipitating again from an acetone solutron and finally crystallised 
from benzene; m.p. 139° (yield, 4 gms.). It was proved to be sym. 
diaeetylhydrazine (m.p. 138°) and on being heated with strong 
hydrochloric acid gave hydrazine dihydrochloride, m.p. 2000

• 
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