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HETEROCYCLIZATION OF COMPOUNDS CONTAINING DIAZO AND CYANO GROUPS. 

2.* SYNTHESIS AND RECYCLIZATION OF 4-SUBSTITUTED 5-AMINO-I,2,3-THIADIAZOLES 

Yu. M. Shafran, B. A. Bakulev, UDC 547.467.2'791.6' 
V. S. Mokrushin, and G. I. Validuda 794.3'07 

The reaction of carbonyl derivatives of diazoacetonitrile with hydrogen sulfide 
in the presence of triethylamine yields 4-substituted 5-amino-l,2,3-triadiazoles. 
Under analogous conditions, hydrogen selenide and ethyl mercaptan reduce the 
starting diazo compounds to hydrazones. Thiadiazoles are recyclized to 4-sub- 
stituted 5-mercapto-l,2,3-triazoles by the action of bases. 

In our previous work [i], we showed that the reaction of carbonyl derivatives of diazo- 
acetonitrile with hydrogen halides leads to the formation of 4-substituted 5-halo-iH-l,2,3- 
triazoles. In the present communication, we studied the reactions of diazoacetonitriles 
with hydrogen sulfide and hydrogen selenide in order to obtain 4-substituted 5-amino-l,2,3- 
thiadiazoles, which are starting reagents for the preparation of various pesticides [2, 3] 
and their selenium analogs. 

Diazoacetonitrile and its alkyl and aryl derivatives react with hydrogen sulfide in the 
presence of bases to form 5-amino-l,2,3-triadiazoles [4, 5]. In addition, the reaction of 
carbonyl derivatives of diazomethane with hydrogen sulfide, depending on the substituents, 
gives either thionylation of the carbonyl group with subsequent cyclization to 1,2,3-thiadia- 
zole or reduction of the diazo compounds to hydrazones [6]. Thus, the formation of three 
different products may be expected in the reaction of carbonyl derivatives of diazoacetoni- 
trile with hydrogen sulfide. 

However, the only products of the reaction of 2-diazo-2-cyanoethyl acetate (la), 2- 
diazo-2-cyanoethylacetamide (Ib), 2-diazo-2-cyanoethyl-N-methylacetamide (Ic) and 2-diazo- 
2-cyanoethylacetophenone (Id) with hydrogen sulfide in the presence of triethylamine were 
4-substituted 5-amino-l,2,3-thiadiazoles (lla-d). The sturcture of thiadiazoles lla-d was 
confirmed by IR, UV, and PMR spectroscopy and by the convergent synthesis of lla and lid 
according to Goerdeler [7]. Thus, only the first of the three possible reaction pathways 
obtains. 

We should note that formation of 5-amino-l,2,3-thidiazoles in this reaction may proceed 
by two different mechanisms, either through the ~-diazothioamide or through the ~-cyanothia- 
diazene with subsequent cyclization of these kinetically unstable intermediates. In order 
to distinguish between these two mechanisms, we carried out a comparative kinetic study of 
the reactions of 2-diazo-2-cyanoacetamide Ib and a compound with similar electronic struc- 
ture but incapable of reacting through the first mechanism with hydrogen sulfide. 2-Diazo- 
malondiamide III was taken as this model. 

*For i, see [i]. 
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Fig. i. Calculation of the charge dis- 
tribution (a) and LUM0 coefficients (b) 
of 2-dlazo-2-cyanoacetamlde. 

TABLE i. Pro)erties of the Compounds Synthesized 

,Com- 
pound 

IIa[ 
IIbl 
Ilc[ 
ndl 

~Vml 
VIo i 

VIIbl 
'Vllf 

Vll15 

, a  
rap. 

A 

125--126b 88 84 
178--179 c 681 63 
210162~ I --5217779 

165--166 e 41 81 
178 20 [ 58 

207_2~ 
202--204 

257--259 33 [ 64 
172--175 31 ] 71' 
170--171 -- ] 41 

er ~o~ Found, ~o Chemical Calculated, % Yield 

B c n N s formula % 

4,3 24,5 
2,9138,9 I 
3.9{35,3 I 
--120,61 
1,7144,6l 
4,7 [42,9 I 
2,8139,01 
4,5 [33,9[ 

3,9[35,5[ 
4,3134,51 3,8149,71 

18,6 CsHTN~O=S 
22,5 C:J {4N4OS 
20,3 C~H6N~OS 
15,6 CoHzN3OS 
25,6 C3H2N4S 
~,5 CsHaN402 

C3H~N~OS 
19,1 CJ~N4OS• 

X0,5H~O 
20.3 C4H6N4OS 
18,7 CsHsN4OS 

C3H4N40 

34,7 4,1 
25,012,8 
30,413,t~ 
52,713,4 
28,6 [1,6 

127,714,6 
125,o 12,8 
[28,7[4,2 

/30,4 13,8 
134,914,7 
la21p,6 

85 34,s 
73/25,1 
78130,4 

57128,1 
87125,I 
90128,9 

71 [30,I 
60132,0 
86 }32,4 

38,9 [22,2 8l 
35,4 [20.3 30 
20,5 [15,6 51 
44,4 J25,4 51 
43 ! I - -  89 
38,9 ]22,2 97 

35,4120,3 I S~ 
32,5/18,6164 
50,0 ] -- !27 

amp not corrected.~ lla-c, e, VlIb, f, and Vlllb were re- 
crystallized from'water, Ild from CHCls--hexane, IVb, c 

from ethanol, and IV was precipitated from 10 N citric 
acid by the addition of sodium carbonate, bmp 126~ 
(subl.) [7]. cWithout decomposition, dmp 160~ [7]. 
emp 168-171~ (from CH3CN). 

UV spectroscopy indicated that the time for 50% conversion of diazoamide Ib in the case 
of 2.2.10 -~ mole/liter initial concentration in the presence of an equimolar amount of tri- 
ethylamine and 4,10 -s mole/liter hydrogen sulfide in absolute ethanol is 9 min. The family 
of kinetic curves transverses an isosbestic point, indicating that neither side-products nor 
intermediates for formed during the reaction in any significant concentration. Under analo- 
gous conditions, diazodiamide lII remains unchanged over two months. 

NCCR1N2 .._H2.~ S 
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[O11 I H2Se 

NC~R 1 =NNH 2 
vmb,c 

N2C(CONH2) 2 

Ill 

NH2CSCHCN 
NH 2 

V 
I HNO 

NH~'~C_CRI ..... ~ ~(" "RI 

s ~ II .. 
_ N2 ....... N~S --INH2 

( 
, t u 
N N / 9. "~SR 2 N~N- ~ "SK 

H H 
w*b,f wh, c 

. . . .  a.,.- NH2N=C(CONH2) ~ 

IV 

I, II aR~=COOEt, dR~=COPb; II e Rz=CN;I,  I K V I - - V I I I b  R*=CONH2, R ~=-Me ,  
f R~=Et; I, I1, VI, VIII c R~=CONHMe 

When the concentrations of the diazo compound and triethylamine are increased to 0.01 
mole/liter, diazonitrile Ib reacts with hydrogen sulfide virtually instantaneously. On the 
other hand, the reaction of diazodlamide III with excess hydrogen sulfide is complete only 
after 22 h with the formation of only 2-hydrazonomalonodiamide (IV). 

Such a sharp difference in the rates of the reactions of diazonitrile Ib and diazodia- 
mide III with hydrogen sulfide may be attributed only to the formation of different inter- 
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TABLE 2. Spectral Indices of Compounds Synthesized 

Corn- IR spectrum (KBr), cm "t UV spectrum 
(in water), t MRgpec m (in DMSO-d~), pound 

stretching deform. Xmax, nm (log ~)[ 5, ppm 

Ila 3275, 3220, 315e 
(NH), 1690 
(co) 

l lb 3380,3305,3270, 
3200 (NH), 
1675 (CO) 

Ilc 3400, 3250 
(NH), 1645 
(co) 

l ie  3420, 3320, 3220 
(NH), 2250 
(CN) 

IV 3475, 3390 
(NH), 1705 
(co) 

tVIb 3420, 3340 
(NH), 1670 
(co) 

VIe 3240, 3155 
(NH), 1650 
(co) 

Vllb 3385, 3285, 3235 
(NH), 1675 
(CO) 

~VII 3390, 3290, 3235 
(NH), 1680 
(CO) 

Vlllb 3400, 3345, 3240, 
3160 (NH), 
2235 (CN), 
1710 (CO) 

VIIIc 3390, 3320, 3220 
(NH), 2220 
(CN) 

1530 (NH) 

1520 (NH) 

1515 (NH) 

1525 (NH) 

1565, 
1530 (NH) 

1550 (NH) 
775 (SH) 

1555 (NH) 

1570 (NH) 

1520 (NH) 

262 (3,90), 284 
(~h., 3,78) 

260 (3,99), 291 
(3,89) 

258 (3,35), 283 
(3,78) 

247 (3,66), 292 
(3,63) a 

275 (3,97) a 

256 (4,03) 

258 (4,00) 

233 (sh., 3,69), 
263 (3,53)a 

233 (sh., 3,71), 
262 (3,69) 

230 (3,64), 
286 {4,09) a 

245 (sh, 3,69), 
286 (4,02) 

8,4 (2H, s, NH2), 4,45 (2H, q 
1=7,8Hz, CH2), 1,36 (3H, t, 
I---7,8 Hz, CHs) 

9,0 (1H, s, NH), 8,52 (2H, s, 
NHz), 2,96 (3H, d, I=6,0 Hg 
NHCH3) 

8,95 (s, NH), 2.84 (s, NCH3), 
2,84 (d, J=7,3 H~ NHCHz) 

7,63 (IH, s, NH), 7,40 (IH, s 
NH), 2,49 (3H, s, SCH3) 

8,3--7,1 (3H, NH), 3.04 (2H. q, 
J=7,2Hz. SCH2), 1,25 (3H, t,  
1=7,2 H~, CHa) 

8,1 (1H, s, NH), 2,72 (3H, d , 
7=4,8 HZ NHCHa) 

aIn ethanol. 

mediates (an ~-diazothioamide, which rapidly cyclizes to thiadiazole lib [8], and a thiadia- 
zene, respectively) or a much greater rate for the cyclization of the thiadiazene than for 
its decomposition to the hydrazone and sulfur. However, in this latter case, the thiadiazene 
should accumulate in the solution. Thus, the reaction of diazonitriles I with hydrogen sul- 
fide apparently proceed through the formation of ~-diazothioamides. 

The conclusion of the reaction of hydrogen sulfide with diazonitrile I at the cyano group 
requires further evidence, since there is not information in the literature on the direction 
of the cyclization of the diazothioamides formed in this case which contain electron-with- 
drawing substituents in the R-position (either at the sulfur atom or at the nitrogen atom of 
the thioamide group). Experimental evidence was found in the reported generation of this 
system upon the diazotrization of 2-amino-2-cyanothioacetamide (V). In our previous work 
[9], we found that the only product of this reaction is 5-amino-l,2,3-thiadiazole-4-carbonit- 
rile (Iie) which was identical to this compound synthesized previously by Volpp [2] by an in- 
dependent method. Thus, a-diazothioamides may be found on the coordinate of the reaction of 
diazonitriles I with hydrogen sulfide. 

However, under more vigorous conditions, the a-diazothioamides formed upon heating thi- 
adiazoles IIa-c at reflux in excess aqueous ammonia or methylamine cyclize to give isomeric 
5-mercapto-iH-l,2,3-triazole-4-carboxamide (VIb) and the corresponding N-methylcarboxamide 
(VIc), respectively. The recyclization of ester IIa is accompanied by the amidation of the 
ester group. In contrast to the starting thiadiazoles II, mercaptotriazoles VIb and VIc 
give a rapidly disappearing green-blue color with aqueous ferric chloride, indicating the 
presence of a free mercapto group [I0]. In order to confirm the structure of mercaptotria- 
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zoles Vlb and Vlc, we carried out the alkylation of mercaptotriazole Vlb with methyl iodide 
and ethyl iodide. The PMR signals for the methyl and methylene group protons in the products 
5-methyl- (VIIb) and 5-ethylthio~-ZH-l,2,3-triazole-4-carboxamide (VIIf) are at 2.49 and 3.04 
ppm, which is characteristic for alkylthio groups. 

In order to address the second aspect of this work~ we studied the reaction of diazoni- 
triles I with hydrogen selenide. However, in this case, we isolated pure compounds which, on 
the basis of their IR spectra and elemental analysis, were identified as 2-hydrazono-2- 
cyanoacetamide (VIlb) and the corresponding N-methylacetamide (VIIIc) instead of selenadia- 
zoles. Under analogous conditions, diazonitrile Ia forms a mixture of strongly colored pro- 
ducts which could not be separated due to their similar chromatographic mohilities. The 
structures of hydrazones VI~Ib and VIIIc were indicated by their oxidation using lead tetra- 
acetate to the starting diazo compounds Ib and Ic. 

In an attempt to obtain 5-ethylthio-iH-l,2,3-triazole-4-carboxamide (VIIf) from diazo- 
amide Ih, we found that this compound does not react with ethyl mercaptan upon heating at 
reflux in chloroform. Heating of the reaction mixture at 1000C for 12 h in an autoclave leads 
to a mixture of seven products as indicated by thin-layer chromatography. None of these com- 
pounds corresponds in its chromatographic mobility with ethylmercaptotriazole VIIf or hydra- 
zone Vlllb. On the other hand, diazoamide Ib reacts rapidly in ethanol with ethyl mercaptan 
in the presence of triethylamine at room temperature but hydrazone VIIIb rather than triazole 
VIIc is formed in this case. 

We carried out quantum chemical calculations for the reactivity indices of 2-diazo-2- 
cyanoacetamide (Ib) using the CNDO/2 approximation and the VIKING program set. The neutral 
diazoamide molecule Ib was selected as the model since the UV and IR spectra of diazonitriles 
Ib and Id remain unaltered upon the addition of triethylamine, whose role thus reduces to 
anionic activation of the nucleophilic reagents. 

These calculations account for the preference of the attack of hydrogen sulfide at the 
nitrile carbon atom. In other cases, electrophilic attack at the diazo group is preferred, 
leading to reduction to a hydrazone. 

Thus, these experiments and quantum chemical calculations indicate the double reactivity 
of carbonyl derivatives of diazoacetonitrile. 

EXPERIMENTAL 

The UV spectra were taken on a Beckman Model 26 spectrometer in water at pH 6.5-6.8 and 
ethanol. The IR spectra were taken on UR-20, Specord IR-75, and Beckman IR-4260 spectro- 
meters in KBr pellets. The PMR spectra were taken on a Perkin-Elmer R-12B spectrometer at 60 
MHz in DMSO-d6 with HMDS as the internal standard. The reactions were monitored and purity 
of the compounds separated was checked by thin-layer chromatography on Silufol UV-254 plates 
using 9:1 chloroform-ethanol (A), 3:1 propanol--3 N ammonia (B) and 4:1:1:1 butanol--acetic 
acid-water--ethyl acetate (C) as eluents. The diazo compounds were determined by the color 
reaction of their chromatographic spots upon spraying the chromatograms with ethanolic m- 
phenylenediamine. 

The characteristics of the compounds synthesized are given in Tables 1 and 2. 

5-Amino-l,2,3-thiadizaoles lla-d. Hydrogen sulfide was introduced into a solution of 
5.56 g (40 mmoles) diazoester la or 4 mmoles diazo compounds Ib-d and an equimolar amount of 
triethylamine in 500 ml chloroform at 20-25~ until diazo compounds la-d disappeared. The 
reaction mixture was evaporated in vacuum to drMness, and the residue was crystallized to give 
light yellow crystals. 

2-Hydrazonomalonodiazmide (IV). Hydrogen sulfide was introduced into a solution of 0.3 
g (2.34 mmoles) 2-diazomalondiamide (III) and 0.33 ml (2.34 mmoles) triethylamine in a mix- 
ture of 180 ml chloroform and 40 ml ethanol at room temperature for 75 min. After 22 h, the 
solvent was evaporated and the dry residue was treated with two 20-ml portions of ethanol. 
Sulfur was filtered off and the filtrate was evaporated in vacuum to dryness. The residue 
was reprecipitated from ethanol to give colorless needles. 

5-Amino-l,2,3-thiadiazole-4-carbonitrile (lie). A sample of 20 ml ether was added to a 
solution of 0.4 g (3.48 mmoles) amine V and 36 ml 2 N hydrochloric acid and then a solution 
of 0.5 mg (5.79 mmoles) KN02 in 2 ml water was added with stirring at 0-2=C. The layers were 
separated and the aqueous layer was extracted with five 20-ml portions of ether. The ethereal 
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extracts were combined land evaporated to dryness. The residue was crystallized to give light 
yellow crystals. 

5-Mercapto-iH-l,2,3-triazole-4-carboxamide (Vlb). A solution of 0.5 g (3.47 mmoles) 
thiadiazole lib in 20 ml 25% aqueous ammonia was heated at reflux for 15 min. The solvent 
was evaporated in vacuum to 50% volume and the pH was brought to 6 by the addition of sul- 
furic acid. The solution was evaporated to dryness and the residue was crystallized to give 
light yellow crystals. 

5-Mercapto-iH-l,2,3-traizole-4-N-methylcarboxamide (Vie). A. A solution of 0.i g (0.63 
mmole) thiadiazole llc in 5 ml 25% aqueous ammonia was heated at reflux for 15 min and treated 
analogously to the procedure for Vlb to give colorless needles. 

B. This product was obtained by analogy to method A from 0.6 g (3.46 mmoles) ester lla 
and 15 ml 22% aqueous methylamine. The product was identical to that obtained by method A in 
its IR spectrum and melting point. 

5-Alkylthio-IH-l,2,3-triazole-4-earboxamides (Vllb)~ A sample of 6.6 mmoles methyl 
iodide or ethyl iodide was added to a solution of 0.476 g (2.3 mmoles) diazoamide Ib 
and 0.124 g (2.3 ~moles) sodium methylate in 8 ml methanol. After 15 min, the solvent was 
evaporated in vacuum to dryness and the residue was crystallized to give light yellow crys- 
tals. 

2-Hydrazono-2"cyanoacetamide (Vlllb). A Hydrogen selenide was introduced into a 
solution of 4 mmoles diaozamide Ib or Ic and an equimolar amount of triethylamine in 
200 ml chloroform at 20-25~ until the complete disappearance of the diazo compound. The re- 
action mixture was maintained for 2 h and amorphous selenium~as filtered off. The filtrate 
was evaporated in vacuum to dryness and the residue was crystallized to give light yellow or 
light brown crystals which darken over time in the air. 

B. A sample of 0.60 ml (8 mmoles) ethyl mercaptan was added with stirring to a solutioD 
of 4 mmoles diazoamide Ib or Ic and 0.14 ml (4 mmoles) triethylamine in i0 ml ethanol. The 
solvent was evaporated in vacuum to dryness and the residue was crystallized. The products 
obtained were identical in their IR spectra and melting points to the products obtained by 
method A. 

Oxidation of 2-Hydrazono-2-cyanoacetamides. Lead tetraacetate was added in small por- 
tions to an aqueous solution of hydrazone Vllb or Vllc until a black precipitate began to 
form. The reaction mixture was cooled and diazoamide lh or Ic was extracted with ether and 
evaporated. The oxidation products were identical in their IR spectra and thin-layer chroma- 
tographic behavior with diazo compounds Ib and Ic, respectively. 
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