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Mesoionic 1 ,2 ,4 - t r i azo le -3 - th iones  have been synthes ized by the reac t ion  of 1 - a c y l - l - a r y l -  
hydraz ines  and 1 - a c y l - l - a l k y l h y d r a z i n e s  with isothiocyanates  in the p r e sence  of t r i e t h y l -  
amine .  The s t ruc tu re  of the compounds obtained has  been conf i rmed  by a study of the i r  UV, 
IR, PMR, and m a s s  s p e c t r a .  

in the p resence  of a t e r t i a r y  amine,  d i th iocarbamates  r eac t  with ca rbod i imides  to fo rm i so th iocya-  
nares [1]. 

~ S  
I~NII C< _ + + R ' N C N r '  --I~N Cs § R'NIICNHR' 

% S  II HN(C2H~):~ S 

In an a t tempt  to use this method to rep lace  the amino groups of 1 - a c y l - l - a l k y l h y d r a z i n e s  by isothio-  
cyanate  groups ,  which should lead a f te r  i n t r amolecu la r  cycl izat ion to mesoionic  oxa th iazole-2- th iones ,  we 
found that  the reac t ion  took place  anomalous ly .  When the carbodi imide  used was diphenylcarbodi imide,  
the reac t ion  product  proved  to be the mesoionic  1 ,2 ,4 - t r i azo le -3 - th ione  (II, R ~ = Ph).  phenyl  isothiocyanate 
was p re sen t  in the reac t ion  mix ture :  it was  identified by its reac t ion  with anil ine.  It  is poss ib le  to sugges t  
a reac t ion  m e c h a n i s m  with the in te rmedia te  format ion  of 1 ,4-disubst i tu ted 1 -acy l th io semica rbaz ides  (I). 

I , -R N(,% R CON~JH -H ,O  
r c o n n l i - c . ,  n - r ,  - ~ - ~ "  I ~- \ 

,I - + -n~c-'Hg~ L r ~ n n c = s j  l ~ ,~c \~ . . c \g  
I S | IN(C:II  )~ I R 

The poss ibi l i ty  of such a react ion  in pr inciple  is known [2,3]. 1 ,4-Disubst i tu ted 1 - a c y l t h i o s e m i c a r b -  
azides cycl ize  on being heated to the i r  mel t ing points and a re  also in te rmed ia tes  in the reac t ion  of 1 ,4-d i -  
subst i tuted t h io semica rbaz ides  (lid with acyl chlor ides ,  leading to sa l t s  of mesoionic  t r iazo le th iones .  The 
sal ts  are  conver ted  into the bases  by t r e a t m e n t  with pyridine or  on heating [3]. 

On the bas i s  of these facts  it appeared  possible  to develop a s imp le r  and m o r e  convenient  method for 
the synthes is  of compounds of type (II) f rom acylhydraz ines  and isoth iocyanates  in the following way: 

'R' 
I 

,R~CONNH2 + R NCS - - - -  I ~ - -  I I  

In the reac t ion  of 1 -acy lhydraz ines  with isothiocyanates  it is fa i r ly  difficult  to isolate  the pure acy l -  
t h iosemica rbaz ides  (I), since even in the i r  p repa ra t ion  and subsequent  r ec rys t a l l i za t ion  they par t i a l ly  
cycl ize  into the mesoionic  t r iazole th iones  (II), as  can be seen f rom the IR s p e c t r a  of the reac t ion  products .  
When t r ie thy lamine  is added to the reac t ion  mix ture ,  however ,  cycl izat ion takes  place comple te ly  and the 
mesoionic  t r i a zo l e s  a re  produced without the in te rmedia te  isolation of the acy l th iosemica rbaz ides  .* The 

*When this pape r  was in p r e s s ,  a communica t ion  appeared  [9] in which the same  method of obtaining m e s o -  
ionic 1 ,2 ,4 - t r i azo le -3 - th iones  is desc r ibed .  
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TABLE 2, Main Fragments and Their Relative Intensities in the 
Mass Spectra of Compounds (II) and (IV} 

Compound  

IIa 

l i b  

II c 

II d 

II e 

l l f  

nl/e 

329 

180 

191 
190 

118 

10-t 

91 

77 

42 

267 

180 

164 

118 

91 

77 

205 
9i 

42 

129 

88 

42 

309 

276 

180 

118 

104 

91 

Rel. intensity, % 

PL2 

l O0 

70,7 
3t,2 

31,2 

36,8 

I00 

79 

18,4 

99 

16,5 

19,5 

12,1 

100 

52 

21,5 
100 

13,4 

87,9 

43,3 

100 

39 

37,3 

100 

23,9 

36,5 

57 

Structure of the i on  

+ 

M" 
-I 

C~H~N ~ CCsI-I~ 

( M - l )  + 
+ 

C6HsN - N ~- CH 
+ 

% H s N ~ C H ;  M ~ I 0 4  

C6HsN y 

M-]-~gl, t 18---~91 

C6H5 +, 104----+77 

C I-I:~N -=CH 

+ 

M" 

C6FIsC ~ NC6Hs 

(M-Cdt~CN) -+ 
+ 

C6H5C ~ NCHa 
+ 

CGHsN ' 

C6Hs+; 180---+77 
, 

118---~77 

M + 
CrH7 + 

a 

CHaC ~- NH 

S t .  + 

(CHaNHNCS) +; M----~88 
+ 

CHaN~-CH 

+ 
M' 

( N -  SH) +; M---+276 
+ 

C6HsC ~ NC'~H5 
+ 

C6H~C ~ NC'Ha 
+ 

CGHsC~NH 
+ * 

C6HsN "; 18@--+91 

1 0 5 0  



T A B L E  2 

Compound m/e 

continued) 

l l f  77 

41 

II g 247 
91 

Ilh 171 

142 
116 

115 
57 

56 

42 

41 

I I i 253 
252 

150 
135 

i18 

104 
93 
92 

91 

77 

IVa 267 
207 
167 

158 

135 
118 

104 
91 
77 

1V b 267 

118 

9t 
77 

41 

P4zL in temi ty ,  % 

87 

12,8 

17,7 
1 oo 

74 

20,5 
28,8 

100 
19,3 

10,6 

33 

31,4 

43,5 
20,6 

19,2 
11,5 

53,0 

59,5 
46,4 
18,8 

43,5 

100 

31,8 
27,4 
17,7 

26,4 

10,0 
9,0 

10,0 
100 
28,3 

18,2 

100 

19,8 
53,6 

19,0 

Structure of  the ion 

C6H5 ~, 1 8 0 ~ 7 7  

118~-~77 

(CHaCN) "~ 

+ 
M" 
C7t-t7+ 

+ 
M" 

(M.-CHsN) + 
(M-- CH3N2C) + 

C4HgNCS "+ 
C4H9 + 

CH3N2CH "+ 
+ 

CH3N~CH 

(CH3NC) 7 

+ 
M" 
(,\,I- I) + 

+ 
(M-C6H~CN)' 
CGHsNCS + 

C6HsN2CH "~ 

CsHsN ~ CtI, 5I ---[+ 104 

CGHsN +, 104~,-91 

C6Hs ~; 1 0 4 ~ 7 7  

M .  + 

( M - H S - H C N ) *  

(M-- C6HsS) ; ~ I 5 8  

(C6HsNCS) + 
Cc~HsCH2NCH+ (C6HsNCHN) + 

+ 
C6H~N ~Ct-I 
C7117" 
C6H5 + 

M. + 

CGI |sC m_ NCt-13 

@,HsN ~ 
C6Hs + 

CH3CN + 

1 0 5 1  



solvent  used  is t e t rahydrofuran  or dimethyl  sulfoxide (TaMe 1, methods B and C, r espec t ive ly ;  the yield is 
s o m e t i m e s  higher  in the la t te r ) .  It mus t  be noted that  the cycl iza t ion  of the acy l th iosemica rbaz ide  takes 
place a lmos t  quanti tat ively and the losses  are  connected with the yield, not always high, in the reac t ion  of 
the acylhydrazine with the isothiocyanate,  as can be seen f rom the l i t e ra tu re  [3]. 

The reac t ion  of acylhydraz ines  with isothiocyanates  desc r ibed  in the p re sen t  paper  can be used for  
the synthesis  of compounds of type (II) r e g a r d l e s s  of the nature  of the subst i tuents  R 1 and R 2. However,  if 
R ~ = a ry l ,  it is s imples t  to synthesize the 1 ,4-disubst i tu ted th iosemica rbaz ide  (III) f rom the a ry lhydraz ine  
and then to obtain the (II) a f t e r  acylat ion and the e l iminat ion of hydrogen chlor ide [3]. Alkylhydrazines  r e -  
act  with i so th iocyanates  to give m i x t u r e s  of 1,3- and 1 ,4-disubst i tu ted t h io semica rbaz ides  [4]. The re fo re ,  
when R ~ = alkyl it is fa i r ly  difficult to obtain compound (III) in the pure state and it is m o r e  convenient  to 
use the method of synthesis  desc r ibed  in the p re sen t  paper .  

The IR spec t r a  of the compounds obtained show a c h a r a c t e r i s t i c  v e r y  s t rong band of the v ibra t ions  
of the CNS grouping in the 1335-1370-cm -i region;  it is spl i t  in a lmos t  all  the compounds.  In the spec t r a  
of all these compounds there  is also a s e r i e s  of bands in the 1400-1550-cm -I region which is probably  
c h a r a c t e r i s t i c  for the t r iazole  ring, since on pass ing f rom the t r iazole th iones  to the t r iazo lones  the r e l a -  
tive intensi t ies  and the nature  of the bands in this s e r i e s  do not change [5]. 

The UV s p e c t r a  of compounds (II) have absorpt ion m a x i m a  at  235-255 nm, while in some of them 
there  is a second absorpt ion m a x i m u m  at 325-300 nm.  S imi lar  spec t r a  are given for  other  compounds of 
this type [2, 3]. 

Compounds (1Va) and (IVb) (Table 1) each  have one absorpt ion maximum,  at 306 and 308 nm, which 
sharp ly  dis t inguishes them f rom the other  t r i azo les  obtained.  Compound (IVb) was obtained instead of the 
expected  5 -me th y l - l , 4 -d i pheny l -1 ,2 ,4 - t r i a zo l e -3 - t h ione  when 1 -ace ty l - l , 4 -d ipheny l th iose  mic arbaz ide was 
heated above its mel t ing point.  It  has been shown p rev ious ly  [3] that  the react ion  of 1 ,4-d iphenyl th iosemi-  
carbaz ide  with acetyl  cMoride gives the hydrochlor ide  of the mesoionic  5 - m e t h y l - l , 4 - d i p h e n y l t r i a z o l e - 3 -  
thione, but a f te r  the e l iminat ion of HCI the base  now has  the s t ruc tu re  (IVb), as was conf i rmed  by inde- 
pendent syn thes i s .  We repea ted  this synthes is  and obtained a substance comple te ly  identical  with compound 
(ivb) according to its UV and IR spec t r a .  The pur i ty  of the compound (IVb) was checked by TLC.  By 
analogy with (IVb), compound (IVa) was a sc r ibed  the s t ruc tu re  not of the mesoionic  t r iazole thione but of 
2 - b e n z y l - 4 - p h e n y l - l , 2 , 4 - t r i a z o l e - 3 - t h i o n e .  The nonmesoionic  t r i azo l e -3 - th iones ,  as desc r ibed  by Duffin 
et  al .  [6], have an absorpt ion m ax i m um  at 290 nm, which enables  them to be dist inguished f rom the m e s o -  
ionic i s o m e r s .  

The PMR s pec t r a  conf i rm the s t ruc tu re  of the compounds obtained, but it is not poss ib le  to make a 
distinction between compounds of types (II) and (IV). Signals in the spec t r a  in the 7.30-9.00-ppm region 
show the p resence  of CH 3 groups .  The s ignals  of the N - C H  3 group {5.50-5.80 ppm) are  in a weaker  field 
than the s ignals  of the C - C H  3 group (7.00-7.15 ppm).  S imi la r ly ,  in compound (IIa), the N -  C6H 5 group 
gives a s ignal  in a weaker  field than the C - C 6 H  5 group.  The p re sence  of the NCHN f r agmen t  is revea led  
by  s ignals  in the weak field (7 f rom -0 .3  to 0.5 ppm).  For  compar i son ,  we r e c o r d e d  the spec t rum of c o m -  
pound (IIi) (R 1 = R 3 = C6H5, R 2 = H) [7], In which T for  the protons of the phenyl group is 2.02 and T for  the 
proton of C - H  group of the t r iazole  ring is -0 .28  ppm.  

The molecu la r  weights of all  the compounds obtained were  de te rmined  f rom thei r  m a s s  spec ta .  On 
consider ing the mass  spec t r a ,  a c h a r a c t e r i s t i c  fa i r ly  reproducible  f ragmenta t ion  under  the action of e l e c -  
t ron impac t  is found (Table 2). The s pec t r a  of all the compounds invest igated contain the molecu la r  ion 
and two c h a r a c t e r i s t i c  f r agmen t s  (a and b) .  

Judging f r o m  the metas tab le  ions obse rved  in some spec t r a ,  the f r agmen t s  a and b are  fo rmed  d i r e c t -  
ly f rom the molecu la r  ion. In compounds having phenyl subst i tuents ,  s t rong ions with m / e  77 (phenyl) and 
91 are  obse rved .  Both these and o thers ,  judging f rom the p re sence  of the cor responding  metas tab le  peaks ,  
are  fo rmed  f rom the ions a and b.  The ions with a m a s s  number  of 91, the intensi ty of which is fa i r ly  high, 
p robably  have the s t ruc tu re  of an aza t ropy l ium ion [8]. When R t= C6H5CH2, the t ropyl ium ion C7H7 + is the 

I 
r~ b 
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s t ronges t  in the spect rum,  but it is impossible to determine whether it is formed direct ly  f rom the molecu-  
lar  ion. Attempts to show the mesoionic or nonmesoionic s t ruc ture  of compounds (IVa) and (IVb) proved 
unsuccessful .  In the spec t rum of compound (IVb) the f ragments  a and b are identical and no other c h a r a c -  
ter is t ic  ions are formed.  In the spec t rum of compound (IVa) there is an ion with a mass  number  of 104 
(CGHsNCH) - a f ragment  showing the position of the phenyl group, which is also confirmed by the presence  
of an ion with m / e  135 (C6HsNCS+). A f ragment  with m / e  118 may be ei ther  C~HsCH2NCH or C~HsNCHN , 
i.e., it is impossible to establ ish the s t ruc ture  of the compounds of type (IV) unambiguously without the use 
of h igh-re  solution spe c t rome t ry .  

E X P E R I M E N T A L  

The melting points were determined with the aid of a heated stage.  

The UV spec t ra  of solutions in acetonitr i le  were taken on an SF-4 spectrophotometer ,  and the IR 
spec t ra  of samples  in the form of tablets with KBr on a UR-10 spect rophotometer .  The PMR spec t ra  of 
solutions in CF3CO2H (c 1 M) were obtained on a YaMR-5535 spec t romete r  at a frequency of 40 MHz. The 
t r i f luoroaeet ic  acid served simultaneously as internal s tandard (T = 1.80 ppm). 

The mass  spec t ra  were obtained oaanMKh-1303 spec t romete r  using a system for the d i rec t  introduc-  
tion of the sample into the ion source .  The ionizing voltage was 70 V. 

1 ,4 ,5 -Tr ipheny l - l ,2 ,4 - t r i azo le -3 - th ione  (IIa). A. A mixture of 2.4 g (11 mmoles) of 1 -benzoyl -1-  
phenylhydrazine,  1.4 ml (15 mmoles)  of carbon disulfide, 1.8 ml (24 mmoles) of t r iethylamine,  and 30 ml 
of absolute te t rahydrofuran was boiled for 30 min and then a solution of 2.2 g (11 mmoles) of diphenyl- 
carbodiimide in 50 ml of te t rahydrofuran was added dropwise over 4 h 30 min. After the addition of ap- 
proximate ly  half the carbodiimide a precipitate began to deposit.  The mixture was left overnight and then 
1.1 g of compound (IIa) [5] was f i l tered off; the fi l trate was evaporated in vacuum and ether  was added, 
after  which an oil separa ted  out. The ether  was decanted off and 2 ml of ethanol was added. After the 
crys ta l l iza t ion of the oil another 0.12 g of the tr iazolethione was obtained. The e therea l  solution was 
treated with 0.5 ml of aniline and left overnight.  After elimination of the ether  and recrys ta l l i za t ion  from 
ethanol, 0.47 g of a co lor less  substance was obtained; it was identified as diphenylurea by its IR spec t rum 
and a mixed melting point. 

B. A solution of 1 g (5 mmoles) of 1 -benzoyl - l -phenylhydraz ine  in 25 ml of absolute te trahydrofuran 
was boiled with 0.62 ml (6 mmoles) of phenyl isothiocyanate and 0.5 g (5 mmoles) of t r iethylamine for 1 h 
and the precipi tate  of (IIa) was fi l tered off. Yield quantitative. 

1 -Benzy l -4 -pheny l - l , 2 ,4 - t r i azo le -3 - th ione  (IVa). A. A solution of 1.2 g (7 mmoles) of 1 -benzy l -1-  
formylhydrazine  in 10 ml of te t rahydrofuran  was added to a mixture of 1.3 g (7 mmoles) of diphenylcarbo-  
diimide, 0.94 g (10 mmoles) of t r ie thylamine,  and 1.22 ml (20 mmoles) of carbon disulfide in 20 ml of ab- 
solute te t rahydrofuran at a gentle boil, and the result ing mixture was boiled for 4 h. This gave 0.6 g of 
(IVa). Rf 0.66 on chromatography  in acetone on terephthalate plates with a fixed layer  of si l ica gel (Chromo- 
g ram Sheets, Kodak); the substance was deposited in the form of a solution in dichloroethane and the spots 
were revealed  with iodine vapor .  

B__~. With cooling, 2.7 g (20 mmoles) of phenyl isothiocyanate was added to 3.05 g (20 mmoles) of 1- 
benzy l - l - fo rmy lhydraz ine  in 20 ml of absolute benzene and the mixture was boiled for 30 min. After cool-  
ing, 3.11 g of precipi tate  was f i l tered off. This was dissolved in 40 ml of ethanol, the solution was heated 
to the boil, and 10 ml of a 1 M solution of K2CO 3 in water  was added. After cooling, 2.85 g of compound 
(1Va) was obtained. 

4 -Methy l - l , 5 -d ipheny l - l , 2 ,4 - t r i azo le -3 - th ione  (IIc, method C). A mixture of 2.9 g (13 mmoles) of 1- 
benzoyl - l -phenylhydraz ine  and 1 g (13 mmoles) of methyl isothiocyanate in 10 ml of absolute dimethyl 
sulfoxide was heated at 100~ for 4 h, after  which 1.92 ml (26 mmoles)  of t r iethylamine was added and 
heating was continued for another 4 h. After dilution with ethanol, 1.72 of compound (IIc) was isolated.  

The other compounds (Table 1) were obtained f rom the corresponding acylhydrazines  with CS2, a 
carbodiimide,  and NEt 3 (method A) or  with an isothioeyanate and NEt 3 (methods B and C). 

I, 
2. 
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