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The cyanoethylat ion reac t ions  of 1 -pheny l - l , 2 , 4 - t r i a zo l i ne -3 - th ione  (I) and of 1-phenyl -  
1 ,2 ,4 , - t r i azo l ine -5 - th ione  (II) have been studied. The cyanoethylat ion of I f o r m s  only S- 
cyanoethyl  der iva tes ,and  the cyanoethylat ion of II only N-cyanoethyl  de r iva t ives .  The 
s t ruc tu r e s  of the reac t ion  products  were  conf i rmed by UV spec t roscopy  and by indepen- 
dent synthes is .  On the ba s i s  of a quan tum-mechanica l  ana lys is  of the compounds,  the i r  
t au tomer ic  f o rm s ,  and the a s s um ed  p r i m a r y  reac t ion  products ,  it has  been concluded 
that the m e c h a n i s m  of the cyanoethylat ion and t ranscyanoethyla t ion  reac t ions  of these  
he te rocyc l ic  th ioamides  is a common one. 

In a study of the connection between the s t ruc tu re  and p rope r t i e s  of he te roeyc l i c  th ioamides  it was 
found [1,2] that the r e p l a c e m e n t  of one ni t rogen a tom in the t e t r azo le  r ing by a CH group with a pa s sag e  to 
the 1 ,2 ,4 - t r i azo le  s e r i e s  leads to cons iderab le  qual i ta t ive changes in the p rope r t i e s  of the cor responding  
thioamideso Thus,  the cyanoethylat ion of 1 -phenyl te t razo l ine -5- th ione  (XIII) leads initially to the fo rmat ion  
of the i sola table  S-cyanoethyl  der iva t ive ,  which is conver ted  into the N i s o m e r  under  the reac t ion  condi-  
t ions.  In the cyanoethylation of 4 -pheny l - l , 2 ,4 - t r i a zo l ine -3 - th ione  (XIV), however ,  only the N-cyanoethyl  
de r iva t ive  is obtained. 

Continuing our compara t ive  study of the p r o p e r t i e s  of th ioamides  of the 1 ,2 ,4 - t r i azo le  s e r i e s  and of 
the influence of the posit ion of an N-phenyl subst i tuent  on the thione-thiol  t a u t o m e r i s m  in the t r i azo l ine -  
thiones,  we have invest igated the cyanoethylat ion of two i s o m e r s  not previous ly  studied: 1 - p h e n y l - l , 2 , 4 -  
t r i azo l ine -3 - th ione  (I) and 1 -pheny l - l , 2 , 4 - t r i a zo l i ne -5 - t h ione  (II). It was found that the cyanoethylat ion of 
I gives only the S-cyanoethyl  der iva t ive  (HI), and the cyanoethylation of II only the N-cyanoethyl  der iva t ive  
(VIII). It is  an in teres t ing fact  that the reac t ion  of I with ac ry lon i t r i l e  takes  place  readi ly  not only in an 
alkal ine but also in an acid (acetic o r  fo rmic  acid) medium,  and even s imply  in solution in ac ry lon i t r i l e .  
Compound II r e a c t s  with ac ry lon i t r i l e  only in the p r e s e n c e  of an alkaline ca ta lys t  ( t r ie thylamine) .  Com- 
pounds I and II a lso  r e a c t  with f l -ehloropropioni t r i le  (I in an alkal ine medium or  in a neut ra l  high-boil ing 
solvent,  II in an alkal ine medium) with the fo rmat ion  of compounds identical  with those  obtained by the r e -  
act ions of I and II with ac ry lon i t r i l e .  The s t ruc tu r e s  of the cyanoethylat ion products  were  shown by the i r  
chemica l  r eac t ions  (scheme) and were  conf i rmed  by UV spec t roscopy .  

On being oxidized with po tass ium permangana te  in acet ic  acid, compound III f o r m e d  the sulfone IV. 
The hydro lys i s  of III with hydrochlor ic  acid leads to the fo rmat ion  of the acid V, identical  with the S-acid  
obtained by the alkylat ion of I with f l -chloropropionic  acid and havinga  known s t ruc tu re ,  s ince this a lky la -  
tion reac t ion  is of the SN2 type [3,4]. Finally,  the hydro lys i s  of IV and the oxidation of V gave one and the 
s ame  acid VI. The UV s p e c t r u m  of III d i f fers  cons iderably  in the shape of the curve  and the posi t ions  of 
the absorpt ion  m ax i m a  f r o m  the UV s pec t rum of I and is s i m i l a r  to that of the S-acid V obtained by 
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Fig.  1. UV s p e c t r a  (in ethanol) at  a concentrat ion of 10 -3 M. SF-4  
ins t rument :  1 ) 1 - p h e n y l - l , 2 , 4 - t r i a z o l i n e - 3 - t h i o n e  (I); 2 ) 3 - f l - c y a n o -  
e t h y l t h i o - l - p h e n y l - l , 2 , 4 - t r i a z o l e  (HI); 3) 3 - f l -e thoxycarbonyl th io-1-  
p h e n y l - l , 2 , 4 - t r i a z o l e  (V); 4) 3 - b e n z y l t h i o - l - p h e n y l - l , 2 , 4 - t r i a z o l e  
(VH). 

Fig. 2. UV spec t ra  (in ethanol) at  a concentra t ion 10 -3 M. SF-4  
ins t rument :  1) 1 - p h e n y l - l , 2 , 4 - t r i a z o l i n e - 5 - t h i o n e  (II); 2) 4 - f l -cyano-  
e thy l - l - pheny l -1 ,2 ,  4 - t r i a zo l ine -  5-thione (VIII); 3) 4 - f l -ca rboxye thy l -  1- 
pheny l - l , 2 , 4 - t r i a zo l i ne -5 - t h ione  (IX); 4) 5 - f l -ca rboxye thy l th io-1-  
p h e n y l - l , 2 , 4 - t r i a z o l e  (X); 5) 5 - b e n z y l t h i o - l - p h e n y l - l , 2 , 4 - t r i a z o l e  (XII). 

the alkylat ion of I with f l -chloropropionic  acid. The UV s p e c t r u m  of the S-acid  V, in its turn,  is fa i r ly  
s i m i l a r  to the UV s p e c t r u m  of the S-benzyl  de r iva t ive  VH (Fig. 1). 
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On hydro lys i s ,  compound VIII gave the N-acid  IX, the melt ing point and UV s p e c t r u m  of which differed 
f r o m  those of the acid X obtained by the alkylat ion of lI with f l -chloropropionic  acid.  In con t ra s t  to the N- 
acid IX, the S-acid  X gave the sulfonyl acid XI on oxidation. The UV spec t r a  of compounds ]3, VIII, and IX 
a r e  of the s ame  type and differ  substant ia l ly  f r o m  the UV spec t rum of the S-acid  X, which r e s e m b l e s  the 
s p e c t r u m  of the S-benzyl  compound XII (Fig. 2). 

In o rde r  to explain the cyanoethylat ion of 1 -pheny l te t razo l ine -5- th ione  (XIII), the S-cyanoethyl  d e r i v a -  
t ives  of which r e a r r a n g e  into the N i s o m e r  compara t ive ly  slowly during the reac t ion ,  a reac t ion  m e c h a n i s m  
was p rev ious ly  [5] p roposed  which included in a second s tage the a t tack by a second molecule  of ac ry lon i t r i l e  
on a ni t rogen a tom of the t e t r azo le  r ing of the S-cyanoethyl  compound, s ince this a tom b e a r s  an unshared  
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pai r  of e lec t rons  which does not par t ic ipa te  in conjugation with the ~ e lec t rons  of the r ing:  

I~:CH2=CH ~CH /CH2--CH2--CI~I 
, 

C~-S CH2~CH--CN~ / ~S-'~C 2--CH--CN ~ C~S CH2~CH--CN 

Taking this reac t ion  mechan i sm as a bas i s ,  it is not difficult to explain the cyanoethylat ion of 4= 
pheny l - l , 2 , 4 - t r i a zo l i ne -3 - th ione  (XIV) and of 1 -pheny l - l , 2 , 4 - t r i a zo l i ne -5 - t h ione  (lI), in which, thanks to 
the lower  e lec t ronegat iv i ty  of the t r i azo le  r ing as compared  with the t e t r azo le  r ing,  the negat ive cha rge  on the 
the a tom of ni t rogen at tacked is g r e a t e r  in absolute  magnitude than in the te t razoles~ Consequently, thei r  
t ranscyanoethyla t ion  with the fo rmat ion  of the N i s o m e r  takes place  ve ry  rapid ly .  However ,  i t  is  difficult  
to give sa t i s fac to ry  in te rpre ta t ion  on the bas i s  of the mechan i sm proposed  above of the fo rmat ion  of only the 
S-cyanoethyl  der iva t ive ,  which has no tendency to t ranscyanoethylat ion,  in the case  of 1 -pheny l - l , 2 , 4 - t r i -  
azol ine-  3-thione (I). 

In o rde r  to explain the different  d i rec t ions  of the cyanoethylation of compounds I, II, XIII, and XIV, 
we have p e r f o r m e d  a quan tum-mechan ica l  calculat ion by the MO LCAO method in I-Iiickel's approximat ion  
of the ~ -e lec t ron ic  cha rges  on the a toms  of these  compounds (Fig. 3). The calcula t ions  were  p e r f o r m e d  
with Pu l lman ' s  p a r a m e t e r s  [6,7]. In a g r e e m e n t  with Mulliken~s fo rmula  [8], the ~ p a r a m e t e r  was taken as  

1.1 fo r  the ----N--I~----. bond, 1.2 for  the --~]--I~----bond, and 1.3 for  the --I~" l~--. bond.  In the c a s e  of c o m -  

i I l 
pounds II and XIII, the total  ~ -e lec t ron ic  energ ies  for  the two poss ib le  th i0amide s t r u c t u r e s  IIa,b and 
XIIIa,b were  also calculated.  The values  of these energ ies  show that the c lass ica l  s t r u c t u r e s  IIa and XIIIa 
have the g r e a t e s t  s tabi l i ty ,  and we d iscuss  this subsequently in an in te rpre ta t ion  of the r e su l t s  obtained. 

As can be seen f r o m  the molecu la r  d i a g rams  of compounds I, IIa, XIIIa, and XIV, in all  compounds 
apa r t  f r o m  I the m a x i m u m  negat ive  cha rge  is concentra ted  on the sulfur  a tom.  In view of the fact  that, 
because  of i ts  ready  polar izab i l i ty , the  sulfur a t o m p o s s e s s e s  g r e a t e r  nucleophlici ty than a ni t rogen a tom,  
the genera l  conclusion can be drawn that the p r i m a r y  s tep of the reac t ion  includes an at tack by the pos i t ive  
f i - te rmina l  carbon a tom of the ac ry lon i t r i l e  on the sulfur  a tom of the th ioamide group of the heterocycleo 
The exis tence of the g r e a t e s t  negat ive cha rge  on the sulfur  a tom of compound I explains the fac t  noted 
above that  this compound undergoes  cyanoethylat ion in the absence  of an alkal ine ca ta lys t .  The o ther  c o m -  
pounds, II, XIII, and XIV, r equ i r e  an alkaline ca ta lys t ,  apparent ly  in o r d e r  to spli t  off a proton f r o m  the 
th ioamide group and, because  of this,  to i nc r ea se  the negat ive cha rge  on the sulfur  a tom,  Thus, for  all  the 
th ioamides  the fo rmat ion  of S-cyanoethyl  de r iva t ives  is the m o s t p r o b a b l e  d i rec t ion  of the f i r s t  s tage of the r e -  
action.  

To explain the behavior  of these  S-cyanoethyl  compounds,  we calculated the ~ -e lec t ron ic  cha rges  of 
the imidothiol f o r m s  of the initial  compounds as  model  s t r u c t u r e s  of the S-cyanoethyl  de r iva t ives  fo rmed  
(Fig. 4). This approximat ion  of the calculat ion is sufficiently just i f ied by the fact  that  the per turba t ion  ex-  
e r ted  by the cyano group through the d imethylene br idge  on the ~ s y s t e m  can be r ega rded  as  negligibly 
smal l .  As can be seen f r o m  the molecu la r  d i ag rams  of compounds Ia, IIc, XIIIc, and XIVa (Fig. 4), in c o m -  
pounds IIc, XIIIc, and XIVa the second molecule  of ac ry lon i t r i l e  a t tacks  p rec i se ly  that  hydrogen a tom which 
is capable  of par t ic ipat ing in the r e a r r a n g e m e n t  with the fo rmat ion  of N-cyanoethyl  compound. In addition 
to this ,  the values  of the cha rges  on these  a toms  show the g r e a t e r  poss ibi l i ty  of the a t tack by ac ry lon i t r i l e  
on the n i t rogen a toms  in the t r i azo le  compounds IIc and XIVa (Fig. 4) than in the t e t r azo le  compound (XIlIc). 
This co r r e sponds  to exper iment :  in the cyanoethylat ion of compounds II and XIV the r a t e  of t r anscyano-  
ethylation is so high that it is imposs ib le  to i so la te  the S i s o m e r s ,  while when XIII is cyanoethylated for  a 
shor t  t ime  it is poss ib le  to i so la te  this i s o m e r  [2]. Compound I, which f o r m s  only the S i s o m e r  and does 
not undergo t ranscyanoethyla t ion,  in spi te  of ideas on the c o m p a r a t i v e  e lec t ronegat iv i ty  of the t r i azo le  and 
t e t r azo le  r ings ,  has  the lowest  negat ive cha rge  on the ni t rogen a tom capable  of par t ic ipat ing  in r e a r r a n g e -  
ment:  consequently,  the t ranseyanoethyla t ion  of this compound mus t  take place  at  a st i l l  lower  r a t e .  More-  
over ,  a cons iderably  g r e a t e r  cha rge  is concent ra ted  on the other  "pyridine t ni t rogen a tom of this compound, 
but this ni t rogen a tom cannot par t ic ipa te  in the r e a r r a n g e m e n t  reac t ion .  The low negat ive cha rge  on the 
ni t rogen a tom capable  of par t ic ipat ing in the r e a r r a n g e m e n t  and the compet i t ion a r i s ing  f r o m  the second 
ni t rogen a tom for  the addition of a molecule  of ac ry lon i t r i l e  p e r m i t  the conclusion that the t r anscyanoe thy-  
lation of the S-cyanoethyl  i s o m e r  Ia is unlikely.  Fur thermore~ since t ranscyanoethyla t ion  is connected with 
the split t ing out of the ac ry lon i t r i l e  molecule  added or iginal ly ,  such splitting out is m o r e  likely for  corn- 
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Fig.  3. 7r-Electronic charges  of  the N-phenylated th ioamides  of the 
1 , 2 , 4 - t r i a z o l e  and t e t razo le  s e r i e s .  

pounds IIc and XIVa (Fig. 4) s ince  they have  pos i t ive  charges  on the sulfur atom and the adjacent carbon of  
the h e t e r o c y c l e  which, thanks to their  e l ec t ron-accept ing  action,  des tabi l i ze  the cyanoethyl  grouping,  in-  
c reas ing  the mobi l i ty  of  the hydrogen attached to the a - c a r b o n  atom of  this group. Compound XIIIc (Fig. 
4), which is  l e s s  capable of  transcyanoethylat ion ,  has  a lower  pos i t ive  charge  on the sulfur atom, and the 
carbon atom adjacent to the sulfur a tom contains  an even s m a l l e r  e x c e s s  of e l ec t rons .  And, finally,  c o m -  
pound Ia has  on the sulfur atom the pos i t ive  charge  that is  l owes t  in absolute  v a l u e  and on the carbon atom 
of the h e t e r o c y c l e  adjacent to the sulfur the h ighest  negat ive  charge ,  and it is  there fore  incapable of  t rans -  
cyanoethylat ion.  

Thus, the quantum-mechan ica l  ana lys i s  per formed  comple te ly  conf i rms  the cyc l i c  m e c h a n i s m  of the 
transcyanoethylat ion  p r o c e s s  with the synchronous  transfer  of  e l ec t rons  proposed  prev ious ly  and permi t s  
the conc lus ion  that this m e c h a n i s m  is  a genera l  one for  the whole  s e r i e s  of  he terocyc l i c  th ioamides  studied. 

1067  



--0,0227 -I-0,0008 --0,2211 --0,3301 

' 

179 I 

--02703 ~ +  0,0262 

+ 0,0076 ~ 0 ~ - ~ - 0 , ~ 7 4 6  H ' 

~ N  / - '.... + o , o o l 2 ~  

~0,3190 
la XIVa 

-]-0,0008 --0,0260 --0,222~ --0,2938 

-0 ,0 ,00  - 0 , , , 0 ,  _ 

~0.1938 
...... N +0.4954 

_ o . o o o , , , , . .  
/ § 

IIc --0,0217 
XllIc 

Fig. 4. ~-Electronic charges of the imidothiol isomers of N-phenyl- 
1,2,4-triazole and of N-phenyltetrazole. 

EXPERIMENTAL 

l-Phenyl-l,2,4-triazoline-3-thione (1) and l-phenyl-l,2,4-friazoline-5-thione (ll) were obtained by 
methods which we have described previously [9]. 

3-fl-Cyanoethyl-l-phenyl-l,2,4-triazole (Ill). a-- With stirring, 2 ml of triethylamine was added to 
a suspension of 8.9 g (0.05 mole) of I in 30 rnl of ethanol and 5.3 g (0.i mole) of acrylonitrile. The temper- 
ature of the mixture rose and it became homogeneous. After 20-30 rain, the solvent was distilled off and 
the residue was poured into 50-70 g of crushed ice. The precipitate that deposited was filtered off and 
crystallized from a mixture of ethanol and water. Yield Ii.i g (96%). Elongated needles: mp 46~C. 

Found, %: N 24.16. Calculated for CiiHi0N4S, %: N 24.33. 

b_~. A mixture of 8.9 g (0.05 mole) of I and 4.5 g (0.05 mole) of fl-chloropropionitrile in 50 ml of m- 
xylene was boiled until the evolution of hydrogen chloride ceased. After the bulk of the solvent had been 
distilled off under vacuum, on cooling the reaction mass was solidified~ Crystallization gave 10.8 g (94%) 
of product with mp 45-46"C. A mixture with a sample obtained by method (a) gave no depression of the 
melting point. 

3-fl-Cyanoethylsulfonyl-l-phenyl-l,2,4-triazole (IV). A concentrated aqueous solution of potassium 
permanganate was added to a solution of 0.23 g (0.001 mole) of III in 3 ml of glacial acetic acid with stirring 
until a sample showed a permanent pink spot on filter paper. After cooling, a small amount of concentrated 
sodium bisulfate solution was added to the reaction mixture to decolorize it, and the precipitate that had 

�9 deposited was filtered off and crystallized from water. Yield 0.23 g (88%). Elongated needles: mp 105- 
I06~ Found, %" C 50.08; H 4.03; S 12.09. Calculated for CIiHIoN4SO2, 7o: C 50.37; H 3.84; S 12.22. 

3-fl-Carboxyethylthio-l-phenyl-l,2,4-triazole (V). a. A mixture of 0.69 g (0.003 mole) of III and i0 
ml of concentrated hydrochloric acid was boiled. After cooling, 0.85 g (quantitative) of the hydrochloride 
of V precipitated with mp 170-171~ on crystallization from water it lost hydrogen chloride and gave V 
with mp I16-I17~ Found, %: C 53.52; H 4.47; N 17.20; S 13.20. Calculated for CiiHiiN3SO 2, %." C 53.00; 
H 4.45; N 16.86; S 12.86. 
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b. A mix tu re  of 1.77 g (0.01 mole)  of I, 1.08 g (0.01 mole) of f l -chloropropioni t r i le ,  and 5 ml of 
30~ caust ic  soda i n 2 5  ml  of water  was boiled for  15 min. After  cooling and acidif icat ion with dilute hydro-  
chlor ic  acid, the reac t ion  mix tu re  deposi ted a prec ip i ta te ,  which was c rys t a l l i zed  f r o m  water .  Yield quan-  
t i ta t ive,  mp 116-117~ It  gave no depress ion  of the mel t ing point with a sample  obtained by method (a). 

3 - f l - C a r b o x y e t h y l s u l f o n y l - l - p h e n y l - l , 2 , 4 - t r i a z o l e  (VI). a.  A mix tu re  of 2.5 g (0.01 mole)  of V, 10 
ml  of perhydro l ,  and 20 ml  of glacia l  acet ic  acid was boiled for  30 min. The reac t ion  mix tu re  was evapo-  
ra ted  to d rynes s  on the water  bath,  and the r e s idue  was c rys t a l l i zed  f r o m  water .  Yield 2.7 g (96%): mp 
154-155~ Found, ~:  N 14.93; S 11.49. Calculated for  ClIH~lN3SO4, %: N 14.94; S 11.40. 

b. A mix tu re  of 2.62 g (0.01 mole)  of IV and 1 ml  of concent ra ted  hydrochlor ic  acid was boiled, and 
the p rec ip i t a te  that deposi ted on cooling was c rys t a l l i zed  f r o m  water .  Yield quanti tat ive;  mp 154-155~ 
The substance gave no depress ion  of the mel t ing point in admix ture  with a s ample  obtained by method (a). 

3 - B e n z y l t h i o - l - p h e n y l - l , 2 , 4 - t r i a z o l e  (VII). A solution of 1.27 g (0.01 mole) of benzyl  chlor ide in 4 
ml  of ethanol was added to a solution of 1.77 g (0.01 mole)  of I in 25 ml  of wa te r  containing 0.56 g of c a u s -  
t i c p o t a s h  and the mix tu re  was boiled for  20 min. Then the bulk of the solvent  was dis t i l led off. On cooling 
a p rec ip i ta te  deposi ted which was f i l te red  off and c rys t a l l i zed  f r o m  a mix tu re  of ethanol and water .  Yield 
2.67 g (quantitative). mp 76-77~ Found, %: N 16.05; S 11.95, Calculated for  CI~HI3N3S, %: N 15.72; 
S 11.99. 

4-fl-Cyanoethyl-l-phenyl-l,2,4-triazoline-5-thione (VIII). A mixture of 0.25 g (0.0014 mole) of II, 
0~ g of acrylonitrile, and 0.5 g of triethylamine in 5 ml of ethanol was boiled for 20 rain. Then the reac- 
tion mixture was poured onto i0 g of ice and triturated. Fine crystals deposited, which were recrystallized 
from a mixture of ethanol and water. Yield 0.26 g (80%), mp 76~ Found, ~: N 24.68; S 13.67. Calculat- 
ed for CIIHIoN4S, ~c: N 24.33; S 13.92. 

4-fl-Carboxyethyl-l-phenyl-l,2,4-triazoline-5-thione (IX). A mixture of 0.15 g (0.65 mmole) of VIII 
and 5 ml of concentrated hydrochloric acid was boiled for 30 rain. The crystals that deposited on cooling 
were filtered off and recrystallized from water. Yield 0.13 g (80%), mp 113~ Found, %: N 17.02; 
S 12.96. Calculated for CIIHIIN3SO2, ~: N 16.86; S 12.86. 

5-fl-Carboxyethylthio-l-phenyl-l,2,4-triazole (X). A mixture of 0.35 g (0.002 mole) of II, 0.21 g of 
fi-chloropropionic acid, and 0.6 g of caustic potash in a mixture of 3 ml of methanol and 5 ml of water was 
boiled for 5 hr. The methanol was distilled off and the solution was acidified with hydrochloric acid. The 
precipitate that deposited was crystallized from water. Yield 0.43 g (86%)~ mp 139-140~ Found, %: 
N 16.54; S 12.61. Calculated for CIII-IIIN3SO2, ~: N 16.86; S 12.86. 

5-fi-Carboxyethylsulfonyl-l-phenyl-l,2,4-triazole (XI)o 0.25 g (0.001 mole) of X was oxidized with 
potassium permanganate in a similar manner to compound III. Yield 0.22 g (74%). mp 102-103~ It 
crystallized with 1 molecule of water. Found, %: N 14.53; S 10~ Calculated for CIIHIIN3SO4~ %: 

N 14.14; S 10.79. 

5-Benzylthio-l-phenyl-l,2,4-triazole (XII) was obtained as described by Fromm and Baumhauer [i0]~ 
mp 63-64~ (according to the literature mp 64~C). 
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