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The cyanoethylation of 4-amino- l ,2 ,4- t r iazol id ine-3 ,5-d i th ione  was studied. One cyanoethyl 
group adds to the nitrogen atom, while the other  adds to the sulfur  atom of the thioamide 
groupings.  The mechanism of the react ion,  which was confirmed by quantum-chemical  ca l -  
culations,  was examined. 

It has been shown [1] that only an N-cyanoethylation product  is formed in the cyanoethytation of 4- 
phenyl - l ,2 ,4 - t r iazo l ine-3- th ione .  This was explained by des tabilization of the S-cyanoethyl transit ion 
state because of the presence  on the ring carbon atom of a positive charge.  It might have been assumed 
that the introduction of a donor into the 4 position would create  a negative charge on this a tom and would 
thereby favor the formation and stabilization of the S-cyanoethylated i somer .  With this end in mind, we 
turned to a study of the cyanoethylation of 4-amino- l ,2 ,4- t r iazol id ine-3 ,5-d i th ione  (I), which has a donor 
amino group in the 4 position and contains two thioamide residues in the ring. 

The spect roscopic  investigation of I shows that this compound exists in the dithione form.  Its IR 
spec t rum does not contain bands that are  associated with the vibrations of the thiol group (SH, at  2500- 
2600 cm-J) ,  but frequencies of the s t re tching vibrations of the C=S group (1333 cm -1) and the thioamide 

] 
f ragment  NH- -C~S  (1519 cm -1) are  observed.  Both of these bands vanish in the IR spec t rum of IV, which 
is obtained by alkylation of I with methyl iodide and has a fixed dithiol s t ruc ture .  
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Cyanoethylation of I with acryloni t r i le  in alkaline media gave addition product  II, in which one cyano-  
ethyl grouping is found on the nitrogen atom and the o the r  is found on the sulfur  atom. The s t ructure  of II 
was confirmed by UV and IR spect roscopy.  Compound II differs substantially with respec t  to the shape of 
its spec t rum in the UV region both f rom I and f rom dimethylthio compound IV, and its IR spec t rum con-  
tains a band affiliated with the vibrations of the C = S group. 

To conf i rm this, we synthesized III, in which one thioamide grouping is fixed in the imidothiol fo rm 
and the other  is retained.  The IR spec t rum contains the corresponding bands ( C - S  at 670 cm -1 and N H -  
C = S at 1515 cm-l ) .  Compound V was obtained f rom III by cyanoethylation. The electronic spec t rum of 
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H in the UV region (see Fig .  1) p roves  to be quite s i m i l a r  to the s p e c t r a  
of III and V; this p roves  the "mixed" N,S-dicyanoethyla ted  s t ruc tu r e  of II. 
The product ion  of azomethine  VI f rom III excludes  the pa r t i c ipa t ion  of the 
exocycl ic  amino group in cyanoethyla t ion.  Azomethine VI was cyano-  
e thylated to VII, which was also obtained by reac t ion  of V with benza lde -  
hyde. 

The explanat ion of the spec i f ic  behav ior  of I in cyanoethylat ion can 
be given in conformi ty  with a p r ev ious ly  proposed  mechan i sm [2]. Using 
the same  p a r a m e t e r s  as in [2], we c a r r i e d  out the quan tum-mechan ica l  
ca lcu la t ion  of the e l ec t ron i c  s t r uc tu r e  of I and s t r u c t u r e s  IHa and IVa, 
which a r e  models  of III and IV, by the H{ickel MG method.  

I ' ' ~ - -  +0,2347 +0,3120 --0,3687 - -03608 
2 0 0  2 0 ~. ,  EI12 HN NH H ~ - - - N  f4. N 

Fig.  l~ U V s p e c t r a o f I - I I I  1 ]-o,,~,e o ~ : ~ s s 4  ~. ~ in ethanol (10 -~" M). s--= -oj 
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It  can be concluded f rom the m o l e c u l a r  d i a g r a m s  that p r i m a r y  a t tack in the p r e s e n c e  of excess  
a c r y i o n i t r i l e  p r o c e e d s  at  the su l fur  a tom of I to give a produc t  with s t r u c t u r e  IIIa.  This compound u n d e r -  
goes a t tack  by a second molecule  of a c r y l o n i t r i l e ,  a lso  at  the su l fur  a tom,  with convers ion  to IVa~ The 
next s tep is the a t tack  of a third molecule  at  any of the pyr id ine  n i t rogen a toms of IVa with t r a n s c y a n o -  
e thyla t ion again  to IIIa. As shown in [2], dur ing  t ranscyanoe thy la t ion  the S-cyanoethyl  grouping is s t a b i l -  
ized more  s t rong ly  when the charge  on the su l fur  a tom bonded to i t  is  less  negative and the charge  on the 
r ing  carbon  ad jacen t  to the su l fur  a tom is more  negat ive .  On pa s s i ng  f rom IVa to IIIa,  one sees  a tendency 
for an i nc rea se  in the e l e c t r o n  dens i ty  on the carbon  and sul fur  a toms ,  and s t ruc tu r e  IIIa has the s m a l l e s t  
pos i t ive  charge  on the su l fur  a tom and the l a r g e s t  negat ive charge  on the carbon  atom; this h inders  t r a n s -  
f e r  of e l ec t rons  to the C - S  bond and thereby  fixes this s t r u c t u r e .  

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

The UV s p e c t r a  of 10 -4 M solut ions in a lcohol  were  r eco rded  with a P e r k i n - E l m e r - 4 0 2  s p e c t r o m -  
e t e r .  The IR s p e c t r a  of m ine ra l  oil  suspens ions  were  r eco rded  with a UR-20 s p e c t r o m e t e r .  

4 - A m i n o - l , 2 , 4 - t r i a z o l i d i n e - 3 , 5 - d i t h i o n e  (I), 4 - a m i no - 3 ,5 - - d i m e t hy l t h i o - l , 2 , 4 - t r i a z o l i d i ne  (IV), and 
4 - a m i n o - 3 - m e t h y l t h i o - l , 2 , 4 - t r i a z o l i d i n e - 5 - t h i o n e  (III) were  obtained by the method in [3]. 

1 - ( ~ - C y a n o e t h y l ) - 3 - ( / 3 - c y a n o e t h y l t h i o ) - 4 - a m i n o - l , 2 , 4 - t r i a z o l i n e - 5 - t h i o n e  (II). A mix ture  of 0.5 g 
(3.8 mmole) of I,  1 ml (15 mmole) of a c r y l o n i t r i l e ,  0.5 ml  of t r i e thy l amine ,  and 9 ml of alcohol  was r e -  
fluxed for  2 h, dur ing  which a c o l o r l e s s  p r e c i p i t a t e  fo rmed .  Workup of the mixture  gave 0.45 g (52~) of a 
p roduc t  with mp 160-161 ~ (p la tes ,  f rom alcohol) .  Found: C 37.9; g 4.2; N 32~ CsHIoNGS2~ Calcula ted:  
C 3708; H 4.0; N 33.0~,. 

1 - ( f l - C y a n o e t h y l ) - 3 - m e t h y l t h i o - 4 - a m i n o - l , 2 , 4 - t r i a z o l i n e - 5 - t h i o n e  (V)~ A mixture  of 0.6 g (3 mmole) 
of III,  0.25 g (4.7 mmole)  of a c r y l o n i t r i l e ,  a few drops  of t r i e thy l amine ,  and 20 ml of ethanol was refluxed 
for  30 min,  a f t e r  which i t  was poured with s t i r r i n g  ove r  ice to give a c o l o r l e s s  p rec ip i t a t e~  Workup of the 
mix ture  gave 0.62 g (82~) of a p roduc t  with mp 108-109 ~ (pla tes ,  f r om alcohol) .  Found: C 33~ H 4.2; 

S 29.9/~. CeHgNsS2~ Calcula ted:  C 33~ H 4.2; S 29.8~c. 

3 - M e t h y l t h i o - 4 - b e n z y l i d e n e a m i n o - l , 2 , 4 - t r i a z o l i n e - 5 - t h i o n e  (VI)~ A 0 .2 -ml  (1.9 mmole) sample  of 
benzaldehyde and a few drops  of 5 N hydroch lo r i c  acid were  added to a solution of 0.3 g (1~8 mmole) of III 
in a lcohol ,  and the mix ture  was heated for  15 min.  It was then cooled to p r e c i p i t a t e  a c o l o r l e s s  subs tance .  
Workup of the mix tu re  gave 0.4 g (86%) of a p roduc t  with mp 205-206 ~ (p la tes ,  f r om alcohol) .  Found: 
C 48.3; H 4.2; S 25~ Ci0HIoN4S 2. Calcula ted:  C 48.0; H 4.0; S 25~ 

1 - ( / ~ - C y a n o e t h y l ) - 3 - m e t h y l t h i o - 4 - b e n z y l i d e n e a m i n o - l , 2 , 4 - t r i a z o l i n e - 5 - t h i o n e  (VII). A o A mixture  
of 0.3 g (1.2 mmole) of VI, 0.72 g (1.4 mmole) of a c r y l o n i t r i l e ,  a few drops  of t r i e thy lamine ,  and 5 ml of 
alcohol  was refluxed for  2 h, a f t e r  which i t  was poured with s t i r r i n g  ove r  ice t og ive  a c o l o r l e s s  p r ec ip i t a t e .  
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Workup of the mixture gave 0.35 g (99%) of a product  with mp 123-134 ~ (needles, f rom ethanol). Found: 
C 51.4; H 4.4; S 21.3~. C13H13NsS 2. Calculated: C 51.4; H 4.3; S 21.1%. 

B. A 0.2-ml (1.9 mmole) sample of benzaldehyde and a few drops of concentrated hydrochlor ic  acid 
were added to a solution of 0.3 g (1.5 mmole) of III in alcohol, and the mixture was heated for 40 min and 
cooled to precipitate a color less  substance,  which on workup gave 0.3 g (54~) of a product  with mp 123- 
124 ~ (needles, f rom ethanol). Found: C 51.5; H 4.7; N 22.8%. C13H13NsS2. Calculated: C 51.4; H 4.4; 
N 23.1%. 
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