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The reaction of 2-(8=mercaptoethyl)pyridine with some aryl isocyanates 
and aryl isothiocyanates, leading to the formation of ~-2=pyridylethyl- 
N-arylthiocarbamates and -dithiocarbamates has been studied. The lat- 
ter compounds may also be obtained by the pyridylethylation of N-aryl- 
dithiocarbamic acids. The influence of the individual groups on the 
course of the pyridylethylation reaction has been studied, 

In t he  s e a r c h  for n e w  p e s t i c i d e s ,  we h a v e  s t u d i e d  the  
r e a c t i o n  of  2 - ( f l - m e r c a p t o e t h y l ) p y r i d i n e  w i t h  p h e n y l  

i s o c y a n a t e s .  It  h a s  b e e n  found tha t  f l - ( 2 - p y r i d y l ) e t h y l  
N - p h e n y l t h i o c a r b a m a t e s  a r e  r e a d i l y  f o r m e d .  

O -c.~c.~s. § O C N - - O  e , 

�9 �9 --CH2CH2SCONH-- R ~ H. el 

T h e  r e a c t i o n  of 2 - ( f l - m e r e a p t o e t h y l ) p y r i d i n e  r u t h  
p h e n y l ,  p - m e t h o x y p h e n y l ,  and p - e t h o x y p h e n y l  i s o t h i o -  
c y a n a t e s  t a k e s  p l a c e  s i m i l a r l y ,  l e a d i n g  to t he  c o r r e -  
s p o n d i n g  d i t h i o e a r b a m a t e s .  H o w e v e r ,  in t he  c a s e  of 
o - t o l y l ,  o - m e t h o x y p h e n y l ,  and a -  and f i ' n a p h t h y l  i s o -  

t h i o e y a n a t e s  i n s t e a d  of  t h e  d i t h i o e a r b a m a t e s ,  only  t he  
c o r r e s p o n d i n g  s y m m e t r i c a l  d i a r y l t h i o u r e a s  w e r e  i s o -  
l a t e d ,  w i t h  a y i e l d  of  2 5 - 4 0 % .  It p r o v e d  p o s s i b l e  to ob -  
t a i n  t h e s e  d i t h i o c a r b a m a t e s  by t h e  p y r i d y l e t h y l a t i o n  of  
d i t h i o c a r b a m i c  a c i d s ,  in a s i m i l a r  m a n n e r  to tha t  d e -  
s c r i b e d  f o r  N,  N - d i e t h y l d i t h i o c a r b a m i c  a c i d  [1]. 

~ C H = C H 2  + H$CSN(C2HS) 2 ~ O--CH2CH2SCSN{C2H512 

It i s  known tha t  a m i n e s  [2], a m i d e s  [3], p h e n o l s  [41, 
and m e r c a p t a n s  [5] h a v i n g  f r e e  h y d r o g e n  a t o m s  in the  
c o r r e s p o n d i n g  g r o u p  t a k e  p a r t  in the  p y r i d y l e t h y l a t i o n  
r e a c t i o n .  A c o m p a r i s o n  of t h e  c o n d i t i o n s  of t he  p y r i d y l -  
e t h y l a t i o n  of  a m i d e s  and of  N, N - d i e t h y l d i t h i o c a r b a m i c  
a c i d  shows  tha t  the  l a t t e r  r e a c t s  i n c o m p a r a b l y  m o r e  
e a s i l y  than  t h e  f o r m e r .  C o n s e q u e n t l y ,  i t  w a s  p o s s i b l e  
to e x p e c t  t he  p r e d o m i n a n t  p y r i d y l e t h y l a t i o n  of  m o n o -  
s u b s t i t u t e d  d i t h i o c a r b a m i c  a c i d s  a t  t he  SH g roup .  

It was  f i r s t  of i n t e r e s t  to s tudy  w h e t h e r  an  N - a r y l  
r e s i d u e  in t he  d i t h i o e a r b a m i e  a c i d  a f f e c t e d  the  c o u r s e  
of  t h i s  r e a c t i o n .  It was  found tha t  a m m o n i u m  N - m e t h y l -  
N - p h e n y l d i t h i o c a r b a m a t e ,  wh ich  was  u s e d  in t he  p y -  
r i d y l e t h y l a t i o n  r e a c t i o n  in t he  p r e s e n c e  of a c e t i c  a c i d  
in the  u s u a l  way ,  g a v e  a good y i e l d  of f l - ( 2 - p y r i d y l -  
e thyl )  N - m e t h y l - N - p h e n y l d i t h i o e a r b a m a t e .  T h u s ,  the  

p r e s e n c e  of t h e  a r o m a t i c  r a d i c a l  in t he  a m i d e  g r o u p  
has  no a d v e r s e  e f f e c t  on the  p y r i d y l e t h y l a t i o n  of N-  

a r y l d i t h i o c a r b a m i e  a c i d s .  
In a g r e e m e n t  w i th  t he  h y p o t h e s i s ,  t he  p y r i d y l e t h y l a -  

t i on  of  N - m o n o p h e n y l d i t h i o c a r b a m i c  a c i d  g a v e  the  

e x p e c t e d  f l - ( 2 - p y r i d y l e t h y l )  N - p h e n y l d i t h i o c a r b a m a t e ,  
t h e  s t r u c t u r e  of  w h i c h  was  shown by  i n d e p e n d e n t  s y n -  
t h e s i s  f r o m  p h e n y l  i s o t h i o c y a n a t e  and 2 - ( ~ - m e r c a p t o -  
e t h y l ) p y r i d i n e .  A n u m b e r  of o t h e r  d i t h i o c a r b a m a t e s  
was  s y n t h e s i z e d  s i m i l a r l y ,  i n c l u d i n g  t h o s e  not  o b t a i n e d  
b y  the  r e a c t i o n  of  2 - ( ~ - m e r c a p t o e t h y l ) p y r i d i n e  wi th  
a r y l  i s o t h i o c y a n a t e s .  A l l  t he  d i t h i o c a r b a m i c  a c i d s  
s t u d i e d ,  i n c l u d i n g  t h o s e  wi th  an OH g r o u p  in a p h e n y l  
r i n g ,  wh ich  cou ld  be  o b t a i n e d  in the  f o r m  of a m m o n i u m  

C o m p o u n d s  of t he  G e n e r a l  F o r m u l a  

CH2CH2SC N'~R 

Com- 
pound R* 

I C6Hs 
11 CsH,Cl-m 

II1 CH2CoHs 
IV CsHs 
V C~H5 

VI C~H4CH~-o 
VII CsH4CHs-m 

VIII CsH4CH3-p 
IX CsH4OCHs-o 
X CsH4OCHs-p 

XI CsH4OC~Hs-p 
XI1 CsH4OH-o 

XIII CsH4OH-p 
XIV CmHT-2 
XV CsH4N-3 

XV1 N (C6Hs)2 
XVII NHC~H~ 

XVIII NHCOCsHs 
XIX NHCOCGH4NO2-m 
XX NHCOCsH4N-3 

Mp, ~ 

114 --t15 
130 --131 
84 -- 85 
79 --  81 

137 --138 
121.5--122.5 
137.5--138.5 
153 --154 
114.5--115,5 
128 --129 
103 --104 
134 --135 
144 --145 
129 --131 
141 --142 
155,5--156.5 
148 --149 
124 --124.5 
132 --184 
126 --127 

Empirical 
formula 

C,4Ht4N2OS 
C14HmC1N2OS 
CIsH~sN2S~ 
ClsH16NzS2 
C14HI4N~S2 
CIsH~6NzS2 
CIsH16N2S2 
CIsH18NuS2 
ClsHl6NzOSz 
ClsHI6N~OS2 
C1~HIsN2OS2 
C14HI4N2OS~ 
C14HI4N2OS~ 
C~sHI6N2S~ 
CIsHIaNaS2 
C~HIsNaS2 
Ct4H1sNsS2 
C15HIsN3OS2 
CIsHt4N4OaS~ 
C14HI4N4OS2 

Found,  % 

N ] S 

10.94111.99 II0.84 12.41 
9.52 10.73 9.57 10.95 
9.77 22.07 9.71 22.23 
9,51 22.05 9,71 22.23 

/10.16 22.94 10.21 23.37 
[ 9.78 22.20 9.71 22.23 
I 9.46 [ 9.71 22.23 

9A5 22.04 ~ 931 22.23 
9.19 I 20.76 9.20 21.06 
9.31 21,15 9.20 21.06 
8.61 8,80 22.10 9,56 21.97 9,65 
9,78 22,11 9.65 22,10 
8,85 20,0(3 8.63 19.76 

15.44 22,9C 15.26 23.29 
11,61 17.84 11.50 1754 
14.48 22.0~ 14.52 22.16 
13.47 19.9( 13.24 20.20 
15,38 17,9~ 15.46 17.6w 

i17"81 19,7~ 17.60 20.14 

Calculated, 
% Yi;ld,  

N S 

84 
9i 
90 
96 
74 
75 

100 
95 

100 
93 
85 
92 
90 
96 
54 
85 
80 
7O 
87 
68 

*In compounds  I and  If, X = O, in n I - X X ,  X = S; in IV, R 1 = CH3; in the others,  R 1 = H. Heptane was 
used for  the recrystal l izat ion of  compounds  I and U, acetone for  III-VIII,  and methanol  for  IX-XX. 
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s a l t s  f r o m  a n  a m i n e ,  c a r b o n  d i s u l f i d e ,  a n d  a m m o n i a ,  
t o o k  p a r t  in  t h e  p y r i d y l e t h y l a t i o n  r e a c t i o n  w i t h  t h e  f o r -  
m a t i o n  of  t h e  c o r r e s p o n d i n g  d i t h i o c a r b a m a t e s .  N i t r o -  
a n i l i n e s ,  p - a m i n o a z o b e n z e n e ,  2 - a m i n o p y r i d i n e ,  and  
o t h e r  c o m p o u n d s  d id  no t  r e a c t  w i t h  c a r b o n  d i s u l f i d e .  
N e v e r t h e l e s s ,  3 - a m i n o p y r i d i n e  y i e l d e d  f l - 2 - p y r i d y l -  

e t h y l  N-  3 - p y r i d y l d i t h i o c a r b a m a t e .  
A s t u d y  of t h e  p o s s i b i l i t y  of o b t a i n i n g  p y r i d y l e t h y l  

d i t h i o c a r b a z a t e s  w a s  a l s o  of  i n t e r e s t .  ~ ,  ~ - D i p h e n y t -  
d i t h i o c a r b a z i c  a c i d  r e a c t e d  l i k e  t h e  d i t h i o c a r b a m i c  

a c i d s  w i t h  t h e  f o r m a t i o n  o f / 3 - 2 - p y r i d y l e t h y l  N, N - d i -  
p h e n y l d i t h i o c a r b a z a t e .  

O - - C H  = CH2 + HSCSNHN(CsHs,2 - r  C il2CtI:~SCS N H N ( CsHs, 2 

N - M o n o p h e n y l d i t h i o c a r b a z i c  a c i d  a l s o  r e a c t e d  w i t h o u t  
a p p r e c i a b l e  c o m p l i c a t i o n s .  A s  s t a r t i n g  m a t e r i a l  w e  

u s e d  c a r b o x y l i c  a c i d  h y d r a z i d e s ,  w h i c h  r e a c t  w i t h  c a r -  

b o n  d i s u l f i d e  a n d  a l k a l i  in  a s i m i l a r  m a n n e r  to  p h e n y l -  

h y d r a z i n e ,  f o r m i n g  s a l t s  of N - a c y l d i t h i o c a r b a z i c  a c i d s .  

T h e  l a t t e r  a r e  a l s o  c a p a b l e  of  u n d e r g o i n g  t h e  p y r i d y l -  
e t h y l a t i o n  r e a c t i o n  in  t h e  p r e s e n c e  of  a c e t i c  a c i d .  T h u s ,  

t h e  c o r r e s p o n d i n g  d i t h i o c a r b a z a t e s  w e r e  o b t a i n e d  f r o m  
b e n z y h y d r a z i d e ,  m - n i t r o b e n z h y d r a z i d e ,  a n d  n i c o t i n i c  

a c i d  h y d r a z i d e .  

T h e  h i g h  r a t e  and  e a s e  of  p e r f o r m a n c e  of  t h e  p y r i -  
d y l e t h y l a t i o n  p r o c e s s  ( r o o m  t e m p e r a t u r e ,  pH 5 - 6 )  of  
d i t h i o c a r b a m i c  a n d  d i t h i o c a r b a z i c  a c i d s  c o m b i n e d  w i t h  

t h e  l ow  s o l u b i l i t y  of t h e i r  s a l t s  in  w a t e r  p e r m i t s  t h e  

a s s u m p t i o n  t h a t  t h e  r e a c t i o n  t a k e s  p l a c e  d i f f e r e n t l y  

f r o m  t h e  m a n n e r  s h o w n  in t h e  a b o v e  s c h e m e s .  I t  i s  

m o s t  l i k e l y  t h a t  t h e  r e a c t i o n  t a k e s  p l a c e  in  t h e  m a n n e r  
of t h e  r e a c t i o n  of  2 - v i n y l p y r i d i n e  w i t h  t h i o u r e a  in  t h e  

p r e s e n c e  of  a n  a c i d  c a t a l y s t .  

 Sc.2c.,s-! x -  
/ 

NHR NHR 
+ 

It i s  no t  t h e  f r e e  d i t h i o a e i d s  t h a t  t a k e  p a r t  in  t h e  r e a c -  

t i o n  b u t  t h e i r  s a l t s .  In  f a v o r  of  t h i s  i s  t h e  f a c t  t h a t  t h e  

c o m p a r a t i v e l y  s t r o n g  d i t h i o a c i d s  c a n n o t  b e  d i s p l a c e d  

f r o m  t h e i r  s a l t s  b y  t h e  w e a k  a c e t i c  a c i d .  

EXP ERIMENTAL 

the benzene was distilled off and the dry residue was reerystallized from 
heptane or acetone. 

Reaction of 2-vtnylpyddtne with dtthioearbamic and dithioearbazle 
acids. The majority of the compounds were obtained without isolation 
of the ammonium or potassium salts of the dithiocarbamic or dithio- 
carbazic acids formed as intermediates. Both the free bases and their 
salts are suitable for the synthesis. If the initial amine or hydrazine is 
a crystalline substance insoluble in aqueous alkali, to accelerate the 
reaction with carbon disulfide a small amount of methanol or ethanol 
must be added. If, in the second stage, i . e . ,  in pyri+dylethylation, an 
amount of acetic acid sufficient only to bird the NHa ions (pH 7~ is 
used, the reaction takes place slowly and a considerable part of the 
2-vinylpyridine polymerizes. For the reaction to take place success- 
fully, a pH of 5-6 is necessary. 

B-2-Pyddylethyl N.o-methoxyphenyldithlocarbamate. A mixture 
of 8.3 g (0.067 mole) of o-anisidine, 9 g (0.119 mole) of 25% am- 
monia, and 6 g (0.079 mole) of carbon disulfide was stirred at room 
temperature for 45 rain. Disregarding the precipitate that had deposited, 
30 ml of water, 7.2 g (0.068 mole) of 2-vinylpyridine, and glacial 
acetic acid to pH 5-6 (~10 ml) were added to the reaction mixture. 
Immediately after the addition of the acetic acid, a vigorous reaction 
took place with the evolution of heat, After 30 rain, the precipitate 
that had deposited was filtered off, carefully washed with water, and 
dried. Yield ~100%. Mp 114-116 ~ C. After recrystallization from 
methanol, nap 114.5-115.5 ~ C. 

B-2-Pyridylethyl N, N-diphenyldithiocarbazate. A mixture of 
14.9 g (0,067 mole) of a,  a-diphenylhydrazine hydrochloride, 18 g 
(0.238 mole) of 25% ammonia solution, 6 g (0,079 mole) of carbon 
disulfide, and 20 ml of methanol was stirred at room temperature for 
30 rain. Then 30 ml of water and 7.2 g (0.068 mole) of 2-vinylpyridine 
were added and the mixture was worked up in a manner similar to the 
preceding experiment. 

B-2-Pyddylethyl N-ber~oyldithioearbazate. A mixture of 12.5 g 
(0.05 mole) of benzoyl dithiocarbazate, 5.3 g (0.05 mole) of 2-vinyl- 
pyridine, and 5 ml of glacial acetic acid was stirred at room tempera- 
ture for 1 1/2 hr. The precipitate that deposited was treated in a 
similar manner to the preceding experiment. 

Summarized information on the preparation of the dithinearbamates 
and dithioearbazates is given in the table, 
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Reaction of 2-(B-mercaptoethyl)pyridlne with arylisocyanates and 
arylisothiocyanates. ~uimolecular  amounts (0.02 mole) of 2-(•- 
mercaptoethyl)pyridine and an aryl isocyanate (or aryl isothiocyanate) 
were heated in 20 ml of benzene in the water bath for 8-10 hr. Then 
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