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A mechanism for the nucleophilic substitution of halogen in cyanuric 
chloride in the presence of tertiary amines is proposed. When carbo- 
xylic acids react with cyanuric chloride in the presence of tertiary 
amines, quaternary acylammonium salts are formed which can be used 
as acylating agents. 

Nueleophil ic r ep l acemen t  of the chlor ine  atoms in 2, 
4, 6 - t r i e h l o r o - 1 , 3 , 5 - t r i a z i n e  (cyanuric chloride)  is of 
g rea t  p rac t i ca l  impor tance .  It is known that the p r o c e s s  
is cata lyzed by carboxyl ic  acids [1] and t e r t i a r y  amines  
[2], in p a r t i c u l a r  pyr id ine .  According to the l i t e r a t u r e  
[2], in the reac t ion  of cyanuric  ch lor ide  with p r i m a r y  
amines  the addition product  I is f o rmed  in the f i r s t  s tage 
of the reac t ion ,  i ts subsequent  t r ans fo rma t ion  being 
acce l e r a t ed  both by acids and by pyr id ine  and being 
completed  by the format ion  of the amino-subs t i tu ted  
cyanur ic  ch lor ide  II. 

If the reac t ion  of cyanur ic  ch lor ide  with p r i m a r y  
amines  actual ly  takes  p lace  through a s tage of the f o r -  
mat ion of the i n t e rmed ia t e  product  I, the combined 
action of this product  of a carboxyl ic  acid and pyridine 
should also lead to the substi tuted product  II (provided 
that the p r i m a r y  amine and the carboxyl ic  acid do not 
r eac t  with one another) .  However ,  exper iments  that we 
have c a r r i e d  out on the reac t ion  of cyanuric  ch lor ide  
with p r i m a r y  amines  (and also with o ther  nucleophil ic  
reagents)  in the p r e s e n c e  of equ imola r  amounts of p y r i -  
dine and carboxyl ic  acid led to acyl de r iva t ives  of the 
amines  and also to hydroxy and mercap to  compounds.  
It is obvious that this r e su l t  is not in ha rmony  with the 
mechan i sm of the nucleophil ic  substi tut ion of the c h l o r -  
ine in cyanur ic  ch lor ide  d i scussed  above. On the con-  
t r a r y ,  the d i rec t ion  of the reac t ion  that we have ob- 
se rved  can be explained by the fact  that the r a t e  of r e -  
r eac t ion  of the pyr id ine  with the eyanur ic  ch lor ide  is  

g r e a t e r  than the ra te  of reac t ion  of the l a t t e r  with the 
p r i m a r y  amines ,  i . e . ,  by the format ion  in the f i r s t  
s tage of the p roce s s  of the qua te rnary  eyanury lammonium 
salt  III. 

The qua t e rna ry  cyanury lammonium sal ts  a re  unstable 
r eac t i ve  compounds that a re  the i n t e rmed ia t e  products  
of a whole s e r i e s  of reac t ions  of cyanuric  ch lor ide  in 
the p r e s e n c e  of t e r t i a r y  amines  [3-5] ,  and they have 
been isolated repea ted ly  [6]. On reac t ing  with a c a r -  
boxylic acid, cyanury lammonium sal ts  fo rm a c y l a m -  
monium sal ts  [7], which, as is well known, are  s t rong 
aeylat ing agents.  In the light of what has been said,  the 
scheme of the reac t ion  can be shown in the following 
way: 
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To conf i rm the proposed  scheme,  the p r i m a r y  
amine was omit ted f rom the react ion .  Cyanuric c h l o r -  
ide, m-n i t robenzo ic  acid, and pyridine in a m o l a r  
ra t io  of 1 : 2 : 2 were  heated in ch lorobenzene  to 60 ~ C 
and left  for  12 hr .  Under these  condit ions,  in addition 
to the acylpyr id in ium salt ,  the anhydride and chlor ide  
of the carboxyl ic  acid were  isolated f rom the reac t ion  
mix tu re  with yields of 27 and 6%, r e spec t ive ly ,  which, 
as is well known, a r e  the same as those given by acy l -  
pyr id in ium sal ts .  

The reac t ion  cons idered  is s i m i l a r  to the acylat ion 
of carboxyl ic  acids in the p r e sence  of ha logenocyclo-  
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p h o s p h a z e n e s  and  t e r t i a r y  a m i n e s  [8] and a g r e e s  c o m -  
p l e t e l y  wi th  t h e  n a t u r e  of e y a n u r i c  c h l o r i d e  a s  an  ac id  
c h l o r i d e  [9, 10].  It i s  obv i ous  t h a t  the  h i g h l y  r e a c t i v e  
e y a n u r y l p y r i d i n i u m  s a l t  III c a n  a l s o  r e a c t  w i th  t he  p r i -  
m a r y  a m i n e ,  as  wel l  as  the  a e y l p y r i d i n i u m  s a l t s  IV.  In 
a c t u a l  f ac t ,  in  a n u m b e r  of e x p e r i m e n t s  s u b s t i t u t e d  
c y a n u r i c  c h l o r i d e s  w e r e  i s o l a t e d  in  low y ie ld  f r o m  t h e  
p r o d u c t s  of t h e  r e a c t i o n  of c y a n u r i c  c h l o r i d e ,  a m i n e s ,  
and  c a r b o x y l i c  a c i d s  in  the  p r e s e n c e  of p y r i d i n e .  How-  
e v e r ,  t he  r a t e  of t i le r e a c t i o n  of a c y a n u r y l p y r i d i n i u m  
s a l t  w i th  c a r b o x y l i c  a c i d s  is  a p p a r e n t l y  so  g r e a t  t h a t  
the  f o r m a t i o n  of t he  p r o d u c t s  of t he  r e p l a c e m e n t  of the  
c h l o r i n e  in c y a n u r i c  c h l o r i d e  s c a r c e l y  t a k e s  p l a c e  in  
the  p r e s e n c e  of a c i d s .  Acy l  d e r i v a t i v e s  of a m i n e s  and  of  
h y d r o x y  and m e r c a p t o  c o m p o u n d s  w e r e  o b t a i n e d  w i th  
any  o r d e r  of a d d i t i o n  of t he  r e a c t a n t s .  T he  m a x i m u m  
y ie ld  of acy l  d e r i v a t i v e s  w as  found when  t he  c y a n u r i e  
c h l o r i d e  was  added  l a s t  and when  t he  p y r i d i n e  o r  t he  
ac id  was  u s e d  as  s o l v e n t  o r  in  an  a m o u n t  s o m e w h a t  
g r e a t e r  t h a n  t h a t  n e c e s s a r y  f o r  the  r e a c t i o n .  

W h e r e  t h e r e  wa s  no ac id  in t h e  r e a c t i o n  m i x t u r e ,  the  
o r d i n a r y  n u c l e o p h i l i e  r e p l a c e m e n t  of the  c h l o r i n e  a t o m  
in the  ac id  c h l o r i d e  ( c y a n u r i c  c h l o r i d e )  in  t he  p r e s e n c e  
of a t e r t i a r y  a m i n e  (py r id ine )  a c t i n g  as  c a t a l y s t ,  took  
p l a c e .  

mixture was stirred at the same temperature for 20 min, after which 
it was passed through a column of aIumina, giving 3.8 g (86.7o]0) of 
reaction product with mp 169-170 ~ C; according to the literature [11], 
mp 170" C. 

Naphth-2-yl propionate. A mixture of 4.3 g (0.03 mole) of naphth- 
2-ol, 3 ml of propionic acid, and 11 ml of pyridine was heated to 95" 
C, and 2 g (~0.011 mole) of cyanuric chloride was added. The mix- 
ture was stirred at 95* C for 20 rain and was then poured into water. 
The product obtained, with an unpleasant aniseed smell, was crystal- 
lized from acetone, giving 4.4 g of naphth-2-yl propionate (yield 74%) 
with mp 49-50 ~ C. According to the literature [7], mp 51" C. 

The acyl derivatives of the compounds given in the table were 
obtained under similar conditions. 
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4 - P h e n y l a z o a n i l i d e  of  propionic  acid.  A so lut ion  of 3.42 g ( ~ 0 . 0 1 6  
mole) of 4-aminoazobenzene in 10 mI of pyridine was treated with 1.4 
g (~0.016 mole) of propionic acid, and the mixture was heated to 95 ~ 
C. Then 1.8 g (0.01 mole) of cyanuric chloride was added, and the 
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