
F O R M A T I O N  A N D  S T A B I L I T Y  O F  A M I D E  AND I M I D E  L I N K S  

(UDC 542.91 + 547.72/77) 

T .  V.  S h e r e m e t e v a  a n d  V. A.  G u s i n s k s y a  

Institute of Macromolecul~r  Compounds, Academy of Sciences of the USSR 
Translated f rom Izvestiya Akademii Nauk SSSR, Seriy~ Khimicheskaya,  No. 4, 
pp. 695-700, April ,  1966 
Original ar t ic le  submitted December  12, 1963 

It has been shown previously [1, 2] by a compar ison of the cyclization of N-alkylei t raeonamie acids 
[N-alkyl-2- or 3-methylmaleamic  acids] with the react ions of aniline and of amino acids with ci t raconic 
anhydride with formation of N-substi tuted c i t raconimides  in one stage that in the f i rs t  case  tempera tures  
of 140-220~ are  required for react ion [3, 4], whereas  in the second and third cases  tempera tures  of 80 to 
100~ are sufficient. The ease with which aniline and amino acids are acylated is to be explained by the 
mobility of the hydrogen atoms of the amino group due to the presence  of e lec t ron-acceptor  substituents 
on the nitrogen atom. 

We here  repor t  a fur ther  study of this reaction.  We planned to separa te  the process  of the fo rma-  
tion of N-(carboxymethyl)-  and N-a ry l -c i t r acon imides  into the formation of the amides and the intra- 
molecular  imidation, to determine the hydrolytic stabiIity of the amide link in c i t raconamic  acids when 
the possibili ty of cylization is removed by the introduction of a second substituent on the nitrogen atom, 
and finally to study the formation of N-derivat ives of c i t raconimide by the acylation of weakly basic 
amines,  e .g . ,  p-nitroanil ine.  

N-Substituted c i t raconamic  acids were  synthesized as follows: 

CHz--C~:CH C !Ia--C. ::(:ll. 
t I ! I 

O = C  C == 0 -Jr l / l l ' N l [  --* ( ) = ( l  C = O  
\ /  t I 

O N Ol l  
/ \  

l l  1/' 
where 1l:-C,61I~, C~I[~NOz, C[-I'~; R ' = H ,  CI[~, Cells 

For  the study of the hydrolytic stability of the amide link, as well as N-ary l  and N-(carboxymethyl) 
derivatives we synthesized N-a lky l -N-ary l ,  N,N-dialkyl, and N-p-nitrophenyl  derivatives.  N-p-Nitrophenyl-  
e i t raeonamic acid was also used in the study of the formation of N-p-ni t rophenylci t raconimide.  N-AryI - ,  
N,N-dialkyl- ,  and N-a lky l -N-a ry l - c i t r aconamie  acids were  prepared by adding the amine slowly to a solu- 
tion of ci t raconic anhydride in an organic solvent (benzene, ether,  or acetone). The resul ts  of the experi-  
ments are  given in Table 1. We were unable to prepare  N-(carboxymethyl) c i t raconamic  acid by this 
method because of the insolubility of glycine in organic solvents.  We prepared this dibasic acid by the 
hydrolyt ic  cleavage of N-(carboxymethyl)c i t raconimide [ci traconimidoacetic acid] with aqueous alkali. 

When two moles of potass ium hydroxide was added to one mole of N-(carboxymethyl)ci t raconimide,  
the da rk - red  colorat ion charac te r i s t i c  for imides in alkaline solution appeared, but then rapidly disap- 
peared.  This indicated the opening of the imide ring with formation of the N-(carboxymethyl)c i t raconamic 
acid dipotassium salt. 

CI{3- -C=C[[  C113--(; -Cl[ 
1 I t 1 

O = C  C = O  @ 2 K O H  -~ o C C = O  
\ /  J I 
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R e a c t a n t s ,  m o l e s  

0.15 

N , N - D i m e t h y l -  
c i t r a c o n a m i c  
ac id  

N- E thy l -  N- 
p h e n y l c i t r a -  
c o n a m i e  
ac id  

N- Pheny l -  
e i t r a c o n a m i e  
ac id  

N - p - N i t r o -  
p h e n y l e i t r a -  
e ona mie  
a e i d  

c i t r a c o n i e  
a n h y d r i d e  

0.i 

a m i n e  

E t h e r  

A n i l i n e ,  
0.15 

0.15 

Solvent  

i , i  

B enz erie D i m e t h y l -  
a m i n e  
(gaseous ) ,  
0.1 

N- E thy l -  
a n i l i n e ,  
0.1 

The  s a m e  

A c e t o n e  p -  N i t r o -  
an i l i ne  

A m i d e  

0.i 

T A B L E  i. P r e 3 a r a t i o n  of N - S u b s t i t u t e d  C i t r a c o n a m i e  A c i d s  

* t i t  is  the  too l .  wt.  by  t i t r a t i o n  wi th  0.1 N NaOH. 

F o r  the  p r e p a r a t i o n  of N - ( c a r b o x y m e t h y l ) c i t r a c o n a m i c  ac id  the  p o t a s s i u m  ions  w e r e  d i s p l a c e d  by  
the  add i t i on  of an e q u i m o l e c u l a r  amoun t  of s u l f u r i c  ac id .  We Were  unab l e  to i s o l a t e  N - ( c a r b o x y m e t h y l )  
c i t r a c o n a m i c  ac id  f r o m  aqueous  so lu t i on  b e c a u s e  of the  e a s e  wi th  which  c y c l i z a t i o n  Occu r r ed .  I ts  d i -  
p o t a s s i u m  and d i s i l v e r  s a l t s  w e r e  i s o l a t e d  and c h a r a c t e r i z e d .  

(',tla--C=CII CI [a--C:=CH 
I I I I 

0 :G C=0 - -HOI[+  0:=G C==O 
I I \ /  

HN 0I[ N 

tt tl 
whereI/=CoHa, C~[I~N0~, CII2G00II 

The  e y c l i z a t i o n  of a l l  the  N - s u b s t i t u t e d  c i t r a c o n a m i c  a c i d s  e x c e p t  the  N - p - n i t r o p h e n y l  d e r i v a t i v e  
was  conduc ted  in aqueous  so lu t ion  by  r e f l ux ing  t h e m  o r  hea t ing  t h e m  in s e a l e d  tubes  at  100-110~ The 
f o r m a t i o n  of an i m i d e  r i n g  was  shown by a q u a l i t a t i v e  t e s t  ( red  c o l o r a t i o n  on add i t ion  of a lka l i ) .  N - p -  
N i t r o p h e n y l c i t r a c o n a m i e  ac id  is  s p a r i n g l y  s o l u b l e  in w a t e r .  Bo i l ing  i t  in aqueous  s u s p e n s i o n  l ed  to the  
h y d r o l y s i s  of the  a m i d e  l ink.  In th is  c a s e  c y c l i z a t i o n  was  conduc ted  in a l coho l i c  so lu t i on  wi th  and wi th -  
out the  a b s o r p t i o n  of r e a c t i o n  w a t e r  (to s u p p r e s s  h y d r o l y s i s )  by  m e a n s  of p h o s p h o r u s  pen tox ide .  The  
i m i d e s  f o r m e d  w e r e  e x t r a c t e d  f r o m  the  r e a c t i o n  m i x t u r e s  wi th  o r g a n i c  s o l v e n t s ,  f r o m  which  they  w e r e  
then i s o l a t e d  by  c r y s t a l l i z a t i o n  in a f r e e z i n g  m i x t u r e .  The  r a t e  of c y c l i z a t i o n  was  d e t e r m i n e d  f r o m  the  
r a t e  a t  which  the  ac id i t y  of the  r e a c t i o n  m i x t u r e  d i m i n i s h e d .  

To avoid  the  f o r m a t i o n  of a s t a b l e  f i v e - m e m b e r e d  i m i d e  r i n g ,  the  h y d r o l y t i c  s t a b i l i t y  of the  a m i d e  
l ink  was  s t u d i e d  fo r  N , N - d i s u b s t i t u t e d  c i t r a c o n a m i c  a c i d s ,  fo r  which  c y c l i z a t i o n  is  i m p o s s i b l e .  W e  found 
tha t  in aqueous  so lu t i on  at  100~ the  h y d r o l y s i s  of N - e t h y l - N - p h e n y l c i t r a c o n a m i c  ac id  wi th  f o r m a t i o n  of 

c i t r a c o n i c  a c i d  goes  to the  ex ten t  of 90~c in 15 h. 

Ctla--C=CH CHa--C=CH C~H5 
I 1 t ~ _ / 2 \  

0=C C=0 -~- H0H --* O=C IC=0 @ , ,  , ,  , ( , )  
CIHs--N OH HO OH 

I 

0 
Under  t h e s e  cond i t i ons  N , N - d i m e t h y l c i t r a c o n a m i c  ac id  is  not  h y d r o l y z e d .  
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EXPERIMENTAL 

N-Ethyl-N-phenylcitraconarnie Acid. 12.1got N-ethylanilinewas added slowly with 
stirring to a solution of 11.2 g of citraconic anhydride in 50 rnl of ether at 20-25~ and the reaction mix- 

ture was stirred for 2-3 h at this temperature. The precipitate of N-ethyl-N-phenylcitraconarnic acid 

was filtered off and recrystallized from alcohol. N-Phenyl-, N-p-nitrophenyl-, and N,N-dirnethyl- 

citraconarnic acids were prepared analogously (see Table I). 

Dipotassium and Disilver Salts of N-(Carboxymethyl)citraconarnic Acid. 

A solution of 2.24 g of KOH in 8 rnl of water was added to 3.38 g of N- (carboxyrnethyl)citraconirnide at 

room temperature. The solution obtained was evaporated almost to dryness. The precipitate was washed 

with alcohol. We obtained 3.69 g (70.4~) of the dtpotassiurn salt. After recrystallization from aqueous 

alcohol N-(carboxyrnethyl)eitraconarnid acid dipotassium salt formed a white crystalline substance, rn.p. 

203-204~ Found%: N 5.37; C 31.79; H2.82. CTHTOsNK2. Calculated T0: N5.32; C 31.93; H2.66. 

The disilver salt was prepared from the dipotassiurn salt by the action of silver nitrate solution. 

The white precipitate formed was recrystallized from water; yield 92~. Found %: Ag 53.71. CTHTOsNAg 2. 

Calculated %: Ag 53.8. 

Cyclization of N-(Carboxyrnethyl)citraconarnic Acid. 0.098gofHzSO 4 (about 1 rnl 

of 2 N solution) was added to 0.26 g of the dipotassiurn salt (the solution was neutral). This solution was 
sealed in a tube and heated at 100~ for 16 h. The presence of an irnide ring in the reaction product was 

indicated by a red coloration when the contents of the tube were made alkaline. From the reaction mix- 

ture with hot benzene we isolated 0.09 g (53.3%) of N- (carboxyrnethyl)citraconirnide, which was preci- 

pitated when the solution was cooled m.p. 127 ~ Found %: N 8.27; mol. wt. 168.5 (titration). C7HTO4N. 
Calculated %: N 8.28; tool. wt. 169. For the original N-(carboxyrnethyl)citraconimide we found: m.p. 
126~ N 8.28; rnol. wt. 168 (titration). A mixture melted without depression. 

Determination of Rate of Cyelization. _A solution of 2.24gofKOH in4 rnlofwater 

was added to 3.38 g of N- (carboxyrnethyl)citraconirnide. When the pink color had disappeared 3.4 rnl of 

12 N H2SO 4 was added. The solution was diluted to 25 rnl with water in a measuring flask. 3-rnl portions 
of this solution were introduced into a number of tubes, which were sealed and placed in a thermostat at 

100~ After a period of 4, 8, 12, or 16 h from the start of the reaction the contents of one of the tubes 

were titrated with 0.I N NaOH to determine the amount of N- (carboxyrnethyl)citraconimide formed in the 
reaction, i.e., the rate of cyclization was determined from the reduction in the acidity of the reaction mix- 

ture. On the basis of the experimental data a graph was constructed (see Fig. i) for the relation of the 
amount of cyclization to time. 

Cyclization of N-Phenylcitraconarnic Acid. 2.05 g of N-phenylcitraconarnic acid in 

30 rnl of water was refluxed for 16 h. On cooling, N-phenylcitraconirnide was precipitated in white needles; 

weight 1.6 g; rn.p. 98 ~ (from ether). Cyclization went to the extent of 88%. Found 7e: N 7.07. CIIHgO2N. 
Calculated %: N 7.15. 

The rate of cyclization of N-phenylcitraconarnic acid was determined from the diminution in the 

acidity of the reaction mixture with time. The experiment was conducted as follows: in each of a num- 

ber of tubes a mixture of 0.16 g of N-phenylcitraconarnic acid and 0.4 rnl of 1 : 1 aqueous alcohol was pre- 
pared. The tubes were sealed and placed in a therrnostat at 100-110~ After 4, 8, 12, or 16 h the con- 

tents of one of the tubes was titrated with 0.i N NaOH. From the diminution in the acidity of the reaction 

mixture the extent of the conversion of the arnic acid into the imide was calculated. The results of the 

experiments are shown in a graph (see Fig. i). It will be seen that in the course of 16 h cyclization goes 
to the extent of 87%. 

Cyclization of N-p-Nitrophenylcitraconamic Acid. 0.3gofN-p-nitrophenylcitra- 

eonarnic acid in 25 rnl of water was refluxed for 16 h. On cooling, 0.12 g of a yellow precipitate, rn.p. 
146~ formed. Found%: N20.32. C6H602N 2. Calculated%: N20.28. 

The melting point and analysis corresponds to p-nitroaniline, and a mixture with known p-nitroaniline 
melted without depression. Hence, under these conditions N-p-nitrophenylcitraconarnic acid is not cyclized, 
but is hydrolyzed to p-nitroaniline and citraconic acid. In the course of 16 h the reaction goes to the ex- 
tent of 72.6%. 
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Fig .  1. Ra te  of c y c l i z a t i o n  of c i t r a c o n a m i c  a c i d s  into i m i d e s :  1) N- 
phenyl;  2) N - ( c a r b o x y m e t h y l ) ;  3) N - p - n i t r o p h e n y l  in p r e s e n c e  of 
P205; 4) N - p - n i t r o p h e n y l .  
F ig .  2. Ra te  of h y d r o l y s i s  of 1) N - e t h y l - N - p h e n y l c i t r a c o n a m i c  acid;  
2) N - p - n i t r o p h e n y l e i t r a c o n a m i c  ac id .  

To ef fec t  the  c y c l i z a t i o n  on N - p - n i t r o p h e n y l c i t r a c o n a m i c  a c i d  the  r e a c t i o n  was  conduc ted  in an  a l -  
coho l i c  i n s t e a d  of an aqueous  m e d i u m .  0.5 g of the  a m i c  ac id  in 1.0 m l  of a l c oho l  was  i n t r o d u c e d  into a 
tube ,  which  was  s e a l e d  and hea t ed  in a t h e r m o s t a t  a t  l l 0 ~  fo r  16 h. The  con ten t s  of the  tube  w e r e  t r a n s -  
f e r r e d  to a f l a sk ,  d i lu t ed  wi th  5 m l  of a l coho l ,  and c o o l e d  s t r o n g l y .  We ob ta ined  0.104 g of a whi t e  c r y s t a l -  
l ine  p r o d u c t ,  m .p .  153-154 ~ ( f rom a lcoho l ) .  Found  %: N 12.36; C 57.20; H 3.4.  CIIHsQN2. C a l c u l a t e d  ~:  
N 12.07; C 56.90; H 3.44.  The  a n a l y s i s  c o r r e s p o n d e d  to N - p - n i t r o p h e n y l c i t r a c o n i m i d e .  C y c l i z a t i o n  wen t  
to the  ex ten t  of 22 .8~ .  

With  the  ob j ec t  of s u p p r e s s i n g  h y d r o l y s i s ,  the  e y c l i z a t i o n  of N - p - n i t r o p h e n y l c i t r a c o n a m i c  a c i d  was  
conduc t ed  in p r e s e n c e  of p h o s p h o r u s  pen tox ide  to r e m o v e  w a t e r  f r o m  the  s p h e r e  of r e a c t i o n .  0.5 g of the  
a m i e  a c i d  in 1.0 m l  of a l coho l  was  i n t r o d u c e d  into a t e s t  tube ,  which  was  p l a c e d  in a l a r g e r  g l a s s  tube  con-  
t a in ing  p h o s p h o r u s  pen tox ide .  Th is  tube  was  s e a l e d  and p l a c e d  in a t h e r m o s t a t  a t  100-110~ fo r  16 h. The  
con ten t s  of the  t e s t  t ube  w e r e  then  t r a n s f e r r e d  to a f l a sk ,  d i lu ted  wi th  5 m l  of a l coho l ,  and coo l ed  s t r o n g l y .  
We i s o l a t e d  0.216 g of N - p - n i t r o e i t r a c o n i m i d e ,  m.p .  153~ In th i s  c a s e  c y c l i z a t i o n  went  to the  ex len t  of 47%. 

The  r a t e  of c y e l i z a t i o n  of N - p - n i t r o p h e n y l c i t r a c o n a m i c  ac id  was  d e t e r m i n e d  f r o m  the  d i m i n u t i o n  
in the ac id i t y  of the  r e a c t i o n  m i x t u r e  wi th  t i m e .  F o r  th i s  p u r p o s e  0.16 g of the  amic  ac id  in 0.4 m l  of 
a l coho l  was  i n t r o d u c e d  into each  of a n u m b e r  of t e s t  t ubes ,  which  w e r e  p l a c e d  in l a r g e r  t ubes  con ta in ing  
p h o s p h o r u s  pen tox ide ,  which  w e r e  s e a l e d .  The  a s s e m b l i e s  w e r e  p l a c e d  in a t h e r m o s t a t  a t  100-110~ 
A f t e r  4, 8, 12, o r  16 h the  con ten t s  of one of the  t e s t  tubes  w e r e  t i t r a t e d  wi th  0.1 N NaOH to d e t e r m i n e  
the  r a t e  of the  c o n v e r s i o n  of the  amic  ac id  into the  i m i d e .  The  r e s u l t s  of the  e x p e r i m e n t s  a r e  p r e s e n t e d  
in F ig .  1. It w i l l  be  s e e n  f r o m  the  f i g u r e  that  in p r e s e n c e  of p h o s p h o r u s  pen tox ide  c y c l i z a t i o n  goes  to the  
ex ten t  of 44% in 16 h, but  in a b s e n c e  of the  d e s i c c a n t  it  goes  to the  extent  of 22.1% in the  s a m e  t i m e .  In 
the  l a t t e r  c a s e  the  e x p e r i m e n t  was  conduc ted  a n a l o g o u s l y .  

H y d r o l y s i s  o f  N - E t h y l - N - p h e n y l e i t r a c o n a m i c  A c i d .  0 . 2 g o f N - e t h y l - N - p b e n y l -  
c i t r a c o n a m i c  ac id  in 2 m l  of w a t e r  was  i n t r o d u c e d  into each  of a n u m b e r  of t ubes .  The  tubes  w e r e  s e a l e d  
and lef t  in s t h e r m o s t a t  a t  100~ A f t e r  3, 6, 9, 12, o r  15 h f r o m  the  s t a r t  of the  r e a c t i o n  the  con ten t s  of 
one of the  tubes  w e r e  t i t r a t e d  wi th  0.1 N NsOH. The  r a t e  of h y d r o l y s i s  was  d e t e r m i n e d  f r o m  the  i n c r e a s e  
in the  ac id i t y  of the  r e a c t i o n  m i x t u r e .  F o r  each  c a s e  t he  amoun t  of c i t r a c o n i c  ac id  f o r m e d  in the  h y d r o l y -  
s i s  was  c a l c u l a t e d .  The  r e s u l t s  a r e  shown in F ig .  2. In the  c o u r s e  of 16 h h y d r o l y s i s  went  to the  extent  
of 63%. In an a t t e m p t  to h y d r o l y z e  N , N - d i m e t h y l e i t r a c o n a m i c  ac id  unde r  ana logous  cond i t ions  the  s t a r t -  
ing s u b s t a n c e  was  r e c o v e r e d .  The  amoun t s  of a l k a l i  c o n s u m e d  in the  t i t r a t i o n  of s a m p l e s  t a k e n  b e f o r e  
and a f t e r  t he  e x p e r i m e n t  w e r e  the  s a m e .  

DISCUSSION O F  EXPERIMENTAL RESULTS 

Our  e x p e r i m e n t s  show tha t ,  when  v a r i o u s  N - s u b s t i t u t e d  c i t r a c o n a m i c  a c i d s  a r e  hea t ed ,  two c o m -  
pe t ing  r e a c t i o n s  a r e  p o s s i b l e :  c y c l i z a t i o n  of the  amic  ac id  to the  c o r r e s p o n d i n g  i m i d e  as  a r e s u l t  of 
i n t r a m o l e c u l a r  e l i m i n a t i o n  of w a t e r ,  and h y d r o l y s i s  of  the  a m i d e  l ink  wi th  f o r m a t i o n  of c i t r a c o n i c  a c i d  
and the  o r i g i n a l  a m i n e .  The  s t a b i l i t y  of the  a m i d e  l ink  to  h y d r o l y s i s  and a l so  the  m o b i l i t y  of the  h y d r o g e n  
a t o m s  on the  n i t r o g e n  depend  on the  c h a r a c t e r  of the  N - s u b s t i t u e n t .  The  m o r e  m a r k e d  the  e l e c t r o n -  
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aeceptor  proper t ies  of the substituent, the less stable and more  readily hydrolyzed the amide link and the 
more  mobile the hydrogen atoms on the nitrogen. In the case of c i t raeonamie acids derived f rom weak 
bases  such as p-ni t roani l ine (K b = 1.24 �9 10 -t3) heating in aqueous solutions resul ts  mainly in hydrolysis  
(to the extent of 72% in 16 h at 100~ The cyelizat ion of N-p-ni t rophenylc i t raconamie acid is only pos- 
sible when the p rocess  is conducted in alcoholic solution (the reaction goes to the extent of 22% in the 
course  of 16 h at 100~ see Fig. 1). The rate  and extent of the process  increase  when the react ion water  
is removed f rom the sphere  of reaction.  Thus, in presence  of phosphorus pentoxide for 16 h at 100~ 
44% of the amic acid is converted into the imide. 

The cyelization of e i t raeonamic acids derived f rom more  highly basic amines such as glycine (K b 
2.6 �9 10 -12) and aniline (K b 5.4 �9 10 -t~ in aqueous soIution at 100-110~ goes to a g rea te r  extent (63 and 
88% respect ively) .  In this ease  the revers ib i l i ty  of the process  dub to hydrolysis  is suppressed by the 
format ion of a fair ly stable imide ring. 

When the possibil i ty for eyelization is removed by the introduction of a second substituent on the 
nitrogen atom, an alkyIarylamide link is readily hydrolyzed at 100~ whereas a dialkylamide link re -  
mains unchanged under the same conditions. The low mobility of the hydrogen atom in N-alkyle i t ra-  
conamic acids is responsible  for the necess i ty  for a higher t empera ture  (140-200~ in the cyclizat ion 
of these amic acids. 

CONCLUSIONS 

I. The following previously undescribed substances were prepared and characterized: the dipotas- 

sium and disilver salts of N-(carboxymethyl)eitraconamic acid, N-p-nitropheuylcitraconamic acid, and 
N- p- nitr ophenylcitr ae onimide, 

2. When aqueous solutions of N-arylcitraconamic acids are heated at 80-I00~ two competing re- 

actions occur: cyelization into imides and hydrolysis of the amide link. The predominance of one or the 
other reaction depends on the basicity of the amine from which the amic acid is derived. 

i. 

2. 

3. 

4. 
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Al l  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b i b l i o g r a p h y  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r a -  

t i o n s  of the a b b r e v i a t i o n s  as g i v e n  in the o r i g i n a l  R u s s i a n  j o u r n a l .  Some or  al l  o f  this  per i -  

od ica l  l i t e ra ture  m a y  w e l l  be a v a i l a b l e  in E n g l i s h  t rans la t ion .  A c o m p l e t e  l i a t  of the c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  a t  the b a c k  of t h i s  i s s u e .  
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