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The e x i s t a n c e  of t h e  t au tomer ic  e q u i l i b r i u m  of imidazo l id ine  

system 3 = 4  has  heen e s t a b l i s h e d .  Due t o  a h ighe r  r e a c t i v i t y  of 

N H  group i n  4 ,  t h e  r e a c t i o n  of t h e  system /!=A/ w i t h  PhNCO unba- 

1ances. the t au tomer ic  e q u i l i b r i u m ,  and causes  an i n c r e a s e  i n  t h e  

c o n t e n t  of t h e  open-chain u rea  d e r i v a t i v e  5 i n  t h e  r e a c t i o n  mixtu- 

re.  The u s e  of i socyana tes  o r  o t h e r  s i m i l a r  reagents, e . g . ,  iso- 

t h i o c y a n a t e s ,  seems t o  be a convenient  methad f o r  s t u d i e s  o f  t h e  

tautomerism i n  s i m i l a r  systems. 

N-Monosubstituted ethylenediarnine d e r i v a t i v e s  can  r e a c t  wi th  aldehyde 2 g i v i n g  

a mixture  oE imldazo l id ine  3 and corresponding S c h i f f ' s  base!. The composition o f  

t h i s  mixture  i s  l a r g e l y  dependent on t h e  s t r u c t u r e  of t h e  r e a c t i n g  s u b s t r a t e s .  Cha- 

pu i s  g .  [l] suggested  the  e x i s t e n c e  of  such a n  e q u i l i b r i u m  b u t  d i d  no t  confirm 

i t  exper imen ta l ly .  

The e x i s t e n c e  of t au tomer ic  equ i l ib r ium i n  oxazo l id ines  has been e s t a b l i s h e d  by 

'H-nmr s p e c t r a  recorded i n  d i f f e r e n t  s o l v e n t s [ 2 ] .  The i n f l u e n c e  of  a s o l v e n t  on t h e  

equ i l ib r ium of imidozo l id ines  has n o t ,  however, been observed [I]. This would sug- 

g e s t  e i t h e r  s i m i l a r  p r o p e r t i e s  of both NH groups or t h a t  t h e  t au tomer ic  equ i l ib r ium 

does n o t  e x i s t  i n  t h i s  system. Any a t t empts  a t  e s t a b l i s h i n g  t h e  tautomerism of both  

t h e s e  systems by chemical  r e a c t i o n s  / e .g . ,  by a c y l a t i o n /  were unguccessful  [ I ,  31. 

Thus, i n  o rde r  t o  avoid  d e s t r u c t i o n  of t h e  system, i t  seems t o  us p o s s i b l e  t o  e l u -  

c i d a t e  t h e  t au tomer ic  equ i l ib r ium of imidozo l id ines  by means of t h e i r  r e a c t i o n  wi th  

a weaker r eagen t ,  such a s  i socyana te .  

A s e r i e s  of  imidazo l id ines  were obta ined i n  t h e  r e a c t l o n  of  N-methylethylenedia- 

mine 1 with 4 - subs t i tu t ed  henzaldehydes g - 2  [4] using t h e  s t andard  procedure  151. 

The composit ion of t h e  r e a c t i o n  product  was determined from i t s  '~-nmr s p e c t r a  [ 6 , 7 ]  

v i a  i n t e g r a t i o n  of t h e  s i g n a l s  of t h e  H @  and H @  p ro tons  acco rd ing  t o  Chapuis .. g .  [ I ] .  
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T a b l e  1. P r o d u c t s  o f  r e a c t i o n  o f  N - m e t h y l e t h y l e n e d i a m i n e  I w i t h  a l d e h y d e s  2 

From T a b l e  1 it can be seen t h a t  t h e  n a t u r e  o f  t h e  s u b s t i t u e n t  R h a s  a marked 

e f f e c t  on  t h e  c o m p o s i t i o n  of t h e  r e a c t i o n  p r o d u c t ;  a n  a n a l o g o u s  e f f e c t  has been re- 

1 p o r t e d  f o r  o x a z o l i d i n e s  1 8 1 .  The H-nmr s p e c t r a  r e c o r d e d  i n  d i f f e r e n t  s o l v e n t s  

/CC14-DMSO/ a t  a m b i e n t  t e m p e r a t u r e  d i d  n o t  r e v e a l  any  marked c h a n g e s  i n  t h e  com- 

p o s i t i o n  of  m i x t u r e  2 + 4. 

P r o d u c t s  P r o d u c t  mp, OC o r  
3 + 4  - y i e l d  8 o b p ,  C/mm Hg 

a 8 2 . 3  202-204/53 

b  9 7 . 8  82-86.5 

c 9 8 . 0  72-76 

d  75 .4  1 0 2 / 3  

e 9 6 . 6  39-40 
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Table 2 .  Products  of r e a c t i o n  o f  imidazo l id ines  3 + 3 with  PhNCO 

A 

Product  com- 
p o s i t i o n  

B 

Product  com- 
p o s i t i o n , %  

A - e t h y l  e t h e r ,  room temperature ,  B - benzene, room temperature ,  C - b o i l i n g  
benzene 

Imidazo l id ines  c h a r a c t e r i z e d  i n  Table 1 were r e a c t e d  wi th  phenyl i socyana te  a t  

room temperature  i n  benzene. Af te r  2 4  h r  t h e  s o l v e n t  was evaporated  and t h e  s o  ob- 

t a i n e d  products  were analyzed by 'Wnrnr by i n t e q r a t i n g  s i g n a l s  of  t h e  @and @ p r o -  

t o n s .  The s o  determined r a t i o s  of both  urea  d e r i v a t i v e s i + g  i n  t h e  r e a c t i c n  produci  

a r e  g iven  i n  Table 2 .  Only a smal l  degree  of decomposit ion o f  t h e  s t a r t i n g  imidazo- 

l i d i n e s  3 + 4 was observed dur ing t h e i r  r e a c t i o n  wi th  PhNCO. The r e a c t i o n  of  3 + 4 - 

wi th  PhNCO i n  d i e t h y l  e t h e r  was c a r r i e d  o u t  s imi l a r ly ' .  Af t e r  evapora t ion  of  t h e  s o l -  

ven t  a c r y s t a l l i n e  A and  o i l y  B f r a c t i o n s  were s e p a r a t e d .  The composit ion of both 

f r a c t i o n s  was determined aga in  by 'H-nmr and,  t h u s ,  t h e  t o t a l  c o n t e n t  of both  pro- 

duc t s  ? and & could be  found. Severa l  pure u rea  d e r i v a t i v e s  of 3 and g were i s o l a -  

t e d  from b o t h , t h e  A and B f r a c t i o n s  a f t e r  r e c r y s t a l l i z a t i o n  o r  a f t e r  s o l v e n t  e x t r a c -  

t i o n  and r e c r y s t a l l i z a t i o n  /Table 3 / .  

By comparing d a t a  conta ined i n  Tables  1 and 2 ,  i t  can be seen t h a t  t h e  products  

of  r e a c t i o n  of 2 + 4 with  PhNCO c o n t a i n  more open-form urea  d e r i v a t i v e s  6 than t h e  

determined c o n t e n t  of 4 i n  t h e  s t a r t i n g  i rn idazol id ine .  Moreover, t h e  composit ion of 

t h e  urea  d e r i v a t i v e s  depends on t h e  k ind of s o l v e n t .  S i m i l a r l y ,  an i n c r e a s e  i n  tem- 

p e r a t u r e  of  t h e  r e a c t i o n  b r i n g s  about  a n  i n c r e a s e  i n  t h e  c o n t e n t  of t h e  open form 

6 i n  t h e  r e a c t i o n  mixture  / t h e  y i e l d  of @ i n  b o i l i n g  benzene was ca. 35%/ .  The - 

presen ted  r e s u l t s  prove t h e  e x i s t e n c e  of t h e  mobile t au tomer ic  equ i l ib r ium i n  t h e  

imidazo l id ine  system. 



T a b l e  3 .  C h a r a c t e r i s t i c s  o f  p r o d u c t s  5 a n d  6 

'H-NMR d a t a  /CDC13, 6 ppm/ 
- 

8 . 6 2  / s ,  l H ,  CONE/; 8 . 3 7  / s ,  l H ,  Xu/; 7 7 . 7  I d ,  2H, 

C  ll /; 8 . 8 7  / d ,  2H. C6H2/;  7 . 7 5  - 7 . 1 2  /m, 5H. C6H5/;  
6-2 

3 . 9 0  / b r . s ,  4H, Cg2-CH2/;  3 . 2 5  / b r . s ,  9H. NCH3, 

N  (CH3 j 2 / :  

9 . 5 6  / s ,  1 H .  NHCOMe/; 8 . 5 5  / s ,  I N ,  CONHPh/; 8 . 4 1  / s ,  

l a ,  - H 7 . 2 0  - 8 . 0 6  /m, 9H, C&, C6H5/;  4 . 1 5  /br.s, 

4H. CH2-CH2/; 3 . 3 7  / s ,  3H. COCt13/; 2 . 4 3  / s .  3H,NCH3/ 

8 . 6 2  / s ,  l H ,  NH/; 8 . 3 7  / s ,  L H ,  H B / ;  7 . 1 5  - 8.10 

/m, IOH, C6Hq,  C 6 g 5 ,  Ng/;  5 . 3 5  / s e p t ,  1 1 3 ,  CgMe2/:  

4 . 0 5  / b r . s ,  4H. CH2-CH2/; 3 . 3 5  / s ,  3H. NCH3/; 1 . 6 5  

/d, 6H. CH3 2 /  

7 . 2 5  - 8 . 0 0  /m, lOH,  C6H4, C6H5, NH/: 6 . 5 5  / s .  l H ,  

CONgPh/ ,  5 . 3 5  / s e p t .  l H ,  CgEle2/;  4 . 8 7  / s ,  l H ,  !@I; 

2 . 7 0  - 4 . 5 0  /m, 4H. CgIf-CH2/; 2 . 6 5  / s ,  3H. KCH3/; 

1 . 6 5  /d, 6H. C H ( C E ~ ) ~ /  

7 . 7 5  - 7 . 0 0  /m, 1 0 H ,  C6H5, C6H5/; 6 . 9 4  / s ,  l H ,  

CONgPh /; 4 . 8 7  / s ,  1 @ ; 2 . 5 0  - 4  .OO /m, 4H. 
, 

Cg2-Cx2/ ;  2 . 4 4  / s ,  3H, NCg3/ 

8 . 5 4  / d ,  2H. C6H2/;  7 . 9 2  /d ,  Z H ,  C6H2/;  7 . 2 5  - 7 . 6 0  

@ /m. 5H, C6t15/; 6 . 7 5  / s .  1H. c O N g ~ h / ;  5 . 2 5  / s ,  l H ,  I! / 

2 . 8 7  - 4 . 2 5  /m, 4H. Cg2-CH2/;  2 . 6 5  / s ,  3H. NCH3/ 

Compounds  e, & a n d  w e r e  c r y s t a l l i z e d  f r o m  b e n z e n e ;  a n d  @ f r o m  9 5 %  e t h a n o l ,  

a n d  6s f r o m  5 0 %  e t h a n o l  

T a u t o m e r s  3 + 4 r e a c t  w i t h  i s o c y a n a t e  a t  d i f f e r e n t  r a t e s  r e s u l t i n g  f r o m  t h e  u n e q u a l  

r e a c t i v i t y  o f  b o t h  NH g r o u p s .  I t  i s  e v i d e n t  t h a t  t h e  o p e n  f o r m  r e a c t s  f a s t e r ;  a n d ,  

a s  a r e s u l t ,  t o  p r e s e r v e  t h e  t a u t o m e r i c  e q u i l i b r i u m  3 =4  i n  t h e  s o l u t i o n ,  t h e r e  

o c c u r s  t h e  t r a n s f o r m a t i o n  o f  3 i n t o  i t s  i m i n e  f o r m  4. T h e  i n f l u e n c e  of t e m p e r a t u r e  

a n d  t h e  k i n d  of s o l v e n t  o n  a c h a n g e  o f  r a t i o  2:6 c a n  be e x p l a i n e d  by a s s u m i n g  a c h a n -  

g e  i n  t h e  r e l a t i v e  r e a c t i o n  rates o f  3 a n d  4 w i t h  PhNCO. 
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I n  conc lus ion ,  t h e  p resen ted  s t u d i e s  fu rn i shed  a reasonable  proof of t h e  e x i s -  

t ence  of r ing-chain  tautomerism i n  t h e  imidazo l id ine  system. We b e l i v e  t h a t  ou r  t e -  

chnique,  i . e . ,  t h e  use of an i socyana te  n o t  caus ing t h e  d e s t r u c t i o n  of t h e  system 

o r  t h e  use of s i m i l a r  r e a g e n t s ,  e . g .  i s o t h i o c y a n a t e s ,  may f i n d  a p p l i c a t i o n  i n  s t u -  

d i e s  on t h e  tautomerism of s i m i l a r  h e t e r o c y c l i c  sys tems.  
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