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Reaction of N,N'-dibenzyl-2.3.5.6-piperalinetetraone (1) 

w ~ t h  boiling ethanol gives ethyl N,N1-dibenzyl-4.5-dioxoimidazo- 

lidine-2-carboxylate (Za). Analogous rearrangement products are - - 
formed wlth methyl, n-propyl, p-butyl, and isapropyl alcohols, 

and ethylene glycol. In the last case the cleavage product 

N,N'-dibenzyloxamide is also formed. Thermolysis of 2a results - - 
in loss of ethanol and regeneration of 1. 

Treatment of N,N1-dibenzyl-2,3,5,6-piperazinetetraone (1)' with boiling 

ethanol for 6 hours led to its quantitative conversion to a compound, CZOHZON205, 

m.p. 140-14Z0C, which is assigned structure Za on the basis of its spectra (see - - 
Table). The occurrence of ring contraction was vouchsafed by the shift of the 

carbonyl-stretching bands of 1 at 5.87 and 5.92 (KBr) to 5.68 u (KBr) (5.70 and 

5.74 IJ (CHC13)] in the 1.r. spectrum of Za, which also shows a hydroxyl-stretch- - -  
1 ing band at 2.90 v .  The presence of a hydroxyl group was confirmed by the H 

n.m.r. spectrum of the product, which shows a one-proton signal at 6 5.80 that 

is absent after D 0 treatment. This spectrum also gives clear evidence of the 2 

presence of a CH2CH3 group, although both the CH2 and CH3 proton signals are at 

unusually high field for a C02CHZCH3 group (vide infra). Further, the benzyl 

protons give rise to an AB system in contrast to those of 1 in accord with the 

prochirality of Za. The 13c n.m.r. spectrum of 2a corroborates the assigned - - - - 

*Dedicated to Professor Tetsuji Kametani on the occaslon of his retirement from 

the Chair of Organlc Chemistry at the Pharmaceutical Institute of Tohoku 

University. 



TABLE. I n f r a r e d  and  'H n u c l e a r  m a g n e t i c  r e s o n a n c e  s p e c t r a  of compounds 2a -2 f  

H Z ,  3H), 2.95 

- - 

(9 ,  J 7 hz, ZH), 

4 .23  ( d ,  J 1 5  Hz, ZH), 4.90 (d, J 1 5 H z ,  2h), 

5.8& (s ,  lH), 7.25 (s ,  10H) 

2.63 ( s ,  3H), 

4.28 (d, J 15 Hz, ZH), 4.97 (d, 15  Hz, Zti), 

5.875 (s ,  lH), 7.28 ( s ,  10H) 

0.53 ( t ,  J -6 Hz, 3H), 0.93 (m, ZH), 

2.96 (t ,  J 6 Hz, ZH), 

4.32 (d, J 15 Hz,  ZH) , 4.92 (d, J 15 Hz, ZH) , - 

5 . 7 5  (s ,  lH), 7.30 ( s ,  10H) 

0.8 ( t ,  L 7  hz, 3H), 2.97 ( t ,  J 7  Hz, ZH), 

4.28 (d, J 15 Hz, ZH), 4.91 (d, J 15  Hz, Zh), - 

5.5& (s,  lH), 7.30 ( s ,  10H) 

0.65 (d, J 6 Hz, 6h), 4.05 (m, lH), 

4.47 (d, J 15  Hz, ZH), 4.68 (d, J 15 Hz, Zti), - 

5 . 9 c  (s ,  l t l) ,  7.32 ( s ,  10H) 

3.30 (m, 4H) 

4.41 ( d ,  J 15  Hz, ZH), 4.60 (d,  J 15  Hz, ZH), - 
1 d 

7.23 (5, l lH) ,  8.67$ ( s ,  1H)- 

h i t i o n  of major C=O band is given: i n  a l l  cases t h i s  is accompanied by s a t e l l i t e s  and/or 

b shoulders. -In CDC13 unless otherwise specified. h b s e n t  a f t e r  D20 treatment. $1" nfSO-d6; 

addi t ional  1 H  OH s ignal  f a l l s  under benzylic signals.  
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2  a R = C2H5 d  R = &-C4H9 - - 
b R = C h 3  e  R  = i-C3H7 

c  R = g-C3H7 

s t r u c t u r e ,  showing t h e  p r e s e n c e  of  two d i f f e r e n t  t y p e s  o f  c a r b a n y l  c a r b o n  

[s 157 .3  ( 5 ) ,  164 .5  ( s ) ] ,  a  q u a t e r n a r y  carbon  [ 6  '31.1 ( s ) ] ,  and an  0 - e t h y l  g r o u p  

[ a  12.8 ( q ) ,  62 .2  ( t ) ] .  The mass spec t rum of Za shows, i n t e r  a l i a ,  peaks  c o r r e s -  - - 
ponding t o  t h e  l o s s  of  f r a g m e n t s  0CZH5, HOC2H5, and HC02C2H5 from t h e  m o l e c u l a r  

i o n .  

H e a t i n g  of  Za under  reduced  p r e s s u r e  (0.05 T o r r )  a t  160sC l e d  t o  s u b l i m a t i o n  
- "  

of a p r o d u c t  t h a t  was shown t o  b e  1 by 5 p e c t T O ~ ~ 0 p i ~  compar i son ;  t h e  r e c o n v e r s i o n  

of  2a t o  1 was q u a n t i t a t i v e .  
* - 

The g e n e r a l i t y  of  t h e  r e a r r a n g e m e n t  o f  1 t o  Za was d e m o n s t r a t e d  by t h e  - - 
c o n v e r s i o n  of 1 t o  Zb-Ze by t r e a t m e n t  w i t h  t h e  c o r r e s p o n d i n g  a l c o h o l .  I n  each  - -  - -  
c a s e  a  s o l u t i o n  of  1 i n  t h e  a l c o h o l  was b o i l e d  a t  r e f l u x  f o r  6  h o u r s ,  when con-  

v e r s i o n  was c o m p l e t e ,  e x c e p t  i n  t h a t  of i sOpr0pyl  a l c o h o l ,  which gave  a m i x t u r e  

o f  Ze and unconsumed 1. The i . r .  and 'H n .m, r .  s p e c t r a  o f  compounds Zb-Ze ( T a b l e )  
" - - -  - -  

c l e a r l y  i n d i c a t e  t h a t  t h e y  a r e  a n a l o g u e s  of  Za. Again t h e  s i g n a l s  o f  t h e  a l k o x y  - - 
p r o t o n s  a r e  a t  u n u s u a l l y  h i g h  f i e l d .  These u p f i e l d  s h i f t s  c a n  b e  attributed t o  

s h i e l d i n g  r e s u l t i n g  from t h e  " f o l d i n g  over"  o f  t h e  a r o m a t i c  r i n g  of one of  t h e  

b e n z y l l c  g r o u p s .  2  

Two e a r l i e r  a c c o u n t s  have  a p p e a r e d  c o n c e r n i n g  t h e  r e a c t i o n  of  t e t r a ! ; e t o p i p e r -  

a z i n e s  w i t h  n u c l e o p h i l i c  r e a g e n t s :  N,N1-diaryl-2,3,5,6-piperazinetetregnes have 

been  r e p o r t e d  t o  g i v e  N,N1-d ia ry loxamides  w i t h  b o i l i n g  a n i l i n e 3  and w i t h  e t h y l e n e  

and t r i m e t h y l e n e  We have  t h e r e f o r e  examined t h e  r e a c t i o n  of  1 w i t h  

e t h y l e n e  g l y c o l .  The r e a c t i o n  was c a r r i e d  o u t  a t  85°C f a r  5  d a y s  f o l l o w e d  by 2 

d a y s  a t  95°C and gave 'N,Ntd ibenzy loxarn ld< ,  1 3 ) l  t o g e t h e r  w i t h  a c o ~ o ~ ,  C20t12$1Z06 

( 6 0 % ) ,  whose s p e c t r a  ( T a b l e )  showed i t  t o  be Zf ,  a n a l o g o u s  t o  Za-2e. t i e a t i n g  o f  - - -- - -  
2f a s  i n  t h e  c a s e  of  Za r e c o n v e r t e d  i t  t o  1. - - - - 



- 
The formation of products of type 2 from 1 is readily interpretable in terms 

of a benzilic acid. type rearrangement via 4 .' Such rearrangements usually require 

the use of basic conditions;' the remarkably mild conditions in the present case 

must reflect the destabilization of 1 by dipole-dipole interactions. The cir- 

cumstance that oxamide formation was only observed in the case of reaction with 

ethylene glycol suggests that this proceeds via formation of an intermediate of 

type 5. The thermal reconversion of 2a to 1 must proceed via an intermediate of - - 
type 4 and be favoured by an entropic driving force. 
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