
HETEROCYCLES. Vol 24, No 1 ,  1986 

FIRST SYNTHESIS OF 4-IMIDAZOLIDINONE 
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Abst rac t  - F i f s t  syn thes i s  of 4-imidazolidinone has been 

achieved v i a  Beckmann rearrangement of l-alkoxycarbonylazetidin- 

3-one oxime su l fona tes  with alumina, fallowed by removal of t h e  

alkoxycarbonyl groups. 

Although t h e  chemistry and biochemistry of azetidin-2-ones have been ex tens ive ly  

inves t iga ted  wi th  regard t o  va r iousp- l ac tam a n t i b i o t i c s ,  l i t t l e  i s  known about the  

chemistry of azetidin-3-ones. '  In connection with t h e  chemistry of azet id in-3-  

ones, we began a program using the  aza-ring expansion of azetidin-)-ones t o  design 

""substi tuted 4-imidazolidinone ( J ) ,  which has not previously  been prepared.  Thls 

compound would serve  a s  a nucleus f o r  the  preparation of d e r i v a t i v e s  of po ten t l a1  

pharmacological i n t e r e s t .  Some 4-imidazolidinones possessing b i o l o g i c a l  a c t i v i t i e s  

have been repor ted .2  We now wish t o  r e p o r t  the  syn the t i c  method Of 3 by Beckmann 

rearrangement of 1-alkoxycarbonylazetidin-3-one mime su l fona tes ,  followed by 

removal of t h e  alkoxycarbonyl groups. 

The syn the t i c  route  t o 7  was shown i n  Chart  1. F i r s t ,  we examined t h e  p o s s i b i l i t y  

of converting & having a r e l a t i v e l y  s t a b l e  ethoxycarbonyl group i n t o  &. Treat-  

ment o f 1  wi th  excess e t h y l  chloroformate i n  ref luxing benzene af forded l-ethoxy- 

carbonylazetidin-)-one (&), mp 42-43OC. i n  a q u a n t i t a t i v e  y ie ld .  Reaction of 

Za with hydroxylamine hydrochloride i n  the presence of sodium a c e t a t e  In  aqueous - 
ethanol  gave t h e  oxime (z), mp 83-84-C (98%). Tosylation (TsC1, NaH, Et20,  N 2 )  

of gave t h e  t o s y l a t e  (A), mp 106-107'C (57%), and mesylation iMsC1 ,  Et3N, 

CH2C12)  clf a afforded t h e  mesylate I&), mp 81-82-C (80%) .  A l l  a t t empts  t o  

e f f e c t  t h e  Beckmann rearrangement of 2 and & b y  s tandard  r eagen t s  such a s  poly- 

phosphoric a c i d ,  s u l f u r i c  ac id ,  and formic acid were unsuccessful .  These r e s u l t s  

demonstrated t h a t 2  and & are very unstable  under a c i d i c  cond i t ions  t o  g ive  t h e  

hydrolyzed products ,  along wi th  o t h e r  complicated products. Therefore ,  we 



5 - 
Chart  1 

3 surveyed t o  examine t h e  mild procedure of Craig and Naik which had been shown t o  

give good y ie lds  of t h e  rearrangement product by using n e u t r a l  alumina and t o  cause 

no isomerisation of t h e  oxime during t h e  react ion.  W e  found t h a t  both 

and baslc4' alumina could e f f e c t  t h e  rearrangement of 2 and 2 t o  f u r n i s h  t h e  

formation of the  des i r ed  product I&) i n  good y ie lds .  To our  b e s t  knowledge, t h i s  

is  a f i r s t  example-of r i n g  enlargement of azetidin-3-ones by Beckmann rearrangement. 

Thus, t o  a so lu t ion  of 2 10.16 g ,  0.64 mmol) in benzene 110 m l )  was adsorbed on a 

column of bas ic  alumina (20 g ) .  The column was e l u t e d  wi th  e t h y l  a c e t a t e .  The 

r e su l t ing  so lu t ion  was concentrated t o  g ive  the  rearrangement product,  & mp 133- 

134'C (91%).  The s p e c t r a l  and elemental  a n a l y t i c a l  d a t a  of 2 a r e  i n  agreement 

with the  value  expected from t h e  s t r u c t u r e ,  a s  shown i n  Table I and 11. The 

imidazolidinone (E) was a l s o  obtained from % i n  67% y i e l d  by using of n e u t r a l  

alumina. 

Next, i n  o rde r  t o  ob ta in  t h e  unsubs t i tu t ed  compound (2, we examined the  prepara- 

t ion  of o t h e r  1-alkoxycarbonylazetidin-3-ones i n  which t h e  alkoxycarbonyl groups 

could be deprotec ted  under mild condi t ions .  Thus, l-benzyloxycarbonylazetidin- 

3-one (2) was obtained as an o i l  i n  82% y i e l d  by t h e  r eac t ion  of 1 with benzyl 

chloroformate. Oximation of&b gave t h e  oxime (2). mp 112-113°C ( 8 6 % ) .  and t h e  

mesylation of 3& afforded 2, mp 101-102°C 168%). S imi la r ly ,  we obtained 1- 

trichloroethoxycarbonylazetidin-3-one (2). mp 55-56-C, i t s  oxime (&), mp 81- 

82'C, and t h e  mesylate &) a s  an o i l  i n  good y i e l d s ,  r e spec t ive ly .  Beckmann 

rearrangement of J2 and 2 i n  t h e  same way as  descr ibed above f o r  t h e  conversion 

of & i n t o  3 gave 6+b, mp 167-168'C. and &, mp 184-185°C, i n  67 and 60% y i e l d s ,  

respect ively .  Hydrogenolysis of 2 over 10% Pd on charcoal  g a v e 1  a s  a pa le  

yellow a i l  in 95% y ie ld .  On t h e  o t h e r  hand, & w a s  t r e a t e d  wi th  z inc  powder and 
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a c e t i c  a c i d  a t  room t e m p e r a t u r e  f o r  70 h  t o  a f f o r d  t h e  AcDH s a l t  (8) o f  2, mp 

185-18t0C ( d e c . )  i n  a q u a n t i t a t i v e  y i e l d .  The s t r u c t u r e  o f  3 was established on 

t h e  b a s i s  o f  t h i s  i r ,  nmr, and mass s p e c t r a l  d a t a  and e l e m e n t a l  a n a l y t i c a l  d a t a  o f  

8  (Table  I and 11). - 
F i n a l l y ,  i n  o r d e r  t o  o b t a i n 3  by an a l t e r n a t i v e  approach,  w e  examined t h e  Schmidt 

r e a c t i o n  o f 2  a s  an  example. Treatment  Of a  benzene s o l u t i o n  o f l w i t h  hydrazo ic  

a c i d  i n  c o n c e n t r a t e d  s u l f u r i c  a c i d  a t  10-15-C a f f o r d e d  n o  c y c l i c  p r o d u c t s ,  b u t  

5  gave amides,  9 and s6, i n  25 and 22% y i e l d s ,  r e s p e c t i v e l y ,  a s  shown i n  C h a r t  2. 

From t h e  format ion  of  9, it was t h o u g h t  t h a t  t h e  f r a g m e n t a t i o n  might  b e  f a c i l i -  

+ + 
t a t e d  by t h e  p r e f e r e n t i a l l y  fo rmat ion  of  s t a b l e  iminium i o n  l:N=CH2 -:N-CH2). 

C h a r t  2  

Table  I. IR, NMR, and MS S p e c t r a l  ~ a t a  f o r  6 a ,  E, g, a n d l  

Compound I R  IKBr) cm-I NMR ( s o l v e n t )  s MS W e )  

(CDC13): 1.24 l3H, t ,  J=7Hz, CH2CH3). 3.78 158 ( M f )  

(2H. s ,  COCH2), 4.04 I Z H ,  q. J=7Hz, CH2CH3), 

4.66 ( 2 s .  s ,  N C H 2 N ) ,  7.66 I l H ,  b r  s, NHCD) 

IDMSO-d6): 3.85 I2H. s, COCg2), 4.75 I Z H ,  220 (M+) 

3. N C H 2 N ) ,  5.21 I Z H ,  5 ,  Cg2Ph),  7.50 l5H, 

s, arom. H ) ,  8.74 I ~ H ,  b r  s ,  NHCO) 

IDMSO-d6): 3.90 I Z H ,  s .  COCg2), 4.81 l2H. 261 I M + )  

s ,  N C g 2 N ) ,  5 .01  (2H, 5 ,  CH2CC13), 8.88 I l H ,  

b r  s, NECO)  

IDMSO-d6): 3.07 (2H, s ,  COCg2), 4.18 I2H. 86 IM+) 

s ,  NCg2N), 4.28 (lH, s,  CH2NgCH2), 8.14 

I l H ,  b r  s ,  NHCO) 



T a b l e  11. E l e m e n t a l  A n a l y t i c a l  D a t a  for 3 6b, &, a n d  2 

C ( 8 1  H ( 8 )  N ( % I  
Compound F o r m u l a  

C a l c d  F o u n d  C a l c d  F o u n d  C a l c d  F o u n d  

6 a  - C6H10N203 45 .57  4 5 . 6 7  6 .37  6 . 4 0  1 7 . 7 1  1 7 . 7 5  

6 b  - CllH12N203 5 9 . 9 9  6 0 . 0 5  5 .49  5 . 5 1  1 2 . 7 2  1 2 . 6 6  

6 c  - C6H7N203C13 27 .57  27 .62  2 . 7 0  2 . 6 5  1 0 . 7 1  1 0 . 7 5  

8  - C5H10N203 3 4 . 3 0  3 4 . 3 5  2.88 2 . 9 5  2 2 . 2 2  2 1 . 9 5  
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