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ON THE SYNTHESIS OF UNSATURATED 4(5H)-IMIDAZOLONES 

Carlos Cativiela. Javier Chueca, Josk I. Garcia, and Enrique ~elkndez' 

Department of Organic Chemistry, University of Zaragoza. Zaragoza, Spain 

Abstract - (Z)-2.3-Diphenyl-5-benzylidene-4(5~)-imidazolone and 
(Z)-2.3-diphenyl-5-(a-phenylethylidene)-4(H-imidaol were obtained 

from the corresponding (Z)-2-phenyl-L-benaylidene-5(4H)-~~az~1~ne and 

(Z)-2-phenyl-4-(a-phenylethylidene)-5(4H-oxazoione and aniline. (2)-2.3- 

-Diphenyl-5-benzylidene-4(5H)-imidazolone reacted with diazomethane to 

afford a mixture of stereoisomeric spirocyolopropanes and (Z)-2.3-diphe- 

nyl-5-(a-phenylethylidene)-4(5~)-imidaeoloe the product ratios being 

modified with the appropriate solvent. Anilide of l-phenyl-4-methyl-3- 

isoquinolincarboxylic acid or (Z)-2.3-diphenyl-5-(u-phenylethylidene)- 

4(5H)-imidazolone were obtained from anilide of (Z)-2-benzamidacinnamio 

acid depending upon the reaction conditions. 

It has been reported that interaction of arylamines with 2-aryl-4-arylmethylene- 

5(4H)-oxaeolones generally leads to ring opening to give the arylamides of u-aryl- 

carboxamido-8-arylacrylic acids which may recyciiae, in same cases, to the corres- 

ponding 2.3-diaryl-4-arylmethylene-4(5H)-imidazolos by heating at 20OQC in vacuo 

1 or in the presence of acetic acid and sodium acetate , but in no case was the 
stereochemistry oonsidered. We now wish to report our findings on the synthesis of 

(Z)-2.3-diphenyl-5-benaylidene-4(5H)-imidain and (2)-2.3-diphenyl-5-(a- 

phenylethylidene)-L(5H)-imidazolone(~). 

(Z)-2-Phenyl-4-bensylidene-5(4~)-araaolone(~) was prepared from hippuric acid and 

benzaldehyde in the presence of acetic anhydride and anhydrous sodium acetate 

according to the Erlenmeyer method2. It has been reported that the Erlenmeyer 

method usually gives the thermodynamically more stable Z-isomer3, while (E)-2- 

phenyl-4-benzylidene-5(4H)-oxazolone(.3~) can be obtained by isomerisation of 2% 
with hydrabromic acidzs3. These compounds were stereospecifically hydrolyzed to 

the corresponding (Z- or E)-2-benzamidocinnamic acids(& ar &) without any diffi- 
4 culty. The geometry of all these compounds has been unambiguously determined by 



5  I%-NMR s p e c t r o s c o p y  . 
The i n t e r a c t i o n  of a n i l i n e  w i t h  b a t h ( Z  o r  E ) - 5 ( 4 ~ ) - o x a z o l o n e s ( ~  o r  28)  a f f o r d e d  

the  a n i l i d e  of  2-2-benzamidocinnamic a c i d ( ? % )  ( t h a t  i s  t o  s a y  t h e  r e a c t i o n  of  2$ 
occurs  w i t h  i s o m e r i z a t i o n )  which r e c y c l + s e d  i n  t h e  p r e s e n c e  of a c e t i c  a c i d  and 

, sodium a c e t a t e  o r  phosphorus  o x y c h l o r i d e  t o  t h e  d e s i r e d  (2)-2,3-diphenyl-5-benay- 

lidene-4(5H)-imidazolone (A%) (Scheme 1 ) .  The s p e c t r a l  d a t a  o f  and &J, [ t h e  

coupl ing  c o n s t a n t s  of  t h e  'H-c=c- 1 3 C 0 ~ -  were i n  t h e  a p p r o p r i a t e  range(J=5 .3Hz 

f o r  and Jz2.8Hz f o r  a r e  c o n s i s t e n t  w i t h  a " c i s "  a r rangement  of t h e  coupled  

n u c l e i  and t h e  ass ignment  o f  t h e  2 c o n f i g u r a t i o n  was e s t a b l i s h e d .  A l l  a t t e m p t s  t o  

o b t a i n  28 from 2% o r  were u n s u c c e s s f u l .  
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Scheme 1 

2-phenyl-4-(a-phenylethylidene)-5(4H)-oxaolone waa p r e p a r e d  from h i p p u r i c  a c i d  

and ace tophenone  i n  t h e  p r e s e n c e  of a c e t i c  a n h y d r i d e  and anhydrous  l e a d  a c e t a t e  i n  

T H F ~ ,  g i v i n g  a  m i x t u r e  o f  g e o m e t r i c  i s o m e r s  which were i s o l a t e d  by a p p r o p r i a t e  

i s o m e r i z a t i o n  p r o c e d u r e s ;  t r e a t m e n t  w i t h  p y r i d i n e  a t  room t e m p e r a t u r e  o r  w i t h  

hydrobromic a c i d  a t  O Q C  a f f o r d e d  the 2-isomer(&) o r  t h e  E-isomer(&),  r e s p e c t i v e -  

ly. I n  t h i s  c a s e  t h e  opening  o f  t h e  o x a m l i d i n o n e  r i n g  w i t h  a n i l i n e  t o  a n  a n i l i d e  

of 2-benzamido-3-phenylbutenoic a c i d ( x )  was s t e r e o s p e c i f i c  when r e f l u x e d  i n  ben- 
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1 zene. The geometric isomers, and ZE, were unambiguously assigned by H-NMR 
7 spectroscopy . But different results were obtained when different conditions of 

cyclodehydration were employed. Thus, (Z)-2-benzamid0-3-~hen~lbutenoic acid(%) 

gave anilide of 1-phenyl-4-methyl-3-isaquinalincarboxyli acid(@,) which constitu- 

tes an interesting new procedure for the synthesis of functionaliaed isoquinolines 

and both isomers(S% and x g )  gave with acetic acid and sodium acetate the desired 
(~)-2,3-di~hen~l-5-(a-phenyleth~lidene)-4(5H)-imidazolone(2Z)inlowyield(Scheme 2). 
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Scheme 2 

It is known that the addition of diaaomethane to double bonds activated by a sui- 

table electron-withdrawing group, followed by thermal decomposition of the resul- 

8 ting pyraaolines, is an established route to cycloprapanes , although the synthe- 

tic utility of the method is hampered by extensive formation of unsaturated com- 

pounds. In this case, the action of diazomethane on (Z)-2.3-diphenyl-5-benzylide- 

ne-4(5H)-imidaaolone(a) gave a three-compound mixture, two stereoisomeric spiro- 

cyclopropanes(~) and (Z)-2.3-diphenyl-5-(a-phenylethylidene)-4(5H)-imidazalone(~), 

which retained its initial imidazolinone geometry. That is to say, the cyclopropa- 

nation proceeds with loss of geometry, although there is a high degree of sterea- 

selectivity, and the unsaturated compound was obtained with retention of the geo- 



9 .  metry, a s  we have  p r e v i o u s l y  r e p o r t e d  w l t h  r e l a t e d  o x a a o l i n a n e s .  However, t h e  se- 

l e c t i v i t y  of decompos i t ion  can be modi f ied  by changing  t h e  s o l v e n t  p o l a r i t y ,  s i n c e  

we were a b l e  t o  o b t a i n  9 %  o f  a and 70% o f  2 w i t h  CCl, ,  b u t  52% of a and 28% of 2 
when DMF was used .  gx and were s e p a r a t e d  by column chromatography,  b u t  a  p u r e  

sample o f  xE c o u l d  n o t  be i s o l a t e d ,  s i n c e  t h e  p r o p o r t i o n  i n  t h e  m i x t u r e  i s  t o o  

small  and t h e  s e p a r a t i o n  t o o  poor .  S t r u c t u r a l  ass ignment  o f  xx was made on t h e  ba- 

s i s  of t h e  'H-NMR s p e c t r a l  d a t a  by compar i sons  of  t h e i r  v i c i n a l  c o u p l i n g  c o n s t a n t s  

and c h e m i c a l  s h i f t s  as  p r e v i o u s l y  r e p o r t e d  a n  s i m i l a r  ~ ~ i r o a a a l a c t o n e s ~ ' ~ .  

Scheme 3 

Cyclopropane f o r m a t i o n  i s  i n  a c c o r d a n c e  w i t h  t h e  i o n i c  mechanism(a1 o f  t h e  decom- 

p o s i t i o n  of I - p y r a z o l i n e s ,  p roposed  by van Auken and l a t e r  by o t h e r s l O .  The s t e r e o -  

s p e c i f i c i t y  o f  t h e  c l e a v a g e  of  l - p y r a z o l i n e ( @ )  i s  l a c k i n g ,  a l t h o u g h  s t e r e o s e l e c -  

t i v i t y  d o e s  e x i s t  a s  c y c l i z a t i o n  t o  2% would be f a v o r e d  o v e r  r o t a t i o n  and c y c l i s a -  

t i o n .  Hydr ide  s h i f t  i n  t h e  1 - p y r a z o l i n e  intermediate(&Qul) w i t h  l o s s  o f  n i t r o g e n  

would g i v e  zx. 
EXPERIMENTAL 

Melting p o i n t s  were de te rmined  on a M e t t l e r  FP 6 1  a p p a r a t u s  and a r e  u n c o r r e c t e d .  

I R  s p e c t r a  were r e c o r d e d  on a  Perk in-Elmer  I n f r a r e d  S p e c t r o p h o t o m e t e r  Model 283. 

NMR s p e c t r a  were measured on a Perk in-Elmer  R-12 B S p e c t r o p h o t o m e t e r  and V a r i a n  

FT-80 w i t h  t e t r a m e t h y l s i l a n e  a s  t h e  i n t e r n a l  s t a n d a r d .  M i c r o a n a l y s e s  were measured 
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on a  Perk in-Elmer  240-B a n a l y z e r  and were i n  s a t i s f a c t o r y  agreement  w i t h  t h e  c a l -  

c u l a t e d  v a l u e s .  

The a c i d s  & and were p r e p a r e d  by s t e r e o s p e c i f i c  h y d r o l y s i s  of  xx and r e s -  

11 
p e c t i v e l y  as  p r e v i o u s l y  d e s c r i b e d  . 
P r e p a r a t i o n  of z$, ?$ and Q(Genera1  ~ e t h o d ) :  6 m o l e  o f  r e s p e c t i v e  ( 2 ) -  o r  (E)- 

5(4H)-oxaza lane  and 1 8  mmole of  f r e s h l y  d i s t i l l e d  a n i l i n e  were r e f l u x e d  i n  anhyd. 

benzene f a r  t h e  a p p r o p r i a t e  t i m e ( l 0  h  i n  t h e  case  o f  a and 20 h  f o r  a and ZE). 
The s o l u t i o n  was t h e n  cooled  and t h e  p r e c i p i t a t e  f i l t e r e d ,  washed w i t h  anhyd. ben- 

zene  and d r i e d .  One r e c r y s t a l l i z a t i o n  from e t h a n a l / w a t e r  gave a n a l y t i c a l l y  p u r e  

samples.  The y i e l d  was a b o u t  75% i n  a l l  t h r e e  cases.  

: mp 2 3 4 - 2 3 5 Q ~ ( d e c ) ;  c o l o r l e s s  n e e d l e s s ;  i r ( n u j a 1 ) 3 2 8 0 , 1 6 5 0  cm-l ;  'H-NMR 

(DMS0.d6) 6 6.9-8.2(16H.m). 10 .1(1H,s ) .  10.15(1H,s) .  

a: mp 259-260QC(dec) ;  c o l o r l e s s  n e e d l e s s ;  i r (nujo1)3270.1670.1650 cm-l ;  'H-NMR 

( t J M ~ 0 . d ~ )  6 2 .2 (3H.s ) ,  7-7,8(15H.m), 9 .4( lH.s) .  1 0 . 8 ( 1 ~ , s ) .  

Q: mp 210-211QC(dec);  c o l o r l e s s  n e e d l e s s ;  i r (nu jo1)3270 .1650  cm-l; 'H-NMR 

( t J M ~ 0 . d ~ )  6 2.1(3H.a) .  6 .7 -8 .0(15~.m) .  9.2(1H.s). 9 .8(1H,s) .  

P r e p a r a t i o n  o f  

Method A:  1 . 0 3  g ( 3  mmole) o f  kz, 0 .84  g ( 9  mmole) o f  f r e s h l y  d i s t i l l e d  a n i l i n e  and 

0.25 g ( 3  m o l e )  o f  anhyd. AcONa were r e f l u x e d  i n  g l a c i a l  AcOH(10 ml) f o r  5  h. The 

s o l u t i o n  was t h e n  c o o l e d  and poured  on  c r u s h e d  i c e .  The p r e c i p i t a t e  was e x t r a c t e d  

w i t h  CH2C12, t h e  e x t r a c t  washed w i t h  aq. NaHC03 and d r i e d  o v e r  anhyd. MgS04. The 

s o l v e n t  was d i s t i l l e d  o f f ,  and t h e  r e s i d u e  was r e c r y s t a l l y z e d  from e t h a n o l / w a t e r  

( 7 0 % ) .  

Method B :  1 . 0 3  g ( 3  mmole) o f  zx were r e f l u x e d  i n  POC13(4 ml) f o r  4  h. The s o l u t i o n  

was t h e n  c o o l e d ,  poured  on c r u s h e d  i c e ,  a n d  t h e  p r e c i p i t a t e  was e x t r a c t e d  w i t h  

C H 2 C 1 2 .  The e x t r a c t  was washed w i t h  aq. NaHCO and t h e n  d r i e d  o v e r  anhyd. MgSO 
3  4  ' 

The s o l v e n t  was d i s t i l l e d  o f f  and t h e  r e s i d u e  was r e c r y s t a l l i z e d  f rom e thanol /wa-  

t e r ( 8 0 8 ) .  

A%: mp 178-179°C; y e l l o w  n e e d l e s s ;  i r ( n u j o l ) l 7 2 0  cm-l; 1 ~ - ~ ~ ~ ( ~ ~ ~ 1 3 )  6 7.0-7.9 

( 1 4 ~ . m ) .  8.4-8.6(2H.m). 

P r e p a r a t i o n  of  3: 1 . 0 7  g ( 3  mrnole) o f  a. 0.84 g(9 mmole) of  f r e s h l y  d i s t i l l e d  

a n i l i n e  and 0 .25  g ( 3  mmole) of anhyd. AcONa were r e f l u x e d  i n  g l a c i a l  AcOH(10 ml) 

f o r  1 0  h. The s o l u t i o n  was t h e n  c o o l e d ,  poured  an  c r u s h e d  i c e ,  and t h e  p r e c i p i t a t e  

was e x t r a c t e d  w i t h  C H 2 C 1 2 .  The e x t r a c t  was washed w i t h  aq .  NaHC03 and t h e n  d r i e d  

o v e r  anhyd. MgS04. The s o l v e n t  was d i s t i l l e d  off and t h e  r e s i d u e  r e c r y s t a l l i z e d  



from ethanol/water(30$). 

x&: mp 156-157QC; yellow needless; ir(nujo1)1700 em-'; 'H-NMR(CDC~~) 6 2.9(3~,s). 

7.2-7.9(13H,m). 8.0-8.2(2H,m). 

Action of diasomethane o v e r  

Method A: 1.00 g(3 mmole) of a was dissolved in DMF(~O ml) and an ethereal solu- 
tion of CH2N2 was added with stirring until no a was noticed by TLC. Water was 
then added to the solution to precipitate a solid. The solid was dissolved in the 

minimum amount of warm benzene and the components of the mixture separated by 

column chromatography on silica gel, using benaene/hexane 3:2 as an eluting agent. 

to afford analytically pure samples of two compounds in this order: first a(52$), 

later XZ(208). 

Method B: 1 g(3 mole) of a was dissolved in CC1 (10 ml) and an ethereal solution 4 

of CH2N2 was added with stirring until no a was noticed by TLC. The solvent was 
then removed by distillation, and the resulting solid was purified in the same 

way as Method A. Yield was 9% of a and 62% of a. 
a: rip 164-165QC; white powder; ir(nujol)l725 cm-l; ~ H - N M R ( C D C ~ ~ )  6 2.2(1Ha, dd, 

J ab =13Hz, J ax =10Hz), 2.4(1Hb, dd, Jab=13Hz, Jbx=8Hz), 3.1(1Hx, dd, Jax=lOHz, 

J =8ad, 7.0-7.6(15n.m). bx 

Preparation of 8:  1.07 g(3 mmole) o f  ZX were refluxed in POC13(4 ml) far 6 h. The 

solution was then cooled, poured on crushed ice, and the precipitate was extrac- 

ted with CH2C12. The extract was washed with aq. NaHCO? and then dried over MgSO 4' 
The solvent was distilled off and the residue was recrystallized from ethanol/wa- 

ter(64B). 

@: mp 183-184PC; yellowish powder; ir(nujo1)3280.1700,1650 cm"; 'H-NMR(DMSO-~~) 

6 2.25(3H.s), 6.7-8.0(14H.m), 9.2(1H.s). 
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