
HETFRXYCLFS, Vol 23, No. 10, 1985 

ON THE SYNTHESIS OF UNSATURATED I(5H)-IMIDAZOLONES.7. 

SEMI-EMPIRICAL SCF-MO(MND0) STUDY ON GEOMETRIC FACTORS INFLUENCING THE 

REACTION COURSE 

1 1 Carlos Cativiela . Josh  I. Garc<a1, Carlos jaime7, Jos6 A. Mayoral. and  

Enrique Melhndez 1 

'~epartamento de Qu;rnica Orgdnica,Universidad de Zaragosa.Zaragoza,Spain 

2~epartamenta de &";mica Orgbnica,Universidad Aut6noma de Barcelona, 

Bellaterra(Barce1ona). Spain 

Abstract - Semi-empirical calculations by HNDO are achieved in order 
to explain the different reactivities of parent structures of anilides of 

(Z)-7-benzamidocinnamic acid and (Z)-2-ben~amido-3-~henyl-7-butenoic acid 

to give the corresponding L(5H)-imidazolones in the same conditions. 

We have recently reported1 some observations with regard to the synthesis of 

(Z)-7.3-diphenyl-5-benaylidme-4(5H)-imidaoone ($,I and (Z)-2.3-diphenyl-5- 

(a-phenylethylidene)-4(5~)-imidazalone (2) and the implied stereochemistry. 
In that work, we described how the anilide of the (2)-2-benzamidocinnamic acid ( 2 )  
cyclizes in the presence of acetic acid and sodium acetate or phosphorus oxychlari- 

de to yield 4. Similarly, the anilide of (Z)-7-beneamido-3-phenyl-7-butenoic acid 
(4) yields 3 in the presence of acetic acid and sodium acetate although the reac- 
tion time is considerably longer and the yield lower. However, very different 

results are observed when 4 is treated with phosphorus oxychloride, since the 
l-phenyl-3-phenylaminocarbonyl-4-methylisoquinline ( 2 )  is obtained (Scheme 1). 
A slight structural difference between 2 and 4 (the presence of a methyl group 
apparently at a considerable distance from the reaction centre) seems to be of 

great importance in determining the final product and the yields obtained. Our aim 

has-been to demonstrate the influence of this methyl group on the reaction pathway 

due to the modification introduced in the structure and geometry of the reaction 

intermediate. 

Semi-empirical SCF molecular orbital calculations, obtained by means of the MNDO 2 

approach, have been used throughout this work. Structures were fully minimized, 

with the exception of geometrical parameters related to phenyl rings. They were all 
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The  g e o m e t r i c a l  f e a t u r e s  o b t a i n e d  by MNDO c a l c u l a t i o n s  o n  t h e  g r o u n d  s t a t e  o f  t h e  

a m i d e s  o f  ( 2 ) - b e n z a m i d o c i n n a m i c  a c i d ,  6 ,  and  o f  ( z ) - ? - p h e n y l - 2 - b u t e n o i c  a c i d ,  x, 
which  c a n  be  c o n s i d e r e d  m o d e l s  f o r  2 a n d  4 ,  r e s p e c t i v e l y ,  p o i n t  t o  two f a c t s ( s e e  

F i g . 1 ) :  

1 )  The amido g r o u p  i s  t w i s t e d  f rom t h e  C=C p l a n e  i n  compound b u t  n o t  i n  6 .  
2 )  I n  b a t h  c a s e s  t h e  p h e n y l  r i n g s  h a v e . l o s t  t h e i r  c o p l a n a r i t y  w i t h  t h e  r e s t  o f  t h e  

m o l e c u l e .  
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Methy l  g r o u p  e f f e c t  

Whi le  i n  c o n j u g a t e d  s y s t e m s  l i k e  h and x o n e  c o u l d  e x p e c t  c o m p l e t e  p l a n a r i t y ,  the  

s k e l e t a l  a toms  o f  1 d e t e r m i n e  t h r e e  p l a n e s  i n  i t s  MNDO e n e r g y  minimum; p h e n y l  

r i n g .  C=C bond a n d  arnido g r o u p  ( F i g .  I). When 1 was o b l i g e d  t o  be p l a n a r  i n  

r e l a t i o n  t o  C = C  a n d  t h e  arnido g r o u p ,  i t s  h e a t  of f o r m a t i o n  (Hf) i n c r e a s e d  by 

2.5 k c a l / m o l e .  

Figure 1 

A d e t a i l e d  s t u d y  of MNDO m i n i m i z e d  s t r u c t u r e s  f o r  6 a n d  2 e n a b l e s  u s  t o  c o n c l u d e  

t h a t  t h e  m e t h y l  g r o u p  h a s  a n  i m p o r t a n t  s t e r i c  e f f e c t  o n  t h e  c a r b o n y l  oxygen o f  t h e  

amido g r o u p  ( s e e  bond a n g l e s  i n  F i g .  1 ) .  e v e n  i n  a n o n - p l a n a r  c o n f o r m a t i o n .  

T h i s  b u t t r e s s i n g  e f f e c t  can  a l s o  b e  o b s e r v e d  i n  t h e  f i n a l  r e a c t i o n  p r o d u c t s  i, and 

2. MNDO c a l c u l a t i o n s  on  2 ,  &Q,, ;tt a n d  ;t$, t a k e n  a s  m o d e l s  f o r  ;t ( 2  a n d  ;CQ) a n d  2 
(&  a n d  ;C%), c l e a r l y  show t h e  p r e s e n c e  o f  t h i s  i n t e r a c t i o n  (compare  bond a n g l e s  

a n d  non-bonded d i s t a n c e s  i n  F i g .  2 ) .  

The s t e r i c  h i n d r a n c e  o f  t h e  m e t h y l  g r o u p  o n  t h e  c a r b o n y l  oxygen  b e l o n g s  t o  t h e  

l o n g - r a n g e  non-bonded i n t e r a c t i o n s  o f  t h e  1 . 5 - t y p e ,  which  a r e  u s u a l l y  o f  t h e  g ( S ) -  

- g ( - )  t y p e ,  a s  i n  p e n t a n e .  However,  i n  t h i s  s p e c i f i c  case  t h e r e  a r e  t h r e e  

e c l i p s e d ,  o r  a l m o s t  e c l i p s e d ,  bonds  ( F i g .  3 ) .  T h i s  s i t u a t i o n  f o r c e s  t h e  c a r b o n y l  

oxygen  and o n e  o f  t h e  m e t h y l  h y d r o g e n s  i n t o  c l o s e  p r o x i m i t y .  T h i s  i n t e r a c t i o n  i s  

s i r n i l a r , a l t h o u g h  s m a l l e r ,  t h a n  t h e  o n e  p r e s e n t  i n  2 - m e t h y l b i p h e n y l .  



Figure 2 

Figure 3 
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The p r e s e n c e  o f  a c i d i c  media i n  t h e  f o r m a t i o n  o f  i m i d a z o l a n e s  &, and i s  o f  

fundamenta l  i m p o r t a n c e .  When 3, 0 , are p l a c e d  i n  t h e  p r e s e n c e  of a c e t i c  

anhydr ide-sod ium a c e t a t e ,  & o r  g ,  c a n n o t  be o b t a i n e d .  F u r t h e r m o r e ,  i t  i s  w e l l  

known t h a t  amides  a r e  p r o t a n a t e d  on t h e  c a r b o n y l  oxygen r a t h e r  t h a n  o n  t h e  

L n i t r o g e n  . It t h e r e f o r e  seems r e a s o n a b l e  t o  r e g a r d  c h a r g e d  ( p r o t o n a t e d )  s p e c i e s  

a s  p o s s i b l e  r e a c t i o n  i n t e r m e d i a t e s .  

The a b s e n c e  o f  c o p l a n a r i t y  o f  t h e  amido group  and t h e  C=C bond i n  t h e  p o s s i b l e  

t r a n s i t i o n  s t a t e  i s  r e a l l y  i m p o r t a n t  t o  e x p l a i n  why t h e  r e a c t i o n  o f  t o  form 

d o e s  n o t  t a k e  p l a c e  e a s i l y .  O b v i o u s l y ,  i r n i d a z o l o n e  f o r m a t i o n  r e q u i r e s  a c y c l i z a  

t i o n  s t e p ,  which i n  t u r n  n e e d s  a l m o s t  p e r f e c t  c o p l a n a r i t y  o f  t h e  f i v e  a toms  

i n t e r v e n i n g  d u r i n g  c y c l i z a t i o n  ( F i g .  4 ,  i n t e r v e n i n g  a toms  a r e  r e p r e s e n t e d  by 

t h e  s o l i d  l i n e ) .  

MNDO c a l c u l a t i o n s  o n  compounds &X and a, models  o f  t h e  h y p o t h e t i c  

were c a r r i e d  o u t .  S t a r t i n g  from a  c o m p l e t e l y  p l a n a r  s t r u c t u r e ,  w i t h  r e g a r d  t o  

s k e l e t a l  a t o m s ,  m i n i m i z a t i o n  l e a d s  t o  n o n - p l a n a r  g e o m e t r i e s  f o r  bo th  compounds. 

( F i g .  5 ) .  

Figure 5 



D i h e d r a l  a n g l e s  N-Cl-C2-C? were o f  134 .10  and of  98.00 i n  ;U and ;Ch, r e s p e c t i v e l y .  

Once a g a i n ,  t h e  methy l  g r o u p  e f f e c t  c a n  be o b s e r v e d  i n  t h e  m o l e c u l e s  s t u d i e d .  

C o n s i d e r i n g  and &,good models  f o r  t h e  r e a l  t r a n s i t i o n  s t a t e  f a r  t h e  c y c l i e a -  

t i o n  r e a c t i o n ,  t h e  e x i s t e n c e  o f  s u c h  a n  a f f e c t  and t h e  c o n s e q u e n t  l o s s  o f  

p l a n a r i t y  may a c c o u n t  f o r  t h e  d i f f e r e n t  b e h a v i o u r  of 2 and 4. I n  compound 4 t h e  

p r e s e n c e  of  t h e  methy l  e f f e c t  i n  t h e  t r a n s i t i o n  s t a t e  w i l l  p r o d u c e  a n  u n s a t i s f a c -  

t o r y  a r r a n g e m e n t  o r  w i l l  make i t  d i f f i c u l t  t o  a t t a i n  t h e  a d e q u a t e  p l a n a r  c o n f o r -  

m a t i o n ,  i n c r e a s i n g  t h e  t r a n s i t i o n  s t a t e  e n e r g y  and r e d u c i n g  t h e  r e a c t i o n  r a t e  and 

even  t h e  y i e l d .  

P h e n v l  r ing-C=C c o p l a n a r i t r  

P h e n y l  r i n g s  a r e  o u t  o f  t h e  C = C  bond p l a n e  i n  and x. A l l  MNDO c a l c u l a t i o n s  on 

r e l a t e d  m o l e c u l e s ,  s u c h  a s  ;tQ. 2 ,  ;U and show t h e  same phenornenum. 

The l a c k  of  p l a n a r i t y  may be due t o  t h e  MNDO t e n d e n c y  t o  t w i s t  g r o u p s  w i t h  

n - d e l o c a l i z a t i o n  w i t h  p h e n y l  a t e n d e n c y  p r o b a b l y  d u e  t o  t h e  o v e r e s t i m a -  

2  t i a n  o f  s h o r t  non-bonded c o n t a c t s  i n  t h i s  s e m i - e m p i r i c a l  method . T h i s  s i t u a t i o n  

i n  no way a f f e c t s  o u r  p r e s e n t  d i s c u s s i o n .  However, a s  i t  i s  o f  i n t r i n s i c  i n t e r e s t  

work o n  i t  i s  i n  p r o g r e s s .  

The  f o r m e r  d i s c u s s i o n  a b o u t  t h e  i n f l u e n c e  o f  t h e  m e t h y l  g r o u p  o n  t h e  c y c l i z a t i o n  

o f  2 t o  & and 4 t o  2  would a l s o  be v a l i d  i f  a  Lewis a c i d  (POCl ) were u s e d  
? 

i n s t e a d  a p r o t i c  one .  However, t h e  s i t u a t i o n  i s  c o m p l i c a t e d  by t h e  p o s s i b i l i t y  o f  

a  B i s c h l e r - N a p i e r a l s k i  c y c l i z a t i o n  t o  t h e  c o r r e s p o n d i n g  i s o q u i n o l i n e .  Thus ,  w h i l e  

2 c y c l i z e d  l a r g e l y  t o  & ( o n l y  t r a c e s  o f  t h e  c o r r e s p o n d i n g  i s o q u i n o l i n e  c o u l d  be 

d e t e c t e d  by TLC), 4 c y c l i z e d  t o  2 i n  t h e  same c o n d i t i o n s .  

I t  seems  t h a t  t h e  p r e s e n c e  of  t h e  m e t h y l  g roup ,  which makes t h e  c y c l i z a t i o n  t o  

4 (5H)- imidaeolone  d i f f i c u l t ,  improves  t h e  a p p e a r a n c e  o f  i s o q u i n o l i n e  d e r i v a t i v e .  

However, when t h e  a n i l i d e  o f  ( Z ) - 2 - b e n z a m i d o - 3 - ( 4 - n i t r o P h e n y l ) - 2 - b u t e n  a c i d  

7 (AZ), whose d e a c t i v a t e d  r i n g  must  p r e v e n t  t h e  B i s c h l e r - N a p i e r a l s k i  r e a c t i o n  , was 

t r e a t e d  w i t h  phosphorus  o x y c h l o r i d e ,  c y c l i a a t i o n  t o  (Z)-2,?-diphenyl-5-[a-(4- 

nitrophenyl)ethylidene]-4(5H)-imldaaolane ( 1  o c c u r r e d ,  a s  e x p e c t e d ,  w i t h o u t  

t h e  a p p e a r a n c e  of  t h e  c o r r e s p o n d i n g  i s o q u i n o l i n e  d e r i v a t i v e  and w i t h  a y i e l d ( 2 8 8 )  

comparab le  t o  t h e  c y c l i e a t i a n  o f  & t o  2  w i t h  a c e t i c  a c i d  (Scheme 2 ) .  
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Scheme 2 

EXPERIMENTAL 

M e l t i n g  p o i n t s  were d e t e r m i n e d  on  a M e t t l e r  FP 61 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  P e r k i n - E l m e r  I n f r a r e d  S p e c t r a p h o t o m e t e r  Model 283. 

NMR s p e c t r a  were r e c o r d e d  on a P e r k i n - E l m e r  R-12 B S p e c t r o p h a t o m e t e r  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 o n  a P e r k i n -  

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  a g r e e m e n t  w i t h  t h e  c a l c u l a t e d  

v a l u e s .  

P r e p a r a t i o n  o f  &z: 
(Z)-2-phsnyl-4-[a(4-nitrophenyl)ethylidene]-5(~)-oxazolone(6 mmol), p r e p a r e d  as  

8  
p r e v i o u s l y  d e s c r i b e d  . and f r e s h l y  d i s t i l l e d  a n i l i n e ( l 8  rnmol) were r e f l u x e d  i n  

d r y  benzene  (80 ml)  f a r  20 h. The SoluLion  was Lhen coo.Led 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  d r y  benzene  a n d  d r i e d .  One r e c r y s t a l l i z a t i o n  f rom e t h a n o l /  

w a t e r  gave a n  a n a l y t i c a l l y  p u r e  sample.  The y i e l d  was 71%. 

&A: mp 252-253" ( d e c ) ;  c o l o r l e s s  n e e d l e s ,  i r ( n u j o 1 ) 1 3 0 0 . 3 2 6 0 , 1 6 6 0  crn'l; 

'H-NMR ( D ~ s 0 . d ~ )  6 2 . 2 6 ( 3 ~ ,  s ) ,  6 . 9 - 8 . 4 ( 1 4 ~ , m ) ,  9.8(1H. s ) .  10.2(1H, a ) .  

P r e p a r a t i o n  o f  &k: 
Compound &z ( 3  mmol) was r e f l u x e d  i n  FOCI3 ( 4  m l )  f a r  6 h. The s o l u t i o n  was then  

c o o l e d ,  poured  on t o  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  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 d r i e d  o v e r  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  was r e c r y s t a l l i z e d  from e t h a n o l / w a t e r .  The y i e l d  was 28%. 



&: rnp 1 9 0 - 1 9 1 % ;  y e l l o w  n e e d l e s  ; i r ( n u j o 1 ) 1 7 0 0  c n - l ;  'H-NMR (CDCl?) 6 2 . 6 5 ( 3 H . s )  

6.9-X.L(l4H.m). 

REFERENCES 

1. C .  C a t i v i e l a ,  J. Chueca, J .I .  Garc$a  and E. ~ e l h n d e z ,  H e t e r o c y c l e s ,  1 9 8 4 ,  @, 

2775. 

2 .  M.J.S. Dawar a n d  W.H. T h i e l ,  J.Am.Chem.Soc., 1 9 7 7 ,  22, 4917. 

3. Phenyl  r i n g  g e o m e t r i c a l  p a r a m e t e r s  were  f i x e d  a s  f o l l o w s :  C - C  = 1 .39708 ,  

C - H  = 1 .0848 .  C - C - C  = 120 .0Q.  C - C - H  = 1 2 0 . 0 Q .  e n d o c y c l i c  C - C - C - C  = 0 . 0 Q  a n d  

H - C - C - H  = 0.0Q. 

4. A.J. Kresge .  P.H. F i t z g e r a l d  and Y. Chiang .  J.Am.Chem.Soc., 1974.  , 4698;  

H. B e n d e r l y  and K .  Rosenheck, Chem.Comm., 1 9 7 2 ,  1 7 9 ;  R . B .  M a r t i n ,  u, 1 9 7 2 ,  

793. 

5. D r .  S. O l i u e l l a ,  p e r s o n a l  communica t ion .  

6. M.J.S. Deuar. A.H.  P a k i a r i  and A.B. P i e r i n i ,  J.Am.Chem.Soc.. 1 9 8 2 ,  &&, 3242. 

7. A .  McCaubrey and D.W. Mathieson ,  J.Chern.Soc., 1 9 4 9 ,  696. 

8 .  C .  C a t i v i e l a  and E. ~ e l h n d e z .  S y n t h e s i s ,  1978 ,  832. 

Received, 3rd J u l y ,  1985 


