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SYNTHETIC COMHUNICATIONS, 21(1O&ll), 1281-1291 (1991) 

DJNYVROPYRANS FROM I r4-CYCl.OAVI)lTION OF ENAMINES 
TO ARYLHETllY LENEPYRAZOLONES. POLAR CIIARACTER 

OF TllE THERMAI. REARRANGEMENT OF THE 
RESULTING CYCLOAUUUCTS. 

H. Abdel-Rahman and I I .  A b d e l - G h a n y  

C h e m i s t r y  D e p a r t m e n t r  F a c u l t y  of S c i e n c e r  A s s i u t  U n i v e r s i t y ,  

S o h a g  - E g y p t .  

Abstract 
T h e  i n v e r s e  e lec  trori d e m a n d  h e t e r o - D i e l s -  

A l d e r  r e a c t i o n  of arylmethylenepyrazolones 
w i t h  e n a m i n e s  r e s u l t s  i n  t h e  s e l e c t i v e  Lorma- 
t i o n  of  d e r i v a  t i v  e s .  
T h e s e  c y c l o a d d u c  ts u n d e r  t h e r m o d y n a m i c  c o n d  i t -  
i o n s ,  a r e  t r a n s f o r m e d  v i a  t h e  z v i t t e r i o n ,  
w h i c h  c a n  b e  c a p t u r e d  i n  t h e  p r e s e n c e  of 
t e t r a c y a n o e t h y l e n e  ( T C E ) ,  a s  t h e  more s t a b l e  
M i c h a e l - t y p e  a d d u c  ts. T h e  zw i t t e r i o n  c o u l d  
a l s o  b e  t h e  i n t e r m e d i a t e  € O K  t h e  c y c l i c  
a d d u c  ts . 

3 ,4 -d  i h y d  ro-  2 I1 - p y  r a n  

I n t r o d u c t i o n  

Metero-Diels-Alder r e a c t  i o n  u i t h  i n v e r s e  e l e c t r o n  

d e m a n d  b e t w e e n  a r O - u n s a  t u r a  t e d  c a r b o n y l  c o m p o u n d s  a n d  

a p p r o p r i a t e  d i e n o p h i l e s  is a n  a t t r a c t i v e  r o u t e  € O K  t h e  

s y n t h e s i s  o f  3 , 4 - d i h y d r 0 - 2 H - p y r a n  d e r i v a t i v e s ' .  T h i s  

r e a c t i o n  h a s  b e e n  s u c c e s s f u l l y  e x t e n d e d  t o  a l o t  O E  

h e  terod i e n e  s y s  terns2-4 a r i d  t h e  p r o d u c t s  o b t a i n e d  h a v e  

a l w a y s  i m p l i e d  a 1 , 4 - c y c l o a d d i t i o n .  T h i s  r e a c t i o n  

1281 
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1282 ABDEL-RAHMAN AND ABDEL-GHANY 

a p p e a r s  to  b e  a p o w e r f u l  a n d  v e r s a t i l e  a p p r o a c h  t o  t h e  

s y n t h e s  is of d i h y d r o p y r a n s  f u s e d  to  p y r a z o l e s .  

W e  h a v e  f o u n d 4  t h a t  t h e  a , ( 3 - u n s a  t u r a  t e d  s y s  tern 

o f  a r y l m e t h y l e n e r h o d a n  i n e s  r e a c t s  w i t h  enam i n e s  u n d e r g o -  

i n g  l r 4 - c y c 1 o a d d i t i o r i .  I n  o r d e r  t o  e x t e n d  t h e  a p p l i -  

c a b i l i t y  of t h e  r e a c t i o n ,  w e  n o w  w i s h  t o  r e p o r t  t h e  

r e s u l t s  of t h e  reac t  i o n  of some 4 - a r y l  i d e n e - 3 - m e t h y l - l -  

p h e n y l - 5 - p y r a z o l o n e s  l a - d I  a n o t h e r  t y p e  o f  Ui $ - u n s a t u -  

ra t e d  c a r b o n y l  h e  t e r o c y c l  i c  c o m p o u n d  c o n  t a  i n  i n g  a l a c  tam 

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

R e s u l t s  a n d  D i s c u s s  i o n  

T h e  r e a c t i o n  o f  l a - d  w i t h  e x c e s s  e n a m  i n e  E l  o r  E 2  

i n  C H 3 C N  a t  2 0  OC l e d  t o  t h e  f o r m a t i o n  o f  a c o l o u r l e s s  

s o l i d ,  t h e  a n a l y t i c a l  d a t a  o f  w h i c h  a g r e e d  w e l l  w i t h  

1:l a d d u c t s  ( S c h e m e  1 ) .  T h e  s t r u c t u r e s  o f  t h e  a d d u c t s  

2a-d a n d  3a-d h a v e  b e e n  a s s  i g n e d  t h r o u g h  s p e c t r o s c o p i c  

d a t a .  

T h e  I R  s p e c t r a  s h o w e d  a b a n d  a t  1 6 0 0  cm-' , 
a t t r i b u t a b l e  t o  t h e  e n o l  e t h e r  d o u b l e  b o n d 3 ,  s u g g e s t i n g  

t h a t  l r 4 - c y c l o a d d  i t  i o n  had  t a k e n  p l a c e .  T h e  c a r b o n y l  

b a n d s  were m i s s i n g r  i n d i c a t i n g  t h e  a b s e n c e  of b o t h  c y c l -  

o b u t a n e  d e r i v a t i v e s  a n d  a l k y l a t e d  e n a m i n e s  ( T a b l e  1 ) .  

T h e  m a i n  f e a t u r e s  o f  t h e  ' H  N M R  s p e c t r a  a r e  

r e p o r t e d  i n  T a b l e  2. A l l  o t h e r  p r o t o n s  of  t h e  b a s e  a n d  

o f  t h e  a romat ic  r i n g s  s h o w e d  t h e  a p p r o p r i a t e  c h e m i c a l  

s h i f t  v a l u e s .  T h e  l a r g e  v a l u e s  f o r  t h e  c o u p l i n g  c o n s t a n t  
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3,4-DIHYDRO-ZH-PYRAN DERIVATIVES 1203 

kz  X =CHZ // 
'3 

Pi1 

(Scheme 1) 
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1284 ABDEL-RAHMAN AND ABDEL-GHANY 

Table 1: Spectroscopie data (I:Br an-]) 
C<#llpd. \ 'C-0 \I ( :-C vc c V C - C  

lactam enam i n e  di hydropyran Pxocyc 1 1 c 

la 
25 

3a 
4a 

Sa 

l b  

2b 
3b 

db 
5h 

lc 

2C 

3c 

4C 

5C 

lcl 

2d 

3d 
4d 

5a 
6b* 

Ba 

lh80 
- 
- 

1700 

1700 

1675 
- 
- 

1700 

1700 

1675 
- 
- 

1700 

1.705 

1G75 
- 
- 

1700 

1705 

1700 

1680 

- 

J 605 

1600 
- 
- 

- 
1610 

1600 
- 
- 

- 
1600 

1600 
- 
- 

- 
1605 
1600 

- 
- 
- 
- 

* cyario group absorbed a t  2220 an-1 .  

of t h e  d i l i y d r o p y r a n  p r o t o n s ,  c o m p a r e d  a g r e e a b l y  w i t h  

s i m i l a r l y  c o n d e n s e d  d i h y d r o p y r a n  d e r i v a  t i ~ e s ~ - ~ ,  a r e  t h e  

most d i a g n o s t i c  f e a t u r e  i n  the '11 NElR s p e c t r a .  

The p r o p o s e d  o r i e n t a t i o n  O E  t h e  c y c l o a d d i t  ion  was 

c o n €  irined b y  h y d r o l y t i c  c l e a v a g e  of the adduc ts 2,,d and 
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3,4-DIHYDRO-2H-PYRAN DERIVATIVES 1285 

Table  2a: 'H I.mR spectra b(CDc13) ppn and ?MS l n t e r n a l  standard. 

- -. a: 

cmpd. t iL H1 O I 2 G H 2  CHz-N-CH2 CH2 n m l w t i c  
piobns 

2a 1.9 (b) 3.6(m) 2.7 (ml 0.9-2.2 (m) 7.2-8.2(ml 
2b 4 . l ( d )  2.4(m) 3.7(m) 2 . 9 m  I . B ( m )  7.1-8 .O (m) 

J=LUllz 

2 c  4.8(b) 3.6(rn) 2.6(rn) 0.9-2.1 (m) 7.1-7.8 (m) 

2d 4.0(d) 2.3(m) 3.7 2.9(ml 1.8(m) 6.9-8 . O  (m) 
J=YHz 

* b = b n w d  
b: 

C W .  CHI-N-CH-, CH7 H> a r a a t i c  prcLun Note 

3a 2 . 4 ( s )  O.Y-1.91rn) 5 . 0 ( d )  7.2-8.2 (ml (H3 a id  HI 
J=411z 

3b 2.3(bI 0.0-1.9 (m) 1 . 9  (d) 7.L-U.O(ml o v e r l a w  
Jc 2.3(bI u. 7-2 .u (m) 1.9 (d) 7.0-8.0 (m) w l t l i  protons 

J=411z 

3d' 2 .1(s )  0.7-2.0 (ml 1 . 8  (d) 6.9-8.0 (m) of e n d r i e  
J=lllz 

OCH3 appears a t  = 3 . 8 ( s ) .  

C :  

C&. Nc~rphol im prolons cycloliexene pmtons =cH 

4a 3.3 and 3.7(b) 0.9-2.31m) - 
4b 3.6(b) I .3-3.7 (ml 6 . l ( m )  

I C  3.6(b)  0.9-2.2 (m) 5.4(m) 

I d  3.5 and 3 .7(b)  7 . 0 - 2 . 3 h )  1.9 (m) 

Gb 3.0(s) - - 

d: 
Canpa. p p e r  i d i n e  pro tons  cyclohexene pro tons  N=C-CH] 

5a 2.6(b) 0.8-2 .0 (m) 2.3(s )  

5b 2.5(d) 0.8-2 .U (m) 2.2(S) 

5c 2.4  (Id 0.7-2.0 Im) 2 . 2 ( s )  

5d 2.3(h)  0.6-1.911~1) 2 .o 1s) 
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1286 ABDEL-RAHMAN AND ABDEL-GHANY 

3,-d under mild c o n d i t i o n s  i n  d i l u t e  a c e t i c  a c i d  f o r  1 / 2  

h: the (open-cha in)  py razo lone  d e r i v a t i v e s  8,,d (Scheme 

1) b e i n g  o b t a i n e d .  I n  this p o l a r  medium t h e  f o r m a t i o n  

o f  the  d i p o l a r  i n t e r m e d i a t e  shou ld  be favoured8.  

The d i h y d r o p y r a n  d e r i v a t i v e s  2a -d  and 3,-d a r e  

t l iernial ly  u n s t a b l e ,  r i n g  opeii i n g  o c c u r s  on ref l u x  i n g  i n  

a c e t o n  i t r i l e  and the  co r re spond ing  open-chain Michael-  

type  p roduc t s ,  4a-d and 5a-d a r e  o b t a i n e d  (Sclieine 2 ) .  T h e  

I R  s p e c t r a  showed s t r o n g  bands a t  1670 cm-l and 1640  cm- 

I ,  d u e  t o  the c a r b o n y l  q r o u p  n i i d  t h e  ena in ine  d o u b l e  

bond, r e s p e c t i v e l y  ( T a b l e  1). The 'H  N M R  s p e c t r a  showed 

no  v i n y l  p r o t o n  s i g n a l s  f o r  5a-d w h i l e  a t r i p l e t  a t  6 = 

4.95 ppm d u e  t o  an  e n a m i n e  v i n y l  p r o t o n  f rom db-d was 

observed (Tab le  2 ) .  These r e s u l t s  a r e  i n t e r e s t i n g  s i n c e  

t he  thermal  r ea r r angemen t  of d ihydropyran t o  a l k y l a  ted 

e n a m i n e  h a s  p r e v i o u s l y  been  r e p o r t e d  by R i s t a l i t i  e t  

a1.' and T a c c o n i  e t  a l .  10 . 

T r e a t i n g  t h e  d i h y d r o p y r a n  adduc  ts 2 a - d  and  3a-d 

w i t h  t e t r a c y a n o e  thy lene  ( ' I 'CE)  iinder t h e  same experimen- 

t a l  c o n d i t i o n s  a s  u sed  f o r  t h e i r  r i n g  c l e a v a g e ,  l e d  t o  

good y i e l d s  of t he  a d d u c t s  6,-d and 7,-d: t h e  e l emen ta ry  

a n a l y s e s  of wh ich  a r e  c o n s i s t e n t  w i t h  1:1 a d d u c t s  

(Scheme 1). These r e s u l t s  d e m o n s t r a t e  t h e  preser.ce of a 

z w i t t e r i o n i c  i n t e r m e d i a t e  i n  the  d e c o m p o s i t i o n  of the 

d i t iydropyran adduc t s  through a two-step pathway,  a l r e a d y  

proposed by F l e m  ing' l .  
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3,4-DIHYDRO-ZH-PYRAN DERIVATIVES 1207 

The r e a c t i o n  o f  enamines  E l  and E2 w i t h  a r y l m e t h y l -  

e n e p y r a z o l o n e s  la-d can  p roceed  v i a  a two-s t ep  mechanism 

w i t h  t h e  f o r m a t i o n  of a z w i t t e t t o n i c  i n t e r m e d i a t e  Z from 

which t h e  d i f f e r e n t  p r o d u c t s  2 ,  3 ,  4 and 5 a r e  g e n e r a t e d  

(Scheme 2 ) .  A s i m i l a r  mechanism has  a l r e a d y  been sugge-  

s t ed  Eor the r e a c t i o n  l e a d i n g  to  d ihydropyrans .  A 1  ter- 

na t i v e l y ,  t h e  f o r m a t  ion or d i h y d r o p y r a n s  c o u l d  be  r e g a r -  

d e d  a s  a D i e l s - A l d e r - 1  i k e  r e a c t i o n ,  o c c u r r i n g  w i t h  a 

one-s t e p  mechanism ( c o n c e r t e d  r e a c t i o n ) .  T h e  s u b s e q u e n t  

t h e r m a l  r e a r r a n g e m e n t  of  t h e  d ihydropyrans"  to Michae l -  

t y p e  a d d u c t s  s h o u l d  p r o c e e d  v i a  t h e  z w i t t e r i o n  2. T h e  

two-s t ep  mechan i s m  a p p e a r s  t o  be  the most r e a s o n a b l e 1 2  

f o r  t h e  c y c l o a d d i t i o n  of enamiries t o  d i e n e ~ ~ ' ~ ~ ' ' ~ .  

I f  a two-s t ep  mechanism is a l s o  o p e r a t i v e  € o r  t h e  

f o r m a t i o n  of d i h y d r o p y r a n s  2 arid 3 ,  t h e s e  a s  w e l l  a s  t h e  

M i c h a e l - t y p e  a d d u c t s  4 and  5 o t r i q i n a t e  € r o w  the s a m e  

d i p o l a r  i n t e r m e d i a t e  2 ( S c h e m e  2 )  f o r m e d  i n  t h e  f i r s t  

s t e p  ( i )  of the p r o c e s s .  A t  room t e m p e r a t u r e  s t e p  ( 1 1 )  

can  be r ega rded  as  i r r e v e r s  i b l e .  Therefore, 8 ince unde r  

t h e s e  c o n d i t i o n s  t h e  main p r o d u c t s  of these r e a c t i o n s ,  

namely d ihydropyran  a d d u c t s ,  a r e  t h e  t he rmodynamica l ly  

l e s s  s t a b l e ,  t h e  r e a c  t i o n s  a r e  k i n e  t i c a l l y  con t r o l l e d  

and t h e  p r o d u c t  d i s t r i b u t i o n  w i l l  depend on t h e  t r a n s i -  

t i o n  s t a t e s  o €  the  s t e p s  ( i i - i v ) .  C o n s e q u e n t l y ,  t h e  

f o r m a t i o n  f r o m  Z of the c y c l o a d d u c t s  2 a n d  3 ,  w h i c h  

imp1 ies o n l y  a c h a r g e  n e u t r a l i z a t i o n ,  s h o u l d  b e  ene rge -  

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
O

kl
ah

om
a 

L
ib

ra
ri

es
] 

at
 0

7:
29

 2
1 

A
ug

us
t 2

01
4 



1288 ABDEL-RAHMAN AND ABDEL-GHANY 
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3,4-DIHYDRO-2H-PYRAN DERIVATIVES 1289 

t i c a l l y  favoured over  the format ion  of the  M i chae l - type  

adducts  4 and 5 requi r ing  proton a b s t r a c t i o n  from t h e  2- 

and 6 - p o s i t i o n s  of t h e  c y c l o h e x e n e  r i n g  of 2. On t h i s  

bas  is ,  a t  room t e m p e r a t u r e  t l ie k i n e t i c a l l y  c o n t r o l l e d  

r e a c  t ion p r o d u c t  i s  s t i l l  t h e  rl ihydropyran  adduc  t b u t ,  

t h  i s ,  under  thermodynam i c  c o n d i t i o n s ,  is t r a n s f o r m e d  

through the  zw i t t e r i o n  to  the more s t a b l e  Michael adduct.  

This l a t t e r  compound t h e r e f o r e  becomes t h e  f i n a l  product  

o f  t h e  r e a c t i o n  be tween the  arylmethylenepyrazolones 

la,b and enarnines E l  and E2. 

coriclus ion: 

1 1 1  tli is r e a c t  ion ,  t l ie I , d - cyc loadduc  ts a r e  t h e  

p r i m a r y  r e a c t i o n  p r o d u c t s  which can  undergo  t h e r m a l  

r e a r r a n g e m e n t  v i a  a d i p o l a r  i n t e r m e d i a t e  w h i c h  can  b e  

c a p t u r e d  i n  t h e  p r e s e n c e  of ( T C E ) ,  t o  Michae l - type  

a d d u c t s  ag f i n a l  p r o d u c t s .  T h L s  c o n v e r s i o n  is c o n s i -  

d e r e d  f u r t h e r  proof  of t h e  p o l a r  c h a r a c t e r  of t h e  cyc-  

loadd i t  ion w i t h  enam i n e s .  

a .  Reaction of 1 w i t h  enarniiies El and EZz - - 
To a s t i r r e d  s o l u t i o n  of 1 (1.0 equiv.) i n  ace ton i -  

T h e  t r i l e ,  

m i x t u r e  was s t i r r e d  f o r  ( 4 - 1 2  h )  a t  room 

tempera ture  ( 2 0  OC). After  evapora t ion  O E  t h e  a c e t o n f t -  

the  enamine El  o r  E2 ( 1 . 2  equiv.) was added. 
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1290 ABDEL-RAHMAN AND ABDEL-GHANY 

r i l e  a t  K O O ~  t e m p e r a t u r e  u n d e r  r e d u c e d  p r e s s u r e ,  t h e  

r e s i d u e  was g r o u n d  w i t h  co ld  p e t r o l e u m  e t h e r .  T h e  cor- 

r e s p o n d i n g  a d d u c t  was o b t a i n e d  i n  h i g h  y i e l d .  

b . H y d r o l y t i c  C l e a v a g e : -  ..................... 
0.3 mmole of t h e  c y c l o a d d u c t  was a d d e d  t o  a 

c o o l e d  a n d  s t i r r e d  m i x t u r e  of A c O H  (6 m l )  a n d  H20 (1 

m l ) .  S t i r r i n g  a n d  c o o l i n g  were c o n t i n u e d  f o r  1/2 h t h e n  

t h e  p r e c i p i t a t e  8 w a s  f i l t e r e d  a n d  w a s h e d  w i t h  a l a r g e  

a m o u n t  of wa ter .  

T h e  d i h y d r o p y r a n  was d i s s o l v e d  i n  a c e t o n i t t i l e  a t  room 

t e m p e r a t u r e  a n d  t h e  s o l u t i o n  was r e f l u x e d  f o r  4 0 - 1 0 0  

h r s .  T h e  a d d u c t s  2a-d, 3a-d were c o m p l e t e l y  d e c o m p o s e d  

a n d  t h e i r  N M R  a n d  IR-spectra  were f o u n d  i d e n t i c a l  w i t h  

t h e  s p e c t r a  of t h e  c o r r e s p o n d i n g  M i c h a e l - t y p e  a d d u c  ts. 

d .  R e a c t i o n  of D i h y d r o p y r a n a  W i t h  ( T C E ) : -  ...................................... 
T o  a s t i r r e d  s o l u t i o n  o f  TCE (1.0 e q u i v . )  i n  aceto-  

n i t r i l e ,  was a d d e d  tlie c y c l o a d d u c t  (1.0 e q u i v . ) .  T h e  

s o l u t i o n  was s t i r r e d  a n d  r e f l u x e d  u n d e r  t h e  same c o n d i -  

t i o n s  of t l i e r m o l y s  is of tlie c y c l o a d d u c  t. 
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