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4 . -  M I S C E L L A N E O U S  S Y N T H E S E S  

1 . -  INTRODUCTION 

The c h e m i s t r y  o f  p y r a n  d e r i v a t i v e s ,  many o f  w h i c h  a r e  p r e s e n t  i n  a . v a r i e t y  o f  np  

t u r a l  p r o d u c t s ,  has  been  w i d e l y  s t u d i e d  a n d  i s  c o v e r e d  e v e n  i n  g e n e r a l  t r e a t i s e s  o f  

O r g a n i c  C h e m i s t r y ' .  R e v i e w s  on  s i m p l e  a r o m a t i c  p y r a n  d e r i v a t i v e s , s u c h  as p y r o n e s 2 1 3  

a n d  p y r y l i u m  s a l t s 4  h a v e  b e e n  p u b l i s h e d .  

Howeve r ,  t h e  s i t u a t i o n  i s  d i f f e r e n t 5  w i t h  t h e  4 H - p y r a n s  ( o r  Y - p y r a n s ) ,  due p r i -  

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

p r o p e r t i e s .  



Thus,  t h e  s y n t h e s i s  o f  t h e  u n s u b s t i t u t e d  4 H - p y r a n  ( I ) ,  t h e  i n s t a b i l i t y  o f  w h i c h  

was p r e d i c t e d  on t h e  b a s i s  o f  O . M .  c a l c u l a t i o n s 6 ,  was u n s u c c e s f u l l y  a t t e m p t e d ' ~ ~  

and was n o t  f i n a l l y  a c h i e v e d  u n t i l  1962 ,  i n d e p e n d e n t l y  by  Brandsma e t  and Ma- 

samune and C a s t e l l u c c i l o .  I t  was, i n  f a c t ,  f o u n d  t o  be an e x t r e m e l y  u n s t a b l e  com- 

pound .  

However ,  a  h i g h  d e g r e e  o f  s t a b i l i z a t i o n  o f  t h e  p y r a n  n u c l e u s  i s  a c h i e v e d  w i t h  

t h e  p r e s e n c e  o f  s u b s t i t u e n t s  s u c h  as  t h e  p h e n y l  g r o u p  and  o t h e r  u n s a t u r a t e d  g r o u p s  

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

r e s  f o r  s u b s t i t u t e d  4H-py rans .  

These s y n t h e s e s  o f  4H-py rans  w i l l  be c l a s s i f i e d  i n  t h i s  a r t i c l e  i n  t w o  ma in  g r o  

ups:  s y n t h e s e s  by  h e t e r o c y c l i z a t i o n  o f  open c h a i n  compounds and  s y n t h e s e s  f r o m  corn 

pounds i n  w h i c h  a  s i x -membered  o x i g e n  r i n g  i s  a l r e a d y  p r e s e n t .  

2 . -  SYNTHESIS OF 4H-PYRANS BY CYCLlZATION REACTIONS 

2 . 1 . -  C y c l i z a t i o n  o f  6 - d i c a r b o n y l  compounds 

Due t o  t h e  w i d e  a p p l i c a b i l i t y  o f  t h e  P a a l - K n o r r  s y n t h e s i s  o f  f u r a n s S . 1 1 , 1 2  f r o m  

y - d i c a r b a n y l  compounds, t h e  r i n g  c l o s u r e  o f  B - d i k e t a n e s  was t h e  b a s i s  f o r  t h e  f i r s t  

a t t e m p t s  t o  p r e p a r e  4H-py rans ,  a c c o r d i n g  t o  t h e  scheme b e l o w .  

However ,  t h e  e a s e  w i t h  w h i c h  a l i p h a t i c  & - d i k e t o n e s  c y c l i z e  t o  c y c l o h e x e n o n e s  

t h r o u g h  an i n t r a m o l e c u l a r  a l d o l  c o n d e n s a t i o n 1 3 * 1 4  p r e v e n t s  t h i s  s y n t h e s i s  i n  mos t  

c a s e s .  The f o r m a t i o n  o f  4 H - p y r a n s  has  o n l y  been a c h i e v e d  w i t h  d i c a r b o n y l  compounds 

i n  w h i c h  a d e q u a t e  s t r u c t u r a l  f e a t u r e s  p r o h i b i t  t h e  c y c l i z a t i o n  t o  c y c l o h e x e n o n e  dg 

r i v a t i v e s .  

Thus ,  t h e  l a c k  o f  a p p r o p r i a t e  e n o l i z a b l e  h y d r o g e n s  i n  d i p h e n a c y l d i p h e n y l m e t h a n e  

( 1 1 )  p e r m i t s  i t s  c y c l i z a t i o n  t o  2,4,4,6-tetraphenyl-4H-pyran ( 1 1 1 )  i n  h i g h  y i e l d  

upon t r e a t m e n t  w i t h  p h o s p h o r u s  p e n t o x i d e ,  as r e p o r t e d  by  Pe res  de C a r v a l h o l s , 1 6 .  

However,  s u c h  a  r e a c t i o n  i s  non o f  g e n e r a l  a p p l i c a t i o n  t o  t h e  s y n t h e s i s  o f  4 H - p y r a n s .  

If t h e  two  p h e n y l  g r o u p s  a r e  n o t  p r e s e n t  i n  t h e  4 - p o s i t i o n ,  t h e  r e s u l t i n g  p y r a n s  

( I V )  a r e  t o o  u n s t a b l e  t o  be i s o l a t e d  and ,  i n  t h e  r e a c t i o n  c o n d i t i o n s ,  d i s p r o p o r t i o  

I V  J V V I  

R= H, Me, Ph 
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n a t e s  t o  p y r y l i u m  s a l t  ( V )  and t e t r a h y d r o p y r a n  ( V I ) " .  

A l s o ,  i n  t h e  p r e p a r a t i o n  o f  p y r y l i u m  s a l t s  s t a r t i n g  f r o m  d i k e t o n e s ,  t h e  ex is ten-  

c e  o f  an i n t e r m e d i a t e  4 H - p y r a n  has  been  p o s t u l a t e d .  T h i s  s p e c i e s  d e h y d r o g e n a t e s  i n  

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

The c y c l i z a t i o n  o f  6 - d i a l d e h y d e s  t o  4 H - p y r a n s  i s  a l s o  p o s s i b l e  i n  a  t w o  S t e p  re 

a c t i o n  w h i c h  i s  b a s e d  on  t h e  p r o c e d u r e  d e s c r i b e d  by  Brandsma and  A r e n t s 2 0  f o r  t h e  

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

l l o w e d  b y  d e h y d r o h a l o g e n a t i o n  o f  t h e  r e s u l t i n g  d i h a l o g e n a t e d  e t h e r .  Thus ,  t h e  un-  

s u b s t i t u t e d  4 H - p y r a n  ( I )  can  be o b t a i n e d  b y  a p p l i c a t i o n  o f  t h i s  me thod  t o  g l u t a r a !  

dehydeg .  S i m i l a r l y ,  g l u t a r a l d e h y d e  d e r i v a t i v e s  l e a d  t o  some o t h e r w i s e  i n a c c e s i b l e  

m o n o a l k y l  s u b s t i t u t e d  4H-py rans  ( V I I ) 2 1 .  

H c l l c H 2 c t : ~ 6 H ~ N E t 2 -  4 CHO CHO 

V I I  

R= H  o r  A l k y l  

The p r e p a r a t i o n  o f  t h i o p y r a n s  ( V I I I )  can  be a c h i e v e d  b y  a  m o d i f i c a t i o n  o f  t h i s  

p r o c e d u r e  i n v o l v i n g  t h e  use  o f  h y d r o g e n  s u l f i d e  i n  t h e  f i r s t  s t e ~ g . ~ ~ .  

R1, R2= H  o r  A l k y l  

I n  some i n s t a n c e s  t h e  d i r e c t ,  one s t e p  c y c l i z a t i o n  o f  d i a l d e h y d e s ,  s u c h  a s  3 . 3 -  
d i p h e n y l g l u t a r a l d e h y d e ,  t o  4 H - p y r a n s  ( I X )  can  b e  c a r r i e d  o u t  i n  good y i e l d  upon 

t r e a t m e n t  w i t h  t o s y l  c h l o r i d e z 2 .  

The p r e p a r a t i o n  o f  2 , S - d i f u n c t i o n a l i z e d  4H-py rans  i s  a c h i e v e d  b y  u s i n g ,  as t h e  

s t a r t i n g  d i c a r b o n y l  compound, o , a r  - d i k e t o p i m e l i c  a c i d , w h i c h  upon t r e a t m e n t  w i t h  

s u l f u r i c  a c i d ,  c y c l i z e s  t o  4 H - p y r a n - Z , 6 - d i c a r b o x y l i c  a c i d  (XIB , a  compound o f  S O  

me b i o l o g i c a l  i n t e r e ~ t ~ ~ , ~ " .  T h i s  s y n t h e s i s  was l a t e r  o p t i m i ~ e d ~ ~ , ~ ~  and has 

been  made e x t e n s i v e  t o  4 - s u b s t i t u t e d  d e r i v a t i v e s  and d e r i v a t i v e s  i n  t h e  c a r b o x y l  

g r o u ~ ~ ~ - ~ ~ .  



Howeve r ,  a l l  a t t e m p t s  t o  p r e p a r e  t h e  u n s u b s t i t u t e d  4 H - p y r a n  b y  d e c a r b o x y l a t i o n  o f  X 

h a v e  r e s u l t e d  i n  d e c o m p o s i t i o n  o f  X 8 .  

X 

R =  H ,  Me, E t ,  n - H e x y l  
The c y c l i z b t i o n  w i t h  s u l f u r i c  a c i d  o f  t h e  s o - c a l l e d  m e t h y l e n e b i s - u - t e t r o n i c  a c i d  

( X I )  t o  p y r a n  X I 1  i s  an e x t e n s i o n  o f  t h e s e  r e a c t i o n s z 9 .  

X I  X I  I 

A 3 , 5 - d i f u n c t i o n a l i z e d  4 H - p y r a n  ( X I V )  . i s  o b t a i n e d  as a  b y - p r o d u c t  i n  t h e  p r e p a r !  

t i o n  o f  b e n z y l i d e n e b i s - ( a c e t o a c e t i c  e s t e r )  ( X I I I )  r e s u 1 , t i n g  f r o m  t h e  c y c l i z a t i o n  o f  

t h e  l a t e r 3 0 , 3 1 .  

- 
X I I I  . . X I V  

A  r a t h e r  g e n e r a l  m e t h o d  o f  c y c l i z a t i o n  o f  6 - d i c a r b o n y l  compounds t o  4 H - p y r a n s  was 

d e v e l o p e d  b y  W o l i n s k y  and  H a u e r .  They  f o u n d  t h a t  t h e  d i k e t o n e  r e s u l t i n g  f r o m  t h e  

z i n c  c h l o r i d e  c a t a l y z e d  c o n d e n s a t i o n  o f  p u l e g o n e  (XV)  w i t h  e t h y l  a c e t o a c e t a t e  c y c l l  

zed  t o  4 H - p y r a n  X V 1 3 * .  The u s e  o f  a c e t i c  a n h y d r i d e  as t h e  s o l v e n t  p r e v e n t s  t h e  f o r -  

m a t i o n  o f  t h e  c y c l o h e x e n o n e .  

X V X r i  

T h i s  r e a c t i o n  c a n  be  a p p l i e d  t o  a  v a r i e t y  o f  o . 6 - u n s a t u r a t e d  k e t o n e s  ( X V I I )  and  

6 - d i c a r b o n y l  c o i n p o u n d s ( X V I I 1 ) .  The 6 - d i k e t o n e  ( X I X )  o b t a i n e d  f r o m  t h i s  c o n -  

d e n s a t i o n  a l w a y s  c y c l i z e s  t o  t h e  4 H - p y r a n  ( X X ) ~ ~ .  A l t h o u g h  t h e  y i e l d s  a r e - n o t  h i g h ,  

t h e  r e a d y  a v a i l a b i l i t y  o f  t h e  s t a r t i n g  m a t e r i a l s  a n d  t h e  l a c k  o f  an  a l t e r n a t e  r o u t e  

t o  t h e s e  compounds makes t h i s  an  a t t r a c t i v e  s y n t h e t i c . p r o c e d u r e .  H o w e v e r , i f  a , @ - u n -  

s a t u r a t e d  a l d e h y d e s  ( X V I I ,  R3=H) a r e  u s e d ,  t h e  c o r r e s p o n d i n g  l e s s  s u b s t i t u t e d  p y -  

r a n s  a r e  t o o  u n s t a b l e  t o  be  e a s i l y  h a n d l e d  and  p u r i f i e d .  
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X V I I  X V I I I  X I X  

A  f u r t h e r  e x t e n s i o n  o f  t h i s  s y n t h e s i s  i n v o l v e s  t h e  g e n e r a t i o n  o f  6 - d i k e t o n e s t h r g  

ugh  t h e  c o n d e n s a t i o n  o f  6 - d i c a r b o n y l  compounds w i t h   aldehyde^^^.^^, The 4 H - p y r a n s  

o b t a i n e d  ( X X I ) ,  w h i c h  h a v e  o n l y  a  s u b s t i t u e n t  i n  t h e  4 - p o s i t i o n ,  a r e  r a t h e r  u n s t a -  

b l e  compounds.  
,- 1 

Ac20  Me e 
8 

X X I  

X =  Me. OEt 

2 . 2 . -  C y c l i z a t i o n  o f  a c e t y l e n i c  c a r b o n y l  compounds 

The s e c o n d  r e a c t i o n  t y p e  l e a d i n g  t o  4 H - p y r a n s  i s  t h e  c y c l i z a t i o n  b y  t h e  a t t a c k  

o f  a  c a r b o n y l  o x i g e n  t o  a  c a r b o n - c a r b o n  t r i p l e  b o n d .  

T r e a t m e n t  o f  6 - a c e t y l e n i c  k e t o n e s  ( X X I I )  w i t h  z i n c  c a r b o n a t e  b r i n g s  a b o u t  the  f o r  

m a t i o n  o f  p y r a n s  ( X X I I I ) 3 5 .  If a  t e r m i n a l  a l k y n e  i s  u s e d  ( R l = H ) ,  t h e  f o r m a t i o n  o f  

t h e  p y r a n  does n o t  o c c u r  a n d  f u r a n s  a r e  o b t a i n e d  i n s t e a d .  

X X I I  X X I I I  

R 1 =  A l k y l  o r  A r y l ;  R 2 , R 3 =  A l k y l  

T h i s  r e a c t i o n  c a n  a l s o  b e  a p p l i e d  t o  2-(3-phenylpropargy1)cyclohexane-1,3-dione 
( X X I V ) 3 6  a n d  5 - p h e n y l p r o p a r g i l  b a r b i t u r i c  a c i d  ( X X V ) "  a n d  t h e  c o r r e s p o n d i n g  b i c y -  

c l i c  4 H - p y r a n s  XXVI a n d  X X V I I  a r e  o b t a i n e d .  I n  b o t h  c a s e s ,  t h e  p r e s e n c e  o f  t h e  phg  

n y l  g r o u p  i s  n e c c e s s a r y .  

X X I V  X X V l  



x x v  XXVI I  
.:. 

A p a r t i c u l a r  examp le  o f  t h i s  s y n t h e s i s  o f  4H-py rans  i s  t h e  t r i m e r i z a t i o n  o f  p r o -  

p a r g y l  a l d e h y d e  t o  X X V I I I ~ ~  f o r  w h i c h  a  w rong  s t r u c t u r e  o f  2 H - p y r a n  was formerly p r o  
posed39 .  H  

$1 
C 

3.HCSC-CHO acetate O H C O H O  

X X V I I I  

The s y n t h e s i s  o f  m e t h y l e n e - 4 H - p y r a n s  o f  t y p e  XXX f rom t h e  r e a c t i o n  o f  a c y l m e t h y -  

l e n e p h o s p h o r a n e s  w i t h  b e n z o y l d i a z o m e t h a n e  a p p e a r s  a l s o  t o  o c c u r  t h r o u g h  t h e  c y c l i z a  
t i o n  o f  an i n t e r m e d i a t e  a c e t y l e n i c  k e t o n e  ( X X I X ) 4 0 - 4 3 .  R c i d  c h l o r i d e s ,  a c i d  anhydr !  

Th Yh 

Z.PhjP=H-CO-Ph + Ph-CO-CH? - [p,G%G%p] <& Ph 

XXlX XXX 

des and 6 - k e t o  e s t e r s 4 *  a n d  s u b s t i t u t e d  m a l o n i c  e s t e r s h 5  r e a c t  a l s o  w i t h  t h e  p h o s -  

p h o r a n e s  t o  g i v e  p y r a n s .  

A s i m i l a r  s y n t h e s i s  i n v o l v i n g  t h e  r e a c t i o n  o f  a l l e n e s  XXXI w i t h  p h e n y l a c e t y l e n e  

t o  g i v e  X X X I I  has a l s o  been d e s ~ r i b e d * ~ .  

XXXI XXXII 

2 . 3 . -  C y c l i z a t i o n  o f  6 - c y a n o k e t o n e s .  

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

c y c l i z a t i o n  l e a d i n g  t o  t h e  4 H - p y r a n  r i n g .  

I n  t h i s  manner ,  t h e  M i c h a e l  a d d i t i o n  o f  m a l o n o n i t r i l e  ( X X X I I I ,  X=CI() o r  e t h y l  c y a  

n o a c e t a t e  ( X X X I I I ) ,  X - C 0 2 E t )  t o  a - a r o y l c i n n a r n o n i t r i l e s  (XXXIV.  Y = C N )  a f f o r d s  a  6-cya 

n o k e t o n e  (XXXV),  t h e  s p o n t a n e o u s  c y c l i z a t i o n  o f  w h i c h  i n  t h e  r e a c t i o n  m e d i u m , f o l l o -  

wed b y  an i m i n o - e n a m i n o  t a u t o m e r i z a t i o n ,  y i e l d s  p y r a n s  XXXV147-4g. 
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X X X I I I  XXXIV xxxv I 
XXXVI 

X= CN o r  C0,Et; Y= CN. C02E t  o r  COMe 

S i n c e  t h e  s t a r t i n g  compounds a r e  e a s i l y  a c c e s s i b l e  t h r o u g h  a  Knoevenage l  conden-  

s a t i o n  o f  a r o m a t i c  a l d e h y d e s  and  b e n z o y l a c e t o n i t r i l e s ,  and t h e  p y r a n s  XXXVI a r e  ob- 

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

t i o n  o f  2 - a m i n o p y r a n s .  I t  c a n  b e  made e x t e n s i v e  t o  e t h y l  a - b e n z o y l c i n n a m a t e s  (XXXIV, 

Y=C02Et )So  and  a - y l i d e n e - 6 - d i k e t o n e s  (XXXIV, Y=COR)51. 

2 -Aminopy rans  r e s u l t  a l s o s 2  f r o m  t h e  r e a c t i o n  o f  b e n z o y l a c e t o n i t r i l e s  w i t h  m a l o -  

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

t r i l e  f o l l o w e d  b y  a  M i c h a e l  a d d i t i o n  o f  m a l o n o n i t r i l e  and c y c l i z a t i o n  t o  X X X V I I .  

XXXVI I  

The l i m i t a t i o n  o f  t h e s e  r e a c t i o n s  l i e s  i n  t h e  f a c t  t h a t  t h e y  c a n  o n l y  be a p p l i e d  

i n  t h o s e  c a s e s  i n  w h i c h  t h e  s t a r t i n g  compound has  an e l e c t r o n  w i t h d r a w i n g  g r o u p  Y ,  

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

i n  t h e  i n t e r m e d i a t e  6 - c y a n o k e t o n e .  Thus ,  t h e  r e a c t i o n  o f  m a l o n o n i t r i l e  w i t h  b e n z y l i  

deneace tophenones  (XXXIV,  Y=H) a f f o r d s  o n l y  t h e  6 - c y a n o k e t o n e  (XXXV, Y-H) w h i c h  ca?  

n o t  be c y c l i z e d  t o  t h e  4 H - p y r a n S 3 .  

4 , 4 - D i s u b s t i t u t e d  2 - a m i n o p y r a n s  ( X L )  c a n  b e  p r e p a r e d  b y  c y c l i z a t i o n  o f  t h e  6 - c y g  

n o k e t o n e s  r e s u l t i n g  f r o m  t h e  r e a c t i o n  o f  o t h e r  a c t i v a t e d  o l e f i n s ,  such  as XXXIX, 
w i t h  a c t i v e  m e t h y l e n e  compounds containing a p p r o p r i a t e  f u n c t i o n a l  groups (XXXV111)54,5! 

I 

unds ,  

f c y c l i c  d i k e t o n e s  ( X L I ) ,  s u c h  as  d imedone,  a r e  u s e d  as  a c t i v e  m e t h y l e n e  compo- 

b i c y c l i c  2 - a m i n o p y r a n s  ( X L I I )  r e s ~ l t ~ ~ * ~ ~ .  

XL I  XXXIX XLI  I 

R= H, Me 



I n  a  s i m i l a r  manner ,  b a r b i t u r i c  a c i d s  g i v e  r i s e  t o  p i r i m i d o p y r a n s s 7 .  F i n a l l y , t h e  

r e a c t i o n  o f  e t h y l c y a n o a c e t a t e  w i t h  t h e  sod ium s a l t  o f  3 - b r o m o - 2 , 4 - p e n t a n e d i o n e  

(XLIII), w h i c h  d i m e r i z e s  i n  s i t ;  t o  an a c t i v a t e d  o l e f i n ,  i s  a n o t h e r  examp le  o f  a  c y  

c l i z a t i o n  o f  a  6 - c y a n o k e t o n e  t o  2 - a m i n o p y r a n  ( X L I V ) 5 8 .  

X L I I I  XLIY 

2 . 4 . -  C y c l o a d d i t i o n  o f  t r i p l e  bonds t o  . , @ - u n s a t u r a t e d  c a r b o n y l  compounds 

B e s i d e s  t h e  c y c l i z a t i o n s  d e s c r i b e d ,  14t21 c y c l o a d d i t i o n  r e a c t i o n s o f  c a r b o n - c a r -  

bon t r i p l e  b o n d s t o  a . 6 - u n s a t u r a t e d  c a r b o n y l  compounds have  a l s o  been  emp loyed  f o r  

t h e  s y n t h e s i s  o f  4 H - p y r a n s .  The m o s t  a p p r o p r i a t e  d i e n o p h i l e s  seem t o  b e  t h e  y n a m i -  

nes ( a c e t y l e n i c  t e r t i a r y  a m i n e s ) .  

Thus,  t h e  r e a c t i o n  o f  ynamines  XLVI w i t h  a , @ - u n s a t u r a t e d  k e t o n e s  XLY i s  a  good 

p r o c e d u r e  f o r  t h e  o b t e n t i o n  o f  N  , N - d i a l  k y l a m i n o p y r a n s  i n  m o d e r a t e  y i e l d s 9 , 6 0  through 

an i o n i c ,  h i g h l y  r e g i o s e l e c t i v e  c y c l o a d d i t i o n .  

XLV XLYI X L V I I  

S i l y l a t e d  ynamines  (XLV I ,  R=Me3Si )  g i v e  r i s e  t o  t h e  c o r r e s p o n d i n g  p y r a n s  ( X L V I I ,  

R=Me3Si I 6 l .  
C y c l i c  u , 6 - u n s a t u r a t e d  k e t o n e s  ( X L V I I I )  a f f o r d  b i c y c l i c  p y r a n s  ( X L I X )  by  reac t i on  

w i t h  ynamines  XLV162. 

X L V I I I  ' XLYI XLIX 

P y r a n s  L I  r e s u l t i n g  f rom t h e  r e a c t i o n  o f  ynamines  w i t h  u n s a t u r a t e d  , d i k e t o n e s  L  

have  shown a n t i h y p e r t e n s i v e  and  c o r o n a r y  d i l a t i n g  a c t i v i t y s 1 .  

- R, =A1 k y l  

Me 
R 2 = A l k y l  o r  A r y l  

L  XLVI L I  



HETEROCYCLES. Vol 14, No 3, 1980 

These c y c l o a d d i t i o n  r e a c t i o n s  can  a l s o  be a p p l i e d  t o  u , s - u n s a t u r a t e d  a l d e h y d e s  

( L I I ) ,  b u t  t h e  y i e l d s  a r e  l o w e r  because ,  b e s i d e s  t h e  c o r r e s p o n d i n g  p y r a n  ( L I I I )  , 
t h e  r e a c t i o n  a f f o r d s  a l s o  a  b i e t h y l e n i c  am ide  o f  t y p e  L I V ,  r e s u l t i n g  f r o m  t h e  [2+21 

c y c l o a d d i t i o n  o f  t h e  y n a m i n e  t o  t h e  c a r b o n y l  g r o u p G 3 .  

L I I  XLVI L I I I  

R1=H, Ph 

R= H, Me, Ph 

The 8 - k e t o e s t e r s  ( L V )  r e a c t  a l s o  w i t h  ynamines  y t e l d i n g  6 - a m i n o - 2 - a l c o x y p y r a n s  

( L V I ) ~ ~ .  

L  v XLVI L V I  

I n  t h e  case  o f  u n s u b s t i t u t e d  e s t e r s  (LV,  R=R '=H) ,  t h e  f o r m a t i o n  o f  a  c y c l o b u t a -  

ne d e r i v a t i v e ,  t h r o u g h  a  12+21 c y c l o a d d i t i o n  t o  t h e  e t h y l e n i c  bond  o f  t h e  e s t e r ,  

compe tes  w i t h  t h a t  o f  t h e  p y r a n .  

B e s i d e s  t h e  y n a m i n e s ,  t h e  o n l y  o t h e r  t y p e  o f  d i e n o p h i l e  u s e d  f o r  4 H - p y r a n  s y n -  

t h e s i s  has  been  e t h o x y e t h y n e ,  w h i c h  y i e l d s  b i c y c l i c  p y r a n  L V I I I ,  b y  r e a c t i o n  w i t h  
LV I I65 .  

Ar Ar 
I 

P h IyJCH + v ; -y-+j$J 
OEt 

I 'OEt 
Ph , . Ph . . 

3 . -  SYNTHESIS OF 4H-PYRANS FROM COMPOUNDS WITH PREFORMED OXIGEN RING 

3 .1 . -  From p y r y l i u m  s a l t s  

The r e a d y  a v a i l a b i l i t y  o f  p y r y l i u m  s a l t s 4  makes them s u i t a b l e  s t a r t i n g  m a t e r i a l s  

f o r  t h e  p r e p a r a t i d n  o f  4H-py rans  and  sev,era l  r e a c t i o n s  l e a d i n g  t o  t h e s e  p y r a n s  h a v e  

been s t u d i e d .  

3 . 1 . 1 . -  R e d u c t i o n  o f  p y r y l i u m  s a l t s  

The c a t a l y t i c  r e d u c t i o n  o f  2 , 4 , 6 - t r i p h e n y l p y r y l i u m  s a l t s  ( L I X )  was r e p o r t e d  t o  

y i e l d  PYran L X ~ ~ ,  b u t  t h e r e  was no s u b s e q u e n t  c o n f i r m a t i o n  o f  t h i s  r e a c t i o n .  



L I X  L  X  

The r e d u c t i o n  o f  s u b s t i t u t e d  p y r y l i u m  s a l t s  L X I  t o  p y r a n s  L X I I  w i t h  s o d i u m  b o r o -  

h y d r y d e  i s  a l s o  p ~ s s i b l e ~ ~ ~ ~ ~ ,  b u t ,  t o g e t h e r  w i t h  t h e  4 H - p y r a n ,  2 . 4 - d i e n - 1 - o n e s  

( L X I I I )  a r e  f o rmed  b y  way o f  2 H - p y r a n s  r e s u l t i n g  f r o m  t h e  h y d r y d e  a t t a c k  s t  t h e  2 -  

~ o s i t i o n ~ ~ . ~ ~  and ,  i n  some i n s t a n c e s ,  1 , 5 - d i o n e s  a r e  a l s o  f o r m e d  t h r o u g h  r i n g  o p e -  

n i n g  o f  t h e  2 H - p y r a n 7 0 .  

LXI  L X I I  I J 

The r e l a t i v e  amoun ts  o f  p r o d u c t s  depend  on  t h e  s u b s t i t u e n t s  R a n d  R ' " .  The  h i -  

g h e r  y i e l d  i n  4 H - p y r a n  i s  o b t a i n e d  when t h e  s u b s t i t u e n t  i n  t h e  4 - p o s i t i o n  i s  h y d r o  

gen  ( L X I ,  R 1 = H ) ,  due i n  p a r t  t o  s t e r i c  e f f e c t s .  Howeve r ,  an  i n c r e a s e  i n  s i z e  f o r  

t h e  2 - s u b s t i t u e n t s  c a u s e s  an  i n c r e a s e  i n  t h e  amoun t  o f  2 - a t t a c k ,  l o w e r i n g  t h e  y i e l d  

i n  4 H - p y r a n .  T h i s  f a c t  h a s  been  r a t i o n a l i s e d  on t h e  b a s i s  o f  t h e  H a r d  a n d  S o f t  Acids 

and  Bases  T h e o r y ,  t a k i n g  i n t o  a c c o u n t  t h e  e f f e c t  o f  t h e  s u b s t i t u e n t s  o n  t h e  c o e f f i -  

c i e n t s  o f  t h e  2  a n d  4  p o s i t i o n s  o f  t h e  p y r y l i u m  r i n g .  

S e v e r a l  o t h e r  a g e n t s ,  s u c h  as f o r m a t e  i o n ,  a r e  a l s o  a b l e  t o  r e d u c e  p y r y l i u m s a l t s  

t o  t h e  c o r r e s p o n d i n g  4 H - p y r a n s  i n  l o w   yield^'^,^^. 
A p a r t i c u l a r  c a s e  o c c u r s  i n  t h e  ca thod ic  r e d u c t i o n  o f  p y r y l i u m  s a l t s  b r i n g i n g  

a b o u t  t h e i r  r e d u c t i v e  d i m e r i z a t i o n ,  t h r o u g h  a  p y r a n y l  r a d i c a l ,  t o  b i p y r a n s  LXIV76.77. 

The same r e s u l t  i s  a c h i e v e d  u s i n g  z i n c 7 B  o r  t h e  p o t a s s i u m  s a l t  o f  c y c l o o c t a t e t r a -  

e n e 7 9  a s  t h e  r e d u c i n g  a g e n t .  

r educ t i on  d - 
, 

LXI LXIV 

R =  Me, Ph ,  t - B u t ;  R ' =  H ,  M~ 
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D i p y r a n y l  e t h e r  LXV l  and  d i p y r a n y l  t h i o e t h e r  L X V I I  a r e  o b t a i n e d  i n  l o w  y i e l d  b y  

t r e a t m e n t  o f  2 . 6 - d i p h e n y l p y r y l i u m  p e r c h l o r a t e  (LXV)  w i t h  w a t e r  i n  D M F I p i p e r i d i n e  

and  s o d i u m  s u l f i d e  r e s p e c t i v e l y e 0 .  

3 .1 .2 . -  A l k y l a t i o n  o f  p y r y l i u m  s a l t s  

A  c o n v e n i e n t  me thod  l e a d i n g  t o  4H-py rans  c o n s i s t s  i n  t h e  n u c l e o p h i l i c  a d d i t i o n  

o f  R a n i o n s  t o  2 , 6 - d i s u b s t i t u t e d  p y r y l i u m  s a l t s ,  i n  w h i c h  t h e  y - a t t a c k  i s  p r e f e r r e d  

due t o  s t e r i c  f a c t o r s  and t o  t h e  h i g h e r  r e a c t i v i t y  o f  t h e  y - p o s i t i o n  i n  r e s p e c t  t o  

t h e  a-ones ' .  

Thus,  2 . 6 - d i p h e n y l p y r y l i u m  p e r c h l o r a t e  (LXVIII) r e a c t s  w i t h  G r i g n a r d  r e a g e n t s  

y i e l d i n g  4H-py rans  LXIXn2-84.  S i m i l a r  r e a c t i o n s  a r e  known i n  t h e  f l a v y l i u m  d e r i v a t j  

v e s e s s e 6 .  L i t h i u m  p h e n y l  a c e t y l i d e  r e a c t s  i n  t h e  same manner as G r i g n a r d  r e a g e n t s  

L X Y I I I  LX IX  R =  A l k y l  o r  A r y l  

P y r y l i u m  s a l t s  b e a r i n g  s u b s t i t u e n t s  i n  t h e  4 - p o s i t i o n  (LXX)  a r e  a l s o  a b l e  t o  r e -  

a c t  w i t h  G r i g n a r d  and  o t h e r  o r g a n o m e t a l l i c  r e a g e n t ~ 8 ~ - 9 1  b u t ,  t o g e t h e r  w i t h  t h e  4H-  
p y r a n  ( L X X I ) ,  a  c e r t a i n  amount  o f  2 H - p y r a n  L X X l I  r e s u l t i n g  f rom a - a t t a c k  o f  t h e  nu -  

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

t h e  c o r r e s p o n d i n g  d i e n o n e  ( L X X I 1 1 ) 9 2 .  The r e l a t i v e  amount o f  p r o d u c t s  depends on 

LXX L X X I  L X X I I  L X X l I I  

R i - U s =  H ,  Me, Ph; R =  Me, n - B u t ,  i - p r o p ,  t - B u t ,  
t h e  n a t u r e  o f  t h e  s u b s t i t u e n t s  and  t h e  o r g a n i c  g r o u p  o f  t h e  o r g a n o m e t a l l i c  r e a g e n t ,  

as  w e l l  as t h e  n a t u r e  o f  t h e  m e t a l  (Mg, Na, L i )  and  t h e  s o l v e n t  u s e d  as  t h e  r e a c -  

t i o n  medium. An a t t e m p t  has  been made t o  r a t i o n a l i s e  t h e s e  r e s u l t s  on t h e  b a s i s  o f  

t h e  Ha rd  and  S o f t  A c i d s  and  B a s e s , T h e ~ r y ~ ~ - ~ ~ .  



P y r y l i u m  s a l t s  LX IV  r e a c t  a l s o  w i t h  t h e  a n i o n s  o f  a c t i v e  m e t h y l e n e  compoundssuch 

as 1 , 3 - d i k e t o n e s ,  m a l o n o n i t r i ' l e ,  e t h y l '  c y a n o a c e t a t e  .and b e n z o y l a c e t o n i t r i l e  y i e l d -  

d i n g  4H-py rans  LXXVa2.95-97. 

LXXIV LXXV 

X,Y= COR, CN, C02Et  

I n  t h e  same manner behave o t h e r  c a r b o n  n u c l e o p h i l e s  s u c h  as t h e  a n i o n s  o f  n i t r o -  

m e t h a n e a z v a 3  a c e t o n e 7 3  c y a n i d e  i o n 8 1 n 9 a ,  w h i c h ,  by r e a c t i o n  o f  2 , 6 - d i s u b s t i t u t e d  

p y r y l i u m  s a l t s  a f f o r d s  4 - c y a n o p y r a n s  (LXXVI )  w h i c h  can  be h y d r o l i s e d  t o  t h e  c o r r e s  

p o n d i n g  4 - p y r a n c a r b o x y l i c  a c i d s  ( L X X V I I ) .  

LXXIV LXXVI L X X V I I  

F i n a l l y ,  some n i t r o g e n a t e d  n u c l e o p h i l e s  s u c h  as p o t a s s i u m  p h t a l i m i d e e '  o r  p h o s -  

p h o r u s  n u c l e ~ p h i l e s ~ ~  a l s o  t r a n s f o r m  p y r y l i u m  s a l t s  i n t o  4 - s u b s t i t u t e d  4 H - p y r a n s .  

3 .2 . -  From o t h e r  p y r a n  compounds 

O t h e r  p y r a n - t y p e  compounds can  a l s o  be used  as s t a r t i n g  m a t e r i a l s  f o r  t h e  p r e p ?  

r a t i o n  o f  4 H - p y r a n s .  

Gompper and  Chr i s tmann100-102  have  r e p o r t e d  t h e  r e a c t i o n  o f  y - p y r o n e s  L X X V I I I  

w i t h  G r i g n a r d  r e a g e n t s  t o  y i e l d  4 , 4 - d i s u b s t i t u t e d  4H-py rans  ( L X X I X ) ,  b u t  t h i s  rea: 

t i o n  was l a t e r  c o n t e s t e d 3 3 .  

L X X V I I I  LXXlX 

R =  A l k y l  o r  A r y l  

The r e a c t i o n  o f  c y a n i d e  i o n  w i t h  K o j f c  a c i d  (LXXX) i s  a n o t h e r  o f  t h e  f ew  exam- 

p l e s  o f  t r a n s f o r m a t i o n  o f  p y r o n e s  i n t o  4H-py rans  ( L X X X I ) l o 3 .  

HO'o, I I _ _ _ C  CNH '05 
CH20H CHZOH 

LXXX LXXXl 

E l i m i n a t i o n  r e a c t i o n s  o f  d i h y d r o p y r a n s  l e a d  a l s o  t o  4 H - p y r a n s .  Thus,  t h e  p y r o l y -  

s i s  o f  2-acetoxy-2.3-dihydropyran ( L X X X I I )  a l l o w s  t h e  p r e p a r a t i o n  o f  u n s u b s t i t u t e d  
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4 H - p y r a n  ( I )  a s  an  u n s t a b l e  compound i s o l a b l e  o n l y  b y  gas  c h r o m a t o g r a p h y l o .  

L X X X I I  I 

S i m i l a r l y ,  2 . 2 - d i m e t h o x y - 2 . 3 - d i  h y d r o p y r a n  ( L X X X I I I )  y i e l d s  2 - m e t h o x y - 4 H - p y r a n  

( L X X X I V )  upon t r e a t m e n t  w i t h  a l u m i n i u m  t e r t - b u t o ~ i d e ' ~ ~ .  

OMe 
OMe 

L X X X I I I  LXXXIV 

The r e a r r a n g e m e n t  o f  some 2 H - p y r a n s ,  s u c h  a s  LXXXV, c a n  a l s o  f o r m  4 H - p y r a n s  

( L X X X V I ) ' Q S . ' Q ~ .  

CI 

LXXXV LXXXVI 

2-Hydroxy-2,4,6-triphenyl-2H-pyran ( L X X X V I I ) ,  r e s u l t i n g  f r o m  t h e  h y d r o l y s i s  o f  

2 , 4 , 6 - t r i p h e n y l p y r y l i u m  p e r c h l o r a t e ,  has  been  r e p o r t e d  t o  a f f o r d  4 H - p y r a n s  L X X X V I I I  

i n  l o w  y i e l d  b y  r e a c t i o n  w i t h  G r i g n a r d  r e a g e n t s l o 7 .  

L X X X V I I  L X X X V I I I  

R =  A r y l  o r  b e n z y l  

4 . -  MISCELLLANEOUS SYNTHESES 

O t h e r  s p e c i a l  r e a c t i o n s  l e a d i n g  t o  4 H - p y r a n s  w i l l  be  f i n a l l y  m e n t i o n e d .  

The p h o t o - o x i d a t i o n  o f  benzene  i n  aqueous  a c i d i c  s o l u t i o n  u n d e r  UV i r r a d i a t i o n  , ,  

LXXXIX 



a f f o r d s  a  l o w  y i e l d  o f  2 - f o r m y l - 4 H - p y r a n  ( L X X X I X ) l Q ~ , ' o 9 .  

4 - F o r m y l - 4 H - p y r a n  (XC)  c a n  b e  p r e p a r e d  i n  q u a n t i t a t i v e  y i e l d ,  w i t h i n  s e c o n d s ,  

t h r o u g h  an  i n t e r e s t i n g  a c i d - c a t a l y z e d  r e a r r a n g e m e n t  o f  m - o x e p i n  o x i d e  ( X C 1 ) l l O .  

S i m i l a r l y ,  4 , 5 - d i m e t h y l - m - o x e p i n  o x i d e  ( X C I I )  r e a r r a n g e s  t o  4 - m e t h y l - 4 - a c e t y l - 4 H -  

p y r a n  ( X C I I I )  o r  2,6-dimethyl-4-formyl-4H-pyran ( X C I V )  d e p e n d i n g  upon  t h e  r e a c t i o n  

c o n d i t i o n s  u s e d  f o r  t h e  in g e n e r a t i o n  o f  t h e  o x e p i n  o x i d e l l ' .  

CHO 

X C I I  

X C XCI 

XCIV 

F i n a l l y ,  4-(2-chlorovinyl)-3.5-diformyl-4H-p~ran (XCV) has  been  p r e p a r e d  b y  a l -  

k a l i n e  h y d r o l y s i s  o f  2 - ~ h P o r o a c r o l e i n ~ ~ ~ . " ~  a n d  5-chloro-2-formyl-4H-pyran ( X C V I ) ,  
by h e a t i n g  o f  2 - c h l o r o a c r o l e i n  d i m e r 1 1 4 .  

xcv  

cia CHO 

XCVI 

From t h i s  s u r v e y  i t  c a n  b e  c o n c l u d e d  t h a t  t h e  b e s t  p r o c e d u r e s  f o r  t h e  p repa ra t i on  

o f  4 H - p y r a n s  a r e  t h o s e  w h i c h  i n v o l v e  c y c l i z a t i o n  o r  c y c l o a d d i t i o n  r e a c t i o n s .  The 

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

S a l t s ,  u s u a l l y  a f f o r d s  a  m i x t u r e  o f  4 H - p y r a n  and  a  v a r i a b l e  amoun t  o f  2 H - p y r a n  o r  

t h e  p r o d u c t s  d e r i v e d  f r o m  i t s  r i n g  o p e n i n g .  

I n  a n y  c a s e ,  none o f  t h e  known s y n t h e t i c  m e t h o d s  o f  4 H - p y r a n s  i s  o f  g e n e r a l  a p -  

p l i c a b i l i t y  and  t h e  e l e c t i o n  o f  one  o r  o t h e r  o f  t h e m  m u s t  be  d e t e r m i n e d  b y  t h e  n a -  

t u r e  o f  t h e  s u b s t i t u e n t s  p r e s e n t  i n  t h e  r i n g .  
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