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THE SYNTHESIS AND CHARACTERISATIONS OF RETINOIDAL 3(2H)-FURANONES 

Masayash i  I t o , *  Masako Ohno, E t s u k a  Takano ,  YSko Oda, and  

K i y o s h i  T s u k l d a  

Kobe Women's C o l l e g e  o f  Pharmacy ,  Motayamaki t amach l ,  

H i g a s h i n a d a ,  Kobe 6 5 8 ,  J a p a n  

A b s t r a c t  - - R e t i n o i d a l  3 ( 2 H ) - f u r a n o n e s  [(s and  (%)I h a v e  b e e n  

s y n t h e s i s e d  v i a  a C l a i s e n  t y p e  c o n d e n s a t i o n  be t l r een  t h e  p o l y e n e  

e s t e r  (J) and  t h e  a - h y d r o x y  m e t h y l  k e t o n e  (9 and t h e i r  s p e c t r a l  

c h a r a c t e r i s a t i o n s  h a v e  been  r e p o r t e d .  

The o n l y  few o c c u r r e n c e s 1 "  o f  a 3 ( 2 H ) - f u r a n o n e  s y s t e m  a s  n a t u r a l  h e t e r o c y c l i c  

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

f o r e  a t t r a c t i v e  i n  r e l a t i o n  t o  a Z ( 5 H ) - f u r a n o n e  s y s t e m  ( b u t e n o l i d e ) ,  some o f  which  

a r e  r e p o r t e d  t o  h a v e  a n  a n t i t u m o u r  a ~ t i v i t y . ~  I n  c o n n e c t i o n  w i t h  t h e  s y n t h e t i c  

work of  c o n j u g a t e d  p o l y e n e s ,  we became i n t e r e s t e d  i n  t h e  p r e p a r a t i o n  o f  a c o n j u -  

g a t e d  v i n y l o g o u s  l a c t a n e  r e t i n o l d a l  3 ( 2 H ) - f u r a n o n e  s y s t e m  (9. Because  r e t i n o i c  

a c i d  ( v l t a m i n  A a c i d )  (2) and  some o f  i t s  r e l a t e d  r e t i n o i d s  h a v e  r e c e n t l y  been  

r e p o r t e d  t o  p r e v e n t  and  i n h i b i t  t h e  g rowth  o f  epithelial t u m o u r s .  4 

I n  t h i s  communication we w i s h  t o  r e p o r t  t h e  f l r i t  method f o r  t h e  p r e p a r a t i o n  o f  a 

r e t i n o i d a l  3 ( Z H ) - f u r a n o n e  s y s t e m  (5) which i n v o l v e s  a  C l a i s e n  t y p e  c o n d e n s a t i o n  

be tween  t h e  p o l y e n e  e s t e r  (A) and t h e  a - h y d r o x y  m e t h y l  k e t o n e  (3 u s i n g  LiNH2 i n  

d r y  t e t r a h y d r o f u r a n  (THF) f o l l o w e d  by t r e a t m e n t  o f  t h e  r e s u l t i n g  hydroxy  p o l y -  

c o n j u g a t e d  e n o l i c  6;diketone (2) w i t h  d i l u t e  H2S04 i n  e t h a n o l  [ F i g .  I ] .  I n  a d d i -  

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

h e r e .  

A g e n e r a l  p r e p a r a t i v e  p r o c e d u r e  i s  as f a l l o w s :  The c o n j u g a t e d  p o l y e n e  e s t e r  (A) 5 

1s r e f l u x e d  i n  t h e  p r e s e n c e  o f  L t N H 2  w i t h  3 - h y d r a x y - 3 - m e t h y l - 2 - b u t a n o n e  (3 [ m o l a r  

r a t i o ;  (A) : (3 : LiNH2 = 1 : 1 0  : 2 0 1  I n  d r y  THI: f o r  c a . 2 0  h r s  t o  a f f o r d  a mix-  

t u r e  o f  g (2)  and  ? (3)  i s o m e r s  o f  t h e  h y d r o x y  p o l y c o n j u g a t e d  e n o l i c  5 - d i k e t o n e  

i n  25.50% y i e l d  which  i s  s e p a r a t e d  by p r e p a r a t i v e  t h i n - l a y e r  c h r o m a t o g r a p h y  (Merck 



s i l i c a  g e l  6 0 F Z s 4  p r e c o a t e d  p l a t e ,  0.5mm t h i c k n e s s /  20% a c e t o n e  i n  n - h e x a n e )  t o  

g i v e  t h e  r e s p e c t i v e  i s o m e r s  i n  a p u r e  s t a t e .  Each i s o m e r  i s  t r e a t e d  w i t h  a few 

d r o p s  o f  1 0 %  H2S04 i n  e t h a n o l  f o r  2  h r s  a t  room t e m p e r a t u r e  t o  a f f o r d  t h e  c o r r e -  

s p o n d i n g  r e t i n o ~ d a l  3 ( 2 H ) - f u r a n o n e  (4) and  (s )  i n  c a . 5 0 %  y i e l d ,  r e s p e c t i v e l y .  

The compounds o b t a i n e d  a r e  i d e n t i f i e d  on t h e  b a s i s  o f  t h e  s p e c t r a l  d a t a .  C h a r a c -  

t e r i s t i c  s p e c t r a l  d a t a  i n  e a c h  8 - d i k e t o n e  i s o m e r  [ ($i), (231, and  (;b) I a r e  

shown i n  T a b l e s  1 and  2 .  The p r e s e n c e  o f  a c o m p l e t e l y  e n o l i c  6 - d i k e t o n e  s t r u c t u r e  

i n  t h e  compounds [ (3&) ,  ( (3b) and  (Xi)] i s  r e v e a l e d  f r o m  t h e  f o l l o w i n g  

e v i d e n c e s .  

1 )  The p r e s e n c e  o f  t h e  e n o l i c  hydroxy  p r o t o n  and  t h e  l a c k  o f  t h e  m e t h y l e n e  p r o t o n  

a t  C-4 i n  k e t o  form o f  5 - d i k e t o n e s  i n  t h e i r  NMR s p e c t r a .  

2) The existence of  t h e  s t r o n g l y  c h e l a t e d  c a r b o n y l  g r o u p  i n  t h e  IR s p e c t r a  ( v e r y  

b r o a d  band a t  1640-1580  c i l ) .  

A h y p s o c h r o m i c  s h i f t  of t h e  UV a b s o r p t i o n  maximum of e a c h  compound on a d d i t i o n  o f  

b a s e  ( T a b l e  2 )  i s  p r e s u m a b l y  a c h a r a c t e r i s t i c  f e a t u r e  i n  a p o l y c o n j u g a t e d  e n o l i c  
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6 - d i k e t o n e ,  though  a b a t h o c h r o m i c  s h i f t  i s  a  g e n e r a l  t r e n d  i n  a  s a t u r a t e d  a c y c l i c  

6 - d l k e t o n e .  The s t e r e o c h e m i s t r y  a r o u n d  t h e  C - 6 , 7  d o u b l e  bond i n  t h e  6 - d i k e t o n e  

i s o m e r s  i s  d e t e r m i n e d  f r a m  t h e  e x a m i n a t i o n  o f  t h e  c h e m i c a l  s h i f t  o f  b o t h  t h e  C - 7 -  

m e t h y l  and  t h e  C - 8 - o l e f i n i c  p r o t o n  r e s o n a n c e s .  The C - 7 - m e t h y l  s i g n a l s  o f  t h e  E- 

compounds [(3$ and  (;%)I a r e  f u r t h e r  d o w n f i e l d  t h a n  t h e  c o r r e s p o n d i n g  r e s o n a n c e s  

o f  t h e i r  : - i somers  [(sa) and  (1'91 i n  which  t h e  p r o t o n s  a t  C-8  a r e  d e s h i e l d e d  6 

by e n o l l c  h y d r o x y l  g r o u p .  

T a b l e  1 C h a r a c t e r i s t ~ c  NMR d a t a  o f  t h e  h y d r o x y  

p o l y c o n j u g a t e d  e n o l l c  8 - d i k e t o n e s  

6ppm ~n CDC13 f r a m  TMS * 
Compounds C-4-H e n o l i c  OH C-Z-OH C-8-H C-7-Me 

* The mass s p e c t r u m  o f  e a c h  compound i s  c o n s i s t e n t  w i t h  t h e  a s s i g n e d  

s t r u c t u r e .  2  

# T h i s  p r o t o n  i s  o b s e r v e d  b e t w e e n  66 .0  and 6 6 . 5  o v e r l a p p i n g  w i t h  

o t h e r  p r o t o n s .  

T a b l e  2 UV maxima o f  t h e  hydroxy  p a l y c a n j u g a t e d  

e n o l i c  6 - d i k e t o n e s  

?nax( ' )  
Compounds i n  EtOH i n  EtOH-NaOH 

C h a r a c t e r i s t i c  s p e c t r a l  d a t a  o f  r e t i n o i d a l  3 ( 2 H ) - f u r a n o n e s  a r e  summar i sed  i n  

T a b l e s  3 a n d  4 .  The I R  s p e c t r a  o f  n o n - c o n j u g a t e d  3 ( 2 H ) - f u r a n o n e s  h a v e  b e e n  r e -  

p o r t e d  t o  show a  c h a r a c t e r i s t i c  and v e r y  i n t e n s e  p a i r  o f  b a n d s  a t  1710 and 

1610  I n  t h e  I R  s p e c t r a  o f  r e t i n o i d a l  3 ( 2 H ) - f u r a n o n e s ,  t h e  d i s t i n c t i v e  and  

s t r o n g  b a n d s  i n  t h e  c a r b o n y l  and  d o u b l e  bond a b s o r p t i o n  r e g i o n s  h a v e  a l s o  been 

o b s e r v e d  a s  shown i n  T a b l e  3 .  From t h e  o b s e r v e d  d a t a  ( T a b l e  3 ) ,  t h e  e x p e c t e d  

p o s i t i o n  o f  t h e  a b s o r p t i o n  maximum i n  t h e  p o l y c o n j u g a t e d  3 ( 2 H ) - f u r a n o n e  s y s t e m  

c o u l d  b e  c a l c u l a t e d  a s  f o l l o w s ;  



Parent value 260 nm 
7 

Add for each substituents: 

a double bond (chain) extending the conjugation 27 nm 

a double bond (ring) extending the conjugation 17 nm 

each alkyl group o r  rxng residue 5 nm 

In the NMR data (Table 4) of retinoidal 3(2H)-furanones [(A) and ( I ,  the C-4 

protons resonate at 6ca.5.5 as a slightly broadened singlet although the protons 

at the same carbon in the completely enolic 0-diketane system exhibit a sharp'peak 

(Table 1) at Rca.5.7. The stereochemistry around C-1' ,2' double bond is deter 

mined from the fact that the C-2'-methyl signals of the E-isomers [($a) and (4JI 
and the proton signals at C-3' in the L-isomers [(4'_a) and (zi)] are deshielded 

by enolic oxygen in the furanone ring 

Table 3 Characteristic IR and UV data of the retinoidal 
3(2H)-furanones * -1 

v Amax(c) in E t O H  Compounds max cm (CHCI3) 

(42) 1678, 1601 350(25000) 

(3 f'a) 1678, 1601 350(23200) 

(9) 1670, 1605, 1570 408(44200) 

(3;) 1670, 1605, 1570 407(53000) 

* New compounds described give satisfactory high resolution 
mass spectral analysis. 

Table 4 Characteristic NMR data of the retinoidal 

3(2H)-furanones (6ppm in CDC13 from TMS) 

Compounds C-4-H C-3'-H C-2'-Me C-2-gemMe 

# This proton is observed between 66.0 and 66.5 

overlapping with other protons. 

The present spectral characterlsation in the retinoidal 3(2H)-furanones is the 

first case in the polyconjugated 3(2H)-furanones and could be applied to the other 

polyconjugated heterocyclic compounds. The preparative method described in this 

8 .  
communication would be expected to have a wide applicability in a synthesis of a 

more complicated compounds including a carotenoidal 3(2H)-furanone system. The 

biological activities of retinoidal 3(2H)-furanones obtained here are now under 

investigation 
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