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SYNTHESIS OF S O M E  B IOLOGl CALLY ACT1 V E  CYCLOPENTE- 
N O N E S  US I N G  NEW O R G A N O P H O S P H O R U S  REAGENTS 

M.MIKOtAJCZYK, S.GRZEJSZCZAK, W.MI D U R A  a n d  
A .  Z A T O R S K I  
C e n t r e  o f  M o l e c u l a r  a n d  M a c r o m o l e c u l a r  S t u d i e s ,  
P o l i s h  Academy o f  S c i e n c e s ,  90-362 t 6 d i ,  B o c z n a  5, 
P o l a n d  

A b s t r a c t  T h e  u s e  o f  o r g a n i c  p h o s p h o r u s  a n d  s u l f u r  
compounds  i n  t h e  g e n e r a l  s y n t h e s i s  o f  b i o l o g i c a l l y  
a c t i v e  f u n c t i o n a l  i z e d  c y c l o p e n t e n o n e s  i s  p r e s e n t e d .  

The c y c l o p e n t e n o n e  m o i e t y  i s  c o n t a i n e d  i n  many  i m p o r t -  

a n t  n a t u r a l  p r o d u c t s  s u c h  as p r o s t a n o i d s ,  j a s m o n o i d s ,  

r e t h r o l o n e s  a n d  m e t h y l e n o m y c i n s .  The  m o s t  v e r s a t i l e  

s y n t h e s i s  o f  2 - c y c l o p e n t e n o n e s  i n v o l v e s  t h e  p r e p a r a t i o n  

o f  a c y c l i c  1 , 4 - d i c a r b o n y l  compounds  a n d  t h e i r  s u b s e q u e -  

n t i n t  ra rno l  e c u l  a r  b a s e - c a  t a l  y z e d  c o n d e n s a  t i o n  . 1 

a new a p p r o a c h  t o  t h e  syn-  

t h e s i s  o f  1 , b - d i c a r b o n y l  compounds  e m p l o y i n g  t h e  H o r n e r -  

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

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

1 , 3 - d i  c a r b o n y l  c o m p o u n d s .  The  u t  i 1 i t y  o f  t h i s  a p p r o a c h  

was d e m o n s t r a t e d  b y  t h e  s y n t h e s i s  o f  m e t h y l e n o m y c i n  B 

( L ) ,  - a r e c e n t l y  i s o l a t e d  c y c l o p e n t e n o i d  a n t i b i o t i c .  The  

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

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

t i s f a c t o r y  y i e l d .  H o w e v e r ,  t h e  i n t r o d u c t i o n  o f  t h e  e x o -  

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

J e r n o w  e t  a 1 . 5  was l e s s  e f f i c i e n t  a n d  t h e  t o t a l  y i e l d  

o f  r n e t h y l e n o m y c i n  B p r e p a r e d  i n  t h i s  way was o n l y  1 6 % .  

2 -  4 R e c e n t  l y , w e  d e v e l o p e d  
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S i n c e  t h e  H o r n e r - W i t t i g  r e a c t i o n  s h o u l d  a l s o  b e  

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

c y c l o p e n t e n o n e  r i n g ,  we d e c i d e d  t o  s y n t h e s i s e  5 - d i e t h o -  

x y p h o s p h o r y l - 2 , 3 - d i m e t h y l c y c l o p e n t e n - 2 - o n e  (2 )  - a s  a k e y  

compound  i n  t h e  a l t e r n a t i v e  s y n t h e s i s  o f  m e t h y l e n o m y c i n  

B (1) w h i c h  i s  shown i n  Scheme I .  T h e  d e s i r e d  compound  

2 - - was p r e p a r e d  f r o m  t h e  e a s i l y  a v a i l a b l e  y - k e t o p h o s p h o -  

n a t e  (2) - u s i n g  r a t h e r  s t a n d a r d  p r o c e d u r e s .  The  H o r n e r -  

W i t t i g  r e a c t i o n  o f  2 - w i t h  f o r m a l d e h y d e  was f o u n d  t o  

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

( i )  i n  a h i g h  y i e l d .  

Scheme I 

E t O H ,  ( E t O ) 3 C H  
H C I ,  pH 2 

3 (Et0)2P(CH ) C C H 3  =- ( E t O )  2PCH2CH=CCH 

O E t  
I 90% II 

0 
2 1 1  

0 
I/  
0 

3 - 

1 .  n-BuLi 0 

3 . H C I  'aq I EtOH/NaOH ~ (E  t o ) P  'I+\ CH3 
2. E t C  (0 j OMe C (0) E t  

C H 3  
70% 3 

- (Et0)2PCHCIi2CCH 

0 
II 

2 - 0 
808 I/ 

n 0 

1 0 0 %  

I n  an a l t e r n a t i v e  a p p r o a c h  t o  2 , 3 - d i s u b s t i t u t e d  

c y c l o p e n t e n o n e s  we u t i l i z e d  t h e  f a c t  t h a t  o x i d a t i o n  o f  

t h e  p h o s p h o n a t e  c a r b a n i o n s  o c c u r s  w i t h  t h e  P - C  b o n d  f i -  

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

s t a r t i n g  f r o m  6 - k e t o p h o s p h o n a t e  19) - 2 - p h e n y l  - 3 - m e t h y l -  
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- c y c l o p e n t e n - 2 - o n e  (%) ,  - d i h y d r o j a s m o n e  (2) a n d  a 1  l e -  

t h r o n e  (Q) w e r e  p r e p a r e d  i n  a s h o r t  a n d  e f f i c i e n t  way 

( s e e  Scheme I I ) .  
- 

Scheme I I 

1 .n-BuLi 
2. RCH, X 

CH2R 

L * [Et0)2PCH(CH ) C C H 2  71 [ E t O l 2 P ( C H  ) C C H 3  

0 0  
I J  

a, 84% I1 
b, 78% 0 

3/\ 
0 0  

/I 
0 
i U  - c, 90% 

1 . n-BuL i 
2 . 0 2  Ts OH/ H 2O 

3 
D RCH2C(CH ) C C H 3  - RCH2C/CH2CCH 

a, 83% II II 
b, 85% 0 0  

'i\ 
0 0  

0 

a, 54% II 
b, 61% 0 
c ,  67% U c,  78% 

k, - R=Ph 

D ,  - R=C5H1 (di  hydrojasmone) * 

b : H 3  k ,  - R=CH 2 =CH-CH 2 (a1 l e t h r o n e )  

NaOH/E t O H  

a, 80% 

- 5 c, 79% - 
b, 84% 

I n  an e x t e n s i o n  o f  o u r  w o r k  o n  t h e  a p p l i c a t i o n  o f  

o r g a n o p h o s p h o r u s  compounds  i n  t h e  s y n t h e s i s  o f  f u n c t i o -  

n a l  i z e d  c y c l o p e n t e n o n e s ,  we d e v e l o p e d  a l s o  a new r o u t e  

t o  4 - h y d r o x y - c y c l o p e n t e n o n e s .  O u r  g e n e r a l  s y n t h e t i c  

s t r a t e g y  was d e d u c e d  f r o m  r e t  r o s y n  t h e t  i c a n a  l y s  i s shown 

i n  Scheme I l l .  

Scheme I I I 

0 OH SMe OH 

R CH2CCH2CHCR {)rR'  +, 
1 1 2  1 1 1 2  

3 R CH=CCH2CHCR 
I 1  => 
0 

ll 
0 

I1 
HO R 2  0 

SMe OH SMe 
I 

R I C H  + (Et0j2PCHCH2CHCR I ' (Et0)2PCHCH2CH + - C R 2  

II 
0 

II 
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0 
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I n  a p r a c t i c a l  r e a l i z a t i o n ,  i t  was n e c e s s a r y  t o  m o d i f y  

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

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

s y n  t h e s  i s o f  2 - p h e n y  1 - 3-me t h y  1 - 4 -  h y  d r o x y  - c y c  1 o p e n  t e n  - 
- 2 - o n e  ( 6 )  - e x e m p l i f i e s  t h e  s o l u t i o n  o f  t h i s  g o a l  ( s e e  

Scheme I V )  

Scheme I V  

(Et0J3P + C I  ( C H 2 ) 2 C H ( O E t ) 2  - 
8 2% 

1 .n-BuLi 
1 .  n-BuLi 2. PhCHO 
2. s8 SMe 3. H20 SMe 
3. Me1 I 4.NaH,18c-6 I - PhCH=CCH2CH ( O E t ) 2  - (Et0)2PCHCH2CH ( O E t J 2  

91 B I1 85% 
0 

H Z S O ~ ( ~  0%) S Me 1 .n-BuLi 
Si02, 24 h r  I 2. Met ( S E t  ) S (0) E t 

+ PhCH=CCH2CH f 

II 
0 

SMe OH 1 .  ( E t O )  CH,HCIOI+, E t O H  
I 1  2.s io2,i,s04(10%) 

PhCH=CCH2CHCCH * 
I\ 67% 

E t S  S ( 0 ) E t  0 

- - 
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