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Centre of Molecular and Macromolecular Studies,Polish 
Academy of  Sciences,Sienkiewicza 112,90-363 tdd2,Poland 
aInstitute of General Chemistry, Technical University, 
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Abstract In an effort to synthesize sarkomycin 1 trans- 
-2-diphenylphosphinoyl--3-tris~methylthio~r~ie~hyl-cyclo- 
pentanone 7 and trans-2-diphenylphosphinoyl-3-carbo- 
methoxy-cyclopentanone 8 were prepared. The Horner- 
-IJittig reaction of the latter with formaldehyde failed. 
(?)-Sarkonycin 1 was prepared by a sequence of reactions 
starting from diethyl 2-oxopropanephosphonate .  The key 
steps in this synthesis involve the intramolecular car- 
benoid cyclization of 1-diazo-2-oxopropanephosphonate 
10 and the Horner-Wittig reaction of 2-diethoxyphospho- 
r y l - 3 - c a r b o x y - c y c l o p e n t a n o n e  12 with formaldehyde. 

INTRODUCTION 

In recent years d-phosphoryl ketones have become valuable 
intermediates in organic synthesis, mainly as substrates 
in the Horner-Wittig olefination reactions. The preparation 
of  acyclic d-phosphoryl ketones is rather simple and may be 
easily achieved by acylation of 6-phosphonate anions'. In 
contrast 'LO that, 6-phosphoryl cycloalkanones cannot be 
prepared in this way. The most reasonable method of their 
preparation, which would consist in phosphorylation of the 
enolate anions, produces undesired enol phosphates2. Only 
recently, Uierner et al. have succeeded in the synthesis of 
d-phosphoryl cycloalkanones either by phosphorylation of 
the dilithiated derivatives of cyclic ketones3 or by the 
base-induced rearrangement of the corresponding enol phos- 
phonates . The severe drawback of the latter method is 
however, the lack of regioselectivity of the rearrangement. 
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98 M . M I K O t A J C Z Y K  E T  AL. 

RESULTS AN0 D I S C U S S I O N  

S y n t h e s i s  and P r o p e r t i e s  o f  d - P h o s p h i n o y l  C y c l o p e n t a n o n e s  

I n  a c o n t i n u a t i o n  o f  our s t u d i e s  on  t h e  s y n t h e s i s  o f  c y c l o -  

p e n t a n o i d  a n t i b i o t i c s 5  we became i n t e r e s t e d  

r a t i o n  o f  an  a n t i t u m o u r  a g e n t - s a r k o m y c i n  1. 
o f  1 was based on  a r e t r o s y n t h e t i c  a n a l y s i s  

I. 
Scheme I 

i n  t h e  p r e p a -  

The s y n t h e s i s  

shown i n  Scheme 

0 

;here @ - c a r b o x y l i c  g r o u p  s y n t h o n  

The p r a c t i c a l  r e a l i s a t i o n  o f  t h e  above s t r a t e g y  f o r  t h e  

s y n t h e s i s  o f  s a r k o m y c i n  i s  o u t l i n e d  i n  Scheme 11. 

Scheme I 1  

0 .  
-C(SMel3 6 P h 2 P C 1  

PPh2  O 2  
- 

5 - 3 

2 4 C(SMe)3 6 

T r i m e t h y l  t r i t h i o o r t h o f o r m a t e  was used as t h e  c a r b o x y l i c  

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

2 i n  an 1 , 4 - f a s h i o n  t o  g i v e  t h e  e n o l a t e  a n i o n  4 .  S e a r c h i n g  

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

atom o f  t h e  e n o l a t e  a n i o n  we t u r n e d  o u r  a t t e n t i o n  t o  t h e  

s e r i e s  o f  p u b l i c a t i o n s  o f  L u t s e n k o  e t  a1 .6  These a u t h o r s  

have e x h a u s t i v e l y  i n v e s t i g a t e d  t h e  r e a c t i o n  be tween  a c y c l i c  

e n o l a t e  a n i o n s  and t r i c o o r d i n a t e d  phosphorus  a c i d  h a l o g e -  

n i d e s  and found t h a t  t h e  u s e  of  d i a l k y l c h l o r o p h o s p h i n e s  

l e a d s  i n  some cases  t o  t h e  e x c l u s i v e  C - p h o s p h o r y l a t i o n .  
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H a v i n g  t h i s  i n  m i n d ,  we u s e d  i n  o u r  w o r k  c h l o r o d i p h e n y l -  

p h o s p h i n e  5 which i s  c o m m e r c i a l l y  a v a i l a b l e  a n d  much m o r e  

e a s y  t o  h a n d l e  i n  c o m p a r i s o n  w i t h  dialkylchlorophosphines. 
I t  was g r a t i f y i n g  t o  f i n d  t h a t  p h o s p h o r y l a t i o n  w i t h  5 t o o k  

p l a c e  e x c l u s i v e l y  a t  t h e  c a r b o n  a t o m  o f  t h e  e n o l a t e  a n i o n  
4 ,  a s  e v i d e n c e d  b y  31P-NMR s p e c t r a .  O x i d a t i o n  o f  t h e  p - o x o -  

p h o s p h i n e  6 was a c h i e v e d  b y  s i m p l e  b u b b l i n g  d r y  a i r  t h r o u g h  

t h e  r e a c t i o n  s o l u t i o n .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a l l  

t h e  t r a n s f o r m a t i o n s  f r o m  2 t o  7 w e r e  p e r f o r m e d  i n a n  o n e - p o t  

p r o c e d u r e  a n d  t h e  t o t a l  y i e l d  o f  2-diphenylphosphinoyl-3- 
-tris(methylthio)-methyl-cyclopentanone 7 a f t e r  c o l u m n  

c h r o m a t o g r a p h y  was 40%. The n e x t  s t e p ,  i n v o l v i n g  m e t h a n o l y -  

s i s  o f  t h e  t r i t h i o o r t h o e s t e r  m o i e t y ,  g a v e  2 - d i p h e n y l p h o s -  

phinoyl-3-carbomethoxy-cyclopentanone 8 i n  80% y i e l d .  An 

X - r a y  a n a l y s i s  o f  t h e  c y c l o p e n t a n o n e s  7 a n d  8 r e v e a l e d  

t h e  t r a n s  a r r a n g e m e n t  of t h e  2 , 3 - s u b s t i t u e n t s  i n  b o t h  c a s e s .  

The c y c l o p e n t a n o n e  7 was f o u n d  t o  e x i s t  i n  t h e  s o l i d  s t a t e  

i n  a n  e n v e l o p e  (C,) c o n f o r m a t i o n  w i t h  t h e  d i a x i a l  d i s p o s a l  

o f  e x o c y c l i c  s u b s t i t u e n t s ;  t h e  P h 2 P ( 0 ) - g r o u p  o c c u p i e s  t h e  

f l a p  o f  t h e  e n v e l o p e .  The f i v e - m e m b e r e d  r i n g  i n  8 a d o p t s  i n  

t h e  c r y s t a l  a h a l f - c h a i r  ( C 2 )  c o n f o r m a t i o n  w i t h  b o t h  e x o -  

c y c l i c  s u b s t i t u e n t s  b e i n g  a x i a l .  

x i d e  8 d i d  n o t  u n d e r g o  t h e  H o r n e r - W i t t i g  r e a c t i o n  w i t h  f o r -  

m a l d e h y d e  a n d  o t h e r  c a r b o n y l  compounds u n d e r  t h e  v a r i o u s  

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

U n f o r t u n a t e l y ,  i t  t u r n e d  o u t  t h a t  t h e  e - 0 x 0  p h o s p h i n o -  

7 

S y n t h e s i s  o f  ( ' ) - S a r k o m y c i n  

B e c a u s e  t h e  p h o s p h o n a t e  c a r b a n i o n s  a r e  known t o  b e  m o r e  

r e a c t i v e  t h a n  t h e  p h o s p h i n o x i d e  c a r b a n i o n s  t o w a r d s  c a r b o n y l  

compounds i n  t h e  H o r n e r - W i t t i g  r e a c t i o n ,  we d e c i d e d  t o  s y n -  

t h e s i z e  t h e  P - d i a l k o x y  a n a l o g u e  o f  t h e  c y c l o p e n t a n o n e  8 .  

T h i s  was r e a l i z e d  b y  t h e  r e a c t i o n  s e q u e n c e  d e p i c t e d  i n  

Scheme 111. The i m p o r t a n t  s t e p  o f  t h i s  s y n t h e s i s  was t h e  

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

p h o n a t e  10 ,  p r e p a r e d  f r o m  9 b y  t h e  d i a z o - t r a n s f e r  r e a c t i o n  . 
The p h o s p h o n a t e  11 thus  o b t a i n e d  was t h e n  t r a n s f o r m e d  i n t o  
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1 2  by a series of standard procedures. To complete the pre- 
paration of 1, cyclopentanone 12 was treated with two equi- 

TsN3 
Scheme I11 

(EtO)2P-CH2-C(CH2)3-CH=CH2 (Et0)2P-C-C(CH 2 ) 3- CH=CH2 - 
II II II 
0 N20 

II u 
0 0 

9 10 

l L  L 12 

valents of sodium hydride and then with gaseous formaldehyde 
at room temperature and the reaction mixture was refluxed 
for 2 h in THF. After usual work-up and column chromatogra- 
phy (+)sarkomycin 1 was obtained in 45%? The spectral data 
of 1 were fully consistent with the literature data. 
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