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abstract: The s u l f u r  analog of A -PGIl (1). a chemical ly s tab le  and 

b i o l o g i c a l l y  i n t e r e s t i n g  analog of p ros tacyc l in ,  was synthesized from 

PGE2, i nc lud ing  the novel acid-catalyzed isomer iza t ion  of the  exo-thioenol  

e ther  (g) t o  the  endo-isomer (9 as a key step. 

During the course of our syn the t i c  studies on the chemical ly s tab le  analogs of p ros tacyc l i n  

(PGI?) w i t h  potent  and spec i f i c  b i o l o g i c a l  a c t i v i t y ,  we became in te res ted  i n  the  synthesis o f  
6 the  s u l f u r  analog of A -PGIl (J) t o  evaluate i t s  b i o l o g i c a l  a c t i v i t y  and chemical s t a b i l i t y .  

Although we succeeded i n  the  synthesis of !, from the we l l  known Corey lactone,' there  was no t  

obtained a s u f f i c i e n t  amount of !,to study the d e t a i l s  of i t s  b i o l o g i c a l  a c t i v i t y .  These 

r e s u l t s  prompted us t o  e x p l o i t  another improved syn the t i c  rou te  t o  ?. I n  t h i s  comnunication, 
6 we wish t o  repo r t  a novel synthesis o f  the  su l f u r  analog of A -PGIl s t a r t i n g  from PGE2, 

Judging from our  previous observat ion t h a t  the  em-en01 e ther  (3) was mainly isomerized t o  

endo-isomer (5)  under the  anhydrous a c i d i c  condit ions,' i t  appeared t h a t  the  isomer iza t ion  o f  
3 g(0 ) - t h i ap ros tacyc l i n  (2 )  t o  !, would take p lace t o  prov ide us w i t h  a s u f f i c i e n t  amount of j, 

for  eva luat ing  the  d e t a i l e d  b i o l o g i c a l  a c t i v i t y .  Therefore, us ing the simple model compound 
4 (a), the p o s s i b i l i t y  o f  the isomer iza t ion  (a-6) was c a r e f u l l y  studied. I t  i s  genera l ly  

known t h a t  the  pro tonat ion  of th ioeno l  e ther  requ i res  the  ra the r  v igorous reac t i on  cond i t ions  

i n  con t ras t  t o  the  ready pro tonat ion  of en01 ethers.= Accordingly,  the  exo-thioenol  e ther  (%) 
was f i r s t  reacted w i t h  mercur ic aceta te  i n  anhydrous a c e t o n i t r i l e ,  fo l lowed by treatment w i t h  

DBU i n  toluene, hope fu l l y  t o  ob ta in  1. However, under these cond i t ions ,  none of the  desired 

product (2)  was detected i n  the  crude reac t i on  products.  A f t e r  many unsuccessful attempts,6 it 

was unexpectedly found t h a t  the  exo-thioenol  e ther  (a) could  be mainly isomerized t o  the 

' Dedicated t o  Professor Herbert  C. Brown on the occasion o f  the  70th b i r t hday  and i n  the  

recogn i t i on  of h i s  outstanding con t r i bu t i ons  t o  chemistry. 



endo-isomer (5) on ly  by treatment w i t h  1  equiv of pyr id in ium p-toluenesul fonate (PPTS),' a  weakly 

ac id i c  s a l t ,  i n  methylene ch lo r i de  a t  r.t. o r  AcOH-H20-THF ( 3 : l : l )  a t  45'C, a f f o r d i n g  2 and 3 
( a  mix ture  of Z- and E-isomers ) i n  a  r a t i o  o f  ca. 2:1 ( q u a n t i t a t i v e  y i e l d  ) .  The s t ruc tu re  

of 6- was i d e n t i f i e d  by comparison w i t h  an authent ic  sample.* Since the endo-thioenol e the r  (6) 
was a l so  converted t o  a  mix ture  o f  products (5 and Ig) i n  a  same r a t i o  as descr ibed above by 

treatment w i t h  PPTS o r  AcOH, the  isomerzation reac t i on  was found t o  be i n  reve rs ib le  process. 

I n  the  hope o f  app ly ing  the isomer iza t ion  reac t i on  t o  9 (0 ) - t h i ap ros tacyc l i n  (2) i t s e l f ,  

the em- th ioeno l  e ther  (s)? a c l o s e l y  re la ted  compound t o  2, was next  subjected t o  the isomeri-  

za t ion  react ion  by treatment w i t h  PPTS i n  methylene ch lo r i de  a t  r.t. o r  AcOH-H20-THF ( 3 : l : I )  a t  

45°C. prov id ing also,  i n  t h i s  case, 9- and ( a  mix ture  o f  Z- and E-isomers ) i n  a  r a t i o  of ca. 

2 : l  ( quan t i t a t i ve  y i e l d  ) .  These r e s u l t s  s t rong l y  i nd i ca ted  t h a t  the  isomer iza t ion  react ion  
6  developed above should be app l icab le  t o  the  synthesis o f  the s u l f u r  analog of A -PGIl (1). 

This isomer iza t ion  reac t i on  i s  noteworthy f o r  i t s  unexpectedly m i l d  reac t i on  condi t ions,  

which might be ascr ibed t o  the r e l a t i v e l y  small energy di f ference between the th ioeno l  e thers  

(5.6.g and 2) and the su l f u r - con ta in ing  carbocations (2).  10 

6  
I n  order t o  ob ta in  the s u l f u r  analog of A -PGI1 (;) by u t i l i z i n g  the  isomer iza t ion  react ion ,  

the em- th ioeno l  e ther  (U) was synthesized from PGE2 according t o  the rou te  prev ious ly  reported. 3  

Based on the r e s u l t s  o f  the  model studies,  i t  was expected t h a t  t reatment o f  JJ, w i t h  aqueous 

AcOH would a f fo rd  the  desired endo-thioenol e the r  (12) as a  major product via the  acid-catalyzed 

isomer iza t ion  o f  a  v i n y l  su l f i de  moiety w i t h  the  concomitant deprotect ion of THP groups. 

Indeed, the  endo-thioenol e ther  (12) could be obtained i n  19% y i e l d  together w i t h  the  exo-isomer 

(12) (29%) when lJ, was subjected t o  AcOH-H20-THF ( 3 : l : l )  a t  60DC fo r  1  hr. l l ,  The endo-thioenol 

ether (x) was separable from 1J by prepara t ive  TLC technique ( s i l i c a  gel  p la te ,  AcOEt-n-hexane, 

1:2, m u l t i p l e  developments, ex t rac t i on  w i t h  e ther  conta in ing 1% of t r i e thy lam ine  ) w i thout  
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appreciable decomposition. The exo-thioenol  e ther  (19 was fu r the r  subjected t o  the s i m i l a r  

i somer iza t ion  cond i t ions  descr ibed above, again fu rn ish ing the desired th ioeno l  e the r  ( g )  and 

lJ i n  a r a t i o  of ca. 2:3 ( 70% y i e l d  ) .  The s t ruc tu re  of 2 was unequivocal ly determined by 

the  fo l lowing fact.'' The PMR spectrum of displayed a c h a r a c t e r i s t i c  one pro ton m u l t i p l e t  

( 65.19 ) w i t h  the small coup l ing  and a one pro ton m u l t i p l e t  ( 63.06-3.36 ) ,  which cou ld  be 

assigned t o  the  endo-vinyl su l f i de  proton (HA) and HB respec t i ve l y  on the bases of the  PMR 

spectra o f  the  model compounds (5 and i).' On the o the r  hand, the  PMR spectrum o f  & showed 

two t r i p l e t s  ( one proton, 65.31, t, J=7 Hz; 65.40, t, 5-7 Hz ), i n d i c a t i n g  t h a t  was a 

mix ture  o f  the 52- and 5E-thioenol e thers  ( PG numbering ) .  3 

F i n a l l y  12 was hydrolyzed by treatment w i t h  sodium hydroxide i n  MeOH-H20 (2 : l ) .  fo l lowed 

by quenching w i t h  pH 4 buffer s o l u t i o n  t o  af ford the  t a r g e t  compound (9, which showed the 
6 

reasonable PMR and IR spectra. Thus, a novel synthesis o f  the  s u l f u r  analog of A -PGI1 (I) 
was accomplished from commercially ava i l ab le  PGE2, prov id ing us w i t h  a s u f f i c i e n t  amount o f 1  

t o  study the d e t a i l e d  b i o l o g i c a l  a c t i v i t y .  

i 
OH 

OTHP 
i ) ~  

M 12 ..,., 13 - 
As we an t i c i pa ted  from the chemical p o i n t  o f  view a t  the  planning stage, the  s u l f u r  analog 

6 
o f  A -PGIl (I) exh ib i t ed  the expected increase i n  chemical s t a b i l i t y ;  t h a t  i s ,  the  b i o l o g i c a l  

a c t i v i t y  of I d i d  no t  d im in i sh  when kept i n  pH 7.4 b u f f e r  s o l u t i o n  a t  O°C f o r  4 hr,  wh i l e  t h e  
a c t i v i t y  of p ros tacyc l i n  was v i r t u a l l y  abol ished. I n  i n h i b i t i n g  p l a t e l e t  aggregat ion induced 

by ADP i n  r a b b i t  p l a t e l e t  r i c h  plasma, the  potency o f J  was one-seventh as a c t i v e  as t h a t  of 

9 (0 ) - t h i ap ros tacyc l i n  (z), which meant one-hundredth as a c t i v e  as t h a t  of p r o s t a ~ y c l i n . ~ ~  The 

d e t a i l s  o f  the  b i o l o g i c a l  a c t i v i t y  of J are  c u r r e n t l y  under i n v e s t i g a t i o n  and the r e s u l t s  w i l l  
be repor ted i n  due course. 
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