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A d e t a i l e d  account  o f  t h e  t o t a l  s y n t h e s i s  o f  p ros t ag land ins  

by t h e  t ropolone  approach i s  given.  The p r e p a r a t i o n  of  

novel  modif ied p r o s t a g l a n d i n s ,  i nc lud ing  11 - subs t i t u t ed  

and 11-nor-pros taglandins ,  is a l s o  mentioned. 

I n  t h e  p a s t ,  we have r e p o r t c d  t h e  p r e p a r a t i o n  of a  nu~nber 

3 o f  mod i f i ed  prosta.glandi.ns (PG) by two d i f f e r e n t  approaches . The 

f i r s t  pathway used a  known s y n t h e t i c  scheme, which was appropr ia-  

t e l y  modif ied i n  o r d e r  t o  o b t a i n  new PG ana logs .  The second r o u t e  

used PGA2, i s o l a t e d  from t h e  marine c o r a l s  P1exaur.a h o i n o n i ~ l ~ ,  

which was ~ u i m j . t t c d  t o  a  nunber of  ciimnicnl and photochemical  

p r o c e s s e s ,  i.hus a f f o r d i n g  s t r c t u ? l l y  i n t e r c s t i n c j ,  novel  e n t i t . i c s ,  

I n  r c c e n t  y c a r s ,  we have been engaged i n  a  r e s c a  :-: program 

having as i ts  main o b j e c t i v e  t h e  des ign  of a  s y n t h e s i s  t h l i t  would 

a l low t h e  p r e p a r a t i o n  of both  n a t u r a l  and modif ied  PG through an 

- 
+ 

Dedica ted  t o  D r .  R e n ' i c h i  T,ikcda on occas ion  o f  h i s  

s e v e n t i e t h  b i r t h d a y .  



in te rnedi .a t ;e  p o s s e s s i n g  t h e  cyr:loL i n t c i o n e  nioiety c h a r a c t r - c i s t i c  

o f  PGA2. 

T h i s  p a p e r  presi : i . is  a  d u t n i ' e d  accoun t  o f  o u r  new s y n t i l c t i c  

approach .  

Our s y n t h e s i s  i s  i>ased on :!i)rk by Dauben ~_t-a1,.~ who .ri>porLcd 

t h a t  i r r a d i - a t i o n  of a - t r o p o l o n e  I . : thy1 e t h e r  (z) i n  metkanol  

a f f o r d e d  j.n 55% y i e l d  Fn1e thoxy.-3, G-bicycle[ 3.2.01 heptsd iene-2 . -one  

(2) v y  t h e  1-methoxy isonlor  (4).  Tropolone  (&) i s  conuncrcial ly  

a v a i l a b l e 5  and i s  p r e p a r e d  i n  two s t e p s  from c y c l o p e n t a d i c n e  (1). 

Cycl.opcntadicne (1) c o n s t i t u t e s  an i d c a l  s t a r t i n g  m a t e r i a l ,  

s i n c e  i t  i s  a  chcap compound and avaj.1.able i n  l a r g e  q u a n t i t y .  I t  

6 r e a c t s  w i t h  d i c h l o r o k c t c n e  t o  g i v e  t h e  b i c y c l i c  i n t e r m e d i a t e  (2)  , 

whi,:h :c i idi ly  r c a r r s c g o s  upon t r e a t m e n t b d  w i t h  aqueous a c e t i c  

a c i d  i n  t h e  p r e s c l c e  o f  t r i c : h y l a m i n e ,  t o  a f f o r d  a - t ropo lone  (25) 

i n  y i e l d s  hj.qher than  50% from (A). Methy la t i on  o f  (*) w i t h  d i azo -  

methane i n  e t h e r  soLu t ion  g i v e s  n e a r l y  q u a n t i t a t i v e l y  t r o p o i o n e  

methyl  e t h . ? r  (?&I. 

Xe i n v e s t i g a t e d  t h e  photochemica l  r c a c t i o n  f u r t h e r  because  

w e  ;el t t h a t  t h e  b i c y c l i c  pho to -p roduc t  (5) constituted an ideal s tar t ing 

matcr j . a l  f o r  PG : synthes i s .  ' indeed,  compound (51, o b t a i n e d  j.n on, 

s t e p  from (s), c o n t a i n s  t h e  cyc1oi:entenone u n i t  of PGA2 a s  w e l l  a s  

f ragments  o f  b o t h  a l k y l  c h a i n s  a t  C-8 and C-12. 

W e  found t h a t  q u a r t z - f i l t e r e d  i r r a d i a t i o n  of t r o p o l o n e  methyl  

e t h e r  (2) Ln r e l a t i v e l y  c o n c e n t r a t e d  anhydrous methanol  s o l u t l o n  

a t  room t empera tu re  f o r  6 h r ,  u s i n g  a  Hanau TQ-150 h i g h  p r e s s u r e  

mercury a r e  lamp, a f f o r d e d  t h e  b i c y c l i c  enone (i), i n  80% y i e l d .  
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The pho toche~n ica l  rearrangement of  (2) t o  (2) i s  of 

fundamental i n t e r e s t .  Mechan i s t i c  exp lana t ion  of  t h i s  deep-sea ted  

change must accoun t  n o t  on ly  f o r  t h e  problemat ic  ne thoxy l  s h i f t  

b u t  a l s o  f o r  t h e  o b s e r v a t i o n  t h a t  a  methyl group i n  t h e  4 - -pos i t i on  

s h i f t s  s imu l t aneous ly ,  wh i l e  a  methyl group i n  t h e  6 - p o s i t i o n  i s  

una f fec t ed .  

The r e a r r m q c n ~ e n t  has  been accounted  f o r  by two d i s t i n c t  

s t e p s ,  as  follow^^"'^. The f i r s t  s t e p  is an e l e c t r o c y c l i c  r e a c t i o n ,  

i n  .. e x t e n s o  a  l i g h t - i n  iced va lence  t a u t o n e r i z a t i o n  o f  i h e  tr-op,.>lone 

r i n g  i3&),  which y i e l d s  i * e  i s o l a b l e  b i c y c l i c  va l ence  t . au to~ ,~e r  ( 5 ) .  

T h i s  i s  analogous  t o  t h e  :>hotoisomccizat ion o f  c o l c h i c i n e 7 .  An 

examinat ion  of t h e  geomeiry o f  compound (4) w i t h  molecular  models 

i n d i c a t e s  ' h a t  the i n t c  meriiate (4) e x i s t s  a s  a b e n t  b i c y c l i c  

system i n  1:hich t h e  s te r :?ochemis t ry  (A_) i s  such t h a t  t h e  r o r b i t a l  

o f  t h e  nonconjugated doub l i  bond can i n t e r a c t  w i t h  t h e  n - o r b i t a l  

o f  t h e  conjugated  double bond du r ing  quantum a b s o r p t i o n  o f  (4 ) .  

T h i s  i s  evidanced by an u l t r a v i o l e t  a b s o r p t i o n  band a t  A 224 nm, 
max 

whereas P G A 2 ,  f o r  example, e x h i b i t s  nu abso rp? ion  a t  A 217 nm. max 

The e x c i t e d  s t a t e  t h a t  i s  d i r e c t l y  r c s p o n s i b l e  f o r  t h e  second 

rear rangement  s t e p  is s c h e r . a t i c a l l y  r e p r e s e n t e d  a s  a  d i p o l a r  s t a t e  

(g ) ,  because  t h e  ensuing  rearrangement i s  c h a r a c t e r i s t i c a l l y  a  

p o l a r  p r o c e s s .  Migra t ion  of  t h e  a c y l  group,as  shown i n  ( g ) ,  l e a d s  

t o  a  new e x c i t e d  s t a t e  (C), which c o l l a p s e s  t o  a  ground s t a t e  - 
t h e  r ea r r anged  b j . cyc l i c  photoi:;omer (5)  ( A m a x  225 nm, E 6 , 8 0 0 ) .  

The d r i v i n g  f o r c e  o f  t h e  acy l  mig ra t jon  i n  (g) i s  presumed t o  be 

t h e  s t a b i l i z a t i o n  of  t h e  p o s i t i v e  charge  by t h e  methoxyl i n  t h e  

r e a r r a n g e d  e x c i t e d  s t a t e  (C) . 'Pi.,@ sequence o f  e v e n t s  l e a d i n g  to  



a  d i p o l a r  s t a t e  such a s  (C) i s  r e a s o n a b l e  and h a s  some p r e c e d e n t s  

9 i n  ph0tochemi:itry . 
I n  a d d i t i o n ,  t o  t h e  s h i f t  of t h e  methoxyl group from 

p o s i t i o n  1 t o  7, t h i s  meci:an.ism a l s o  accounts  f o r  t h e  r e s u l t s  

obtzained fro.n t h e  serie: :  o f  1.abellinq exper jments  i n  which a l k y l  

groups !:ere used a s  ]Labels 4 0 , s  

An a l t e r n a t i v e  i.iitcr.3retatj.on has  been proposed f o r  t h i s  

8 photochemical  r e a c t i o n  . i r r . : d i a t i o n  of t h e  b i c y c l i c  compound (1) 
a t  l i q u i d  n i t r o g e n  tcmpera tur?  ( - 1 9 6 ' )  showed t h e  p re sence  of  an 

i n t e r m e d i a t e  e x h i b i t i n g  a  k e t c n e  ca rbony l  hand i n  t h e  i n f r a - r e d  

s p e c t r m .  i h i s  k e t c n e  (g), a l s o  formed on j . r radiat i .on of t h e  7 -  

methoxy-compo-.~nd (2 )  , isomcrlze:; ther ixa l ly  a t  -70° i o  t h e  b i c y c l i c  

ke tones .  The a u t h o r s 8  a s s i g n e d  t h e  s t r u c t u r e  ds, @s_-2-methoxy- 

i i i c>c lo [  2 .1 .01  pent -2-en-5-yl  k e t e n e  (2) t o  t h i s  i n t  rmed ia t e ,  

presumably formed photochemi.cally from the  b i c y c l i c  k e t o n e s  (4) 

and (5 )  by a  Norrish type  I p r o c e s s ,  whj.ch probably  o c c u r s  i n  a 

l ( n , n  X, e x c i t e d  s t a t e .  The the rma l  i s o m e r i z a t i o n  o f  t h e  k e k n e  

8 t o  t h e  h i c y c l i c  k e t o n e s  i s  a  Cope rear rangement  . 
I n  o u r  hands ,  t h e  o n l y  p roduc t  i s o l a t e d  a t  t h e  end o f  t h e  

r e a c t i o n  was t h e  p h o t o - p r o d u c t  ( 5 ) .  I ts  isomer ($1 was n o t  p r e s e n t .  

A d d i t i o n a l l y ,  i n  s p i t e  o f  t h e  known r o a c t j . v i t y  o f  k e t e n e s  toward 

methanol ,  t h e  s o l v e n t  i n  which t h e  i r r a d i a t i o n  i s  per formed,  we 

have never  i s o l a t e d  r e a c t i o n  p roduc t s  r e s u l t i n g  from t h e  a d d i t i o n  

o f  met!l;inol t o  t h e  prcsu!.:cd k c t e n e  i n t e r m e d i a t e  (g). 

The m e c h a n i s t i c  pathway of  t h e  a - t ropo lone  methyl e t h e r  (&I 

t o  7-nethoxy-3,6-bicycl.o[ 3 . 2 . 0 1  hepczdiene-2-cne (I) i s  q u i t e  co?l;>lex, 
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i n  e i t h e r  i n t e r p r e t a t i o n ,  y e t  it g ives  t h e  photo-product  ( 2 )  i n  h igh  

10 y i e l d  . 
S p e c i f i c  examples  o f  t h e  methodology used  t o  b u i l d  PG i n t e m i a t e s  

and products from t h e  b i c y c l i c  i n t e r m e d i a t e  ( 5 )  a r e  i l l u s t r a t e d  

i n  sequence .  

An i m p o r t a n t  chemica l  p r o p e r t y  Of t h e  b i c y c l i c  i n t e r m e d i a t e  

( 5 )  i s  t h e  s e l e c t i v e  r e a c t i v i t y  d i s p l a y e d  by t h e  double  bonds .  

I n d e e d ,  on t h e  one hand o z o n o l y s i s  of  compound (5)  i n  p y r i d i n c -  

methanol-nrethylene c h l o r i d e  s o l u t i o n  a t  -78 '  took p l a c e  s e l e c t i v e l y  

a t  t h e  en01 e t h e r  doub le  bond t o  p r o v i d e  t h e  ozon ide ,  whjch was 

c l e a v c d  w i t h  d i s t i l l e d  s u l f u r  d i o x i d e  a t  - 20 ° ,  t h u s  a f f o r d i n g  t h e  

d i m e t h y l  a c e t a l  ( 6 ) .  T h i s  s u b s t i t u t e d  cyc lopentenone  i n  p r i n c i p l e  

can be t r ans fo rmed  t o  n a t u r a l  P G  by t h e  methodology known i n  PG 

c h e u i s t r y l 1 ,  such  a s  e p o x i d a t i o n ,  Michael  a d d i t i o n  of  a  p r o p e r  group 

13 a t  p o s i t i o n  1112, o r  o t h e r  a p p r o p r i a t e  chemica l  t r a n s f o r m a t i o n s  . 
On t h e  o t h e r  hand, c a t a l y t i c  r educ t ion  of  t h e  s u b s t i t u t e d  

cyclopentenone (5) ove r  prehydrogenated p la t inum i n  e t h y l  a c e t a t e  

s o l u t i o n  took p l ace  s e l e c t i v e l y  a t  t h e  conjugated  double bond y i e l d i n g  

a lmost  q u a n t i t a t i v e l y  t h e  cor responding  cyclopentanone (1). Ozonolysis  

o f  t h e  en01 e t h e r  bond o f  t h e  b i c y c l i c  i n t e r m e d i a t e  (2) a t  -78O 

i n  5: l -methylene chloride-methanol  s o l u t i o n  was fol lowed by 

t r e a t m e n t  o f  t h e  ozonide w i t h  l i q u i d  s u l f u r  d iox ide14 ,  t h u s  

p r o v i d i n g  t h e  r e l a t i v e l y  s t a b i e  d imethyl  a c e t a l  (8).  A l k y l a t i o u  

o f  t h i s  k e t o - e s t e r  a t  p o s i t i o n  812 was performed by r eac t io : ,  w i t h  

potass ium hydr ide  i.n dimel-hyl s u l f o x i d e 1 5  under an atmosphere of  

argon, fo l lowed by t r e a t m e n t  w i t h  e t h y l  7- iodoheptanoate16 ,  producing  
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t h e  d i e s t e r  (2)  i n  good y i e l d .  

Decarboxyla t ion  of  conlpound (9) , a key-s tep  i n  t h e  s y n t h e s i s ,  

was smoothly e f f e c t e d  wi th  sodium cyan ide  i n  hexamethylphosphrr ic  

t r i a m i d e  f o r  one hour a t  70'17, a f f o r d i n g  i n  9 0 8  y i e l d  t h e  keto-  

e s t e r  (10). The a c e t a l  group i s  n o t  a f f e c t e d  by t h e s e  mild rcact j ion 

c o n d i t i o n s .  Treatment  o f  ke tone  (1.c) w i t  e t h a n o l i c  p o t a s s i u m  

a c e t a t e ,  known ec :u i l i b ra t ion  c o n d i t i o n s 1 8 ,  l e d  t o  unchan(2ed m a t e r i a l  

t h u s  conf i rming t i e  t,:a?rz . ; - e l a t i o n s h i p  between t h e  s u b s t i t u e n t s  

on t h e  cyclopentanone .  Cleavage o f  t h e  a c e t a l  p r o t e c t i n g  group i.n 

t h e  i n t e r m e d i a t e  (10) w i t h  p- to1: :enr ;u l fonic  a c i d  i n  ace tone  

l i b e r a t e d  t h e  aldehyde (g) i n  q u a n t i t a t i - v e  y i e l d .  

The concluding  s t e p s  o f  t h e  s y n t h e s i s  have been worked o u t  

p r e v i o u s l y  19 '20.  React ion  of  i n t e r m e d i a t e  (11) w i t h  t h e  sodium s a l t  

of d imethyl  2-oxoi?eptylpl?o:;pl?onate provided t h e  expected  enedione 

(12) , characterized by t h e  t i p i c a i  s p e c t r a l  p r o p e r t i e s  of  i t , s  

2 0  enone ch ro ropho~-e  . 
I n  o u r  i n i t i a l  approach,  Lhe d ione  (12) was conve r t ed  t o  

t h e  d i k e t a l  (13) by trcat i i ient  w i t h  e t h y l c n e g l y c o l  i n  t h e  

p re sence  of a  t r a c e  amount o f  p - t o l u c n e s u l f o n i c  a c i d  i n  benzene 

sol .ut ion.  S e l f c t i v e  h y d r o l y s i s  of t h e  15 -ke ta l  w a s  performed by 

L-cact:.ion w i t h  p - t o l u e n c s ~ ; l f o : ~ i c  a c i d  i n  ace tone  a t  -20°, t h u s  

r c q e n e r a t i n g  tine enone chronropilore (15). Zinc borohydr ide  r educ t ion  

i n  dimethoxyethane2' save  a  mixture  of epinreric  15-a lcohols  (i?), 

-;,hich were t r e a t e d  w i t h  aqueous a c e t i c  a c i d  t o  i-emove t h e  9 - k e t a l  

protecting qcoup. Sepal -a t ion  by Lhin l a y e r  chromatography ('TLC) 

of t h e  r e s l l l t i n g  11--deoxy P G  e t h y l  e s t e r s  (162) and (z) a f f o r d e d  
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t h e  d o s i r e d  k e t o - e s t e r  (e), which was hydro lyzed  u s i n g  aqueous 

methanol  po t a s s ium c a r b o n a t e  t o  g i v e  11-deoxy PGE ( 1 6 b ) .  1 - 
T h i s  +?as a long  sequence ,  whj.ch h a s  now been s h o r t e n e d .  

W e  i n v e s t i g a t e d  a  number o f  bo rohydr ide  r educ ing  a g e n t s  on t h e  

ene-d jone  (c), i n  t h e  hope t h a t  a  s e l e c t i v e  r e a g e n t  c o u l d  be  found.  

Rorohydri.de r e a g e n t s ,  i n  some s i m i l a r  c a s e s  had  been shown t o  b e  

ex t r eme ly  s e n s i t i v e  t o  t h e  environiricnt of t h e  ca rbony l  group .  

F i r s t ,  w e  found t h a t  b o t h  z i n c  bo rohydr ide  and sodium 

bo rohydr ide  gave v e r y  s u b s t a n t i a l  r e d u c t i o n  a t  C-9 .  We t h e n  t u r n e d  

ou r  a t l e n t i o n  t o  t l iexyl l imonylboi-oRydride (TI,BH)22, a  h i g h l y  

s e l e c t i v e  r e d u c i n g  z y e n t ,  which had been used  s u c c e s s f u l l y  f o r  

i conve r s ion  of t h e  cnone i-o t h e  a l l y l i c  a l c o h o l  n  t h e  E l  

s e r i e s z 3 ,  a l t h o u g h  t h e  y i e l d  .::as o n l y  o f  t h e  o r d e r  o f  40%.  

U n f o r t u n a t e l y ,  i n  ; h e  ca:;c o f  t h e  11-deoxy s e r i e s  t h e  15n:15B- 

a l c o h o l  r a t i o  o b t a i i e d  on reduc t ic  n  w i t h  TLBH was less u s e f u l  i ' ian 

i -ha t  o f  t h e  11-hydroxy - s e r i e s ,  i . 5 .  ~.. . a  - ca .  2 : l  m ix tu re  of 158-OH 

(17) : 15u-OH (L62) , r e spec t i ve : . . ,  was i s o l a t c d .  

O t h e r  bo rohydr ide  reduc ing  agen t s24,  such a s  l i t h i u m  ~ c r h y d r o -  

9b-boraphcna ly ihydr ide  (PBPii) 2 5  and l i t h i u m  tr i-sec-butylborohydrj .de 

( L - S e 1 c c i : j . i ~ ) ~ ~  a l s o  gave main ly  t h e  wrong 15B-isomer ( 1 5 R )  (17) 
and a  s u b s t a n t i a l  amoi ~t o f  d i o l s .  

F o r t u n a t e l y ,  r e d u c t i o n  o f  d i o n e  (12)  w i t h  sodium cyano- - 

borohydr ide  i n  a c i d i c  gave s a t i s f a c t o r y  r e s u l t s .  

I ndccd ,  d i r e c t  t r e a t m e n t  of  t h e  ened ione  ( )  w i t h  t h i s  r e a g e n t  

l c d  t o  a  reasonab.iy r e g i o s e l e c t i v e  r e d u c t i o n ,  a f f o r d i n g  a  n e a r l y  

e q u a l  n i x t u r e  of 15 -a l co i>o l s .  The 15 (R) - i somer  (G), t o i j e the r  



w i t h  any d i o l s  could  be r e o x i d i z e i  i n  h igh  y i e l d  t o  t h e  enone (g), 

by t h e  Brown and Garg procedure28,  t h u s  g i v i n g  a  good y i e l d  of 

t h e  d e s i r e d  a l c o h o l  (=) a f t e r  r e c y c l i n g .  The e s t e r  group a t  C-1 

was hydrolyzed  w i t h  aqueous me thano l i c  potass ium ca rbona te  t o  

provide  t h e  c r y s t a l l i n e  dl-11-deoxy-PGE1 ( 3 2 )  , i d e n t i c a l  w i t h  a n  

a u t h e n t i c  sample,  t h u s  conf i rming  t h e  c o r r e c t  s t e r e o c h e m i s t r y  a t  

t h e  t h r e e  asymmetric c e n t e r s ,  a s  w e l l  a s  t h e  --geometry o f  

t h e  double bond. T h i s  improved r e d u c t i o n  p r o c e s s  s u b s t a n t i a l l y  

s i m p l i f i e d  t h e  s y n t h e s i s ,  s i n c e  it s h o r t e n e d  t h e  whole r o u t e  by 

t h r e e  s t e p s .  

The approach j u s t  d e s c r i b e d  l e a d i n g  t o  PG o f  t h e  1 s e r i e s  

( s a t u r a t e d  upper c h a i n )  i s  s o  s imp le ,  ea sy  t o  per form and i-zigh 

y i e l d i n g  t h a t  i t  was g iven  t o  undergraduate  s t u d e n t s  f o r  l a b o r a t o r y  

2 3 p r a c t i c e  i.n o r g a n i c  chcmist.ry . The s tudencs  p repa red  t h e  appro- 

p r i a t e  j n t e r m e d i a t e  conlpoun.ls, %?. t h e  k e t o - e s t e r s  (!), d i f f e r e n t  

i o d c - e s t e r s  (g) fo r  a1kyl: l t ion a t  p o s i t i o n  8 ,  a s  well a s  phospho- 

r a n c s  (2) f o r  t h e  w i t t i t  : n  sc t ion  o r  t h e  co r re spond ing  phosphonates 

:or t h e  Iiorner-Ernmons r c a : : ~ i i > n ~ ~  on t h e  aldehyde a t  p o s i t i o n  12 

i n  i n t e r m e d i a t e s  such a s  compound (11). This al lowed t h e  p r e p a r a t i o n  

o f  a  l a r g e  a r r a y  o f  novel  p r o s t a g l a n d i n s  o f  t h e  type  (20). 

11-Desoxy-PG a r e  of i n t e r e s t  n o t  on ly  because  of  t h e i r  

i n t r i n s i c  b i o l o y i c a l  p r o p e r t i e s ,  such a s  a n t a g o n i s t s  of  t h e  PG 

be iony ing  t o  t h e  E and ~ - s e r i e s ~ ' ,  b u t  a l s o  s i n c e  t h e y  can be 

t r ans fo r~med  ~ h e : n i c a l l y ~ ~  t o  PGA and hence t o  11-hydroxyla ted  

e n t i t i e s i ' .  

The d i f f e r e n c e  jn ' i e  : > e m i c d  r e a c t i v i t y  of t h e  double  
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bones  i n  7-rnethoxy-3,6-bicyclol3.2.0lheptadiene-2-one (2) 

( v i d e  s u p r a )  i s  f u r t h e r  i l 1 . u s t r a t e d  by t h e  c o n j u g a t e  a d d i t i o n  

o f  l i t h i u m  d i ~ n e t l i y l c o y , ; > e r ~ ~  t o  t h e  cyc lopentenone  ( 5 )  which 

ijrocoe6r.d r e g i o s e l e c t i v e l y  i n  -- ca .  70% y i e l d  t o  a f f o r d  o n l y  11.- 

methy la t ed  d e r i v a  i ve s12 .  I n  a d d i t i o n ,  a  r ea sonab ly  good s t e r e o -  

s e l e c t i v i t y  was 0: s e r v e d ,  ; : i f o r d i n g  SO% o f  110 -me thy l  cyc lopen t a -  

none (*) e. 20% of  t h e  11%-methyl  i somer  (e). An =-a t tack  

o f  a l k y l  group was a n t i c i p a t e d  i n  t h i s  1 , 4 - a d d i t i o n  bccause  o f  

t h e  b e n t  geometry o f  t h e  b i c y c l i c  sys tem i n  (5). 

Ozono lys i s  o f  t h e  e n o l  e t h e r  group  o f  t h e  l l a -me thy l  i somer  

(G), fo l lowed by decompos i t ion  o f  t h e  ozonide  w i t h  s u l f u r  d i o x i d e  

i n  methanol  s o l u t i o n ,  a f f o r d e d  t h e  k e t o - e s t e r - a c e t a l  (22). 
Var ious  a t t e m p t s  t o  a l k y l a t e  t h e  s u b s t i t u t e d  B-ke to-es te r  

(2) w i t h  e t h y l  7 - - i odohep tanoa t e  (l&) l6 gave main ly  (z. 6 0 % )  

t h e  0 - a l k y l a t i o n  p r o d u c t  (23) and  l i t t l e  (E. 15%) of t h e  d e s i r e d  

C-a lkyla ted  m a t e r i a l  (24) .  *An examina t i on  o f  k e t o - e s t e r  (22) w i t h  

mo lecu l a r  riodels i n d i c a t e s  t h a t  b o t h  s i d c s  a r e  s t c r i c a l l y  h i n d e r e d ,  

t h u s  b l o c k i n g  C - a l k y l a t i o n  a t  p o s i t i o n  8. F o r t u n a t e l y ,  t h i s  s t e r i c  

problem could  be c i r c u r v e n i c d  by making use  o f  i more " l i ~ n e a r "  

34 
a l k y l a t i n g  c h a i n ,  narr~ely e t h y l  7-- i  ode-5-hcptynoii te  (25) . 
Reac t ion  of k e t o - e s t e r  (22) wii.h po t a s s ium hydr ide  i n  dinet.hy1 

su lCox ide ,  fo l lowed by treatment w i t h  e t h y l  7-iodo-5-heptynoate 

( 2 2 )  a t  room t empera tu re  f o r  16 h r ,  gave exclusive_ly t h e  dcrsixed 

d i e s t e r  (26) i n  '13% y i e l d .  

The d e c a r b o x y l a t i o n  o f  t h e  d i e s t e r  (26) was performed w i t h  

sodium cyan ide17  t o  a f f o r d  t h e  a c e t y l e n i c  mono-cster (27) i n  95% 

y i e l d .  i iydrogena t ion  o f  t h e  t r i p l e  bond i n  t h e  p r e sence  o f  
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L i n d l a r  gave q u a n t i t a t i v e l y  t h e  co r r e spond ing  cis- 

o l e f i n  i n t e r m e d i a t e  (%). C1eavi:tge o f  t h e  a c e t a l  group was ach i eved  

w i t h  Amber l i t e  I R - 1 2 0  i n  anhydrous  a c e t o n e  s o l u t i o n  f o r  16 h r  a t  

room t e m p e r a t u r e ,  t h u s  a f f o r d i n g  q u a n t i t a t i v e l y  t h e  a ldehyde  (2). 

Trea tmen t  of a ldehyde  (2) by t h e  u s u a l  p rocedu re  2 0 , 2 9  gave t h e  

d i ene -d ione  (3) i n  z. 6 0 %  y i e l d .  

A f t e r  a g a i n  s u r v e y i n g  s e v e r a l  known s e l e c t i v e  r educ ing  a g e n t s  

Tor t h e  r e d u c t i o n  o f  t h e  d i k e t o n e  (3<), sodium cyanoborol lydride i n  

a c i d i c  medium 2 3 r 2 7  was s t i l l  found  t o  be  t h e  r e a g e n t  o f  c h o i c e ,  

f u r n i s h i n g  t h e  15  (S )  -hydroxy compound (2). The e s t e r  group was 

hyd ro lyzed  w i t h  aqueous me thano l i c  po t a s s ium c a r b o n a t e  t o  a f f o r d  

dl- l lo-methyl-11-daoxy PGEZ (G), i d e n t i c a l  i n  a i l  r e s p e c t s  ( b u t  

f o r  t h e  o p t i c a l  p r o p e r t i e s )  w i t h  a  saniple o b t a i n e d  by l i t h i u m  

dimethyl.copper a d d i t i o n  t o  P G A ~  3 6 ' 3 7 .  T h i s  completed t h e  i o t a 1  

s y n t h e s i s  o f  a  P G  be long ing  t o  11 -a lky l  PG 2 - s e r i e s  ( b 5 / l 3 ) .  

Some o t h e r  m o d i f i c a t j o n s  of t h e  r i n g  have a l s o  been perfornled. 

I n  p a r t i c u l a r ,  c o n j u g a t e  a d d i t i o n  of l i t h i u m  d ipheny lcoppe r  an< 

l i t h i u m  d i -p- .bu ty lcopper  ,.c t h e  enone (2) prov ided  t h e  l l a - p h e n y l  

(3) and i l a - p - b u t y l  ( z b :  s u b s t i t u t e d  cyclopentanones,res! ,cct ively,  

(33) and t h e  1 - s e r i e s  by t h e  above d e s c r i b e d  sequence  o f  

r e a c t i o n s .  

A d d i t i o n a l l y ,  cyanide  a d d i t i o n  t o  t h e  ryc lopen t enone  (2 )  

h a s  a l s o  been per formed.  Reac t ion  o f  enone (2) w i t h  ace tone  

cyanohydr in  i n  e t h a n o l  c o n t a i n i n g  a  c a t a l y t i c  amount o f  aqueous 

po t a s s ium f u r n i s h e d  e x c l u s i v e l y  t h e  I l a - cyano - in t e rmed ia t e  
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(35) i n  abou t  70% y i e l d .  Th i s  r e s u l t  i s  s i g n i f i c a n t  s i n c e  it g i v e s  

p o t e n t i a l  a c c e s s  t o  11-oxygenated PG o f  t y p e  (36) by known metho- 

11 dology . 
So f a r ,  w e  have  mentioned t h e  u se  o f  o u r  new s y n t h e t i c  approach 

f o r  t h e  p r e p a r a t i o n  of  n a t u r a l  PG, a s  w e l l  a s  PG modi f ied  on t h e  f i v e -  

membered r i n g ,  and i n  t h e  cha in s .  The l a s t  p a r t  o f  t h i s  r e p o r t  i s  

concerned w i t h  t h e  p r e p a r a t i o n  o f  four membered r i n g  PG. 

Reduct ion o f  t h e  d i ch lo ro -cyc lobu tanone  i n t e r m e d i a t e  (2) 
w i t h  zinc i n  a c e t i c  a c i d  produced  t h e  b i c y c l i c  ke tone  (2) i n  

6c,39 
ove r  9 0 %  y i e l d  . Trea tment  o f  t h i s  ke tone  (37) w i t h  l i t h i u m  

aluminum h y d r i d e  i n  t e t r a h y d r o f u r a n  a t  -78' gave s e l e c t i v e l y  ( 9 0 % )  

t h e  &-a lcohol  (2) by hyd r ide  a t t a c k  from t h e  =%-side o f  t h e  

b i c y c l i c  k e t o n e  (2). 

Ozono lys i s  o f  t h e  o l e F i n i c  bond o f  compound (s), fo l lowed 

by t r e a t m e n t  o f  t h e  ozcn ide  w i t h  hydrogen p e r o x i d e  and fo rmic  a c i d  

.. . 
aAlc?rded  t h e  c r y s t a l l i n e  a c i d  l a c t o n e  (z) i n  o v e r  88% y i e l d .  The 

a c i d  was t h e n  conve r t ed  t o  i t s  methyl  e s t e r  (=) f o r  f u r t h e r  

i d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n .  

The a c i d  (3%) cou ld  be  reduced  t o  t h e  pr imary  a l c o h o l  (40) 

by conve r s ion  t o  t h e  mixed methyl  c a r b o n i c  anhydr ide  by r e a c t i o n  

w i t h  methyl  ch lo ro fo rma te  i n  t e t r a h y d r o f u r a n  s o l u t i o n  i n  t h e  

p r e s e n c e  of  t r i e t h y l a m i n e 4 O ,  fo l l owed  by t r e a t m e n t  w i t h  z i n c  

bo rohydr ide  i n  t e t r a h y d r o f u r a n  s o l u t i o n .  The y - l ac tone  group  was 

n o t  a f f e c t e d  unde r  t h e s e  c o n d i t i o n s  b u t  t h e  al.coho1 was on ly  

o b t a i n e d  i n  s. 25% y i e l d .  Sodium bo rohydr ide  i n  methanol  a l s o  

d i d  n o t  g i v e  a  s a t i s f a c t o r y  r e s u l t .  



The y i e l d  i n  t h e  conve r s ion  o f  a c i d  (e) t o  t h e  c o r r e s -  

ponding a l c o h o l  (40) was s u b s t a n t i a l l y  i n c r e a s e d ,  however when t h i s  

r e d u c t i o n  was performed w i t h  bo rane  i n  t e t r a h y d r ~ f u r a n ~ ~ ,  t h u s  

a r f o r d i n g  t h e  d e s i r e d  compound (110) i n  E. 75% y i e l d .  

Ox ida t ion  of  t h e  pr imary  a l c o h o l  (40) t o  t h e  co r r e spond ing  

4 2  
aldehyde (41) was c a r r i e d  o u t  i n  70% y i e l d  by u s u a l  p rocedure  . 

The concluding  s t e p s  o f  t h e  s y n t h e s i s  f o r  t h e  most p a r t  have 

been worked o u t  p rev ious ly20 .  Reac t ion  of  in te rmedj .a te  (41) w i t h  

t h e  sodium s a l t  o f  d ime thy l  2-oxohepty lphosphonate ,  foll.owed by 

e q u i l i b r a t i o n ,  f u r n i s h e d  t h e  expec t ed  enone (g), c h a r a c t e r i z e d  by 

t h e  t y p i c a l  s p e c t r a l  p r o p e r t i e s  o f  t h e  con juga t ed  keto-chromophore. 

Reduction of  t h e  ke to-group w i t h  sodium borohydr ide  gave a  mix tu re  of  

i somers  a t  C-15 (s). The hydroxy l  was c o n v e r t e d  t o  t h e  t e t r a h y d r o -  

py rany l  e t h e r  (G) by t r e a t m e n t  w i t h  d ihydropyran  i n  t h e  p r e s e n c e  

o f  a c i d .  The l a c t o n e  group was t h e n  reduced  w i t h  d i i sobuty la luminum 

hydr ide  i n  toluene solution43, t h u s  p r o v i d i n g  t h e  hemi -ace t a l  (44). %action 

w i t h  t h e  W i t t i g  r e a g e n t , g e n e r a t e d  from (4-carboxybuty1)triphenylphos- 

phonium bromide u s i n g  po ta s s ium h y d r i d e  i n  d imethylsul foxide ,af forded 

t h e  dl-11-nor PGE a s  i t s  t e t r a h y d r o p y r a n y l ' e t h e r  d e r i v a t i v e  (451) .  
2 a 

Acid h y d r o l y s i s  t h e n  l i b e r a t e d  t h e  nove l  four-membered PGF a n a l o g  

4 4 (s), a s  a  s e p a r a b l e  m i x t u r e  of i somers  a t  C-15 . 
T h i s  p a r t  o f  t h e  s y n t h e t i c  work b e n e f i t e d  g r e a t l y  from two 

f e a t u r e s ,  which a r e  wor th  emphas i z ing .  One i s  t h e  s t e r e o s e l e c t i v i t y  

observed  d u r i n g  t h e  r e d u c i i o n  o f  k e t o n e  (37) t o  t h e  *-alcohol 

(2). The o t h e r  i s  t h e  e f f i c i e n t  methodology employed i n  t h e  

conve r s ion  o f  t h e  b i c y c l i c  a l c o h o l  (2) t o  t h e  l ac tone -a ldehyde  ( 4 1 1 ,  

.ds g i v i n g  ready  acces s  t o  t h i s  novel  series o f  11-nor-pros tag landins .  



HETEROCYCLES, V d .  5, 1976 

I . :  . . 

2 
39 a ,  R=H 



The noteworthy f e a t u r e s  of these  syntheses  a r e  t h e i r  s i m -  

p l i c i t y  and f l e x i b i l i t y .  S u b s t i t u t e d  t ropolones  a r e  known45, hence 

a l lowing t h e  p r e p a r a t i o n  of  a  l a r g e  a r r a y  of new p r o s t a n o i d s  n o t  

e a s i l y  secured by o t h e r  r o u t e s .  The key i n t e r m e d i a t e s  , (gi, 

( 7 ) ,  (351, and (3J) p rov ide  an i d e a l  e n t r y  t o  a  number of novel  

modified PG n o t  r e a d i l y  a v a i l a b l e  by o t h e r  r o u t e s .  Th i s  work a l s o  

i l l u s t r a t e s  t h a t  photochemical  r e a c t i o n s  p r e s e n t  an a t t r a c t i v e  

p o t e n t i a l  i n  t h e  s y n t h e s i s  of  b i o l o g i c a l l y  important  subs tances .  

Th i s  work was supported by  t h e  DGRST (Cont rac t  11'73-7-1875) 

and t h e  CNRS (ERA n0478) .  E . B . ,  A . C . ,  J -P .D.  and M.C.M. a r e  g r a t e f u l  

t o  the  Ninis tBre  des  A f f a i r e s  E t r a n g s r e s ,  U . S . M . G . ,  C.N.Pq. 

S . A . R . S . A .  ( B r a z i l )  and C . O . N . A . C . Y . T .  (Mexico) f o r  p redoc to ra l  

f e l l o w s h i p s  A . G .  thanks  t h e  C.I.E.S. ( P a r i s )  f o r  a  

f e l lowsh ip .  
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