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The aim of t h i s  work was t o  d e v i s e  a p r a c t i c a l  syn the -  
s is  of new p r o s t a g l a n d i n  ana logs  and t o  e v a l u a t e  t h e m  w i t h  
r e g a r d  t o  t h e i r  b i o l o g i c a l  a c t i v i t y .  A s econdary  pu rpose  
w a s  t h e  t o t a l  s y n t h e s i s  of known p r o s t a g l a n d i n s .  P o r t i o n s  
of oux work have been d e s c r i b e d  p r e v i o u s l y ( C o l 1 i n s  e t  a l l  
1968) .  
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F ig .1  d e p i c t s  t h e  s y n t h e s i s  of t h e  t r i o n e - a c i d ( 1 ) .  A 
s i m i l a r  p r e p a r a t i o n  of t h e  co r re spond ing  ester was d e s c r i b -  
ed r e c e n t l y ( Y u r a  & I d e , 1 9 6 9 ) .  I t  i s  of i n t e r e s t  t o  n o t e  t h e  
novel  p r e p a r a t i o n  of 9-oxodecanoic a c i d , w h i c h  was p a t t e r n e d  
a f t e r  t h e  work of B r a m  and  V i l k a s ( 1 9 6 4 ) .  A d i s t i n c t  p r a c t i -  
c a l  improvement ove r  t h e i r  method was t h e  u s e  of t h e  l i t h -  
ium s a l t  of monomethyl m a l o n a t e , i n s t e a d  of t h e  correspond-  
i n g  f r e e  a c i d , s i n c e  t h e  former i s  a s t a b l e , c r y s t a l l i n e  s o l i d  
t h a t  cou ld  be p u r i f i e d  e a s i l y .  

I n  F i g . 2 , 3  w e  see t h e  sequence of s t e p s  used i n  o u r  
t o t a l  s y n t h e s i s  of dl-PGB1. Analogous s y n t h e s e s  appea red  
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Figure 4 .  Resolution of 1-octyn-3-01 and synthesis of(+) 
and ( - )  PGBl. 

subsequently in the literature(Yura & IdeIl969;Katsube & 
Matsu,1969). However,there are some significant differences 
between our work and the other published methods. For in- 
stance,the acid-catalyzed hydrogenolysis of I1 to I11 in 
good yield is a novel process that was found to be quite 
general. Moreover,the selective hydrolysis of the ethyl 
ester corresponding to 111 proceeded in excellent yield, 
leading to the key enol ether acid 111. This compound is a 
much more useful intermediate than its ester,since it was 
found that the carboxyl function,unlike the carboethoxy 
function,does not react with the Grignard reagent V,thus 
allowing a selective addition to the enol ether carbonyl. 
The acetylenic analog of dl-PGB1(VI)was thus obtained in 
good yield. 

hydro compound VII could be accomplished using a variety of 
conditions. An unusual catalyst was used here for the first 
time: a lead coated palladium-on-carbon catalyst,obtained 
by the hydrogenation of an aqueous solution of lead nitrate 
in the presence of the commercial catalyst. The isomeriza- 
tion of e - V I I  to trans-dl-PGB1 was possible but could not 
be made to proceed in good yield. However,applying a new re- 
action we had discovered previously in the steroid field,we 

The hydrogenation of VI to the corresponding cis-di- 
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found t h a t  i t  was p o s s i b l e  t o  r educe  d i r e c t l y  t h e  propargy- 
l i c  a l c o h o l  V I  t o  trans-dl-PGB1 ( V I I I )  u s i n g  a z inc - l ead  
c o u p l e  i n  i s o p r o p a n o l .  The p r o d u c t  c o u l d  be  o b t a i n e d  
d i r e c t l y  i n  a h i g h  s t a t e  of p u r i t y .  I t  appea r s  t h a t  t h e  
r e d u c t i o n  of p r o p a r g y l i c  a l c o h o l s  t o  t h e  co r re spond ing  a l l y -  
l i c  a l c o h o l s  i s  q u i t e  gene ra1 ,wi th  a z i n c - l e a d  o r  a z inc -  
copper  c o u p l e  i n  a v a r i e t y  of  h y d r o x y l i c  s o l v e n t s .  

i o n  of a n o t h e r  s u c c e s s f u l  approach t o  t h i s  problem w a s  pub- 
l i s h e d  by two d i f f e r e n t  groups(Hardegger  e t  a1,1967;Klok e t  
a1 ,1968) .  

The s t e p w i s e  r e d u c t i o n  of  dl-PGB1 ( V I I I )  t o  t h e  d i h y d r o  
and t e t r a h y d r o  k e t o n e  proceeded smoothly.  T h i s  l a s t  k e t o n e  
w a s  a s s i g n e d  t h e  t r a n s  c o n f i g u r a t i o n , s i n c e  it r e s u l t e d  from 
a hydrogena t ion  i n  t h e  p r e s e n c e  of sodium hydroxide.  How- 
e v e r , t h e  e x i s t e n c e  of  2 t r ans - i somers  i s  p o s s i b l e , e v e n  
though t h e  p r o d u c t  appea red  t o  b e  pu re .  

For a r a t i o n a l  s t e r e o s p e c i f i c  s y n t h e s i s  of P G B l  it i s  
obvious t h a t  i t  would b e  n e c e s s a r y  t o  r e s o l v e  t h e  i n t e r -  
med ia t e  1-octyn-3-01 ( I V )  . A f t e r  s e v e r a l  a t t e m p t s  w e  found 
t h e  r e a c t i o n  of I V  w i t h  3P-a~etoxy-5~16-etiadienic a c i d  
c h l o r i d e  gave a c r y s t a l l i n e  ester w h i c h , a f t e r  p u r i f i c a t i o n  
and h y d r o l y s i s  l e d  t o  ( - )  - ( 3 s )  -1-octyn-3-01 (IVb) . On t h e  
o t h e r  h a n d , t h e  c r y s t a l l i n e  es ter  d e r i v e d  from 38-acetoxy-5- 
e t i e n i c  a c i d , a f t e r  p u r i f i c a t i o n  and h y d r o l y s i s ,  l e d  t o ( + )  - 
(3R) -1-octyn-3-01 ( I V a )  . I n  F i g .  4 w e  see t h e s e  t r a n s f o r m a t -  
i o n s  and t h e  c o n v e r s i o n  of  I V a  and I V b  to(lSR)-PGBl and 
(15.5) -PGB1,  r e s p e c t i v e l y , b y  t h e  methods d e s c r i b e d  p r e v i o u s l y  
i n  F i g . 2 , 3 .  The p u r i t y  of t h e  a l c o h o l s  IVa and IVb was 
determined by t h e  method of D a l e  e t  a l ( 1 9 6 9 )  ,which c o n s i s t s  
o f  N . M .  R. a n a l y s i s  of t h e  co r re spond ing  ( - )  -a-methoxy-a-tri-  
fluoromethylphenylacetic ac id (MTPA)es t e r s , a s  i l l u s t r a t e d  i n  
F ig .5 ,6 ,7 .  

A t  a b o u t  the t i m e  t h i s  work was comple t ed , the  d e s c r i p t -  
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F i g d r e  5. 60  MHZ p r o t o n  NMR spectrum of t h e  2 d i a s t e r e o -  
meric esters from racemic 1-octyn-3-01 and ( - )  
MTPA c h l o r i d e .  CgDg solvent,TMS. 
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Figure 6. Expansion of Figure 5 NMR. 

Figure 7. 60 MHZ proton NMR spectrum of the ester derived 
from(3R)-l-octyn-3-01 and(-)-MTPA chloride, CgD6 
solvent,TMS. N o t e  about 5% of correspondinq(3S)- 
ester. 

With benzene as a solvent,the 60 MHZ proton NMR spec- 
trum of the(-) MTPA ester of racemic IV indicates two dif- 
ferent quartets for the MTPA rnethoxy1,separated by 5 cps. 

Fig.7 shows an expansion of the NMR of the(-) MTPA 
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ester of (3R)-l-octyn-3-01 (IVa) . One can see that in the 
methoxyl region it is quite easy to determine the presence 
of small amounts of the 3s ester. 

The synthetic(l5S)-PGBl was found to be identical 
with the naturally derived product kindly supplied by Dr. 
John Pikelof The Upjohn Company. Moreoverl (15R)-PGB1 had 
O.R.D. curve which was the mirror image of that of(l5S)- 
PGBl. 

optically active PGBl was the possibility of independent 
confirmation of the absolute configuration of naturally 
derived PGBl and,therefore,of a l l  known prostaglandins, 
by applying the method of Horeau and Kagan(l964)to the 
intermediate proparqylic alcohols IVa and IVb. 

An interesting consequence of our total synthesis of 

RECOVERED HI-IC ACID: (-) 

1 
MEREFORE, WRONG mIOVRATION FW IVb 
(ASSUMING ZXHE Glxmn RADICAL IS SMALLER 
MAT M E  FTNTYL RADICAL) 

m m m ,  gR m M m L S  FOR m 

Figure 8. Independent confirmation of absolute configur- 
ation of prostaglandins. Same sequence for(+) 
IVa gave results confirming above absolute 
configurations. 

The resultsfas described in Fig.Oldo not confirm the 
established configurations(Nugteren et al11966)of(+)-(15S)- 
PGB1. Thereforelone is forced to conclude that,surprisingly 
in Horeau's order of precedence,the ethynyl radical should 
be considered larger than an alkyl radical. However,the 
difficulty was resolved easily by hydrogenating IVa and 
IVb to the corresponding saturated alcohols. Thus, (35)- 
1-octyn-3-01 (IVb) led to (3R) -3-octanol (IX)which,when 
analyzed by Horeau's method,gave results which were con- 
sistent with the 3s configuration for IVb and the 15s 
configuration for the naturally derived(+)PGB1. 

confirming the 1 5 R  Configuration for(-)-PGBl. 

also initiated in the 11-hydroxyprostanoic acid series. 
Theoreticallyfan apnroach similar to the one described in 

A similar series of results were obtained with IVa, 

Parallel to our efforts in the PGBl series,work was 
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Figure 9. 11-hydroxy series. 
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Figure 10. The 100 MHZ proton NMR spectrum of the crude 
reaction mixture(X1 and XII). CDCL3 solvent, 
TMS. 

Fig.2,3 should be possible. As we can see in Fig.9,the 
first obstacle was the conversion of the readily available 
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Figure 11. A)Proton NMR spectrum 100 MHZ of pure XII,CDC13 
solvent,TMS, B)computer calculated spectrum 

I 1 1 . 1  , I I 
1 . I . 1 . 1 ~ 1 ~ 1  

Figure 12. A)100 MHZ proton NMR spectrum of crude XI. 
CDC13 solvent,TMS, B)computer calculated 
spectrum. 

hydroxy-dione(X1to the corresponding enol ether. A s  ex- 
pected,regardless of the method used,diazomethane or acid 
catalyzed esterification,a mixture of 2 enol ethers XI and 
XI1 was obtained. 

The preponderant product was the oily enol ether XI, 
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F i g u r e  1 3 .  

which w a s  o b t a i n e d  i n  t h e  c rude  s ta te  from t h e  mother- 
l i q u o r s  of t h e  c r y s t a l l i z a t i o n  of X I I .  F o r t u n a t e l y , s i n c e  
t h e  d e s i r e d  isomer X I 1  was c r y s t a l l i n e l i t  w a s  p o s s i b l e  t o  
o b t a i n  it i n  good y i e l d .  Thus,by t r e a t i n g  a d i e t h y l  e t h e r  
s o l u t i o n  of X1,with a t r a c e  of me thano l i c  hydrogen c h l o r i d e  
t h e  r e q u i r e d  c r y s t a l l i n e  X I 1  p r e c i p i t a t e d  o u t  of  s o l u t i o n ,  
d i s t u r b i n g  t h e  e q u i l i b r i u m  and  a l lowing  a lmos t  comple t e  
c o n v e r s i o n  of X I  t o  X I I .  

work i t  i s  of i n t e r e s t  t o  mention how w e  a s s i g n e d  t h e  
s t r u c t u r e s  of X I  and X I I .  A n a l y s i s  of  t h e i r  N.M.R. spe 'c t ra  
( F i g . l 0 , 1 1 , 1 2 ) i n d i c a t e d  i n t e r e s t i n g  d i f f e r e n c e s  between t h e  
r e s p e c t i v e  p r o t o n s  a t t a c h e d  t o  the carbon 4 o r  5 h o l d i n g  
the hydroxyl  g roup ing .  T e n t a t i v e l y , w e  a s s i g n e d  s t r u c t u r e  X I  
t o  t h e  compound whose N.M.R.  spectrum of t h e  secondary  a l -  
c o h o l  p r o t o n  (Hy a t  C 4 )  showed t h e  g r e a t e s t  complexi ty ,  due t o  
t h e  long  r ange  c o u p l i n g  w i t h  t h e  a l l y l i c  methylene hydro- 
gens  a t  C 1 -  

E v e n t u a l l y ,  a more s o p h i s t i c a t e d  a n a l y s i s  confirmed our  
p r e l i m i n a r y  a s s ignmen t s .  Thus,decoupl ing and s p i n  t i c k l i n g  
expe r imen t s  on X I  and t h e  c r y s t a l l i n e  isomer XI1 showed 
which p r o t o n s  w e r e  coupled and t h e  r e l a t i v e  s i g n s  of  t h e  

Befo re  w e  proceed any f u r t h e r  i n  t h e  d e s c r i p t i o n  of o u r  
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c o u p l i n g  c o n s t a n t s .  The LAOCN3 computer program was t h e n  
used  t o  c a l c u l a t e  t h e  chemica l  s h i f t s  and c o u p l i n g  con- 
s t a n t s  of t h e  protons a t  ca rbons  4 and 5 of b o t h  i somers ,  
t a k i n g  i n t o  a c c o u n t  t h e  long-range a l l y l i c  c o u p l i n g s  t o  
t h e  p r o t o n  a t  c a r b o n  1 ' .  P l o t s  of t h e  computer c a l c u l a t e d  

Cir 
XYI m.p. 83-84' 

F i g u r e  1 4 .  

F i g u r e  15. 
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s p e c t r a  f o r  t h e  4 and 5 pro tons  gave good agreement wi th  t h e  
a c t u a l  s p e c t r a  and were c o n s i s t e n t  w i t h  s t r u c t u r e  X I 1  f o r  
t h e  c r y s t a l l i n e  isomer and s t r u c t u r e  X I  f o r  t h e  o i l y  isomer.  

The var ious  coupl ing cons t an t s  a r e  summarized i n  F ig .  
13. 

The s e l e c t i v e  hydro lys i s  of  X I 1  t o  t h e  corresponding 
eno l  e t h e r  and X I 1 1  proceeded i n  f a i r  y i e l d .  This  compound 
could be  p u r i f i e d  by c r y s t a l l i z a t i o n .  However, t o  our  sur -  
pr ise ,when X I 1 1  w a s  t r e a t e d  a t  room temperature  i n  THF wi th  
t h e  Grignard r eagen t  V,condi t ions t h a t  w e r e  success fu l  i n  
t h e  11-desoxy s e r i e s , p u r e  s t a r t i n g  material  w a s  recovered,  
even a f t e r  a prolonged r e a c t i o n  t i m e .  

hydroxy a d j a c e n t  t o  t h e  carbonyl  involved i n  t h e  condensa- 
t ion,was r e spons ib l e  f o r  our f a i l u r e , w e  decided t o  p r o t e c t  
t he  hydroxyl i n  ques t ion .  I n  Fig.14 t h e  conversions of X I 1  
t o  t h e  corresponding methoxymethyl e t h e r  X I V  using chloro-  
methyl e t h e r  i n  t h e  presence of d i i sopropyle thylamine  are 
i l l u s t r a t e d .  S e l e c t i v e  a l k a l i n e  hydro lys i s  of  X I V  t o  t h e  
ca rboxy l i c  a c i d  proceeded i n  f a i r  y i e l d .  Pure XV could b e  
obta ined  a s  an o i l  a f t e r  chromatography on s i l i c a  g e l .  How- 
e v e r l i t  w a s  p o s s i b l e  t o  use t h e  crude hydro lys i s  product  i n  
t h e  Grignard a d d i t i o n  wi th  V.  I n  t h i s  c a s e , t h e  r e a c t i o n  pro- 
ceeded smoothly a t  room temperature .  Af t e r  prolonged a c i d  
hydro lys i s  fol lowed by chromatography on s i l i c a  ge1 , the  re- 
q u i r e d  product  was ob ta ined  as  one isomer XVI  i n  a c r y s t a l -  
l i n e  form,mp 83-84OC. 

The same series of r e a c t i o n s  were performed wi th  t h e  
Grignard r eagen t  Va and Vb der ived  from(3R) -1-octyn-3-01 
(Iva)  and(3S) - l -octyn-3-ol(IVb),  t o  y i e l d  t h e  corresponding 
c r y s t a l l i n e  1 5 R  and 15s isomer X V I a  and XVIb(Fig.15).  

i t  was p o s s i b l e  t o  use X I 1 1  s u c c e s s f u l l y  i n  t h e  Grignard 
r e a c t i o n  wi th  V,by t h e  s imple process  of conduct ing t h e  re- 
a c t i o n  a t  r e f l u x  temperature  of t h e  s o l v e n t  i n  t h e  presence 
of a l a r g e  excess  of  V. Even under t h e s e  seemingly d r a s t i c  
cond i t ions ,  t h e  s ide-cha in  carboxyl  d i d  n o t  seem t o  r e a c t  
wi th  t h e  r eagen t .  Therefore lshould  i t  be  p o s s i b l e  t o  r e so lve  
X I I I ,  t h e  way would b e  open f o r  t h e  s t e r e o s p e c i f i c  s y n t h e s i s  
of  a l l  t h e  4 isomers  of X V I .  

On t h e  assumption t h a t  a lkoxide  formation,by t h e  5- 

I t  i s  i n t e r e s t i n g  t o  no te  t h a t  w e  r e c e n t l y  found t h a t  
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DISCUSS I O N  

Q u e s t i o n :  Is t h i s  l e a d  r e d u c t i o n  of t h e  eneynol  c o n f i n e d  
t o  t h i s  con juga ted  system o r  c a n  you do t h i s  on a n  i s o l a t e d  
q n o l ?  

R. Pappo: You can do i t  w i t h  p r o p a r g y l i c  a l c o h o l s .  You 
d o n ’ t  have t o  have a doub le  bond ,bu t  you do need t h e  hydro- 
x y l i c  f u n c t i o n  - any a c e t y l e n i c  a l c o h o l  w i l l  do t h a t .  The 
main danger h e r e  i s  you have t o  choose t h e  r i g h t  c o n d i t i o n s ,  
f o r  if your  c o n d i t i o n s  are  t o o  d r a s t i c  you can l o s e  t h e  
a l l y l i c  a l c o h o l l a n d  i f  you u s e  s t r o n g  a c i d i c  c o n d i t i o n s  you 
g e t  h y d r o g e n o l y s i s .  So you do have t o  c a r e f u l l y  c o n t r o l  pH. 
I f  you d o n ’ t  have t h e  a l c o h o 1 , t h e  r e a c t i o n  d o e s n ’ t  work. 

D .  A. van Dorp: D r .  Pappo, may I ask  you t h e  same q u e s t i o n  
which I a s k e d  D r .  Corey? You have been working w i t h  t h e  PGB 
compounds and you must have though t  a l s o  a b o u t  c o n v e r t i n g  
PGB to PGE. What a b o u t  i t ?  

R. Pappo: I t  is a good q u e s t i o n .  W e  a c t u a l l y  h a v e n ’ t  done 
any  work a l o n g  t h i s  l i n e , b u t  as you can see,I  would b e  de- 
l i g h t e d  t o  f i n d  a method t h a t  would do t h a t , b e c a u s e  most o f  
o u r  compounds are ve ry  s u i t a b l e  f o r  t h i s  k i n d  of  work. 




