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CONTRIBUTIONS ff PROFESSOR GILBERT STORK I N  HmROCYCLIC CHEMISTRY 

J i r o  T s u j i  

Facu l ty  o f  Engineering. Tokyo I n s t i t u t e  o f  Technology, 

Meguro, Tokyo 152 Japan 

P l a n n i n g  t o  p u b l i s h  a s p e c i a l  i s s u e  o f  "He te rocyc les "  d e d i c a t e d  t o  P r o f e s s o r  S t o r k  on  h i s  6 5 t h  

b i r t h d a y  i n  r e c o g n i t i o n  o f  h i s  g r e a t  c o n t r i b u t i o n  t o  s y n t h e t i c  o r g a n i c  c h e m i s t r y ,  P ro fesso r  T. 

Kametani asked me t o  w r i t e  about Professor Stork and summarize h i s  s c i e n t i f i c  con t r i bu t i on ,  because 

I am the o l d e s t  among near ly  30 Japanese chemists who have been associated w i t h  Stork a t  Columbia 

as e i t h e r  postdoct ra l  research f e l l o w s  o r  graduate students, who form the "Stork group i n  Japan". 

I n  t h i s  connec t i on .  I know t h a t  Frances Hof fman has c o n t r i b u t e d  an e x c e l l e n t  a r t i c l e  t o  

A l d r i c h i m i c a  Acta  115, 3 (1982) I t o  c e l e b r a t e  S t o r k ' s  6 0 t h  b i r t h d a y .  Her  a r t i c l e  not o n l y  

ch ron i c l es  Stork 's s c i e n t i f i c  accomplishments, b u t  a l so  gives a v i v i d  p r o f i l e  of Stork. I thought 

i t  wou ld  be a f u t i l e  e f f o r t  f o r  me t o  w r i t e  a n o t h e r  one and so I suggest  t h a t  peop le  shou ld  r e a d  

t h i s  a r t i c l e .  Here I wish to summarize Stork 's s c i e n t i f i c  accomplishments. B u t  they a re  enormous 

i n  both  q u a l i t y  and quant i ty,  and hence 1 have decided t o  concentrate on those aspects of Stork's 

work which have p a r t i c u l a r  relevance t o  he te rocyc l i c  chemistry. 

I t  i s  w o r t h  n o t i n g  t h a t  h e t e r o c y c l i c  c h e m i s t r y  i s  where i t  a l l  began, s i n c e  S to rk ' s  i n t e r e s t  i n  

organic synthesis was o r i g i n a l l y  aroused by the a l k a l o i d  quinine. His very f i r s t  paper ac tua l l y  

invo lved a d i f f e ren t  he te rocyc l i c  system, t h a t  of furan, s p e c i f i c a l l y  the synthesis of a de r i va t i ve  

(1) o f  the then unknown 3.4-diaminofuran. which he thought might  be a s u i t a b l e  precursor o f  B io t in .  



I t  i s  v e r y  i n t e r e s t i n g  t h a t  C a n t h a r i d i n  121, wh i ch  S t o r k  s y n t h e s i z e d  i n  1951, was a l s o  a f u ran  

der iva t ive .  That synthes is  i s  an impor tant  mi les tone i n  the  h i s t o r y  of modern organic chemis t ry  

because i t  was the f i r s t  stereospeci f ic ,  as w e l l  as s tereora t iona l ,  synthesis o f  a na tu ra l  product 

of some complexi ty.  

I n  fact, Stork 's p ioneer ing  work i n  dev is ing  methods f o r  the i n t roduc t i on  of stereochemical con t ro l  

i n  s y n t h e s i s  had s t a r t e d  even e a r l i e r  (1946) w i t h  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 n o t h e r  

h e t e r o c y c l i c  system, t h e  I F ) - f o r m  o f  C i n c h o l o i p o n  13), t h e  name t h e n  g i v e n  t o  c i s - 3 - e t h y l - 4 -  

p ipe r i d i neace t i c  acid, a degradation product of Hydroquinine. 

Some of the  methods which Stork 's group has con t r i bu ted  t o  synthesis i n  general are obv ious ly  a l so  

useful i n  he te rocyc l i c  construct ion.  The Enamine A l k y l a t i o n  of carbonyl compounds n o t  on ly  can be 

used s t a r t i n g  w i t h  pyr ro l idones o r  piperidones, f o r  instance, b u t  the  enamines themselves are, o f  

course,  made by  condensa t i on  w i t h  h e t e r o c y c l i c  amines, such as p y r r o l i d i n e ,  p i p e r i d i n e  and 

morpho l i ne .  S t o r k ' s  t o t a l  syntheses o f  Asp idospermine 14) and o f  Yohimbine 15) a r e  good 

i l l u s t r a t i o n s  o f  const ruc t ions  which were g r e a t l y  s i m p l i f i e d  by the  use o f  the reac t i on  o f  enamines 

w i t h  e l e c t r o p h i l i c  o l e f i ns .  Indeed, the  very f i r s t  two steps i n  the  synthesis o f  Aspidospermine 

invo lve  the monoalkylat ion o f  butyraldehyde w i t h  methyl acry la te ,  fo l lowed by another a l k y l a t i o n  

w i t h  me thy l  v i n y l  ke tone.  The f i r s t  o f  t h e s e  r e a c t i o n s ,  wh i ch  can be s topped c l e a n l y  a t  t h e  

monoalkylat ion stage, cou ld  no t  have been c a r r i e d  o u t  by any o f  the  methods ava i l ab le  before the  

advent of the  enamine-e lec t roph i l i c  o l e f i n  react ion .  
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Obv ious l y ,  t h e  o t h e r  gene ra l  methods i n t r o d u c e d  by  t h e  S t o r k  group, such as  t h e  r e g i o s p e c i f i c  

format ion and a l k y l a t i o n  o f  ketone enolates; the a l k y l a t i o n  of metalloenamines from imines and from 

N,N-dimethylhydrazones; the t rapp ing of enolates as t h e i r  s i l y l  e thers  and t h e i r  regeneration by 

c l eavage  w i t h  l i t h i u m  a l k y l s  a r e  fundamenta l  r e a c t i o n s  o f  modern o r g a n i c  s y n t h e s i s .  They a r e  

i m p o r t a n t  i n  t h e  c o n s t r u c t i o n  o f  any system, whether  h e t e r o c y c l i c  o r  not. There have been. 

however, s p e c i f i c  con t r i bu t i ons  t o  he te rocyc l i c  chemistry which should be mentioned i n  t h e  present 

COntext, such as the  general synthesis of 4- isoxazolecarboxyl ic ac ids  16). the  s t a r t i n g  mater ia ls  

i n  a novel cyclohexenone annu la t ion  method. Isoxazoles were even used as  the s t a r t i n g  mater ia ls  

f o r  a new p y r i d i n e  synthesis. 



I n  the  area of s t r u c t u r a l  work re la ted  t o  he te rocyc l i c  systems, one may note the e a r l y  c o r r e c t i o n  

of the s t ruc tu res  assigned t o  impor tan t  reac t i on  products o f  codeine, the so-ca l led  halocodides. 

Wh i l e  code ine i s  b e i n g  ment ioned, we shou ld  r e c a l l  t h e  c h a p t e r  wh ich  S t o r k  c o n t r i b u t e d  t o  t h e  

"Chemis t r y  o f  t h e  A l k a l o i d s "  s e r i e s  on t h e  m e c h a n i s t i c  r a t i o n a l i z a t i o n  o f  t h e  many r e m a r k a b l e  

rearrangements of the morphine a lka lo ids .  This was probably the f i r s t  systemat ic e f f o r t  t o  pu t  the  

chemistry o f  a  whole c l ass  of a l ka lo ids  on a  cons i s ten t  and conceptual ly sa t i s f y i ng  basis. 

To r e t u r n  now t o  the  use of he te rocyc l i c  systems i n  the synthesis of na tu ra l  products, one should 

be a l lowed t o  i nc lude  carbohydrates as he te rocyc l i c  compounds. One would then c e r t a i n l y  mention 

the s tereospec i f i c  synthesis of o p t i c a l l y  pure Prostaglandin F2a  I81 which s t a r t e d  w i t h  D-glucose. 

The f i r s t  step a c t u a l l y  invo lved t ransformat ion  of glucose i n t o  another he te rocyc l i c  system, namely 

D-glucoheptono-1,4-lactone 17) which i s ,  a f t e r  a l l ,  a  d e r i v a t i v e  o f  the  2-furanone system. That 

synthesis of prostaglandins was one of the  e a r l i e s t  examples o f  the  t r a n s f e r  of the  C-0 asymmetry 

o f  a  carbohydrate, n o t  on ly  t o  C-0 asymet ry  i n  the t a r g e t  molecule, b u t  t o  C-C a s y m t r y  as we l l .  

I n  some o f  Stork 's recent  work, r a d i c a l  c y c l i z a t i o n  processes have been used i n  a  new approach t o  
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t h e  c o n t r o l  b o t h  o f  t h e  r e g i o c h e m i s t r y  and t h e  s t e r e o c h e m i s t r y  o f  c a r b o c y c l i c  sys tems v i a  t h e  

temporary fo rmat ion  o f  2-alkoxytetrahydrofurans. When these p a r t i c u l a r  he te rocyc l i c  systems a re  

c o n s t r u c t e d  on a  p r e e x i s t i n g  r i n g ,  t h e y  serve t o  c o n t r o l  r e g i o -  and s t e r e o c h e m i s t r y  a t  t w o  

neighbor ing centers, as shown i n  A+!. Stork has recen t l y  demonstrated the wide usefulness o f  

t h i s  concept by us ing i t  t o  achieve a  very simple synthesis o f  prostaglandins.  

It i s  i n t e r e s t i n g  t h a t  t h e  2-furanone system f i gu res  prominent ly  i n  an e n t i r e l y  unre la ted so lu t ion  

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

sequences. These are ,  o f  course, found i n  a  number o f  m a c r o l i d e  a n t i b i o t i c s  ( t hemse lves  

heterocycles) such as Erythromycin A. The 2-furanone-based scheme i s  an i t e r a t i v e  one which a l l ows  

t h e  c o n s t r u c t i o n ,  w i t h  v e r y  h i g h  s e l e c t i v i t y ,  o f  any r e q u i r e d  s t e r e o c h e m i c a l  sequence. S t o r k  

c l a ims  t h a t  one o f  i t s  g rea t  v i r t u e s  i s  i t s  s te reo - ra t i ona l i t y ,  a  q u a l i t y  which i s  o f t e n  missing 

f r o m  t h e  i m p r e s s i v e  p r o g r e s s  i n  t h e  use o f  a l d o l - l i k e  processes t o w a r d  t h e  same goa l .  The 

use fu lness  and power o f  t h e  method were r e c e n t l y  demons t ra ted  i n  an e f f i c i e n t  syn thes i s  o f  

E ry th rono l i de  A (91, the  aglycone o f  Erythromycin A. 

H - 
cH3x0H ./~ 

R ' O  H 0 cH3n0H R ' O  H 0 9 



We conclude t h i s  survey o f  some o f  the more impor tant  he te rocyc l i c - re la ted  syn the t i c  work f rom 

Stork 's l abo ra to r i es  by the  mention of two impor tant  methods of r i n g  format ion which are based on 

t h e  i n t r a m o l e c u l a r  open ing of o x i r a n e  r i n g s .  The f i r s t  one i n v o l v e s  t h e  base -ca ta l yzed  

in t ramolecu lar  opening o f  c e r t a i n  cyanoalkyl  axiranes. Th is  syn the t i c  method showed the remarkable 

feature t h a t  i t  formed four-membered r i n g s  i n  preference t o  five-membered ones, a  r e s u l t  which was 

shown t o  be due t o  a  s tereoe lec t ron ic  preference fo r  a  l i n e a r  arrangement o f  the  carbanion center  

and t h e  o x i r a n e  C-0 bond unde rgo ing  d i sp lacemen t .  A l t hough  t h e  cyanoepoxide method i s  q u i t e  

gene ra l  and has been used by  o t h e r s  even t o  make l a r g e  r i n g s ,  i t  i s  mos t  remarkab le  i n  b e i n g  a  

general non-photochemical method f o r  the  format ion of cyanocyclobutane de r i va t i ves .  

F i n a l l y ,  i t  has r e c e n t l y  been shown i n  S t o r k ' s  l a b o r a t o r i e s  t h a t  i t  i s  p o s s i b l e  t o  r e v e r s e  t h e  

tendency t o  form the smal le r  o f  two poss ib le  r ings ,  as we have j u s t  mentioned above, by making the 

f a r  end o f  the oxirane r i n g  adjacent t o  a  double bond. This method promises t o  be an impor tant  one 

f o r  the fo rmat ion  o f  h i g h l y  subs t i t u ted  r i ngs  because o f  i t s  exce l l en t  s te reose lec t i v i t y .  It i s  

now b e i n g  e x p l o r e d  i n  S t o r k ' s  l a b o r a t o r i e s  i n  t h e  c o n s t r u c t i o n  o f  a  number o f  n a t u r a l  p roduc ts :  

a  C I D  r i n g  sys tem r e l a t e d  t o  t h e  D v i t a m i n s  and t h e  ne rve  p o i s o n  H i s t r i o n i c o t o x i n  I101 a r e  two  

notable examples. 


