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Chapter 29. Asymmetric Synthesis 

Donald Valent ine Jr. and John W .  Scot t  
Chemical Research Department, Hoffmann-La Roche Inc .  , 

Nutley, New Jersey, U.S.A. 07110 

I n  an asymmetric synthes is  an a c h i r a l  subs t ra te  i s  transformed by a 
c h i r a l  reagent t o  produce an excess o f  one enantiomer o f  t he  c h i r a l  
product. Asymmetric synthes is  i s  a l i v e l y  f i e l d  whose e a r l y  promise 
i s  being r e a l i z e d  i n  development o f  several use fu l  processes. E f f e c t i v e  
use o f  asymmetric synthes is  t o  ob ta in  a c h i r a l  substance requ i res  t h a t  
a s u i t a b l e  subs t ra te  be found which can be transformed t o  a s y n t h e t i c a l l y  
use fu l  ( t y p i c a l l y  > 50%) enantiomeric excess (e.e.) of  a c h i r a l  product 
which can be f rac t i ona ted  t o  g i ve  pure enantiomer. This a r t i c l e  b r i e f l y  
summarizes the  best  r e s u l t s  c u r r e n t l y  ob ta inab le  by asymmetric synthes is  
us ing  chemical reagents. More d e t a i l e d  treatments are ava i l ab le .  

Asymmetric t ransaminat ion (1+2) i s  a use fu l  rou te  t o  a-amino ac ids.  
C a t a l y t i c  reduc t ion  o f  imine 1 ( v Z n d / o r  R 3  c h i r a l )  t o  the  corresponding 
amine and2hydroqenolysis ( R 2  7s  u s u a l l y  benzy l i c )  g ives the  amino a i d  2. 
Typ ica l  i s  synthes is  o f  (S)-a lan ine 7 in 63% e.e. (4-+7).7 A s i m i l a r  
synthes is  o f  amines, 
de r i va t i ves ,  i s  ava i lab le ,  i . e .  8+10. l4 Replacing amine by hydra- 
zine,15-18 the  best  be ing 11 , l7 Z l E w s  t ransaminat ion t o  be achieved 
w i thou t  l o s i n g  the  o r i g i n a l c h i r a l  center, e.g. 11+12+14+15. l7 

Usual ly  R and R 3  can be chosen so t h a t  2 i s  obta ined i n  h igh  e.e. 5 

we l l  s u i t e d t o  p r e p a r a t i o n 0 7  amphetamine 
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I S  
C h i r a l  amines and amino ac ids  have been made a d d i t i o n s  o f  nucleo- 

p h i l e s  t o  amines, e.g. asymmetric S t recker  syn thes is  wherein cyanide adds 
t o  16 g i v i n g  s e l e c t i v e l y  one d ias te reomer ic  form o f  17. N i t r i l e  h y d r o l y s i s  
a n d T e d u c t i v e  benzyl cleavage complete t h e  synthesis?-9 The amino ac ids  
- 18 can t y p i c a l l y  be ob ta ined i n  o n l y  20-60% e.e. un less i t  i s  p o s s i b l e  t o  
p u r i f y  t h e  aminoni t r i l e  in te rmed ia te  by c r y s t a l l i z a t i o n .  Numerous m o d i f i -  
c a t i o n s  o f  t h e  b a s i c  procedure have been t r i e d  w i t h o u t  much s u c c e ~ s ~ ~ - ~ ~  
a1 though improved (61-75%) e.e. o f  18 r e s u l t s  f rom Lewis a c i d  c a t a l y z e d  
condensation o f  im ine  16 w i t h  t r i m e t h y l s i l y l c y a n i d e  t o  g i v e  19 whose a c i d  
h y d r o l y s i s  under m i ld  c o n d i t i o n s  y i e l d s  (S,S)-17. E n a n t i o s e k t i v i t y  i n  
convers ion o f  16 t o  19 depends on t h e  c a t a l y s t r  Z inc c h l o r i d e  i s  pre-  
f e r r e d .  2 4  U s e o f  ephedr ine25 and (SYS)-5-amino-2,2-dimethyl -4-phenyl-1,3- 
dioxaneZ6 as amines f o r  S t recker - type  amino a c i d  syntheses have been r e -  
por ted,  t h e  former be ing r e s t r i c t e d  t o  p repara t ions  o f  aromat ic  N-methyl- 
amino a c i d s  and t h e  l a t t e r  t o  p repara t ions  o f  a-methylamino ac ids .  
asymmetric S t recker  syn thes is  i s  y?ed i n  commercial syn thes is  o f  t h e  a n t i -  
hyper tens ive  agent a-methyl DOPA. 
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imp1 icate9,in a lY3-asymmetr ic  t r a n s f e r  process which g ives  c h i r a l  
The imin ium c a t i o n  i n t e r m e d i a t e  i n  P ic te t -Speng ler  r i n g  c losures  i s  

a1 k a l o i d s .  Condensation o f  (S)-DOPA methyl e s t e r  hydroch lo r ide ,  (S)-20, 
w i t h  g l y c i d a t e  3 (3,4-dimethoxybenzaldehyde p r e c u r s o r )  g ives  i s o q u i n o l z e  
22 i n  76% e.e. 
E n d  thus o f  t h e  o r i g i n a l  c e n t e r  o f  asymmetry) g ives (S)-laudano&ine 
(S)-23.29 Jhe method was used a l s o  t o  prepare (R)- laudanosine52 
r e t i c u l i n e  
l a t e d  process, borohydr ide r e d u c t i o n  o f  25 f o l l o w e d  by hydrogenolys is  
g ives  ( S ) - s a l s o l i d i n e ,  (S)-26, - i n  36-44%p.e.  3 3  

M e t h y l a t i o n  and 3 s t e p  removal o f  t h e  carbomethoxy group 

( S ) -  
I n  a r e -  and, i n  m o d i f i e d  form, t o  prepare ( + ) - m a r i t i d i n e .  
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Very use fu l  asymmetric t ransformat ions o f  imine anions, e s p e c i a l l y  
anions o f  oxazol ine 28, have been repor ted.34 
syn the t i c  procedureswhich o f t e n  a f f o r d  h igh  e.e. products. Some examples 
o f  the a- and 8 -ch i ra l  carboxy l i c  ac ids  prepared by t h i s  
g iven i n  Scheme 1. 

g ives (S)-B i n  ca. 95% e.e. when Rh-4645 c a t a l y s t  i s  used. This  reac t i on  
i s  t he  bas is  f o r  a commercial L-DOPA synthesis.46 
phosphine enantiomers l i g a t e d  t o  rhodium have been used t o  t rans form o the r  
enamides, c e r t a i n  p r o c h i r a l  C=C, C=O and C=N chromophores i n t o  c h i r a l  
hydrogenation and h y d r o s i l y l a t i o n  products. Many o the r  use fu l  p t fsphine 
l igands  have been discovered - the  most w ide ly  used i s  DIOP, 47, which 
o f t e n  a f fo rds  good e n a n t i o s e l e c t i v i t y  and has the  v i r t u e  o f  be ing 
commercially ava i l ab le .  I t  i s  use fu l  t o  recognize t h a t  subst rates which 
can be hydrogenated w i t h  h igh e n a n t i o s e l e c t i v i t y  a t  reasonable ra tes  by 
these c a t a l y s t s  a re  p r i m a r i l y  those which are a t  l e a s t  f o rma l l y  ab le t o  
coord inate t o  Rh i n  a b identa te  fashion, e.g. - 48, (X=0,CHR,NR;Y=0,N,CH2, 
e tc .  ). 

These are  p r a c t i c a l  

are 

A c a t a l y t i c  asymmetric hydrogenation (reviews: r e f .  4,44) o f  (2)-44 

S i m i l a r  c a t a l y s t s  w i t h  

( Z )  - 44 
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An e x c i t i n g  new development i s  the c h i r a l  amine cata lyzed c y c l i z a t i o n  
o f  p r o c h i r a l  t r i ones  2 v i a  50- which i s  sometimes i s o l a b l e ,  t o  g ive  enones 
- 51. The scope and appl icabAJi& o f  these react ions,  which were discovered 
independently by 2 groups , - have been reviewed.49 With amino ac ids  o r  
amino ac ids and added p e r c h l o r i c  a c i d  as ca ta l ys ts ,  these reac t ions  a f f o r d  
enones 51 i n  60-97% e.e. , presumably v i a  enamine i n t e r r n e d i a t e ~ . ~ ~  Enones 
- 51 (n=l), a re  use fu l  t o  form the CD r i n g  system i n  some s t e r o i d  syntheses 
w h i l e  51 (n=2, R1=R2=H) i s  the c h i r a l  Wieland-Miescher ketone5' which i s  a 
s t e r o i d A B  r i n g  s y n t h ~ n ~ ~  and a va luable s t a r t i n g  ma te r ia l  f o r  terpene 
syntheses. 

0 

R* 

49 n.1.2 50 51 

OH 

52 53 54 Podocorpic bcid 

Michael reac t ions  o f  enamines w i t h  methyl v i n y l  ketone a r e  o f  s e c i a l  
i n t e r e s t  s ince c h i r a l  cyclohexenone de r i va t i ves  may be obtained. 51 ,55 :  The 
u t i l i t y  oC3the method i s  i l l u s t r a t e d  by the  prepara t ion  o f  52, ( R l = H )  i n  
44% e.e., which 1: conver t i b le  i n  8 steps ty  53, use fu l  i nmany  na tu ra l  
product syntheses. 

a f f o r d s  unnatura l  (+)-mesembrine. The same type o f  reac t i on  y i e l d s  ( R ) -  
o r  (S)-A -2-octalone. 57 Also, a c i d  cata lyzed c y c l i z a t i o n  o f  enamine 55 
g ives  (R)-a-cyc loc i  t r a l  , 56, (converted t o  trans-a-damascone 57) i n  
33% e.e.58 

The enantiomer o f  53 R =H , prepared s i m i l a r l y  can be converted t o  na tu ra l  podoc%;pic ac id .  7 !55 An analogous prepara t ion  

- 
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trans - a -Damascone 

55 56 57 

A c a t a l y t i c  asymmetric process w i t h  ev ident  p o t e n t i a l  i s  decomposition 
o f  d iazo es te rs  by enantiomeric copper chelates i n  the  presence o f  o l e f i n s ,  
e.g. t o  prepare o p t i c a l l y  a c t i v e  chrysanthemates - 58 and - 59 i n  about 60% 
e.e.59 

Another promis ing method which a f f o r d s  c h i r a l  centers  n o t  o therwise 
easy t o  o b t a i n  i n  enantiomeric form i s  c a t a l y t i c  displacement on a l l y l i c  
acetates, e.g. 60, under the  i n f l uence  o f  enantiomeric pa l lad ium (0) 
complexes, t o  g i v e  o p t i c a l l y  a c t i v e  c h i r a l  su l fone d e r i v a t i v e s  61 i n  
moderate e.e. Th is  r e a c t i o n  proceeds v i a  Pd a -a l l y1  complexes and may a l so  
be run  s t o i c h i o m e t r i c a l l y  on preformed complex.60-69 

C02CH3 

Pdo ( (4S15S) - ( + ) ;47 ) 

0.75 rnol Pd 
10 rnol O h  (4S,5S)-(+)-47 
DME, ref lux 
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+ 
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Pd 
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Use of ch i ra l ly  modified metal hydrides t o  reduce prochiral ketones 
continues t o  be studied act ively and some encouragingly h i g h  e . e . ' s  of 
chiral  alcohols have now been reported i n  individual cases.7o Careful 
optimization i s  probably a t  l e a s t  a s  important as i n i t i a l  reagent select ion 
b u t  the best resu l t s  have been obtained with an LiAlH4 complex w i t h  Darvon 
alcohol. Reduction of rac.-63 using LiA1H4-(2R93S) Darvon alcohol gives a 
38% yield 9-f 1S92R,3S-64 ( 6 4 r e . e . )  and 21% yield of 1RY2R,3R-65 ( a t  l e a s t  
77% e.e.  ) 7  72fhe LiAlHFDarvon alcohol reagent affords highly K a n t i o -  
select ive reductions,gf prochiral acetylenic ketones. Reduction of 66 
gives 67 (84% e.e.) .  
teroneTand, ultimately, cortisone. 

This alcoho17;s a precursor to  l la-hydroxypross- 
H OH H, OH 

P h , & O ! C H 3  . H,,, phflH 14 H + Ph'" 

64  65 63 

66 67 

Intramolecular rearrangements, usual ly proceeding via doubly suprafa- 
cia1 [2,3] o r  [3,3] sigmatropic pathways, may sometimes be used t o  trans- 
f e r  asymmetry creating a new asymmetric center while sacr i f ic ing  one which 
i s  eas ie r  t o  obtain. The most useful of these reactiggs involve C l a i ~ e n ~ ~  
o r  modified C l a i ~ e n ~ ~  rearrangements. Both cycl ic77- and acyclic 86 
s y ~ t e m s ' ' - ~ ~  give good r e s u l t s ,  f o r  instance, the following examples: 

70 Ref .  80 
68 

72 

CH3CH20CCHi  I I  H 

0 
73 

71 

74 
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