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Asymmetric Synthesis Using Cofactor-Requiring
Enzymes

C;EORCE M.  WHI ' |ESIDES,  CHI- I IUEY WONG, and AI -FRED POLLAK

Massachusctts Inst i tute of ' l -eclrnology, 
Department of Chemistry,

Clanrbridge, N' lA 02 I 39

The  use  o f  co fac to r - requ i r i ng  enzymes  as  ca ta l ys t s
fo r  l a rge -sca1e  requ i res  e f f i c i en t  and  economica l
p rocedu res  f o r  i n  s i t u  r egene ra t i on  o f  t hese  co -
factors .  Th is  manuscr ip t  surnmar i -zes the procedures
which are now avai lab le  for  cofactor  preparat ion and
regene ra t i on .  ATP  can  be  e f f ec t i ve l y  r egene ra ted  f r om
ADP (and AMP) us ing acety l  phosphate and acetate  k inase
(and  adeny la te  k i nase ) ,  and  i t  can  be  p repa red  i nexpen -
s ive ly  f ron RNA.  Use of  ATP-requi r ing enzymes is  now
rou t i ne  (a t  l eas t  as  f a r  as  t he  ATp  regene ra t i on  i s
c o n c e r n e d ) .  T h e  u s e  o f  t h e  n i c o t i n a m i d e  c o f a c t o r s  i s
more  d i f f i cu l t ,  because  t hese  ma te r i a l s  decompose  i n
so lu t i on .  The  bes t  p rocedu re  f o r  r egene ra t i ng  NAD(p )H
f rom NAD(P) -  a re  t hose  based  on  f o rma te / f o rma te  dehyd ro -
genase ,  g l ucose  6 -phospha te /g lucose -6 -phospha te  dehyd ro -
genase ,  and  e thano l / a l coho l  dehyd rogenase /a ldehyde  de -
t r yd rogenase .  The  bes t  p rocedu res  f o r  r egene ra t i ng
NAD(P) '  f r om NAD(P)H  use  d ioxygen /me thy l  v i o l ogen  o r
ketog lu t  ar  a te  /  g luLamic dehydrogenase.

A l t hough  enzymes  can  be  e f f ec t i ve  ca ta l ys t s  f o r  enan t i o -
se lec t i ve  reac t i ons ,  t hey  have  been  re l a t i ve l y  l i t t l e  used  f o r  t h i s
pu rpose  i n  p rac t i ca l  o rgan i c  syn thes i s .  The  re l a t i ve  i nd i f f e rence
o f  s y n t h e t i c  c h e m i s t s  t o  t h e  p o t e n t i a l  o f  t h i s  g r o u p  o f  c a t a l y s t s
i s  a  consequence  o f  a  number  o f  c i r cums tances .  F i r s t ,  enzymes  a re
un fam i l i a r :  t hey  requ i re  aqueous  env i ronmen ts i  t hey  a re  p repa red ,
cha rac te r i zed ,  and  man ipu la ted  us ing  spec ia l i zed  t echn iques  hav ing
l i t t l e  i n  common  w iLh  t echn iques  used  i n  o the r  a reas  o f  syn the t i c
o rgan i c  chemis t r y ;  and  t t r ey  appea r  t o  be  uns tab le .  Second ,  ce r ta i n
gene ra l l y  i n te res t i ng  c l asses  o f  enzyma t j - c  r eac t i ons  ( i nc l ud ing
many react ions whichr  forTn bonds between organic  molecu les and most
reac t i ons  wh i ch  i nvo l ve  ox ida t i on  o r  r educ t i on )  l nvo l ve  co fac to rs ;
t hese  reac t i ons  a re  expens i ve .  Th l rd ,  t he  subs t ra te  se lec t i v i t y
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