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SYNTHETIC COMMUNICATIONS, 23(9), 1201-1208 (1993) 

P-KETOESTER REDUCTION B Y  BAKER'S YEAST IMMOBILIZED 

IN CALCIUM ALGINATE: AN EXAMINATION OF pH EFFECTS ON 

ENANTIOSPECIFICITY 

* 
U.T. Bhalerao , Y. Chandraprakash,  R. Luke Babu a n d  N.W. Fadnavis  

Indian Ins t i tu te  of Chemica l  Technology, Hyderabad 500 007, India. 

Abstract: Enant iospecif ic i ty  of t h e  reduct ion  process  a n d  product  
yields in t h e  reduct ion of e t h y l  acetoacetate a n d  e t h y l  
benzoylace ta te  by b a k e r ' s  yeas t  i r n m b i l i z e d  in  c a l c i u m  
a l ig ina te  beads  depend s t rongly o n  t h e  pH of t h e  medium, 
and under o p t i m u m  condi t ions products  with high yields 
(80-85%) and high o p t i c a l  puri ty  (e.e. 90-99%) c a n  be 
obtained.  

Enant iospecif ic  reduct ion of /3 -ke toes te rs  by f e r m e n t i n g  baker ' s  

yeas t  using glucose as energy  s o u r c e  in t a p  w a t e r  is  now a s tandard  

methodology for  t h e  synthesis  of ch i ra l  P-hydroxy ac id  e s t e r s  . When 

t h e  process  is  n o t  comple te ly  enant iose lec t ive ,  modif icat ion of t h e  

2 3 exper imenta l  condi t ions a r e  made . For example ,  use of o r g a n i c  media 

4 6 or a n  addi t ive  , c h a n g e  of energy source5,  i m m b i l i z a t i o n  technique  

etc., h a v e  been found to inf luence t h e  s t e r e o c h e m i s t r y  and  t h e  opt ica l  

1 

purity of t h e  product. Baker's y e a s t  possesses severa l  a lcohol  dehydro- 

* 
To w h o m  correspondence  should b e  addressed 

IICT Communica t ion  No. 3131 

1201 

Copyright 0 1993 by Marcel Dekker, Inc. 
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FIG 1 

pH E f f e c t  on  t h e  Ensnt iospecif ic i ty  of Reduct ion  of Ethyl acetoacetate 
la and Ethyl b e n z o y k e t a t e  l b  by Baker ' s  Yeas t  Immobi!ized in  C a l c i u m  

Aiginate' 

genases  and at leas t  t w o  alcohol  dehydrogenases  with opposing s t e r e o -  

specif ic i ty  which a r e  c a p a b l e  of reducing  @-ketoes te rs  to -(X) a n d  

-6) alcohols. The pH o p t i m a  f o r  pro-(R) a n d  pro-(S) e n z y m e s  were 

found to be  6.1 and 6.9 respect ively.  F u r t h e r ,  f o r  reduct ion  o f  e t h y l  

?-oxobutyrate t h e  Xn values  w e r e  found to be  17  mh4 a n d  0.9 mhi 

ior t h e  pro-(& a n d  pro-fS) e n z y m e s  respec t ive ly  . This  promFted  

us to s tudy  t h e  inf luence of pH of t h e  reac t ion  medium on t h e  enant io-  

spec i f ic i ty  of th? reduct ion process. W e  visualized t h a t  pH of  t h e  
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pH EFFECTS ON ENANTIOSPECIFICITY 1203 

mdiur . ;  shou!C be ?layin? a vita! rc le  in i e t e r m i n i n s  t h e  enant icspec i -  

iicit). sf reduct icn  s ince e a c h  alcohol dehpdroycnase  p r e s e n t  in baker ' s  

yeas t  woi!l5 have  its ovin >Y{-x ; iv i ?y  yofile.  Yere we ?.r-est.ni ti:? 

resu l t s  of our  invest igat ions o n  t h e  effect of pH o n  t h e  enant iospec i f ic i ty  

of reduct ion  of e t h y l  a c e t o a c e t a t e  la and  e t h y l  b e n z o y l a c e t a t e  Ib 

to e t h y l  (S)-3-hydroxybutanoate 2a and e t h y l  (S)-(-)-3-hydroxy-3-phenyl- 

propionate  2b respec t ive ly ,  mediated by baker ' s  y e a s t  i m m b i l i z e d  

in c a l c i u m  a l g i n a t e  beads. 

As c a n  b e  s e e n  f r o m  Fig. 1, pH of t h e  r e a c t i o n  medium has  

a s t r o n g  inf luence  o n  t h e  o p t i c a l  puri ty  of t h e  p r o d u c t  a lcohols  a n d  

bes t  enant iospec i f ic i ty  is  observed  f o r  r e a c t i o n s  c o n d u c t e d  a t  low 

pH. A t  o p t i m u m  pH of 4.5 2 b  is o b t a i n e d  f r o m  reduct ion  of e t h y l  

b e n z o y l a c e t a t e  in  8 0 4 5 %  i so la ted  yield and  wi th  a n  e.e as high as 

99%. For e t h y l  acetoacetate, the  e n a n t i o s p e c i f i c i t y  of t h e  product  

2a is s o m e w h a t  l o w  (e.e. 90%) b u t  a g a i n  product  r e c o v e r y  i s  e x c e l l e n t  

(8045%). As pH increases  both  o p t i c a l  puri ty  of t h e  product  a n d  

product  recovery  decreases .  

8 

Many factors c a n  c o n t r i b u t e  to t h e  effect of  p H  o n  t h e  enant io-  

spec i f ic i ty  Firs t ly ,  

t h e  c o n c e n t r a t i o n  of t h e  pro-(R) e n z y m e  could b e  less t h a n  t h a t  o f  

pro-(S) enzyme.  Heidlas  and  co-workers  a c t u a l l y  r e p o r t  isolat ion of  

5.8 uni ts  of pro-(R) e n z y m e  as c o m p a r e d  to 1.6 uni t s  o f  pro-(S) e n z y m e  

of t h e  reduct ion  process ,  a n d  3 of t h e m  a r e  m a p r .  

f r o m  7.5 g of  c r u d e  e x t r a c t  of b a k e r ' s  yeast '  ind ica t ing  t h a t  t h i s  

is n o t  so . However ,  t h e  pH-act ivi ty  prof i les  f o r  t h e  two c o m p e t i n g  10 
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1204 BHALERAO ET AL. 

e n z y m e s  could b e  such  t h a t  t h e  pro-(S) e n z y m e  which has  a pH o p t i m u m  

z t  6.9 is suff ic ient ly  a c t i v e  a t  low pH while  t h e  pro-(R) e n z y m e  with 

pH o p t i m u m  a1 pH 6.1 has  very little a c t i v i t y  at th i s  pH, so t h a t  

the  e f f e c t i v e  c o n c e n t r a t i o n  of a c i i v e  pro-(S) e n z y m e  i s  la rger  t h a n  

the  pro-(R) enzyme.  As t h e  pH of t h e  medium increases ,  t h e  pro-(R) 

enzyme also b e c o m e s  a c t i v e  and s t a r t s  c o m p e t i n g  for  t h e  s u b s t r a t e  

causing a d e c r e a s e  in enant iospec i f ic i ty .  Secondly, t h e  veloci ty  of 

the  reduct ion  process  (k ) for  t h e  pro-(R) e n z y m e  could  b e  s lower 

than t h a t  for  pro-(S) e n z y  m under c o m p a r a b l e  r e a c t i o n  condi t ions.  

This could a c c o u n t  f o r  predominance  of (S)-enantiomer at a l l  pH values. 

Thirdly, s ince  t h e  K m  for t h e  t w o  e n z y m e s  a r e  d i f f e r e n t  ('17 mM and 

0.9 rnM respec t ive ly  for reduct ion  of e t h y l  acetoacetate by pro-(R) 

and pro-(S) enzymes) ,  a low c o n c e n t r a t i o n  of t h e  s u b s t r a t e  would c a u s e  

mst of t h e  s u b s t r a t e  to bind to t h e  pro-(S) e n z y m e  preferent ia l ly .  

Other  factors such  as d i f f e r e n c e s  in product  inhibition c o n s t a n t s  etc. 

may also play s o m e  role. These a r g u m e n t s  hold good e v e n  if t h e r e  

a r e  d i f f e r e n t  a lcohol  dehydrogenases  a c t i n g  o n  t h e  s a m e  s u b s t r a t e  

under a given set o f  reac t ion  condi t ions.  The  highest enant iospec i f ic i ty  

t h a t  c a n  b e  achieved  f ina l ly  depends  upon t h e  in t r ins ic  proper t ies  

of t h e  e n z y m e  i tself ;  c o n f o r m a t i o n  o f  t h e  a c t i v e  s i t e ,  t h e  binding 

of t h e  s u b s t r a t e  and i t s  o r i e n t a t i o n  etc. Hydrolysis of t h e  e s t e r  func t ion  

by t h e  e s t e r a s e s  of baker ' s  yeas t '  and  f u r t h e r  d e c o m p s i t i o n  of  t h e  

products  apparent ly  c a u s e  a d e c r e a s e  in  t h e  yield of t h e  hydroxy e s t e r s  

a t  higher  pH values. C a l c i u m  a l g i n a t e  as t h e  immobil izat ion mat r ix  

cat 
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pH EFFECTS ON ENANTIOSPECIFICITY 1205 

i s  very useful  in avoiding messy emulsions f o r m e d  during workup when 

f r e e  ce l l s  a r e  used. 

Our resu l t s  thus  d e m n s t r a t e  t h e  i m p r t a n c e  of maintaining pH 

of t h e  medium during baker 's  y e a s t  reduct ion.  By s imply car ry ing  

o u t  t h e  reduct ion at a low pH i t  is possible to g e t  product  of very  

high o p t i c a l  puri ty  a n d  yields with consis tent  resu l t s ,  and  t h e  methodology 

c a n  adopted  as a genera l  p rocedure  for  microbial reduct ions of a v a r i e t y  

of subs t ra tes .  

Expeti mental 

In a typica l  exper iment  commerc ia l  d r ied  baker ' s  yeast (Eagle  

brand, Bombay, India; 7.5 g', w a s  irnrmbilized in  c a l c i u m  a l g i n a t e  (100 ml, 
.-  

2% sodium a l g i n a t e ) l L  and  t h e  b e a d s  were  suspended in  c i t ra te -phosphate-  

bora te  buf fer  (200 mL, 0.05 M) of  appropr ia te  pH conta in ing  glucose 

(10 g) a n d  s t i r r e d  with magnet ic  bead a t  r o o m  t e m p e r a t u r e .  The sub-  

s t r a t e  (400 mg in 3 mL ethanol )  was  added  slowly o v e r  48 hrs  a n d  

t h e  r e a c t a n t s  w e r e  s t i r r e d  for  a n o t h e r  24 hrs. No e x t r a  glucose w a s  

added a n d  pH o f  t h e  solut ion w a s  maintained a t  a fixed va lue  by addi t ion  

o f  10% a m m n i a  solution. A f t e r  c o m p l e t e  reduct ion o f  t h e  k e t o n e  

t h e  s u p e r n a t e n t  w a s  d e c a n t e d  and  e x t r a c t e d  with chloroform.  The  

beads w e r e  also washed  with chloroform and combined  o r g a n i c  e x t r a c t s  

were evapora ted .  The  residue was  passed through a column o f  neut ra l  

a lumina to g e t  t h e  p u r e  product. The I H  N M R  and IR s p e c t r a  of 

the products w e r e  ident ica l  with t h o s e  r e p o r t e d  in l i terature13.  O p t i c a l  
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I206 BHALERAO ET AL. 

pur i ty  of the product was determined by t h e  19F N M R  its Mosher 

ester (400  Mtiz, CDC13). 2b e.e. >99% 141; - 41.8 (c 1.3 CHC13); 

(lit” kli5 - 25.8 (c  1.3 CHCl ). 3 
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