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SUPIMAKY 

The 2-carbon u n i t s ,  g l y c i n e  and g l y o x y l a t e  a r e  combined by a 

mi ld  r e a c t i o n  v i a  t h e  copper  c h e l a t e  o f  g l y c i n e .  The r e s u l t i n g  

B-hydroxy a s p a r t i c  a c i d  i s  conve r t ed  t o  D L - m a l i c  a c i d  by means 

of hydroxylamine 0 - s u l f o n i c  ac id .  

t h e  range  of 35-50% i n  submi l l imo la r  p r e p a r a t i o n s .  

The o v e r a l l  y i e l d s  are i n  

14 Key words: Copper g lyc ina te-14C,  ,B-hydroxy a s p a r t i c  ac id -  C,  

ma l i c  acid-l-14C, ma l i c  acid-3-I4C, ma l i c  acid-4- 

hydroxylamine 0 - su l fon ic  a c i d .  

14 
C,  

Malic a c i d  is  an  impor t an t  i n t e r m e d i a t e  compound i n  t r i c a r b o x y l i c  

a c i d  c y c l e  and carbon-14 l a b e l l e d  malic a c i d  has  been wide ly  used i n  

s t u d y i n g  i t s  metabolism"). 

a l s o  been used t o  s tudy  t h e  p r o p e r t i e s  of malate s y n t h e t a s e  i n  v a r i o u s  

s o u r c e s  and t h e  metabolism o f  s edohep tu lose  i n  pho tosyn thes i s .  The 

procedures  r e p o r t e d  so f a r  f o r  l a b e l l i n g  ma l i c  a c i d  a r e  e i t h e r  l eng thy  

i n v o l v i n g  anhydrous r e a c t i o n  c o n d i t i o n s  o r  r e q u i r i n g  s t a r t i n g  materials 

t h a t  are not  e a s i l y  a c c e s s i b l e .  Carbon-I4 l a b e l l e d  ma l i c  a c i d  has  been 

prepared  by o t h e r  workers u s i n g  l a b e l l e d  compounds such as sodium 

a c e t a t e - l - l 4 c ,  sodium ace ta te -2-14c ,  " ~ - a s p a r t i c - 3 - ' ~ ~ ,  L -aspa r t i c  

acid-14C(U) and potassiunx ~ y a n i d e - l ~ C ( ~ - ~ ) .  

"To whom a l l  cor respondence  should  be addressed .  

Malic a c i d  l a b e l l e d  wi th  carbon-14 has  

Most of t h e s e  syn theses  
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h a v e  been  c a r r i e d  o u t  a t  10 m i l l i m o l e s  o r  above  of t h e  s t a r t i n g  

l a b e l l e d  compounds. An e n z y m a t i c  s y n t h e s i s  had a l s o  been r e p o r t e d  t o r  

t h e  s y n t h e s i s  of L - n a l i c  acid- l - l 'C a t  m i c r o m o l a r  l e v e l s  u s i n g  sodium 

g l y o x y l a t  e- 1- 1hC(7)  

We p r e s e n t  h e r e  a n  d l t e r n a t i v e  method which  c d n  be employed to 

s y n t h e s i s e  DL-malic a c i d  w i t h  14C o r  any  c a r b o n  atom. 

f i r s t  c h e m i c a l  method t o  p r e p a r e  D L - m a l i c  acid- i - l 'C,  u s i n g  g l y o x y l a t e  

-1- C. T h i s  method i s  based  on t h e  f a c i l e  c o n d e n s a t i o n  of  c o p p e r  

g l y c i n a t e  w i t h  sodium g l y o x y l a t e  i n  a q u e o u s  medium (*), and t h e  

c o n v e r s i o n  of the r e s u l t i n g  0-hydroxy a s p a r t i c  a c i d  i n t o  DL-malic a c i d  

by means of  hydroxylamine  0 - s u l f o n i c  a c i d  ( H A O S ) .  The r e a c t i o n  schemes 

a r e :  

T h i s  i s  t h e  

14 

T h i s  r o u t e  h a s  a d v a n t a g e s  s u c h  as e a s y  a d a p t a b i l i t y  f o r  m i c r o m o l a r  

c o n c e n t r a t i o n s  of r e a c t a n t s ,  d r y  a t m o s p h e r e  i s  n o t  needed  and t h e r e  i s  

no need f o r  e l a b o r a t e  p r o t e c t i o n  o f  f u n c t i o n a l  g r o u p s  b e f o r e  

c o n d e n s a t i o n  of t h e  two 2-carbon u n i t s .  Employing g lyc ine-1-  C,  

g lycine-2-14C and sodium g l y ~ x y l a t e - l - ~ ~ C ,  t h e  s y n t h e s i s  o f  DL-malic 

acid-4-  1 4 C ,  DL-malic acid-3-'  4 C  and DL-ma1 i c  a c i d -  1-' 4 C  r e s p e c t i v e l y  

h a v e  been  a c h i e v e d  i n  35-51)% y i e l d s  a t  100 m i c r o  moles o f  s t a r t i n g  

l a b e l l e d  compounds. The lower o v e r a l l  y i e l d s  are d u e  to  t h e  r e s i s t a n c e  

o f  @-hydroxy a s p a r t i c  a c i d  to  react f u l l y ,  a f a c t  w e  h a v e  n o t i c e d  i n  

c o n n e c t i o n  w i t h  a n o t h e r  P-hydroxy amino a c i d  namely t h r e o n i n e  ( 9 ) .  

r e a c t i o n  is  more s u c c e s s f u l  a t  lower c o n c e n t r a t i o n s  o f  P-hydroxy amino 

a c i d  (50-200pM) s i n c e  20 f o l d  of t h e  r e a g e n t  HAOS i s  needed .  When t h e  

r e a c t i o n  i s  per formed a t  m i l l i m o l e s  o f b - h y d r o x y  a s p a r t i c  a c i d ,  t h e  

a d d i t i o n  of l a r g e  amounts  of HAOS i s  r e q u i r e d  and r e a c t i o n  i s  h i g h l y  

s l u g g i s h .  The f o r m a t i o n  o f  P-hydroxy a s p a r t i c  a c i d ,  t h e  i n t e r m e d i a t e  

compound, proceeded  i n  7 5 8 0 %  y i e l d ,  w h e r e a s  g l y c i n e  i s  q u a n t i t a t i v e l y  

1 4  

The 
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c o n v e r t e d  to  c o p p e r  g l y c i n a t e .  The c r u d e P - h y d r o x y  a s p a r t i c  a c i d  was 

s u b s e q u e n t l y  r e a c t e d  wih HAOS w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

The i s o l a t i o n  and p u r i f i c a t i o n  o f  malic a c i d  from t h e  r e a c t i o n  

m i x t u r e  h a v e  been accompl ished  by b o t h  e t h e r  e x t r a c t i o n  and a n i o n  

exchange  column chromatography and t h e  p r o d u c t  o b t a i n e d  by b o t h  methods  

i s  found to be  r a d i o c h e m i c a l l y  p u r e .  

EXPERIBNTAL 

S y n t h e s i s  o f  DL-malic acid-3-14C 

Aqueous s o l u t i o n  of glycine-2-14C ( 2 0  p C i ,  200 pM) was t r e a t e d  

w i t h  c o p p e r  c a r b o n a t e  (36 mg, 300pM) and t h e  s o l u t i o n  was h e a t e d  f o r  

30 m i n u t e s  a t  60OC. 

c o u n t e d .  Y i e l d  q u a n t i t a t i v e .  

The m i x t u r e  was f i l t e r e d  and t h e  f i l t r a t e  was 

The d a r k  b l u e  c o p p e r  g lyc ina te-2-14C w a s  r o t a r y  e v a p o r a t e d  t o  2 ml 

i n  50 m l  round bot tom f l a s k .  

w a s  added t o  c o p p e r  g l y c i n a t e ,  f o l l o w e d  by a d d i t i o n  o f  sodium 

g l y o x y l a t e  (30  mg, 300 p1-l). The m i x t u r e  was t h e n  t r e a t e d  w i t h  1 nl o f  

25% ammonia s o l u t i o n  and t h e  s o l u t i o n  was p a s s e d  down a column ( 5  cin x 

1 cm) o f  Dowex 50  x 8 r e s i n  i n  NH; form. The ammonia e f f l u e n t  ( 2 5  ml)  

w a s  c o l l e c t e d  and a n  a l i q u o t  was a n a l y s e d  by p a p e r  chromatography in 

n - b u t a n o 1 : a c e t i c  a c i d : w a t e r  s y s t e m  ( 2 : l : l ) .  O n  s p r a y i n g  t h e  paper  w i t h  

n i n h y d r i n ,  P-hydroxy a s p a r t i c  a c i d  and u n r e a c t e d  g l y c i n e  were r e v e a l e d .  

The r a d i o a c t i v i t y  s c a n  of  p a p e r  chromatogram i n d i c a t e d  75-8UX 

r a d i o a c t i v i t y  i n  P-hydroxy a s p a r t i c  a c i d .  

Sodium h y d r o x i d e  (0.2 ml, 2 N, 4 0 0 ~ 1 4 )  

The ammonia e f f l u e n t  o b t a i n e d  above  ( 1 9  p C 1 )  w d s  t h o r o u g h l y  r o t a r y  

e v a p o r a t e d  t o  d r y n e s s  and t d k e n  up i n  4 .5  m l  o f  1 N haoH. The m i x t u r e  

was p l a c e d  i n  dn i ce  b a t h .  Hydroxyl  amino 0 - s u l f o n i c  a c i d  ( 4  mbl ,  448  

mg) was r a p i d l y  weighed o u t  and added t o  t h e  r e a c t i o n  m i x t u r e .  A f t e r  

s t i r r i n g  f o r  4 hours, a n  a l i q u o t  w a s  a n a l y s e d  by p a p e r  Chromatography 

as  b e f o r e .  T h e  r a d i o a c t i v i t y  s c a n  i n d i c a t e d  a b o u t  50X c o n v e r s i o n  o f  

p h y d r o x y  a s p a r t i c  a c i d  i n t o  m a l i c  a c i d .  
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Tlie r e a c t  

e x t r a c t e d  c o n t  

on m i x t u r e  was a c i d i f i e d  w i t h  d i l u t e  s u l p h u r i c  a c i d  and 

n u o u s l y  w i t h  e t h e r  f o r  6 h o u r s .  The e t h e r  e x t r a c t  was 

c o u n t e d ;  10 Fici, y i e l d  50X. An a l i q u o t  of t h e  e t h e r  e x t r a c t  on  

a n a l y s i s  was found t o  b e  r a d i o c h e m i c a l l y  p u r e  i n  t h e  s o l v e n t  s y s t e m s ,  

n - b u t a n o 1 : a c e t i c  d c i d : w a t e r  (4 :1 :5)  and isopropano1:ammonia:water 

( 8 : l : l ) .  

a s p a r t i c  a c i d  and a l i t t l e  o f  m a l i c  a c i d .  

T h e  w a t e r  phdse  ( 9  p C i )  c o n t a i n e d  u n r e a c t e d  B-hydroxy 

S v n t t i e s i s  of l )L-nai ic  ac id-4-14c  

In a s i m i l a r  manner DL-malic dcid-4-14C w a s  s y n t h e s i s e d  u s i n g  

g l y c i ~ - l - ~ ~ C ( 3 5  pM, 500 p C i )  and sodium g l y o x y l a t e  ( 5  m g ,  50  , u M )  as  

b e f o r e .  The r e a c t i o n  m i x t u r e  a t  t h e  end w a s  p u r i f i e d  by chromatography 

o n  a coluinn ( 1 5  cm x 1 cm) of  Uowex 1 x 8 i n  a c e t a t e  form and u s i n g  0.5 

i\l a c e t i c  a c i d  as t h e  e l u e n t .  The m a l i c  a c i d  w a s  o b t a i n e d  i n  80-100 m l  

f r a c t i o n  and t h e  a c t i v i t y  was 220 p C i ,  y i e l d  44%. 

S y n t h e s i s  of DL-malic ac id- l -14C 

LIL-malic ac id- l -14C was p r e p a r e d  f rom sodium g l y o ~ y l a t e - l - ~ ~ C  ( 100 

p L i ,  1 O O p M )  and c o p p e r  g l y c i n a t e  ( 1 5  mg, 75  pM) by t h e  same p r o c e d u r e  a s  

d e s c r i b e d  e a r l i e r ,  i n  a y i e l d  of 35%. 
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