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ONE-POT SYNTHESIS OF 8 5  % ENRICHED 3C(U)-L-ASPARAGINE FROM 
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SUMMARY 

An improved h i g h  y i e l d ,  r a c e m i z a t i o n  f r e e  s y n t h e s i s  o f  85 % 

' 3C(U) -L-Aspa rag ine  by 6- carboxamide  f o r m a t i o n  on 

e n r i c h e d  L - A s p a r t i c  a c i d  i s  r e p o r t e d .  

3 C ( U )  

Key Kords : ' 'C(U)L-Asparagine - B-Carboxamide 

INTRODUCTION 

A s  i n c o r p o r a t i o n  o f  amino a c  d s  l a b e l e d  w i t h  s t a b l e  i s o t o p e s  

( C ,  "N, 2 H )  i n t o  p e p t i d e s  ( 1 )  ( 2 )  o r  p r o t e i n s  ( 3 )  becomes 

w i d e l y  used  f o r  s p e c t r o s c o p i c  p u r p o s e s  a p p l i e d  t o  b i o l o g y  

( c o n f o r m a t i o n  - a c t i v i t y  r e l a t i o n s h i p )  and m e d i c i n e  (pharmaco- 

k i n e t i c s , .  . . . ) ,  t h e  p r e p a r a t i o n  o f  13C-enriched-L-asparagine 

as  a p r e c u r s o r  f o r  me tabo l i sm s t u d i e s  o r  a s  s t a r t i n g  m a t e r i a l  

f o r  p e p t i d e  s y n t h e s i s ,  seemed i n t e r e s t i n g .  We r e p o r t  h e r e  an 

improved h i g h  y i e l d  s y n t h e s i s  of 3 C ( U )  l a b e l e d  L-aspa rag ine  

s t a r t i n g  w i t h  1 3 C ( U )  L - a s p a r t i c  a c i d  which i s  a b i o s y n t h e t i c a l  

p r o d u c t  o b t a i n e d  i n  our L a b o r a t o r y  ( 4 ) .  
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RESULTS AND DISCUSSION 

The p r e p a r a t i o n  o f  L -aspa rag ine  l a b e l e d  w i t h  1 5 N  from L - a s p a r t i c  
a c i d  h a s  been d e s c r i b e d  by Yamamoto i n  1963 ( 5 ) .  IIe u s e d  
L - a s p a r t i c  a c i d  anhydr ide  which was t h e n  e s t e r i f i e d  s p e c i f i c a l l y  
on t h e  a - c a r b o x y l i c  group w i t h  benzy l  a l c o h o l  (5). I n  o u r  c a s e  
TLC a n a l y s i s  h a s  shown t h a t  t h e  e s t e r i f i c a t i o n  l e d  t o  t h e  
c o n c o m i t t a n t  f o r m a t i o n  o f  6-benzyl  and a- B-dibenzyl  e s t e r  of  
a s p a r t i c  a c i d  i n s t e a d  o f  t h e  s i n g l e  N- and C a - p r o t e c t e d  
L - a s p a r t i c  a c i d  u s e f u l  f o r  f u r t h e r  chemica l  t r a n s f o r m a t i o n  on 
t h e  CB-carboxyl ic  g roup .  We used  t h e n  t h e  C o r d o p a t i s  method (6) 
f o r  t h e  p r e p a r a t i o n  o f  N - T r i t y l - a - b e n z y l  - L - a s p a r t i c  a c i d .  
T h i s  however p r o b a b l y  because  o n l y  :Eew chemica l  d e t a i l s  were 
a v a i l a b l e  i n  t h e  r e p o r t  ( 6 )  l e d  o n l y  t o  a p a r t i a l l y  p u r e  
compound. A l c a l i n e  h y d r o l y s i s  o f  N - T r i t y l - L - a s p a r t i c  a c i d  
(a,R) d i b e n z y l  e s t e r  was p r o b a b l y  t h e  c r i t i c a l  s t e p .  T h e r e f o r e  
t h e  one-pot  s y n t h e s i s  o r  s t r a i g h t - o n  s y n t h e s i s  o f  
a s p a r a g i n e  from 1 3 C ( U )  - L - a s p a r t i c  a c i d  was c a r r i e d  o u t  a c c o r -  
d i n g  t o  scheme I .  

3 C ( U ) - L -  

c ( U )  
1 .3 L- Asp 85 % 

J/ z-c1 
Z -  L- Asp 

Z -  L -  Asp a n h y d r i d e  
HONB 1 DCHA 

(BDCHA) 
Z -  L-  Asp - ( a O N B )  

1 20 90 C i t r i c  a c i d  
V 

Z -  L -  Asp (cxONB) 
I E t h v l  c h l o r o f o r m a t e  I Dry’NH3 
V 

Z -  L -  Asn - (aONB) 
H 2  / Pd b l a c k  

G - 2 5  Sepliadex ( 5 / 3 / 1 1 )  

SCHEME 1 

L- Asn 8 5  % 1 3 C ( U )  

1 
O u t l i n e  o f  s y n t h e s i s  scheme f o r  85 % e n r i c h e d  1 3 C ( U )  - L-aspa rag ine  
from 1 3 C ( U )  - L - a s p a r t i c  a c i d .  
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The s t r a i g h t - o n  s y n t h e s i s  o f  L -aspa rag ine  was a c h i e v e d  w i t h o u t  
p u r i f i c a t i o n  o f  t h e  i n t e r m e d i a t e  and seems an advan tageous  
method f o r  two r e a s o n s  : 

- it i s  n o t  time consuming 
- t h e  y i e l d  i s  good ( c a l c u l a t e d  from L - a s p a r t i c  a c i d )  : 40  - 60 % 

Regarding Yamamoto's method, 6-carboxamide r e a c t i o n  was performed 
w i t h  t h e  mixed a n h y d r i d e  method i n s t e a d  o f  t h e  a c y l  c h l o r i d e  
methods ( 5 ) .  Smooth c l e a v a g e  o f  t h e  p r o t e c t i n g  group o f  
L -aspa rag ine  by h y d r o g e n o l y s i s  gave no d e t e c t a b l e  n i t r i l e  forma- 
t i o n  v i a  d e s h y d r a t a t i o n  o f  t h e  8-carboxamide group a c c o r d i n g  
t o  amino a c i d  a n a l y s i s  ( 7 )  ( F i g u r e  1 ) .  P u r i f i c a t i o n  o f  8 5  % 

13C(U)-L-asparagine by p a r t i t i o n  chromatography on G - 2 5  Sephadex 
i s  r e v e a l e d  as a s u i t a b l e  method f o r  o b t a i n i n g  p u r e  L-aspa rag ine  : 

t h i s  i s  b a s e d  on t h e  r e l a t i v e  h y d r o p h o b i c i t y  o f  t h e  by-product  
( p a r a - N i t r o b e n z y l  a l c o h o l )  w i t h  r e s p e c t  t o  L -aspa rag ine .  

l a r g e  s c a l e  
Algae were 

EXPERIMENTAL 

8 5  % 

1 3 C  - l a b e l l i n g  o f  L - a s p a r t i c  a c i d  was o b t a i n e d  i n  

1 3 C ( U )  - L - A s p a r t i c  a c i d  : 

from b l u e - g r e e n  "Synechococcus" as d e s c r i b e d  ( 4 ) .  
grown i n  t h e  p r e s e n c e  of h i g h l y  e n r i c h e d  NaH I 3 C O 3 .  P r o t e i n s  
e x t r a c t e d  w i t h  t r i c h l o r o a c e t i c  a c i d  were hydro lyzed  by p r o n a s e  
and t h e n  by H2S04 (6N) a t  1 0 0 ° C .  13C(U) -L-aspa r t i c  a c i d  was 
f i n a l l y  s e p a r a t e d  by ion-exchange chromatography.  The e n r i c h e d  
amino a c i d  was t h e n  c o l l e c t e d ,  e v a p o r a t e d  and p r e c i p i t a t e d  
w i t h  a c e t o n e .  

8 5  % 13C(U) - L-Asparagine : 

2 600 mg ( 2 0  mmol) o f  85 % 13C(U) -L-aspa r t i c  a c i d  was a c y l a t e d  
w i t h  b e n z y l - c h l o r o f o r m a t e  (25 mmol) a c c o r d i n g  t o  Zervas p r o c e d u r e  
d e s c r i b e d  by Yamamoto ( 5 ) .  A f t e r  e x t r a c t i o n ,  5 3 0 0  mg o f  Z - L -  
a s p a r t i c  a c i d  was r e c o v e r e d .  The f o r m a t i o n  o f  2 - L - a s p a r t i c  a c i d  
a n h y d r i d e  w a s  performed w i t h  f r e s h l y  d i s t i l l e d  a c e t i c  a n h y d r i d e  
( 5 )  : 5 0 0 0  mg o f  Z - L - a s p a r t i c  a c i d  anhydr ide  was o b t a i n e d  a f t e r  
d r y i n g  o v e r n i g h t  on P205. 
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Dicyclohexylammonium s a l t  o f  b e n z y l o x y c a r b o n y l  L - a s p a r t i c  a c i d  
a - p - n i t r o b e n z y l  e s t e r  was p r e p a r e d  a c c o r d i n g  t o  S c h r o d e r ' s  
p r o c e d u r e  ( 8 )  and  gave  6 500 mg o f  d e r i v a t i v e  a f t e r  washing  
w i t h  2 0  % c i t r i c  a c i d .  Mixed a n h y d r i d e  was p e r f o r m e d  a s  d e s c r i -  
bed : 6 5 0 0  mg o f  Z - L - a s p a r t i c  a c i d -  a - p - n i t r o b e n z y l  e s t e r  was 
d i s s o l v e d  i n  100 m l  o f  a b s o l u t e  t e t r a h y d r o f u r a n e  ' (peroxyde  f r e e ) ,  
n e u t r a l i z e d  w i t h  2 m l  ( 2 0  mmol) o f  N-methyl-morpholine and cooled 
t o  -20°C. E t h y l c h l o r o f o r m a t e  was t h e n  added  i n  f o u r  f r a c t i o n s  
o f  1 . 8  m l  ( 2 0  m o l ) .  A f t e r  30 min a t  - 2 O " C ,  d r y  ammonia 
(NH t h r o u g h  KOH p e l l e t s )  was bubb led  i n  t h e  medium w i t h  a s low 
s t r e a m  d u r i n g  30 min a t  - 2 O " C ,  t h e n  2 h o u r s  a t  0°C. The s o l v e n t  
was e v a p o r a t e d  t o  d r y n e s s  and t h e  r e s i d u e  was t a k e n  up i n  CH C 1  2 2  
(300  m l ) .  T h i s  s o l u t i o n  was washed w i t h  3 x  100 m l  o f  5 % NaHC03, 
t h e n  w i t h  w a t e r  and d r i e d  (MgS04). A f t e r  removal  o f  t h e  s o l v e n t ,  
t h e  c r u d e  p r o d u c t  was d i s s o l v e d  i n  100 m l  o f  me thano l  and  1 0  m l  

of a c e t i c  a c i d ,  mixed w i t h  5 0 0  mg o f  p a l l a d i u m  b l a c k  (10 % Pd) 
and s u b m i t t e d  f o r  o v e r n i g h t  h y d r o g e n o l y s i s .  The p r o d u c t  o b t a i n e d  
a f t e r  removal o f  c a t a l y s t  and s o l v e n t  was t h e n  c h r o m a t o g r a p h i e d  
on G-25 Sephadex f i n e  column ( 8 0  cm x 2 .5  cm). E l u t i o n  w i t h  5 0 0  
m l  o f  t h e  o r g a n i c  p h a s e  o f  I-Butanol/Pyridine/Acetic a c i d  0.1 % 

v /v  : 5 /3 /11  gave  f r a c t i o n s  c o n t a i n i n g  c o l o u r e d  p r o d u c t s  ( e . g .  
p - n i t r o b e n z y l  a l c o h o l ) .  13C-L-Asparagine emerged w i t h  t h e  
e l u t i o n  by t h e  aqueous  p h a s e  o f  t h e  same s o l v e n t .  F r a c t i o n s  
c o n t a i n i n g  13C-L-Asparagine a c c o r d i n g  t o  TLC a n a l y s i s  were 
c o l l e c t e d ,  e v a p o r a t e d  and  l y o p h i l i z e d  ( y i e l d  : 1650 mg o r  60 % ) .  

C h a r a c t e r i z a t i o n  o f  85 % I 3 C  (U)-L-Asparagine  was 
pe r fo rmed  by  t h r e e  methods : 

1 - amino a c i d  a n a l y s i s  : 13C- labe led  L-Asparagine  h a s  t h e  same 
r e t e n t i o n  t i m e  a s  12C-L-Asparagine ( F i g u r e  I - A  and  B). 

2 - e l e m e n t a l  a n a l y s i s  : found ( C  : 37 .12 ,  0 : 35 .25 ,  N : 2 0 . 4 9 ,  
H : 6 .10)  c a l c u l a t e d  (C : 3 7 . 9 6 ,  0 : 3 5 . 4 5 ,  N : 20 .67 ,  H : 5 .90)  

3 - r a c e m i z a t i o n  t e s t  : d e g r a d a t i o n  o f  85 % 13C(U)-L-Asparagine  
by L-amino oxydase  a c c o r d i n g  t o  t h e  C r o t a l u s  adamenteus  L-amino 
oxydase  p r o c e d u r e  ( 9 )  h a s  shown t h a t  no d e t e c t a b l e  r a c e m i z a t i o n  
o c c u r s  d u r i n g  t h e  chemica l  t r a n s f o r m a t i o n  o f  "C-L-Aspartic a c i d  
( F i g u r e  I - C ) .  

3 
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The nomenclature is in accord with the IUPAC-IUB rules on Biochemical 
Nomenclature, Bi0chem.J. 126, 773 (3972). The abbreviations are : 

Z, Benzyloxycarbonyl, Z-C1, benzylchloroforrnate, HONB, p-Nitrobenzyl 
alcohol, DCHA, dicyclohexylarnine, TLC, thin layer chromatography, 
Trityl, triphenyl-methyl. TLC silica gel plates were developped in 
3 solvent systems : 

I-Butanol/Acetic acid/Water : 4/1/1 1 for N and C-protected 
Chloroform/Methanol/Acetic acid : 95/5/3 
Hexane/Ethyl acetate/Acetic acid : 20/10/1 ) amino-acid. 

and in 2 other solvent systems : 

I-Butanol/Pyridine/Acetic acid 0.1 1 : 5/3/11 ) for amino-acid 
I-Butanol/Pyridine/Acetic acid/Water :15/3/10/12 ) 

1 
1 


