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SYNTHESIS O F  RACEMIC C3-1 ’C I -LABELLED ALANINE, 

2-AMINOBUTYRIC A C I D ,  NORVALINE, NORLEUCINE, LEUCINE 

AND PHENYLALANINE AND PREPARATION O F  L - C 3 - I 1  C I A L A N I N E  

AND L - C 3 - I 1  CIPHENYLALANINE 

G u n n a r  A n t o n i  a n d  B e n g t  L l n g s t r o m *  

D e p a r t m e n t  o f  O r g a n i c  C h e m i s t r y  
I n s t i t u t e  o f  C h e m i s t r y  
U n i v e r s i t y  o f  U p p s a l a  

Box 531, S -751  2 1  U p p s a l a  
S W E D E N  

SUMMARY 

The  s y n t h e s e s  o f  r a c e m i c  C 3 - 1 1 C l - l a b e l l e d  a l a n i n e ,  2 - a m i n o -  

b u t y r i c  a c i d ,  n o r v a l i n e ,  n o r l e u c i n e ,  l e u c i n e  a n d  p h e n y l -  

a l a n i n e  a r e  r e p o r t e d .  T h e  r e a c t i o n s  w e r e  p e r f o r m e d  b y  a 

p h a s e - t r a n s f e r  a l k y l a t i o n  r e a c t i o n  o n  N - ( d i p h e n y l m e t h y 1 e n e ) -  

g 1 y c i n e  t e h t -  b u  t y 1 e s t e r  w i t h t h e  a p p r o p  r i a t e  C-a 1 k y 1 

i o d i d e s  f o l l o w e d  b y  a c i d i c  h y d r o l y s i s  a n d  t h e  l a b e l l e d  a m i n o  

a c i d s  w e r e  o b t a i n e d  i n  1 0 - 5 5  X r a d i o c h e m i c a l  y i e l d .  L-C3-”C+ 

A L a n i n e  a n d  L - C 3 - 1 1 C l p h e n y l a l a n i n e  w e r e  o b t a i n e d  i n  99 X e n -  

a n t i o m e r i c  e x c e s s  a f t e r  t r e a t m e n t  o f  t h e  c o r r e s p o n d i n g  r a c e -  

m i c  m i x t u r e  b y  D - a m i n o  a c i d  o x i d a s e  i m m o b i l i z e d  on g l u t a r a l -  

d e h y d e - a c t i v a t e d  g l a s s  b e a d s .  

I n  a t y p i c a l  r u n  s t a r t i n g  w i t h  1 2 0  m C i  C ” C 3 c a r b o n  d i -  

o x i d e ,  25  m C i  C 1 - l l C l b e n z y l  i o d i d e  was p r e p a r e d  a n d  u s e d  

t o  g i v e  6 m C i  o f  D L - C 3 - 1 1 C l p h e n y l a l a n i n e  w i t h i n  5 0  m i n u t e s .  

F o l l o w i n g  t r e a t m e n t  w i t h  D - a m i n o  a c i d  o x i d a s e ,  0.3 m C i  o f  

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

t i m e  o f  a b o u t  100 m i n u t e s .  

11 K e y  w o r d s :  C3- C l - l a b e l l e d  a m i n o  a c i d s ,  L -C3- ”CI -  

p h e n y l a  l a n i n e ,  L - C 3 - I 1  C l a l a n i n e .  
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INTRODUCTION 

126 

S y n t h e t  

s u c h  a s  

a g r e a t  

s p e c i a l  

c w o r k  w i t h  s h o r t - l i v e d  p o s i t r o n - e m  t t i n g  n u c l i d e s ,  

11 

c h a l l e n g e  t o  t h e  o r g a n i c  c h e m i s t  i n  v i e w  o f  t h e  

c o n d i t i o n s  w h i c h  h a v e  t o  b e  o b s e r v e d .  

1 8  = 20 .4  m i n )  a n d  F (tl,2 = 110 min) ,  i s  ( t 1 / 2  

(1 1 

P o s i t r o n  e m i s s i o n  t o m o g r a p h y  (PET),  t o g e t h e r  w i t h  t h e  

d e v e l o p m e n t  o f  m o d e l s  f o r  i n  v i v o  b i o c h e m i c a l  p r o c e s s e s ,  

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

u s e f u l  i n  t h e  s p e c i f i c  l a b e l l i n g  o f  e n d o g e n i c  c o m p o u n d s  a n d  

p h a r m a c e u t i c a l s  w i t h  t h e s e  r a d i o n u c l i d e s .  

I n  o u r  work ,  we a r e  t r y i n g  t o  d e v e l o p  g e n e r a l  m e t h o d s  

f o r  t h e  p r e p a r a t i o n  o f  " C - a m i n o  a c i d s  l a b e l l e d  i n  v a r i o u s  

p o s i t i o n s .  The  p o s i t i o n  o f  t h e  l a b e l  i n  t h e  a m i n o  a c i d s  may 

b e  i m p o r t a n t  i n  c e r t a i n  c a s e s .  We h a v e  m a i n l y  b e e n  f o c u s i n g  

o n  l a b e l l i n g  i n  t h e  3 - p o s i t i o n ,  u s i n g  " C - a l k y l  i o d i d e s .  

L a b e l l i n g  i n  t h e  c a r b o x y l i c  p o s i t i o n  c a n  b e  o b t a i n e d  by, 

f o r  e x a m p l e ,  a B u c h e r e r - S t r e c k e r  s y n t h e s i s .  
( 2 )  

The e n a n t i o m e r i c  p u r i t y  o f  t h e  p r e p a r e d  " C - a m i n o  a c i d s  

i s  o f  s p e c i a l  i n t e r e s t .  The  s y n t h e s i s  o f  D a n d  L-Cmethyl-11C3- 

m e t h i o n i n e  i l l u s t r a t e s  t h e  . p r e p a r a t i o n  o f  " C - l a b e l l e d  

a m i n o  a c i d s ,  w h e r e  t h e  s t e r e o c h e m i s t r y  i s  a l r e a d y  k n o w n  

p r i o r  t o  t h e  l a b e l l i n g  ~ y n t h e s i s . ' ~ )  E n a n t i o m e r i c a l l y  e n -  

r i c h e d  " C - a m i n o  a c i d s ,  s u c h  a s  L - C 3 - " C I a l a n i n e  (4a,b) a n d  

L - C 3 - 1 1 C l p h e n y l a l a n i n e , ( 5 )  h a v e  b e e n  p r e p a r e d  b y  d i f f e r e n t  

r o u t e s  o f  a s y m m e t r i c  s y n t h e s e s .  E n z y m a t i c  m e t h o d s  h a v e  

b e e n  u t i l i z e d  i n  t h e  s y n t h e s i s  o f  L - C 4 - 1 1 C 3 a s p a r t i c  a c i d  

b y  B a r r i o  e t  a l . ,  a n d  r e c e n t l y  i n  t h e  s y n t h e s i s  o f  L-C3- C3- 

s e r i n e  b y  S v a r d  e t  a t .  

q u i r e d  s t e r e o c h e m i c a l  f o r m  u a s  p r o d u c e d  d u r i n g  t h e  s y n -  

t h e s i s .  

( 6 )  

11 

I n  t h e s e  r e a c t i o n s  t h e  r e -  ( 7 )  

R a c e m i c  "C-amino  a c i d s  l a b e l l e d  i n  v a r i o u s  p o s i t i o n s  

h a v e  a l s o  b e e n  p r e p a r e d .  ( 8 a - k )  B Y  u s i n g  f a s t  r e s o l v i n g  
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m e t h o d s ,  s u c h  a s  LC o r  e n z y m a t i c  p r o c e d u r e s ,  t h e  e n a n t i o -  

m e r i c  p u r e  ” C - a m i n o  a c i d s  h a v e  b e e n  o b t a i n e d .  (8d,e,f,j) 

T h i s  p a p e r  p r e s e n t s  t h e  s y n t h e s e s  o f  C 3 - 1 1 C l - l a b e l l e d  

a m i n o  a c i d s  b y  a p h a s e - t r a n s f e r  a l k y l a t i o n  o f  N - ( d i p h e n y l -  

m e t h y 1 e n e ) g l y c i n e  t e k t - b u t y t  e s t e r  1 w i t h  t h e  c o r r e s p o n d i n g  

” C - a l k y l  i o d i d e s ,  C C l m e t h y l ,  C 1 -  C l e t h y l ,  C 1 -  C l -  

p r o p y  1, [I-” C l b u t y  1, C1- C l  i s o b u t y  1, a n d  [I-’’ C 3 b e n z y  1 

i o d i d e  (Scheme 1)!”)The s y n t h e s i s  o f  C 1 - l l C l b e n z y l  i o d i d e  

w i  11 b e  p r e s e n t e d  e l s e w h e r e .  T h e  r a c e m i c  ” C - a m i n o  a c i d s :  

11 11 C3- C l a l a n i n e  2, 2 - a m i n o C 3 - 1 1 C l b u t y r i c  a c i d  3, C3- C l -  

n o r v a l i n e  4 ,  C 3 - 1 1 C l n o r l e u c i n e  5, C 3 - 1 1 C l l e u c i n e  6 a n d  

C 3 - 1 1 C l p h e n y l a l a n i n e  7, w e r e  p r e p a r e d  i n  10 -55  % r a d i o -  

11 (1,691 11 11 

11 

c - h e m i c a l  y i e l d s  w i t h  9 3 - 9 9  % r a d i o c h e m i c a l  p u r i t y .  

11 &OH“/CH2C12 
21 R- I  
3) H@ 

> HzNCHCOZH 
k 

R= “CH3 , CH3”CH2 , CH3CHi1CH2, C H ~ C H ~ C H ~ ” C H Z  
2 3 4 5 

Scheme 1 

The  r e s o l u t i o n  o f  t h e  c o r r e s p o n d i n g  r a c e m i c  a m i n o  a c i d s  

b y  D - a m i n o  a c i d  o x i d a s e  ( E C  1 .4 .3 .3 )  i m m o b i l i z e d  o n  g l u -  

t a r a l d e h y d e - a c t i v a t e d  g l a s s  b e a d s  ( I 1 )  (CPG-500-80)  y i e l d e d  

L - C 3 - ” C I a l a n i n e  a n d  L - C 3 - 1 1 C l p h e n y l a l a n i n e  i n  9 9  % e n a n -  

t i o m e r i c  e x c e s s ,  a s  d e t e r m i n e d  b y  e n a n t i o m e r i c  a n a l y s i s  

u s i n g  G C  ( N - t r i f l u o r o a c e t y l a l a n i n e  m e t h y l  e s t e r )  o r  LC 

( C 3 - 1 1 C l p h e n y l a l a n i n e  a s  f r e e  a c i d ) .  
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The  L- "C-arn ino  a c i d s  p r o d u c e d  w i l l  b e  u s e d  t o  s t u d y  

( 1 2 )  a m i n o  a c i d  t r a n s p o r t  a n d  p r o t e i n  s y n t h e s i s  i n  t h e  b r a i n .  

Work  i s  i n  p r o g r e s s  t o  r e s o l v e  t h e  n o n - p r o t e i n o g e n i c  a m i n o  

a c i d s  3 - 5  b y  D - a m i n o  a c i d  o x i d a s e .  

RESULT A N D  DISCUSSION 

The p r o t e c t e d  g l y c i n e  d e r i v a t i v e ,  N - ( d i p h e n y l m e t h y 1 e n e ) -  

g l y c i n e  t e . k t - b u t y 1  e s t e r  1 ,  s y n t h e s i z e d  a c c o r d i n g  t o  t h e  

r o u t e  i n  Scheme 2 ,  was o b t a i n e d  a s  c o l o u r l e s s  c r y s t a l s  i n  

8 5  % y i e l d  w i t h  a c h e m i c a l  p u r i t y ,  d e t e r m i n e d  b y  GC, h i g h e r  

t h a n  99 %. 

1 

Scheme 2 

T h i s  compound  p r o v e d  t o  b e  a u s e f u l  s u b s t r a t e  i n  t h e  p r e p a -  

r a t i o n  o f  t h e  r a c e m i c  "C-amino  a c i d s  2 - 7  f r o m  t h e  c o r r e -  

s p o n d i n g  " C - a l k y l  i o d i d e s  b y  t h e  r o u t e  shown i n  Scheme 1. 

The  r a d i o c h e m i c a l  y i e l d  a n d  p u r i t y  o f  t h e  " C - a m i n o  a c i d s  

o b t a i n e d  i n  t h e  c r u d e  p r o d u c t s  c o r r e l a t e  s t r o n g l y  t o  t h e  r a -  

d i o c h e m i c a l  y i e l d  a n d  p u r i t y  o f  t h e  c o r r e s p o n d i n g  " C - a l k y l  

i o d i d e  u s e d .  S i n c e  t h e  m a i n  l a b e l l e d  i m p u r i t i e s  i n  t h e  " C -  

a t k y l  i o d i d e  p r e p a r a t i o n s  w e r e  o t h e r  " C - a l k y l  i o d i d e s ,  s m a l l  

a m o u n t s  o f  t h e  c o r r e s p o n d i n g  l a b e l l e d  a m i n o  a c i d s  w e r e  ob -  

t a i n e d  i n  t h e  c r u d e  p r o d u c t s  o f  3 - 7 .  C C l M e t h y l  i o d i d e ,  

t h e  m a j o r  i m p u r i t y  i n  p r e p a r a t i o n s  o f  t h e  a l k y l  i o d i d e s  u s e d  

i n  t h e  s y n t h e s e s  o f  "C-amino  a c i d s  4-6 ,  was p r e s e n t  i n  0 - 2 5 %  

r a d i o c h e m i c a l  y i e l d .  

11 

C 1 - l l C I E t h y l  i o d i d e  u s e d  i n  t h e  s y n -  
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t h e s i s  o f  compound  3 h a d  C 2 - 1 1 C l i s o p r o p y l  i o d i d e  a s  t h e  m o s t  

a b u n d a n t  L a b e l l e d  i m p u r i t y .  Thus, i n  t h e  s y n t h e s e s  o f  3-?,  

129 

0 - 2 5  % o f  2 was f o r m e d  f r o m  C1 lC lmethy l  i o d i d e .  M o r e o v e r ,  i n  

t h e  s y n t h e s i s  o f  3, C 3 -  C l v a l i n e  was o b t a i n e d  i n  3-8 % 

r a d i o c h e m i c a l  y i e l d  f r o m  t h e  b y - p r o d u c t  C 2 - 1 1 C l i s o p r o p y l  

11 

i o d i d e .  

The c r u d e  p r o d u c t s  o f  c o m p o u n d s  2, 4 ,  a n d  7 u s u a l l y  h a d  

r a d i o c h e m i c a l  p u r i t i e s  h i g h e r  t h a n  95 %. Here ,  t h e  a m o u n t s  

o f  o t h e r  l a b e l l e d  a m i n o  a c i d s  w e r e  u s u a l l y  L e s s  t h a n  1 %. 

Compounds 3, 5 a n d  6, o n  t h e  o t h e r  hand, w e r e  o b t a i n e d  i n  

60-85  % r a d i o c h e m i c a l  p u r i t y  b e f o r e  p u r i f i c a t i o n .  B y  p r e -  

p a r a t i v e  LC, t h e  r a c e m i c  "C-amino  a c i d s  w e r e  o b t a i n e d  i n  

1 0 - 5 5  % r a d i o c h e m i c a l  y i e l d  w i t h  9 3 - 9 9  % r a d i o c h e m i c a l  

p u r  i t y .  

I n s t e a d  o f  t h e  r a t h e r  t i m e - c o n s u m i n g  p r e p a r a t i v e  LC 

8 
c o l u m n  

'1 8 
p r o c e d u r e ,  a p r o c e d u r e  u t i l i z i n g  a Sep-Pak 

was u s e d  i n  t h e  p u r i f i c a t i o n  o f  2, 4 a n d  7, r e s u l t i n g  i n  

r a d i o c h e m i c a l  p u r i t i e s  h i g h e r  t h a n  9 7  %. I n  t h o s e  c a s e s  

w h e r e  t h e  i m p u r i t i e s  m a i n l y  c o n s i s t e d  o f  o t h e r  " C - a m i n o  

a c i d s ,  i.e., i n  t h e  s y n t h e s i s  o f  3, 5 a n d  6, p r e p a r a t i v e  

LC was t h e  p r e f e r r e d  p u r i f i c a t i o n  m e t h o d .  

The  a l k y t a t i o n  r e a c t i o n s  w e r e  d e p e n d e n t  o n  s u b s t r a t e ,  

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

e f f i c i e n c y  o f  p h a s e  m i x i n g ,  a n d  m o s t  i m p o r t a n t ,  t h e  r e a c -  

t i v i t y  o f  t h e  a l k y t  i o d i d e .  

On a d d i t i o n  o f  t h e  b a s e  s o l u t i o n  c o n t a i n i n g  t h e  c a t a l y s t  

t e t r a b u t y l a m m o n i u m  h y d r o g e n  s u l p h a t e  (TBAH) t o  t h e  s u b s t r a t e  

i n  d i c h l o r o m e t h a n e ,  a y e l l o w  c o l o u r  i m m e d i a t e l y  a p p e a r e d ,  i n -  

d i c a t i n g  t h e  f o r m a t i o n  o f  t h e  c o r r e s p o n d i n g  c a r b a n i o n  o f  N -  

( d i p h e n y l m e t h y 1 e n e ) g l y c i n e  2 Q h - t - b u t y l  e s t e r .  I n  t h e  s y n t h e s i s  

o f  7, u p  t o  f i v e  e q u i v a l e n t s  o f  TBAH w e r e  o c c a s i o n a l l y  r e -  

q u i r e d  t o  p r o d u c e  t h e  c o l o u r  c h a n g e .  By  p e r f o r m i n g  " c o l d "  
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e x p e r i m e n t s ,  i t  was a s c e r t a i n e d  t h a t  a l k y t a t i o n  o f  t h e  s u b -  

s t r a t e  d i d  n o t  o c c u r  i f  o n e  e q u  v a t e n t  o f  i o d i d e  i o n s  was 

a d d e d .  A p l a u s i b l e  e x p l a n a t i o n  o r  t h e  n o n  a p p e a r a n c e  o f  

c o l o u r  o n  t h e  a d d i t i o n  o f  t h e  b a s e  a n d  c a t a l y s t  may b e  t h a t  

t h e  i o d i d e  i o n s  c o m b i n e  w i t h  TBA t o  f o r m  a l i p o p h i l i c  i o n -  

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

r e d u c e  t h e  e f f i c i e n c y  o f  e x t r a c t i o n  o f  t h e  h y d r o x i d e  i o n s  

G. Antoni and B. Ungstrtim 

t 

i n t o  t h e  o r g a n i c  p h a s e .  T h e  i o d i d e  i o n s  i n  t h e  d 

m e t h a n e  t h a t  w e r e  c a u s i n g  t h i s  p r o b i e m  w e r e  o b t a  

h y d r i o d i c  a c i d .  T h i s  p r o b l e m  c o u l d  b e  a v o i d e d  b y  

f r e s h l y  d i s t i l l e d  h y d r i o d i c  a c i d ,  a n d  t h u s  r e d u c  

c h l o r o -  

n e d  f r o m  

u s i n g  

n g  t h e  

amoun t  o f  i o d i n e  t r a n s f e r r e d  t o  t h e  o r g a n i c  p h a s e .  
11 

F o r  t h e  m o s t  r e a c t i v e  " C - a l k y l  i o d i d e s ,  C C l m e t h y l  

- i o d i d e  a n d  C 1 - l l C l b e n z y l  i o d i d e ,  t h e  a l k y l a t i o n  r e a c t i o n  

t i m e  n e e d e d  t o  r e a c h  q u a n t i t a t i v e  y i e l d  o f  t h e  p r o d u c t  un- 

d e r  t h e  d e s c r i b e d  r e a c t i o n  c o n d i t i o n s  was 3-5  m i n u t e s .  The  

a l k y l a t i o n  r e a c t i o n s  w i t h  C 1 - l l C l e t h y l  i o d i d e  a n d  C 1 - l l C l -  

p r o p y l  i o d i d e  w e r e  q u a n t i t a t i v e  w i t h i n  10 m i n  a t  40-45 C 

w h e r e a s  C 1 - l l C l b u t y l  i o d i d e  a n d  C 1 - l l C l i s o b u t y l  i o d i d e  r e -  

q u i r e d  a b o u t  1 5  m i n  a t  t h e  same t e m p e r a t u r e  f o r  c o n v e r s i o n  

0 

t o  t h e  w a n t e d  p r o d u c t  i n  7 5  % r a d i o c h e m i c a l  y i e l d  ( c o u n t e d  

o n  t h e  a m o u n t  o f  " C - a l k y l  i o d i d e ) .  

R e m o v a l  o f  t h e  p r o t e c t i n g  g r o u p s  t o  l i b e r a t e  t h e  " C -  

a m i n o  a c i d s  was p e r f o r m e d  q u a n t i t a t i v e l y  b y  h y d r o l y s i s  w i t h  

6 M h y d r o c h l o r i c  a c i d  w i t h i n  5 min, a t  1 3 0  OC, f o r  a l l  t h e  

" C - a m i n o  a c i d s .  I n  T a b l e  1, t h e  r a d i o c h e m i c a l  y i e l d s  a n d  

p u r i t i e s  o f  t h e  " C - a m i n o  a c i d s  a r e  l i s t e d  t o g e t h e r  w i t h  

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

S e v e r a l  a u t h o r s  h a v e  s h o w n  t h e  u s e f u l n e s s  o f  a m i n o  a c i d  

o x i d a s e s  ( D  o r  L) i n  t h e  p r e p a r a t i o n  o f  L a n d  D " C - a m i n o  

I n  t h i s  p a p e r ,  t h e  D - a m i n o  a c i d  o x i d a s e  was 

u s e d  t o  p r e p a r e  L - C 3 - " C I a l a n i n e  a n d  L - C 3 - 1 1 C l p h e n y l a l a n i n e  
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------- T a b l e  1. R a d i o c h e m i c a l  y i e l d  and  p u r i t y  o f  t h e  DL-C3-”CI- 

a m i n o  a c i d s  and  e x p e r i m e n t a l  c o n d i t i o n s  u s e d  i n  t h e  a l k y l a -  

t i o n  r e a c t i o n .  

I31 

** 
Conc. 1 Alky la-  Radio-* Radio- 

a c t i o n  t ime y i e l d  p u r i t y  
Amino a c i d  t i o n  re- chemical chemical 

(MI ( m i n )  ( % I  ( % )  

0 .14 5 5 5  99 11 C3- C l A l a n i n e  

2-Ami no-C3-”CI-  
b u t y r i c  a c i d  0.23 10 3 7  93 

[ 3 - ‘ ” ~ 1 ~ o r v a  I i n e  0.62 1 0  45 98 

5 2 5  99 .I 1 C3- C l P h e n y l a l a n i n e  0.23 
-~ ~ ~ ~~ ~ ~~ 

* 
Counted on the decay corrected amount of ”C-amino a c i d  i n  P e r  

c e n t  o f  f: Clcarbon d iox ide  released from the molecular sieves. 

Determined by LC o f  the p repara t i ve  LC-pur i f ied product. 

11 

** 

f r o m  t h e  c o r r e s p o n d i n g  r a c e m i c  “C-amino a c i d s  p r e p a r e d  b y  

t h e  me thods  d e s c r i b e d  above.  The e n z y m a t i c  r e a c t i o n  was com- 

p l e t e d  w i t h i n  10-20 min. S e p a r a t i o n  o f  t h e  ”C-amino a c i d  

f r o m  t h e  c o r r e s p o n d i n g  “ C - a - k e t o  a c i d  was c a r r i e d  o u t  by  

means o f  a c a t i o n  e x c h a n g e  r e s i n ,  g i v i n g  t h e  l a b e l l e d  p r o d -  

u c t  i n  99  % r a d i o c h e m i c a l  p u r i t y  and  99 % e n a n t i o m e r i c  e x -  

c e s s  (e.e.1, as  d e t e r m i n e d  b y  LC and  G C  a n a l y s e s .  

F i g u r e  1 shows t h e  c h r o m a t o g r a m s  o b t a i n e d  f r o m  t h e  en- 

a n t i o m e r i  c a n a l y s i s  o f  C 3 - 1 1 C l p h e n y l a l a n i n e .  An e s t i m a t e  o f  

t h e  e.e. u a s  o b t a i n e d  b y  c o m p a r i n g  t h e  “ C - a - k r t o  a c i d  f o r m e d  

w i t h  t h e  r e m a i n i n g  amount o f  ”C-amino a c i d ,  u s i n g  a n a t y t i c a t  

LC, and  i s  e x e m p l i f i e d  b y  t h e  r e s o l u t i o n  o f  DL-C3-”C]a la-  

n i n e  i n  F i g u r e  2. 

The C3- ”C I -a -ke to  a c i d s  decomposed s l o w l y  d u r i n g  t h e  r e -  

a c t i o n  p r o b a b l y  as a r e s u l t  o f  t h e  f o r m a t i o n  o f  p e r o x i d e s .  
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T h e  compound  e l u t i n g  a t  4 .9  m i n  i n  F i g u r e  2 i s  p r o b a b l y  

f o r m e d  i n  t h a t  way. D e c o m p o s i t i o n  seems t o  b e  a v o i d e d  b y  

t h e  u s e  o f  a n  enzyme p r e p a r a t i o n  i n  w h i c h  c a t a l a s e  ( E C  

1.11.1.6) i s  c o - i m m o b i  l i z e d  w i t h  D-amino  a c i d  o x i d a s e .  T h e  

r e s o l u t i o n  o f  D L - C 3 - 1 1 C l p h e n y l a l a n i n e  u s i n g  1 5 0  u n i t s  o f  

D -amino  a c i d  o x i d a s e  ( d e t e r m i n e d  b e f o r e  i m m o b i l i z a t i o n )  r e -  

q u i r e d  1 5 - 2 0  m i n  t o  r e a c h  a n  e.e. o f  99  %, w h e r e a s  i n  t h e  

r e s o l u t i o n  o f  C 3 - ” C I a t a n i n e ,  9 9  % e.e.  was a t t a i n e d  w i t h i n  

1 0  m i n .  

17.9 

a b  

F i g u r e  1. E n a n t i o m e r  a n a l y s i s  o f  L - C 3 - 1 1 C l p h e n y l a l a n i n e  b y  

LC. U p p e r  r o w :  s i g n a l  f r o m  r a d i o d e t e c t o r ;  l o w e r  row, U V  de -  

t e c t o r ;  w i t h  r e t e n t i o n  t i m e s  i n  m i n  ( r e f e r e n c e :  a = D - p h e n y l -  

a t a n i n e ,  b = L - p h e n y l a l a n i n e ) .  

S t a r t i n g  w i t h  1 0 0 -  

o f  t h e  r a c e m i c  “C-am 

50 m C i  C ” C 1 c a r b o n  d i o x i d e ,  3 - 3 0  m C i  

n o  a c i d s  w e r e  o b t a i n e d  w i t h  t o t a i  r e -  

a c t i o n  t i m e s  i n  t h e  o r d e r  o f  3 0 - 5 0  m i n .  T h e  y i e l d s  o f  t h e  

L - L 3 - ’ ’ C l a l a n i n e  a n d  L - C 3 - 1 1 C l p h e n y l a l a n i n e  w e r e  1 - 2  m C i  

a n d  0.2-0.4 m C i ,  r e s p e c t i v e l y ,  w i t h  a t o t a l  s y n t h e s i s  t i m e  

o f  7 0 - 1 0 0  m i n u t e s .  
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6.4 
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6.4 

b 

F i q u r e  2 .  R a d i o d e t e c t o r  s i g n a l s :  ( a )  s e p a r a t i o n  o f  C3- ”CI -  

p y r u v i c  a c i d ,  a n d  ( b )  s e p a r a t i o n  o f  C 3 - ” C I a l a n i n e .  U p p e r  

r o w :  p u r i f i e d  D L - C 3 - 1 1 C l a l a n i n e ;  m i d d l e  r o w :  a f t e r  t r e a t -  

m e n t  w i t h  D-amino  a c i d  o x i d a s e ;  l o w e r  r o w :  p u r i f i e d  L -3 - ”C I -  

a l a n i n e .  

T h e  r a d i o c h e m i c a l  y i e l d s  w e r e  d e t e r m i n e d  o n  t h e  d e c a y -  

c o r r e c t e d ,  p u r i f i e d  p r o d u c t  a n d  r e l a t e d  t o  t h e  a m o u n t  o f  

C C l c a r b o n  d i o x i d e  r e l e a s e d  f r o m  t h e  m o l e c u l a r  s i e v e s .  
11 

T h e  i d e n t i t y  o f  t h e  l a b e l l e d  p r o d u c t s  was c o n f i r m e d  b y  L C  

a n a l y s i s .  I n  a l l  c a s e s  t h e  r a d i o a c t i v e  s i g n a l  u a s  s i m u l -  

t a n e o u s  w i t h  t h e  U V  s i g n a l  f r o m  a d d e d  r e f e r e n c e  c o m p o u n d  

( c o r r e c t e d  f o r  t i m e  d e l a y  b e t w e e n  U V  a n d  f 3 - f l o w  d e t e c t o r ) .  

The  r e s u l t s  p r e s e n t e d  show t h a t  t h e  p h a s e - t r a n s f e r  a l -  

k y l a t i o n  m e t h o d  i s  a r e l i a b l e  a n d  p r a c t i c a l  s y n t h e t i c  p a t h -  

way t o  t h e  C 3 - ” C l - l a b e l l e d  r a c e m i c  a m i n o  a c i d s  2 - 7 .  I t  i s  

p o s s i b l e  t o  f u r t h e r  e x t e n d  t h i s  m e t h o d  t o  a n y  ” C - a l k y l  
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i o d i d e ,  a n d  t h u s  p r o v i d e  a c c e s s  t o  o t h e r  C 3 - 1 1 C l - l a b e l l e d  

a m i n o  a c i d s .  However ,  t h e  r e a c t i o n  t i m e s  f o r  t h e  l e s s  r e -  

a c t i v e  ” C - a l k y l  i o d i d e s  w i l l  b e  l o n g e r .  C 3 - ” C I V a l i n e  h a s  

b e e n  s y n t h e s i z e d  b y  t h e  p h a s e - t r a n s f e r  a l k y l a t i o n  r e a c t i o n  

G. Antoni and B. Ldngstr6m 

d e s c r i b e d  h e r e  u s i n g  1 a n d  C 2 - 1 1 C l i s o p r o p y l  i o d i d e  a n d  w i l l  

( 1 3 )  b e  p r e s e n t e d  e l s e w h e r e .  

E x c h a n g i n g  t h e  a c h i r a l  s u b s t r a t e  N - ( d i p h e n y l m e t h y 1 e n e ) -  

g l y c i n e  R e f i t - b u t y l  e s t e r  u s e d  f o r  a c h i r a l  o n e  i s  a n  i n -  

t e r e s t i n g  a p p r o a c h  f o r  o b t a i n i n g  t h e  e n a n t i o m e r i c a l l y  e n -  

r i c h e d  o r  p u r e  ” C - a m i n o  a c i d s  d i r e c t l y .  T h i s  w o r k  i s  i n  

p r o g r e s s  u s i n g  N - ( d i p h e n y l m e t h y 1 e n e ) g l y c i n e  ( - ) - b - p h e n y l -  

m e n t h o l  e s t e r  i n  a p h a s e - t r a n s f e r  a l k y l a t i o n  r e a c t i o n .  

EXPERIMENTAL 

G e n e r a l  

The  I 1 C  was p r e p a r e d  b y  t h e  

t r o g e n  g a s  t a r g e t  a t  t h e  t a n d e m  Van d e  G r a a f f  a c c e l e r a t o r  a t  

t h e  U n i v e r s i t y  o f  U p p s a l a  a n d  o b t a i n e d  a s  C1 lC lcarbon d i -  

o x i d e .  The  C1lClcarbon d i o x i d e  f o r m e d  was t r a p p e d  i n  l e a d -  

s h i e l d e d  4 R m o l e c u l a r  s i e v e s  a n d  t r a n s p o r t e d  t o  t h e  chem- 

i s t r y  l a b o r a t o r y .  

1 4  N ( p  , c ( ) ~ ~ C  r e a c t i o n  o n  a n i -  

A n a l y t i c a l  LC was p e r f o r m e d  o n  a H e w l e t t - P a c k a r d  1090 o r  

a 1 0 8 4  l i q u i d  c h r o m a t o g r a p h  e q u i p p e d  w i t h  a n y  o f  t h e  f o l l o u -  

i n g  c o l u m n s :  ( A )  250x4.6mm ( i - d . )  Supelco LC-NH2 5 pm c o l u m n ,  

( B )  A l t e c h  2 5 0 ~ 4 . 6  m m  ( i . d . 1  CI8 10 pm c o l u m n  o r  ( C )  C H I -  

RALPAK WH ( D a i c e l  Chem. I n d .  L t d )  2 5 0 ~ 4 . 6  m m  ( i . d . )  S urn 

c o t u m n  i n  s e r i e s  w i t h  a 8 - f l o w  d e t e c t o r .  

Ammonium f o r m a t e  (0 .05 M, pH 3 . 5 0 )  ( D ) ,  m e t h a n o l  (€1 ,  p o -  

t a s s i u m  d i h y d r o g e n  p h o s p h a t e  (0.01 M, p H  4 .6 )  ( F )  a n d  a c e -  

t o n i t r i l e / w a t e r  (500:70, v : v )  (G), c o p p e r  s u l p h a t e  (0 .25  mM) 

( H I  w e r e  u s e d  as  m o b i l e  p h a s e s .  

P r e p a r a t i v e  LC was c a r r i e d  o u t  o n  a W a t e r s  s y s t e m  e q u i p p e d  



Synthesis of Racemic [ 3-"C] -Lubeled Alanine 135 

w i t h  a M-441 U V  d e t e c t o r  i n  s e r i e s  w i t h  a GM t u b e  a n d  a 

2 5 0 x 1 0  m m  CI8 N u c l e o s i l  30 pm c o l u m n  (I). 

A n a l y t i c a l  GC was c a r r i e d  o u t  on  a H e w l e t t - P a c k a r d  5880 A 

gas  c h r o m a t o g r a p h  e q u i p p e d  w i t h  e i t h e r  a 1 7 5 ~ 0 . 3  cm, 5 % 

SP-300 1 0 0 / 1 2 0  S u p e l c o p o r t  g l a s s  c o l u m n  ( J )  o r  a 70x0.3 c m  

3 % PS-400 /ch rom W HP 8 0 / 1 0 0  g l a s s  c o l u m n  ( K ) ,  i n  s e r i e s  

( 1 4 )  w i t h  a f3 -gas f l ow  d e t e c t o r .  

T e t r a h y d r o f u r a n  ( T H F )  u s e d  as s o l v e n t  i n  t h e  G r i g n a r d  r e -  

a c t i o n s  was d r i e d  b y  s t a n d a r d  p r o c e d u r e s  p r i o r  t o  use .  

D i c h l o r o m e t h a n e  ( C H 2 C L 2 )  u s e d  as  s o l v e n t  i n  t h e  a l k y l a t i o n  

r e a c t i o n  was p u r i f i e d  b y  p a s s i n g  t h r o u g h  an a l u m i n i u m  o x i d e  

c o l u m n  ( b a s i c  g r a d e  1 ) .  - NMR s p e c t r a  were  p e r f o r m e d  o n  a 

J e o l  FX-60 N M R - s p e c t r o m e t e r .  

SYNTHETIC PROCEDURE 

N - ( D i p h e n y l m e t h y 1 e n e ) g l y c i n e  t e k f . - b u t y l  e s t e r  ( 1 )  

G l y c i n e  t e k t - b u t 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  t h e  p r o -  

c e d u r e  u s e d  t o  s y n t h e s i z e  p r o l i n e  t e ? r t - b u t y l  e s t e r ,  as  de -  

s c r i b e d  i n  r e f e r e n c e  15 .  Benzophenone  (39, 16.5 mmol)  and  

g l y c i n e  t e k b - b u t y l  e s t e r  (29, 15.2 m m o l )  we re  d i s s o l v e d  i n  

2 5  m l  t o l u e n e  and  50 u l  o f  b o r o n  t r i f l u o r i d e  e t h e r a t e  was 

added  as  c a t a l y s t .  The r e a c t i o n  m i x t u r e  was r e f l u x e d  f o r  8 

h o u r s  w h i l e  t h e  w a t e r  f o r m e d  was removed  b y  a z e o t r o p i c  d i -  

s t i l l a t i o n .  The r e a c t i o n  m i x t u r e  was u a s h e d  w i t h  5 m l  o f  

5 Y. aqueous c i t r i c  a c i d  f o l l o w e d  b y  2 x 5  m l  o f  b r i n e .  The 

o r g a n i c  p h a s e  was s e p a r a t e d  and  d r i e d  o v e r  magnesium s u l -  

p h a t e .  The s o l i d  m a t e r i a l  o b t a i n e d  a f t e r  e v a p o r a t i o n  t o  

d r y n e s s  was c r y s t a l l i z e d  t w i c e  i n  h e x a n e / d i e t h y l  e t h e r  

(20:1, v:v), g i v i n g  t h e  p r o d u c t  i n  8 5  % y i e l d  (m.p. 115 -117  

O C ) .  The p r o d u c t  was i d e n t i f i e d  as  N - ( d i p h e n y l m e t h y l e n e l -  

g l y c i n e  t e k t - b u t y l  e s t e r  b y  t h e  u s e  o f  ' H  and  I 3 C  NMR 

s p e c t r o s c o p y .  A n a l y t i c a l  G C  w i t h  c o l u m n  K u n d e r  t h e  f o l l o w -  
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i n g  c o n d i t i o n s :  f l o w  30 m l / m i n  ( N Z ) ,  o v e n  t e m p e r a t u r e  1 5 0  

OC, showed  a p u r i t y  h i g h e r  t h a n  99  %. 

(1  , l o )  
[ l - l l C l - L a b e L  l e d  a l k y l  i o d i d e s  

The  C 1 - l l C l - t a b e l l e d  a l k y t  i o d i d e s  w e r e  p r e p a r e d  i n  o n e - p o t  

r e a c t i o n  s y s t e m s  f r o m  [ " C l c a r b o n  d i o x i d e  a n d  t h e  c o r r e -  

s p o n d i n g  a l k y l m a g n e s i u m  b r o m i d e s ,  f o l l o w e d  b y  a L i t h i u m  

a l u m i n i u m  h y d r i d e  (LAH)  r e d u c t i o n  a n d  c o n v e r s i o n  t o  t h e  

" C - a l k y l  i o d i d e  b y  r e f l u x i n g  w i t h  5 4  % h y d r i o d i c  a c i d  a s  

r e p o r t e d  i n  d e t a i  I e l s e w h e r e ? 0 )  C " C 1 M e t h y l  i o d i d e  was o b -  

t a i n e d  b y  t r a p p i n g  C1 lC lcarbon d i o x i d e  d i r e c t l y  i n  a s o l u -  

t i o n  o f  LAH i n  T H F .  The  l l C - l a b e l l e d  a l k y l  i o d i d e s ;  C 11 C l -  

m e t h y l ,  C1- 11 C l e t h y l ,  " l - l l C l p r o p y l ,  C 1 - l l C l i s o b u t y l  a n d  

" l - l l C l b u t y l  i o d i d e ,  w e r e  t r a n s f e r r e d  i n  a s t r e a m  o f  n i t r o -  

g e n  g a s  f r o m  t h e  r e a c t i o n  f l a s k  t h r o u g h  a d r y i n g  t o w e r  ( s o -  

d i u m  h y d r o x i d e / p h o s p h o r u s  p e n t o x i d e )  a n d  t r a p p e d  i n  d i c h l o -  

r o m e t h a n e  c o o l e d  a t  -78 C .  0 

11 [ I -  C I B e n z y L  i o d i d e  was e x t r a c t e d  f r o m  t h e  h y d r i o d i c  

a c i d  s o l u t i o n  w i t h  d i c h l o r o m e t h a n e .  T h e  o r g a n i c  p h a s e  was 

w a s h e d  o n c e  w i t h  w a t e r  a n d  t h e n  p a s s e d  t h r o u g h  a 5x0 .5  c m  

c o l u m n  f i l l e d  w i t h  s o d i u m  d i s u l p h i t e / a l u m i n i u m  o x i d e  ( b a s i c  

g r a d e  I ) ,  a p p r o x i m a t e l y  30/70 b y  v o l u m e .  

The r a d i o c h e m i c a l  p u r i t y  was d e t e r m i n e d  b y  a n a l y t i c a l  

LC u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :  c o l u m n  B, s o l v e n t s  D / E ,  

5 0 / 5 0  ( v / v )  0-5 m i n , g r a d i e n t  5 - 7  m i n  D / E ,  2 0 / 8 0  ( v / v ) ,  f l o w  

2 m l / m i n ,  c o l u m n  t e m p e r a t u r e  40 OC, w a v e l e n g t h  2 5 4  n m .  

DL-C1 lCIALan ine  ( 2 )  T a b l e  1, Scheme 1 

I n  a 2-ml c o n i c a l  g l a s s  f l a s k  e q u i p p e d  w i t h  a r u b b e r  s e p t u m ,  

20  mg (0.068 m m o l )  o f  I was d i s s o l v e d  i n  0.5 m l  d i c h l o r o -  

m e t h a n e  a n d  c o o l e d  t o  -78 O C .  I: C l M e t h y l  i o d i d e ,  p r e p a r e d  

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

n i t r o g e n  g a s  t o  t h e  r e a c t i o n  v e s s e l .  A s o l u t i o n  o f  10 mg 

11 
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t e t r a b u t y l a m m o n i u m  h y d r o g e n  s u l p h a t e  

i n  0 . 3 5  m l  1 0  % a q u e o u s  s o d i u m  h y d r o x  

added  and  t h e  a l k y l a t i o n  r e a c t i o n  was 

TBAH, 0.037 m m o l )  

de s o l u t i o n  (w:v) was 

p e r f o r m e d  i n  an u l t r a -  

s o n i c  b a t h  a t  4 5  O C  f o r  5 min.  The o r g a n i c  p h a s e  was sepa-  

r a t e d  and  t r a n s f e r r e d  t o  a 7 -m l  g l a s s  v e s s e l  c o n t a i n i n g  0.8 

m l  6 M h y d r o c h l o r i c  a c i d  and  h e a t e d  a t  130 C f o r  5 min, 

a l l o w i n g  t h e  d i c h l o r o m e t h a n e  t o  s l o w l y  d i s t i l  o f f .  

0 

1 The DL-C3- 

p r e p a r a t i v e  

p e r a t u r e ,  f 

t a i n e d  a f t e  

C l a l a n i n e  o b t a i n e d  was p u r i f i e d  e i t h e r  b y  

LC u s i n g  c o l u m n  I and  s o l v e n t  D ( room tem- 

ow 4 m l / m i n ) ,  o r  b y  p a s s i n g  t h e  s o l u t i o n  ob -  

h y d r o l y s i s  t h r o u g h  a Sep-Pak CI8 co lumn,  
8 

w h i c h  r e t a i n e d  l i p o p h i l i c  i m p u r i t i e s  ( l a b e l l e d  o r  o t h e r -  

w i s e ) .  

The p u r i t y  o f  t h e  a l k y l a t i o n  p r o d u c t  was c o n t r o l l e d  b y  

t h e  u s e  o f  a n a l y t i c a l  LC e m p l o y i n g  c o l u m n  B, u n d e r  t h e  f o l -  

L o w i n g  c o n d i t i o n s :  f l o w  1.5 m l / m i n ,  s o l v e n t s  D/E, 7 5 / 8 5 ,  

( v / v ) ,  c o l u m n  t e m p e r a t u r e  40 C, w a v e l e n g t h  2 5 4  nm. The 

p u r i f i e d  D L - C 3 - ” C I a l a n i n e  i d e n t i f i e d  w i t h  t h e  u s e  o f  au-  

t h e n t i c  m a t e r i a l  as  r e f e r e n c e ,  was a n a l y s e d  b y  means o f  

c o l u m n  A and  s o l v e n t s  F and  G, u n d e r  t h e  f o l l o w i n g  c o n d i -  

t i o n s :  f l o w  2 m l / m i n ,  F / G ,  5 / 9 5  ( v / v )  g r a d i e n t  0-6 m i n  F I G ,  

4 0 / 6 0  ( v / v ) ,  c o l u m n  t e m p e r a t u r e  4 0  OC, w a v e l e n g t h  2 3 0  nm. 

0 

2-AminoC3- ’ I  C l b u t y r i  c a c i d  (3 ) ,  C 3 - 1 1 C 3 n o r v a l i n e  ( 4 1 ,  

C3- 

Scheme 1 

11 
C l n o r l e u c i n e  (5) and  C 3 - 1 1 C l l e u c i n e  ( 6 ) ,  T a b l e  1, 

Compounds 3 -6  were  s y n t h e s i z e d  f r o m  1 and  t h e  c o r r e s p o n d i n g  

C-a l k y l  i o d i d e s :  C1-llClet h y l ,  E l - ”  C l p r o p y l ,  [I-” C l b u t y l ,  

and  L l - l l C l i s o b u t y l  i o d i d e s .  The ” C - a l k y l  i o d i d e s ,  p r e p a r e d  

a c c o r d i n g  t o  t h e  d e s c r i p t i o n  above, w e r e  t r a n s f e r r e d  i n  a 

s t r e a m  o f  n i t r o g e n  gas  t o  a c o n i c a l  2 - m l  g l a s s  v e s s e l  
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e q u i p p e d  w i t h  a r u b b e r  s e p t u m  a n d  t r a p p e d  i n  0 

r o m e t h a n e  a t  - 7 8  O C .  Compound 1 a n d  o n e  e q u i v a  

( c o u n t e d  o n  t h e  m o l a r  a m o u n t s  o f  11, d i s s o l v e d  

G. Antoni and B. Ldngstriim 

4 m l  d i c h l o -  

e n t  o f  TBAH 

i n  0.35 m l  

d i c h l o r o m e t h a n e  a n d  0.40  m l  20 % a q u e o u s  s o d i u m  h y d r o x i d e  

(w :v )  s o l u t i o n ,  r e s p e c t i v e l y ,  w e r e  a d d e d .  T h e  a l k y l a t i o n  

r e a c t i o n  was p e r f o r m e d  i n  a n  u l t r a s o n i c  b a t h  a t  45 O C  f o r  

1 0 - 1 5  min.  The  o r g a n i c  p h a s e  was s e p a r a t e d  a n d  t r a n s f e r r e d  

t o  a 7 - m l  g l a s s  v e s s e l  c o n t a i n i n g  0.8 m l  o f  6 M h y d r o c h l o r i c  

a c i d  a n d  h e a t e d  a t  1 3 0  O C  f o r  5 min.  

The  a l k y l a t i o n  r e a c t i o n  was f o l l o w e d  b y  means  o f  a n a -  

l y t i c a l  LC u s i n g  c o l u m n  B w i t h  s o l v e n t s  D a n d  E ( same c o n -  

d i t i o n s  a s  f o r  c o m p o u n d  2 ) .  P r e p a r a t i v e  LC ( c o l u m n  I a n d  

s o l v e n t  D, f l o w  4 m l / m i n  a t  r o o m  t e m p e r a t u r e )  o r  a CI8 

Sep-Pak c o l u m n  w e r e  u s e d  t o  p u r i f y  t h e  p r o d u c t s .  W i t h  t h e  

a n a l y t i c a l  LC c o n d i t i o n s  d e s c r i b e d  i n  t h e  s y n t h e s i s  o f  2, 

a n d  a d d i n g  r e f e r e n c e  compounds ,  i t  was p o s s i b l e  t o  d e t e r -  

m i n e  t h e  r a d i o c h e m i c a l  p u r i t y  o f  c o m p o u n d s  3 -6 .  

8 

D L - C 3 - 1 1 C l P h e n y l a l a n i n e  (71 ,  Scheme 1, T a b l e  1 

I n  a 7-in1 f l a s k  e q u i p p e d  w i t h  a s c r e w - c a p ,  3 0 - 5 0  mg o f  1 

(0 .1 -0 .17  m m o l )  was p l a c e d .  C 1 - ' l C I B e n z y l  i o d i d e ,  p r e p a r e d  

a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  a b o v e ,  i n  2 - 5  m l  d i -  

c h l o r o m e t h a n e  was a d d e d .  A s o l u t i o n  o f  5 0 - 3 0 0  mg TBAH 

(0 .15 -0 .9  mmo l )  i n  1 - 2  m l  20 % a q u e o u s  s o d i u m  h y d r o x i d e  

s o l u t i o n  ( w : v )  was i n t r o d u c e d  a n d  t h e  a l k y l a t i o n  r e a c t i o n  

was p e r f o r m e d  u s i n g  a n  u l t r a s o n i c  b a t h  a t  45 'C f o r  5 min.  

A f t e r  a d d i t i o n  o f  2 m l  w a t e r ,  t h e  o r g a n i c  p h a s e  was s e p a -  

r a t e d  a n d  t r a n s f e r r e d  t o  a n o t h e r  7 - m l  f l a s k  c o n t a i n i n g  0.8 

m l  6 M h y d r o c h l o r i c  a c i d .  T h e  m i x t u r e  was h e a t e d  a t  1 3 0  O C  

f o r  5 min, a l l o w i n g  t h e  d i c h l o r o m e t h a n e  t o  d i s t i l  o f f  d u r i n g  

t h e  h y d r o l y s i s .  T h e  p r o d u c t  was p u r i f i e d  b y  t h e  Sep-Pak 

p r o c e d u r e  o r  b y  p r e p a r a t i v e  LC. A n a l y t i c a l  a n d  p r e p a r a t i v e  

@ 
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LC c o n d i t i o n s  were  a s  m e n t i o n e d  i n  t h e  s y n t h e s i s  o f  2. 

139 

(11) I m m o b i l i z a t i o n  o f  D-amino a c i d  o x i d a s e  ( E C  1.4.3.3) 

C o n t r o l l e d  p o r o u s  g l a s s  b e a d s  (CPG-500-80, 20-80 mesh, 1 g )  

were  washed w i t h  20 m l  1 M h y d r o c h l o r i c  a c i d  f o r  20 m i n  a t  

room t e m p e r a t u r e .  The a c i d  was removed, 1 0  m l  o f  5 % n i t r i c  

a c i d  was added  and  t h e  m i x t u r e  was h e a t e d  t o  r e f l u x  f o r  1 0  

min.  A f t e r  w a s h i n g  w i t h  w a t e r ,  t h e  g l a s s  b e a d s  w e r e  s i l a n -  

i z e d  w i t h  1 6  m l  h y d r o c h l o r i c  a c i d  (pH 3.5)  and  4 m l  o f  S i l a n  

A 1 1 0 0  ( U n i o n  C a r b i d e )  b y  s h a k i n g  a t  75 O C  f o r  3.5 h. The 

g l a s s  b e a d s  were  t h e n  \dashed w i t h  s t e r i l e  p h o s p h a t e  b u f f e r  

(0.05 M, pH 7) and  a c t i v a t e d  w i t h  5 m l  25 % g l u t a r a l d e h y d e  

s o l u t i o n  (aq.) and  1 9  m l  p h o s p h a t e  b u f f e r  f o r  3.5 h a t  room 

t e m p e r a t u r e .  The b e a d s  were  t r a n s f e r r e d  t o  a n o t h e r  g l a s s  

v e s s e l  a n d  washed w i t h  s t e r i l e  0.1 M pH 8.3 t e t r a s o d i u m  

p y r o p h o s p h a t e  b u f f e r .  A s o l u t i o n  o f  8.5 mg D-amino a c i d  

o x i d a s e  ( 1 5 0  u n i t s )  d i s s o l v e d  i n  1 2  m l  o f  t h e  s a m e  b u f f e r  was 

t h e n  added.  The i m m o b i l i z a t i o n  was t h e n  p e r f o r m e d  b y  s h a k i n g  

a t  0 O C  f o r  3.5 h. The r e m a i n i n g  g l u t a r a l d e h y d e - a c t i v a t e d  

s i t e s  were  b l o c k e d  b y  s h a k i n g  w i t h  1 0  m l  o f  a 0.1 M s o l u -  

t i o n  o f  g l y c i n e  i n  0.1 M t e t r a s o d i u m  p y r o p h o s p h a t e ,  pH 8.3, 

a t  room t e m p e r a t u r e  f o r  3 0  m i n .  The i n c o r p o r a t i o n  o f  D -  

amino  a c i d  o x i d a s e  was d e t e r m i n e d  t o  h i g h e r  t h a n  97 % b y  

t h e  u s e  o f  B i o - R a d  a s s a y .  (I6) The i m m o b i l i z e d  enzymes w e r e  

s t o r e d  a t  4 C i n  0.1 M t e t r a s o d i u m  p y r o p h o s p h a t e  b u f f e r  

pH 8.3. 

0 

L-[3-” C l  A l a n i n e  and  L-C3- I1 C l p h e n y  l a  l a n i n e  

The s o l u t i o n  c o n t a i n i n g  t h e  “C-amino a c i d ,  p u r i f i e d  e i t h e r  

b y  p r e p a r a t i v e  LC o r  b y  t h e  Sep-Pak 

e v a p o r a t e d  t o  d r y n e s s .  The r e s i d u e  was r e d i s s o l v e d  i n  2-3 

m l  0.1 M t e t r a s o d i u m  p y r o p h o s p h a t e  b u f f e r  pH 8.3 ( u i t h  d i -  

CI8 p r o c e d u r e ,  was @ 
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s o d i u m  f l a v i n e  a d e n o s i n e  d i n u c l e o t i d e  20-50 u g / m l ) .  T h e  

s o l u t i o n  was a d j u s t e d  t o  pH 8.3 a n d  t r a n s f e r r e d  t o  a t w o -  

n e c k e d  2 5 - m l  c o n i c a l  g l a s s  v e s s e l ,  c o n t a i n i n g  8.5 mg D -  

a m i n o  a c i d  o x i d a s e ,  i m m o b i l i z e d  o n  1 g (CPG-500-80)  g l a s s  

b e a d s  i n  1 m l  o f  t h e  t e t r a s o d i u m  p y r o p h o s p h a t e  b u f f e r ,  

( 1 5 0 - 2 0 0  p g  F A D / m l ) .  The  e n z y m e  r e a c t o r ,  e q u i p p e d  w i t h  

r u b b e r  s e p t a  a n d  a n  i n l e t  a n d  o u t l e t  n e e d l e  f o r  o x y g e n  was 

t h e r m o s t a t e d  a t  3 7  C .  O x y g e n  was p a s s e d  t h r o u g h  t h e  r e a c -  

t i o n  m i x t u r e  (>SO0 m l / m i n )  f o r  1 0 - 1 7  min .  The s o l u t i o n  was 

r e m o v e d  f r o m  t h e  g l a s s  b e a d s  a n d  a c i d i f i e d  w i t h  1 m L  2 M 

h y d r o c h l o r i c  a c i d  a n d  p a s s e d  t h r o u g h  a c a t i o n  e x c h a n g e  r e s i n  

(Dowex 50 W-X4, 1 0 0 - 2 0 0  mesh, h y d r o g e n  f o r m ,  3 ~ 0 . 7  c m ) .  

The c o l u m n  was w a s h e d  w i t h  d i s t i l l e d  w a t e r  u n t i l  t h e  L e v e l  

o f  r a d i o a c t i v i t y  d e t e c t e d  i n  t h e  e l u t e d  f r a c t i o n s  was i n -  

s i g n i f i c a n t .  The  “ C - a m i n o  a c i d  was t h e n  e l u t e d  b y  t h e  u s e  

o f  0.2 M a q u e o u s  s o d i u m  h y d r o x i d e  s o l u t i o n .  To t h e  c o l l e c t e d  

f r a c t i o n ,  2 m l  o f  0 .1  M p h o s p h a t e  b u f f e r  (pH  7 .4 )  was a d d e d  

a n d  t h e  pH o f  t h e  s o l u t i o n  a d j u s t e d  t o  7.4. A f t e r  s t e r i l e  

f i l t r a t i o n  t h r o u g h  a 0 .22  pm f i l t e r ,  t h e  s o l u t i o n  was r e a d y  

f o r  b i o m e d i c a l  i n v e s t i g a t i o n s  - i n  t h i s  case ,  t h e  m e c h a n i s m  

o f  a m i n o  a c i d  t r a n s p o r t  i n  monkey  b r a i n .  The  r e s u l t s  f r o m  

t h e s e  e x p e r i m e n t s  w i l l  b e  p r e s e n t e d  e l s e w h e r e .  

LC c o n d i t i o n s  w e r e  a s  a l r e a d y  d e s c r i b e d .  

0 

2, Ana l y t  i c a t  

The  o p t i c a l  p u r i t y  o f  C 3 - ” C I a l a n i n e  was d e t e r m i n e d  b y  

c o n v e r t i n g  t h e  C3- ”CIa  l a n i  n e  t o  N - t  r i  f l u o r o a c e t y l a  1 a n i  n e  

m e t h y l  e s t e r  b y  t h e  f o l t o w i n g  p r o c e d u r e .  ( 4 a )  The  a m i n o  a c i d  

s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s  a n d  t h e  r e s i d u e  d i s s o l v e d  

i n  5 m l  m e t h a n o l / d r y  h y d r o g e n  c h l o r i d e  (1-2.5 M )  a n d  t h e  

s o l u t i o n  was h e a t e d  a t  1 0 0  O C  f o r  5 -10  m i n .  A f t e r  e v a p o r a -  

t i o n  o f  t h e  s o l v e n t ,  1.5 m l  t r i f l u o r o a c e t i c  a n h y d r i d e  i n  

2 m l  d i c h l o r o m e t h a n e  was a d d e d  a n d  t h e  s o l u t i o n  h e a t e d  f o r  

5 m i n  a t  1 0 0  O C .  The  e x c e s s  r e a g e n t s  w e r e  r e m o v e d  b y  e v a -  
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p o r a t i o n  a t  room t e m p e r a t u r e  a n d  t h e  r e s i d u e  was d i s s o l v e d  

i n  0.1-0.2 m l  d i c h l o r o m e t h a n e .  The p r o c e d u r e  t o o k  l e s s  t h a n  

30 m i n u t e s .  The e n a n t i o m e r i c  a n a l y s i s  was t h e n  p e r f o r m e d  b y  

G C  u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :  c o l u m n  J, f l o u  30 m l l m i n ,  

o v e n  t e m p e r a t u r e ,  90 OC. O p t i c a l  p u r i t y  o f  L - C 3 - ’ ’ C l p h e n y l -  

a l a n i n e  was d e t e r m i n e d  b y  u s e  o f  a n a l y t i c a l  LC u n d e r  t h e  

f o l l o w i n g  c o n d i t i o n s :  c o l u m n  C, w i t h  s o l v e n t  H, f l o w  1.5 

m l / m i n ,  t e m p e r a t u r e  5 5  C, w a v e l e n g t h  254 nm ( F i g .  1). 0 
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