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SUMMARY 

13 E f f i c i e n t  methods f o r  synthes is ing  L-[methyl- Clmethionine 

t h e  preparat ion 
f r a n  il%liodanethane and Lrlnethionine, and LC3,4-1%21 
methionine from C1%21ethene, are descr ibed;  
of  I 3,  3-2h2 h e t h i o n i n e  and i 2 ,3 ,  3-2H3 l m e t  h ionine f ran 
methionine by an exchange method is d e t a i l e d .  
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INTRODUCTION 

A l a rge  number o f  b i o s y n t h e t i c  p a t h w a y s  s t a r t  from 

L - m e t h i o n i n e  a n d  u t i l i s e  e i t h e r  i t s  m e t h y l  g r o u p  o r  t h e  Cl-C4 

c h a i n  ( i n  p a r t  o r  w h o l e ) .  M e t h y l - l a b e l l e d  m e t h i o n i n e s  h a v e  b e e n  

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

o r i g i n a t e  f r o m  m e t h i o n i n e  S - a d e n o s y l m e t h i o n i n e l  '. E x a m p l e s  

of t h e  u t i l i s a t i o n  o f  Cl-C4 o f  m e t h i o n i n e  h a v e  b e e n  i d e n t i f i e d  

b y  m e a n s  o f  1 4 C - l a b e l l i n g  i n  t h e  b i o s y n t h e s i s  o f  e t h y l e n e  

( a t  C 3  a n d  C 4 ) ,  t h e  p o l y a m i n e s  s p e r m i n e  a n d  s p e r m i d i n e 4  (C2-C4),  

a n d  a z e t i d i n e - 2 - c a r b o x y l i c  acid5 ( C l - C 4 ) .  

3 

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

l a b e l l e d  m e t h i o n i n e s  ( L - [ m e t h y l -  H 1 a n d  L - [ m e t h y l -  C I ) ,  t h e  

f i r s t  s y n t h e s i s  of a m e t h i o n i n e  l a b e l l e d  a t  both C 3  a n d  C4 

(L-C3,4-  

s p e c i f i c a l l y  l a b e l l e d  w i t h  d e u t e r i u m  a t  C2 a n d / o r  C 3 .  T h e s e  

m e t h i o n i n e s  w e r e  r e q u i r e d  f o r  s t u d i e s  o f  t h e  b i o s y n t h e s i s  o f  

2 13 
3 

13 C 2 1 m e t h i o n i n e )  a n d  t h e  p r e p a r a t i o n  o f  m e t h i o n i n e s  

7 e t h y l e n e 6  a n d  s p e r m i d i n e  . 

* A d d r e s s  c o r r e s p o n d e n c e  t o  t h i s  a u t h o r  

0362-4803/81/121773-ll$Ol.lO 
0 1 9 8 1  by John Wiley & Sons, L t d .  

Received February 10, 1981 



1774  

METHYL-LABELLED METHIONINES 

I n  c l a s s i c a l  s y n t h e s e s  o f  m e t h y l - l a b e l l e d  m e t h i o n i n e s ,  t h e  

t h i o l a t e  a n i o n  o f  homocys te ine ,  o b t a i n e d  by t r e a t i n g  e i t h e r  homo- 

c y s t e i n e  w i t h  sodamide  i n  l i q u i d  ammonia8 or S -benzy lhomocys te ine  

w i t h  sodium i n  ammonia2". was r e a c t e d  w i t h  a l a b e l l e d  iodomethane  

A more c o n v e n i e n t  p r e p a r a t i o n  o f  t h e  t h i o l a t e  a n i o n  o f  homo- 

c y s t e i n e  is  via r e d u c t i o n  o f  m e t h i o n i n e  w i t h  sodium i n  ammonia 

and  t h i s  r e a c t i o n  h a s  b e e n  e x p l o i t e d  f o r  t h e  s y n t h e s i s  of 

L-[methyl- H l m e t h i o n i n e  f rom L-meth ion ine  . I n  our h a n d s  t h i s  

p r o c e d u r e  g a v e  o n l y  50-6070 of m e t h i o n i n e  c o n t a m i n a t e d  w i t h  homo- 

c y s t e i n e  C2-3% of  t h e  m e t h i o n i n e ;  i d e n t i f i e d  by t . 1 . c .  and  

E l l m a n ' s  r e a g e n t ,  5 , 5 ' - d i t h i o @ - ( 2 - n i t r o b e n z o i c  a c i d )  I .  The main 

drawback of t h i s  method is t h a t  a d d i t i o n  o f  ammonium c h l o r i d e  t o  

t h e  r e a c t i o n ,  s u p p o s e d l y  t o  p r e v e n t  r a c e m i s a t i o n " ,  leads t o  

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

from t h e  e x c e s s  o f  t h i s  s a l t ,  and  from sodium c h l o r i d e ,  by 

c r y s t a l l i s a t i o n  f rom aqueous  e t h a n o l .  

10 

2 11 
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We have  found  t h a t  t h e  u s e  o f  l i t h i u m  i n  p l a c e  of sod ium,  

and  t h e  a d d i t i o n  of 1 rnol ammonium c h l o r i d e  per m o l  m e t h i o n i n e ,  

e n a b l e s  a h i g h  r e c o v e r y  o f  p u r e  l a b e l l e d  L-meth ionine  t o  be 

a c h i e v e d  by c r y s t a l l i s a t i o n  f rom e t h a n o l  c o n t a i n i n g  a smal l  

amount o f  water. L i t h i u m  c h l o r i d e  is s o l u b l e  i n  e t h a n o l  

(s. 20 w t .  % a t  2OoC) and is t h e r e f o r e  e a s i l y  removed. 

e x p e r i m e n t s ,  o m i s s i o n  of ammonium c h l o r i d e  d i d  n o t  l e a d  t o  

r a c e m i s a t i o n .  However, i n  o t h e r  e x p e r i m e n t s  p a r t i a l  r a c e m i s a t i o n  

was o b s e r v e d  and c o u l d  b e  p r e v e n t e d  by a d d i n g  ammonium c h l o r i d e  

t o  n e u t r a l i s e  t h e  p r o b a b l e  c a u s a t i v e  a g e n t  l i t h i u m  amide .  To  

a v o i d  i n c o m p l e t e  r e a c t i o n  of t h e  t h i o l a t e  a n i o n  o f  homocys te ine  

w i t h  iodomethane  and  hence  c o n t a m i n a t i o n  of p r o d u c t  m e t h i o n i n e  

w i t h  h o m o c y s t e i n e ,  a l i q u o t s  of t h e  r e a c t i o n  m i x t u r e  s h o u l d  b e  

p e r i o d i c a l l y  t e s t e d  w i t h  E l l m a n ' s  r e a g e n t 1 2 .  

I n  some 

A f t e r  r e d u c i n g  
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L-meth ionine  w i t h  l i t h i u m  i n  l i q u i d  ammonia, 1.02 mol e q u i v a l e n t  

o f  a l a b e l l e d  iodomethane  w a s  added  and  t h e  r e a c t i o n  w a s  a l l o w e d  

t o  p r o c e e d  f o r  2 h o u r s .  E l l m a n ' s  t e s t  w a s  t h e n  p o s i t i v e  f o r  f r e e  

t h i o l .  After f u r t h e r  a d d i t i o n ( s )  of iodomethane  ( two p o r t i o n s  

t o t a l l i n g  0.13 m o l  e q u i v . ,  i n  one  e x n e r i m e n t )  E l l m a n ' s  test  w a s  

n e g a t i v e  and work-up gave  p u r e  l a b e l l e d  L-me th ion ine .  Us ing  

t h i s  p r o c e d u r e ,  L-[methyl- H l m e t h i o n i n e  (99  atom % 2 H )  and  

L-Cmethyl-13Clmethionine ( 9 1  atom % 13C) have  been  p r e p a r e d  i n  

u p  t o  83% y i e l d  f rom t h e  a p p r o p r i a t e  l a b e l l e d  iodomethane .  A 

f u r t h e r  q u a n t i t y  o f  l a b e l l e d  m e t h i o n i n e  may b e  o b t a i n e d  by i o n  

exchange  chromatography of  mothe r  l i q u o r s .  

2 
3 

2 R e c e n t l y ,  a method f o r  p r e p a r i n g  H m e t h y l -  H I m e t h i o n i n e ,  3 
2 - v i a  b a s e - c a t a l y s e d  exchange  of d e h y d r o m e t h i o n i n e  i n  methane[  H l o l ,  

w a s  d e s c r i b e d 1 3 .  

method c a n  be c o n v e r t e d  t o  L - C m e t h ~ l - ( ' ~ C ,  'H3) l m e t h i o n i n e  by  

i s o t o p i c  exchange  . 

L-[methyl-13Clmethionine p r e p a r e d  by  t h e  above  

13 

METHIONINES LABELLED I N  THE Cl-C4 CHAIN 

Met i i ion ine  h a s  been  p r e p a r e d  via t h e  r e a c t i o n  o f  l - ch lo ro -2 -  

( m e t h y 1 t h i o ) e t h a n e  w i t h  t h e  c a r b a n i o n  ( C 2 )  of  d i e t h y l  2- 

a ~ e t a m i d o m a l o n a t e ' ~ .  The  l-chloro-2-(methylthio)ethane was 

p r e p a r e d  f rom Z - ( m e t h y l t h i o ) e t h a n o l ,  b u t  c a n  a l s o  b e  o b t a i n e d  by 

r e a c t i n g  e t h e n e  w i t h  m e t h a n e s u l p h e n y l  c h l o r i d e 1 5 .  

combined t h e s e  me thods  (cf. Scheme) t o  p r o d u c e  a n  e f f i c i e n t  

s y n t h e s i s  of E. 13, 4-13C21methionine from C13C21ethene. 

R e s o l u t i o n  o f  t h i s  material, e s s e n t i a l l y  as  d e s c r f b e d  , g a v e  

L-1 3 , 4 -  C l m e t h i o n i n e .  

We have  

16 

13 
2 

Tenenbaum e t  a l .17  r e p o r t e d  exchange  r e a c t i o n s  of g l y c i n e ,  

a -  and B-a lan ine ,  a - a m i n o b u t y r i c  a c i d  and  v a l i n e  i n  d e u t e r i u m  

o x i d e  c a t a l y s e d  by A l ( I I 1 )  and  p y r i d o x a l .  A t  pH 5.1 exchange  of 

d e u t e r i u m  f o r  h y d r o g e n ( s )  a t  b o t h  C2 and C3 of t h e  amino-ac id  
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o c c u r r e d  a t  s i m i l a r  r a t e s ,  w h e r e a s  a t  p H  1 0 . 2  e x c h a n g e  a t  C2 w a s  

much f a s t e r  t h a n  t h a t  a t  C 3 .  

We h a v e  u s e d  A l ( I I I ) / p y r i d o x a l  i n  d e u t e r i u m  o x i d e  t o  e f f e c t  

pH-dependent  e x c h a n g e s  o f  r n e t h i o n i n e .  P r o c e d u r e s  are g i v e n  i n  

t h e  E x p e r i m e n t a l  S e c t i o n  f o r  p r e p a r i n g  ~ . 1 2 , 3 , 3 -  H 3 1 m e t h i o n i n e  2 

( e x c h a n g e  a t  pH 5 . 0 )  a n d  E .  C3, 3- 'H21methionine ( e x c h a n g e  i n  

2H20 a t  p H  5 . 0  f o l l o w i n g  by  e x c h a n g e  i n  H 2 0  a t  pH 1 0 . 2 ) .  T h e  

3 rac. [ 2 ,  3,3- H I r n e t h i o n i n e  w a s  r e s o l v e d  e s s e n t i a l l y  b y  t h e  m e t h o d  

d e s c r i b e d  . 
2 - 

16 

Scheme 

C02Et 

I 
13CH2= 13 CH2 - i MeS 13 CH213CH2C1 MeS 13 CH213CH2CNHAc I 

I 
C02Et 

- iii IveS 13CH213CH2CHiH3C02- 

i MeSC1/CH2C12 

iii aq HC1, r e f l u x  

ii NaCNHAc(C02Et)2/EtO€I 

EXPERIMENTAL 

L-LMethyl-13C J m e t h i o n i n e  

3 U s i n g  d r y  a p p a r a t u s ,  l i q u i d  ammonia (z. 200 c m  ) w a s  

d i s t i l l e d  f r o m  a s m a l l  q u a n t i t y  of s o d i u m  (E. 0 . 2 5  g )  o n  t o  

( L ) - m e t h i o n i n e  (4.46 g, 3 x lo-' m o l )  o v e r  1 h u n d e r  d r y  n i t r o g e n  

D u r i n g  20 m i n .  f l a t t e n e d  p i e c e s  o f  l i t h i u m  (0.67 g ,  9.6 x 10"' m l )  

were a d d e d  i n  s e v e r a l  p o r t i o n s  t o  t h e  r e f l u x i n g  s o l u t i o n ,  w h i c h  

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

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

h a d  b e e n  d i s c h a r g e d .  A s m a l l  p o r t i o n  of t h e  r e a c t i o n  m i x t u r c  was 
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removed and  e v a p o r a t e d ,  and the  residue i n  D 0 was examined by 'H n.m.r. 

s p e c t r o s c o p y .  The s p e c t r u m  showed u n r e a c t e d  m e t h i o n i n e  ( 5 s  a t  

6 2 . 1 )  and a d d i t i o n a l  q u a n t i t i e s  of l i t h i u m  were added  ( u p  t o  

1 m o l  e q u i v .  w a s  n e c e s s a r y )  u n t i l  e x a m i n a t i o n  by  'H n.rn.r. 

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

( 1 . 6  g ,  3 x 

( 4 . 4  g ,  3.1 x 

The r e a c t i o n  was b o i l e d  u n d e r  r e f l u x  f o r  2 h ,  when t e s t i n g  a sma l l  

a l i q u o t  o f  t h e  s o l u t i o n  w i t h  E l l m a n ' s  reagent ' '  showed t h e  

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

( 0 . 2 9  g ,  2 . 0  x 10-3fi101) w a s  added ,  and  t h e  s o l u t i o n  w a s  b o i l e d  

2 

m o l )  w a s  added  f o l l o w e d  by [13Cliodomethane 

mol f rom B . O . C .  L t d .  Prochern) , 9 1  atom % I 3 C .  

unde r  r e f l u ,  

t h e  p r e s e n c e  

iodomethane  

t h e  s o l u t i o n  

f o r  a n o t h e r  h o u r .  Another  E l l m a n ' s  t e s t  s t i l l  showed 

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

0 . 2 7  g ,  1 . 9  x mol) w a s  added .  A f t e r  r e f l u x i n g  

f o r  a f u r t h e r  h o u r ,  no f r e e  t h i o l  c o u l d  b e  d e t e c t e d  

by E l l m a n ' s  r e a g e n t .  The s o l v e n t  w a s  removed by l e a v i n g  t h e  

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

n i t r o g e n .  The o f f - w h i t e  r e s i d u e  w a s  d i s s o l v e d  i n  water  (100 c m  ) 

a n d  w a s  e v a p o r a t e d  t o  d r y n e s s  u n d e r  r educed  p r e s s u r e  ( 5 O o C ,  

20 mm Hg) .  T h i s  p r o c e d u r e  was r e p e a t e d  twice. The s o l i d  

r e s i d u e  w a s  d i s s o l v e d  i n  water (200  c m  ) and  t h e  pH o f  t h e  

s o l u t i o n  w a s  r e d u c e d  t o  5 . 6  by t h e  a d d i t i o n  of 2 M h y d r o c h l o r i c  

a c i d .  E v a p o r a t i o n  to E. 15 c m 3  g a v e  w h i t e  c r y s t a l s ,  which 

r e d i s s o l v e d  on  b o i l i n g ,  and  a f t e r  t h e  a d d i t i o n  o f  b o i l i n g  e t h a n o l  

(300 c m  ) t h e  s o l u t i o n  w a s  s t o r e d  a t  - 2 O O C  f o r  1 2  h .  

c r y s t a l l i n e  s o l i d  which  formed w a s  col lected a t  t h e  pump, and 

w a s  washed w i t h  i c e - c o l d  e t h a n o l l w a t e r  ( 5  c m  ) ,  e t h a n o l  

( 2  x 5 c m  ) ,  and w i t h  e t h e r  ( 2  x 5 c m  ) .  D r y i n g  g a v e  ( L ) -  

Cmethyl-13Clmethionine ( 3 . 6 1  g ,  81%), 9 1  atom %, a s  a w h i t e  

c r y s t a l l i n e  s o l i d ,  m.p. 273-277OC, 6 (D20) 2 . 1  ( 0 . 9  x 3 H ,  d ,  J 

13C-1H 1 3 8 . 6  Hz, l3CII3S; and  0 . 1  x 3 H ,  s ,  l2CH3S), - 2 . 2 8  ( 2  H ,  m),  

3 

3 

3 The 

3 

3 3 
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2 . 7  ( 2  H ,  m), and  4 . 2 2  p.p.m. ( 1  H ,  t ) ,  p u r e  by t .1 .c .  

CKiese lge  

Rf  0 . 4 5 1 ,  no  d e t e c t a b l e  f r e e  t h i o l  ( E l l m a n ' s  t e s t ) ,  ammonium i o n s  

( N e s s l e r ' s  r e a g e n t )  o r  l i t h i u m  i o n s  ( f l a m e  t e s t ) ,  CalD22 = 21.7'  

(c 0 .084 ,  5 M HC1) (cf. a u t h e n t i c  ( L ) - m e t h i o n i n e  u s e d  as s t a r t i n g  

mater ia l :  

F254, 880 ammonia / e thano l  ( 2 3 : 7 7 ) ,  n i n h y d r i n  s p r a y ,  

LalDZ2 = 22.0'  ( c  0 .395,  5 M H C 1 ) ) .  

The mothe r  l i q u o r  f rom t h e  above  r e c r y s t a l l i s a t i o n  ( f o r  a n  

e x p e r i m e n t  c a r r i e d  o u t  on  t w i c e  t h e  a b o v e  s c a l e )  w a s  e v a p o r a t e d  t o  

d r y n e s s  unde r  r e d u c e d  p r e s s u r e ,  and  t h e  r e s i d u e  w a s  d i s s o l v e d  i n  

3 
2 . 5  M h y d r o c h l o r i c  a c i d  (20  c m  ) .  T h i s  s o l u t i o n  w a s  chromato-  

g raphed  on a column o f  Dowex 50 x 8 i o n  exchange  r e s i n  (500  g )  

u s i n g  h y d r o c h l o r i c  a c i d  ( 2 . 5  M )  a s  e l u a t e .  

column w a s  m o n i t o r e d  bv  o n t i c a l  r o t a t i o n  measurements  on t h e  n e a t  

e l u a n t .  E a r l y  f r a c t i o n s  were c o l o u r e d  ( i o d i n e )  and  l a t e r  

f r a c t i o n s  c o n t a i n e d  ( L)-[ m e t h ~ l - ' ~ C  l m e t h i o n i n e ,  c o n s t i t u t i n g  a 

s y m m e t r i c a l  band .  The f r a c t i o n s  c o n t a i n i n g  p r o d u c t  were combined 

and e v a p o r a t e d  t o  d r y n e s s  unde r  r e d u c e d  p r e s s u r e  (6OoC,  20 mm Hg) 

The p r o g r e s s  of t h e  

and  t h e  s o l i d  r e s i d u e  w a s  r e d i s s o l v e d  i n  water (50 cm'). 

o f  t h i s  s o l u t i o n  w a s  a d j u s t e d  t o  5 .7  by t h e  a d d i t i o n  of 

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

l i s a t i o n  a s  d e s c r i b e d  above  g a v e  p u r e  (L)-Cmethyl-13Clmethionine, 

91 atom '%, ( 0 . 7 3  g ,  8 % ) ,  as a w h i t e  c r y s t a l l i n e  s o l i d ,  w i t h  t h e  

same o p t i c a l  r o t a t i o n  as  mater ia l  o b t a i n e d  by d i r e c t  

c r y s t a l l i s a t i o n  

The pH 

M e t h a n e s u l p h e n y l  C h l o r i d e  

S u l p h u r y l  c h l o r i d e  ( 1 4 . 3  g ,  0 . 1  mol )  w a s  added  d r o p w i s e  o v e r  

15 min .  to  s t i r r e d  d i m e t h y l  d i s u l p h i d e  ( 9 . 4  g ,  0 .1  mol) a t  -15 'C.  

The r e a c t i o n  w a s  a l l o w e d  t o  w a r m  t o  room t e m p e r a t u r e  o v e r  2 h ,  and 

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

Uetwcen 30 and 32 'C a t  110 mm Hg w a s  c o l l e c t e d ,  t h e  r e c e i v e r  b e i n g  
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cooled at -7SoC, to give methanesulphenyl chloride as a deep 

orange liquid (12 g, 70%) 1 6  2 .9  (s, C€J3SC1), Q. absence of 

peak at 6 2.40 (s) due to (CI13S)21 that was stored at -2OOC and 

was used within 2 days of preparation. 

r1.2- C~1-l-Chloro-2-~methvlthio)ethane 13 

A solution of methanesulphenyl chloride (6 g, 7.3 x lo-' mol) 
3 in C€I2ClZ (50 cm ) was placed in a 250 cm3 flask, cooled to 

-25OC, and evacuated to s. 2 mm Hg on a vacuum line. D r y  

C 

mol) was admitted, and the solution swirled. The admission of 

ethylene was continued until no further absorption occurred, and 

the solution was colourless (E. 40 min.), whilst the temperature 

of the solution was kept below -25OC. 

13 3 C21ethylene from B.O.C. Limited Prochem ( Z O O 0  cm , 8.9 x lo-' 

Dichloromethane was 

distilled off at 20°C and 50 mm Hg to give [l,2-13C21-l-chloro-2- 

(methy1thio)ethane (G. 7.6 g) as a colourless liquid, 6 2.15 

(0.8 x 3 H, d, J I3C-'H 4 Hz), 2.8 (2 H, 2 x m, J 13C-'H 47 H z ) ,  

and 3.6 p.p.m. ( 2  H, 2 x m, J 13C-1H 48 H z ) .  

(Cs2H6, TMS) 6 35.7 (d, J I3C-l3C 37 Hz) and 42.1 p.p.m. (d, J 

13C-13C 37 Hz), each doublet being astride a singlet of 2. 

10% total signal intensity, arising f r o m  single labelled 

species. 

n.m.r. 

13 Reaction between C1,2- C~1-l-chloro-2-(methylthio)ethane 
and sodium diethyl acetamidomalonate 

Using all dry apparatus, sodium (1.38 g, 6 x lo-' mol) was 

dissolved in anhydrous ethanol (30 cm ) by boiling the mixture 

under reflux with the exclusion of atmospheric moisture. Diethyl 

acetamidomalonate (12.15 g, 5.5 x mol) was added and the 

mixture was boiled under reflux until a clear solution resulted. 

The product from the above reaction (E. 7 x lo-' mol [1,2- 13 c21- 

1-chloro-2-(methy1thio)ethane and dichloromethane) was added and 

the reaction was boiled under reflux, with the exclu-sion of 

3 
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a t m o s p h e r i c  m o i s t u r e  f o r  5 h .  A f t e r  c o o l i n g  t o  O ° C ,  t h e  

p r e c i p i t a t e d  sodium c h l o r i d e  w a s  f i l t e r e d  o f f  u n d e r  s u c t i o n ,  and  

washed w i t h  c o l d  e t h a n o l  ( 3  x 5 cm'). 

e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  t o  p r o v i d e  a brown 

o i l ,  6 1 . 2 5  ( 6  H ,  t ) ,  2 .08  ( 6  H ,  3 x s ) ,  2 .4  ( 4  H, m ) ,  4 . 3  ( 4  H ,  q ) ,  

and 6 . 9  (1 H ,  s, b r o a d )  p .p .m.  T h i s  p r o d u c t  w a s  d i s s o l v e d  i n  2 M 

h y d r o c h l o r i c  acid (60  c m  ) and t h e  m i x t u r e  w a s  bo i l ed  unde r  

r e f l u x  f o r  6 h ,  w i t h  m a g n e t i c  s t i r r i n g .  A f u r t h e r  q u a n t i t y  o f  2 M 

a c i d  w a s  added  (60  c m  ) and t h e  r e a c t i o n  w a s  r e f l u x e d  f o r  a 

f u r t h e r  3 h .  The o r a n g e  s o l u t i o n  which  r e s u l t e d  w a s  e v a p o r a t e d  

t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  (90°C, 15 mm Hg) ,  t o  g i v e  a n  

The combined f i l t r a t e s  were 

3 

3 

o r a n g e  o i l .  T h i s  o i l  w a s  t a k e n  up  i n  water (30  cm') and  t h e  pH 

of the  s o l u t i o n  w a s  a d j u s t e a  t o  7 by  t h e  a d d i t i o n  of s a t u r a t e d  

aqueous  l i t h i u m  h y d r o x i d e .  The s o l u t i o n  w a s  a g a i n  e v a p o r a t e d  t o  

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

d i s s o l v e d  i n  b o i l i n g  water ( 4 0  c m  ) and  h o t  a b s o l u t e  e t h a n o l  w a s  

added  (500 cni  ) .  The s o l u t i o n  w a s  s t o r e d  a t  -2OOC f o r  36 h ,  and 

t h e  p r e c i p i t a t e  was t h e n  f i l t e r e d  o f f  u n d e r  s u c t i o n  and washed 

w i t h  c o l d  e t h a n o l  ( 3  x 1 0  c m  ) and e t h e r  ( 3  x 1 0  cm ).  A i r  

d r y i n g  gave  ~ . C 3 , 4 - ~ ~ C ~ l m e t h i o n i n e  ( 4 . 7 6  g ,  3 . 2  x mol )  as 

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

l i s a t i o n  from aqueous  e t h a n o l  g a v e  ~ ; t c .  i3 ,4-13C21methionine  as  

w h i t e  c r y s t a l s ,  3 . 6  g ,  m.p. 274-276OC, 220 MHz 'H n.m. r . ,  

6 (D20/DC1), 2 . 1 5  ( 3  H, d ) ,  2 . 2 8  ( 0 . 9  x 2 H ,  2 x m ,  J I 3 C - l H  

1 3 5  Hz, and 0 . 1  x 2 fi, t ) ,  and 4 .29  p .p .m.  (1 H ,  m ) ,  p u r e  b y  

t . 1 . c .  ( f o r  s y s t e m  see a b o v e ) .  The o v e r a l l  y i e l d  o f  t h i s  

s y n t h e s i s  from L13C21ethylene w a s  39%. 

R e s o l u t i o n  o f  E. C3, 4-13C21methionine 

(cf. p r o c e d u r e  o f  r e f .  1 6 )  

3 

3 

3 3 

~ . L 3 , 4 - 1 3 C 2 1 m e L h i o n i n e  ( 0 . 9 1  g ,  6 x mol )  and ammonium 

1-CX-bromocamphor-n-sulphonate ( A l d r i c h ,  1 . 9 8  g ,  6 x mol) were 
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3 a i s s o l v e d  i n  pre-warmed M h y d r o c h l o r i c  a c i d  (6  c m  ) .  The s o l u t i o n  

w a s  a l l o w e d  t o  cool t o  room t e m p e r a t u r e  and  soon  d e p o s i t e d  c rys ta l s  

(E. 1 . 2  g )  of t h e  bromocamphorsulphonate of  L-[3,4,- C21methionine.  

T h e s e  were f i l t e r e d  o f f  a n d  w e r e  d i s s o l v e d  i n  water ( 3  c m  ).  The 

amino-ac id  w a s  p r e c i p i t a t e d  by  a d d i t i o n  o f  c o n c .  ammonia t o  

pH 5 . 9  f o l l o w e d  by  a d d i t i o n  o f  h o t  m e t h a n o l  ( 2 5  c m  ) .  The 

m e t h i o n i n e  was c o l l e c t e d  ( 2 6 3  mg, 58% of a v a i l a b l e  L- i somer)  and  

w a s  r e c r y s t a l l i s e d  by d i s s o l v i n g  i n  h o t  water (10  c m  ) ,  r e d u c i n g  

13 

3 

3 

3 

t h e  volume t o  a minimum and a d d i n g  h o t  m e t h a n o l  (30 c m ' ) .  A f t e r  

s t a n d i n g  t h e  r e s u l t i n g  m i x t u r e  o v e r n i g h t  a t  O°C, t h e  c r y s t a l s  o f  

L-[3,4- C l m e t h i o n i n e  were f i l t e r e d  o f f ,  washed w i t h  c o l d  

me thano l  and  d r i e d  i n  vacuo :  

( c  

t h a t  of E. mater ia l  ( s e e  a b o v e ) .  

- R a c . 1 2 , 3 , 3 -  Hg lme th ion ine  

1 3  
2 

240 mg ( 5 4 % ) ,  [ctlDa0 + 2 1 . 5  

0.009 i n  1 M fiC1); 'H n .m. r .  s p e c t r u m  i n  D20/DC1 i d e n t i c a l  t o  

2 

A s o l u t i o n  of A l ( I I 1 )  i n  2H20 w a s  p r e p a r e d  by h e a t i n g  h y d r a t e d  

a luminium s u l p h a t e  CA12(S04)3.16H20, 0 . 7 7 5  g ,  1 . 2 3  x m o l l  a t  

25OoC to  a c o n s t a n t  w e i g h t  and  t h e n  c b o l i n g  and a d d i n g  

( 2  c m  ) .  Tne r e s u l t i n g  s o l u t i o n  w a s  d r i e d  t o  c o n s t a n t  w e i g h t  and 

t h e  r e s i d u e  w a s  d i s s o l v e d  i n  2H20 ( 5  c m  ) t o  g i v e  a 0 . 2 5  M A l ( I I 1 )  

s o l u t i o n .  

2 
H20 

3 

3 

2 - Hac.-methionine ( 4 . 3 6  g ,  3 x rnol) was suspended  i n  H20 
3 ( 5  c m  ) and h e a t e d  w i t h  s t i r r i n g  f o r  30 min. The m i x t u r e  w a s  

pumped t o  d r y n e s s  and  t h e  r e s i d u e  w a s  d i s s o l v e d  w i t h  warming i n  

2H20 ( 3 0  c m  ) .  

( 3  c m  , 7 . 5  x rnol) and p y r i d o x a l  h y d r o c h l o r i d e  ( 0 . 6  g ,  

3 x mol). The pH o f  t h e  r e s u l t i n g  s o l u t i o n  w a s  a d j u s t e d  t o  

5 . 0  (p2H 5 . 4 )  by a d d i t i o n  o f  40% N a O  H i n  

m i x t u r e  w a s  r e f l u x e d  w i t h  s t i r r i n g  u n d e r  n i t r o g e n  f o r  24 h .  

A f t e r  c o o l i n g  t h e  r e a c t i o n  m i x t u r e  t o  O°C a d d i t i o n  o f  p r e - c o o l e d  

3 2 To t h i s  s o l u t i o n  w a s  added  A l ( I I 1 )  i n  H20  
3 

2 2 H20. The r e a c t i o n  
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3 methano l  (100  cni ) g a v e  a p r e c i p i t a t e  o f  s l i g h t l y  y e l l o w  c r y s t a l s .  

T h e s e  were f i l t e r e d  o f f ,  washed w i t h  cold m e t h a n o l  and  were 

d i s s o l v e d  i n  water. To t h e  aqueous  s o l u t i o n  w a s  added  d e c o l o u r i s -  

i n g  c h a r c o a l  and t h e  mixture w a s  s t i r r e d  w i t h  warming f o r  1 h .  

The m i x t u r e  w a s  f i l t e r e d  t h r o u g h  C e l i t e  and  t h e  volume of t h e  

f i l t r a t e  w a s  r e d u c e d  t o  z. 8 cmJ  b e f o r e  a d d i t i o n  o f  h o t  e t h a n o l  

( 4 0  c m  ) .  

- rac .  [ 2, .3,3- E2]me th ion ine  were collected and  dr ied:  

6 ( D p O )  2 . 1 3  ( 3  H ,  s )  and  2 . 6 3  p.p.m. ( 2  H,  s ) .  

s p e c t r o m e t r i c  a n a l y s i s  t h e  N - t r i f l u o r o a c e t y l  b u t y l  ester w a s  

p r e p a r e d 1 8  and  showed t h e  f o l l o w i n g  p e a k s  and  r e l a t i v e  i n t e n s i t i e s  

f o r  t h e  m o l e c u l a r  i o n  c l u s t e r :  m/z 301 ( 0 ) ,  302 (19), 303 ( 2 1 ) ,  

3 A f t e r  c o o l i n g  t o  -2OOC o v e r n i g h t  t h e  c r y s t a l s  of 
2 3.1 g ,  71%, 

For mass 

2 d e u t e r i u m  c o n t e n t  of 86%. R e s o l u t i o n  o f  ~ . [ 2 , 3 , 3 -  H g l m e t h i o n i n e  

was c a r r i e d  o u t  a s  d e s c r i b e d  f o r  [3,4-13C21methionine and  gave  58% 
2 of t h e  a v a i l a b l e  L-C2,3,3- H31meth ionine ,  [a],, + 22.7 ( c  0 .022  i n  

1 M HC1). 

- Rac. [3,3- H21meth ion ine  

T o  r a c . C 2 , 3 , 3 -  H 3 h e t h i o n i n e  ( 1 . 0  g, 6.58 x 

(30 c m  ) w a s  added  a luminium s u l p h a t e  s o l u t i o n  (0.66 cm3 of a 

0 . 2 5  M s o l u t i o n  i n  w a t e r )  and p y r i d o x a l  h y d r o c h l o r i d e  

(0 .136 g ,  6 . 8  x m o l ) .  The PH of  t h e  s o l u t i o n  w a s  a d j u s t e d  

t o  10.2 b y  t h e  a d d i t i o n  of 5 M aq .  l i t h i u m  h y d r o x i d e *  s o l u t i o n .  

The r a t e  o f  exchange  of d e u t e r i u m  a t  C-2 was m o n i t o r e d  by  'H n.m.r 

a n a l y s i s .  A f t e r  18 h a t  37OC, t h e  r e a c t i o n  m i x t u r e  was 

2 

2 mol )  i n  H 2 0  

3 

c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  E. 10 crn'. H y d r o c h l o r i c  

ac id  ( 5  M )  w a s  added  u n t i l  t h e  pH f e l l  t o  5 . 3 ,  and t h e  p r e c i p i -  

t a t e d  s o l i d  was r e d i s s o l v e d  by h e a t i n g .  

w a s  a d d e d ,  and  t h e  s o l u t i o n  w a s  s t o red  f o r  1 2  h a t  -2OOC. 

R o i l i n g  e t h a n o l  (50 cmJ) 

The 

* I f  sodium h y d r o x i d e  is u s e d  f o r  n e u t r a l i s a t i o n  t h e  p r o d u c t  m e t h i o n i n e  

is c o n t a m i n a t e d  w i t h  sodium c h l o r i d e  ( f l a m e  t e s t ) .  
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c r y s t a l s  which formed w e r e  f i l t e r e d  o f f ,  washed and r e c r y s t a l l i s e d  by 

d i s s o l v i n g  i n  minimum w a r m  water  and a d d i n g  e x c e s s  o €  h o t  e t h a n o l .  

The  c r y s t a l s  were f i l t e r e d  o f f  and washed w i t h  e t h a n o l  and t h e n  e t h e r .  
2 

D r y i n g  g a v e  ~ . L 3 , 3 -  H21methionine  ( 0 . 7 8  q ,  78%) as a w h i t e  

c r y s t a l l i n e  s o l i d ,  m.p. 275-277OC, 6 ( D 2 0 / D C 1 )  2 . 1 5  (3 H ,  s ) ,  2 . 6 5  

( 2  H ,  b r ,  s )  and 4 . 0 5  p .n .m.  (1 8 ,  h r ,  s ) ,  p u r e  bv t . 1 . c .  ( f o r  s y s t e m  

see a b o v e ) ,  n e g a t i v e  f l a m e  t e s t  f o r  l i t h i u m .  The i n t e g r a l s  i n  t h e  

'8 n . m . r .  s n e c t r u m  gave  a 'FI c o n t e n t  of 2 9 4 4  2Tf a t  C - 3  and 5 8% a t  

c - 2  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

8 .  
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