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SYNTHESIS OF D/L- AND L-SE-[METHYL-1 'CISELENOMETHIONINE 
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SUMMARY 
11 The syntheses o f  D/L- and L-Se-[methyl- C lse leno-  

me th ion ine  a r e  repo r ted .  The Se-benzyl selenohomocys- 

t e i n e s  were depro tec ted  i n  s o d i u m / l i q u i d  ammonia and 

t h e  se len ide  an ions  genera ted  i n  s i t u  were a l k y l a t e d  

w i t h  C Clmethy l  i o d i d e  t o  g i v e ,  a f t e r  p u r i f i c a t i o n  

by LC, t h e  produc ts  i n  80 t o  85 % rad iochemica l  y i e l d ,  

w i t h  a rad iochemica l  p u r i t y  h i g h e r  than  99 % w i t h i n  

30 rnin and w i t h  a s p e c i f i c  r a d i o a c t i v i t y  o f  20 t o  200 

mCi/pmol. The enan t iomer i c  p u r i t y  o f  t h e  L-compound, 

de termined by LC, was h i g h e r  than  99 $. 

1 1  

1 1  Key words: D/L- and L-Se-Errethyl- C lse lenometh ion ine ,  "C - labe l l ed  

D/L- and L-selenomethionine. 

INTRODUCTION 

Trends i n  p o s i t r o n  emiss ion  tomography i n  r e c e n t  yea rs  have i n d i -  

ca ted  t h a t  t h i s  techn ique i s  becoming a very  u s e f u l  t o o l  f o r  i n  v i v o  

b iochemis t r y .  ( ' - ' )  

w i t h  t h e  s h o r t - l i v e d  r a d i o n u c l i d e s  has p layed  an impor tan t  r o l e  i n  

t h i s  development. L a b e l l e d  amino ac ids ,  pep t ides ,  carbohydra tes ,  nu- 

c leos ides ,  f a t t y  ac ids ,  n e u r o t r a n s m i t t e r s ,  ke tone bod ies  and pharma- 

Progress i n  t h e  syn thes i s  o f  compounds l a b e l l e d  

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

ab le .  ( 4 )  
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"C-Labe l led  a l k y l  h a l i d e s  have f r e q u e n t l y  been used i n  v a r i o u s  

N - ,  0-, C -  and S - a l k y l a t i o n   reaction^.'^) 
su lph ide  anions, p repared jn- s&, D- or L-Meth ion ine (6 )  and meth io -  

n i n e - c o n t a i n i n g  pep t ides  ( 7 - 9 )  have been prepared i n  h i g h  y i e l d s .  

I n t e r e s t  i n  se len ium as a t r a c e r  element i s  w e l l  documented 

Us ing  S - a l k y l a t i o n  on 

( 1 0 )  

and the  p o s i t r o n - e m i t t i n g  73Se i s  a r a d i o n u c l i d e  o f  some p o t e n t i a l .  

I n  t h i s  r e p o r t  t he  syn thes i s  o f  L-Se-Cmethyl-llClselenomethionine by 

a r e a c t i o n  s i m i l a r  t o  t h e  one used i n  t h e  p r e p a r a t i o n  o f  L- o r  D - S -  

[met h y 1 - i s de s c r i bed. 1 1  ' C l  me t h  i on i ne ( 

RESULTS AND D I S C U S S I O N  

The s t r a t e g y ,  o r i g i n a l l y  developed f o r  t h e  s y n t h e s i s  o f  l l C - l s b e l l e d  

meth ion ine , (6 )  i s  e q u a l l y  s u i t a b l e  f o r  t h e  a l k y l a t i o n  o f  se len ide  an- 

i ons  f o r  p r e p a r i n g  U /L -  o r  L-Se-[methyl- C lse lenometh ion ine  as shown 

i n  Scheme 1. The proper  selenohomocysteine an ion  (L -  o r  D/L- )  was 

genera ted  f rom the  cor respond ing  Se-benzyl compound by d e p r o t e c t i o n  i n  

1 1  s o d i u m / l i q u i d  ammonia s h o r t l y  b e f o r e  t h e  s t a r t  o f  t h e  C Clmethy l  i o -  

d ide  syn thes i s .  When t r a n s f e r  of  t h i s  reagent  t o  t h e  r e a c t i o n  vessel  

was completed, ammonia was removed by f l u s h i n g  w i t h  n i t r o g e n  gas and 

g e n t l e  hea t ing .  

1 1  

Scheme 1 

A f t e r  semip repara t i ve  LC p u r i f i c a t i o n ,  t h e  p roduc t  was ob ta ined  i n  

80 t o  85 'd rad iochemica l  y i e l d ,  decay co r rec ted ,  w i t h i n  30 min  from 

s t a r t  o f  t h e  C C lmethy l  i o d i d e  syn thes i s ,  i n  a s t e r i l e ,  py rogen- f ree  

s o l u t i o n  ready f o r  a d m i n i s t r a t i o n  i n  a PET i n v e s t i g a t i o n .  

1 1  
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F i g u r e  1 .  LC-analys 

a f t e r  a d d i t i o n  o f  a 

j m i n .  

s o f  L-SeCmethy 

reference.  

- ' C l  se l  enometh I onine be fo re  and 

The s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  product ,  which i s  c o r r e l a t e d  t o  

1 1  t h e  s p e c i f i c  r a d i o a c t i v i t y  o f  t h e  C Clmethyl  i o d i d e  produced, has 

been i n  t h e  o rde r  o f  2 0  t o  200 mCi/umol. The chemical i d e n t i t y  was 

conf i rmed by LC and a d d i t i o n  o f  a re fe rence  which co-chromatographed 

w i t h  the  r a d i o J c t i v e  peak as shown i n  F i g u r e  1. For  de te rm ina t ion  o f  

t h e  enant iomer ic  p u r i t y  o f  L-SeCmethyl- 

u c t  was d e r i v a t i z e d  accord ing t o  t h e  procedure by M a r f e y ' l l )  and 

l y s e d  on an LC system which separated the  two d i a s t e r e o k r s  formed. 

The i d e n t i t y  o f  t he  d e r i v a t i z e d  "C-products was conf i rmed by a d d i t i o n  

o f  c o l d  re fe rences  as shown i n  F i g u r e  2. 

11 Clse lenometh ion ine,  t he  prod-  

ana- 
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F i g u r e  2. 1.C a n a l y s i s  o f  M a r f e y ' s  d e r i v a t i v e  o f  L- and DIL-SeCmethyl- 

l lC lse lenometh ion ine  b e f o r e  and a f t e r  a d d i t i o n  o f  a re fe rence .  

a: L, b: L + re fe rence ,  c :  D/L, d: D/L + re fe rence .  

EXPERIMENTAL 

General: The "C was produced a t  t h e  tandem Van de 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  Uppsala by t h e  14N(p,a) 

t rogen  gas t a r g e t .  The C Clcarbon d i o x i d e  was t rapped  i n  4 A molecu la r  

s ieves  and t r a n s p o r t e d  t o  t h e  rad iochemica l  l a b o r a t o r y  i n  a l e a d  s h i e l d .  

C ClMethy l  i o d i d e  was prepared acco rd ing  t o  t h e  r o u t i n e  l a b o r a t o r y  

11 C r e a c t i o n  u s i n g  a n i -  

11  

1 1  

procedure.  (6) The d e r i v a t i z a t i o n  a c c o r d i n g  t o  M a r f e y ' s  procedure ( 1 1 )  

was performed, w i t h  minor  m o d i f i c a t i o n s ,  as f o l l o w s :  A sample o f  t h e  

f i n a l  p roduc t  ( 1 0 0  pL) was added t o  a s o l u t i o n  o f  M a r f e y ' s  reagent ,  

purchased from P ie rce  Chemical Company, (400 uL, 1 % i n  E t O H ,  w/v) 

and sodium hydrogen carbonate  (80 VL, 1.0 H )  and t h e  r e a c t i o n  s o l u t i o n  

was heated a t  75 OC f o r  10 min. The r e a c t i o n  was stopped by a d d i t i o n  

o f  h y d r o c h l o r i c  a c i d  (40  VL, 2H). 

LC a n a l y s i s  o f  chemical  p u r i t y  was c a r r i e d  o u t  o n  a Hewle t t -Packard  

1090 system equipped w i t h  a d iode -a r ray  d e t e c t o r  i n  s e r i e s  w i t h  a B- 

f l ow  d e t e c t o r ( 1 2 )  and a Supelco 250 x 3.9 mm LC-NH2 5 um column u s i n g  
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a g r a d i e n t  o f  po tass ium d ihydrogen phosphate (0.01 M, pH 4.6) (A)  and 

a c e t o n i t r i l e / w a t e r  (530/70,  v / v )  (6) .  The a n a l y s i s  o f  t h e  e n a n t i o n e r i c  

p u r i t y  was c a r r i e d  o u t  on a Waters system w i t h  an M-680 automated g ra -  

d i e n t  c o n t r o l l e r ,  two M-501 pumps and an M-441 absorbance d e t e c t o r  

us ing  a 250 x 4.6 mn A l l t e c h  Lichroma C-18 10 pm column and a g r a d i e n t  

o f  t r ie thy lammonium d ihydrogen phosphate (0.025 M) ( C )  and a c e t o n i t r i l e  

(D). 

P r e p a r a t i v e  LC was per fo rmed on a Waters system equipped w i th  a 

;1 441 UV d e t e c t o r  i n  s e r i e s  w i th  a GM t ube  and a N u c l e o s i l  250 x 10 mm 

C-18, 30 pm column u s i n g  a m i x t u r e  o f  aqueous ammonium formate (0.05 FI, 

pH 3 .5)  ( E )  and e thano l  (F ) .  S t e r i l e  septum-equipped f l a s k s  and s t e r i l e  

s o l u t i o n s  c j f  aqueous phosphate b u f f e r  (pH 7.4, p h y s i o l o g i c a l  b u f f e r ) ,  

sodium hyd rox ide  (0.1 t.1) and h y d r o c h l o r i c  a c i d  (0.1 M) were ob ta ined  

f rom t h e  H o s p i t a l  Pharmacy, U n i v e r s i t y  H o s p i t a l  of  Uppsala. 

1 1  D/L- o r  L-SeCmethyl- C lSe lenometh ion ine  (Scheme 1 ) :  P r i o r  t o  t h e  

a r r i v a l  o f  t h e  t r a p  c o n t a i n i n g  t h e  C 

chemis t r y  l a b o r a t o r y ,  d r y  ammonia was condensed a t  -78 OC i n  a r e a c t i o n  

v e s s e l ( 6 )  c o n t a i n i n g  about 1 mg o f  D/L- o r  L-Se-benzyl selenohomo- 

c y s t e i n e ( 1 3 )  and 1 mg o f  sodium (d i spe rsed  and s t o r e d  under pentane).  

A f t e r  condensat ion  o f  2-3 mL o f  ammonia, t h e  p e r s i s t e n t  b l u e  c o l o u r  

11 was removed by a d d i t i o n  o f  a smal l  amount o f  ammonium c h l o r i d e .  C C l -  

Methy l  i o d i d e  was prepared by ou r  r o u t i n e  p rocedure (6 )  and t r a n s f e r r e d  

t o  t h e  r e a c t i o n  vessel  i n  a stream of d r y  n i t r o g e n  gas. A f t e r  1-2 min, 

a steady s t a t e  o f  r a d i o a c t i v i t y  was reached and t h e  ammonia was r e -  

moved by i n c r e a s i n g  t h e  n i t r o g e n  gas f l o w  from 7 mL/s t o  20 mL/s and 

by g e n t l e  h e a t i n g  o f  t h e  r e a c t i o n  vessel  a t  45 OC.  The s o l i d  r e s i d u e  

ob ta ined  was d i s s o l v e d  i n  2 mL o f  t h e  p h y s i o l o g i c a l  b u f f e r  s o l u t i o n  

and p u r i f i e d  on t h e  p r e p a r a t i v e  LC system u s i n g  a f l o w  o f  4 mL/min 

a m i x t u r e  o f  s o l v e n t s  E and F (90/10, v / v ) .  A f t e r  evapora t i on  o f  t h e  

c o l l e c t e d  L C - f r a c t i o n s ,  t h e  r e s i d u e  was d i s s o l v e d  i n  p h y s i o l o g i c a l  

bu f fe r ,  a d j u s t e d  t o  pH 7.0 and s t e r i l e  f i l t e r e d .  

11 C lcarbon d i o x i d e  a t  t h e  r a d i o -  

o f  
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Ana lys i s  o f  rad iochemica l  pur  t y  was performed u s i n g  t h e  f o l l o w i n g  

l i n e a r  g r a d i e n t s  o f  A / B  ( v / v ) :  t me 0-8, 95-60; t ime  8-12, 60-45; 

t ime 12-14, 45; t ime  14-14.9, 45-95 w i t h  a f l o w  o f  1.5 mL/min and an 

oven tempera ture  o f  40 OC. The e l u a t e  was mon i to red  w i t h  t h e  UV r e -  

sponse a t  254 nm and t h e  p roduc t  e l u t e d  a t  4.0 min ( F i g u r e  1 ) .  The 

o p t i c a l  p u r i t y  was de termined ( f o r  t he  diastereorners formed on reac -  

t i o n  w i t h  K a r f e y ' s  reagen t )  us ing  t h e  f o l l o w i n g  l i n e a r  g r a d i e n t  of 

C/D ( v / v ) :  t i m e  0, 80/20; t ime  15, 50/50; t ime  16, 50/50 with a f l ow  

o f  2.0 mL/min. and an oven tempera ture  o f  25 

t o r e d  w i t h  the  UV response a t  313 nm and t h e  d ias te reomers  e l u t e d  a t  

12.4 min (L,L) and 14.2 siin (D,L) ( F i g u r e  2) .  

0 C .  The e l u a t e  was moni- 
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