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A CONVENIENT SYNTHESIS OF NG-MONO[ 14C-METHYL]-L-ARGININE 

* 
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SUMMARY 

G 14  N -Mono[ C-methy l ] -L -a rg in ine  was prepared i n  a two-step 
14 s y n t h e s i s .  N,S-dimethylthiopseudouronium i o d i d e  [methy l -  C ]  was 

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

on c o u p l i n g  w i t h  L - o r n i t h i n e .  
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INTRODUCTION 

N-Monomethyl-L-arginine a r i s e s  from t h e  enzymat ic  m e t h y l a t i o n  o f  p r o t e i n  and 

Our i n t e r e s t  i n  t h e  m e t a b o l i c  f a t e  o f  N -monomethyl-L-arginine i n  v i v o  a f t e r  

1 subsequent deg rada t ion  o f  t h e  me thy la ted  p roduc t .  

i n j e c t i o n  i n t o  r a t s  o r  i n  v i t r o  a f t e r  i n c u b a t i o n  w i t h  r a t  k idney  homogenate l e d  

us t o  p repare  N -mono[ C-methy l ] -L -arg in ine  (A). 

G 

G 1 r  __ 

DISCUSSION 

G Among t h e  r e p o r t e d  methods f o r  p r e p a r i n g  N -monomethyl-L-arginine,’ t h e  use 

14 

3 o f  th iopseudouron ium s a l t s  

Dimethylthiopseudouronium i o d i d e  (methy l -  

m e t h y l a t i o n  o f  [14C]methyl th iourea (2) w i t h  methy l  i o d i d e .  

th iopseudouron ium s a l t  (3) w i t h  L - o r n i t h i n e  a f f o r d e d  (4) w i t h  7% r a d i o a c t i v i t y  i n  
an o v e r a l l  y i e l d  o f  23%. 

l eads  t o  h i g h e r  y i e l d s  o f  me thy la ted  p roduc t .  N,S- 

C ]  (3) was prepared i n  93% y i e l d  by 

The r e a c t i o n  o f  t h e  

SCH3 
* CH31 * H I  > CH3N-C=NH.HI 

* H a  
CH3NCS NH3 , C H3N- CNH2 

/ 
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4 - 
0362-4803/81/060777-03$01 . 00 Received December 27, 1979 
01981 by John W i l e y  6 Sons, L t d .  Revised February  8, 1980 



778 M .  Ahou-Gharhia, W. K .  Paik and D.  Swern 

EXPERIMENTAL 

Methylamine hydroch lo r ide-14C (1 mCi/0.025 rnmol ) was purchased f r o m  

Amersham Corp. A l l  s o l v e n t s  were reagen t  grade un less  o the rw ise  s p e c i f i e d  and 

were used w i t h o u t  p u r i f i c a t i o n .  R a d i o a c t i v i t y  was de termined u s i n g  a Packard 

T r i -Carb  l i q u i d  s c i n t i l l a t i o n  spec t rophotometer  w i t h  an e f f i c i e n c y  o f  app rox i -  

ma te l y  85%. A l l  m e l t i n g  p o i n t s  a re  unco r rec ted .  

[ C]-Methyl i s o t h i o c y a n a t e  (1  ) :  
I n  a 250-ml th ree-neck  f l a s k ,  surrounded by an i c e  b a t h  and f i t t e d  w i t h  a 

r e f l u x  condenser and a 250-1111 d ropp ing  f u n n e l ,  a r e  p l a c e d  5.5 m l  o f  carbon d i -  

s u l f i d e  (6.8 g, 90 mmol), a s o l u t i o n  o f  methylamine h y d r o c h l o r i d e  (6.1 g, 90 

mmol) i n  8 m l  of  wa te r  and a s o l u t i o n  o f  14C-methylamine h y d r o c h l o r i d e  (0.0017 

g, 0.025 mmol; 2 x 10 cpm) i n  2 m l  o f  water .  To t h e  s t i r r e d  m i x t u r e  a t  0-5" a 

s o l u t i o n  o f  sodium hyd rox ide  (7 .2  9, 180 mmol) i n  16 m l  o f  wa te r  was added ove r  
a p e r i o d  o f  30 minu tes .  

70-80" on a wa te r  b a t h  f o r  2 h r s  and then  coo led  t o  40". 

(8.5 ml. 9.8 g, 90 mmol) was added ove r  1 h r  and s t i r r i n g  was con t inued  f o r  an 

a d d i t i o n a l  30 m inu tes .  The 14C-methylisothiocyanate which separa ted  was d r i e d  

over  anhydrous sodium s u l f a t e ,  f i l t e r e d  and d i s t i l l e d  a t  a tmospher ic  p ressu re  

th rough a s h o r t  V ig reux  column; t h e  f r a c t i o n  wh ich  b o i l e d  a t  115-121" was c o l l e c t -  

ed  (4.5 g, 66% y i e l d ) .  The p roduc t  s o l i d i f i e d  on c o o l i n g ,  mp 36-37"; I R  ( n e a t )  

1420, 2120 and 2200 cm-l. Recovery = 1.32 x 10 cpm. 

N-[ C-Methyl ] t h i o u r e a  (2  ) :  

p i n g  funne l ,  concen t ra ted  ammonium hyd rox ide  ( 7  m l ,  1 .7  g,  100 mmol) was p laced.  

The f r e s h l y  p repared (1) (4.5 g, 65 mmol) was added w i t h  s t i r r i n g  ove r  a p e r i o d  

o f  1 h r .  The condenser was then  removed and t h e  s o l u t i o n  was heated  on a b o i l -  

i n g  wa te r  ba th  f o r  30 m inu tes .  The s o l u t i o n  was b o i l e d  w i t h  cha rcoa l ,  f i l t e r e d  

and c h i l l e d  i n  an i c e  ba th .  

r a t e d  were f i l t e r e d  and d r i e d ;  y i e l d  2.7 g (75%) ,  mp 117-119" ( l i t  119-120.5'); 

I R  (KBr) 1950 and 3200 cm-'. 

N ,S-Dimethyl th iopseudouron ium 

To a s l u r r y  o f  (2) (2.5 g, 25 mmol) i n  10 m l  o f  acetone, methy l  i o d i d e  

(3.55 9, 25 mmol) was added. 

and 5 m l  of abso lu te  e thano l  was added t o  d i s s o l v e  t h e  d e s i r e d  p roduc t .  The 

s o l u t i o n  was f i l t e r e d  h o t  and hexane was added t o  t h e  f i l t r a t e  t o  t h e  c l o u d  
2 p o i n t .  On c o o l i n g ,  5.4 g (90% y i e l d )  o f  (z) was ob ta ined ,  mp 135-136" ( l i t  

(135-136"). Recovery = 0.9 x 10 cpm. 

14  
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The s t i r r e d  b r i g h t  orange r e a c t i o n  m i x t u r e  was warmed t o  

E t h y l  ch lo ro fo rma te  

9 
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I n  a 100-rnl th ree-neck  f l a s k  equ ipped w i th  a r e f l u x  condenser and a drop- 

The c o l o r l e s s  compact c r y s t a l s  o f  (2) which sepa- 
5 

9 Recovery + 1 x 10  cpm. 

I o d i d e  [Methyl  -l 4 C ]  ( 3 ) :  

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  for  10 minutes  

9 
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Coupling o f  L-Ornithine and ( 3 ) :  
L-Ornithine hydrochloride (4.57 g ,  27 .2  mmol) and copper a c e t a t e  (2.72 g, 

13.6 mmol) were dissolved in 52 ml o f  25% ammonium hydroxide solut ion in  a 100- 

ml roundbottom f l a s k .  To the  s t i r r e d  mixture compound (3) (6.39 g ,  27.2 mmol) 
was added and s t i r r i n g  was continued f o r  2 4  hrs a t  room temperature. 
ish copper mercaptide was separated by f i l t r a t i o n  and the  p r e c i p i t a t e  was washed 
with 94 ml of aqueous ammonium hydroxide ( 1 : Z ) .  The f i l t r a t e  was concentrated 
t o  approximately 70 mi under reduced pressure a t  about 40" (a rg in ine  der iva t ives  
a r e  n o t  s t a b l e  in base a t  high temperatures) ,  and the  concentrate  was charged on 
a Dowex 50 H column ( 3  cm x 13 cm; 200-400 mesh) which had been washed with 300 
ml of water. Elution was conducted with 300 ml of 3 N ammonium hydroxide. The 
e l u a t e  was concentrated t o  about 80 ml under reduced pressure a t  about 40°, and 
f l a v i a n i c  acid (27.2 mmol) in  54 ml o f  water was added t o  the  concentrate .  The 
mixture was c h i l l e d  in  ice .  
cold water. 
y i e l d ) ;  mp 252-253" ( l i t 2  252-253'). 

Pur i ty  of N -Monomethyl-L-arginine 

automatic amino ac id  analyzer. '  Br ie f ly  s t a t e d ,  t h e  column (Aminex A-5 r e s i n ;  
0.9 cm x 30 cm) was e l u t e d  with 0.42 N (Na') sodium c i t r a t e  b u f f e r ,  pH 6.48 a t  
26°C a t  a flow r a t e  of 30 ml/hr. Under t h i s  condi t ion,  E-N-methylated lys ines  
a re  c l e a r l y  separated from N -monomethyl-L-arginine. 
the  f i n a l  product i s  completely pure. 

Spec i f ic  Act iv i ty  of N -Mono[methyl- 
monomethyl-L-arginine. 

The yellow- 

+ 

The yellow c r y s t a l s  were f i l t e r e d  a n d  washed with 

Final recovery = 1.38 x 10 cpm. 
The methylated amino acid (5 )  was r e c r y s t a l l i z e d  from water (52% 

8 

G 
G 1 4  The pur i ty  of the N -mono[niethyl- C]-L-arginine was determined with an 

G Analysis indicated t h a t  

G 14 G C]-L-arginine: 40,500 cpm/umole o f  N - 
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