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SYNTHESIS OF 3H- A N D  14C-LABELED TRACERS FOR STUDIES 

OF FUNCTIONAL M O N O A M I N E  O X I D A S E  ACTIVITY 

* *  
C h r i s t e r  H a l l d i n * ,  P e t e r  B j u r l i n g  a n d  B e n g t  L H 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 ,  U n i v e r s i t y  o f  U p p s a l a ,  Box 5 3 1 ,  

S - 7 5 1 2 1  U p p s a l a ,  S w e d e n .  

R o b e r t  R. MacCregor, J o a n n a  S.  F o w l e r  a n d  A l f r e d  P.  Wolf 

B r o o k h a v e n  N a t i o n a l  L a b o r a t o r y ,  U p t o n ,  N Y  1 1 9 7 3 ,  U S A  

S U M M A R Y  

T h e  3 H - l a b e l i n g  o f  c l o r g y l i n e ,  L - d e p r e n y l ,  N,V-dimethylphenethyl 

a m i n e  a n d  N-methylphenethyl amine as well as the 14C-labeling of 

c l o r g y l i n e  a n d  L - d e p r e n y l  a r e  d e s c r i b e d .  L a b e l i n g  was 

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

c o r r e s p o n d i n g  d e s m e t h y l  c o m p o u n d ,  u s i n g  3 H - m e t h y l  I o d i d e ,  o r  b y  

a r e d u c t i v e  a l k y l a t i o n  u s i n g  

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

4 C - f o r m a l d e h y d e .  T h e  c r u d e  

r a d i o c h e m i c a l  y i e l d  was 3 1 - 6 5 %  b a s e d  o n  ' H - m e t h y l  I o d i d e  a n d  

6 0 %  b a s e d  o n  1 4 C - f o r m a l d e h y d e .  T h e  r a d i o c h e m i c a l  p u r i t y  was 

g r e a t e r  t h a n  99 %. 

Key W o r d s :  3 H - l a b e l i n g ,  1 4 C - l a b e l i n g ,  c l o r g y l i n e ,  L - d e p r e n y l ,  

Y,N-dimethylphenethyl amine, x-methyluhenethyl amine 
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INTRODUCTION 
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M o n o a m i n e  o x i d a s e  ( M A O ,  EC 1 . 4 . 3 . 4 . ) ,  w h i c h  c a t a l y z e s  t h e  

o x i d a t i v e  d e a m i n a t i o n  o f  n e u r o t r a n s m i t t e r  a m i n e s ,  h a s  b e e n  

s u b d i v i d e d  i n t o  t w o  t y p e s :  M A 0  A a n d  B .  T h e  A form i s  s e l e c t i v e l y  

a n d  i r r e v e r s i b l y  i n h i b i t e d  b y  c l o r g y l i n e  a n d  t h e  B form b y  

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

i n h i b i t o r s ,  d e a c t i v a t i n g  t h e  e n z y m e  b y  c o v a l e n t  b o n d i n g  t o  i t s  

a c t i v e  s i t e ,  a n d  t h e s e  c a r b o n - 1 1  l a b e l e d  i n h i b i t o r s  h a v e  b e e n  

u s e d  t o  s t u d y  M A 0  i n  v i v o  i n  a n i m a l s  ( 1 - 3 )  a n d  i n  h u m a n s .  ( 4 )  

A n o t h e r  a p p r o a c h  f o r  s t u d i e s  o f  f u n c t i o n a l  M A 0  a c t i v i t y  i s  t o  
(5 ,Sa)  

u s e  t h e  s u b s t r a t e s  f o r  M A O .  D i m e t h y l p h e n e t h y l  a m i n e  (DMPA) 

a n d  m e t h y l p h e n e t h y l  a m i n e  ( M P A )  a r e  two s u c h  c o m p o u n d s  w h i c h ,  

w h e n  l a b e l e d ,  m i g h t  b e  u s e d  f o r  m e a s u r e m e n t s  o f  M A 0  a c t i v i t y .  

T h e y  a r e  d e a m i n a t e d  b y  M A 0  t o  l a b e l e d  m e t a b o l i t e s ,  some of 

which a r e  t r a p p e d  i n  t h e  b r a i n .  

I n  o r d e r  t o  s t u d y  M A 0  d i s t r i b u t i o n  i n  v i v o  i n  mice a n d  2 
v i t r o  o n  p o s t  m o r t e m  human b r a i n  s l i c e s  b y  u s e  o f  

a u t o r a d i o g r a p h i c  t e c h n i q u e s ,  t h e s e  c o m p o u n d s  were l a b e l e d  w i t h  

3 H .  C l o r g y l i n e  a n d  L - d e p r e n y l  l a b e l e d  w i t h  1 4 C  were a l s o  

p r e p a r e d .  

RESULTS A N D  DISCUSSION 

T h e  r a d i o a c t i v e  l a b e l  was i n c o r p o r a t e d  b y  N - a l k y l a t i o n  of t h e  

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

3 H - m e t h y l  i o d i d e ,  b y  t h e  r e a c t i o n s  s h o w n  i n  S c h e m e  1 .  

C l o r g y l i n e  (I), L - d e p r e n y l  ( I I ) ,  DMPA (111) a n d  MPA ( I V )  were a l l  

l a b e l e d  i n  t h e  N - m e t h y l  g r o u p  ( S c h e m e  2 ) .  
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T h e  i n c o r p o r a t i o n  o f  3 H - m e t h y l  i o d i d e  was a c c o m p l i s h e d  

w i t h i n  5 m i n  i n  a DMF/DMSO m i x t u r e  a t  r e a c t i o n  t e m p e r a t u r e s  

r a n g i n g  b e t w e e n  50-80 O C  ( T a b l e  1 ) .  C o m p o u n d s  I ,  11, I11 a n d  I V  

h a v e  p r e v i o u s l y  b e e n  l a b e l e d  w i t h  c a r b o n - 1 1  b y  u s e  o f  

" C - m e t h y l  A s t a t i s t i c a l  m e t h o d  S i m p l e x ,  

was a p p l i e d  t o  o p t i m i z e  t h e  r a d i o c h e m i c a l  y i e l d  o f  t h e  

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

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

c o n c e n t r a t i o n .  ( ' )  An a n a l y t i c a l  r e v e r s e d - p h a s e  c o l u m n  was u s e d  

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

same r e t e n t i o n  t imes a s  s t a n d a r d  r e f e r e n c e  s a m p l e s .  I n c o r p o r a t i o n  

o f  3 H - m e t h y l  i o d i d e  p r i o r  t o  e v a p o r a t i o n  r a n g e d  b e t w e e n  8 0 - 9 8 %  

f o r  I ,  11, I11 a n d  I V .  T h e  r a d i o c h e m i c a l  y i e l d s  g i v e n  i n  T a b l e  1 

( 7 )  
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r e f l e c t  s u b s e q u e n t  l o s s e s  d u r i n g  t h e  w o r k - u p  p r o c e d u r e .  T o t a l  

r a d i o c h e m i c a l  y i e l d s  were on t h e  o r d e r  o f  3 1 - 6 5  %, b a s e d  o n  

3 H - m e t h y l  i o d i d e ,  a n d  t h e  r a d i o c h e m i c a l  p u r i t y  was b e t t e r  t h a n  

99% a f t e r  H P L C - p u r i f i c a t i o n .  T h e  e x p e r i m e n t a l  d e t a i l s  a r e  

s u m m a r i z e d  i n  T a b l e  1 .  T h e  s p e c i f i c  r a d i o a c t i v i t i e s  o b t a i n e d  were 

e s s e n t i a l l y  t h e  same a s  t h a t  o f  t h e  s t a r t i n g  3 H - m e t h y l  i o d i d e  

u s e d  ( 8 5  C i / m m o l ) .  

T a b l e  1 .  E x p e r i m e n t a l  c o n d i t i o n s  a n d  r e s u l t s  o f  t r i t i u m  l a b e l i n g .  

Name S o l v e n t  Temp.  S u b s t r a t e  R e a c t i o n  R a d i o c h e m .  

m i x t u r e  ( O C )  c o n c .  t ime y i e l d  

(DMF/DMSO) ( m g )  ( m i n )  ( % I  

C l o r g y l i n e  8 5 1 1  5 5 0  4 . 0  5 6 5  

L - D e p r e n y l  7 5 / 2 5  7 0  7.2 5 38 

Dime t h y l p h e n e t h y l  8 4 / 1 6  7 0  6 . 0  5 5 9  

a m i n e  

M e t h y l p h e n e t h y l  8 0 / 2 0  80 4 . 0  5 31 

a m i n e  

C l o r g y l i n e  a n d  L - d e p r e n y l  were a l s o  l a b e l e d  i n  t h e  N - m e t h y l  

g r o u p  w i t h  I 4 C  b y  t h e  r e d u c t i v e  m e t h y l a t i o n  o f  t h e  

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

s o d i u m  c y a n o b o r o h y d r i d e  ( S c h e m e  3). ( 9 ,  l o )  T h e  r a d i o c h e m i c a l  

y i e l d s  were 6 0 %  a n d  t h e  r a d i o c h e m i c a l  p u r i t y ,  a s  d e t e r m i n e d  b y  

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

c h r o m a t o g r a p h s ,  was g r e a t e r  t h a n  9 9 % .  C o m p a r i s o n  of t h e  HPLC UV 

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

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

t h e  1 4 C  p r o d u c t s  were 5 0  m C i / m m o l .  
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EXPERIMENTAL 

G e n e r a l .  3H-Methyl  i o d i d e  was p u r c h a s e d  f r o m  Amersham ( 1 0  m C i ,  

1mL t o l u e n e  s o l u t i o n ,  8 5  C i / m m o l ) .  

p u r c h a s e d  f r o m  N e w  E n g l a n d  N u c l e a r  ( 0 . 5  m C i ,  5 3  m C i / m m o l ) .  The  

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

b e e n  d e s c r i b e d  e l s e w h e r e .  ( 1 1  

N-methylphenethyl amine and V,N-dimethylohenethyl amine were all 

p u r c h a s e d  f r o m  A l d r i c h .  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  

1 0 8 4  B 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 2 5 0  x 4 . 6  m m  S p h e r i s o r b  C - 1 8  

1 0  c o l u m n ,  a v a r i a b l e  w a v e l e n g t h  d e t e c t o r  i n  s e r i e s  w i t h  a n  

L K B  Wallac 1 2 0 8  B e t a c o r d  o r  a Ramona s c i n t i l l a t o r  f l o w  d e t e c t o r .  

A q u e o u s  0 . 0 0 5  M ammonium f o r m a t e ,  pH 3 . 5  ( A ) ,  a n d  m e t h a n o l  (B) 

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

f o l l o w i n g :  ( c o m p o u n d  I): f l o w  3 . 0  mL/min,  UV 2 6 2  nm, c o l u m n  

t e m p e r a t u r e  6 0  C ,  L C  time 0 - 1 2 . 0  m i n ,  B = 3 5 % ;  t ime  

1 2 . 0 - 1 3 . 0  m i n ,  g r a d i e n t  B 3 5 - 8 0 % ;  t ime 1 3 . 0 - 2 1 . 0  m i n ,  B = 8 0 % ;  

t ime 2 1 . 0 - 2 2 . 0  m i n , g r a d i e n t  B 8 0 - 3 5 % .  (Compound 11): f l o w  3 . 0  

mL/min ,  U V  2 5 8  nm, c o l u m n  t e m p e r a t u r e  6OoC, LC t ime 0-11 . O  m i n ,  

B = 1 5 % ;  t ime 1 1 . 0 - 1 2 . 0  m i n ,  g r a d i e n t  B 1 5 - 8 0 % ;  t ime 1 2 . 0 - 1 9 . 0  rnin,  

B = 8 0 % ;  t ime 1 9 . 0 - 2 0 . 0  m i n ,  g r a d i e n t  B 8 0 - 1 5 % .  (Compounds  I11 a n d  

IV): f l o w  3 . 0  mL/min ,  U V  2 5 4  nm, c o l u m n  t e m p e r a t u r e  6OoC, LC 

t i m e  0 - 2 . 0  m i n ,  B = 5 % ;  t ime 2 . 0 - 6 . 0  rn in ,  g r a d i e n t  B 5 - 4 0 % ;  t ime 

4 C - F o r m a l d e h y d e  was 

0 - P h e n e t h y l  a m i n e ,  

0 
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6 . 0 - 7 . 0  m i n ,  g r a d i e n t  B 4 0 - 8 0 % ;  t ime 7 . 0 - 1 2 . 0  m i n ,  B = 8 0 % ;  time 

1 2 . 0 - 1 3 . 0  m i n ,  g r a d i e n t  B 8 0 - 5 % .  R a d i o a c t i v i t y  i n  c o l l e c t e d  

s a m p l e s  was m e a s u r e d  w i t h  a n  LKB Wallac 1 2 1 4  R a c k b e t a  l i q u i d  

s c i n t i l l a t i o n  c o u n t e r .  N - ( M e t h ~ l - ~ ~ C ) - l a b e l e d  c l o r g y l i n e  a n d  

L - d e p r e n y l  were i s o l a t e d  u s i n g  a 1 0  x 2 5 0  m m  S p e r i s o r b  S5 O D S  2 

L C  c o l u m n  a n d  a s o l v e n t  m i x t u r e  o f  m e t h a n o l  a n d  a q u e o u s  0 . 0 5  M 

ammonium f o r m a t e  ( 8 0 : 2 0  f o r  c l o r g y l i n e  a n d  7 0 : 3 0  f o r  L - d e p r e n y l )  

w i t h  U V  d e t e c t i o n  a t  2 5 4  nm. 

A l k y l a t i o n  p r o c e d u r e  (I, 11, 111, a n d  I V ,  S c h e m e  1 ,  2 a n d  d e t a i l s  

i n  T a b l e  1 ) .  3 H - M e t h y l  i o d i d e  ( 1 5 0  p L  

a d d e d  t o  a 2 m L  r e a c t i o n  v i a l  c o n t a i n i n g  4 . 0 - 7 . 2  mg o f  t h e  f r e e  

b a s e  o f  t h e  c o r r e s p o n d i n g  d e s m e t h y l - c o m p o u n d  o f  I ,  11, I11 o r  I V  

i n  8 0 0  ,qL DMF/DMSO s o l v e n t  m i x t u r e .  T h e  v e s s e l  was s e a l e d  a n d  

h e a t e d  a t  50-80°C f o r  5 m i n .  T h e  r e a c t i o n  s o l u t i o n  was i n j e c t e d  

i n t o  t h e  HPLC c o l u m n  i n  1 0 0 - 2 0 0  ,&I, p o r t i o n s .  T h e  

a p p r o p r i a t e  H P L C  f r a c t i o n s  were c o l l e c t e d  b y  u s e  o f  t h e  

r a d i o a c t i v i t y  f l o w  m o n i t o r  a n d  e v a p o r a t e d .  (In t h e  c a s e  o f  

L - d e p r e n y l  a n d  c l o r g y l i n e  h y d r o c h l o r i c  a c i d  ( 2  M ,  5 0  PL) was 

a d d e d  b e f o r e  e v a p o r a t i o n ) .  T h e  r e s i d u e  was d i s s o l v e d  i n  2 m L  

w a t e r  a n d  a n a l y z e d  f o r  r a d i o a c t i v i t y  i n  t h e  l i q u i d  s c i n t i l l a t i o n  

c o u n t e r .  

t o l u e n e  s o l u t i o n )  was 

A l k y l a t i o n  p r o c e d u r e  ( V  a n d  V I ,  S c h e m e  3 ) . C a r b o n - 1 4  f o r m a l d e h y d e  

( 0 . 5  m C i ,  9 . 4  , q m o l ) ,  s o d i u m  c y a n o b o r o h y d r i d e  ( 4 3  , q m o l )  a n d  

3 0  Hmol o f  t h e  d e s m e t h y l  c o m p o u n d  of  I o r  I1 i n  500 f i L  o f  

a c e t o n i t r i l e  c o n t a i n i n g  2 A L  o f  g l a c i a l  a c e t i c  a c i d  were 

r e a c t e d  a t  room t e m p e r a t u r e  f o r  o n e  h o u r .  T h e  p r o d u c t s  were 

i s o l a t e d  b y  HPLC. After  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 ,  t h e  

f r a c t i o n  c o n t a i n i n g  t h e  p r o d u c t  was e v a p o r a t e d .  T h e  r e s i d u e  was 

d i s s o l v e d  i n  2 m L  wa te r  a n d  a n a l y z e d .  
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