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SUMMARY 

A o n e - p o t  r e a c t i o n  scheme l e a d i n g  t o  l 4 C - l a b e 1 e d  p a r g y l  i n e  
(N-methyl-N- p ropargy lbenzy lamine)  where in  t h e  r a d i o a c t i v e  l a b e l  f r o m  
[14C] - fo rmaldehyde i s  s y n t h e t i c a l l y  i n c o r p o r a t e d  i n t o  t h e  methylene 
group o f  t h e  p ropargy l  s i d e  c h a i n  i s  descr ibed. Thus, [14C1- fo rmalde-  
hyde (aqueous s o l u t i o n )  i s  condensed i n  s o l v e n t  d ioxane w i t h  ti-methyl- 
benzylamine and mono-trimethylsilylacetylene i n  t h e  presence o f  c u p r i c  
a c e t a t e  d i h y d r a r a t  e l e v a t e d  temperatures (85-86') f o r  24 hrs.  The 
Mannich condensat ion  p roduc t  i s  then d e s i l y l a t e d  and  t h e  r a d i o l a b e l e d  
p a r g y l i n e  i s  p u r i f i e d  by  p a r t i t i o n i n g  i n  e t h e r  f r o m  a c i d  and  base 
f o l l o w e d  by f l a s h  chromatography, and i s o l a t e d  as  t h e  h y d r o c h l o r i d e .  
The r a d i o a c t i v e  y i e l d  i s  58%. Th is  method shou ld  be g e n e r a l l y  a p p l i c -  
a b l e  f o r  t h e  i n c o r p o r a t i o n  o f  r a d i o a c t i v e  l a b e l  i n t o  t h e  p r o p a r g y l  
methylene group o f  o t h e r  drugs c o n t a i n i n g  a p ropargy l  s i d e  cha in .  

KEY WORDS: L14C] -Pargy l  i n e ;  i n h i b i t o r s ;  monoamine oxidase; aldehyde dehydro- 

genase. 

INTRODUCTION 

P a r g y l i n e  (1, - N-methy 

(Eutony lR)  i s  a v a i l a b l e  c l  i n  

- N - p r o p a r g y l  benzy lamine ) ,  whose h y d r o c h l o r i d e  sa l t  

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

e x p e r i m e n t a l l y  as  a monoamine o x i d a s e  i n h i b i t o r  (1). P a r g y l i n e  ( 1 )  - i s  a l s o  a 

good i n h i b i t o r  of aldehyde dehydrogenase  (A lDH)  i n  r o d e n t s ,  as m a n i f e s t e d  by  

e l e v a t i o n  o f  e t h a n o l - d e r i v e d  b l o o d  a c e t a l d e h y d e  ( 2 , 3 ) .  However, - 1 does n o t  

i n h i b i t  A l D H  i n  v i t r o  and must be m e t a b o l i c a l l y  a c t i v a t e d  i n  v i v o  t o  g e n e r a t e  

t h e  a c t i v e  enzyme i n h i b i t o r  (4,5). 
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O f  t he  t h r e e  p o s s i b l e  me tabo l i c  r e a c t i o n  modes f o r  t h e  o x i d a t i v e  N-dealkyla- 

t i o n  o f  - -  1, v i z .  , N-demethylation, N-debenzylat ion and  N - d e p r o p a r g y l a t i o n ,  o n l y  

t h e  l a s t  r e a c t i o n  produces p rop io la ldehyde  (HC-CCHO), a r e a c t i v e  a,b-acetylenic 

aldehyde, the  p u t a t i v e  a c t i v e  species t h a t  i n h i b i t s  A l D H  (5,6). I ndeed ,  exces-  

s i v e  me tabo l  i c  g e n e r a t i o n  o f  propio la ldehyde,  e.g., as a r e s u l t  o f  i n d u c t i o n  o f  

t he  hepa t i c  microsomal cytochrome P-450 enzymes by agents such as p h e n o b a r b i t a l ,  

l e a d s  t o  h e p a t i c  n e c r o s i s  (7), presumably due t o  g l u t a t h i o n e  d e p l e t i o n  (8 )  and 

the r e s u l t a n t  cova len t  b i n d i n g  of prop io la ldehyde  t o  t i s s u e  macromolecules. 

14C-Labeled pa rgy l i nes ,  where t h e  l 4C- labe l  i s  on t h e  m e t h y l  c a r b o n  (9) o r  

on t h e  m e t h y l e n e  c a r b o n  o f  t h e  benzy l  group (101, have a l ready  been descr ibed. 

Methy l - labeled [llC1-pargyl i n e  has a l s o  been prepared and used t o  s tudy  t h e  b i o -  

d i s t r i b u t i o n  o f  p a r g y l  i n e  i n  m i c e  and r a b b i t s  by pos i t ron -emiss ion  tomography 

(11). I n  a d d i t i o n ,  3H-labeled p a r g y l i n e  ( p o s i t i o n  o f  l a b e l  n o t  s p e c i f i e d )  has 

been used  t o  s t u d y  t h e  l a b e l i n g  o f  t h e  a c t i v e  s i t e  o f  monoamine ox idase (12).  

I n  o rde r  t o  q u a n t i t a t i v e l y  eva lua te  t h e  t i s s u e  b i n d i n g  o f  p a r g y l i n e - d e r i v e d  p r o -  

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

group w i t h  r a d i o a c t i v e  3H o r  I 4 C .  A Mannich r e a c t i o n  u s i n g  2 -me thy l -3 -bu tyn -2 -  

01 w i t h  f o r m a l d e h y d e  and an a p p r o p r i a t e  secondary amine, f o l l o w e d  by KOH cata-  

l y z e d  e l i m i n a t i o n  o f  acetone f rom t h e  r e s u l t i n g  c o n d e n s a t i o n  p r o d u c t ,  has been 

used  t o  s y n t h e s i z e  n o t  o n l y  p a r g y l i n e  b u t  a l s o  c l o r g y l i n e  and L-deprenyl  (13) .  

Th is  method was subsequent ly u t i l  i z e d  f o r  t h e  syn thes i s  o f  [ 1 4 C 1 - c l o r g y l  i n e  and 

[14C]-L-deprenyl  u s i n g  [14C] - fo rma l  dehyde (14)+, b u t  has n o t  a c t u a l l y  been 

a p p l i e d  t o  the  syn thes i s  o f  p ropargy l - l abe led  pa rgy l  ine. 

RESULTS AND DISCUSSION 

We h e r e w i t h  p r e s e n t  an a l t e r n a t i v e  scheme u s i n g  t h e  r e a d i l y  deblocked tri- 

methyl s i l y l a c e t y l e n e  whereby t h e  r a d i o a c t i v e  carbon l a b e l  from [14C-paraformal de- 

hyde o r  [14C]- formaldehyde can be i nco rpo ra ted  d i r e c t l y  i n t o  t h e  propargy l  s i d e  

cha in  o f  - 1. Th is  one-pot syn thes i s  i s  p a t t e r n e d  a f t e r  t h e  known c u p r i c  a c e t a t e  

+We a re  indebted t o  t h e  rev iewer  f o r  p o i n t i n g  o u t  these references.  



[ “C] -Pargyline { N-Methyl-N-(I- [ I4C] -propargyl)benzylamine 1 205 

c a t a l y z e d  c o n d e n s a t  i o n  o f  - mono-subst i tu ted acety lenes w i t h  paraformaldehyde and 

N,N-dialkyl o r  N - a r y l ,  N - a l k y l  amines t o  g i v e  t - lannich p r o d u c t s  (151, and i s  

s i m i l a r  t o  the  c h l o r g y l i n e  syn thes i s  a l l u d e d  t o  ( 1 4 ) .  

Scheme 1; 

.CH3 * CU(OAC), 
CH2-N + CH20(aq) + (CH3)3SiCEC~H 

Dioxane 2 0 9 ‘H - 

A c c o r d i n g l y ,  ou r  s y n t h e t i c  procedure (Scheme 1) u t i l  i r e s  t h e  p a r t i a l l y  pro-  

t e c t e d  - mono-trimethylsilylacetylene ( 2 )  and  m e t h y l b e n z y l a m i n e  (31,  w h i c h  a r e  

b o t h  c o m m e r c i a l l y  a v a i l a b l e .  I n  c o l d  runs,  paraformaldehyde as the  source of 

t h e  one carbon fragment gave s a t i s f a c t o r y  y i e l d s  o f  1 (-40%).  However, t h e  un- 

p r e d i c t a b i l  i t y  o f  t h e  r e a c t i o n  w i t h  C14Cl-paraformaldehyde mandated the  use of 

aqueous [14C]-formaldehyde f o r  t h e  r a d i o a c t i v e  s y n t h e s i s .  The e q u i v a l e n c e  o f  

t h i s  s u b s t i t u t i o n  was v e r i f i e d  i n  c o l d  runs. Hydro l ys i s  o f  t he  t r i m e t h y l s i l y l  

p r o t e c t i v e  group wi th e t h a n o l i c  KOH (161, removal o f  a c i d i c  and n e u t r a l  p r o d u c t s  

by p a r t i t i o n i n g  i n  e the r ,  f o l l o w e d  by separa t i on  o f  t h e  product  f rom the  excess 

N-methylbenzylamine ( 3 )  - by f l a s h  chromatography gave - 1, w h i c h  was i s o l a t e d  as 

i t s  hyd roch lo r i de  s a l t  i n  58% y i e l d .  

- - 

- 

We b e l i e v e  t h a t  t h e  p resen t  method f o r  i n t r o d u c i n g  a r a d i o a c t i v e  l a b e l  (I4C 

o r  3H) on t h e  propargy l  s i d e  cha in  o f  p a r g y l i n e  may be u n i v e r s a l l y  a p p l i c a b l e  t o  

o t h e r  p ropargy l -bea r ing  pharmacologic agents, such a pinazepam (17 I ,  7-propargy l -  

t h e o p h y l l  i n e  ( l a ) ,  5-p ropargy loxyu r id ine  (191,  N1°-propargyl-5,8-dideazafol i c  

a c i d  and i t s  analogs (20,21), and even t o  C-propargy lg lyc ine ( 2 2 ) .  
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EXPERIMENTAL 

[14C]-Formaldehyde ( a q u e o u s )  and  Aquaso lR were  o b t a i n e d  f r o m  Dupont NEN 

Research Products.  - Mono-trimethylsilylacetylene ( 2 )  - was p u r c h a s e d  f r o m  K & K 

Labora to r ies  o f  I C N  B iochemica ls  and was r e d i s t i l l e d  b e f o r e  use. N-Methylbenzyl-  

amine ( 3 )  - and Cu(OAc)2-H20 were purchased f rom A l d r i c h  Chemical  Co. The a d s o r -  

b e n t  f o r  f l a s h  c h r o m a t o g r a p h y  ( K i e s e l g e l  60) was a p roduc t  o f  EM Science. A l l  

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

w a t e r  a s p i r a t o r .  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  f i n a l  p roduc ts  were determined 

i n  AquasolR i n  a Packard 4640 l i q u i d  s c i n t i l l a t i o n  s p e c t r o m e t e r  and c o r r e c t e d  

f o r  quenching. 

N-Methyl-N-( l - [14C]-propargyl  )benzylamine (1). 

I n t o  a g lass ,  p ressu re  r e a c t i o n  v i a l  (1.0 i . d .  x 8.0 cm) w i t h  a t e f l o n -  

T i n e d  s c r e w  cap  was p l a c e d  37% aqueous f o r m a l d e h y d e  ( 5 2  mg, 30 my CH20, 1.0 

mmol), d ioxane (0.25 mL), N-methylbenzylamine (3, 0.15 g, 1.2 mmol) ,  W - t r i -  

m e t h y l s i l y l a c e t y l e n e  ( 2 ,  - 0.12 g, 1.2 mmol), [14C]-formaldehyde (1.0 m C i ,  55.0 

m C i / m o l ) ,  d ioxane (2.25 mL) and Cu(OAc)2-H20 ( 2 5  mg) i n  t h a t  o rder .  The second  

volume o f  d i o x a n e  was u s e d  t o  r i n s e  t h e  t u b e  t h a t  con ta ined  t h e  r a d i o l a b e l e d  

formaldehyde. A f t e r  i n s e r t i n g  a magnet ic s t i r r i n g  bar ,  t h e  t u b e  was capped  and 

h e a t e d  a t  84-86OC f o r  24 h w i t h  s t i r r i n g .  The r e a c t i o n  t u r n e d  green w i t h i n  t h e  

f i r s t  t e n  minutes o f  h e a t i n g  and was brown ( w i t h  brown s o l i d s )  a f t e r  h e a t i n g  was 

t e r m i n a t e d .  The m i x t u r e  was f i l t e r e d  ( s u c t i o n )  th rough C e l i t e ,  t h e  f i l t e r  cake 

washed w i t h  e the r ,  and t h e  f i l t r a t e  and washings were c o n c e n t r a t e d .  A s o l u t i o n  

o f  KOH ( 0 . 5 4  g, 9.6 mtnol) i n  95% e t h a n o l  ( 5  mL) was added t o  t h e  res idue,  and 

t h e  r e s u l t i n g  s o l u t i o n  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  5.5 h t o  h y d r o l y z e  

t h e  t r i i n e t h y l s i l y l  g r o u p .  A f t e r  c o n c e n t r a t i o n  t o  about  2 m L ,  H20 ( 5  mL) was 

added t o  t h e  r e s i d u e  and t h e  m i x t u r e  was a c i d i f i e d  (pH < 2 )  w i t h  2 - M HC1. T h i s  

s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  ( 2  x 10 mL) t o  remove a c i d i c  and n e u t r a l  by- 

produc ts  and then made b a s i c  (pH >11] w i t h  6 ! NaCH. The r e s u l t i n g  m i x t u r e  was 

e x t r a c t e d  w i t h  e t h e r  ( 3  x 10 m L ) ,  and  t h e  comb ined  e t h e r  e x t r a c t s  were d r i e d  

over  NazSG4 and concent ra ted .  The r e s i d u a l  brown 1 i q u i d  was t h e n  a p p l i e d  t o  a 

co lumn o f  K i e s e l g e l  50 (2 .8  x 1 2  cm, 230-400 mesh) packed i n  e t h y l  ace ta te  f o r  
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f l a s h  c h r o m a t o g r a p h y ,  and t h e  co lumn was e l u t e d  w i t h  e t h y l  a c e t a t e  a t  10 p s i ,  

c o l l e c t i n g  f r a c t i o n s  o f  about  10 mL. The i n d i v i d u a l  f r a c t i o n s  were  m o n i t o r e d  

f o r  r a d i o a c t i v i t y  and  by  TLC, t h e  r e s u l t s  o f  which i n d i c a t e d  t h a t  t h e  d e s i r e d  

p r o d u c t  was l o c a t e d  m a i n l y  i n  f r a c t i o n s  5-7.  F r a c t i o n s  4-7 were  t h e r e f o r e  

comb ined  and  c o n c e n t r a t e d ;  abso lu te  e t h a n o l i c  HC1 was then added t o  t h e  res idue  

and t h e  s o l v e n t  was aga in  removed. The r e s u l t i n g  t a n  s o l i d s  were  d i s s o l v e d  i n  

a b s o l u t e  EtOH,  and t h e  s o l u t i o n  was d e c o l o r i z e d  w i t h  a c t i v a t e d  carbon. C r y s t a l -  

1 i z a t i o n  f rom abso lu te  EtOH-ether y i e l d e d  114 mg (58%) o f  - 1-HCl as w h i t e  s o l  i d s ,  

s p e c i f i c  r a d i o a c t i v i t y  = 0.928 mCi/mmol. Another c rop  o f  r a d i o l a b e l e d  p roduc t  

o f  l ower  s p e c i f i c  r a d i o a c t i v i t y  was ob ta ined  by add ing  non- rad ioac t i ve  p a r g y l  i n e  

h y d r o c h l o r i d e  ( 5 1  mg) t o  t h e  f i l t r a t e  f r o m  t h e  f i r s t  crop, c o n c e n t r a t i n g  t h e  

s o l u t i o n  t o  a smal l  volume, and c r y s t a l l i z a t i o n  f rom abso lu te  EtOH-ether ( 4 4  mg, 

s p e c i f i c  r a d i o a c t i v i t y  = 0.173 mCi/mmol 1. T o t a l  recove ry  o f  r a d i o a c t i v i t y  = 

0.58 m C i  (58%). 
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