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SuH)(IUY 

The suicide inhibitors of mnoamlne aridase type A 
and 8, clorgylina and L-deprenyl have been labeled with 
carbon-11 by [llC]methylation of the wrbases vlth 
[11C]E31. 
(D-deprenyl) wae dmo labeled uei- this procedure. The 
synthesis time was 35 minutes, the radiochemical yield 
was 2540% and the epecific activity u a m  0.8-2.0 Ci/pml 
(calculated to EOB). Procedurw for rynthesis of the 
precursor wrbasee M we11 M the mynthesis of unlabeled 
clorgyline, L-deprenyl and D-daprenyl are given. 

The less active enantiomer of deprenyl 

Key Words: [llC]Clorgyline, [llC 1-L-Deprenyl, [llC]-D-Deprenyl, 
Mnmamine Oxidaee A and B, Suicide Inhibitorr 

INTRODUCTION 

The enzyme monoamins oxidase (WO), which catalyzes the oxidative 

deamination of endogenous neurotransmitter amlnes M well M a variety of 

exogenous amines, has been subdivided, on the basis of substrate and 

inhibitor selectivity. into two types: H i 0 4  and a O - B  (1,2). The 

substituted Naathyl propargylanines clorgyline (N-[3-(2,4-dichloro- 

phenoxy)propyl]-N-methyl-2-propynylamlne, 2) and k-deprenyl(l-N,o- 
dimethyl-N-2-propynyl phenathylamine, 5) hove been shown to be selective 

irreversible inhibitors of WO-A and MO-B respectively (3,4). 

the specificity of their inhibition, these inhibiton have been widely used 

in studies of the two forma of the enzyme and have provided the basis for 

the development of an extensive data bane on M O  A and B. 

of WO have been the subject of a large number of rtudies directed toward 

Because Of 

These two form 
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determining whether e i t h e r  might be of s ign i f icance  t o  the et iOlOgy~ 

diagnosis  or  treatment of medical and psychia t r ic  d i sorders  (5 ,6) .  

Since the  MA0 i n h i b i t o r s  (WOIs) c lorgyl ine  and L-deprenyl act as 

su ic ide  i n h i b i t o r s  deac t iva t ing  the enzyme by the  formation of a covalent 

bond t o  i t s  a c t i v e  s i te ,  it  might be pos i ib le  t o  label s e l e c t i v e l y  each 

form of MO i n  viva and t o  determine q u a n t i t a t i v e l y  the  pa t te rns  of d i s t r i -  

bution of MA0 using PET i f  the  NiOIs were labeled with a posi t ron emi t t ing  

nuclide. Furthermore, s i n c e  L-deprenyl is a nuch -re a c t i v e  i n h i b i t o r  

than i t s  enantiomer, D-deprenyl (7),  the  use of each llC-labeled enantiomer 

i n  s e r i a l  PET s t u d i e s  would provide a powerful aechanis t ic  probe. 

As a cont inuat ion of a program t o  i n v e s t i g a t e  the synthes is  and use of 

posi t ron emi t te r  labeled rad io t racers  t o  probe funct ional  NiO a c t i v i t y  & 

- vivo (8-10). we repor t  here the synthes is  of N-[llC]-methyl labe l led  

clorgyl ine,  L-deprenyl and D-deprenyl 88 w e l l  as the precursors  required i n  

t h e i r  synthesis .  Preliminary r e p o r t s  of the b io logica l  behavior of these 

compounds have been presented (11,12). 

RESULTS AND DISCUSSION 

Clorgyline and deprenyl have been labeled with C-14 i n  the methylene 

pos i t ion  of t h e  propargyl group by Fowler (10) and i n  t h e  N-methyl pos i t ion  

of c lorgyl ine by William (13). During the course of t h i s  work a s i m i l a r  

approach to  the  one taken here was reported by Ishiwata 

described the  Synthesis and b io logica l  behavior of N-[llC]methyl-labelled 

pargyline, another i r r e v e r s i b l e  i n h i b i t o r  of MO. A d i f f e r e n t  method t o  

use N-[llC]-methyl amines t o  study MA0 has been reported by Inoue and 

coworkers (15) who use t h e i r  t r a c e r s  a s  subs t ra tes  f o r  MAO, the  products of 

which are metabol ical ly  trapped within the brain;  a method which might be 

complementary t o  the d i r e c t  l a b e l l i n g  of the enzyme. 

In  t h i s  work c lorgyl ine  and L-deprenyl have been synthesized from the 

8.1. (14) who 

corresponding desmethyl compounds by a lkyla t ion  with [ l l C  ]methyl iodide,  

the production of which has been described elsewhere (16,17,18), using 

techniques tha t  a r e  s i m i l a r  t o  men? other  [“C] methylations. The [ l l C ]  

PYLOIs were obtained i n  good yie ld  (25-40% EOR) i n  a reasonable synthes is  
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t ine (35 min) and i n  a s t a t e  of high chemical and radiochemical p u r i t y  

through the  use of preparat ive high performance l i q u i d  chromatography 

(HPLC). It was found t h a t  y i e l d s  were improved s i g n i f i c a n t l y  by the  use of 

an excess of the f r e e  base of the amine, r a t h e r  than the  hydrochloride sal t  

and an organic base, such as 2,2,6,6-tetralwthyl p iper id ine ,  t h i c h  

inevi tab ly  competitively consumed much of t h e  ['k]EI31. 

use of a solvent  d x t u r e  of DMF: DMSO (4: 1) i n  the pcthylat ion a tep  

increased t h e  radiochemical y ie ld .  

I n  addi t ion  the  

I n  the  preparat ive reac t ions  a tvo fo ld  a c e a s  of amine over a l k y l  

bromide was  employed i n  an attempt t o  minimize d ia lkpla t ion  of the m i n e .  

In addi t ion  t o  the  methodr described below, c lorgyl ine and deprenyl were 

synthesized on a preparat ive scale by the  reactions of the nor compounds 

with methyl iodide. 

^. 
ti1 

['~c]L- or D-Deprenyl 

9 3  
4 
N 

5 
N 

[llC]-L- o r  D-Deprenyl 



4 R. MacGregor, 1. Fowlerand A. Wolf 

HATERIAIS AND METBODS 

Propargyl amine, N-methyl propargyl anine, propargyl bromide (80% in 

toluene) and 2,4-dichlorophenol were purchased from Aldrich. 

vas purchased from Sigma, D-amphetamine VM purchased from K and K 

Laborator ies  and 1,3-dibromopropane from Eastman. 

Ldmphetamine 

Amines were converted t o  t h e i r  hydrochloride salts by the gradual 

addi t ion  of a so lu t ion  of dry BC1 in e t h e r  t o  an e t h e r e a l  so lu t ion  of the 

anine, followed by cent r i fuga t ion .  "t spec t ra  vere run on a Bruker 300 

M1z instrument using C D C l 3  as a solvent  and "MS as an i n t e r n a l  standard. 

Optical  r o t a t i o n s  were run on a Rudolf polarimeter. 

Chromatographp Progress of the reac t ions  was followed by high per- 

formance l i q u i d  chromatography using a C-18 reversed phase column 

(4.6 x 250 ram) and UV detec t ion  a t  254 nm. The solvent  system f o r  the 

deprenyl series was (70:30) methanok 0.05 amoniuo f o m a t e ;  f o r  the 

c lorgyl ine  neries the r a t i o  was 80:ZO. Flow i n  each case UBS 1 ml/min. 

Preparat ive scale p u r i f i c a t i o n  w a s  achieved by conventional l iqu id  column 

chromatography (12 cm x 5 cm) using s i l i c a  ge l  60 (230-400 mesh) (Merck). 

The content of the  column e luent  f r a c t i o n s  was monitored by th in  layer  

chromatography using p l a s t i c  p l a t e s  precoated with s i l ica  gel 60P (Merck), 

the  p la tes  being developed with the same solvent  ae had been used to  e l u a t e  

the  column. 

3-(2,4-Dichloropbc~~)promlbro~de (L.19). 2,4-Dichlorophenol 

(20.5 g, 0.126 mol), 1,3-dibromopropane (49.1 g, 0.243 mol) and a so lu t ion  

of 5 8 NaOH in 20 m l  H20 were refluxed f o r  75 min ( o i l  bath 135O). 

so lu t ion  of 4.5 g of NaOR in 32 m l  H20 was added and the mixture w a s  heated 

on a steam bath for 1 1/2 h r .  The layers  were separated, the organic layer  

was  extracted with water and then subjected t o  vacuum d i s t i l l a t i o n  

(3-4 mm). 

The product (20.5 g, 57%) d i s t i l l e d  from 134-137O ( l i t .  140°/3 nun) (19). 

HPLC analys is  (HeOH: .05 "If4HCO2 80:20) showed the mater ia l  t o  be 87% 

pure. Retention t i m e s  of the impur i t ies  were 4.8 and 8.8 min v h i l e  the  

product was 11.6 min. Ext rac t ion  with water had no e f f e c t  on the  

A 

A 19.6 8 forecut  was col lec ted  from room temperature t o  SO0. 
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composition. A s  the impur i t ies  were found to be i n e r t  during the  

subsequent reac t ions ,  the  material was used without f u r t h e r  pur i f ica t ion .  

hoard Rocadare for th React ion of Amino8 with A w l  B r a d d e m .  

To a so lu t ion  containing 11 m o l e  of a l k y l  bromide and 22 mole of 

amine i n  30 ml of a c e t o n i t r i l e  WM added a r o l u t i o n  of 12 m o l e  QCO3 i n  

3 m l  of H20. 

temperature u n t i l  RPLC a n a l y r i r  demonstrated t h a t  a l l  of the a l k y l  bromide 

had been consumed. 

aqueous layer  t o  thicken t o  a gummy s o l i d .  

t r e a t e d  with f resh  K2CO3, f i l t e r e d  and evaporated on a ro ta ry  evaporator. 

Absolute e thanol  waa added t o  the  re r idue  and evaporated. 

which consis ted of a yellow t o  brown f r e e  flowing l iqu id  and a f i n e  white 

s o l i d ,  w a s  t rea ted  with a minimum volume of e t h y l  e t h e r  r u f f i c i e n t  t o  dis-  

so lve  the l i q u i d  and t h i s  so lu t ion  was applied t o  the s i l i c a  gel column. 

A f t e r  a forecut  vas col lec ted ,  1 0  m l  f r a c t i o n s  of a column eluate vere 

taken. 

were combined and evaporated t o  give the a lkyla ted  amine as the  f r e e  base. 

a-[E(tD4~cbloropbaaoll).)p~l]-2~~l adne (eorclorgyLine g) . 

The r e r u l t i n g  clear tvo phase mixture v a m  s t i r r e d  a t  room 

During t h i s  time prec ip i ta ted  KBr had caused the  

The a c e t o n i t r i l e  waa decanted, 

The re r idue ,  

The fractions containing the desired product, M datermined by tlc, 

2.3 m l  of 87% pure 3-(2,4-dichlorophenoxy) propylbromide (2.99 8; 

0.011 mole) and 1.6 m l  propargylaaine (1.38 8; 0.025 mole) i n  30 ml  cB3CN 

and 1.65 8 k2CO3 i n  3 m 1  R 2 0  vere s t i r r e d  a t  room temperature f o r  5 days. 

RPLC r e t e n t i o n  time (min) norclorgyl ine 5.8. 

Norclorgyline e lu ted  from the s i l i c a  column i n  200-320 m 1  of e ther .  

Yield 1.5 g (30%). 

Nl4R (CDc13) 8 6.83 - 7.36 (a, 38, aromatic R ' r ) ,  4.10 ( t ,  28, J - 6, 

mp hydrochloride a a l t  145-147O . 

+be), 3-45 (d, 2R, J 2, )NC*CECA), 2.93 ( t ,  2A, J 0 6.6, 

)NCbCH2-); 2.22 ( t ,  18, J 0 2, 

)NCH2CHliCH2-), 1.56 (a ,  18, >N?f). Anal. C12R13C12N0°RC1 

>NCH2Cgg), 2.02 (p, 28, J 6.3, 

Calculated: C 48.92, A 4.79, N 4.75 

Pound: C 48.98, R 4.74, N 4.62 

N-[ 3 - ( 2 , ~ - M c h l o r o p b c n o ~ ) p ~ p y l ] ~ t h y 1 - 2 ~ ~ ~ ~ ~ .  ( c l o r ~ l i a a  2) 
2.9 8 of 87% 3-(2,4-dichlorophenoxy) propyl bromide and 2.0 m l  
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N-methylpropargylamine (1.64 8; 0.024 mole) uen treated aa above. 

reaction mixture war r t l r r e d  for 2 daya. 

The 

Clorgyliac eluted in 110-180 ml. 

RPLC retention time (min): c l o r g y l l w  8.4. 

Yield 1.8 g (76%). 

l ~ t h y 1 + 2 ~ 1  phemthylad-. (Bordeprenyl 2). A mixture 

mp hydrochloride malt 97-99O ( l i t  (21) 98.5-1Oo0). 

of L-amphetamine (2.9 8, 0.022 mol) and propargyl bromide (80% in toluene; 

1.3 8, 0.011 -1) in 30 m l  CH3CN and 1.65 g K2CO3 i n  3 nl  H f l  waa r t i r r e d  

overnight. 

HPLC re ten t ion  timer (min): propargyl bromtde 3.8, toluene 8.7, 

amphetamine 4.4, wrdeprenyl 5.6, and a second product preaumed to  be the 

dipropargylated aaphetanine 9.3. 

Care war taken when evaporating mlut iona  of nordeprenyl in l i g h t  of 

the reported v o l a t i l i t y  of deprenyl (20). 

The e lu t ing  mlvent  fo r  the  silica column waa ether: hexane 1:l. 

Nordeprenyl eluted in fraction. 180-290 d. 

(hydrochloride salt 156-1600). 

Yield 1.37 8 (72%) Up 

Nlpl (CDCl3) 6 7.19 - 7.34 (ma 58, aromatic H'a), 3.37 - 3.51 (qd, 28, 

>NC&GXfI), 3.12 - 3.20 (n, l H ,  ArCE2C9, 2.61 - 2.75 (m, 2H, ArCHH-1, 

2.18 (t,  l H ,  J - 2.4, -CZCll) 1.52 (a, 18, )NH), 1.06 (d, 38, J - 682, 

mjCH<). Anal .  C12815N-HCl 

Calculated: C 68.72, H 7.69 N 6.68 

Found: C 68.57, H 7.61, N 6.70 

D-Amphetapline (a25 + 22.8; lit (7) + 25.5) and L-amphetamine (a25 - 
D D 

-23.6; lit (7) - 26.5) were converted to  the N-formyl-l-ph~nyl-2-apino-. 

propaner according to  the procedure of Cavalli te and Grey (22) a d  reduced 

t o  the correrponding N-adinethylpheuethylaplinee with LUlR4 (23). 

L-N,a-Dimethylphenethylamine mp 166-1710 ( l i t  (7) 171.5 - 172.50) a25 
D 

-14.40' lit (7) - 16.33O. 

D-N,a-Dimethylphenethyl m i n e  mp 167-69O (lit (7) 171.5 - 172.5O) az5 
D 

+ 17.6' (lit (7) + 15.95O. 



Synrhwis of Suicide Inhibitors of Monoanaim Oxidarc 7 

1)- -Yl 

TO a solution of N,a-dimethylphenethylamlne (1.9 8: 12.8 pnole) and 

propargyl bromlde (1.52 8: 12.8 mole) in 30 m l  of ace ton i t r i l e  waa added a 

solution of 12 m o l e  of K2CO3 i n  3 m l  of 820 and the mixture was s t i r r e d  at 

room temperature for 1-1/2 hours. 

ac id i f ied  v i t h  concentrated EC1. 

residue taken up in 1 KEC1. 

was discarded, then mde basic with 10 ENaOE and extracted again 4 t h  

ether. 

evaporated. Abaolute ethanol was added to the residue and evaporated. 

residue wan disaolved i n  a minimum volruac of absolute ethanol. 

was added to  t h i s  solution u n t i l  c rys ta l iza t ion  occurred. 

(63%). 

T b  organic layer was decanted and then 

The solvent was evaporated and the 

This solution wan extracted with ether,  which 

This e ther  layer waa extracted with 1 W H C l .  The ECl was 

The 

Ethyl e ther  

Yield 1.8 8 

L-Deprenyl np 141 - 142.50 (lit (7) 140.5 - 142) - 10.67 (lit (7) 

- 11.56). 

D-Deprenyl ap  137.5 - 139 (lit (7) 140 - 1410) a25 + 11.05 (lit (7) + 
D 

9.53). 

pc]-clorgylioa (2). [11C]-L+pM!n~l, d (11C1-JkDepreql (2). 
[11C]02 was obtained as prev iou ly  described (26). It was converted 

t o  [llC]methanol by purging through 0.2 m l  of 1 zLU1Q i n  tetrahydrofuran 

(THF). 

was evaporated with a stream of N2. 

HI. The vessel was closed and heated to  l6Oo under reflux. After a 

When the trapping was complete the mixture was heated and the THF 

To the residue wan added 0.5 n l  58% 

vigoroulr reflux had been established the vcasel wan opened to  a stream of 

N2 which carried the [llC]methyl iodide in to  a cooled solution of 0.3 ml of 

CA3CN and 0.2 ml of a mixture of DMRDMSO (4:l) containing the appropriate 

desmethyl precursor ( f ree  base) a t  -4OO. 

baee was used and f o r  L-deprenyl and D-deprenyl 10 ~1 of the f r ee  base was 

used. The solution was heated In  the cloaed vessel t o  1250 f o r  5 minutes. 

Then 0.5 ml of water wan added and the solution injected onto a C-18 

preparative RPLC column (Spherieorb ODs 2, 10 x 250 nm). For 

[llC Jclorgyline the solvent was MeOE 0.05 N, NB4ECO2. 80: 20; flow 5 ml/min, 

For clorgyline 2 ) r l  of the f ree  
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re ten t ion  time 9 Pin. 

0.05 ENE@CO2, 70:30; flow 5 ml/min re tent ion t i m e  11 min. 

containing the product wae evaporated in the  preeence of 2 ml of 2 %  EC1 

(conc) in ethanol. To the  reeidue wae added 2 ml EtOE and t h i s  war 

evaporated. 

war retained f o r  HPLC analys is  and determination of epec i f ic  ac t iv i ty .  

remainder of the eolut ion wae pareed through a 22 pm a i l l i p o r e  f i l t e r  in to  

a v i a l  containing 0.1 m l  of 1 

R. MacGregor, J. Fowler and A. Wolf 

For [%]-L- and D-deprenyl the solvent  WE Mew 

The f r ac t ion  

The reeidue wae dierolved i n  3 ml Mline:820 (3:l) and 0.3 m l  

The 

~ a ~ c 0 3 .  

The radiochemical yielde were 2 5 4 0 %  with a eyntheeie time of 35 

minuter. 
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