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SUMMARY 

Svn thes i s  o f  2-acetamido-5,6-dimethylbenzimidazole, l a b e l e d  
w i t h  deu te r ium and t r i t i u m  a t  t h e  4- and 7 - n o s i t i o n s  o f  t h e  
benz imidazo le  r i n q  system, i s  desc r ibed .  4,5-Dimethyl-o-ahenyl-  
enediamine i s  d e u t e r a t e d  and t r i t i a t e d  i n  t h e  3- and 6 - o o s i t i o n s  
bv means o f  exchanae w i t h  deu te ra ted  and t r i t i a t e d  water .  These 
r e l a t i v e l y  l a b i l e  l a b e l s  a r e  rendered s t a b l e  a f t e r  f o rma t ion  o f  
t h e  henz imidazo le  r i n o  system. The s t a b i l i t y  o f  t h e  l a b e l s  i n  
2-acetami do-5,6-dimethyl [4,7- 3H]benzimidazol e i s  asce r ta ined .  

Key Words: Syn thes i s ,  t r i t i u m ,  deuter ium,  exchanqe, s t a b i l i t y ,  2-acetamido- 

5 ,6 -d imethy lbenz imidazo le  

INTRODUCTION 

2-Acetamido-5,6-dimethylhenzimidazole i s  a member o f  a s e r i e s  o f  s u b s t i t u t e d  

benz imidazo les  wh ich  e x h i b i t  hypo tens i ve  a c t i v i t y  i n  t e s t  an ima ls  ( 1 ) .  

d i f f e r e n t  b i o l o g i c a l  a c t i v i t y  p r o f i l e s  i n  v a r i o u s  animal spec ies ,  e s p e c i a l l y  i n  

r a t s  and doqs, nrompted us t o  p repare  i t s  t r i t i u m  l a b e l e d  fo rm t o  p r o v i d e  

r a d i o a c t i v e  m a t e r i a l  f o r  c a r r y i n g  o u t  metabo l ism s t u d i e s  i n  these  snec ies .  

I t s  

DISCUS5ION AND RESULTS 

I n  t h e  course  o f  i n v e s t i q a t i n g  v a r i o u s  methods o f  p r e p a r i n g  s u b s t i t u t e d  

2-aminobenzimidazoles,  we found t h a t  2-acetamido-5,6-dimethylbenzimidazole 

( 2 )  was o b t a i n e d  i n  good y i e l d  by t h e  f a c i l e  condensat ion  o f  4 ,5 -d imethy l -o -  

phenylenediamine (JL) w i t h  t h e  h y d r i o d i c  s a l t  o f  N-acetyl-S-methylpseudo- 

t h i o u r e a  ( Z ) ,  which  was r e a d i l y  p repared by  means o f  S -methy la t i on  o f  N- 

a c e t y l t h i o u r e a  w i t h  me thy l  i o d i d e  ( 2 ) .  The 4- and 7 - p o s i t i o n s  o f  t h e  

r., 
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benz imidazo le  3, o r  more e x p e d i e n t l y ,  t h e  3- and 6 - p o s i t i o n s  o f  i t s  

p recu rso r ,  t h e  d i a m i n e , l ,  were recogn ized  as p o t e n t i a l  s i t e s  f o r  i n c o r p o r a t i o n  

o f  t r i t i u m ,  s i n c e  each o f  t hese  p o s i t i o n s  i s  ortho t o  an a romat i c  amino group. 

-- 
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N 

I n g o l d  e t  u Z .  ( 3 )  have shown t h a t  hydrogen exchange between p r o t o n  o r  deu te r ium 

donors and t h e  a romat i c  nuc leus  o f  a s u b s t i t u t e d  benzene has t h e  c h a r a c t e r i s t i c s  

o f  an e l e c t r o p h i l i c  s u b s t i t u t i o n  process, and i s  f a c i l i t a t e d  o r  re ta rded ,  and 

o r i e n t e d  i n  t h e  same manner as a r e  o t h e r  t y p i c a l  a romat i c  e l e c t r o p h i l i c  

s u b s t i t u t i o n s .  Best and Wi lson  ( 4 )  demonstrated t h a t  i n  d e u t e r a t e d  water ,  

o n l y  t h e  o r t h o  and para p o s i t i o n s  i n  a n i l i n e  h y d r o c h l o r i d e  p a r t i c i p a t e d  i n  t h e  

exchange r e a c t i o n .  A l though  t h e r e  a r e  numerous examples i n  t h e  l i t e r a t u r e  ( 5 )  

conce rn inq  deu te r ium exchanqe i n  s u b s t i t u t e d  a n i l i n e s  and o t h e r  monobasic 
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aromat i c  amines, l i t t l e  appears t o  be known about  t h e  i n c o r p o r a t i o n  o f  

deu te r ium i n t o  0 -pheny lened ian ines .  

conducted t o  s tudy  t h e  d e u t e r a t i o n  o f  4,5-dimethyl-o-phenylenediamine i n  o r d e r  

t o  d e f i n e  s u i t a b l e  exchange c o n d i t i o n s  f o r  a p p l i c a t i o n  t o  t h e  analogous t r i t i u m  

i n c o r p o r a t i o n .  

A s e r i e s  o f  exper iments  was t h e r e f o r e  

The ex t reme ly  s imp le  p r o t o n  magnet ic  resonance (PMR) spectrum o f  t h e  d iamine 

- I ,  c o n s i s t i n g  o f  o n l y  two s i n g l e t s  a t t r i b u t a b l e  t o  carbon-borne p ro tons ,  one f o r  

t h e  methy l  p ro tons  and t h e  o t h e r  f o r  t h e  a romat i c  p ro tons ,  p rov ided  a 

conven ien t  in situ method o f  f o l l o w i n g  t h e  p rog ress  o f  t h e  exchange r e a c t i o n .  

I n t r o d u c t i o n  o f  deu te r ium i n t o  t h e  benzene nuc leus  r e s u l t e d  i n  a decrease i n  t h e  

a romat i c  p r o t o n  s i g n a l  r e l a t i v e  t o  t h e  a l k y l  p r o t o n  s i g n a l ,  wh ich  remained 

c o n s t a n t  and t h e r e f o r e  served as an i n t e r n a l  s tandard  f o r  q u a n t i f i c a t i o n  o f  

t h e  e x t e n t  o f  d e u t e r a t i o n .  

ortho t o  t h e  amino groups, and t h e  r e a c t i o n  was found t o  t a k e  p l a c e  when t h e  

d i h y d r o c h l o r i d e  s a l t  o f 2  was t r e a t e d  w i t h  deu te ra ted  wa te r  a t  e l e v a t e d  

tempera tures ,  w i t h  o r  w i t h o u t  a second w a t e r - m i s c i b l e  s o l v e n t  such as d i m e t h y l -  

formamide, and e i t h e r  i n  t h e  presence o r  absence o f  10% p a l l a d i u m  on cha rcoa l  

as a c a t a l y s t .  

h e a t i n g  a s o l u t i o n  o f  t h e  s a l t  i n  deu te ra ted  water  a t  90" C. 

b o t h  t h e  3- and 6 - p o s i t i o n s  o f 2  were deu te ra ted  was demonstrated by t h e  comple te  

disappearance o f  t h e  a romat i c  p r o t o n  s i g n a l  i n  PMR spectrum o f  t h e  p roduc t  

a f t e r  repeated  exhaus t i ve  t rea tmen t  w i t h  deu te ra ted  water .  

a romat i c  p r o t o n  s i g n a l  was p l o t t e d  a q a i n s t  t ime.  

semi - log  s c a l e  ( F i g u r e  1 )  i n d i c a t e d  t h a t  t h e  r e a c t i o n  was p s e u d o - f i r s t  o r d e r  

w i t h  r e s p e c t  to; and t h e  r e a c t i o n  h a l f - t i m e  was 30 minutes .  T h i s  p r o v i d e d  

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

h a l f - t i m e s  (i.e., f o u r  hours )  i n  o r d e r  f o r  t h e  compound t o  reach  e q u i l i b r i u m  

w i t h  t h e  t r i t i a t e d  s o l v e n t .  

The exchange r e a c t i o n  occu r red  o n l y  a t  t h e  p o s i t i o n s  

Subsequent ly t h e  r e a c t i o n  was c a r r i e d  o u t  p r e p a r a t i v e l y  by 

The f a c t  t h a t  

The d e c l i n e  o f  t h e  

The l i n e a r i t y  o f  t h e  p l o t  on 
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Figure 1. Aromatic l H  - 2H Exchange between Water and 4,5-Oimethyl+- 

phenylenediamine Dihydrochloride at 90" C 
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The r e v e r s e  r e a c t i o n  o f  t h e  above exchange, i.e., t h e  removal of  deu te r ium 

f rom 4 ,5-d imethy l -o -  [ Fi ,N' ,3, 6-2H] phenyl  enediami ne  d ideu  t e r o c  h l  o r i d e ,  a1 SO 

occur red  r e a d i l y  i n  water ,  b u t  a t  a s lower  r a t e ,  t h e  h a l f - t i m e  f o r  t h i s  

r e a c t i o n  be ing  55 minu tes .  However, t h e  deu te r ium l a b e l s  i n  t h e  f r e e  base 

proved t o  be s u f f i c i e n t l y  s t a b l e  under t h e  r e a c t i o n  c o n d i t i o n s  chosen f o r  t h e  

convers ion  o f  & t o  Z-acetamido-5,6-dimethyl [4,7-2H]benzimidazole Is). 
d e t e c t i b l e  d i f f e r e n c e  i n  deu te r ium c o n t e n t  was found between & and La.  

L ikew ise ,  4,5-dimethyl-0-[3,6-jH]phenylenediamine (2) and t h e  2-acetamido-5,6- 

d ime thy l  [4,7-3HJbenzimidazole (3) d e r i v e d  t h e r e f r o m  were found t o  have t h e  

same m o l a r  s p e c i f i c  a c t i v i t y ,  i n d i c a t i n g  t h e r e  was no l o s s  o f  t r i t i u m  d u r i n g  

t h e  convers ion .  

No 

S i n c e %  was t o  be u t i l i z e d  i n  metabo l ism s t u d i e s  v ia  o r a l  a d m i n i s t r a t i o n ,  

where i t  would be i m p o r t a n t  t h a t  t h e  r a d i o i s o t o p e  l a b e l s  shou ld  remain  i n  t h e  

mo lecu le  as t h e  compound underwent a b s o r p t i o n  and subsequent d i s t r i b u t i o n ,  

t h e  s t a b i l i t y  o f  t h e  deu te r ium l a b e l s  i n  2 was examined under some s e l e c t e d  

c o n d i t i o n s .  

m i g h t  be encountered by t h e  compound i n  t h e  stomach, p roved t o  be bo th  

c h e m i c a l l y  and i s o t o p i c a l l y  s t a b l e .  

o f  w i t h s t a n d i n g  more r i g o r o u s  c o n d i t i o n s .  

exper ienced no chemical  change o r  deu te r ium l o s s .  

hyd rox ide  o r  3N h y d r o c h l o r i c  ac id ,  t h e  compound was observed t o  undergo h y d r o l y s i s  

w i th  t h e  loss o f  t h e  a c e t y l  s i d e  cha in .  However, t h e  r e s u l t i n g  2-amino-5,6- 

d ime thy lbenz im idazo le  s t i l l  r e t a i n e d  a l l  of t h e  deu te r ium l a b e l s .  By ana loqy ,  

t h e  t r i t i u m  l a b e l e d  3b can be expected t o  possess s i m i l a r  chemical  and 

rad iochemica l  s t a b i l i t y .  

were rendered h i g h l y  s t a b l e  by t h e  i n c o r p o r a t i o n  o f  t h e  benzene r i n g  i n t o  

t h e  benz imidazo le  r i n g  system. T h i s  s t r a t e q y  o f  i n t r o d u c i n g  t r i t i u m  i n t o  

r e a d i l y  a c c e s s i b l e  a romat i c  r i n g  p o s i t i o n s ,  and t h e n  " l o c k i n g  i n "  t h e  l a b e l s  

by t rans fo rm ing  these  p o s i t i o n s  i n t o  more s t a b l e  ones upon f u r t h e r  e l a b o r a t i o n  

A t  37" C and pH 1 .5  i n  aqueous medium, an env i ronment  such as 

Indeed t h e  m a t e r i a l  was found t o  be capab le  

A f t e r  50 hours a t  pH 0.65, i t  

A t  95" C i n  3N sodium 

N 

Thus t h e  r e l a t i v e l y  l a b i l e  l a b e l s  i n  la and 3 
rccr 
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o f  t h e  mo lecu le  en route t o  t h e  d e s i r e d  p roduc t ,  has been employed s u c c e s s f u l l y  

i n  o t h e r  p r o j e c t s  i n  o u r  l a b o r a t o r i e s  ( 6  - 8 ) .  The genera l  a d a p t a b i l i t y  o f  

t h i s  method t o  mode l ing  w i t h  deuter ium,  t h e  a b i l i t y  t o  u t i l i z e  an economical 

t r i t i u m  source  such as water ,  o r  o t h e r  r e a d i l y  a v a i l a b l e  t r i t i a t e d  p r o t i c  

so l ven ts ,  t o  ach ieve  a w ide  ranue o f  p roduc t  s p e c i f i c  a c t i v i t y ,  and t h e  

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

a t  a l a t e  stage, make t h i s  method an a t t r a c t i v e  approach f o r  rad iosyntheses  

o f  t r i t i u m  l a b e l e d  compounds. 

EXPERIMENTAL METHODS 

R a d i o a c t i v i t y  d e t e r m i n a t i o n s  were c a r r i e d  o u t  w i t h  a Packard T r i -Carb  

Model 2002 l i q u i d  s c i n t i l l a t i o n  spec t romete r  by means o f  t h e  i n t e r n a l  s tandard  

method. D i o t o l  was used as t h e  s c i n t i l l a t i o n  c o c k t a i l .  PFlR measurements 

were made w i t h  a Var ian  Model A60-A spec t rometer .  

i n  c a p i l l a r y  tubes  and a r e  unco r rec ted .  

Exchange React ions  

A) D e u t e r a t i o n  a t  90" C 

M e l t i n g  p o i n t s  were de termined 

A s o l u t i o n  o f  125 mq of  4,5-dimethyl-o-phenylenediamine d i h y d r o c h l o r i d e  

(0.6 mmole) i n  0.7 m l  o f  d e u t e r a t e d  wa te r  ( S t o h l e r  I s o t o p e  Chemicals, 32 mmoles, 

99.8% D )  i n  a PblR c e l l  was n laced  i n  t h e  probe preheated  and ma in ta ined  a t  90°C. 

Spect ra  were ob ta ined  a t  s e l e c t e d  t i m e  i n t e r v a l s .  

methyl  and a romat i c  p r o t o n  s i g n a l s  were measured and t h e  amount o f  a romat i c  

p ro tons  ( 6  7.35) rema in ing  a t  a g i v e n  t i m e  was c a l c u l a t e d ,  u s i n q  t h e  i n t e g r a l  

f o r  t h e  methyl  p r o t o n  s i n g l e t  a t  6 2.23 as t h e  s tandard  f o r  s i x  p ro tons .  

semi - log  p l o t  o f  t h e  percentaqe o f  rema in ing  a romat i c  p ro tons  US. t i m e  qave a 

s t r a i q h t  l i n e  ( F i g u r e  l), from wh ich  a h a l f - t i m e  o f  30 m inu tes  was c a l c u l a t e d  

f o r  t h e  p s e u d o - f i r s t  o r d e r  d e u t e r a t i o n  r e a c t i o n .  

B )  P r e p a r a t i o n  o f  l a  

I n t e q r a l s  f o r  t h e  s i n q l e t  

A 

A s o l u t i o n  of  2.50 g of 4,5-dimethyl-o-phenylenediamine d i h y d r o c h l o r i d e  

(12 mmoles) i n  10 m l  o f  deu te ra ted  wa te r  (455 mmoles) was heated a t  90°C f o r  3.5 

hours .  The s o l u t i o n  was l y o p h i l i z e d  t o  g i v e  2.54 g o f  4,5-di1nethyl-o-[3,6,N,N'-~H]- 
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phenylenediamine dideuterochloride, 73% deuterated in the benzene ring as 

determined by PMR. In another experiment, heatinq a mixture of 1.46 g of 

the salt and 6 ml of deuterated water at 170" C in a sealed glass tube for six 

hours afforded 1.33 9 of crude solids. This material was dissolved in 30 ml of 

water, decolorized with activated charcoal, and the solution basified to 

produce 0.800 g of 2, 92.6% deuterated in the benzene ring. 
C) Removal of Deuterium at 90" C 

A solution of 1.50 g of 4,5-dimethyl-0-[3,6,N,N'-~H]phenylenediamine di- 

deuterochloride (6.9 mmoles) in water was heated at 90°C under nitrogen. Aliquots 

o f  1 ml of this solution were withdrawn at selected time intervals and lyophilized. 

The residue was redissolved in D20 and its PMR spectrum was obtained at room 

temperature. 

gave a reaction half-time of 55 minutes (see Figure 1). 

D) Preparation of l b  

A semiloq plot of remaining percentage of deuterium V S .  time 

A mixture of 525 mg of 4,5-dimethyl-o-phenylenediamine dihydrochloride 

(2.5 mmoles) and 1 ml of tritiated water containing 25 Ci* of tritium was heated 

at 100" C for four hours (aporoximately eight deuteration half-times). 

mixture was lyophilized, and the residue was redissolved in 5 ml of water, 

and the solution again lyophilized to remove labile tritium and afford 4,5- 

dimethyl -0-[3 ,6-3H]phenyl enediami ne di hydrochl oride. 

with 2.100 g (10 mmoles) of nonlabeled material and dissolved in 20 ml of cold 

water. The solution was decolorized with activated charcoal and basified with 

6N sodium hydroxide. 

dried to give 1.572 g o f  2, 92% yield, sp. act. 533 pCi/mg or 72.6 mCi/mmole. 
N-Acetyl -S-methyl pseudothiourea (2) 

The 

This material was combined 

The precipitates were collected, washed with water and 

To a solution o f  74.7 9 of N-acetylthiourea (0.632 m o l e )  in 1 liter o f  

ethyl acetate was added 135 g of methyl iodide (0.951 mole). The mixture was stirred 
~ ~ ~ ~~ 

* Tritium exchange was carried out by New England Nuclear Corp., Boston, 
Massachusetts, U.S .A. 
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under r e f l u x  f o r  0.5 hour  and coo led  t o  room temperature.  

c r y s t a l s  were f i l t e r e d  and d r i e d  t o  g i v e  137.5 9, 84% y i e l d ,  m . p .  162- 

163°C [ l i t . ( 2 )  m.p. 148-149"C, 161-164"C]; &. -ca lcu lated f o r  C4H8N,0S.HI 

(MW 260.10): C, 18.47; H, 3.49; N, 10.77; found: C, 18.74; H, 3.63; N, 10.58. 

2-Acetamid0-5,6-dimethy1[4,7-~H]benzimidazol e (La) 

The r e s u l t i n g  

A s o l u t i o n  of  340 mg o f  2 (2 .5  mmoles, 92.6% deu te ra ted )  and 650 mg o f  

2 (2 .5 mmoles) i n  6 ml o f  methanol was r e f l u x e d  w i t h  s t i r r i n g  under n i t r o g e n  

f o r  30 minutes.  

c o l l e c t e d  and d r i e d ,  389 mg, 76% y i e l d ;  m.p. 306-307" C; PMR ( i n  DMSO-d,,, TMS) 

6 :  2.18 (S, 3H, &-CO-), 2.30 (S, 6H, arom. a), 7.25 ( S ,  0.16H, arom. H ) ,  

t he re fo re  92% deu te ra ted  i n  benzene r i n g ,  11.61 ( S ,  2H, N-H) .  T h i s  m a t e r i a l  

was used i n  t h e  s t a b i l i t y  s t u d i e s  d iscussed e a r l i e r .  

2-Acetami do-5,6-d imet  hyl[4,7- 3H] benz i m i  dazol  e ( 3b) 

N 

The m i x t u r e  was coo led  and t h e  c r y s t a l l i n e  p r e c i p i t a t e s  were 

- 
S i m i l a r l y  as above, f rom 1.362 g o f  2 (10.0 mmoles), sp. a c t .  72.6 mCi/mmole, 

and 2.601 q o f 2  (10.0 mmoles), t h e r e  was ob ta ined  1.556 q o f  g ,  77% y i e l d ;  

m.p. 306-307" C; sp. a c t .  355 pCi/mq o r  72.1 mCi/mmole; u l t r a v i o l e t  spectrum 

xmax (EtOH) nm(c):  235 (9,7501, 244 (lO,OOO), 253 (10,100), 292 (16,500), 

301 (17,250); i n f r a r e d  spectrum (Nu jo l  m u l l )  vmax cm-': 3270, 3200, 3140, 

3040 (NH'), 1725 (C=O), 1640, 1565 (C=N/NH d e f . ) ;  @.-ca lcu lated f o r  

CllH13N30 (F1W 203.24): C,  65.00; H, 6.45; N, 20.68; found: C, 64.67; H, 6.59; 

N, 20.99. 
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