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SYNTHESIS OF DEUTERIUM LABELLED ZOMEPIRAC 

T ing-Hu i  Sun?, Frank S. Abbott* ,  Roland B u r t o n  and James O r r  
F a c u l t y  o f  Pharmaceut ical  Sciences 
U n i v e r s i t y  o f  B r i t i s h  Columbia, Vancouver, B.C., Canada V6T 1W5 

SUMMARY 

A s imp le  s y n t h e t i c  procedure has been developed f o r  t h e  p r e p a r a t i o n  o f  
deu te ra ted  zomepirac. 
wh ich  i s  a m e t a b o l i c a l l y  s ta t f l e  p o s i t i o n .  
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INTRODUCTION 

Zomepirac sodium (1) i s  a new nonnarco t i c  ana lges i c  agent chemica l l y  s i m i l a r  

t o  t o l m e t i n .  It has been eva lua ted  f o r  use as an ana lges i c  possessing the  e f f i c a -  

c y  o f  morphine b u t  devo id  of  undes i rab le  n a r c o t i c - l i k e  p r o p e r t i e s  and i s  approved 

f o r  t h e  r e l i e f  o f  m i l d  t o  modera te l y  severe pa in  as demonstrated i n  c l i n i c a l  

t r i a l s  (1-8). 

been r e p o r t e d  (9-12) u s i n g  I 4 C - l a b e l e d  zomepirac (9,10,12). 

g raphy  (GC) (10) and h i g h  performance 1 i q u i d  chromatography (HPLC) (11,13) methods 

o f  a n a l y s i s  have been used i n  t h e  de te rm ina t ion  o f  zomepirac l e v e l  s i n  b i o l o g i c a l  

samples. 

f o r  t h i s  drug. Gas chromatography mass spec t romet ry  (GCMS) coupled w i t h  se lec ted  

i o n  m o n i t o r i n g  i s  used i n c r e a s i n g l y  i n  drug  research  because o f  i t s  h i g h  s e n s i t i -  

v i t y  and s p e c i f i c i t y .  

i d e a l  i n t e r n a l  standards,  e s p e c i a l l y  f o r  t h e  measurement o f  t r a c e  amounts o f  d rug  

i n  b i o l o g i c a l  samples (serum, s a l i v a ,  u r i ne ,  e t c ) .  Zomepirac i s  a p y r r o l e  s t ruc -  

t u r e  w i th  a s i d e  c h a i n  c o n t a i n i n g  a benzene r i n g .  There are  f o u r  hydrogens on t h e  

The pharmacok ine t ics  and metabol ism o f  1 i n  man and animals have 

Gas chromato- 

We have d i r e c t e d  o u r  e f f o r t s  towards deve lop ing  a new method o f  a n a l y s i s  

I n  t h i s  techn ique,  s t a b l e  i so tope- labe led  c a r r i e r s  a re  
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aromat i c  r i n g  t h a t  can be  r e a d i l y  rep laced  by deu te r ium p r i o r  t o  s u b s t i t u t i o n  o f  

t h e  a roy l  group on the  p y r r o l e  r i n g .  We under took  t h e  syn thes i s  o f  zornepirac-dq 

(2) and t h i  s i s  r e p o r t e d  here. 

c 1- 0 !:@ CH ,&- 0. Pla .2 H I2 zomepirac sodium 

- 
CH3 

@ 
I I  
C 

I 
CH 3 

2H20 zomepirac sodium-dd 

RESULTS AND DISCUSSION 

Scheme 1 shows t h e  r e a c t i o n  sequence used t o  o b t a i n  p-chloro-N,N-dimethyl-  

benzarnide-dq (5) .  The exchange r e a c t i o n  between benzene-dg and p -ch lo ro to -  

l uene  proceeds n i c e l y  i n  t h e  presence o f  anhydrous aluminum c h l o r i d e  accord ing  t o  

t h e  methods desc r ibed  by Long e t  a l .  (14) .  Us ing  equ imolar  q u a n t i t i e s  o f  C6Dg 

and p - c h l o r o t o l  uene t h e  c a l c u l a t e d  exchange t h a t  shou ld  occur  us ing  success ive  

p o r t i o n s  o f  f r e s h  C6D6 i s  as f o l l o w s :  

93%; f o u r t h  97%; f i f t h  99%. 

t h e  p roduc t  (2) was found by  mass spec t romet ry  t o  approach t h e o r e t i c a l  (>98% 

deu te r ium l a b e l l i n g  o f  t h e  aromat ic  r i n g ) .  

no t  p a r t i c u l a r l y  e f f i c i e n t .  

a , p - d i c h l o r o t o l  uene. 

f i r s t  exchange 60%; second 84%; t h i r d  

A f t e r  t h e  f i f t h  exchange r e a c t i o n  w i t h  f r e s h  C6D6 

The o x i d a t i o n  o f  3 u s i n g  KMN04 i s  

The o x i d a t i o n  occu rs  i n  h ighe r  y i e l d  us ing  

U n f o r t u n a t e l y  u , p - d i c h l o r o t o l  uene i n  the  exchange r e a c t i o n  



Synthesis of Deuterium Labelled Zomepirac 1045 

gives  la rge ly  the Friedel -Craf ts  reac t ion  product with CgDg. The exchange 

reac t ion  does not occur with p-chlorobenzoic acid or  i t s  N,N-dimethylamide. 

r e s u l t  i s  cons is ten t  with the  observat ions of Long e t  a l .  (14)  where aromatic 

compounds containing oxygen and nitrogen subs t i tuents  did not readi ly  undergo the 

exchange react ion.  

This 

Scheme 1 

KMn04 
CH3 

‘gD6 
A 1 C 1 3  ’ > 

D D 

4 - 

c1 

5 - 

Scheme 2 shows the react ion sequence to  obtain zomepirac-d4. This scheme 

i s  ident ica l  t o  t h e  synthesis  of  zomepirac f i r s t  described by Carson and llong 

(15) .  I n  our experience m s t  o f  the pyrrole compounds and especiallyfj, were 

readi ly  oxidized t o  deep coloured mater ia l s .  I f  s torage of intermediates  was 

necessary they were kept cold under nitrogen. The product 2 was obtained i n  pure 

form with t h e  degree of deuterium l a b e l l i n g  e s s e n t i a l l y  the  same as  t h a t  o f  the 

p-chlorotoluene-d4 (3) .  

deuterium analog t o  t h a t  of  a reference sample of zomepirac. 

Tables 1 and 2 compare the spectroscopic data for  the 



1 0 4 6  

uv 

I R  
(KBr d i s c )  

vmax 

NM R 
Chemical S h i f t  ( 6 )  

Benzenoi d 

Ting-Hui Sun e t  a l .  

Zomepirac Zomepi rac-d4 

Xmaxl 330 nm (E = 1.35 x l o 4 )  

Amax? 261 nm (E = 1.03 x l o 4 )  

2925 cm-l (b,s,-OH), 1705 

(s,C=O) 1380 and 1220 

Xmaxl 330 nm (E = 1.46 x l o 4 )  

hrnax;, 261 nm (E = 1.10 x l o 4 )  

2925 cm-l,  1700,  1365, 1220 

--------------- I 7.38 - 7.75 ( d , d )  

Scheme 2 

J = 9H, 

5.98 ( s )  

n 

5.98 ( s )  

Table  1 

Comparison o f  s p e c t r o s c o p i c  d a t a  o f  r e f e r e n c e  zomepi r a c  and 

syn thes i zed  zomepi rac-d4  ( f ree  a c i d  forms) 

C - CH7 

1 I 

1 .75  ( s )  1.75 ( s )  

Pyr ro l  e Ri ng 

Pro ton  i 
C& - COOH 

N - CH3 

3.75 ( s )  

3.71 ( s )  

3.75 ( s )  

3.71 ( s )  
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Table 2 

Comparison o f  the  EI mass spectra  o f  zomepirac and zomepirac-d4 

zomepirac ( R  = H) 

zomepirac-d4 ( R  = H )  2 

m/z  ( % I  Assignment 

Zomepirac Zomepi rac-dq Zomepi rac  Zomepi rac-dq 

246 (100) 249 (100) A - H  A - D  

247 (62) 251 (88) A A 

211 (51) 214 (42) A - H - C 1  A - D - C 1  

136 (34) 136 (43)  E - C02 E - C02 

108 (21) 108 (18) F - C O 2  F - C02 

111 ( 1 7 )  115 (18) C C 

139 ( 7 )  143 ( 8 )  B B 

EXPERIMENTAL 

All the melting points  were determined using a Thomas-Hoover c a p i l l a r y  melt- 

ing p i n t  apparatus and are  uncorrected. The U Y  spec t ra  (Na s a l t s  in H20) were 

recorded on a Beckman Model-25 spectrophotometer. The IR spectra  were obtained 

w i t h  a Unicam SP-1000 spectrophotometer. Mass spectra  were determined using a 
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Mat 111 GCMS and a g lass  column packed with 3% Dexsil-300. The NMR spectra  were 

recorded a t  the  Chemistry department of  UBC using a Bruker WP-80 instrument; t h e  

acid forms were dissolved in  CDC13 with te t ramethyls i lane  added as reference. 

Deuteration of p-chlorotol uene 

I n  a mixture of 12.6 g (0.1 mole) of p-chlorotoluene and 8.4 g (0.1 mole) of 

C61)6, 0.5 g of anhydrous aluminum chlor ide was added.  The mixture was refluxed 

a t  90°C f o r  0.5 h t o  permit the exchange t o  reach equilibrium. The mixture was 

f rac t iona ted  t o  remove the benzene. Another 8.4 g (0.1 mole) of f resh C6D6 was 

added and  refluxed a t  90°C for  another 0.5 h and the  benzene removed a s  before. 

This procedure was repeated three  additional times whereby more than 98% of  the 

hydrogen on the benzene ring of the chlorotoluene molecule was replaced by deuter i -  

urn. lihen the f i f t h  exchange was completed and the benzene removed by fract iona-  

t i o n ,  the residue ( a  mixture o f  p-chlorotol uene and aluminum chlor ide)  was used 

d i r e c t l y  n the  next s tep  because the  separat ion of p-chlorotoluene-d4 from 

a1 uminum hlor ide  i s  troublesome. 

Synthesis  of  p-chlorobenzoic acid-d4 (4) 
The residue of the previous s tep was t ransfer red  caut iously to  a 500 m l  3-neck 

f lask equipped with a re f lux  condenser and  a s t i r r e r .  Water (250 ml) a n d  15 g of 

KMn04 were added. The mixture was s t i r r e d  and refluxed unt i l  the  KMn04 color  

disappeared (about 2 h ) .  An addi t ional  7.5 g of KMn04 was added and refluxed 

again unt i l  t h e  permanganate color  disappeared again (approx. 2 h ) .  F ina l ly ,  a 

t h i r d  7.5 g of KNnO4 was added and ref luxing continued unt i l  the permanganate 

color  disappeared once again (2-4 h ) .  Steam d i s t i l l a t i o n  was performed t o  remove 

the unreacted p-chlorotoluene-dq. 

from the  manganese dioxide with suction and the residue was washed with two 125 ml 

port ions of hot water. The f i l t r a t e  was ac id i f ied  with concentrated H C 1 .  A white 

p r e c i p i t a t e  which formed was f i l t e r e d  o f f ,  washed with water and dr ied t o  g ive  6.4 

g of p-chlorobenzoic acid-d4 (40% y i e l d  based on p-chlorotoluene) mp 238-239'. 

( L i t e r a t u r e  (18) p-chlorobenzoic ac id ,  mp. 238-239°C). 

The hot contents  of the f lask were f i l t e r e d  
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p-Chloro-N ,N-dimethyl benzamide-d4 (5) 
g-Chlorobenzoic acid-d4 (8.6 g )  and 1 0  g o f  SOC12 i n  a 50 ml f l a s k ,  pro- 

t e c t e d  from atmospheric moisture by a drying tube was refluxed f o r  1 h un t i l  a l l  

the  so l id  was dissolved. The equipment was rearranged to remove the excess 

thionyl ch lor ide  by d i s t i l l a t i o n .  The acid ch lor ide  was t r e a t e d  caut iously with 

about 20 p a r t s  o f  a solut ion of 25% dimethylamine (the react ion was vigorous and 

considerable  heat was produced). 

t i o n s  of CHzC12. 

vacuum t o  give a l i g h t  brown semisolid. The puri ty  of  the  product was checked by 

GCMS a n d  found t o  be grea te r  t h a n  95% pure. 

Ethyl 1,4-dimethyl pyrrole  a c e t a t e  (5) 

The so lu t ion  was extracted with t h r e e  40 ml por- 

The combined C H 2 C 1 2  f r a c t i o n s  were evaporated under 

The procedure used was t h a t  of Carson and Wong (15). The product was isola-  

ted as a c o l o r l e s s  o i l  b p  73-80", 0.03-0.04 m n ,  ( l i t e r a t u r e  (15) 82-90", 0.025 

mm). The product was very e a s i l y  oxidized and therefore  stored in the cold under 

nitrogen. 

Vilsmeier Aroylation (17) o f  (5) 

The ethyl e s t e r  of zomepirac-dq (7) was synthesized by Vil smeier Aroylation 

o f  6. The procedure used was again s imi la r  t o  t h a t  reported by Carson and Wong 

(15) .  

Saponif icat ion of  e s t e r  (1) 
Ester (7J, 2 2  g ,  was refluxed for  1 1/2 h with 13.6 g of sodium hydroxide in  

200 ml of  water. Upon a c i d i f i c a t i o n ,  a yellowish p r e c i p i t a t e  was formed which 

when f i l t e r e d  of f  and a i r -dr ied  gave 15.7 g of the acid form of zomepirac-d4. 

Recrys ta l l iza t ion  with isopropanol gave l i g h t  yellow needle-like c r y s t a l s ,  mp 

178-179°C. 

Zomepirac-dq sodi um s a l t  

To zomepirac-d4 dissolved in an adequate amount of warm isopropanol was 

Upon added an equimolar amount of concentrated solut ion of  sodium hydroxide. 

cooling yellowish c r y s t a l s  were deposited and co l lec ted  by f i l t r a t i o n .  

l i z a t i o n  with methanol gave pale needle- l ike c r y s t a l s  mp 302-303OC (decomp.) (y ie ld  

60%).  (Reference zomepirac sodium m.p. 303-305°C). 

Recrystal- 
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