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PREPARATION OF CARBON-14 LABELLED ETHYL 2-( P-CHLOROPHENOXY) 

-2-METHYL PROPIONATE (CLOFIBRATE; ATROMID-S*l ;  

CLOFIBRIC A C I D  AND CLOFIBRIC AMIDE 

J. Burns, 
Imper ia l  Chemical I n d u s t r i e s  PLC 

Pharmaceutical s D i v i s i o n  , 
Alder1 ey Park , Macclesf ie ld ,  Cheshire. 

SUMMARY 

14 The p repara t i on  o f  [ C]  Ethy l  2-( p-ch1orophenoxy)-2-methyl 

propionate (Afromid-S; c l o f i b r a t e )  w i t h  t h e  l a b e l  separate ly  

located i n  t h r e e  d i f f e r e n t  p o s i t i o n s  i s  described, t oge the r  

w i t h  p u r i f i c a t i o n  procedures employed. 

l abe l  l e d  products, c l o f i b r i c  a c i d  (CPIB ac id; ICI  7132) has been 

prepared by hyd ro l ys i s .  

sy n t  hes i s ed . 

From each o f  t h e  t h r e e  

The l a b e l l e d  amide has a l so  been 

Key Words: Carbon-14, c l o f i b r a t e ,  synthesis, autoradiography, 

c l o f i b r i c  acid. 

INTRODUCTION 

Since i t s  i n t r o d u c t i o n  

propionate]  has become 

agents. Thorp' showed 

esterases t o  c l o f i b r i c  

i n  1962 c l o f  i b r a t e  [Ethy l  2-( 4-chlorophenoxy)-Z-methyl 

one o f  t h e  most w ide ly  used an t i -hyper l i p idemic  

it t o  be r a p i d l y  hydrolysed by t i s s u e  and serum 

ac id  (CPIB) (see Scheme 3) which i s  t h e  pharmaco- 

l o g i c a l l y  a c t i v e  metabol i te .  

I n  1975 Ferdinandi '  p r e p a r e d [ f 4 d c l o f i b r a t e  i n  t h e  C2  pos i t i on .  The 

present paper describes e a r l i e r  syntheses which were designed t o  i nco rpo ra te  

* Atromid-S, t rade  mark, t h e  p roper t y  o f  Imper ia l  Chemical I n d u s t r i e s  PLC. 
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t h e  i s o t o p i c  l a b e l  i n  t h r e e  separa te  p o s i t i o n s  [C, (Scheme 1); 

(Scheme 2) and i n  t h e  p-ch lo ropheny l  r i ng ] .  

f rom each l a b e l  l e d  s y n t h e s i s  has been hyd ro l ysed  t o  produce t h e  co r respond ing  

I 4 C  l a b e l l e d  c l o f i b r i c  ac id .  A s y n t h e s i s  o f  t h e  c l o f i b r i c  amide 

14 [2- ( p -ch l  orophenoxy ) -2-methyl  [ 1- 

i s  a l s o  descr ibed.  

C2-methyl 

An a l i q u o t  o f  t h e  c l o f i b r a t e  

C l p r o p i  onami de] f o r  metabol  i c i n v e s t i  g a t  i on, 

14 When o r a l l y  a d m i n i s t e r e d  t o  man [ 

absorbed, 99% o f  t h e  r a d i o l a b e l l e d  dose was accounted f o r  i n  t h e  u r i n e  , 

and no r a d i o a c t i v i t y  was d e t e c t e d  i n  t h e  faeces. A l though no con juga ted  

c l o f i b r i c  a c i d  has been d e t e c t e d  i n  human plasma, a t  l e a s t  60% i s  con juga ted  

i n  t h e  u r i n e  m a i n l y  as t h e  g l u c u r o n i d e  . 
[ 

e s s e n t i a l l y  t h e  same p r o f i l e s  i n  b l o o d  l e v e l s ,  t i s s u e  d i s t r i b u t i o n  and 

e x c r e t i o n  . Examinat ion  o f  t h e  serum showed t h a t  a l l  t h e  r a d i o a c t i v i t y  

was due t o  c l o f i b r i c  a c i d  (CPIB) and i n  u r i n e  CPIB was found f r e e  and 

as  t h e  g l u c u r o n i d e  con jugate .  I n  dogs, however, t h e  same pharmaco log ica l  

equ iva lence  o f  CPIB and c l o f i b r a t e  was n o t  demonst ra ted  s i n c e  t h e  serum 

C] c l o f i b r a t e  was found t o  be comp le te l y  

3 

4 14  I n  r a t s  [ C ]  c l o f i b r a t e  and 

14 C] c l o f i b r i c  a c i d  when admin i s te red  i n  equ imo la r  o r a l  doses show 

5 

.. 
con ta ined  40% more r a d i o a c t i v i t y  a f t e r  an o r a l  dose o f  [“C] c l o f i b r i c  

a c i d  than  a f t e r  an equ imo la r  dose o f  [ 14 5 C] c l o f i b r a t e  . 
6 14 Ca ldwe l l  dosed [ C] c l o f i b r i c  a c i d  t o  r a t s ,  gu inea p igs ,  r a b b i t s ,  

c a t s ,  dogs, f e r r e t s  and man. 

u r i n e  was compounded o f  t h e  f r e e  a c i d  and g lucu ron ide .  

was a l s o  found i n  3 spec ies .  

14 The percentage o f  [ C ]  i n  t h e  0 - 24 hour  

The t a u r i n e  con juga te  

Rat Guinea Rabb i t  Dog Cat F e r r e t  Man 
P i g  

Free Ac id  44 20 9 30 56 23 5 

G1 ucuron ide  56 80 91  19 - 5 95 

Taur ine  Conjugate - 51 43 72 - - - 
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MATERIALS 

[l- 14 CIS odium isobutyrate, [ 14 C] .methyl iodide and [U-14C]-p-chlorophenol 

were obtained from Amersham International ple . 
from Koch-Light Ltd. All  samples used i n  t he  radiochemical purity and 

specific ac t iv i ty  determinations were prepared in standard glass screw-cap 

v ia l s  of low potassium content (Packard Instruments Ltd . ,  Wembley) and 

counted on a Packard Tri-Carb Liquid Sc in t i l l a t ion  Spectrophotometer model 

3320 or model 314. The 2,5-diphenyl oxazole (P.P.O.)  and 1,4-bis[2-(4 

methyl -5-phenyloxazoyl )]benzene (DM POPOP) were obtained from Packard 

Instruments Ltd. 

Thorn Electronics Ltd. 

'Kodirex' or Agfa 'Structurix '  X-ray film. 

Raker Ltd.) was used without fur ther  purification. 

were e i ther  red is t i l l ed  or of analytical reagent quality. 

f o r  chromatography (TLC;  preparative TLC) were e i ther  prepared from Merck 

Si l ica  GF, o r  were 

0.25 mm thick fo r  a l l  analytical determinations and 0.5 mm f o r  preparative 

purifications. 

Isobutyric acid was purchased 

Naphthalene ( sc in t i l l a t i on  grade) was purchased from 

Autoradiographic studies employed e i the r  Kodak 

Sulphur f r ee  toluene (May and 

Other solvents used, 

The plates used 

purchased from Anachem Ltd .  The s i l i c a  film was 

THIN LAYER CHROMATOGRAPHY(TLC) 

Seven systems were used throughout t h i s  work; these were 

System A ;  

System B; 

S i l ica  GF developed w i t h  benzene. 

S i l ica  GF developed w i t h  petroleum e ther  (Rr 100 - 1 2 0 O C ) ;  

acetone C90: 101. 

S i l ica  GF developed w i t h  toluene. 

S i l ica  GF developed w i t h  petroleum e ther  (Rr 40 - 6OOC); 

acetone C50: 11. 
Si l ica  GF developed w i t h  petroleum e ther  (Br 100 - 1 2 O O C ) ;  

ethyl acetate [2:l]. 

System C; 

System D; 

System E ;  
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System F; 

System G; S i l i c a  GF developed w i t h  n -bu tano l ;  a c e t i c  a c i d ;  wa te r  

S i l i c a  GF developed w i t h  t o l u e n e ;  d ioxan;  a c e t i c  a c i d  [90:25:4]. 

[40 : 10 : 51. 

System H; S i l i c a  GF developed w i t h  benzene; e t h y l  a c e t a t e  [50:50]. 

EXPERIMENTAL 

LABEL No. 1 (SCHEME 1) 

PREPARATION OF ETHYL 2-[P-CHLOROPHENOXY]-2-METHYL-[ 1-14C]PROPIONATE 

Stage 1 

Conversion o f  [ l-14C]Sodium I s o b u t y r a t e  t o  [1-14C]Isobutyr ic Ac id  

Commercial ly a v a i l a b l e  u n l a b e l l e d  i s o b u t y r i c  a c i d  used f o r  i s o t o p i c  d i l u t i o n  

o f  t h e  [ 1 - 1 4 C ]  i s o b u t y r i c  a c i d  was found t o  c o n t a i n  1 - 1.5% o f  n - b u t y r i c  

acid.  The f u l l  s y n t h e s i s  u s i n g  u n l a b e l l e d  i n t e r m e d i a t e s  had shown t h e  

n - b u t y r i c  a c i d  i m p u r i t y  t o  r e a c t  w i t h  t h e  reagents  used i n  t h e  s y n t h e s i s  t o  

y i e l d  p-chlorophenoxy-n-butyric a c i d  e t h y l  e s t e r  as a contaminant  i n  t h e  

f i n a l  p roduc t ,  wh ich  was ex t reme ly  d i f f i c u l t  t o  remove. The commerc ia l l y  

avai l .able i s o b u t y r i c  a c i d  was t h e r e f o r e  p u r i f i e d  by  Autoprep GLC, p r i o r  t o  

use i n  t h e  l a b e l l e d  syn thes i s .  

14 [l- 

(4.0 m l )  and t r a n s f e r r e d  t o  a s e p a r a t i o n  funne l ,  a c i d i f i e d  w i t h  1.OM h y d r o c h l o r i c  

a c i d  s o l u t i o n  (4.0 m l ) ,  and t h e n  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 5  x 1.5 n l ) .  

The aqueous phase was scavenged by t h e  a d d i t i o n  o f  p u r i f i e d  u n l a b e l l e d  

i s o b u t y r i c  a c i d  (1.1 g )  and s e r i a l l y  e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 5  x 15 ml ) .  

The t o t a l  e t h e r  e x t r a c t s  were combined and d r i e d  o v e r  anhydrous magnesium 

su lpha te  f o r  16 hours.  

t o  dryness under reduced p ressu re  t o  y i e l d  a c l e a r  o i l  (1.38 9 ) .  

C] Sodium i s o b u t y r a t e  (3.5 mCi) was d i s s o l v e d  i n  d i s t i l l e d  wa te r  

A f t e r  f i l t r a t i o n ,  t h e  e t h e r  e x t r a c t  was evaporated 
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PREPARATION OF ETHYL-2- r P-CHLOROPHENOXY 1- 2-METHYL- 1-[ 14C1PROPIONATE 

SCHEME 1 

CH3 

CH3 

‘cH- &OH HCL > Stage 1 ClttOONa 
/ / 

CH3 

191 

0 Indicates position of 14C label 
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Stage 2 

PREPARATION OF ETHYL 2-BROMO-2-METHYL-l-[14C]PROPIONATE (2) 

14 [l- C]  I s o b u t y r i c  a c i d  (1.38 g )  was s t i r r e d  under  anhydrous c o n d i t i o n s  

and bromine (1.3 m l )  was added dropwise  o v e r  15 minu tes .  

t r i c h l o r i d e  (0.5 m l )  was a l s o  added dropwise  o v e r  3 m inu tes  and t h e  m i x t u r e  

s t i r r e d  i n  a s i l i c o n e  b a t h  a t  70 - 75°C f o r  5 hours. The b a t h  tempera tu re  

was r a i s e d  t o  100°C and t h e  m i x t u r e  s t i r r e d  f o r  a fu r t . he r  1 hou r  t o  remove 

t h e  excess bromine. 

s a t u r a t e d  w i t h  hydrogen c h l o r i d e  (8.0 m l )  was added and s t i r r e d  a t  ambient 

tempera ture  f o r  16 hours. 

s e r i a l l y  e x t r a c t e d  w i th  d i e t h y l  e t h e r  ( 7  x 20 m l ) .  

e x t r a c t s  were washed w i t h  2% aqueous sodium h y d r o x i d e  ( 2  x 20 n l )  f o l l o w e d  

by water  ( 2  x 10 m l )  and d r i e d  o v e r  anhydrous magnesium su lphate .  

f i l t r a t i o n  t h e  e t h e r  e x t r a c t s  were evapora ted  t o  d ryness  under  reduced 

pressure  a t  ambient t empera tu re  t o  produce a l i g h t - b r o w n  o i l  (2.04 g; 

s tage y i e l d  66.8%). 

Phosphorus 

To t h e  y e l l o w  brown s o l u t i o n  abso lu te  e t h y l  a l c o h o l  

The m i x t u r e  was t r e a t e d  w i t h  crushed i c e  and 

The combined e t h e r  

A f t e r  

Stage 3 

PREPARATION OF ETHYL 2-( P-CHLOROPHENOXY) -2-METHYL-I-[ 14C]-PROPIONATE (a) 

p-Chlorophenol  (1.3 g )  was s t i r r e d  w i t h  f r e s h l y  d i s t i l l e d  x y l e n e  (8.0 m l )  

and sodium h y d r i d e  [ 5 X  d i s p e r s i o n  i n  o i l ]  (0.5 g )  was added and t h e  s t i r r e d  

m i x t u r e  heated a t  160°C f o r  20 minutes.  

t o  120 - 130°C and a s o l u t i o n  o f  e t h y l  2-bromo-2-methyl-l-[ 

(2.0 g )  i n  d r i e d  xy lene  (3.0 m l )  was added dropwise  o v e r  f i v e  minu tes .  

The b a t h  tempera ture  was t h e n  r a i s e d  t o  160°C and t h e  r e a c t i o n  m i x t u r e  

s t i r r e d  and r e f l u x e d  f o r  4 hours. The m i x t u r e  was coo led ,  d i s t i l l e d  wa te r  

(10  m l )  was added and t h e  xy lene -wa te r  m i x t u r e  e x t r a c t e d  w i t h  d i e t h y l - e t h e r  

( 1 5  ml). 

The b a t h  tempera tu re  was reduced 

C]prop ionate  14 

The gelatinous emuls ion  so formed was s low t o  b reak ,  and t h e  
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aqueous phase was then removed. 

ex t rac ted  w i t h  10% aqueous sodium hydrox ide s o l u t i o n  ( 3  x 50 m l )  t o  remove 

excess p-chorophenol, f o l l owed  by a d i s t i l l e d  water wash (10 ml) ,  be fo re  

d r y i n g  over anhydrous magnesi um sulphate. 

by TLC (System A) and v i s u a l i s a t i o n  under UV 254 nm showed t h a t  t h e  requ i red  

product had been formed, toge the r  w i t h  several impur i t i es .  Autoradiography 

showed t h a t  a l l  t h e  components i n  t h e  chromatographic separat ion were 

rad io labe l  led. 

The xylene-ether phase was s e r i a l l y  

The e x t r a c t  was examined 

The d r i e d  xylene-ether e x t r a c t  was f i l t e r e d ,  and t h e  e x t r a c t ,  t oge the r  w i t h  

t h e  e the r  washings o f  t h e  d ry ing  agent was evaporated under reduced pressure 

from a water  ba th  a t  25OC, t o  remove t h e  ether. The water ba th  temperature 

was then ra i sed  t o  6OoC, and t h e  evaporation continued u n t i l  a l l  t h e  xylene 

had been removed. A yellow-brown o i l  was obta ined (2.25 g; stage y i e l d  87%). 

The product was examined by GLC and showed predominantly t h e  requ i red  

product; p-chlorophenoxy n -bu ty r i c  a c i d  e t h y l  e s t e r  was no t  detected. 

Other i m p u r i t i e s  i n c l u d i n g  res idua l  t races  o f  xylene were found. 

t h e  product p u r i t y  was 87%. 

By GLC, 

PURITY 

The crude product was p u r i f i e d  on a 1" diameter column packed w i t h  Merck 

S i l i c a  GF (40 g), which was washed w i t h  AR benzene f o r  5 hours be fo re  

a p p l i c a t i o n  of t h e  crude product d isso lved i n  benzene (2.0 m l ) .  

Fract ions (1.0 m l )  were c o l l e c t e d  and 1 m i c r o l i t r e  a l i q u o t s  o f  each 

f r a c t i o n  were chromatographed by TLC (System A) and examined by UV 254 nm 

and autoradiography. It was found t h a t  f r a c t i o n s  76 - 118 contained on ly  

[ 
14 C] C l o f i b r a t e  w i t h  i d e n t i c a l  Rf t o  pure reference ma te r ia l .  



194 J .  Burns 

The f r a c t i o n s  were combined and evaporated t o  dryness under reduced pressure 

from a water bath a t  5OoC, a pa le  y e l l o w  o i l  was obtained (1.13 g. Overa l l  

chemical y i e l d  29.7%). 

Examination by TLC on systems A and B aga ins t  pure reference c l o f i b r a t e  and 

v i s u a l i s a t i o n  under UV 254 nm showed o n l y  t h e  requ i red  product. 

confirmed by autoradiography. 

p l a t e  which was then segmented and counted. Radiochemical p u r i t i e s  o f  

99.5% on system A and 99.3% on system B were obtained.. 

The chemical p u r i t y  by GLC was shown t o  be 99.2%. 

This was 

The autoradiograph was used t o  "map" t h e  

The s p e c i f i c  a c t i v i t y  was determined i n  d u p l i c a t e  on each o f  two s o l u t i o n s  

and was shown t o  be 1.1 pCi/mg C0.27 mCi/mmol] which represents a 35% 

o v e r a l l  radiochemical y i e l d  f o r  t h e  synthesis. 

LABEL No. 2 (SCHEME 2)  

PREPARATION OF ETHYL 2-( P-CHLOROPHENOXY)-2-[14C]-METHYL PROPIONATE (2) 

The te t rahyd ro fu ran  used was d r i e d  and d i s t i l l e d  over l i t h i u m  aluminium 

hydr ide immediately p r i o r  t o  use. 

Tetrahydrofuran (THF) (2.0 m l )  was s t i r r e d  i n  a f l a s k  a t  -65OC, immersed i n  

a s o l i d  carbon dioxide-acetone bath i n  an atmosphere o f  argon and bo th  t h e  

temperature and i n e r t  atmosphere were maintained throughout t h e  synthesis. 

Di- isopropylamine (363 mg; 

f o r  15 minutes before adding b u t y l  l i t h i u m  i n  hexane (1.7 m l ,  3.6 mmol). 

The m ix tu re  was s t i r r e d  f o r  a f u r t h e r  15 minutes be fo re  adding a s o l u t i o n  

o f  e t h y l  2-(p-ch1orophenoxy)propionate (1) [685 mg 

and s t i r r e d  f o r  20 minutes a t  -65OC, when [ 

together  w i t h  un labe l l ed  methyl i o d i d e  (589 mg) was introduced. The 

[ 

mate r ia l ,  and the  whole t r a n s f e r r e d  t o  t h e  r e a c t i o n  vessel v i a  t h e  vacuum 

3.6 mmol) was added and t h e  m ix tu re  s t i r r e d  

3.0 mmol] i n  THF (3.0 m l )  

14 C] methyl i o d i d e  ( 4 7  mg) 

14 C] methyl i o d i d e  was t r a n s f e r r e d  on a vacuum l i n e  t o  t h e  un labe l l ed  



PREPARATION OF ETHYL 2 - (  P-CHLOROPHENOXY)-2-[14C1-METHYI, PROPIONATE 

SCHEME 2 

(1) (MW 228.5) 

C 1  O O - " C 0 O C 2 H 5  I + tHJI 

CH 3 

(MW 142) 

1 
0-C-COOC2H5 

I 

CH3 

(MW 242.5) (2) 

*Indicates the position of the 14C label 
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l i n e .  

20 minu tes  b e f o r e  removing t h e  c o o l i n g  b a t h  and a l l o w i n g  t h e  r e a c t i o n  

m i x t u r e  t o  s l o w l y  warm t o  ambient tempera ture .  H y d r o c h l o r i c  a c i d  3M 

(10  m l )  was added and s t i r r e d  f o r  30 m inu tes  b e f o r e  s e r i a l l y  e x t r a c t i n g  

w i t h  d i e t h y l  e t h e r  ( 8  x 20 m l ) .  

w i t h  wa te r  ( 3  x 20 m l )  and d r i e d  o v e r  anhydrous magnesium su lpha te .  

f i l t r a t i o n  t h e  e t h e r  e x t r a c t  was evapora ted  t o  d ryness  t o  y i e l d  a l i g h t  

brown o i l  (740 mg). The c rude  p roduc t  was examined by  gas chromatography- 

mass spec t romet ry  u s i n g  an LKB 9000 spec t romete r  w i th  a 1% OV-1  column, an 

oven tempera ture  of 140°C and a h e l i u m  c a r r i e r  gas f l o w  a t  30 ml/min. The 

r e q u i r e d  p roduc t  was t h e  m a j o r  component, b u t  sma l l  amounts o f  b o t h  t h e  

methy l  and p r o p y l  e s t e r  were a l s o  de tec ted .  

When t h e  t r a n s f e r  was completed t h e  m i x t u r e  was s t i r r e d  a t  -65°C f o r  

The combined e t h e r  e x t r a c t s  were washed 

A f t e r  

PURIFICATION 

The c rude p roduc t  was d i s s o l v e d  i n  a b s o l u t e  e t h y l  a l c o h o l  and equal  a l i q u o t s  

a p p l i e d  as t h i n  s t r e a k s  t o  16 Merck S i l i c a  GF PTLC p l a t e s  wh ich  were t h e n  

developed w i t h  system B. The bands co r respond ing  i n  R f  t o  r e f e r e n c e  

c l o f i b r a t e  were removed and t h e  p roduc t  e x t r a c t e d  f r o m  t h e  s i l i c a  by 

s t i r r i n g  w i t h  a b s o l u t e  e t h y l  a l c o h o l  f o r  16 hours  a t  ambient tempera ture .  

The e t h y l  a l c o h o l  e x t r a c t  was f r e e d  f r o m  t h e  s i l i c a  by  f i l t r a t i o n  th rough  a 

pad of  High-Flow Superce l l  and evapora ted  t o  d ryness  under reduced p ressu re  

from a wa te r  b a t h  a t  4OOC. A l i g h t  brown o i l  (618 mg) was ob ta ined.  The 

o v e r a l l  y i e l d  based on me thy l  i o d i d e  was 56.9%. A s e r i e s  o f  c o n c e n t r a t i o n s  

of t h e  p roduc t  i n  a b s o l u t e  a l c o h o l  were a p p l i e d  t o  two s i l i c a  p l a t e s  which 

were developed i n  s o l v e n t  systems A and B. 

showed o n l y  t h e  r e q u i r e d  p roduc t .  

chemical  and rad iochemica l  chromatograph ic  s e p a r a t i o n s  were i d e n t i c a l .  The 

au to rad iog raphs  were used t o  "map" t h e  TLC p l a t e s  wh ich  were segmented and 

V i s u a l i s a t i o n  under UV 254 nm 

Autorad iography  con f i rmed  t h a t  t h e  
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counted t o  show a radiochemical p u r i t y  o f  99.0% on system A and 99.5 % on 

system B. GLC examination o f  t h e  product us ing a 5% SE 30 column w i t h  an 

oven temperature o f  180°C showed predominantly a s i n g l e  peak i d e n t i c a l  t o  

re ference c l o f i b r a t e .  T r i p l i c a t e  determinat ions on each o f  two s o l u t i o n s  

showed t h e  s p e c i f i c  a c t i v i t y  t o  be 7.3 pCi/mg (1.8 mCi/mmol). 

LABEL No. 3 

PREPARATION OF ETHYL 2-( [U-14Cl-P-CHLOROPHENOXY) -2-METHYL PROPIONATE 

[U- C]-p-chlorophenol (32.1 mg; 5 mCi) was i s o t o p i c a l l y  d i l u t e d  a t  

ambient temperature w i t h  un l  abe l l  ed p-chl orophenol (225.2 mg) and s t i r r e d  

a t  ambient temperature w i t h  d r i ed ,  f r e s h l y  d i s t i l l e d  xylene (3.0 m l )  f o r  

30 minutes. Sodium hyd r ide  (509: d i spe rs ion  i n  o i l )  (106.5 mg) was added 

and s t i r r e d  a f o r  30 minutes a t  ambient temperature. 

was then s t i r r e d  i n  a s i l i c o n e  bath f o r  20 minutes a t  115 - 12OOC be fo re  

coo l i ng  and adding a s o l u t i o n  o f  e t h y l  2-bromo-?-methyl propionate (600 mg) 

i n  d r i e d  xylene (1.0 m l )  and hea t ing  f o r  4 hours a t  150 - 16OoC. 

m ix tu re  was then cooled, added t o  water (10 m l )  and ex t rac ted  w i t h  d i e t h y l  

e the r  ( 5  x 10 ml) .  The combined e t h e r  e x t r a c t s  were washed w i t h  a 109: 

aqueous sodium hydrox ide s o l u t i o n  ( 2  x 20 m l )  f o l l owed  by a water wash 

( 5  x 10 m l )  and then d r i e d  over anhydrous magnesium sulphate. 

e x t r a c t  was examined by TLC (System C), and showed "one spot" ma te r ia l  

i d e n t i c a l  w i t h  pure reference c l o f i b r a t e  when viewed under UV 254 nm. 

r e s u l t  was confirmed by autoradiography. 

14 

The r e a c t i o n  m ix tu re  

The 

The e the r  

This 

PURIFICATION 

The d r i e d  e t h e r  e x t r a c t s  were f i l t e r e d ,  and the  f i l t r a t e  together  w i t h  

t h e  e the r  washings were evaporated t o  dryness under reduced pressure a t  

ambient temperature. The res idue was d i sso l ved  i n  AR acetone (4.0 m l )  
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and equal  a l i q u o t s  a p p l i e d  t o  e i g h t  blerck S i l i c a  GF PTLC p l a t e s ,  and 

developed w i t h  s o l v e n t  system C. 

r e f e r e n c e  c l o f i b r a t e  were removed and t h e  p roduc t  e x t r a c t e d  f r o m  t h e  

s i l i c a  by  s t i r r i n g  w i th  AR acetone f o r  16 hours  a t  ambient temperature.  

The s i l i c a  was removed by f i l t r a t i o n  and t h e  ace tone e x t r a c t  and washings 

were evapora ted  t o  d ryness  under  reduced pressure.  

was d i s s o l v e d  i n  a b s o l u t e  e t h y l  a l c o h o l  and c e n t r i f u g e d  t o  separa te  t r a c e s  

o f  s i l i c a .  

s t ream and d r i e d  under  reduced p ressu re  a t  ambient t empera tu re  f o r  

The bands co r respond ing  i n  Rf t o  

The r e s i d u e  o b t a i n e d  

The c l e a r  e x t r a c t  was evapora ted  t o  d ryness  i n  a n i t r o g e n  

1 y i e l d  16 hours,  t o  y i e l d  an orange o i l  (296.4 mg) r e p r e s e n t  

o f  61% based on p-ch lo ropheno l .  

ng an overa  

The p roduc t  was examined by TLC employ ing  systems A, D and E. and 

PURITY CRITERIA 

i n  each 

system o n l y  one component, wh ich  cor responded i n  Rf t o  r e f e r e n c e  c l o f i b r a t e  

was seen when viewed under  UV 254 nm. 

rad iochemica l  and chemical  separa t i ons  were i d e n t i c a l .  The p l a t e s  were 

segmented and counted  and d u p l i c a t e  d e t e r m i n a t i o n s  c a r r i e d  o u t  f o r  each o f  

t h e  t h r e e  chromatograph ic  systems used. The rad iochemica l  p u r i t y  f rom t h e  

s i x  d e t e r m i n a t i o n s  was 99.7 _+. 0.04%. The s p e c i f i c  a c t i v i t y  was de termined 

i n  d u p l i c a t e  on each o f  two s o l u t i o n s  and shown t o  be  12.ZClCi 

[2.96 mCi/mmoll. 

spec t romet ry  (GCMS) u s i n g  an LKB 9000 and employing an O V - 1  column, oven 

tempera ture  136OC. A s i n g l e  peak i d e n t i c a l  t o  r e f e r e n c e  m a t e r i a l  was t h e  

s o l e  component. Elemental  a n a l y s i s  showed C 59.4; H 6.2: Cl2HI5O3C1 

r e q u i r e s  C59.8; H 6.5. 

Autorad iography  con f i rmed  t h a t  t h e  

0.20 pCi/mg 

The p roduc t  was examined by  gas chromatography-mass 
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PREPARATION OF 2-(P-CHL.OROPHENOXY)-2-METHYL PROPIONIC ACID (CLOFIBRATE ACID) 

SCHEME 3 

NaOH/C2H50H > cl-o -0-C-COOH iH3 
C l e  O - ~ ~ ~ O O C 2 H 5  CH 3 

- CH3 I 
(1) 

(MW 242.5) 

(2) 
(MW 214 .5 )  

PREPARATION OF Z-(P-CHLOR@PHENOXY)-Z-METHYL P R O P I O M I C  A C I D  (CLOFIBRIC ACID) (2) 

SCHEME 3 

14 F o r  each o f  t h e  p r e p a r a t i o n s  o f  c l o f ’ b r a t e  where t h e  [ C] l a b e l  was 

i n c o r p o r a t e d  i n  t h r e e  separa te  m o l e c u l a r  p o s i t i o n s  an a l i q u o t  was hyd ro l ysed  

t o  produce 2-(p-ch1orophenoxy)-2-methyl p r o p i o n i c  a c i d  (z), I C I  7132; 

ac id ) .  

E t h y l  2-(p-ch1orophenoxy)-2-methyl p r o p i o n a t e  (1.0 nmol ) ,methy la ted  

s p i r i t s  74 @P (14.5 m l )  and sodium hyd rox ide  (17.0 mmol) were s t i r r e d  a t  

ambient t empera tu re  f o r  24 hours. 

under reduced p ressu re  a t  ambient tempera ture ,  and wa te r  ( 1 5  m l )  was 

added b e f o r e  e x t r a c t i n g  w i t h  e t h e r  ( 4  x 5.0 m l )  t o  remove any unreac ted  

e s t e r .  

and t h e  combined aqueous e x t r a c t s  were coo led  i n  an i c e / w a t e r  b a t h  b e f o r e  

a c i d i f y i n g  w i t h  1.OM h y d r o c h l o r i c  a c i d  and e x t r a c t i n g  w i t h  d i e t h y l  e t h e r  

( 5  x 20 ml ) .  

magnesium s u l p h a t e  f o r  16 hours.  

and washings were evapora ted  t o  d ryness  under reduced p ressu re  t o  produce 

a w h i t e  c r y s t a l l i n e  s o l i d  ( y i e l d  78.49,). 

( c l o f i b r i c  

The c o n d i t i o n s  o f  h y d r o l y s i s  and p u r i f i c a t i o n  were as f o l l o w s .  

The s o l u t i o n  was evapora ted  t o  d ryness  

The e t h e r  e x t r a c t s  were t h e n  back e x t r a c t e d  w i t h  w a t e r  ( 2  x 5.0 m l )  

The combined e t h e r  e x t r a c t s  were d r i e d  o v e r  anhydrous 

A f t e r  f i l t r a t i o n ,  t h e  e t h e r  e x t r a c t s  
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P U R I T Y  C R I T E R I A  

A 2 mg% s o l u t i o n  ~ f ~ ~ ~ c l o f i b r i c  a c i d  i n  AR methanol was prepared and a 

g r a d i e n t  of c o n c e n t r a t i o n s  a p p l i e d  t o  t w o  s i l i c a  GF p l a t e s  wh ich  were 

developed i n  s o l v e n t  systems F and G .  V i s u a l i s a t i o n  under UV 254 nm showed 

o n l y  one component i d e n t i c a l  i n  R f  w i t h  pu re  r e f e r e n c e  c l o f i b r a t e  ac id .  

Autorad iography  con f inned  t h a t  t h e  p roduc t  was r a d i o a c t i v e ,  and no o t h e r  

components were de tec ted .  

which was segmented and each chromatograph ic  s t r i p  was counted. The 

rad iochemica l  p u r i t y  was shown t o  be  99.7% 2 0.36% f o r  t h e  f o u r  de te rm ina t ions .  

Elemental  a n a l y s i s  showed C 55.9%; H 5.2%: C10H1103C1 r e q u i r e d  

C 55.9% and H 5.1%. 

spec t romet ry  u s i n g  an LKB 9000 w i t h  an O V - 1  column and an  oven tempera tu re  

o f  129 and 210°C. The p roduc t  

was a l s o  examined by h i g h  performance l i q u i d  chromatography u s i n g  a 

spher i so rb  ODs 20 cm column e l u t e d  w i t h  a s o l v e n t  m i x t u r e  o f  methanol  70%; 

water  30%; t r i f l u o r o a c e t i c  a c i d  0.1% and a f l o w  r a t e  o f  1.5 ml/min. The 

UV wavelength was 229 nm and a 10 p l  i n j e c t i o n  sample o f  a 1.0 mg/ml 

s o l u t i o n  i n  t h e  deve lop ing  s o l v e n t  was used. 

c o l l e c t e d  and counted  i n  phosphor (10  ml ). 

HPLC was shown t o  be 99.9%. 

The au to rad iog raph  was used t o  "map" t h e  p l a t e  

The p roduc t  was examined by gas chromatography-mass 

Only t h e  r e q u i r e d  c l o f i b r i c  a c i d  was seen. 

F r a c t i o n s  (1.0 m l )  were 

The rad iochemica l  p u r i t y  by  

PREPARATION OF THE AMIDE OF CLOFIRRATE 2-(  P-CHLOROPHEKOXY) -2-METHYL [ 1-14C] 

PROPIONAMIDE ( I C I  40,979) 

The c l o f i b r i c  amide was prepared v i a  t h e  s y n t h e t i c  pathway shown i n  

Scheme 4. E t h y l  2 - (p -ch lo ropheny l  ) -Z -me thy l [ l -  C] p r o p i o n a t e  (150 mg; 

158 C i )  t o g e t h e r  w i t h  hyd raz ine -hyd ra te  (64%; 0.15 m l )  and e t h y l  

a l c o h o l  7 4  OP (1.5 ml) were s t i r r e d  and r e f l u x e d  f o r  10 hours. 

emuls ion  ob ta ined  was e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 4  x 10 m l )  and t h e  

14 

r 
The o i l y  
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extracts were combined a n d  dried f o r  16 hours over anhydrous magnesium 

sulphate. 

evaporated t o  dryness under reduced pressure when a colourless o i l  was 

produced which slowly c rys ta l l i sed  on standing (104 mg; 

y ie ld) .  

After f i l t r a t i o n  the combined ether ex t rac ts  and washings were 

73.64 stage 

14 PREPARATION OF THE AMIDE OF CLOFIBRATE 2-(P-CHLOROPHENOXY-2-METHYL [l- 
PROPIONAMIDE (TCI 40,979) 

C 1  

SCHEME 4 

(MW 242.5)  (1) (MW 228 .5 )  ( 2 )  

NaN02/NH40H 1 
(MW 213.5) (3 

. Indicates the p o s i t i o n  of t h e  14C label 
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Examinat ion  by TLC (system H)  and v i s u a l i s a t i o n  under I J V  254 nm showed 

t h e  p roduc t  t o  be  p redominan t l y  t h e  r e q u i r e d  m a t e r i a l  w i t h  i d e n t i c a l  R 

t o  r e f e r e n c e  c l o f i b r i c  a c i d  hydraz ide .  

The c l o f i b r i c  a c i d  hyd raz ide  (104 mg) was s t i r r e d  i n  1.OM h y d r o c h l o r i c  a c i d  

s o l u t i o n  (0.7 m l ) ,  d i e t h y l  e t h e r  (1.0 m l )  was added and t h e  m i x t u r e  s t i r r e d  

and coo led  t o  0 - 5OC surrounded by  an i c e - w a t e r  b a t h  b e f o r e  add ing  a 

s o l u t i o n  o f  sodium n i t r a t e  (31.5 mg) i n  w a t e r  (0.2 m l ) .  

t h e  m i x t u r e  was s t i r r e d  f o r  a f u r t h e r  30 m inu tes  a t  0 - 5°C b e f o r e  a l l o w i n g  

t o  warm t o  ambient t empera tu re  and m a i n t a i n i n g  s t i r r i n g  f o r  an a d d i t i o n a l  

45 minutes.  

e x t r a c t e d  w i t h  d i e t h y l  e t h e r  ( 5  x 2.0 m l ) .  

were washed w i t h  a 5% aqueous s o l u t i o n  o f  sodium b i c a r b o n a t e  ( 2  x 10 m l )  

b e f o r e  d r y i n g  o v e r  anhydrous magnesium s u l p h a t e  f o r  16 hours.  

f i l t r a t i o n  t o  remove t h e  d r y i n g  agent,  t h e  e t h e r e a l  s o l u t i o n  was t r e a t e d  

w i t h  0.880 ammonium hyd rox ide  s o l u t i o n  (3.0 m l )  and ma in ta ined  a t  ambient 

tempera ture  f o r  24 hours.  

s e m i - c r y s t a l l i n e  s o l i d  was ob ta ined  (82.8 mg; 85% s tage y i e l d ) .  The 

o v e r a l l  chemical  y i e l d  was 62.7%. 

f 

T h i s  was con f i rmed  b y  au torad iography .  

A f t e r  t h e  a d d i t i o n ,  

The e t h e r  l a y e r  was removed and t h e  aqueous phase s e r i a l l y  

The combined e t h e r  e x t r a c t s  

A f t e r  

On evapora t i on  under reduced p ressu re  a w h i t e  

Examinat ion  o f  t h e  p roduc t  by TLC ( s y t m  H )  showed o n l y  a s i n g l e  component, 

when viewed under  U V  254 nm, which was i d e n t i c a l  i n  R f  t o  pu re  r e f e r e n c e  

c l o f i b r i c  amide. Autorad iography  con f i rmed  t h i s  r e s u l t .  The rad iochemica l  

p u r i t y  u s i n g  TLC system H was shown t o  be 99.24;. 

showed C 56.1; H 5.9; N 6.8: C10H12@2NC1 r e q u i r e s  C 56.2; H 5.6; 

N 6.6. 

Elemental  a n a l y s i s  
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