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S U M M A R Y  

2-t2-Pyridine~-l-(3-chlorophenyl1-2-phenyl-l-methylethanol 
(I), containing tr i t ium unifonnty distributed i n  the 2-phenyl 
ring, #as synthesized i n  two steps with t r i t i a t ed  benzene aa the 
labelled starting material. 
An improved procedure l~as employed for the coupling of m-chloro- 
acetophenone and 2-benzylpyridine. The higher melting o f  two 
enantiomeric pairs, known for i t s  hypochoZesteremic act iv i ty  i n  
rats,  was isolated and found t o  have a chemical purity of >95% 
and a speci f ic  ac t i v i t y  of 0.11 m C i / m l e .  

INTRODUCTION 

A program has been underway i n  t h i s  laboratory t o  r ea l i ze  the  synthesis 
The struc- of an agent e f fec t ive  i n  the treatment of human atherosclerosis.  

t u re  of the  estregenic drug chlorotrianisene (TACE') was used a s  the bas i s  
f o r  chemical modXications which m i g h t  r e su l t  i n  a compound which would 
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r e t a i n  s t r u c t u r a l  c h a r a c t e r i s t i c s  f o r  choles te ro l - lower ing  a b i l i t y  but  would 
l a c k  s i g n i f i c a n t  e s t r o g e n i c i t y . '  
of 133 p y r i d y l  modi f ica t ions  of ch loro t r ian isene . '  P r e c l i n i c a l  t r i a l s  i n  
r a t s  e s t a b l i s h e d  t h a t  I w a s  h i g h l y  p o t e n t ,  of low es t rogenic  c h a r a c t e r ,  and 
r e l a t i v e l y  nontoxic .  However, a d d i t i o n a l  t r i a l s  i n  t h e  dog and monkey and 
c l i n i c a l  t r i a l s  i n  man f a i l e d  t o  show s i g n i f i c a n t  a n t i a t h e r o g e n i c  a c t i v i t y .  
It is hoped t h a t  f i n d i n g  the reason  f o r  t h e  d i f f e r e n c e  i n  e f f e c t i v e n e s s  of 
I between man and r a t s  w i l l  provide t h e  key t o  t h e  des ign  and s y n t h e s i s  of 
new drugs wi th  t h e  d e s i r e d  a c t i v i t y .  

Compound 1 emer ed as t h e  most promising 

Spec ies  v a r i a b i l i t y  i n  drug a c t i o n  o f t e n  is r e l a t e d  t o  s p e c i e s  d i f f e r -  
ences i n  t h e  absorp t ion ,  metabolisni, d i s t r i b u L i o n ,  o r  e x c r e t i o n  of the drug.  
The use  o€ r a d i o i s o t o p i c a l l y - l a b e l l e d  drugs  i s  one means of providing t h e  
necessary a n a l y t i c a l  methodology t o  conduct metabol ic  d i s p o s i t i o n  
We r e p o r t  h e r e  t h e  prepara t ion  of t r i t i u m - l a b e l l e d  compound I f o r  u s e  i n  
such s t u d i e s .  

s t u d i e s .  

DISCUSSION 

Compound I w a s  l a b e l l e d  by a s y n t h e t i c  method (Scheme I) r a t h e r  than  
a n  exchange procedure owing t o  t h e  l a b i l - i t y  of I under t r i t i u m  exchange 
condi t ions .  Label  w a s  introduced i n t o  t h e  2-phenyl r i n g  because of t h e  
a v s i l a b i l i t y  of a two-step s y n t h e t i c  r o u t e  beginning wi th  l a b e l l e d  benzene 
which would y i e l d  a chemical ly  and m e t a b o l i c a l l y  s t a b l e  l a b e l l e d  compound. 
Although t r i t i a t c d  benzene was employzd ir. t h i s  s y n t h e s i s ,  t h e  r o u t e  shcruld 
be  equal ly  a p p l i c a b l e  t o  t h e  prepara t ion  of t h e  carbon-14 l a b e l l e d  m a t e r i a l .  

A n e a r l y  q u a n t i t a t i v e  y i e l d  of t r i t i a t e d  2-benzylpyridine (IV) was 
obtained [by a Fr iede l -Craf t s  type  a l k y l a t i o n  of t r i t i a t e d  benzene (IJI) 
with  p i c o l y l  c h l o r i d e  hydrochlor ide  ( I I ) ]  when I11 w a s  employed a s  so lvent  
as w e l l  a s  r e a c t a n t .  It was a l s o  found t h a t  on ly  enough benzene t o  g i v e  a 
s t i r r a b l e  mixture  of I V  and aluminum c h l o r i d e  was requi red  f o r  complete 
r e a c t i o n .  Excess benzene w a s  recovered from t h e  r e a c t i o n  mixture  by d i s t i l -  
l a t i o n  under reduced pressure .  

Earlier work' suggested t h a t  t h e  e f f i c i e n c y  of coupl.ing V wi th  V I  
needed t o  b e  g r e a t l y  increased .  
i n  Schema I. 
atmosphere, and cooled t o  -78" w a s  t r e a t e d  wi th  a n  ether-benzene s o l u t i o n  
of phenyl l i thium. 
then  t i t r a t e d  wi th  an e t h e r  s o l u t i o n  of V I .  A f t e r  s lowly warming t o  room 
temperature ,  t h e  r e a c t i o n  w a s  s t i r r e d  f o r  s i x  hours  and was quenched wi th  
an equimolar hydrochlor ic  a c i d  s o l u t i o n .  
t i o n  proceeded t o  t h e  e x t e n t  of 85X completion w i t h  s t a r t i n g  m a t e r i a l s  a s  
t h e  only contaminants .  
t h i s  r e a c t i o n ,  V w a s  used without  p u r i f i c a t i o n .  

T h i s  w a s  accomplished by t h e  method shown 
2-Benzylpyridine d isso lved  i n  d r y  e t h e r ,  under a n i t rogen  

The d a r k  red  s o l u t i o n  of  an ion  V I I  w a s  kept  a t  -78' and 

It was found by nmr t h a t  t h e  reac-  

To minimize t h e  number of  phys ica l  manipulat ions i n  

EXPERIMENTAL 

R-dioac t iv i ty  was determined v i a  l i q u i d  s c i n t i l l a t i o n  spectrometry i n  
a c o c k t a i l  composed of 3 g of 2-(4-tert-butyl-phcnyl)-5-(4-biphenyl)-l,3,4- 
oxadiazole  (butyl-PBD) per l i t e r  of to luene  by use of a Packard Tri-Carb 
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SCHEME I 

c1- 

qy N \  

VII b 

H20/HC1 
> 

model 3320 l i q u i d  s c i n t i l l a t i o n  spectrometer equipped wi th  automatic exter- 
n a l  s tandard iza t ion .  
meter . 

NMR spec tra  were recorded m a Varian A60-A spectro-  
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Z-Benzylpyridine(T) (IV) - An appara tus  c o n s i s t i n g  of a 50-ml 3-necked 
f l a s k  conta in ing  a magnetic s t i r r i n g  b a r ,  condenser topped w i t h  a dry ing  
tube,  and a s o l i d  a d d i t i o n  appara tus  w a s  oven d r i e d ,  assembled warm and cooled 
t o  room temperature  under a stream of N z .  
s i s t e d  of a s tandard  tapered j o i n t e d  s t r a i g h t  tube  f i t t e d  t o  t h e  r e a c t i o n  
f l a s k  and a 25-ml Erlenmeyer f l a s k  adapted- f o r  gas i n t r o d u c t i o n  a t  t h e  s i d e  
and toward t h e  bottom of t h e  f l a s k .  Both thd  t u b e  and t h e  Erlenmeyer f l a s k  
were modified s o  they  could be  connected by a 5-inch l e n g t h  of tygon tubing  
wi th  an i n s i d e  diameter  of a h a l f  inch.  Vacuum d e s i c c a t o r  d r i e d  2-picolyl 
c h l o r i d e  hydrochlor ide  (11) (Aldrich)  (2.25 g ,  0.014 mol) was combined w i t h  
4 m l  of uniformly t r i t i a t e d  benzene (111) ( I C N  Pharmaceut icals ,  I n c . ,  t o t a l  
a c t i v i t y  of 5 m C i )  i n  t h e  r e a c t i o n  f l a s k  and dry  aluminum c h l o r i d e  (4.4 g ,  
0.033 mol) w a s  weighed i n t o  t h e  s o l i d  a d d i t i o n  f l a s k .  As the mixture  of 11 
and I11 was being s t i r r e d  a t  a moderate ra te ,  A l C l J  was tapped i n t o  t h e  reac-  
t i o n  f l a s k  over  a 5-min per iod .  When t h e  appara tus  was assembled, n i t r o g e n  
was passed through t h e  system at a ra te  s u f f i c i e n t  t o  exclude a i r ,  b u t  dur ing  
a d d i t i o n  of A l C 1 3  a r a t e  w a s  maintained t h a t  i n h i b i t e d  t h e  benzene vapor from 
clogging t h e  AlCls i n  t h e  a d d i t i o n  t u b e  and slow enough not  t o  sweep benzene 
out  of t h e  condenser. Af te r  a d d i t i o n  of t h e  A l C 1 3 ,  t h e  s o l i d  a d d i t i o n  appar- 
a t u s  was rep laced  wi th  a s topper  and t h e  r e a c t i o n  was re f luxed  f o r  1 6  hr. . 
Unieacted t r iLiaLed Laiizene was then  removed from t h e  r e a c t i o n  systei.1 by 
s h o r t  pa th  a s p i r a t o r  p r e s s u r e  d i s t i l l a t i o n ,  and i t  was c o l l e c t e d  i n  a Dry Ice- 
ace tone  cooled t r a p .  The d a r k  red r e s i d u e  w a s  poured s lowly i n t o  50 m l  of i c e  
water. T h i s  water mixture  w a s  brought t o  FH 10 w i t h  conc. NaOH and then ex- 
t r a c t e d  t h r e e  t i m e s  w i t h  100 m l  p o r t i o n s  of e t h e r .  The e t h e r  e x t r a c t s  wre  
d r i e d  f i r s t  over  anhydrous sodium s u l f a t e  and f i n a l l y  over anhydrous magne- 
sium s u l f a t e .  Removing t h e  so lvent  by r o t a r y  evaporat ion gave 2.22 g (96%) 
of product  whbse nmr w a s  i d e n t i c a l  t o  t h a t  of a u t h e n t i c  co ld  2-benzylpyridine 
( I V ) ;  nmr(CDC13) 6 4 .10(s ,  2H), 6.8-7.6(m, 8H), 8.4-8.6(m, 1H). 

The s o l i d  a d d i t i o n  appara tus  con- 

2-(2-Pyridine)-l-(3-Chlorophenyl)-2-phenyl(T)-l-methylethanol (VII) - 
T r i t i a t e d  2-benzylpyridine (IV) (2.22 g) and 15 m l  of d r y  e t h e r  ( f r e s h l y  
d i s t i l l e d  from LiALHt,) were added t o  a 50-ml 3-necked r e a c t i o n  f l a s k .  The 
f l a s k ,  conta in ing  a magnetic s t i r r i n g  b a r ,  was equipped wi th  a p r e s s u r e  
equal iz ing  dropping funnel  (Teflon s topcock r e q u i r e d ) ,  s topper  and n i t r o g e n  
inlet  adapter .  The e n t i r e  appara tus  w a s  oven d r i e d ,  assembled warm and cooled 
under a n i t r o g e n  atmosphere. 
Ice-acetone b a t h ,  phenyl l i thium (Foote) (2.05 M ,  7.0 m l )  was t r a n s f e r r e d  by 
syr inge  t o  t h e  dropping funnel  and t h e n  w a s  added dropwise (10 min) g i v i n g  
a deep red  s o l u t i o n .  The dropping funnel  w a s  r i n s e d  w i t h  e t h e r  and t h e  reac- 
t i o n  mixture  w a s  allowed t o  s t i r  a t  -78' f o r  10  min. A s o l u t i o n  of m-chloro- 
acetophenone (Eastman) (2.09 g ,  0.0135 mole) d i sso lved  i n  5 m l  of d r y  e t h e r  
w a s  placed i n  t h e  dropping funnel  and addcd over  a per iod of 10 min. A s  
a d d i t i o n  neared complet ion,  t h e  c o l o r  of t h e  s o l u t i o n  l igh tened  n o t i c e a b l y .  

A f t e r  t h e  dropping funnel  w a s  r i n s e d  wi th  e t h e r ,  t h e  r e a c t i o n  was allowed t o  
warm s lowly t o  room temperature  and t o  stir f o r  6 hr .  Concentrated H C 1  (37%, 
1.1 m l )  was d isso lved  i n  1 0  m l  o f  water and added (2 min) t o  t h e  i c e  b a t h  
cooled r e a c t i o n  mixture .  After s e p a r a t i o n  of t h e  water  (pB 7 )  from t h e  
organic  l a y e r s ,  t h e  water l a y e r  was e x t r a c t e d  t h r e e  times wi th  50-ml por t ions  
of e t h e r .  The combined organic  s o l u t i o n  was d r i e d  f i r s t  over NaZSQ, and then 
over  MgSQ,, and w a s  f i n a l l y  t r e a t e d  w i t h  charcoa l .  Solvent  was removed by 
r o t a r y  evapora t ion  t o  g i v e  3.85 g (89% recovery)  of m a t e r i a l  which by mr w a s  
composed of t h e  d e s i r e d  product (both isomers  i n  a r a t i o  of l:l), 2-benzyl- 
p y r i d i n e ,  and m-chloroacetqhenone. The crude mixture  was d isso lved  i n  
b o i l i n g  n-heptane and t h e  s o l u t i o n  was  t r e a t e d  w i t h  charcoa l .  A f t e r  two 
f u r t h e r  r e p e t i t i o n s  of t h i s  procedure,  c r y s t a l l i z a t i o n  of t h e  h igher  mel.ting, 

A f t e r  immersion of t h e  r e a c t i o n  f l a s k  i n  a Dry 
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somewhat less s o l u b l e  enant iomeric  p a i r  was accomplished by seeding .  
f i r s t  c rop  (629 mg, mp 120-128") was f u r t h e r  r e c r y s t a l l i z e d  t o  g i v e  0.3005 g 
(14%)* (mp 129-132O. Li t . '  134-136*) of product  ( V I I )  wi th  a s p e c i f i c  a c t i -  
v i t y  of 0.11 pCi/nuaole. 
chromatography (TLC) on  si l ica g e l  GF i n  a c i d i c  (n-hexane, chloroform,  a c e t i c  
a c i d  60:30:10) and b a s i c  (n-hexane, chloroform,  diethylamipe 50:40:10) s o l -  
vent  systems. 
wi th  t h e  lower mel t ing  racemate as t h e  only  r a d i o a c t i v e  contaminant. 
i s o t o p e  d i l u t i o n  wi th  t h e  h igher  mel t ing  racemate i n d i c a t e d  a radiochemical  
p u r i t y  of >92%:nmr(CDC13); h igh  mel t ing  racemic mixture  (mp 134-136'), 6 
1 .30(s ,  3H), 4 .40(s ,  lH), 6.6-7.6(m, 12H), 7 .72(s ,  OH, lH) ,  8.31 (crude t ,  
1H); low mel t ing  racersic mixture  (mp 108-110°), 6 1 .57(s ,  3H), 4.16(s. 1H), 
6.8-7.6(m, 12H), 7 .52(s ,  OH, lH) ,  8.55 (crude t ,  1 H ) .  

The 

Radiochemical p u r i t y  was  examined by t h i n  l a y e r  

The prepara t ion  contained >95% of t h e  h igher  mel t ing  racemate 
Reverse 

It should b e  noted t h a t  bo th  racemic mixtures  of I a r e  r e a d i l y  decom- 
posed by a c i d ,  s i l i ca  g e l  and e s p e c i a l l y  a combination of t h e  two. 
f a c t ,  t h e  low melt ing p a i r  can be  completely and s e l e c t i v e l y  destroyed by 
use  of a c t i v e  ,or  i n a c t i v e  s i l i ca  g e l  p r e p a r a t i v e  TLC p l a t e s .  
h igh  mel t ing  p a i r  i s  r e s i S t a n t  and can be  recovered from t h e  s i l ica  g e l  
when t h e  contac t  t i m e  between I and s i l i c a  g e l  and a c i d  i s  minimal. By 
seeding t h e  r e c r y s t a l l i z a t i o n  s o l u t i o n  success ivc ly  wZth t h e  pure higher  
mel t ing  racemate and then  t h e  lower mel t ing  racemate,  both isomers can be 
obta ined  i n  r e l a t i v e l y  pure state. 

I n  

Y e t ,  t h e  
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