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SUMMARY 

P i ~ o l i n i c - f c a r b o x y l - ~ ~ C I  a c i d  was  p r e p a r e d  b y  
c a r b o n a t i o n  of t h e  l i t h i o  d e r i v a t i v e  o b t a i n e d  
f r o m  n - b u t y l  l i t h i u m  and 2 - b r o m o p y r i d i n e .  m i s  
was e s t e r i f i e d  and a l l o w e d  t o  r e a c t  w i t h  t h e  
a n i o n  g e n e r a t e d  f r o m  d i m e t h y t  s u l f o z i d e  b y  so- 
dium h y d r i d e  t o  g i v e  2 - [  ( m e t h y t s u l f i n y 1 ) a c e t y l -  
f ~ a r b o n y l - ~ ~ c l l p y r i d i n e .  

Introduction: 
shown to be a potent selective immunosuppressant (1). The drug 
was labeled with 1 4 C  in order to more easily investigate the 
absorption and excretion rates, blood levels, distribution 
patterns, and to determine its metabolites (2.3). The reaction 
sequence (4) as shown in Figure 1 was designed to incorporate the 
radioactive atom into the carbonyl group. 
assure retention of the label during biotransformation. 

Discussion: 
the preparation of pico~inic-(carboxyl-14C) acid (11). 

The carbonation of an or anometallic derivative. as used in 
the preparation of ni~otinic-'~C acid ( 5 ) .  seemed to offer the 
most direct approach. Gelman and Spartz (6) and Proost (7) have 
discussed the lithio and magnesium derivatives of pyridine. The 
lithio derivative was preferred because it offered a less compli- 
cated workup. 

2-[ (Methylsu1finyl)a~etyllpyridine~ (IV) has been 

This position would 

The incorporation of 14C into this position required 
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When n-butyl lithium in hexane was added to an ethereal solu- 
tion of 2-bromopyridine at -2O"C, cooled to -45'C, and then 
carbonated, a 23% yield of the picolinic acid was obtained. 
yield was increased to 28% when the n-BuLi was added at -45°C. No 
Increase In the yield was obtained when the temperature was re- 
duced to -78OC. The CO. reacted rapidly with the organolithium 
complex at these temperatures. 

The 

Picolinic-(carboxyl-14C) acid was obtained in 38% chemical 
and radiochemical conversion from 129 mCi BaCOs-14C. as the un- 
react'ed l'CO2 was recovered as BaCO.-l'C. 

Ethyl picolinate-(~arboxyl-~~C) (111) was obtained in 84% 
yield by esterification with ethanol. 

This ester was then converted into IV by the attack of the 
anion generated from dimethyl sulfoxide (DMSO) by sodium hydride (8). 
on 111 using benzene as the reaction medium, in 62.5% yield. The 
chemical and radiochemical purity was 99+%. An over-all chemical 
conversion of 19% from BaCOS-I4C was obtained. 

I 
* 

1= 
-0Et  Q8 C-CH * 2 -S-CH3 R * 
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Experimental: 

Picolinic-(carboxyl-14C) Acid (11) : 
s o l u t i o n  under Na of 80 m l  anhydrous e t h e r  and 24 m l  of a 15% 
s o l u t i o n  of n-butyl l i t h i u m  (40 mM) i n  hexane (9) cooled t o  
-45OC (10). w a s  added 6.33 g (40 mM) of 2-bromopyridine (11) 
(bp - 75-6OC/13 mm) i n  80 m l  anhydrous e t h e r  over  5 minutes (12) .  
An orange-red c o l o r  appeared almost i n s t a n t l y .  The r e a c t i o n  was 
then cooled to -78OC and evacuated t o  15 mm pressure .  

To a magnet ical ly  s t i r r e d  

The uptake of 14COa l i b e r a t e d  by t h e  port ionwise a d d i t i o n  
over 1 hour of 200 m l  of 5N aqueous perchlor ic  a c i d  t o  7.88 g 
(40 mH) B ~ C O S - ~ ~ C  (13) (129 m C i ,  s p e c i f i c  a c t i v i t y  3.31 mCi/mH) 
was rap id .  
t o  a s teel  b lue  co lor .  The r e a c t i o n  was allowed t o  s t i r  a t  -78°C 
f o r  one hour. 
f l a s k  containing 200 m l  of a f r e s h l y  prepared and f i l t e r e d  s a t u r a t e d  
aqueous Ba(0H)z s o l u t i o n .  

The orange-red co lor  w a s  s imultaneously discharged 

The unreacted "COz was then pumped (14) i n t o  a 3 1 

The r e a c t i o n  w a s  stopped by t h e  a d d i t i o n  of 40 m l  of a 
s a t u r a t e d  aqueous ammonium s u l f a t e  s o l u t i o n ,  and. ex t rac ted  with 
f o u r  1 0 0 - m l  por t ions  of d l e t h y l  e t h e r .  
back i n t o  t h e  r e a c t i o n  system, sea led ,  and evacuated. The pH 
w a s  ad jus ted  t o  about 7 with  6N hydrochlor ic  a c i d .  
14COa w a s  t r a n s f e r r e d  t o  t h e  Ba(0H)a conta in ing  f l a s k .  

The aqueous phase was put  

The evolved 

The pH of t h e  aqueous s o l u t i o n  was ad jus ted  t o  3 and was 
cont inuously ex t rac ted  overnight  with chloroform. 
form e x t r a c t  w a s  d r i e d  with M g S O h .  f i l t e r e d ,  and t h e  so lvent  re- 
moved. The r e s u l t i n g  I1 weighed 1.50 g (31%). melted a t  136-138'C. 
and w a s  s a t i s f a c t o r y  f o r  t h e  next s t e p .  

The chloro- 

The recovered B ~ C O S - ~ ~ C  weighed 1.55 g (21% recovery) and 
exhib i ted  a s p e c i f i c  a c t i v i t y  of 3.52 mCi/mM (17.9 mCi/g). 

E thyl  P l c o l i n a t e  ( c a r b ~ x y l - ~ ~ C )  (111) : To a magnet ical ly  s t i r r e d  
s o l u t i o n  of 1.50 g (12.2 mM) I1 i n  1 2 . 2  m l  of absolu te  e thanol  was 
added 2.65 m l  concentrated s u l f u r i c  ac id  a t  a slow r a t e .  The re- 
a c t i o n  w a s  re f luxed  f o r  7 hours and then cooled t o  -1OOC. 
of Ice were added and t h e  pH adjus ted  t o  9 by t h e  a d d i t i o n  of about  
5 m l  of 50% aqueous KaCOa.  The p r e c i p i t a t e d  salts were f i l t e r e d  and 
washed wi th  30 m l  chloroform. The f i l t r a t e  w a s  ex t rac ted  with t h r e e  
l O - m l  por t ions  of chloroform. The chloroform e x t r a c t s  were com- 
bined,  t h e  so lvent  w a s  removed, and t h e  o i l y  resude was d i s t i l l e d .  
The f r a c t i o n  b o i l i n g  a t  129-13OoC/17 mm w a s  c o l l e c t e d  and weighed 
1.5 g ( 8 4 4 ) .  

2- [ (Methylsulf i n y l ) a ~ e t y l ( c a r b o n y l - ~  4C) ] pyr id ine  ( I V )  : 
s t i r r e d  s o l u t i o n  of 1.50 g (9.8 mM) 111. and 1.53 g (19.6 mM) 
dimethylsulfoxlde i n  8.3 m l  d ry  benzene w a s  added 0.902 g (19.6 mM) 
of sodium hydride as a 54% dispers ion  i n  minera l  o i l  (15) port ion-  
w i s e  over 10 minutes. The r e a c t i o n  was l e f t  t o  stir a t  room 

Five grams 

This  was pure I11 and w a s  used d i r e c t l y  t o  prepare IV. 

To a 
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temperature overnight  under n i t rogen  and then poured over 16 g 
of i c e .  The s o l u t i o n  w a s  washed with f o u r  20-1 por t ions  of 
e t h e r ,  which were discarded.  The pH of t h e  aqueous phase w a s  
ad jus ted  t o  6 .5  with concentrated hydrochlor ic  a c i d ,  and t h e  
s o l u t i o n  ex t rac ted  with four  25-ml por t ions  of chloroform. The 
combined chloroform phases were d r i e d  wi th  M g S O b ,  f i l t e r e d ,  and 
t h e  so lvent  removed. The r e s i d u e  w a s  d i sso lved  i n  10 m l  of ho t  
e t h y l  a c e t a t e ,  boneblacked. and f i l t e r e d .  The f i l t r a t e  was 
concentrated t o  about 3.3 m l  and allowed t o  cool  t o  room tempera- 
t u r e .  
mixture  l e f t  a t  5'C overnight .  
g ive  1.12 g of I V  (62.5%) which melted a t  79.0-80.5'C. To t h i s  
w a s  added 1.9 g of a u t h e n t i c  I V ,  and t h i s  mixture  w a s  r e c r y s t a l -  
l i z e d  again from t h e  same so lvents .  
recovery) of I V ,  which melted a t  80.0-81.3°C. 

About 3.3 m l  of Ske l lyso lve  B (16) were added and the  
The c r y s t a l s  were f i l t e r e d  t o  

This  pave 2.8 g (94% 

An i n f r a r e d  spectrum determined as a mull exhib i ted  maxima 
a t  1700, 1585, 1445, 1315, 1290, 1200. 1020, 995 and 790 cm-'. 
The u l t r a v i o l e t  spectrum determined i n  e thanol  exhibi ted maxima 
a t  234 and 271 nm(me). The a b s o r p t i v i t y  was 45.4 and 28.1, 
r e s p e c t i v e l y .  

A thin- layer  chromatogram (TLC) using a 5 x 20 cm p l a t e  
coated wi th  a 250 micron t h i c k  l a y e r  of s i l i c a  g e l  GF (17), 
when i r r i g a t e d  with a mixture  of e t h y l  a c e t a t e ,  methanol, and 
g l a c i a l  a c e t i c  a c i d  (75/25/5), gave a s i n g l e  spot  when viewed 
under u l t r a v i o l e t  l i g h t  a t  an Rf of about 0.6, which was 
i d e n t i c a l  with an a u t h e n t i c  sample. 
t h e  p l a t e  was contained i n  t h i s  one spot  (18). 
was designed t o  s e p a r a t e  t h e  components l i k e l y  t o  be present  i n  IV. 

A l l  of t h e  r a d i o a c t i v i t y  on 
This  TLC system 

The above phys ica l  cons tan ts ,  when compared with an au thent ic  
sample (19), demonstrated a chemical and radiochemical p u r i t y  of 
99+%. 

The s p e c i f i c  a c t i v i t y  was determined t o  be 1 . 1 2  mCi/mM 
(6.86 mCi/g) v i a  l i q u i d  s c i n t i l l a t i o n  spectrometry (20). 
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