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~ b s t r a ~ t  - Catalytic activities of various~bases on the racemization 

of nicotine were investigated. S-(-)-Nicotine was completely 

racemized by refluxing with a catalytic amount of potassium-2- 

butoxide for a short time. Thus, a facile preparation method of 

racemic nicotine was provided. 

It i~ inte~esting to elucidate the biological 

activities of R-(+)-nicotine from the viewpoint of 4 

better unde~standlng of these of natural S-(-)-nicotine, 6 o j ) i *  
paPtiCularly in its relation to the specific receptors i n  6 

the central nervous system. However, probably because 
CH3 

o f  the difficulties of obtaining pure R-(+)-nicotine, 5-(-)-Nicotine 

t h e w  have been relatively little reports on this 

subject.') One of the problems is the optical resolution o f  (*)-nicotine, and 

anothev is the preparation of I*)-n~cotine. As to the f o r m e r ,  Aceto ~ 1 .  
1 )  

recently obtained pure R-(+)-nicotine by using a combination of (+)-tartaric acid 

and di-p-toluoyl-(-1-ta~ta~ic acid. R-(+I-nicotine was also obtained from 

(+)-nicotine by a stereoselective microbial degradation of S-(-)-nicotine. 2 1 

Because the synthesis of (+I-nicotlne is tedious, the racemization of natural 

(-)-nicotine seems most practical for the preparation o f  f*)-nicotine. Racemilation 

of (-)-nlcotine by heating its organic o r  inorganic salts has been reported. 
31 

In thls method, a prolaoged heating at high temperature i n  a sealed tube was 

required, and the r e c o v e r y  of (*)-nicotine was not satisfactory because of 

degradatlon and palymer~zation, Thus, the development of more useful procedure 

has been required. 

HePe we wlsh to report base-catalyzed facile racemiration of nicotine. Natural 

S-(-)-nicotine was heated with a catalytic amount of various bases, and the optical 

PotatLon of the recovered nicotine was measured. The results are shown in Table 1. 



T a b l e  1. E f f e c t s  of  V a r i o u s  Bases  on Race rn i za t i on  of  ( - ) - N i c o t i n e  

Base B a s e / N i c a t i n e  Temp. Time ~ a c e r n i r a t i o n ~ l  
l rno l%)  l a c )  l m i n )  y i e l d  ( % I  

MeONa 15 .0  24701 10 2.9  

MeONa 

MeOK 

EtONa 

EtOK 

2-BuONa 

t-BuOK 

T-BuOK 

f-BUOK 

f-B"OK 
- H M P A ~ )  

NaH 

KH 

NaNH2 

a) measured b y  o p t i c a l  r o t a t i o n  

b )  b.p.  o f  n i c o t i n e  

C l  2 .5  m l  of  HMPA was added t o  1.62 g  of  n l c o t l n e  

Among t h e  bases  examined,  p o t a s s i u m  t - b u t o x i d e  ( t -BuOK) was most  e f f e c t l u e .  

Thus ,  a f t e r  10 minutes r e f l u x  w i t h  4 . 5  mol% of  &-BuOK, n i c o t i n e  was d i s t i l l e d  t o  

g i v e  a c o m p l e t e l y  r a c e m i r e d  spec imen i n  o v e r  95% r e c o v e r y .  A  c o m b l n a t i o n  o f  t-BuOK 

and hexame thy l phospho ram ide  (HMPAI was more e f f e c t i v e ,  b u t  t h i s  was n o t  p r a c t i c a l  

because t h e  s e p a r a t i o n  of  t h e  n i c o t l n e  and HMPA was t e d i o u s .  

The influences o f  t h e  a l k o x y l  g roups  and t h e  c o u n t e r  i o n s  on t h e  r a c e m i z a t i o n  

WePe q u i t e  o b v i o u s .  The c a t a l y t i c  a c t i v i t i e s  w e r e  i n  t h e  o r d e r  o f  $-BuO'> E ~ O -  W 

MeO-, and p o t a s s l u m  i o n  was f a r  more  e f f e c t i v e  t h a n  sod ium i o n .  A l t h o u g h  i n  t h e  

SePieS o f  t h e  a l k o x i d e s  t h e  basicity of  each c a t a l y s t  seemed t o  r e l a t e  t o  t h e  

c a t a l y t i c  a c t i v i t y ,  NaH, KH and NaNH2 were  n o t  so e f f e c t i v e  as e x p e c t e d  f r o m  t h e i r  

r a t h e r  s t r o n g  basicities. 

The r a c e r n i z a t i o n  r a t e  was measured i n  t h e  case o f  t-BuOK. R e s u l t  i s  shown i n  

F i g . ? .  The r a c e m i z a t l o n  r a t e  was found t o  obey  good f i r s t - o r d e r  k i n e t i c s .  

A  deu teP lum exchange e x p e r i m e n t  was a l s o  c a r r i e d  o u t .  M i x t u r e  o f  ( - ) - n i c o t i n e ,  
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t-BuOK and t-BuOD was h e a t e d  a t  250•‹C 

f o r  1 h r  i n  an a u t o c l a v e .  The o p t i c a l  

r o t a t i o n  o f  r e c o v e r e d  n i c o t i n e  was 0'. 

and i t s  mass s p e c t r u m  showed an M' peak 

a t  m/z 167  and  a base peak a t  m/z 85.  

I n  i t s  'H-NMR s p e c t r u m  ( 4 0 0  MHz1 s i g n a l s  

a t  S 8.54,  8 .48 ,  7.68,  7 .22  and  3.07 

became v e r y  weak. These f a c t s  s u g g e s t e d  

t h a t  b o t h  2 ' - p r o t o n  o f  p y r r o l i d i n e  r i n g  

and p y r i d i n e  p r o t o n s  were  d e u t e r a t e d .  

O t h e r  p r o t o n s  o f  p y r r o l i d i n e  r i n g  w e r e  

F i g . l .  R a c e m i r a t i o n  R a t e  o f  ! - 1 - N l c o t l n e  

condition : n l c o t i n e  + 4 .5  mo l% t-BuOK, 
r e f  l u x  

n o t  d e u t e r a t e d .  A  b a s e - c a t a l y z e d  d e u t e r i u m  exchange o f  3 - m e t h y l p y r i d i n e  was 

examined i n  t h e  same manner .  The peak a t  mlr  100 (M+I i n  t h e  mass s p e c t r u m  showed 

t h a t  a l l  p r o t o n s  i n  t h e  m o l e c u l e  w e r e  d e u t e r a t e d .  

FPom t h e  f a c t  t h a t  N ' - m e t h y l  g r o u p  of  n i c o t i n e  was n o t  d e u t e r a t e d  and t h e  

m e t h y l  g r o u p  of  3 - r n e t h y l p y r i d i n e  was d e u t e r a t e d ,  t h e  b a s e - c a t a l y z e d  r a c e m i r a t i o n  

O f  nicotine was c o n c l u d e d  t o  p r o c e e d  b y  t h e  e x t r a c t l o "  o f  2 ' - p r o t o n  a s s i s t e d  b y  

t h e  e l e c t r o n i c  e f f e c t  o f  t h e  p y r l d i n e  ring. 

EXPERIMENTAL 

M a t e r i a l s  C o m m e r c i a l l y  a v a i l a b l e  S - ( - ) - n i c o t i n e  was d r i e d  o v e r  CaH2 and 

distilled u n d e r  r educed  p r e s s u r e .  [ X J ; ~  -136.4' ( c=10 ,  MeOH). MeOK, EtOK and 

t-BuONa w e r e  p r e p a r e d  f r om  c o r r e s p o n d i n g  a l c o h o l s  and m e t a l  h y d r i d e s .  O t h e r  bases 

wePe c o m m e r c i a l l y  a v a ~ l a b l e .  

O p t i c a l  r o t a t i o n  O p t i c a l  r o t a t i o n  was measured i n  MeOH s o l u t i o n  u s i n g  a JASCO 

DIP-181 p o l a ~ i m e t e r .  

R a c e m i r a t i o n  of  n i c o t i n e  A  t y p i c a l  examplo  i s  as f o l l o w s .  Base ( 0 . 4 5  mmol) 

was added t o  n l c o t i n e  ( 1 . 6 2  9, 1 0  mmol l  and t h e  m l x t u r e  w a s  r e f l u x e d  f o r  10 m in .  

I t  was t h e n  c o o l e d ,  and t h e  n i c o t i n e  was r e c o v e r e d  b y  a b u l b  t o  b u l b  d i s t i l l a t i o n  

Under r educed  p r e s s u p e .  A  s e m i - l a r g e  scale  experiment was done i n  t h e  same manner 

u s i n g  1 6 . 2  g  of  n i c o t l n e  and  0 . 5  g  o f  t-BuOK. A f t e r  a d i s t i l l a t i o n  u n d e r  r educed  

p ~ e s s u r e ,  15 .6  g  o f  t h e  n i c o t l n e  w h i c h  showed s i n g l e  peak i n  a gas  ch roma tog raphy  

was r e c o v e r e d  (96 .3% r e c o v e r y l .  I n  t h e  case of  1-BuOK-HMPA sys tem,  a f t e r  t h e  

r e a c t i o n ,  t h e  m i x t u r e  w a s  acidified w i t h  6N HC1 and e x t r a c t e d  1 0  t i m e s  w i t h  CHCl 
3 



t o  remove  t h e  HMPA c o m p l e t e l y .  The aqueous l a y e r  was made a l k a l i n e  w i t h  a q .  NaON 

and e x t r a c t e d  w i t h  e t h e r .  The e t h e r  l a y e r  was d r i e d  o v e r  Na2S04 and distilled 

undeP P e d ~ c e d  pPeSSUre t o  g i v e  t h e  n i c o t i n e .  

Race rn i za t i on  r a t e  To a r e f l u n l n g  n i c o t i n e  11.94 g ,  1 2  rnrnol) was added 0 .06  g  

o f  t-BuOK 10.54 mmol) a l l  a t  once t h r o u g h  t h e  r e f l u x  condense r .  A f t e r  3 0  s e c ,  t h e  

m i x t u ~ e  was c o o l e d  r a p i d l y  w z t h  wa te r ,  and b r i n e  was added t o  t h e  m i x t u r e .  

E x t ~ a c t i o n  w i t h  e theP  f o l l o w e d  b y  a b u l b  t o  b u l b  distillation gave p u r e  n i c o t l n e ,  

o f  w h i c h  o p t i c a l  r o t a t i o n  was measured.  I n  t h e  same manner, r a c e r n i z a t i o n  a f t e r  

1 m i n  and 5  m i n  w e r e  also examined.  

D e u t e r i u m  exchange A  m i x t u r e  o f  n i c o t l n e  ( 2 4 3  mg, 1 .5  m m o l ) ,  t-Bu0D ( 4 . 5  9,  6 0  

mmol)  and  p u O K  1112 mg, 1.0 mmol)  was h e a t e d  a t  250•‹C f o r  1 h r  i n  an a u t o c l a v e .  

The n i c o t i n e  was r e c o v e r e d  f r o m  t h e  r e a c t i o n  m i x t u r e  b y  a b u l b  t o  b u l b  d i s t i l l a t i o n  

U n d e r  r educed  pPeSSUPe. 
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