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THE SELECTIVITY I N  N-ALKYLATION OF NICOTINE 
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AbStPaCt  --- I n  p r e f e r e n c e  t o  p y r r o l l d i n e ,  p y r i d i n e  m o i e t y  o f  n i c o t l n e  

was a l k y l a t e d  b y  a l k y l  h a l i d e s .  T h i s  p r e f e r e n c e  seemed t o  r e s u l t  

f r o m  t h e  d i f f e r e n c e  o f  s t e r i c  h i n d e r a n c e  a r o u n d  each  n i t r o g e n .  The 

reactivity of  p y r i d l n e  m o i e t y  was a c c e l e r a 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  p y ~ ~ o l i d l n e .  The s e l e c t i v e  a l k y l a t l o n  o f  p y r i d i n e  a p p e a r e d  t o  be  

a v a i l a b l e  f o r  preparation of  artificial a n t l g e n  o f  n i c o t i n e .  

N l c o t i n e  1 1 1  h a s  t w o  k i n d s  o f  t e r t i a r y  n i t r o g e n s ,  one i n  p y r i d i n e  and t h e  o t h e r  

i n  p y r r o l i d i n e .  The pKa v a l u e  o f  t h e  f o r m e r  1s s m a l l e r  t h a n  t h a t  o f  t h e  l a t t e r  

lpKa,=7.84, pKa2=3.041!' T h i s  d i f f e r e n c e  o f  pKa v a l u e s  s u g g e s t s  t h a t -  t h e  

e l e c t ~ o p h i l e ~  w i l l  a t t a c k  t h e  n i t r o g e n  i n  t h e  p y r r o l i d l n e  m o i e t y  p r e f e r e n t i a l l y .  

I n  f a c t ,  'H NMR s p e c t r u m  shows t h a t  m o n o h y d r o c h l o r i d e  o r  monohydrob romide  o f  1 

has a p y r r o l i d i n i u m  h a l i d e  s t r u c t u r e  ( 2 1 .  On t h e  o t h e r  hand,  i t  was r e p o r t e d  

t h a t  t h e  r e a c t l o n  o f  1 w l t h  an e q u i m o l a r  amount o f  m e t h y l  i o d i d e  l e d  t o  a  m i x t u r e  

o f  N - r n e t h y l n i c o t i n i u m  i o d i d e  (3) and N t - r n e t h y l n i c o t i n i u m  i o d i d e  ( % ) ? I  T h l s  

indicates t h a t  t h e  N - a l k y l a t i o n  o c c u r s  c a m p e t l t i v e l y  and  t h e  s e l e c t i v i t y  does n o t  

a l w a y s  depend on t h e  pKa v a l u e .  

In t h i s  p a p e r ,  we w i s h  t o  r e p o r t  t h a t  t h e  N - a l k y l a t i o n  o f  p y r i d i n e  m o i e t y  i n  i w a s  

a s s i s t e d  b y  t h e  s t e r i c  and e l e c t r o n i c  interactions be tween  e l e c t r o p h i l e s  and  

p y r ~ o l i d i n e  m o i e t y .  A p p l i c a t i o n  o f  t h l s  r e a c t l o n  t o  t h e  s y n t h e s i s  o f  a r t i f i c i a l  

antigen o f  n i c o t i n e  i s  a l s o  d i s c u s s e d .  

TO a s o l u t i o n  o f  5 .0  mmol o f  1 i n  1 0  rnl o f  m e t h a n o l  o r  t e t r a h y d r o f u r a n  was added 

d ~ o p w i s e  5 . 1  mmol o f  a l k y l  h a l i d e  a t  i c e - b a t h  t e m p e r a t u r e  u n d e r  N2. The r e a c t l o n  

m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f a r  48h,  and t h e  s o l v e n t ,  u n r e a c t e d  1, and 

a l k y l  h a l i d e  were  d i s t i l l e d  o f f  u n d e r  r e d u c e d  p r e s s u r e .  The r e s u l t i n g  o i l y  m i x t u r e  

was washed w i t h  e t h e r ,  and d r i e d  i n  vacuo.  The 'H NMR d a t a  showed t h a t  t h e  r e s i d u e  



T a b l e  1  

R e a c t i o n  o f  n i c o t i n e  w i t h  a l k y l  h a l i d e  

5@: RX conv.  ( a )  o f  n i c o t l n e  ( b )  ( % )  N - a l k y 1 : N ' - a l k y l  

12) X=CI,Br CI TPeatment o f  1 w i t h  excess amount of C  H  I was 
2  5  

Pepor ted  t o  l e a d  t o  N , N S - d i e t h y l n i c o t i n i u m  

i ~ d i d e . ~ )  d )  t-C4Hg8r was decomposed, and n i c o t i n e  

was c o n v e r t e d  t o  2 ( X = B r ) .  e l  24h 

t-C4Hg8r 

P h C H p r  

BrCH C02Et 

was t h e  a l k y l a t e d  n i c o t ~ n e .  

The c o n v e r s i o n  o f  was a n a l y z e d  b y  GLC, and l i s t e d  i n  T a b l e  1. The r a t i o  o f  

N - a l k y l a t e d  v s  N ' - a l k y l a t e d  n i c o t i n e  was d e t e r m i n e d  by 'H NMR s p e c t r a  o f  t h e  c r u d e  

r e a c t i o n  p r o d u c t s ,  wh ich  were shown i n  T a b l e  2.  The c h e m i c a l  s h i f t s  o f  n i c o t i n e  

m o i e t y  i n  2-2 wePe e x t r e m e l y  c l o s e  t o  those  o f  N - a l k y l a t e d  n i c o t i n e  (3). b u t  no t  

t o  t h o s e  o f  N ' - a l k y l a t e d  d e r i v a t i v e  141,21and t h e  s t r u c t u r e s  o f  2-2 were d e t e r m i n e d  

t o  be N - a l k y l a t e d  d e r i v a t i v e s .  
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The r e a c t l o n  o f  1 w l t h  e t h y l  i o d i d e  a t  s e v e r a l  t e m p e r a t u r e s  was examined. The 

a1 i n  THF, r t ,  48h b )  i n  MeOH, r t ,  48h 
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c o n v e r s i o n  o f 1  was 85.2% a t  9 7 ' ~  f o r  1 .5h,  55.2% a t  6 5 ' ~  f o r  8h,  and 24.5% a t  
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room tempePature f o r  48h. I n  each case ,  N ' - e t h y l n i c o t i n i u m  i o d l d e  was n o t  f o u n d  

84.4 
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8 . 4  

i n  t h e  r e a c t i o n  p r o d u c t .  

W i t h  i n c ~ e a ~ i n g  b u l k i n e s s  o f  t h e  a l k y l  g roup ,  t h e  r e a c t l v l t y  o f  a l k y l  h a l i d e  

decreased;  C H 3 1 > ~ 2 ~ 5 1 >  n-C3H71> iso-C3H71. In t h e  case o f  u - b u t y l  b romide ,  

t h e  h a l i d e  was decomposed, and N ' - h y d r o n i c o t i n i u m  bromide  (2, X=Br l  was o b t a i n e d  

a s  t h e  r e a c t i o n  p r o d u c t .  The r e a c t i o n  o f  1 w i t h  e t h y l  i o d i d e ,  n - p r o p y l  i o d i d e ,  

i s o - p r o p y l  i o d i d e ,  b e n z y l  bromide,  and e t h y l  b romoace ta te  gave N - a l k y l a t e d  n i c o t i n e s  

e x c l u s i v e l y ,  w h i l e  t h e  r e a c t i o n  w i t h  m e t h y l  i o d i d e  l e d  t o  t h e  m i x t u r e  o f  3 and 4. 

These r e s u l t s  sugges ted  t h a t  t h e  s e l e c t l v l t y  was s t r o n g l y  i n f l u e n c e d  b y  s t e r i c  

h i n d e ~ a n c e  r a t h e r  t h a n  t h e  d i f f e r e n c e  o f  t h e  pKa v a l u e s .  I n  o r d e r  t o  c o n f i r m  t h i s ,  

a c o m p e t l t l v e  exper iment  was per formed.  T rea tment  o f  a 1 : 1  m i x t u r e  o f  N-methy l -  

p y r ~ o l l d i n e  IpKa = 1 0 . 1 8 ) 4 )  and p y r l d l n e  IpKa = 5 . 1 9 1 ~ '  w i t h  one  e q u i v a l e n t  o f  

b e n z y l  b romide  in methano l  r e s u l t e d  in t h e  f o r m a t i o n  o f  a s i n g l e  p r o d u c t  o f  a l k y l a t e d  



Tab le  2 'H NMR c h e m i c a l  s h i f t s  (ppm f r o m  TMSI 

The s i g n a l s  a r e  m u l t i p l e t ,  u n l e s s  otherwise s p e c ~ f i e d .  

s ;  s i n g l e t  d ;  d o u b l e t  t ;  t r i p l e t  d t ;  d o u b l e  t r i p l e t  q; q u a r t e t  

cotinine HO) 



N - m e t h y l p y r r o l l d i n e ,  and no a l k y l a t e d  p y r i d i n e  was o b s e r v e d  i n  t h e  'H NMR s p e c t r u m  

of  t h e  c r u d e  r e a c t i o n  p r o d u c t .  T h i s  f a c t  showed t h a t  t h e  s e l e c t i v i t y  o f  t h e  r e a c t i o n  

was governed  by  t h e  pKa v a l u e s  o f  r e a c t a n t s ,  when t h e r e  i s  no s t e r i c  h i n d e r a n c e .  

TO e l u c i d a t e  t h e  i n f l u e n c e  o f  t h e  t e r t i a r y  n i t r o g e n  i n  p y r r o l i d i n e  r i n g  on t h e  

a l k y l a t i o n ,  two c o m p e t i t i v e  reactions w e r e  p e r f o r m e d .  A  1 : 1 m i x t u r e  o f  1 and 

p y ~ i d i n e  was t r e a t e d  w i t h  one e q u i v a l e n t  o f  b e n z y l  b r o m i d e .  A l t h o u g h  t h e  pKa v a l u e  

o f  t h e  p y r l d i n e  n i t r o g e n  o f  i s  2 . 1 5  u n i t s  l e s s  t h a n  t h a t  o f  p y r i d i n e  and  t h e  

s t e r i c  h i n d r a n c e  a round  t h e  p y r i d i n e  nitrogen of  1 i s  n o t  l e s s  t h a n  t h a t  o f  

p y r i d l n e ,  I was a l k y l a t e d  p r e d o m i n a n t l y  ( N - a l k y l a t e d  p y r i d l n e  : 8 = 1 : 4  T h i s  

r e s u l t  sugges ted  t h a t  t h e  a l k y l a t l o n  o f  p y r l d i n e  n i t r o g e n  i n  1 was a s s i s t e d  by  t h e  

b d S 1 ~ i t y  of t h e  n i t r o g e n  i n  t h e  p y r r o l i d i n e  m o i e t y .  To c o n f i r m  t h i s ,  i n  t h e  r e a c t i o n  

mentioned above 1 was r e p l a c e d  w i t h  c o t i n l n e  ( 1 2 )  i n  w h i c h  t h e  b a s i c i t y  o f  l a c t a m  

S ~ P U C ~ U P ~  seemed t o  be n e g l i g i b l e .  The PKa v a l u e  o f  p y r i d i n e  m o i e t y  i n  1 2  (pKa  = 

4 . 3 ~ ) ~ '  was c l o s e  t o  t h a t  i n l ,  and t h e  s t e r i c  i n t e r a c t i o n  between p y r i d l n e  and 

l a c t a m  i n  lo was c o n s i d e r e d  t o  be s i m i l a r  t o  t h a t  between p y r i d i n e  and p y r r o l i d i n e  

i n 1 .  I n  t h i s  case ,  a l k y l a t e d  p y r i d i n e  was m a i n l y  o b t a i n e d  ( N - a l k y l a t e d  p y r i d i n e  : 

N - a l k y l a t e d  c o t i n i n e  = 2  : 1). 

The s e l e c t i v i t y  i n  N - a l k y l a t i a n  o f  two  k i n d s  o f  t e r t l a r y  n i t r o g e n s  i n  n i c o t i n e  w i t h  

a l k y l  h a l l d e s  was governed  by  two  f a c t o r s ;  1 1  s t e r i c  i n t e r a c t i o n  between e l e c t r o -  

p h i l e s  and p y r i d i n e  o r  p y r r o l i d l n e  r i n g ,  21 pKa v a l u e s .  The f o r m e r  f a c t o r  f a v o r e d  

t h q  N - a l k y l a t i o n  o f  p y r i d i n e ,  whereas t h e  l a t t e r  f a v o r e d  t h a t  o f  p y r r o l i d i n e .  

F u ~ t h e ~ m o r e ,  t h e  reactivity of  p y r i d i n e  was a s s l s t e d  b y  t h e  b a s i c i t y  o f  t h e  t e r t i a r y  

n i t r o g e n  i n  p y r r o l i d i n e  r i n g .  

A l t h o u g h  s e v e r a l  methods o f  p r e p a r a t i o n  o f  a r t i f i c i a l  a n t i g e n s  o f  n i c o t i n e  have 

been ~ e ~ o r t e d f - ~ ) t h e  s e l e c t i v e  N - a l k y l a t i a n  i n  p y r i d i n e  m o i e t y  o f  n i c o t i n e  seems 

t o  p r o v i d e  a  new c o n v e n i e n t  r o u t e  t o  t h e  a n t i g e n .  N - C a r b o e t h o x y r n e t h y l n i c o t i n i u m  

b romide  (9) i s  an example o f  t h e  i n t e r m e d i a t e  o f  t h e  a n t i g e n ,  because 9 has a  

e s t e r  g r o u p  w h i c h  can c o n j u g a t e  t h e  amino g r o u p s  o f  p r o t e l n  p o t e n t i a l l y .  The 

p ~ e p a ~ a t i o n  o f  o t h e ~  i n t e r m e d i a t e s  o f  t h e  c o n j u g a t e s  and t h e i r  a p p l i c a t i o n s  f o r  

rad io lmmunoassay  o f  n i c o t i n e  a r e  under  p r o g r e s s .  
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