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S U M M A R Y  

I s o t o p i  c a l  l y  e n r i c h e d  d , l - n o r n i  c o t  i n e - 1  ' - "N ( 2 4  
a t o m  % e n r i c h m e n t )  was p r e p a r e d  i n  a s i n g l e  s t e p  f r o m  
c y c l o p r o p y l  3 - p y r i d y l  k e t o n e  a n d  f o r m a m i d e - " N  ( 2 4  a t o m  
% e n r i c h m e n t ) .  M e t h y l a t i o n  t o  d , l - n i c o t i n e - l ' - 1 5 N  ( 2 4  
a t o m  % e n r i c h m e n t )  was a c c o m p l i s h e d  u s i n g  t h e  C l a r k -  
E s c h w e i l e r  m e t h o d .  

Key Words: d , l - N o r n i c o t i n e ,  d , l - N i c o t i n e ,  N i t r o g e n - 1 5 ,  T o b a c c o  

INTRODUCTION 

S t u d i e s  o n  t h e  f a t e  o f  c o n s t i t u e n t s  o f  N i c o t i a n a  tabacum L .  i n  t h e  

b u r n i n g  c i g a r e t t e  u s i n g  i s o t o p i c a l l y  l a b e l l e d  m a t e r i a l s  h a v e  been  

c a r r i e d  o u t  b y  numerous  i n v e s t i g a t o r s .  The m a j o r i t y  o f  t h e s e  

s t u d i e s  w e r e  d i r e c t e d  t o w a r d  f o l l o w i n g  t h e  c o n s t i t u e n t s '  c a r b o n  

a toms  v i a  c a r b o n - 1 4  l a b e l l e d  compounds ( 1 ) .  R e c e n t l y ,  J o h n s o n ,  

e t  a l . ,  have  c a r r i e d  o u t  i n v e s t i g a t i o n s  on t h e  b u r n i n g  c i g a r e t t e  

u s i n g  n i t r o g e n - 1 5  l a b e l l e d  m a t e r i a l s  t o  s t u d y  t h e  c o n v e r s i o n  o f  

n i t r a t e  n i t r o g e n  t o  smoke p r o d u c t s  ( 2 )  and  t h e  f o r m a t i o n  o f  m o l e c -  

u l a r  n i t r o g e n  ( 3 ) .  A d d i t i o n a l l y ,  B a x t e r  ( 4 )  and  J o h n s o n ,  et a t . ,  

( 5 ) ,  h a v e  e x a m i n e d  t h e  i n c o r p o r a t i o n  o f  a t m o s p h e r i c  o x y g e n  i n t o  

c o m p o n e n t s  o f  c i g a r e t t e  smoke u s i n g  o x y g e n - 1 8 .  T h e s e  s t u d i e s ,  

w h j c h  r e p r e s e n t  t h e  o n l y  a p p l i c a t i o n  o f  s t a b l e  i s o t o p i c  t r a c e r  

t e c h n i q u e s  t o  t h e  i n v e s t i g a t i o n  o f  t h e  mechan ism o f  smoke f o r m a -  
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t i o n ,  w e r e  d i r e c t e d  e s s e n t i a l l y  t o w a r d  t h e  s t u d y  o f  t h e  f a t e  o f  i s o -  

t o p i c a l l y  l a b e l l e d  i n o r g a n i c  compounds i n  t h e  b u r n i n g  c i g a r e t t e .  

I t  was, t h e r e f o r e ,  o f  i n t e r e s t  t o  u s  t o  e x p l o r e  t h e  u t i l i t y  o f  

s t a b l e  i s o t o p e  t r a c e r  t e c h n i q u e s ,  i n  p a r t i c u l a r  u s i n g  n i t r o g e n - 1  5 

l a b e l s ,  i n  t h e  s t u d y  o f  t h e  d i s p o s i t i o n  o f  o r g a n i c  compounds i n  t h e  

b u r n i n g  c i g a r e t t e .  F o r  o u r  i n i t i a l  i n v e s t i g a t i o n s ,  we c h o s e  t o  

s t u d y  t h e  t w o  m a j o r  a l k a l o i d s  o f  Nicotiana tabacum L., n o r n i c o t i n e  

and  n i c o t i n e ,  l a b e l l e d  w i t h  n i t r o g e n - 1 5  i n  t h e  1 '  p o s i t i o n .  A l -  

t h o u g h  t h e s e  compounds h a v e  been  p r e v i o u s l y  p r e p a r e d  (6), we c h o s e  

t o  e x a m i n e  an a l t e r n a t i v e ,  s h o r t e r  r o u t e  w h i c h  w o u l d  b e  more  amen- 

a b l e  t o  t h e  s y n t h e s i s  o f  mu1 t i - i s o t o p i c a l l y  l a b e l l e d  d , L - n i c o t i n e s  

and  d , l - n o r n i c o t i n e s  r e q u i r e d  f o r  s u b s e q u e n t  i n v e s t i g a t i o n s .  

I t  h a s  been  r e p o r t e d  b y  B r e u e r  ( 7 )  t h a t  a r y l  c y c l o p r o p y l  k e t o n e s  

[ l a ]  r e a c t  w i t h  f o r m a m i d e  i n  t h e  p r e s e n c e  o f  magnes ium c h l o r i d e  t o  

g i v e  good y i e l d s  ( 7 0  

s m a l l  amoun ts  ( 0 - 9 % )  

[3a,  Scheme 13. The 

h y d r o l y z e  t o  2 - p h e n y  

80%) o f  2 - a r y l  - N - f o r m y  

o f  1 - a r y l - Z - c y c l  o p r o p y  

f o r m e r  [Za,  A r y l = C , H , ]  

p y r r o l  i d i n e  [ 4 a ] .  F u r  

p y r r o l i d i n e s  [ Z a ]  a n d  

- N - f o r m y l m e t h y l a m i n e s  

has  been  shown t o  

h e r m o r e ,  d , t - n i c o -  

t i n e  has  been  p r e p a r e d  b y  r e a c t i o n  o f  c y c l o p r o p y l  3 - p y r i d y l  k e t o n e  

[ l b ]  w i t h  N - m e t h y l f o r m a m i d e  u n d e r  s i m i l a r  c o n d i t i o n s  ( 8 )  a n d  t h i s  

s y n t h e s i s  has  been  u t i l i z e d  f o r  t h e  p r e p a r a t i o n  o f  d , l - n i c o t i n e - Z ' -  

1 4 C  ( 9 ) .  Based  o n  t h i s  p r e v i o u s  w o r k ,  we f e l t  t h a t  t h e  r e a c t i o n  o f  

l b  w i t h  f o r m a m i d e  s h o u l d  r e a d i l y  a f f o r d  N - f o r m y l n o r n i c o t i n e  [ Z b ]  

w h i c h  c o u l d  b e  h y d r o l y z e d  in situ t o  g i v e  t h e  d e s i r e d  d , L - n o r n i c o -  

t i n e  [ 4 b ] .  

I n i t i a l  s t u d i e s  ( T a b l e  1 - E x p t  No 1 - 3 )  d e m o n s t r a t e d  t h a t  p u r e  4b 

c o u l d  b e  o b t a i n e d  u s i n g  B r e u e r ' s  c o n d i t i o n s  ( 7 )  ( E x p t  No l ) ,  t h a t  a 

s u b s t a n t i a l  i m p r o v e m e n t  i n  t h e  y i e l d  o f  4 b  c o u l d  b e  r e a l i z e d  if t h e  

r e a c t i o n  was r u n  i n  2 - e t h o x y e t h y l  e t h e r  u n d e r  r e f l u x  ( E x p t  No 2 )  

and  t h a t  w h e t h e r  t h e  magnes ium c h l o r i d e  c a t a l y s t  was o r  was n o t  h y -  
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d r a t e d  h a d  no a p p a r e n t  e f f e c t  ( E x p t  No 3 ) .  E x p e r i m e n t s  ( E x p t  No 4 - 6 )  

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

l b  t o  d e t e r m i n e  i f  t h e  y i e l d  o f  4b  ( b a s e d  o n  f o r m a m i d e )  c o u l d  b e  i m -  

p r o v e d .  T h e s e  e x p e r i m e n t s  showed t h a t  a r a t i o  o f  3 t o  1 gave  t h e  

b e s t  r e s u l t s .  F u r t h e r m o r e ,  t h e  t r a c e  q u a n t i t y  ( < 2 % )  o f  myosmine  

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

E x p t  No 2 - 4  a n d  6, was n o t  d e t e c t e d  i n  t h e  p r o d u c t  f r o m  E x p t  No 5 .  

R e a c t i o n  o f  4 b  u n d e r  C l a r k - E s c h w e i l e r  c o n d i t i o n s  was t h e n  c a r r i e d  

o u t  t o  g i v e  d , t - n i c o t i n e  [ 5 a ]  i n  85 .2% y i e l d .  

0 
R - ! d  - H C O N H  2- 

S C H E M E  I 

l a ,  R = A ry l  
l b ,  R = 3 - p y r i d y l  

C H O  

2a, R = A r y l  
2 b ,  R = 3 - p y r i d y l  

3a, R = A r y l  

4a ,  R = C 6 H 5  5a, R = 3 -  
4b, R = 3 - p y r i d y l  p y r i d y l  

The s y n t h e s i s  was t h e n  c a r r i e d  o u t  ( a s  T a b l e  I - E x p t  No 5 )  u s i n g  

f o r m a m i d e  w i t h  a n i t r o g e n - 1 5  e n r i c h m e n t  o f  24 a t o m  % to g i v e  d , t -  

n ~ r n i c o t i n e - l ' - ' ~ N  ( 5 3 . 7 %  y i e l d ,  >97% p u r e ,  1 5 N  e n r i c h m e n t  o f  2 4  

a t o m  % ) .  T h i s  p r o d u c t  was t h e n  m e t h y l a t e d  as  d e s c r i b e d  t o  a f f o r d  

d , t - n i c o t i n e - l ' - 1 5 N  ( 8 4 . 0 %  y i e l d ,  >97% p u r e ,  I 5 N  e n r i c h m e n t  o f  2 4  

a t o m  % ) .  
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T a b l e  I .  R e s u l t s  f r o m  t h e  r e a c t i o n  o f  c y c l o p r o p y l  3 -  

p y r i d y l  k e t o n e  [ l b ]  w i t h  f o r m a m i d e .  

4b Yie ld ,  %f 

No l b  Catal ys  tC h r s  P u r i t y ,  % l b  HCONH, 
Expta HCONH? Timed 4be based on 

1 6 MgC1, (anhyd) 2.75 99 24.8 4.1 

2 6 MgCl, (anhyd) 4.0 96 47.0 7.8 

3 6 MgC1z*6H2O 4.5 97 48.2 8.0 

4 6 MgC1,*6H,O 4.5 96 46.8 11.7 

5 3 MgC1,*6H20 21 >99 57.4 19.0 

6 2 MgC1,.6H,O 21 86 24.2 12.1 

a Expt No 1 run  w i thou t  d i l u e n t  a t  180". 

r u n  i n  2-ethoxyethyl e the r  under r e f l u x .  

Expt No 2-6 were a l l  

Molar r a t i o  

Molar r a t i o  o f  c a t a l y s t  t o  l b  was 0.2 f o r  a l l  experiments. 

For format ion o f  2b. Determined f rom g l c  by mon i to r i ng  the 

disappearance o f  1 b. 

3 y  g l c  analys is .  

Corrected f o r  p u r i t y .  

EXPERIMENTAL 

The 'H nmr s p e c t r a  were  o b t a i n e d  o n  a V a r i a n  XL-100  nmr s p e c t r o -  

m e t e r  e q u i p p e d  w i t h  a D i g i l a b  nmr -3  FT a c c e s s o r y .  The i r  s p e c t r a  

were  o b t a i n e d  o n  a P e r k i n  E l m e r  621 s p e c t r o p h o t o m e t e r .  Mass s p e c -  

t r a  w e r e  o b t a i n e d  o n  a C E C  21 -104  mass s p e c t r o m e t e r  a t  70eV.  Gas 

c h r o m a t o g r a p h i c  a n a l y s e s  ( g l c )  w e r e  c a r r i e d  o u t  u s i n g  a B e n d i x  

model 2300 gas c h r o m a t o g r a p h  w i t h  5 f t  x 0 . 2 5  i n .  c o p p e r  c o l u m n s  

p a c k e d  w i t h  5% SE-30 on  C h r o m o s o r b  G - H P  ( 8 0 - 1 0 0  mesh) u s i n g  He c a r -  

r i e r  gas  a t  a 60 m l / m i n  f l o w  r a t e .  The s t r u c t u r e s  o f  4b ,  5a a n d  
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t h e i r  n i t r o g e n - 1 5  i somers  were conf i rmed  by i n f r a r e d ,  n u c l e a r  mag- 

n e t i c  r e s o n a n c e  and mass s p e c t r a l  a n a l y s i s .  

d ,  L-Norni c o t i  ne [4b] 

The s y n t h e s i s  of  4b ( T a b l e  I - E x p t  No 1 - 6 )  were c a r r i e d  o u t  on 

t h e  f o l l o w i n g  molar s c a l e s  based  on c y c l o p r o p y l  3 - p y r i d y l  keto.ne 

[ l b ]  ( 1 0 ) :  E x p t  No 1 and 2 ,  0.1 mol; E x p t  No 3 ,  4 ,  and 6 ,  0 . 0 5  

mol; E x p t  No 5 ,  0 .03  mol. Al l  r e a c t i o n s  were r u n  by t h e  method 

o u t l i n e d  f o r  t h e  p r e p a r a t i o n  of  d , L - n o r n i c o t i n e - l ' - ' ' N ,  e x c e p t  f o r  

E x p t  No 1 where 2 - e t h o x y e t h y l  e t h e r  was n o t  used and E x p t  No 1 and 

2 where t h e  r e a c t a n t s  were mixed i n  a m o i s t u r e - f r e e  e n c l o s u r e  due 

t o  t h e  h y g r o s c o p i c i t y  of t h e  anhydrous  magnesium c h l o r i d e .  

d, L-Ni co t i  ne [ 5a]  

The p r e p a r a t i o n  of d , L - n i c o t i n e  ( 8 5 . 2 %  y i e l d )  was c a r r i e d  o u t  

u s i n g  0 .024  mol of  4b by t h e  method d e s c r i b e d  f o r  t h e  s y n t h e s i s  of 

d ,  L - n i  c o t i  ne-1 '-"N. 

d,L-Norni c o t i  ne-1 I - ' ' N  

To 1 .1385  g ( 0 . 0 2 4 7  mol) f ~ r m a m i d e - ' ~ N  [Koch I s o t o p e s ,  8 8 . 4  atom 

% e n r i c h m e n t  by mass s p e c t r a l  a n a l y s i s ,  98.7% g l c  p u r i t y ]  was added 

2.8537 g ( 0 . 0 6 3 4  mol) formamide, 4 .36  g ( 0 . 0 3  mol) c y c l o p r o p y l  3- 

p y r i d y l  ke tone  ( l o ) ,  1 . 1 9  g ( 0 . 0 0 5 9  mol) magnesium c h l o r i d e  hexa- 

h y d r a t e  and 15  m l  o f  2 - e t h o x y e t h y l  e t h e r .  The r e s u l t i n g  m i x t u r e  

was p l a c e d  u n d e r  a n i t r o g e n  a tmosphe re  and h e a t e d  under  r e f l u x  w i t h  

s t i r r i n g  f o r  21 hrs .  The r e a c t i o n  m i x t u r e  was coo led  and 20 ml of  

c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( p H  1 )  was added w i t h  s t i r r i n g  keep- 

i n g  t h e  t e m p e r a t u r e  below 20".  The r e s u l t i n g  s o l u t i o n  was e x t r a c t e d  

w i t h  c h l o r o f o r m  ( 3  x 40 m l ) .  The c h l o r o f o r m  l a y e r s  were washed w i t h  

10% aqueous  h y d r o c h l o r i c  a c i d  ( 1 0  m l ) .  Res idua l  c h l o r o f o r m  was r e -  

moved under  reduced  p r e s s u r e  from t h e  combined aqueous  a c i d  l a y e r s .  

The a c i d  s o l u t i o n  was t h e n  h e a t e d  under  r e f l u x  under  a n i t r o g e n  a t -  

mosphere f o r  16 h r s ,  c o o l e d  and b a s i f i e d  w i t h  50 ml of  50% aqueous 
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sodium hydrox ide  ( p H  1 1 ) .  The r e s u l t i n g  m i x t u r e  was e x t r a c t e d  w i t h  

e t h e r  ( 4  x 40 m l ) .  The e t h e r  was d r i e d  (NaOH) and removed t o  g i v e  

2.79 g o f  c r u d e  o i l .  The aqueous l a y e r  a n d  i n s o l u b l e  s o l i d s  were 

c o n t i n u o u s l y  e x t r a c t e d  f o r  24 h r s  w i t h  e t h e r .  The e t h e r  was d r i e d  

(NaOH) and removed t o  g i v e  an  a d d i t i o n a l  0 .26  g o f  c r u d e  o i l .  The 

c rude  o i l  was d i s t i l l e d  t o  g i v e  2.36 g ( 5 3 . 7 % )  of d , C - n o r n i c o t i n e -  

l ' - 1 5 N :  b p  77 .5-81"  ( 0 . 2  m m ) .  Glc showed p u r i t y  > 9 7 % .  Mass s p e c -  

t r a l  a n a l y s i s  i n d i c a t e d  24 atom % e n r i c h m e n t .  

a - N i c o t i n e - 1  

To a coo led  ( 4 " ) ,  s t i r r e d  s o l u t i o n  of 2 .40  g ( 0 . 0 4 6  mol)  of 88% 

aqueous  f o r m i c  a c i d  and 1 .86  g ( 0 . 0 2 3  mol) o f  36.9% fo rma ldehyde  

s o l u t i o n  was added 1 . 3 6  g ( 0 . 0 0 9 2  mol) of d , b - n o r n i c o t i n e - l ' - 1 5 N .  

Water  ( 4  x 0 . 5  ml) was used t o  f a c i l i t a t e  t r a n s f e r  of t h e  d , L - n o r -  

n i c o t i n e - l ' - 1 5 N .  The r e s u l t i n g  s o l u t i o n  was p l a c e d  under a n i t r o -  

gen a tmosphe re ,  h e a t e d  under  r e f l u x  w i t h  s t i r r i n g  f o r  5 h r s ,  a l -  

lowed t o  cool  t o  room t e m p e r a t u r e  and s t a n d  o v e r n i g h t .  T h e  s o l u -  

t i o n  was c o o l e d  i n  an i c e  b a t h  and b a s i f i e d  wi th  9 m l  o f  50% aque -  

ous  sodium hydrox ide  ( p H  1 1 ) .  The m i x t u r e  was e x t r a c t e d  w i t h  e t h e r  

( 4  x 20 m l ) .  The e t h e r  was d r i e d  ( NaOH) and removed under  reduced  

p r e s s u r e  ( 1 2  m m )  a t  room t e m p e r a t u r e  t o  g i v e  1 . 2 9  g c r u d e  o i l .  The 

aqueous  l a y e r  was c o n t i n u o u s l y  e x t r a c t e d  w i t h  e t h e r  f o r  16 h r s .  

The e t h e r  was d r i e d  (NaOH) and removed a s  above t o  g i v e  an a d d i t i o n -  

a l  0 .08  g o f  c r u d e  o i l .  The c r u d e  o i l  was d i s t i l l e d  a t  93-119" 

( 0 . 3 7  m m ,  a i r - b a t h  t e m p e r a t u r e )  t o  a f f o r d  1 . 2 5  g ( 8 4 . 0 % )  o f  d , b -  

n i c o t i n e - 1  I - ' ' N .  Glc showed p u r i t y  >97%. Mass s p e c t r a l  a n a l y s i s  

i n d i c a t e d  24 atom % e n r i c h m e n t .  
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