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wherein  Ri  is  hydrogen,  lower  alkyl,  phenyl  alkyl  or  aralkyl, 
R2  is  lower  alkyl  or  phenyl  alkyL  and  R3  is  represented  by  the 
formula: 
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wherein  R4  is  hydrogen  or  lower  alkyl,  R5  is  lower  alkyl,  and  n 
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reducing  agent 
The  compounds  of  formula  Hi  are  useful  as  insecticides. 
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2-Alkyl-nicotinoids  represented  by  formula  (I) 

wherein  R1  is  hydrogen,  lower  alkyl,  phenyl  alkyl  or  aralkyl, 
R2  is  lower  alkyl  or  phenyl  alkyl,  and  R3  is  represented  by  the 
formula: 

wherein  R4  is  hydrogen  or  lower  alkyl,  Rs  is  lower  alkyl,  and  n 
is  one  or two,  which  are  prepared  according  to  the schsme: 

wherein X  =chlorine,bromine, 
iodine or 
fluorine  I 

The  compounds  of formula  (i)  are  useful  as  insecticides. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  group  of  n o v e l  

n i c o t i n e   ana logues   c o n t a i n i n g   a l ky l   s u b s t i t u c h t s   ortho  to  t h e  

p y r r o l i d i n e   r i n g .   The  s y n t h e t i c   p r o c e d u r e s   d i s c l o s e d   h e r e i n  

for   the  p r o d u c t i o n   of  n i c o t i n e   ana logues   c o n s t i t u t e   c o n s i d e r -  

ably  s h o r t e r   and  m o r e  p r a c t i c a l   r o u t e s   than  those  p r e v i o u s l y  

p r o p o s e d .   The  novel   compounds  p roduced   by  the  methods  of  t h e  

p r e s e n t   i n v e n t i o n   arc  u s e f u l   as  i n s e c t i c i d e s .  

Background  of  the  I n v e n t i o n  

N i c o t i n e   has  been  used  as  an  i n s e c t i c i d e   for  many 

years   ( see ,   for  example ,   D.  E.  H.  F r e a r ,   "Chemis t ry   of  t h e  

P e s t i c i d e s , "   3rd  Ed. ,   D.  Van  Nos t r and   Co.,  New  York,  1 9 5 5 ) .  

A l though   a  number  of  n a t u r a l   as  w e l l  a s   s y n t h e t i c   n i c o t i n o i d s  

have  been  s c r e e n e d   with  r e g a r d   to  i n s e c t i c i d a l   a c t i v i t y ,   t h e  

vas t   m a j o r i t y   are  s i g n i f i c a n t l y   less   a c t i v e   than  n i c o t i n e  

[see  J.  Yamamoto  et  a l . ,   Agr.  B io l .   Chem.  32,  1341  ( 1 9 6 8 ) ] .  

The  a n a l o g u e s   of  n i c o t i n e   which  have  been  t e s t e d   i n v o l v e  

e i t h e r   the  a l t e r a t i o n   of  the  p y r r o l i d i n e   moicty  of  the  m o l e -  

cu l e ,   or  the  r e p l a c e m e n t   o f  t h e   p y r i d i n e   r ing  with  a  s u b s t i -  

t u t e d   a r o m a t i c   r i n g .   Almost  no  work  has  been  c a r r i e d   o u t  

with  r e g a r d   to  examining   the  e f f e c t s   of  p y r i d i n e   s u b s t i t u e n t s  

on  i n s e c t i c i d a l   a c t i v i t y .   F.  Hag l id   et  al .   Acta.   Chem, 

S c a n d . ,  2 1 ,   329,  (1967)]   t r e a t e d   l - n i c o t i n e   with  m e t h y l -  

l i t h i u m   to  y i e l d   a  5 : 1   m i x t u r e   of  6 - m e t h y l n i c o t i n e   an [ 4 -  

m e t h y l n i c o t i n e .  T h e   l a t t e r   i somer  was  found  to  p o s s e s s  

l i t t l e   or  no  n i c o t i n i c   a c t i v i t y   while   6 - m e t h y l n i c o t i n e   was 

i d e n t i c a l   in  p h a r m a c o l o g i c a l   a c t i v i t y   to  n i c o t i n e   i t s e l f .  

T h i s   r e s u l t   i n d i c a t e s   t ha t   the  e f f e c t   of  a  methyl   g r o u p  

s u b s t i t u t e d   o r t h o -   to  the  p y r r o l i d i n e   r ing  on  the  p y r i d i n e  

r ing   p l ays   a  major  r o l e   in  n i c o t i n i c   a c t i v i t y   in   mammals; 



however   the  e f f e c t   of  such  a  methyl  s u b s t i t u e n t   on  i n s e c t i -  

c i d a l   a c t i v i t y   has  not  been  p r e v i o u s l y   d e t e r m i n e d .   The  u l t i -  

mate  a b i l i t y   of  an  i n s e c t i c i d e   depends  not  only  on  i t s   a b s o -  

l u t e   i n s e c t i c i d a l   a c t i v i t y   but  a l so   on  i t s   s p e c i f i c i t y ;   i . e . ,  

a   compound  w i t h  m o d e r a t e   i n s e c t i c i d a l   a c t i v i t y   which  i s  

n o n t o x i c   to  mammals  would  be  d e s i r a b l e .   As a  c o n s e q u e n c e ,  

the  s y n t h e s i s   of  o r t h o - a l k y l a t e d   n i c o t i n o i d s   and  t h e r r   e v a l u -  

a t i o n   as  i n s e c t i c i d e s   is  of  c o n s i d e r a b l e   i n t e r e s t . .   H a g l i d  

was  u n a b l e   to  i s o l a t e   2 - m e t h y l n i c o t i n e   us ing   the  m e t h o d  

r e f e r r e d   to  above;   however ,   he  p r e s e n t e d   e v i d e n c e   t h a t  

i n d i c a t e s   t h a t  a   t r a c e   amount  may  have  been  p r e s e n t  i n   t h e  

r e a c t i o n   m i x t u r e .  

N o  r o u t e s   to  2 - s u b s t i t u t e l   n i c o t i n o i d s   e x i s t   in  t h e  

l i t e r a t u r e .   Because   of  t h e  s u b s t i t u e n t   p a t t e r n   i n v o l v e d   a n d  

the  wel l   known  r e s i s t a n c e   of  p y r i d i n e   toward  F r i e d e l  C r a f t s  

a l k y l a t i o n   or  a c y l a t i o n ,   p r e c u r s o r s   to  such  compounds  a r e  

d i f f i c u l t   to  p r e p a r e .   Tn  r e a l i t y ,   the  r e g i o s p e c i f i c   s y n t h e -  

s i s   of  p o l y s u b s t i t u t e d   p y r i d i n e s   is  a  c o n t i n u i n g   p r o b l e m   i n  

modern  h e t e r b c y c l i c  c h e m i s t r y .  

The  a p p r o a c h   e n v i s i o n e d   by  the  i n v e n t o r s   f o r   p r e -  

p a r i n g   2 - a l k y l n i c o t i n o i d s   i n v o l v e s   the  a d d i t i o n   of  an  o r t h o  

s u b s t i t u e n t   v ia   the  r e a r r a n g e m e n t   of  a  m o n o s u b s i t u t e d   p y r j -  

.  d i n e .   A l t h o u g h   such  r e a c t i o n s   have  not  g e n e r a l l y   s u c c e e d e d  

in  p y r i d i n e   c h e m i s t r y ,   [see  R.  Paul  and  S.  T c h e l i t c h e f E ,  

B u l l .   Soc.  Chem.  F r . ,   2134,  ( 1 9 6 8 ) ] ,   p rope r   s e l e c t i o n   o f  t h e  

m i g r a t i n g   moie ty   has  made  i t   p o s s i b l e   to  s y n t h e s i z e   t h e  

d e s i r e d   2 - a l k y l n i c o t i n o i d s .   P r e l i m i n a r y   r e s u l t s   d e m o n s t r a t -  

ing   the  f e a s i b i l i t y  o f   t he se   r e a c t i o n s   have  been  p u b l i s h e d   by  

t h e  i n v e n t o r s   'in  J.  Org.  Chem.,  41,  265S,  ( 1 9 7 6 ) . '   The  p a p e r  

d e s c r i b e s   a  new  s y n t h e t i c   p r o c e s s   for   the  p r o d u c t i o n  o f  



2 - a l k y l - 3 - a c y l p y r i d i n e s   and  2 - a l k y l - 3 - f o r m y l p y r i d i n e s   v i a  

[ 2 , 3 ] - s i g m a t r o p i c   r e a r r a n g e m e n t   of  1 - c y a n o m t h y l - 1 - ( a - a l k y l -  

2 - p i c o l y l ) p y r r o l i d i n i u m   s a l t s .   The  v e r s a t i l i t y   of  t h i s  

p r o c e d u r e   is  e v i d e n c e d   by  the  f ac t   tha t   the  a - c y a n o a m i n e  

i n i t i a l l y   o b t a i n e d   can  be  h y d r o l y z e d   to  an  a l d e h y d e ,  r e d u c -  

t i v e l y   c l e a v e d   to  an  amine,  or  a l k y l a t e d   and  h y d r o l y z e d   to  a 

k e t o n e .  

S i m i l a r   r e a c t i o n s   i n v o l v i n g   homocycl ic   c h e m i s t r y  

have  been  r e p o r t e d  b y  M a n d e r   and  Turner  in  J.  Org.  Chem.,  32 ,  

2915,  (1972) ,   whe re in   the  [ 2 , 3 ] - s i g m a t r o p i c   r e a r r a n g e m e n t   o f  

y l i d s   d e r i v e d   from  a l l y l i c - N - c y a n o m e t h y l p y r r o l i d i n i u m   s a l t s  

f o l l o w e d   by  h y d r o l y s i s   of  the  p r o d u c t s   a f f o r d e d   β,  γ , - u n s a -  

t u r a t e d   a l d e h y d e s .  

D e s c r i p t i o n  o f   the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   concerns   new  and  i m p r o v e d  

p r o c e s s e s   for  the  p r o d u c t i o n   of  compounds  r e p r e s e n t e d   by  t h e  

f o r m u l a :  

w h e r e i n   R1  is  a  member  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

h y d r o g e n ,   lower  a l k y l ,   a r y l a l k y l   or  p h e n y l a l k y l ,   R2  is  s e  

l e c t e d   from  the  group  c o n s i s t i n g   of  lower  a lkyl   and  p h e n y l -  

a l k y l ,   and  R3  is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  h e -  

t e r o c y c l i c s   r e p r e s e n t e d   by  the  f o r m u l a e :  



w h e r e i n   R4  is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  h y d r o g e n  

or  lower  a l k y l ,   R5  is  s e l e c t e d   from  lower  a l k y l ,   and  n  is  o n e  

or  t w o .  

The  p r e s e n t   i n v e n t i o n   a d d i t i o n a l l y   r e l a t e s   t o  

i n t e r m e d i a t e   p r o d u c t s ,   some  of  which  are  u s e f u l   in  the  p r o -  

d u c t i o n   of  compounds  of  Formula  I  and  are  r e p r e s e n t e d   by  t h e  

f o r m u l a :  

w h e r e i n   R1  a n d  R 2  a r e   the  same  as  d e f i n e d  i n   Formula  I  and  R6 

i s   s e l e c t e d   from  the  group  r e p r e s e n t e d   by  the  f o r m u l a e :  

w h e r e i n   R7  is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  h y d r o g e n  

lower   a l k y l ,   ω - c y a n c a l k y l   and  p h e n y l a l k y l ,   and  each  R8  i s  

i n d e p e n d e n t l y   s e l e c t e d   from  lower  a l k y l   or  when  t a k e n   t o -  

g e t h e r   wi th   a  c o n n e c t i n g   e l e m e n t ,   a  h e t e r o c y c l i c   s t r u c t u r e   i s  

formed.   The  i n t e r m e d i a t e s   are  r e a d i l y   p r e p a r e d   by  the  m e t h o d  

d e p i c t e d   in  Scheme  II  h e r e i n b e l o w .  

As  u s e d . h e r e i n ,   " lower   a l k y l "   means  s t r a i g h t - c h a i n  

or  b r a n c h e d   a l k y l   groups   with  1  to  6  ca rbon   a toms,   for   e x a m -  

ple   m e t h y l ,   e t h y l ,   p r o p y l ,   i s o p r o p y l ,   b u t y l ,   and  the   l i k e ,  

wi th   methy l   being  p r e f e r r e d .   " A r y l a l k y l "   means  a r o m a t i c  

r a d i c a l s   c o n t a i n i n g   between  6  and  10  carbon   atoms  such  a s  

p h e n y l ,   t o l y l ,   x y l y l ,   and  the  l i k e .   " P h e n y l a l k y l "   i n c l u d e s  



r a d i c a l s   such  as  b e n z y l ,   p h e n y l e t h y l ,   p h e n y l p r p y l ,  a n d   t he  

l i k e .   " H e t e r o c y c l i c   s t r u c t u r e s "   are  meant  to  i n c l u d e   c y c l i c  

amines  such  as  p y r r o l i d i n e ,   m o r p h o l i n e ,   p y r i d i n e ,   t c t r a h y d r o -  

p y r i d i n e s   and  the  l i k e .  

The  compounds  w i t h i n   the  scope  of  the  Formula  I  

have  two  b a s i c   n i t r o g e n   atoms  and  can  t h e r e f o r e   form  a c i d  

a d d i t i o n   s a l t s   with  i n o r g a n i c   and  o rgan ic   a c i d s ;   for  e x a m p l e ,  

h y d r o c h l o r i c   ac id ,   a c e t i c   a c i d ,   male ic   a c i d ,  p - t o l u e n e s u l -  

f o n i c   ac id ,   e t h a n e s u l f o n i c   ac id   and  the  l i k e .  

The  s a l t s   of  the  compounds  w i th in   the  scope  o f  

Formula  I  can  a lso   be  in  the  form  of  h y d r a t e s ,   for  e x a m p l e ,  

mono,  t r i -   or  p o l y h y d r a t e .  

D e s c r i p t i o n   of  the  P r e f e r r e d   Embodiments  

The  compounds  of  Formula  I  may  be  s y n t h e s i z e d   by  

two  d i f f e r e n t   but  r e l a t e d   p r o c e s s e s .   In  the  f i r s t   and  p r e -  

f e r r e d   p r o c e s s ,   a  2 - h a l o m e t h y l   or  s u b s t i t u t e d   m e t h y l p y r i d i n e  

r e p r e s e n t e d   by  the  f o r m u l a :  

where in   R1  is  the  same  as  d e f i n e d   in  Formula  I,  R2  is  h y d r o -  

gen,  lower  a lky l ,   pheny l  o r   p h e n y l a l k y l   and  X  is  h a l o g e n ,   s u c h  

as  bromide ,   c h l o r i d e ,   i o d i d e   or  the  l i k e ,   with  bromide  b e i n g  

p r e f e r r e d ,   is  r e a c t e d   wi th   a  2 - c y a n o - N - s u b s t i t u t e d   h e t e r o -  

c y c l i c   of  the  f o r m u l a :  



w h e r e i n   R4  and  R5  are  lower  a l ky l   and  n  is  one  or  two,  t o  

g i v e   a  1 - a l k y l - 1 -  ( 2 - p i c o l y l   or  2 - @ - a l k y l p i c o l y l ) - 2 - c y a n o -  

p y r r o l i d i n i u m   h a l i d e   or  t h e  c o r r e s p o n d i n g   1 , 2 , 3 , 6 - t e t r a -  

h y d r o p y r i d i n i u m   h a l i d e .  

The  2 - h a l o a l k y l p y r i d i n e   s t a r t i n g  m a t e r i a l s  a r e  

r e a d i l y   a v a i l a b l e   or  may be  s y n t h e s i z e d   by  known  m e t h o d s .  

The  1 - a l k y l - 2 - c y a n o p y r r o l i d i n e s   are  p r e p a r e d   by  t r e a t m e n t  o f  

a   l - a l k y l - 2 - p y r r o l i d i n o n e   wi th   a  r e d u c i n g   agent   such  a s  

sodium  aluminum  h y d r i d e   f o l l o w e d   by  r e a c t i o n   with  ammonium 

c y a n i d e .   The  2 - c y a n o - N - s u b s t i t u t e d  1 , 2 , 3 , 6 - t e t r a h y d r o p y r i -  

d ines   are  p r e p a r e d   a c c o r d i n g   to  methods  d e s c r i b e d   i n  J .  

O r g .  C h e m . ,   29,  1647  ( 1 9 6 4 )  .  

The  r e a c t i o n   is  c a r r i e d   out  by  adding  a  2 - h a l o -  

a l k y l p y r i d i n e   to  a  1 - a l k y l - 2 - c y a n o p y r r o l i d i n e   d i s s o l v e d   in  a n  

a p r o t i c  p o l a r   s o l v e n t   such  as  d i m e t h y l s u l f o x i d e ,   a c e t o n i -  

t r i l e ,   e t c .  T h e   r e a c t i o n   is  a l l o w e d  t o   c o n t i n u e   u n t i l   s a l t  

f o r m a t i o n   is  comple t e   as  d e t e r m i n e d   by,  for   example ,   t h i n  

l a y e r   c h r o m a t o g r a p h y .  

The  [ 2 , 3 ] - r e a r r a n e m e n t   (Scheme  I,  below)  of  t h e  

p y r r o l i d i n e   moie ty   is  a c h i e v e d   by  d i l u t i n g   the  p r o d u c t   ( V I I )  

o b t a i n e d   above  wi th   an  a p r o t i c   s o l v e n t   such  as  t e t r a h y d r o -  

f u r a n ,   d i m e t h y l s u l f o x i d e ,   h e x a m e t h y l p h o s p h o r i c   t r i a m i d e ,  

a c e t o n i t r i l e ,   and  the  l i k e ,   with  t e t r a h y d r o f u r a n   b e i n ;   p r e -  

f e r r e d ,   and  then  adding  a  s t r o n g   n o n n u c l e o p h i l i c   base  such  a s  

p o t a s s i u m - t e r t - b u t o x i d e ,   p o t a s s i u m   h y d r i d e ,   sodium  h y d r i d e ,  

sodium  amide,   and  the  l i k e .   Af t e r   an  a p p r o p r i a t e   r e a c t i o n  

t i m e   of  about   4  t o . a b o u t   8  h o u r s ,   the  p r o d u c t   is  i s o l a t e d   b y  

s t a n d a r d   e x t r a c t i o n   t e c h n i q u e s   known  in  the  a r t .   A l t e r n a -  

t i v e l y ,   the  r e a c t i o n   can  be  c a r r i e d   out  us ing   a  base   such  a s  

sodium  amide  and  l i q u i d   ammonia  as  the  s o l v e n t .   The  l a t t e r  



method  minimizes   f o r m a t i o n   of  s ide   p r o d u c t s   which  o c c u r  i n  

c e r t a i n   examples .   The  crude  2 - a l k y l - 2 ' - c y a n o n i c o t i n e   p r o d u c t  

(VII I )   i s o l a t e d   by  s t a n d a r d   t e c h n i q u e s ,   is  then  t r e a t e d   w i t h  

a  r e d u c i n g   agent  such  as  l i t h i u m   aluminum  h y d r i d e ,   s o d i u m  

b o r o h y d r i d e ,   sodium  c y a n o h y d r i d e   and  the  l i k e .   Hea t ing   may 

be  r e q u i r e d   to  comple te   the  r e a c t i o n   and  the  crude  p r o d u c t   i s  

then  i s o l a t e d   and  may  be  f u r t h e r   p u r i f i e d   by  s t a n d a r d   t e c h -  

n i q u e s   to  y i e l d   the  d e s i r e d   2 - a l k y l n i c o t i n o i d s   of  F o r m u l a  

I X :  

where in   R1 and  n  are  the  same  as  d e f i n e d   in  Formulae   I  a n d  

I I ,   R2  is  hydrogen ,   lower  a l k y l ,   pheny l ,   or  p h e n y l a l k y .   and  R4 

is  lower  a l k y l .  

In  a  s i m i l a r   manner ,   the  [ 2 , 3 ] - r e a r r a n g e m e n t   of  t h e  

1 - a l k y l - 1 - ( 2 - p i c o l y l   or  2 - @ - a l k y l p i c o l y l ) - 2 - c y a n o - 1 , 2 , 3 , 6 -  

t e t r a h y d r o p y r i d i n i u m   h a l i d e   is  a ch i eved   by  r e a c t i o n ,   p r e -  

f e r a b l y   with  sodium  amide  in  l i q u i d   ammonia.  R e d u c t i v e  

d e c y a n a t i o n   gives  a  N ' - a l k y l - 2 - s u b s t i t u t e d - a n a t a b i n e   o f  

Formula  X: 



w h e r e i n  R 1   is  the  same  as  d e f i n e d   in  Formula  I,  R2  is  h y d r o -  

gen,   lower  a l k y l ,   p h e n y l ,   or  p h e n y l a l k y l   and  R5  is  l o w e r  

a l k y l .   The  compound  above  may  be  r educed   to  the  c o r r e s p o n d i n g  

a n a b a s i n e   by  known  m e t h o d s .  

An  a l t e r n a t e   p r o c e s s   for   making  the  compounds  o f  

Formula   I  is  shown  in  Scheme  II  b e l o w :  





w h e r e i n   R1 i s   the  same  as  d e f i n e d   in  Formula  I,  R4 is   h y d r o -  

gen,  R8  is  the  same  as  d e f i n e d   in  Formula  TV,  X. is  ha logen   a s  

d e f i n e d   in  Formula  V,  Y  i s  a   c a t a l y s t   s e l e c t e d   f rom a   m e t a l  

such  as  p l a t i n u m  o r   Raney  n i c k e l ,   Z  is  a  group  l a b i l e   t o  

n u c l e o p h i l i c   d i s p l a c e m e n t   of  the  group  s e l e c t e d   from  b e n z e n e - .  

s u l f o n a t e ,   n a p h t l i a l e n e s u l f o n a t e ,   t o s y l a t e   or  h a l o g e n ,   a n d  

p r e f e r a b l y   c h l o r i d e   or  b romide ,   m  is  2  o r .3   and  n  is  the  same 

as  d e f i n e d   in  Formula  I I .  

A l k y l a t i o n   of  a  2 - h a l o p i c o l i n e   wi th   a  s e c o n d a r y  

amine  s u c h  a s   p y r r o l i d i n e   y i e l d s   1 - ( 2 - p i c o l y l ) p y r r o l i d i n e  

( X I I ) .   The  r e a c t i o n   is  g e n e r a l l y   c a r r i e d   out  in  an  a p r o t i c  

s o l v e n t   with  g e n t l e   h e a t i n g   f o l l o w e d  b y   s t i r r i n g   at  room 

t e m p e r a t u r e .   The  i s o l a t e d   and  d i s t i l l e d   p r o d u c t ,   1 - ( 2 -  

p i c o l y l ) p y r r o l i d i n e   is  then  c o n v e r t e d   to  a  c r y s t a l l i n e ,  

q u a t e r n a r y   s a l t   by  r e a c t i o n   wi th   a  compound  of  the  fo rmula   Z -  

CH2CN  whe re in   Z  is  as  d e f i n e d   h e r e i n a b o v e ,   in  an  a p r o t i c  

s o l v e n t   to  y i e l d   the  c o r r e s p o n d i n g   s a l t   ( X I I I ) .   The  a -  

cyanoamine   t h u s  f o r m e d   s e r v e s   as  the  m i g r a t i n g   moie ty   in  a  

S o m m e l e t - H a u s e r   r e a r r a n g e m e n t   when  t r e a t e d   wi th   an  excess   o f  

a  s t r o n g ,   n o n n u c l e o p h i l i c   base .   The  i n i t i a l   r e a r r a n g e m e n t  

p r o d u c t ,   a  2 - a l k y l - 3 - ( 1 - c y a n o - 1 - p y r r o l i d i n y l m e t h y l ) p y r i d i n e  

( X I V )  i s   g e n e r a l l y   not  i s o l a t e d ,   but  i t s   f o r m a t i o n   may  b e  

c o n f i r m e d  b y   pmr  s p e c t r o s c o p y .   The  compounds  of  Formula   XIV 

m a y  t h e n   be  t r e a t e d   with  one  e q u i v a l e n t   of  a  s t r o n g   b a s e ,  

f o l l o w e d   by  a l k y l a t i o n   wi th   a  h a l o a l k y l n i t r i l e ,   and  a c i d  

h y d r o l y s i s   to  give  a  2 - m c t h y l - 3   p y r i d y l   c y a n o a l k y l   ke tone   o f  

Formula   XV.  The  ke tone   thus  formed  may  be  c y c l i z e d   u n d e r  

r e d u c i n g   c o n d i t i o n s   to  y i e l d   compounds  o f  F o r m u l a   (XVI).  The 

r e d u c t i o n   can  be  c a r r i e d   out  c a t a l y t i c a l l y ,   by  m e a n s  o f   n o b l e  

me ta l   c a t a l y s t ,   for   example ,   by  means  of  p l a t i n u m ,   or  b y  



means  of  Raney  n i c k e l   c a t a l y s t   u n d e r  e l e v a t e d   p r e s s u r e ,   f o r  

example ,   under  a  p r e s s u r e   of  more  than  2  a t m o s p h e r e s .   The 

compounds  of  Formula  I  o b t a i n e d   in  the  manner  d e s c r i b e d   a b o v e  

are  u n s u b s t i t u t e d   at  the  n i t r o g e n ,   i . c .   R4  is  hyd rogen .   Al -  

t e r n a t i v e l y ,   the  a - cyanoamine   r e s u l t i n g   from  the  r e a r r a n g e -  

ment  may  be  reduced   to  the  c o r r e s p o n d i n g   amine  or  t r e a t e d  

w i t h   an  o r g a n o m e t a l l i c   r e a g e n t   to  form  an  a l k y l a t e d   a m i n e .  

In  yet  a n o t h e r   a s p e c t   of  the  p r e s e n t   i n v e n t i o n ,  

when  R2  of  Formula  I  is  an  a l ky l   group  o the r   than  m e t h y l ,   f o r  

e x a m p l e ,  e t h y l   or  p r o p y l ,   the  compound  may  be  p r e p a r e d   by  

s t a r t i n g   with  the  a p p r o p r i a t e   2 - a - a l k y l p i c o l i n c   as  p r e v i o u s l y  

d e s c r i b e d   h e r e i n   above  (Scheme  I  and  Scheme  I I ) ,   or  in  an  

a l t e r n a t e   approach   by  f u r t h e r   a l k y l a t i o n   o f  R2 .   For  e x a m p l e ;  

2 - m e t h y l n i c o t i n e   may  be  r e a d i l y   c o n v e r t e d   to  2 - e t h y l n i c o t i n e  

by  t r e a t m e n t   with  p h e n y l l i t h i u m   fo l l owed   by  a l k y l a t i o n   with  a  

h a l o a l k y l   such  as  m e t h y ] i o d i d e .   In  a  s i m i l a r   manner ,   2 -  

m e t h y l n i c o t i n e   may  be  c o n v e r t e d   to  a  2 - p h e n y l a l k y l n i c o t i n e   b y  

t r e a t m e n t   with  p h e n y l l i t h i u m   and  a l k y l a t i o n   with  a  h a l o -  

a l k y l p h e n y l   moie ty   to  y i e l d   a  compound  of  F o r m u l a  I ,   s u c h  

as,  for   example,   2 - p h e n y l e t h y l n i c o t i n e .  

T h e  f o l l o w i n g   examples  are  i l l u s t r a t i v e   but  n o t  

l i m i t i v e   of  the  compounds  of  t h i s   i n v e n t i o n   and  the  p r o c e -  

dures   for   t h e i r   p r e p a r a t i o n .   T e m p e r a t u r e s   s t a t e d   are  i n  

d e g r e e s   c e n t i g r a d e   and  a l   r e a c t i o n s   were  run  in  an  i n e r t  

a t m o s p h e r e   such  as  n i t r o g e n .  



P r e p a r a t i o n   of  S t a r t i n g   M a t e r i a l s  

P r e p a r a t i o n   I 

1 - m e t h y l - 2 - c y a n o p y r r o l i d i n e  

To  20  g  of  1 - m e t h y l - 2 - p y r r o l i d i n o n e   in  250  ml  o f .  

dry  t e t r a h y d r o f u r a n   was  added,   over  a  p e r i o d   of  one  hou r ,   26 

ml  of  a  70%  s o l u t i o n   of  sodium  b i s - ( m e t h o x y e t h o x y ) a l u m i n u m  

h y d r i d e   in  benzene   at  0°C.  The  r e a c t i o n   m i x t u r e   was  s t i r r e d .  

f o r   an  a d d i t i o n a 3   hour  at  0°C  and  then  for   two  hours.   at  room 

t e m p e r a t u r e .  

A  s o l u t i o n   of  29.4  g  o f  p o t a s s i u m   c y a n i d e   in  340  m l  

of  wa t e r   was  added  and  the   r e s u l t i n g   m i x t u r e   was  s t i r r e d  

o v e r n i g h t   at  room  t e m p e r a t u r e .   T h e r e a f t e r   i t   w a s  r e f l u x e d  

fo r   30  m i n u t e s .  

The  r e a c t i o n   m i x t u r e   was  coo led   and  the  o r g a n i c   a n d  

aqueous   p h a s e s  s e p a r a t e d . .   The  aqueous  phase  was  washed  w i t h  

100  ml  of  e t h e r .   The  e t h e r   and  t e t r a h y d r o f u r a n   p h a s e s   w e r e  

then   combined  a n d  w a s h e d   wi th   two  100  ml  p o r t i o n s   of  a  s a t u r -  

a t e d   sodium  c h l o r i d e   s o l u t i o n .   The  o r g a n i c   phase   was  d r i e d  

over   sodium  s u l f a t e   and  f i l t e r e d   p r e p a r a t o r y   to  r emova l   o f  

s o l v e n t   under   r e d u c e d   p r e s s u r e .   The  r e s i d u e   was  d i s t i l l e d . t o  

y i e l d   10.0  g  of  1 - m e t h y l - 2 - c y a h o p y r r o l i d i n e .   The  c o m p o u n d  

had  a  b o i l i n g   p o i n t   of  57-9°  at  9.5  mm  of  H g .  

P r e p a r a t i o n   I I  

1 - C y a n o m e t h y l - 1 - ( 2 - p i c o l y l ) p y r r o l i d i n i u m  
b e n z e n e s u l f o r c a t e  

To  20.0  g  ( 0 . 1 2 4   mole)  of  1 - ( 2 - p i c o i y l ) p y r r o l i d i n e ,  

o b t a i n e d   via   the  a l k y l a t i o n   of  2 - b r e m o m e t h y l p y r i d i n e  w i t h  

p y r r o l i d i n e ,   in  100  m l  a c e t o n i t r i l e   was  added  o n e  e d u i v a l e n t  

of  c y a n o m e t h y l   b e n z e n e s u l f o n a t e   in  50  ml  a c e t o n i t r i l e  m a i n -  

t a i n i n g   the   t e m p e r a t u r e   at  a b o u t  2 5 ° .   Af t e r   the  a d d i t i o n   was  



c o m p l e t e ,   the  r e a c t i o n   w a s  s t i r r e d  a t   room  t e m p e r a t u r e  f o r   18 

h o u r s .   The  a c e t o n i t r i l e   was  removed  under  reduced  p r e s s u r e  

and  t e t r a h y d r o f u r a n   was  added.  The  c r y s t a l l i n e   p roduc t   was 

c o l l e c t e d   by  f i l t r a t i o n   and  washed  with  t e t r a h y d r o f u r a n   and  

e t h e r .   A f t e r   a i r   d r y i n g ,   the  y i e l d   of  c o l o r l e s s   c r y s t a l s   was 

38.5  g  (86%),  m.p.  1 1 8 . 5 - 1 2 0 ° .  

Anal.  Calcd.  for  C18H21N3O3S:  C ,  6 0 . 1 4 ;   H,  5 . 8 9 ;  
N,  11.69;   S,  8 . 9 2  

Found:  C,  60.40;   H, .  5 .89;   N,  11.72;   S,  8 . 8 2  

S p e c t r a l   data   are  t a b u l a t e d   b e l o w :  

P r e p a r a t i o n   I I I  

2 - M e t h y l - 3 - p y r z d y l   2 - c y a n o e t h y l   k e t o n e  

A  s o l u t i o n   of  12.32  g  (34.6  mmol)  of  1 - c y a n c m e t h y l -  

1 - ( 2 - p i c o l y l ) p y r r o l i d i n i u m   b e n z e n e s u l f o n a t e   in  125  ml  of  d r y  

d i m e t h y l s u l f o x i d e   was  p r e p a r e d   and  290  ml  of  dry  t e t r a h y d r o -  

fu ran   was  added.  The  s o l u t i o n   was  cooled   to  -10° ,   and  1.84  g 

(38.1  mmol)  of  50%  sodium  h y d r i d e   i n  m i n e r a l   o i l   was  a d d e d .  



The  m i x t u r e   was  s t i r r e d   at  -5  t o . - 1 0 °   for   0.5  hour  a n d  

a l lowed   to  warm  to  room  t e m p e r a t u r e   over  1.5  h o u r s .  A n  

a d d i t i o n a l   1 . 8 4  g   (38.1  mmol)  of  50%  sodium  h y d r i d e   in  m i n e r -  

a l   o i l   was  added,   the  m i x t u r e   was  h e a t e d   under   r e f l u x   for   0 . 5  

hour ,   and  then  coo led   to  -10°.   A  s o l u t i o n   of  5.1  g  (38  mmol) 

of  3 - b r o m o p r o p i o n i t r i l e   in  25  ml  t e t r a h y d r o f u r a n   was  a d d e d  

over  a  0 . 5   hour  p e r i o d   and  the  r e a c t i o n   s t i r r e d   for  a n  

a d d i t i o n a l   0.5  hour .   The  r e a c t i o n   m i x t u r e   was  f i l t e r e d   a n d  

c o n c e n t r a t e d   under   r educed   p r e s s u r e .   The   r e s i d u e   was  d i s -  

s o l v e d   in  e t h e r   and  the  e t h e r e a l   s o l u t i o n   was  washed  t h r e e  

t imes  wi th   a  s a t u r a t e d   sodium  c h l o r i d e - p o t a s s i u m   c a r b o n a t e  

s o l u t i o n .   The  aqueous  washes  were  d i s c a r d e d   and  the  o r g a n i c  

p h a s e   was  f i l t e r e d   and  d r i e d  o v e r   sodium  s u l f a t e .   E v a p o r a -  

t i o n . o f   the  s o l v e n t   gave  8.17  g  of  a  brown  o i l .   To  the  o i l  

were  added  5 ml  of  t e t r a h y d r o f u r a n ,   15  ml  w a t e r ,   and  30  m l  o f  

a c e t i c   a c id .   T h e  s o l u t i o n   was  s t i r r e d   at  53°  for   24  h o u r s ,  

the  volume  r e d u c e d   to  20  ml  under   r educed   p r e s s u r e   and  a c i d i -  

f i e d   with  40  ml  of  2.2  N  HC1.  The  aqueous  s o l u t i o n   w a s  

washed  with  .two  p o r t i o n s   of  e t h e r ,   b a s i f i e d   with  p o t a s s i u m  

c a r b o n a t e ,   and  e x t r a c t e d   with  m e t h y l e n e   c h l o r i d e .   The  me- 

t h y l e n e   c h l o r i d e   s o l u t i o n   was  d r i e d   over   magnesium  s u l f a t e  

and  the  s o l v e n t   removed.   The  r e s i d u e   was  d i s t i l l e d  ( 1 4 7 °   a t  

0 . 1   mm  Hg)  to  y i e l d   a  ye l low  o i l   which  c r y s t a l l i z e d   on  t r i -  

t u r a t i o n   w i t h  e t h e r .   The  c o l o r l e s s   c r y s t a l s   were  c o l l e c t e d  

and  d r i e d .   The  y i e l d   of  p r o d u c t   was  3.2  g  (53%),  m.p.  8 2 -  

8 3 . 5 ° .  

.  Anal.   Ca lcd .   for   C10H10N2O:  C,  68 .95 ,   H,  5 .79 ;   N, 
1 6 . 0 8  

Found:  C,  6 9 . 1 3 ;  H ,   5 .80;   N,  1 6 . 1 3  

S p e c t r a l   da ta   arc  t a b u l a t e d   b e l o w :  



P r e p a r a t i o n   IV 

1 - ( 1 - P y r r o l i d i n y l ) - 3 - ( 2 - p y r i d y l ) e t h a n e  

T o   25.0  g  (0.134  mol)  of  2 - ( 1 - p y r r o l i d i n y l ) - 2 - ( 2 -  

p y r i d y l ) a c e t o n i t r i l e ,   p r e p a r e d   by  the  r e a c t i o n   of  p y r i d i n e - 2 -  

c a r b o x a l d e h y d e   w i t h   p o t a s s i u m   cyan ide   and  p y r r o l i d i n i u n  

p e r c h l o r a t e ,   in  75  ml  dry  d i m e t h y l s u l f o x i d e   and  200 ml  t e t r a -  

h y d r o f u r a n   at  - 1 0 °  w a s   added  7.75  g  (0 .161  mol)  of  50%  s o d i u m  

h y d r i d e   d i s p e r s i o n .   A f t e r   no  f u r t h e r   gas   e v o l u t i o n  w a s  

o b s e r v e d ,   a  s o l u t i o n   of  22.34  g  ( 0 . 1 6 1   mol)  of  me thy l   i o d i d e  

in  10  ml  t e t r a h y d r o f u r a n   was  added  over  a  10  minute   p e r i o d .  

A f t e r   a d d i t i o n   had  been  c o m p l e t e d ,   the  r e a c t i o n   m i x t u r e   was 

warmed  to  4 0 °  f o r   two  minutes   and  coo led   to  15°.  The  r e a c -  

t i on   m i x t u r e   was  f i l t e r e d   and  the  p r e c i p i t a t e   was  washed  w i t h  



m e t h y l e n e   c h l o r i d e .   The  f i l t r a t e s   were  combined ,   washed  w i t h  

s a t u r a t e d   sodium  c h l o r i d e   s o l u t i o n ,   and  d r i e d   over  s o d i u m  

s u l f a t e .   Removal  of  the  s o l v e n t   gave  24.75  g  (92%)  of  t h e  

c rude   p r o d u c t ,   2 - ( 1 - p y r r o l i d i n y l ) - 2 - ( 2 - p y r i d y l ) p r o p i o n i t r i l e .  

The  t o t a l   c rude  p r o d u c t   was  d i s s o l v e d   in  500  ml  95%  e t h a n o l ,  

c o o l e d   to  5°  and  t r e a t e d   with  9.3  g  (0 .245  mol)  s o d i u m  b o r o -  

h y d r i d e .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   at  room  t e m p e r a -  

t u r e   for   20  hours   and  then  f i l t e r e d .   Removal  of  the  s o l v e n t  

at  r e d u c e d   p r e s s u r e   gave  a  tan  o i l   which  w a s  d i s s o l v e d  i n  

hexane  and  d r i e d   over   s o d i u m  s u l f a t e .   The  hexane   s o l u t i o n  

was  then  f i l t e r e d   and  c o n c e n t r a t e d .   The  c r u d e  p r o d u c t   was  

d i s t i l l e d   ( 7 8 - 8 0 ° / 0 . 2   mm  H g )  t o   give  2 0 . 7 7  g   (88%)  of  1 - ( 1 -  

p y r r o l i d i n y l ) - 1 - ( 2 - p y r i d y l ) e t h a n e .  

Anal .   Ca lcd .   for   C11N16N2:  C,  74 .95 ;   H;  9 . 1 5 ;  N ,  
1 5 . 9 0  

Found:  C,  74 .93;   H,  9 .23 ;   N,  1 5 . 8 1  

S p e c t r a l   da ta   are  t a b a l a t e d   b e l o w :  



Example  1 

2 - M e t h y l n i c o t i n e  

o r  
2 - M e t h y l - 3 - ( 1 - m e t h y l - 2 - p y r r o l i d i n y l ) p y r i d i n e .  

An  e t h e r e a l   s o l u t i o n   of  2 - b r o m o m e t h y l p y r i d i n e ,  

o b t a i n e d   by  t r e a t i n g   9.0  g  (35.6  mmol)  of  2 - b r o m o m e t h y l p y r i -  

dine  h y d r o b r o m i d e   with  aqueous  sodium  b i c a r b o n a t e ,   was  a d d e d  

to  4.30  g  (39  mmol)  of  1 - m e t h y l - 2 - c y a n o p y r r o l i d i n e   in  100  ml 

d i m e t h y l s u l f o x i d e .   The  e t h e r   was  removed  at  r educed   p r e s -  

s u r e ,  a n d   the  s o l u t i o n   was  s t i r r e d   at  room  t e m p e r a t u r e   for   24 

h r s .   To  the  s o l u t i o n   was  a d d e d   500  ml  dry  t e t r a h y d r o f u r a n  

.  and,  a f t e r   c o o l i n g   to  -20° ,   4.0  g  (35.8  mmol)  of  f r e s h l y  

s u b l i m e d   p o t a s s i u n - t - b u t o x i d e   was  a d d e d .   The  r e a c t i o n   m i x -  

t u r e   was  s t i r r e d  f o r   5  h o u r s   at  -20° ,   a f t e r   which  t h e  t e t r a -  

h y d r o f u r a n   was  removed  under  r educed   p r e s s u r e .   A  m i x t u r e   o f  

. 50  ml  e t h e r   and  50  ml  ice  water   was  added  and  the  o r g a n i c  

phase   was  s e p a r a t e d .   The  aqueous  phase  was  f u r t h e r   e x t r a c t e d ,  .  

.and  the  combined  e x t r a c t s   washed  wi th   t h r e e   50  ml  p o r t i o n s   o f  

s a t u r a t e d   sodium  c h l o r i d e   and  10  ml  50%  p o t a s s i u m   h y d r o x i d e ,  

and  then  d r i e d   ever   sod iun   s u l f a t e .   Remova l  o f   the  e t h e r  

g a v e   3.74  g  of  a  c rude  p r o d u c t   which  was  d i s s o l v e d   in  6 0  m l  

e t h e r   and  added  to  a  s l u r r y   of  1 . 4 1  g   (37  mmol)  of  l i t h i u m  

aluminum  h y d r i d e   in  120  ml  e t h e r   m a i n t a i n e d   at  0°.  The 

s o l u t i o n   was  s t i r r e d   at  0''  for  0.5  hour  and  then  h e a t e d   u n d e r  

r e f l u x   for  3  h o u r s .   A f t e r   c o o l i n g   to  0°,  15  ml  of  s a t u r a t e d  

p o t a s s i u m   c a r b o n a t e   was  added  d r o p w i s e ,   and  the  r e s u l t i n g  

m i x t u r e   was  h e a t e d   under   r e f l u x   for  0.5  hour .   The  m i x t u r e  

was  f i l t e r e d ,   and  the  f i l t r a t e   was  e x t r a c t e d   with  two  10  ml  

p o r t i o n s   of  20%  aqueous   a c e t i c   ac id .   The  aqueous  phase  was 

then  a d j u s t e d   to  -pH  10  with  50%  aqucous   p o t a s s i u m   h y d r o x i d e ,  



and  the  b a s i c   s o l u t i o n   was  e x t r a c t e d   with  four   25  ml  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   were  combined,   washed  w i t h  

s a t u r a t e d   sodium  c h l o r i d e ,   and  d r i e d   over  sodium  s u l f a t e .  

A f t e r   f i l t r a t i o n   and  remova l   of  the  e t h e r ,   t h e  c r u d e   p r o d u c t  

was  d i s t i l l e d   ( 5 6 - 5 9 ° / 0 . 1   mm)  to  g ive   1.22  g  ( 1 9 . 5 % )   of  2 -  

m e t h y l n i c o t i n e   which  was  a  c o l o r l e s s   l i q u i d .  

Anal .   Ca lcd .   for   C11H16H2:  C,  74 .95;   H,  9 . 1 5 ;   N,  
1 5 . 9 0  

Found:  C,  75 .04 ;   H,  9 .06 ;   N,  1 5 . 6 8  

S p e c t r a l   d a t a   are  t a b u l a t e d   b e l o w :  

Example  2 

2 - M e t h y l n o r n i c o t i n e  

o r  
2 - M e t h y l - 3 - ( 2 - p y r r o l i d i n y l ) p y r i d i n e  

To  a  s o l u t i o n   of  3.15  g  2 - m e t h y l - 3 - p y r i d y l   2 -  

c y a n o c t h y l   ke tone   ( P r e p a r a t i o n   I I I )   in  180  ml  of  e t h a n o l  

s a t u r a t e d   with  ammonia  was  added  20  g  of  f r e s h l y   p r e p a r e d  



Raney  n i c k e l .   The  m i x t u r e   was  h y d r o g e n a t e d   a p p a r a -  

t u s   at  about  50  ps i   f o r  1 5   h.  The  r e a t t i o n   m i x t u r e   was 

f i l t e r e d   to  remove  the  c a t a l y s t   and  c o n c e n t r a t e d   under  r e -  

d u c e d   p r e s s u r e .   The  r e s i d u e   was  taken  up  in  hexane  and  d r i e d  

over   D r i e r i t e .   A f t e r   f i l t r a t i o n   a n d  r e m o v a l   of  the  s o l v e n t  

the  r e s i d u e   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   at  100-  

1 0 5 ° / 0 . 1 7 5   mm  Hg,  was  c o l l e c t e d   to  give  2.1  g (75%)  of  2-  

m e t h y l n o r n i c o t i n e .  

Anal .   Calcd.   for  C10H14N2:  C,  74 .03;   H,  8 .70;   N, 
1 7 . 2 7  

F o u n d :   C,  73 .93;   H ,  8 . 7 5 ;   N,  1 6 . 9 9  

S p e c t r a l   d a t a  a r e   t a b u l a t e d   b e l o w :  



E x a m p l e  3  

2,  6 - D i m e t h y l n i c o t i n e  

o r  
2 , 6 - D i m e t h y l - 3 - ( 1 - m e t h y l - 2 - p y r r o l i d i n y l ) p y r i d i n e  

To  a  s o l u t i o n   of  22.09  g  ( 8 2 . 7  m m o l )   2 - b r o m o m e t h y l -  

6 - n e t h y 3 p y r i d i n e   h y d r o b r o m i d e   in  40  ml  wa te r   was  added  40  m l  

m e t h y l e n e   c h l o r i d e   and  6.95  g  (82.7  mmol)  sodium  b i c a r b o n a t e  

a t   0 °  T h e   m e t h y l e n e   c h l o r i d e   p o r t i o n   was  s e p a r a t e d   and  t h e  

a q u e o u s   s o l u t i o n   e x t r a c t e d   wi th   t h r e e   50  ml  p o r t i o n s   o f  

m e t h y l e n e   c h l o r i d e .   The  m e t h y l e n e   c h l o r i d e  e x t r a c t s   w e r e  

combined ,   d r i e d   over   magnesium  s u l f a t e ,   f i l t e r e d ,   and  c o n c e n -  

t r a t e d  t o   3 5  m l  u n d e r   r e d u c e d   p r e s s u r e .   A  50  ml  p o r t i o n   o f  

t e t r a h y d r o f u r a n   was  added  and  the  s o l u t i o n   was  a g a i n   c o n -  

c e n t r a t e d   to  35  ml  under   r e d u c e d   p r e s s u r e .   A  s o l u t i o n   o f  

1 0   g .(91  mmol)  of  1 - m e t h y l - 2 - c y a n o p y r r o l i d i n e  i n   1 0 0  m l  

d i m e t h y l s u l f o x i d e   was  added  and  the  s o l u t i o n   was  s t i r r e d  

o v e r n i g h t   at  room  t e m p e r a t u r e .   The  d i m e t h y l s u l f o x i d e   w a s  

removed  u n d e r  r e d u c e d   p r e s s u r e   to  give  a  v i s c o u s   y e l l o w   o i l .  

T h e  r e s u l t i n g   o i l   was  d i s s o l v e d   in  100  ml  d i m e t h y l -  

s u l f o x i d e   and  500  ml  t e t r a h y d r o f u r a n   and  t h e n  c o o l e d   to  - 1 0 ° .  

T c   t h e  s o l u t i o n   w a s  a d d e d   4.5  g  (94  mmol)  50%  sodium  h y d r i d e  

d i s p e r s i o n .   The  r e a c t i o n   was  s t i r r e d   for   3.5  hours   a t  0 °  a n d  

16  hours   at  room  t e m p e r a t u r e .   The  r e a c t i o n   m i x t u r e   was  

f i l t e r e d   and  the  s o l v e n t   was  removed  unde r   r e d u c e d   p r e s s u r e  

g i v i n g   a  t a n  o i l   c o n t a i n i n g   some  s o l i d   m a t e r i a l .   The  o i l  w a s  

d i s s o l v e d   in  a  s m a l l   amount  of  e t h e r   and  the  s o l u t i o n   f i l -  

t e r e d   to  remove  i n s o l u b l e s .   The  e t h e r   s o l u t i o n   was  w a s h e d  

t h r e e   t imes   wi th   a  b a s i c   s a t u r a t e d   sodium  c h l o r i d e   s o l u t i o n ,  

d r i e d   over   s o d i u m   s u l f a t e ,  f i l t e r e d   and  c o n c e n t r a t e d   to  g i v e  

1 4 . 9 6  g  o f   an  o i l .   The  o i l   was  d i s s o l v e d   i n  3 0 0   ml  95% 



c t h a n o l   and  4 . 7  g   (124  mmol)  of  sodium  b o r o h y d r i d e   was  a d d e d .  

The  m i x t u r e  w a s   s t i r r e d   at  0°  for   1  hour  and  at  foom  r e m o e r a -  

t u r e   for  2  h o u r s .   The  r e a c t i o n   m i x t u r e   was  f i l t e r e d  a n d   t h e  

p r e c i p i t a t e   was  washed  f i r s t   wi th   e t h a n o l   and  then  w i t h  

e t h e r .   T h e  f i l t r a t e   was  c o n c e n t r a t e d ,   taken  up  in  e t h e r   a n d  

f i l t e r e d   to  remove  a d d i t i o n a l   i n s o l u b l e s .   The  f i l t r a t e   was  

e x t r a c t e d   wi th   t h r e e   20  ml  p o r t i o n s   of  20%  a c e t i c   ac id .   The 

combined  ac id   e x t r a c t s   were  washed  wi th   e t h e r ,   d i l u t e d  w i t h  

1 1 . 3   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   ac id   and  c o n c e n t r a t e d   t o  

d r y n e s s .   The  r e s i d u e   was  t r e a t e d   wi th   503  aqueous  p e t a s s i u m  

h y d r o x i d e   and  e x t r a c t e d   wi th   t h r e e   p o r t i o n s  o f   e t h e r .   The 

e t h e r   e x t r a c t s   w r e   c o m b i n e d  a n d   d r i e d   over  sodium  s u l f a t e .  

C o n c e n t r a t i o n   of  the  e t h e r   s o l u t i o n   gave  12.88  g  o r   c r u d e  

p r o d u c t   which  was  d i s t i l l e d .   A  6.2  g   f r a c t i o n   b o i l i n g   f r o m  

8 8 - 1 3 5 ° / 0 . 2 5   mm  Hg,  was  c o l l e c t e d   which  was  p r i m a r i l y   t h e   d e -  

s i r e d   p r o d u c t   wi th   some  c o n t a m i n a n t s   p r e s e n t .   C h r o m a t o g r a p h y  

o f  t h i s   f r a c t i o n   on  200  g  of  b a s i c   a l u m i n a ,   a c t i v i t y   grade   I ,  

wi th   2%  e t h y l   a c e t a t e   in  hexane  gave  about   4.6  g  of  p r o d u c t .  

D i s t i l l a t i o n   ( 6 5 - 6 4 ° / 0 . 0 5  n m   Hg)  y i e l d e d   3.8  g  (25%)  of  p u r e  

2 , 6 - d i m e t h y l n i c o t i n e .  

Anal .   Calcd.   for   C12H18N2:  C,  75.74;   H,  9 .54 ;   N, 
1 4 . 7 2  

Found:  C,  75 .61 ;   H,  9 .62;   N,  1 4 . 6 4  

S p e c t r a l   da ta   are  t a b u l a t e d   b e l o w :  



Example  4  

2 - M e t h y l a n a b a s i n e  

o r  
2 - M e t h y l - 3 - ( 2 - p i p a r d i n y l ) p y r i d i n e  

The  p r e p a r a t i o n   of  2 - m e t h y l - 3 - p y r i d y l - 3 - c y a n o p r o p y l  

ke tone   was  c a r r i e d   out  u s i n g   the  p r o c e d u r e   d e s c r i b e d   f o r   t h e  

a y n t h e s i s   of  2 - m e t h y l - 3 - p y r i d y l   2 - c y a n o m e t h y l   k e t o n e   ( P r e -  

p a r a t i o n   I I I )   e x c e p t   t h a t   4 - b r o m o b u t y r o n i t r i l e   was  u s e d  

i n s t e a d   o f  3   b r o m a p i o p i o n i t r i l e .   A  s o l u t i o n   of  2.8  g  of  t h e  

k e t o n e   in  150  ml  ammonia  s a t u r a t e d   e t h a n o l   was  p r e p a r e d   a n d  

1 0   g  of  f r e s h l y   p r e p a r e d   Raney  n i c k e l   was  added.   The  m i x t u r e  

was  h y d r o g e n a t e d   for   20  hours  in  a  P a r r   a p p a r a t u s   at  67  p s i .  

The  r e a c t i o n   m i x t u r e   was  worked  up  as  in  Example  2.  T h e  

p r o d u c t   was  i s o l a t e d   by  d i s t i l l a t i o n   ( 1 0 8 - 1 1 2 ° / 0 . 2   mm  Hg)  t o  

g i v e   2.2  g.  (89%)  of  2 - m e t h y l a n a b a s i n e .  

A n a l .  C a l c d .   for  C11H16N2:  C,  74 .95 ;   H,  9 .15 ;   N ,  
1 5 . 9 0  

Found:  C,  75 .04 ;   H,  8 . 9 6 ;  N ,   1 5 . 8 1  

S p e c t r a l   da t a   a r e  t a b u l a t e d   b e l o w :  



E x a m p l e  5  

2 - E t h y l n o r n i c o t i n e  
o r  

2 - E t h y l - 3 - ( 2 - p y r r o l i d i n y l ) p y r i d i n e  

To  5 . 0  g   (28.4  mmol)  of  1 - ( 1 - p y r r o l i d i n y l ) - 1 - ( 2 -  

p y r i d y l ) e t h a n e   ( P r e p a r a t i o n   IV)  in  30  ml  a c e t o n i t r i l e   was 

added  5.5  g  (28 .4   mmol)  of  cyanomethyl   b e n z e n e s u l f o n a t e .  

A f t e r   s t a n d i n g   t h r e e   days  the  r e a c t i o n   m i x t u r e   was  c o n c e n -  

t r a t e d   on  a  r o t a r y   e v a p o r a t o r   and  then  s u b j e c t e d   to  c o n t i n u -  

o u s   e t h e r   e x t r a c t i o n .   The  crude  p roduc t   was  d r i e d   and  t r a n s -  

f e r r e d   to  a  500  ml  t h r e e - n e c k e d   f l a s k   to  which  about   250  ml 

anhyd rous   ammonia  was  added.  The  r e s u l t i n g   s o l u t i o n   was 

s t i r r e d   at  - 3 5 °  a n d   1.45  g  (37.2  mmol)  of  sodium  amide  was  

added.   The  r e a c t i o n   m ix tu re   was  s t i r r e d   for  four   hours  a t  

-35°  and  then  a l l o w e d   to  warm  to  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 .   E the r   was  added  to  the  r e s i d u e ,   and  t h e   r e s u l t i n g  

s o l u t i o n   was  washed  wi th   a  s a t u r a t e d   sodium  c h l o r i d e   s o l u t i o n  

and  d r i e d   over  sodium  s u l f a t e .   Removal  of  the  s o l v e n t  g a v e  

4.88  g  of  a  tan  o i l .   The  o i l   was  d i s s o l v e d   i n  70   ml  d i m e t h y l - -  

. s u l f o x i d e   and  300  ml  t e t r a h y d r o f u r a n   to  which  1.48  g  ( 3 0 . 8  

mmol)  of  50%  sodium  h y d r i d e   d i s p e r s i o n   was  added.   The  m i x -  

t u r e   was  h e a t e d   under   r e f l u x   for   30  m i n u t e s . a n d   then   c o o l e d '  

to  - 1 0 ° .  A   s o l u t i o n   of  1.48  g  ( 30 .8  mmol )   of  3 - b r o m o p r o -  

p i o n i t r i l e   in  10  ml  t e t r a h y d r o f u r a n   was  added  over  a  1 5 -  

minu te   p e r i o d ,   the  c o o l i n g   bath   was  r e m o v e d ,   and  the  r e a c t i o n  

m i x t u r e   was  s t i r r e d  f o r   1  hour.   The  m i x t u r e   was  f i l t e r e d   a n d  

the  s o l v e n t   was  removed,   f i r s t   on  the  r o t a r y   e v a p o r a t o r   a n d  

then   under   h igh   vacuum.  The  r e s i d u e   was  d i s s o l v e d   in  e t h e r ,  

and  the  e t h e r e a l   s o l u t i o n   was  washed  wi th   two  p o r t i o n s   of  50% 

p o t a s s i u m   h y d r o x i d e   s o l u t o n   and  one  p o r t i o n   of  s a t u r a t e d  

sodium  c h l o r i d e .   The  e t h e r   s o l u t i o n   was  d r i e d   over   s o d i u m  

s u l f a t e   and  then  c o n c e n t r a t e d   to  g ive   3.78  g  of  t an   o i l .   The  

o i l   was  d i s s o l v e d   in  5  ml  t e t r a h y d r o f u r a n ,   15  ml  w a t e r   a n d  

30  ml  g l a c i a l   a c e t i c   a c i d .   The  s o l u t i o n   was  m a i n t e i n e d   a t  

53°  o v e r n i g h t ,   a f t e r   which  most  of  t h e  s o l v e n t   was  removed   o n  

t h e  r o t a r y   e v a p o r a t o r .   E the r   was  added  to  the   r e s i d u e ,   a n d  

the  e t h e r e a l   s o l u t i o n   was  e x t r a c t e d   w i th   t h r e e   5  ml  p o r t i o n s  

of  5%  h y d r o c h l o r i c   a c i d .   The  ac id   washes   were  c o m b i n e d   a n d  

b a s i f i e d   wi th   p o t a s s i u m   c a r b o n a t e .   The  b a s i c   s o l u t i o n  w a s  

e x t r a c t e d   wi th   m e t h y l e n e   c h l o r i d e .   The  m e t h y l e n e   c h l o r i d e  

e x t r a c t s   were  combined  and  d r i e d   o v e r  s o d i u m   s u l f a t e .   S o l -  

ven t   w a s  r e m o v e d   and  the  r e s i d u e   was  d i s t i l l e d   ( 1 5 0 - 5 ° /  

0.05  mm  Hg)  to  g ive   1  g  o f   a  ye l low  o i l .   A  500  mg  sample   o f  

t h e   c rude   p r o d u c t   was  d i s s o l v e d   in  100  ml  a b s o l u t e  e t h a n o l  

and  the  compound  was  h y d r o g e n a t e d   at  abou t   60  ps i   f o r   20 



h o u r s .   The  p r o d u c t   was  worked  up  as  i n  E x a m p l e   2,  a n d  p u r i -  

f i c a t i o n   was  e f f e c t e d   by  p r e p a r a t i v e   t h i n   l a y e r   c h r o m a t o -  

graphy  y i e l d i n g   125  mg  of  a  l i g h t   ye l low  o i l .  

Anal.   Calcd.   for  C11H16N2:  C,  74 .95;   H,  9 .15;   N, 
1 5 . 9 0  

Found:  C,  75.07;   H,  9 .25;   N,  1 6 . 0 1  

S p e c t r a l   data  are  t a b u l a t e d   b e l o w :  

E x a m p l e  6  

2 - E t h y l n i c o t i n e  

o r  
2 - E t h y l - 3 - ( 1 - m e t h y - 2 - p y r r o l i d i n y l ) p y r i d i n e  

To  176  mg  (1  mmol)  of  2 - m e t h y l n i c o t i n e   in  15  ml  

a t  h y d r o u s  e t h e r   was  added  1.1  ml  of  1.05  M  p h e n y l l i t h i u m  



s o l u t i o n .   The  r e a c t i o n   m i x t u r e   was  r e f l u x e d   for   2 . 5  h   a f t e r  

which  i t   was  c o o l e d   to  -10°  and  75  µl  (1.2  mmol)  m e t h y l  

i o d i d e   was  added.   The  s o l u t i o n   was  s t i r r e d   o v e r n i g h t   at  r o o m  

t e m p e r a t u r e .   A few  drops  of  me thano l   were  added,   the  s o l u -  

t i o n   was  f i l t e r e d   and  the  s o l v e n t   was  removed.   The  r e s i d u e  

was  d i s s o l v e d   in  h e x a n e ,   f i l t e r e d   once  a g a i n ,   and  the  h e x a n e  

was  removed  to  g ive   70  mg  of  crude  p r o d u c t .   A  gas  c h r o m a t o -  

g r a p h   of  the  c rude   p r o d u c t   showed  a  s i n g l e   major   p e a k .  

Samples  for   e l e m e n t a l   a n a l y s i s  a n d   s p e c t r a l   d a t a   were  o b t a i n -  

e d   by  p r e p a r a t i v e   gas  c h r o m o t o g r a p h y .  

Anal .   Ca lcd .   for   C12H18N2:  C,  75 .74 ;   H,  9 . 5 4 ;   N ,  
1 4 . 7 2  

Found:  C,  75 .74 ;   H,  9 .70 ;   N,  1 4 . 6 6  

S p e c t r a l   d a t a  a r e   t a b u l a t e d   b e l o w :  

E x a m p l e  7  

N ' , 2 - d i m e t h y l a n a t a b i n e  

o r  
2 - M e t h y l - 3 - [ 1 - m e t h y l - 2 - ( 1 , 2 , 3 , 6 - t e t r a h y d r o p y r i d i n g l ) ] p y r i d i n e  

To  a  s o l u t i o n   o f  8 . 0 9   g  (31.9  mmol)  of  2 - b r o m o -  

m e t h y l p y r i d i n e   h y d r o b r o m i d c   in  15  ml  wa te r   was  added  25  m l  



m e t h y l c n e   c h l o r i d e .   The  m i x t u r e   was  cooled   to  0°  and  a  

s l i g h t   excess   of  sodium  b i c a r b o n a t e   was  added.  The  o r g a n i c  

phase   was  s e p a r a t e d   and  the  aqueous  phase  was  e x t r a c t e d   w i t h  

an  a d d i t i o n a l   25  ml  of  m e t h y l e n e   c h l o r i d e .   T h e  o r g a n i c  

p h a s e s   were  combined,   e x t r a c t e d   with  two  p o r t i o n s   of   s a t u -  

r a t e d   b r i n e ,   d r i e d   over  magnesium  s u l f a t e   and  f i l t e r e d .   To 

t h e   f i l t e r e d   s o l u t i o n   was  added  3.89  g  (31.9  mmol)  of  1 , 2 , 3 , 6 -  

t e t r a h y d r o - l - m e t h y l - 2 - c y a n o p y r i d i n e   and  50  ml  t c t r a h y d r o -  

f u r a n .   The  s o l u t i o n   was  c o n c e n t r a t e d   to  about  15  ml  a f t e r  

which  30  ml  d i m e t h y l   s u l f o x i d e   was  added,   and  the  r e a c t i o n  

m i x t u r e   was  s t i r r e d   for   21  h o u r s .   The  s o l u t i o n   was  c o n t i n u -  

o u s l y   e x t r a c t e d   wi th   e t h e r   and  the  e t h e r   i n s o l u b l e   r e s i d u e  

was  d i s s o l v e d   in  m e t h a n o l ,   t r a n s f e r r e d  t o   a  500  ml  t h r e e -  

necked   f l a s k ,   and  e v a p o r a t e d   i n  v a c u o   t o  d r y n e s s   to  g i v e  

7 . 3 3  g   (79%)  of  a  dark  red  s e m i - s o l i d .   Two  hundred   f i f t y   ml 

of  l i q u i d   ammonia  was  condensed   in to   the  f l a s k   and  1.23  g 

(31.4   mmol)  of  sodium  amide  was  added.  The  r e a c t i o n   m i x t u r e  

was  s t i r r e d   at  -60°  for  30  minu te s   a n d  t h e n   at  r e f l u x   for   2 

h o u r s .   The  ammonia  was  a l l o w e d   to  b o i l   off   l e a v i n g   a  b r o w n  

r e s i d u e   which  w a s  t r i t u r a t e d   with  e t h e r   and  the  r e s u l t i n g  

e t h e r   s o l u t i o n   was  f i l t e r e d ,   and  c o n c e n t r a t e d   to  give  2.71  g 

of  a  brown  o i l .   The  o i l   was  d i s s o l v e d   in  125  ml  o f  95% 

e t h a n o l   and  2.0  g  of  s o d i u m  b o r o h y d r i d e   was  added.  A f t e r  

s t i r r i n g   at  room  t e m p e r a t u r e   for  8  h o u r s ,   the  e t h a n o   was 

removed  and  the  r e s i d u e   was  d i s s o l v e d  i n   e t h e r .   The  e t h c r a l  

s o l u t i o n   was  e x t r a c t e d   with  5%  h y d r o c h l o r i c   a c id ,   the  a c i d  

s o l u t i o n   was  washed  w i t h  e t h e r ,   b a s i f i e d   with  aqueous  p o t a s -  

sium  h y d r o x i d e ,   and  e x t r a c t e d   with  c t h e r .   The  e t h e r   e x t r a c t s  

of  the  b a s i c   s o l u t i o n   were  combined,   d r i e d   over  m a g n e s i u m  

s u l f a t c ,   f i l t e r e d ,   and  the  s o l v e n t   was  removed.  The  r e s i d u e  



was  d i s t i l l e d ,   and  the  f r a c t i o n   b o i l i n g   at  9 5 - 1 0 0 % . 1   mm  Hg 

was  c o l l e c t e d   to  give  800  mg  of  a  ye l low  l i q u i d   which  was  

p r i m a r i l y   N '  , 2 - d i m e t h y 1 a n a t a b . i n e   (80%).  The  i m p u r i t y   was  n o t  

i d e n t i f i e d ,   b u t  s p e c t r a l   data   i n d i c a t e   t h a t   i t   too  is  a  2 , 3 -  

d i s u b s t i t u t c d   p y r i d i n e .   S p e c t r a l   da ta   and  e l e m e n t a l   a n a l y s e s  

we re   o b t a i n e d   from  samples   c o l l e c t e d   by  p r e p a r a t i v e   g l c .  

.   Anal .   Calcd .   fo r   C12N16N2 :  C,  76 .55;   H,  8 . 5 7 ;   N, 
1 4 . 8 8  

F o u n d :   C,  7 6 . 4 0 ;   H,  8 . 6 5 ;  N ,   1 4 . 8 2  

S p e c t r a l   d a t a   are  t a b u l a t e d   b e l o w :  



2 - M e t h y l - 6 - p h e n y l n i c o t i n e  

2 - m e t h y l - 6 - p h e n y l p y r i d i n e ,   o b t a i n a b l e   from  1,  3-  

p e n t a d i e n e   and  b e n z o n z t i r l e   via  the  p r o c e d u r e   of  Janz  a n d  

M c C o l l o c h   [J.  Am.  Chem.  Soc. ,   77  (1955) ,   3415]  is  t r e a t e d  

w i t h   N - b r o m o s u c c i n i m i d e   to  give  2 - b r o m o m e t h y l - 6 - p h e n y l p y r i -  

d ine .   The  bromomethyl   compound  is  t r e a t e d   with  1 - m e t h y l - 2 -  

c y a n o p y r r o l i d i n e ,   and  t h e  r e s u l t i n g   c a l t   is  r e a r r a n g e d   u s i n g  

sodium,  amide  in  l i q u i d   ammonia  and  d e c y a n a t c d   w i t h  s o d i u m  

b o r o h y d r i d e   in  c i h a n o l   a c c o r d i n g   to  the  p r o c e d u r e s   d e s c r i b e d  

in  Example  1 . .   The  p r o d u c t   can  be  p u r i f i e d   by  d i s t i l l a t i o n .  

Example   9 

2 - ( 2 - P h e n y l e t h y l ) n i c o t i n e  

2 - m e t h y l n i c o t i n e   is  t r e a t e d  w i t h   p h e n y l l i t h i u m   a s  

in  Example  6.  To  the  r e s u l t i n g   anion  is  added  a  s l i g h t  

e x c e s s   of  benzyl   bromide .   The  p r o d u c t   can  be  i s o l a t e d   b y  

d i s t i l l a t i o n .  

E x a m p l e   10 

2 , 6 - D i m e t h y l - 3 - ( l - d i m e t h y l a m i n o - 2 - p h e r y l e t h y l ) p y r i d i n e  

2 - b r o K o m e t h y l - 6 - M e t h y l p y r i d i n e   is  t r e a t e d   w i t h  

d i m e t h y l a m i n e   to  give  the  c o r r e s p o n d i n g   t e r t i a r y   amine,   2 -  

d i m e t h y l a m i n o m e t h y l - 6 - m e t h y l p y r i d i n e .   The  t e r t i a r y   amine  i s  

t r e a t e d  w i t h   cyanomethy l   b e n z e n e s u l f o n a t e , a s   in  P r e p a r a t i o n  

I I ,   to  give  d i m e t h y l c y n o , n e t h y l -  ( 6 - m e t l i y l - 2 - p i c o l y l )   a m m o n i u m  

benzene   s u l f o n a t e .   The  q u a t e r n a r y   ammonium  s a l t   is  r e a r r a n g -  

ed  u s ing   sodium  h y d r i d e   and  a l k y l a t e d   with  b e n z y l b r o m z d c  

a c c o r d i n g   to  the  p r o c e d u r e   d e s c r i b e d   in  Example  2.  T h e  

a l h y l a t e d  c y a n o a m i e n   is  d e c y a n a t c d   wi th   sodium  b o r o l i y d r i d e   i n  



e t h a n o l   to  give  the  d e s i r e d   p r o d u c t   which  can  be  p u r i f i e d  

t h r o u g h   i t s   p i c r a t e .  

Example  11 

2 - M e t h y l  3 - ( 1 - M - p y r r o l i d i n y l - 3 - c y a n o p r o p y l ) p a r i d i n e  

1 - c y a n o m e t h y l - 1 - ( 2 - p i c o l y l ) p y r r o l i d i n i u m   b e n z e n e -  

s u l f o n a t e   (see  P r e p a r a t i o n   II)  is  r e a r r a n g e d   and  a l k y l a t c d  

w i t h   3 - b r o m o p r o p i o n i t r i l e   as  in  Example  2.  The  r e s u l t i n g  

d i c y a n o a m i n e   is  d e c y a n a t e d   wi th   sodium  b o r o h y d r i d e   in  e t h a n o l  

to  give  the  p r o d u c t .   P u r i f i c a t i o n   is  e f f e c t e d   v i a   the  p i c r a t e .  

E x a m p l e   12 

A   100  mg  sample   of  t h e  c a p d i d a t e   conpound  was 

d i s s o l v e d   in  10  ml  a b s o l u t e   e t h a n o l .   T o  t h e   s o l u t i o n   was  

added  40  ml  tap  wa te r   c o n t a i n i n g   0.5  ml  of  1%  s u r t a c t a n t .  A  

5  ml  s t a p l e   of  each  s o l u t i o n   was  s p r a y e d   on  to  r e p l i c a t e   i v y  

c u t t i n g s   i n f e s t e d   wi th   Aphids .   The  r e s u l t s ,   t a b u l a t e d   b e l o w  

in  Table   I  were  r e c o r d e d   18  hours   f o l l o w i n g   the  a p p l i c a t i o n  

o f  t h e   s p r a y s .  





Most  of  the  compounds  e x h i b i t e d   l e s s   t o x i c i t y   t o  

a p h i d s   t h a n   2 - n i c o t i n e .   However,  a l l   compounds  e x h i b i t e d   a 

s i g n i f i c a n t l y   lower  m a m m a l i a n  t o x i c i t y   than  l - n i c o t i n e .  

Aphid  t o x i c i t y   and  mammalian  t o x i c i t y   can  be  t a l e n   i n t o  

a c c o u n t   s i m u l t a n e o u s l y   by  examining   the  r a t i o   of  i n s e c t i c i d a l  

t o x i c i t y   to  mammalian  t o x i c i t y .  

R e l e v a n t   da ta   are  shown  in  Table   II  below.   In  t h e  

f i r s t   column,   the  LD50  of  the  compounds  in  mice  is  a  m e a s u r e  

of  t h e i r   mammalian  t o x i c i t y .   The  second   column  i l l u s t r a t e s  

the  e f f e c t i v e n e s s   of  the  c a n d i d a t e   compounds  as  i n s e c t i c i d e s  

as  compared  to  n i c o t i n e ,   whereas  the  t h i r d   column  is  t h e  

r a t i o   of  i n s e c t i c i d a l   e f f e c t i v e n e s s   to  mammalian  t o x i c i t y .  

T h i s   r a i o   shows  t ha t   the  a l k y l a t e d   n i c o t i n e s   are  more  e f f e c -  

t i v e   i n s e c t i c i d e s   than  n i c o t i n e   in  t h a t   t hey   are  c o n s i d e r a b l y  

s a f e r   with  r e g a r d   to  mammalian  r e s p o n s e .  





Example  13 

A  50  mg  sample  of  the  c a n d i d a t e   compound  was  dis- - 

s o l v e d   on  0.4  ml  a b s o l u t e   e t h a n o l .   A  0.3  µl  sample  of  t h e  

s o l u t i o n   was  a p p l i e d   to  the  notum  of  female   house  f l i e s   w h i c h  

had  been  a n e s t h e t i z e d   wi th   e t h e r .   R e s u l t s   were  r ead   t w e n t y -  

four   hours   l a t e r .  

T h e   above  r e s u l t s   d e m o n s t r a t e   t h a t   w i t h   r e g a r d   t o  

common  h o u s e f l i e s ,   2 - m e t h y l n i c o t i n e   is  as  e f f e c t i v e   an  i n -  

s e c t i c i d e   as  n i c o t i n e   i t c e l f ,   wh i l e   2 - m e t h y l n o r n i c o t i n e   i s  

only   s l i g h t l y   l e s s   e f f e c t i v e .   I t   is  to  be  no t ed   t h a t   p r e -  

v i o u s   r e s u l t s   d e m o n s t r a t e d   t h a t   2 - m e t h y l n i c o t i n e   p o s s e s s e d  

l o w e r m a m m a l i a n   t o x i c i t y   than  n i c o t i n e .  



1.  A  c o m p o u n d   r e p r e s e n t e d   by  t h e   f o r m u l a .  - 

w h e r e i n   R1  i s   h y d r o g e n ,   l o w e r   a l k y l ,   p h e n y l a l k y l   or  a r a l k y l ,  

R2  i s   l o w e r   a l k y l   or   p h e n a l k y l ,   and  R3  i s   h e t e r o c y c l i c   a n d  

r e p r e s e n t e d   by  t h e   f o r m u l a :  

w h e r e i n   R4  i s   h y d r o g e n   or  l o w e r   a l k y l ,   R5  i s   l o w e r   a l k y l ,  

and   n  i s   one  or  t w o ;  

or   an  a c i d   a d d i t i o n   s a l t   or  h y d r a t e   t h e r e o f .  

2.  A  c o m p o u n d   a c c o r d i n g   to   c l a i m   1  w h e r e i n  R 2  i s   m e t h y l  

or   e t h y l .  

3.  A  c o m p o u n d   a c c o r d i n g   to   c l a i m   1  w h e r e i n   R 3  i s   N -  

m e t h y l - p y r r o l i d i n e .  

4 .   A  c o m p o u n d   a c c o r d i n g   to   c l a i m   1  w h e r e i n   R3  i s   1 , 2 , 3 , 6 -  

t e t r a h y d r o p y r i d i n e   and  R5  i s   l o w e r   a l k y l .  

5.  2 - M e t h y l -   or  2 - e t h y l - 3 - ( 1 - m e t h y l - 2 - p y r r o l i d i n y l ) -  

p y r i d i n e .  

6.  2 - M e t h y l -   or   2 - e t h y l - 3 - ( 2 - p y r r o l i d i n y l ) p y r i d i n e .  

7 .   2 , 6 - D i m e t h y l - 3 - ( 1 - m e t h y l - 2 - p y r r o l i d i n y l ) p y r i d i n e .  



8.   2 - M e t h y l - 3 - ( 2 - p i p e r i d i n y l ) p y r i d i n e .  

9.   2 - M e t h y l - 3 - [ 1 - m e t h y l - 2 - ( 1 , 2 , 3 , 6 - t e t r a h y d r o p y r i d i n y l ) 3 -  

p y r i d i n e .  

1 0 .   A  p r o c e s s   f o r   p r e p a r i n g   a  c o m p o u n d   a c c o r d i n g   t o  

c l a i m   1  c h a r a c t e r i z e d   b y :  

( a )   r e a c t i n g   a  c o m p o u n d   of  t h e   f o r m u l a :  

w h e r e i n   R1  i s   as  d e f i u e d   i n   c l a i m   1,  R2  i s  

h y d r o g e n ,  l o w e r   a l k y l ,   p h e n y l   or  p h e n y l a l k y l ,  

X  i s   c h l o r i n e ,   b r o m i n e ,   i o d i n e   or  f l u o r i n e ,  

w i t h   a  2 - c y a n o - N - s u b s t i t u t e d   h e t e r o c y c l i c  

c o m p o u n d   of  t h e   f o r m u l a :  

w h e r e i n   R4,   R5  and  n  a r e  a s   d e f i n e d   i n  

c l a i m   1,   to   y i e l d   a  r e a c t i o n   c o m p o u n d   of   t h e  

f o r m u l a :  



(b )   t r e a t i n g   t h e   p r o d u c t   of  s t e p   ( a )   w i t h  s  

s t r o n g   n o n - n u c l e o p h i l i c   b a s e   to   y i e l d   a  

[ 2 , 3 ] - r e a r r a n g o m e n t   p r o d u c t   of  t h e   f o r m u l a :  

o r  

w h e r e i n   R1,   R2,   R4,   R 5  a n d  n   a r e   t h e   s a m e  

as  d e f i n e d   i n   s t e p   ( a ) ,  

( c )   t r e a t i n g   t he   p r o d u c t   of  s t e p   (b)   w i t h   a  

m i x e d   h y d r i d e   r e d u c i n g   a g e n t   to  d e c y a n a t e  

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

11 .   A  p r o c e s s   a c c o r d i n g   to   c l a i m   10  c h a r a c t e r i z e d   i n  

t h a t   t h e   s t r o n g  b a s e   i s   p o t a s s i u m - t e r t - b u t o x i d e ,   s o d i u m  

h y d r i d e ,   p o t a s s i u m   h y d r i d e   or  s o d i u m   a m i d e .  

1 2 ,   A  p r o c e s s   a c c o r d i n g   t o   c l a i m   10  or  11  w h e r e i n   t h e  

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

a l u m i n u m   h y d r i d e ,   or  s o d i u m   c y a n o h y d r i d e .  

13 .   A  p r o c e s s   a c c o r d i n g   to   c l a i m   10 ,   11  or  12  w h e r e i n  

s t e p   ( a )   and  s t e p   (b )   a r e  c a r r i e d   ou t   in   t h e   p r e s e n c e   of  a n  

a p r o t i c   s o l v e n t .  

14 .   Use  of  a  c o m p o u n d   a c c o r d i n g   to   any  of  c l a i m s   1  to   9  

as  an  i n s e c t i c i d e .  



1 5 .   An  i n s e c t i c i d a l   c o m p o s i t i o n   c o n t a i n i n g   a s  a c t i v e  

i n g r e d i e n t   a  c o m p o u n d  a c c o r d i n g   t o   any  of  c l a i m s   1 .  t o   9 .  
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