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L a b o r a t o r y  f o r  Organ ic  and B i o o r g a n i c  Chemist ry ,  SF-02150 Espoo 15, F i n l a n d  

A b s t r a c t  - Carbon-13 NMR s p e c t r a  o f  s e v e r a l  a - a m i n o n i t r i l e s  a r e  r e p o r t e d ,  

a l o n g  w i t h  t h e i r  p r e p a r a t i o n  v i a  t h e  m d i f i e d  P o l o n o v s k i  r e a c t i o n  o r  t h e  

r e d u c t i v e  c y a n a t i o n  o f  F r y .  The s u b s t i t u e n t  e f f e c t s  f o r  t h e  cyano group i n  

t h e  d i f f e r e n t  n i t r o g e n  h e t e r o c y c l e s  were de te rm ined  and s te reochemica l  

c o n c l u s i o n s  a r e  made. 

The a - a m i n o n i t r i l e s d e r i v e d  f rom p i p e r i d i n e  derivatives have g a i n e d  c o n s i d e r a b l e  a t t e n t i o n  d u r i n g  

r e c e n t  yea rs ,  p a r t i c u l a r l y  because o f  t h e i r  genera l  u t i l i t y  i n  i n d o l e  a l k a l o i d  s y n t h e ~ i s . " ~  We 

have r e c e n t l y  s y n t h e s i s e d  t h e  b i o c h e m i c a l l y  i m p o r t a n t  i s o q u i n u c l i d i n e  r i n g  system u s i n g  a-arnino- 

3  n i t r i l e s  as s t a r t i n g  m a t e r i a l s .  I n  c o n n e c t i o n  w i t h  t h i s  s y n t h e t i c  work,  and aware of t h e  l a c k  of 

13c NMR d a t a  i n  t h e  l i t e r a t u r e ,  we p repared  s e v e r a l  3 -  and/or  5 - s u b s t i t u t e d  2 -cyanop ipe r id ines  

( p i p e r i d i n e  d e r i v e d  a - a m i n o n i t r i l e s )  (compounds &-J), and r e c o r d e d  t h e i r  13c NMR s p e c t r a .  The 

r e s u l t s  a r e  l i s t e d  i n  l a b l e  1  ( v i d e  i n f r a ) .  Fu r the rmore ,  knowledge o f  t h e  p r e f e r e n t i a l  conforma- 

t i o n s  o f  t h e s e  compounds wou ld  a l l o w  a  more a c c u r a t e  u n d e r s t a n d i n g  of t h e i r  r e a c t i o n s .  

Compounds E-J were  s ~ n t h e s i i e d  v i a  t h e  m o d i f i e d  P o l o n o v s k i  r e a c t i o n . ' "  Fo r  s te reochemica l  

e x a m i n a t i o n  t h e  c o r r e s p o n d i n g  N - m e t h y l p i p e r i d i n e s  &-g were p r e p a r e d  and t h e i r  I3c NMR s p e c t r a l  

d a t a  reco rded  ( T a b l e  1 ) .  New s u b s t i t u e n t  i nc remen ts  f o r  an a x i a l  cyano group i n  3-  and/or  5 -  

s u b s t i t u t e d  2 - c y a n o p i p e r i d i n e s  ( T a b l e  3, v i d e  i n f r a )  a r e  r e p o r t e d .  

Three c o r r e s p o n d i n g  2-cyanotetrahydropyridines (4?-c) were s y n t h e s i s e d  v i a  t h e  r e d u c t i v e  

c y a n a t i o n  method of  These ~ ~ a n o t e t r a h ~ d r o p y r i d i n e s  were t h e n  f u r t h e r  reduced t o  g i v e  

2 - c y a n o p i p e r i d i n e s  3a-e ( v i d e  s u p r a ) .  
-- -- 



3 0  R1=Et  - R2=H fi Rl=Et R2= H 

E Rl=CH2CH2C02Me R2=H d R1=CHZCH2C02Me R 2 = ~  
e R1=CH2CH(C02Me)2 R2-H t R1=CH2CH(C02Me)2 R 2 = ~  - 
g R1= CH2CH(C02Me)2 RZzEt h R1 = CH2CH(C02Me)2 R2= Et  - - 

,0-CH2 ,O-CH2 
1 R,=HC. I R2=H j R1: HC. I 

0 - C H 2  - R2= H 
0 - C H 2  
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F o r  s te reochemica l  e x a m i n a t i o n  t h e  c o r r e s p o n d i n g  t e t r a h y d r o p y r i d i n e s  e-c were p repared  and t h e i r  

13c  NMR d a t a  r e c o r d e d  ( T a b l e  1 ) .  

RESULTS AND DISCUSSION 

P i p e r i d i n e i  -- l a - e  were p repared  f rom t h e  c o r r e s p o n d i n g  p y r i d i n i u m  s a l t s  2 - g  by  c a t a l y t i c  

h y d r o g e n a t i o n  o v e r  P t02 .  The p i p e r i d i n e s  were then  o x i d i s e d  t o  t h e  c o r r e s p o n d i n g  N-oxides, which  

were s u b j e c t e d  t o  t h e  m o d i f i e d  P o l o n o v s k i  r e a c t i o n  c o n d i t i ~ n s ~ ' ~ ' ~ , '  f o l l o w e d  by c y a n i d e  t r a p p i n g  

t o  f u r n i s h  t h e  o - a m i n o n i t r i l e s  -- 3 a - j .  I n  most r e a c t i o n s  t h e  two p o s s i b l e  a - a m i n o n i t r i l e s  were 

formed i n  a p p r o x i m a t e l y  1 : l  r a t i o ;  t h e  s u b s t i t u e n t  i n  t h e  3 p o s i t i o n  o f  t he  p i p e r i d i n e  r i n g  seems 

t o  have some e f f e c t  on t h e  r a t i o ;  see exper imen ta l  p a r t  compounds &,f and 2,i. 

, 0 - C H 2  
e R1 = HC. - I R 2 = H  

0 - C H 2  



Table I3C NMR d a t a  o f  compounds 1-4. 

C l a  lb l c  - - -  Id - l e  - 2a 2b 2c - - - 4a 4b 4c - - - 

2 62.01 61.29 61.59 61.10 56.55 57.40 57.07 56.77 51.10 55.71 50.80 

3 37.72 35.26 33.95 33.R) 40.19 137.59 136.51 12.16 29.m 28.89 29.20 

4 29.87 29.54 29.75 36.56 24.41 117.07 119.m 121.35 113.17 115.45 117.75 

5 25.26 24.61 24.93 37.34 24.61 25.91 25.78 25.65 137.79 134.60 132.52 

6 56.10 55.78 55.86 61.49 55.91 51.95 51.30 51.30 52.66 52.33 52.51 

N-Me 46.43 46.W 46.42 46.W 46.49 45.84 45.65 45.57 43.18 43.31 43.22 

C N  116.03 115.80 115.80 

C02Me - 173.82 169.92(2C) 169.40(2C) 173;30 169.40(2C) 172.98 169.03(2C) 

C0,K 51.49 52.34(2C) 52.07(2C) 51.56 52.31(2C) 51.10 52.50(2C) 

a-C 31.36 49.09 48.83 32.27 50.26 32.14 50.M 

P - C  29.22 33.14 33.18 2 9 . a  33.72 29.09 33.51 
,0 - H C - ~ I  105.58 

<0-CH 2 
0 -3 M.YI(2C) 

CH3-CH2-  l l .M - l l .W 12.CB 11.69 

CH3-CH2- 27.01 26.95 27.73 27.B - --.- 
C - 3a3b3b33e - 3f 39 - 3h - 3i - - 3 j  

2 59.67 54.21 59.63 54.03 59.74 54.02 59.37 59.70 55.19 53.% 

3 39.87 28.31 37.44 28.03 36.17 28.05 36.13 39.65 42.72 27.60 

4 25.97 25.84 25.76 25.76 25.78 25.78 32.55 32.55 20.58 20.58 

5 24.48 37.01 24.27 34.71 24.28 33.37 36.78 33.27 23.76 39.61 

6 3.32 56.23 50.03 55.93 50.E 55.91 55.86 55.91 50.W 50.97 

N-Me 43.83 43.83 43.73 43.73 43.83 43.83 43.75 43.75 4 3 . 9  43.83 

C N  114.47 115.M 114.20 115.60 114.21 115.47 114.52 114.52 114.20 115.77 

C0 Me -2 172.60 173.W 169.21(2C) 163.83(2C) 169,59(2C) 169.59(2C] 

C 0 2 k  51.13 51.13 52.40(X) 52.40(X) 52.46(X) 52.46(X) 

a-C 30.67 30.63 48.57 48.70 48.70 48.70 

R - C  27.71 28.63 31.69 32.66 31.58 32.55 

-HC:;] 103.82 lW.80 

p c n 2  M.N(ZC) M.%(zc) 
0-tH2 

CH3-CH2- 10.84 10.84 - 10.87 10.87 
CH3-CH2- 25.65 26.62 26.43 25.45 
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I t  can be assumed t h a t  t h e  predominant  c o n f o r m a t i o n  o f  t h e  p i p e r i d i n e  r i n g  i s  such t h a t  t h e  3- 

s u b s t i t u e n t  i s  e q u a t o r i a l  i n  &, h, 5, P. It i s  a l s o  s a f e  t o  assume t h a t  i n  t h e  3 , 5 - d i s u b s t i t u t e d  

compound id t h e  s u b s t i t u e n t s  a r e  & t o  each o t h e r  and occupy e q u a t o r i a l  p o s i t i o n s  i n  the  

predominant  c o n f o r m a t i o n  (same k i n d  o f  R - e f f e c t s  i n  t h e  3 , 5 - d i s u b s t i t u t e d  j i p e r i d i n e  as i n  the  

3 - s u b s t i t u t e d  p i p e r i d i n e s ) .  A d i a x i a l  o r i e n t a t i o n  would n o t  be v e r y  p r o b a b l e .  From t h i s  i t  can 

be p r e d i c t e d  t h a t  i n  compounds 2-2, too ,  t h e  3- and/or  5 - s u b s t i t u e n t s  a r e  i n  e q u a t o r i a l  

o o s i t i n n s .  

The s t e r e o c h e m i s t r y  of t h e  cyano group i n  compounds &-J i s  somewhat more d i f f i c u l t  t o  determine.  

8  
Comparing d a t a  g i v e n  i n  t h e  l i t e r a t u r e  (a-, 6 - ,  y -  and & - e f f e c t s  f o r  t h e  cyano group)  w l t h  our 

va lues  ( T a b l e  2 ) ,  t h e  r e s u l t s  a r e  somewhat ambiguous. C o n s i d e r i n g  t h e  p o s i t i v e  8 - e f f e c t  ( t 2  - 13)  

one m i g h t  j u s t l y  assume t h a t  t h e  cyano group i s  i n  e q u a t o r i a l  p o s i t i o n . 9 ' 1 0  Yet  l o o k i n g  a t  t he  

, t a - and y - e f f e c t s ,  p a r t i c u l a r l y  t h e  l a r g e  n e g a t i v e  y - e f f e c t .  

a x i a l  p o s i t i o n .  

he cyano group would seem t o  Se i n  

Tab le  2. Observed s u b s t i t u e n t  i nc remen ts  f o r  t h e  cyano group 

Compound a t? Y~~~ 

3a -2.34 12.15 -3 .90 

3b -1 .89 13.05 -4 .03 

3c -1.65 12.18 -3 .78 

3d -1 .78 13.42 -3 .78 

3e -1.85 12.19 -3.97 

3 f  -1 .84 13.12 -3.97 

39 -1.73 1 2 . 2 4  -4 .01 

3h -1.79 12.31 -4 .01 

3 i  -1 .36  12 .53  -3 .83  

3 j  -1 .95 12.  99 -3.83 

4a -0 .85  13.18 -3 .90 

4  b  -0 .59 13 .11  -3.63 

4c -0 .50 13.55 -3 .60 

7a -2 .08 +2.15 -4.02 

7  b  -1 .89 t 2 . 9 2  -4.02 

' H  NMR s p e c t r a  o f  compounds 2 and & p r o v i d e  s t r o n g  ev idence  t h a t  t h e  cyano group i s  a x i a l l y  

o r i e n t e d  i n  t h e  predominant  con fo rmat ion  of t h e  r i n g .  The c o u p l i n g  c o n s t a n t s  ( 5  = 3.5 H z )  between 

C-2 and C-3 p r o t o n s  (combined w i t h  t h e  assumpt ion t h a t  t h e  3 - s u b s t i t u e n t  i s  e q u a t o r i a l ,  % 

supra) d e f i n i t i v e l y  p r o v e  t h a t  t h e  C-2 p r o t o n  i s  e q u a t o r i a l l y  o r i e n t e d .  



As a  consequence we conc lude  t h a t  i n  compounds 3 a - j  t h e  cyano group i s  a x i a l  i n  t h e  p redominan t  - -  

c o n f o r m a t i o n  and t h a t  t h e  s u b s t i t u e n t  i nc remen ts  f o r  t h e  cyano group g i v e n  i n  t h e  

l i t e r a t u r e  can n o t  be used as such f o r  t h i s  k i n d  a f  compounds. L o o k i n g  a g a i n  a t  t h e  v a l u e s  i n  

T a b l e  2, one sees t h a t  t h e  a-, R- ,  y -  and 6 - e f f e c t s  a r e  s t r i k i n g l y  s i m i l a r  f o r  t h e  d i f f e r e n t  2 -  

c y a n o p i p e r i d i n e s .  Even f o r  t h e  two i n d o l i c  compounds 5 and 2 t h e  v a l u e s  a r e  o f  t h e  same 

magn i tude .  Thus new average o - ,  5 - ,  y -  and & - e f f e c t s  can be de te rm ined  f o r  an a x i a l  cyano g roup  

i n  2 - c y a n o p i p e r i d i n e s .  We would u n d e r l i n e ,  however, t h a t  c a u t i o n  i s  needed i n  t h e  a p p l i c a t i o n  of 

t h e  p r e s e n t  r e s u l t s .  Owing t o  t h e  c o n f o r m a t i o n a l  e q u i l i b r i u m  p r e s e n t ,  t h e  " a x i a l i t y "  of t h e  

cyano g roup  v a r i e s  i n  t h e  d i f f e r e n t  p i p e r i d i n e  d e r i v a t i v e s .  Moreover, t h e  e a s y  e p i m e r i r a t i o n  of 

t h e  cyano group has t o  be k e p t  i n  mind.  

T a b l e  3 .  Average s u b s t i t u e n t  i nc remen ts  f o r  an a x i a l  cyano group i n  2 - c y a n o p i p e r i a i n e s  

a - 2 

B 12 - 1 3  

Yccc - 4  

'CNC -5 .5  

6 -0 .5  - -1 

I n  c o n n e c t i o n  w i t h  ou r  c o n f o r m a t i o n a l  s t u d y  o f  t h e  1- and 3-ethyl-1,2,3,4,6,7,12,12b-octahydro- 

indolo[2,3-a]quinoli~ines~~ we i y n t h e s i s e d  t h e  n i t r i l e s  - 7a and c. 

S a l t  5 was hydrogenated ( P t 0 2 )  t o  f u r n i s h  t h e  c o r r e s p o n d i n g  p i p e r i d i n e  &, whose i n d o l e  N was 

p r o t e c t e d  b y  t h e  t - b u t y l o x y c a r b o n y l  (Boc )  g roup  (6&).12 The c o r r e s p o n d i n g  N-ox ide  was s u b j e c t e d  

t o  t h e  m o d i f i e d  P o l o n o v s k i  r e a c t i o n  c o n d i t i o n s  f o l l o w e d  by  c y a n i d e  t r a p p i n g  t o  f u r n i s h  t h e  

n i t r i l e s  5 and i n  1 : 1  r a t i o .  
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I n  compound 2 t h e  c o u p l i n g  c o n s t a n t  between t h e  C-2 and C-3 p r o t o n s  o f  t h e  p i p e r i d i n e  r i n g  was 

3.5 Hz .  On t h e  b a s i s  o f  t h e  p r e s e n t  r e s u l t s  ( v i d e  sup ra )  we can assume t h a t  t h e  e t h y l  g roup  i n  

t h i s  case i s  e q u a t o r i a l  and t h e  cyano group a x i a l  i n  t h e  predominant  con fo rmat ion .  Comparison of 

t h e  s u b s t i t u e n t  i nc remen ts  f o r  t h e  cyano g roup  w i t h  o u r  r e s u l t s  above f u l l y  c o n f i r m s  our 

assumpt ion.  T h i s  i n d i c a t e s  f u r t h e r  t h a t  t h e  s t e r e o c h e m i s t r y  i n  2 i s  t h e  same as i n  5. 

I n  t h e  second p a r t  of t h i s  work compounds s - 5  were p repared  by  t h e  r e d u c t i v e  c y a n a t i o n  method 

(NaBHq, K C N )  of The I 3 c  NMR d a t a  of t hese  compounds a r e  l i s t e d  i n  T a b l e  1. Fo r  s te reo -  

chemica l  e x a m i n a t i o n  compounds 2-5 were p repared  by  r e d u c i n g  t h e  c o r r e s p o n d i n g  p y r i d i n i u m  s a l t s  

w i t h  NaBH4. 

We can assume t h a t  t h e  r i n g  i t s e l f  i n  compounds -- 4a-c w i l l  be i n  a  h a l f - c h a i r  c o n f o r m a t i o n  which 

i s  t h e  more s t a b l e  one. The cyano group can adopt  e i t h e r  a x i a l  ( p s e u d o a x i a l )  o r  e q u a t o r i a l  

( p s e ~ d o e ~ u a t o r i a l )  p o s i t i o n .  Aga in  t h e  same k i n d  of  s u b s t i t u e n t  i nc remen ts  as b e f o r e  w i l l  suggest 

t h a t  t h e  cyano g roup  i s  i n  a x i a l  p o s i t i o n  i n  t h e  predominant  c o n f o r m a t i o n  ( v i d e  s u p r a ) .  



The doub le  bond i n  compounds 2 and was t h e n  reduced (P t02 )  t o  g i v e  & and &, and & and 

( a p p r .  1 : l )  r e s p e c t i v e l y ,  where t h e  cyan0 g roup  had p a r t l y  changed i t s  p l a c e .  The f o r m a t i o n  of  

two  a - a m i n o n i t r i l e s  can be e x p l a i n e d  b y  t h e  e l i m i n a t i o n  of t h e  cyan ide  i o n  f o l l o w e d  b y  i s o m e r i s a -  

t i o n  of t h e  im in ium doub le  bond and r e t r a p p i n g  of t h e  c y a n i d e  i o n .  Compound c y i e l d e d  3e as t h e  

o n l y  a - a m i n o n i t r i l e .  

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

and shou ld  a l l o w  a  more a c c u r a t e  p i c t u r e  o f  t h e i r  r e a c t i o n s .  

EXPERIMENTAL 

IR s p e c t r a  were r e c o r d e d  on a  Perk in -E lmer  700 Spec t ropho tomete r  u s i n g  l i q u i d  f i l m  between NaCl 

c r y s t a l s .  IR a b s o r p t i o n  bands a r e  expressed i n  r e c i p r o c a l  c e n t i m e t r e s  ( cm- I )  u s i n g  p o l y s t y r e n e  

1  
c a l i b r a t i o n .  Bands y i e l d i n g  s t r u c t u r a l  i n f o r m a t i o n  a r e  r e p o r t e d .  H and l 3 c  NMR s p e c t r a  were 

reco rded  i n  CDC13 (TMS as i n t e r n a l  s t a n d a r d  6=0) on a J e o l  JNM-FX 60 spec t romete r  w o r k i n g  a t  

13 59.80 MHz ( I H  NMR) and 15.04 MHz ( C NMR). Chemical s h i f t  d a t a  a r e  g i v e n  i n  ppm d o w n f i e l d  f rom 

TMS where i, d, t, q and m  d e s i g n a t e  s i n g l e t ,  doub le t ,  t r i p l e t ,  q u a r t e t  and m u l t i p l e t ,  respec -  

t i v e l y .  Coup l i ng  c o n s t a n t s  J a r e  g i v e n  i n  Hz .  Mass s p e c t r o m e t r y  was per formed on a J e o l  JMS-0-100 

appara tus  and K r a t o s  MS 80 RFA Autoconsole/DS 55 appara tus  ( h i g h  r e s o l u t i o n ) .  

Fo r  column chromatography,  A lumin ium o x i d e  Merck ( a c t .  11-111) and S i l i c a  Woelm TSC were used. 

TLC p l a t e s  were coa ted  w i t h  e i t h e r  S i l i c a  g e l  60 PF254+366 o r  A lumin ium o x i d e  PF 254+366 

f r o m  Merck. Dragendor f f -Munier  reagen t  was used t o  l o c a t e  r e a c t i o n  components. 

Me thy l  5 - m e t h o x y c a r b o n y l a c e t y l n i c o t i n a t e  8 

Sodium ( 1 . 8  g) and methanol  ( 3 4  ml) were r e a c t e d  t o  g i v e  sodium methox ide .  Excess methanol  was 

evapora ted  and d r y i n g  was c o n t i n u e d  a t  160-17O0C f o r  2  h  i n  h i g h  vacuum. A f t e r  c o o l i n g ,  d r y  

t o l u e n e  ( 2 4  m l )  was added and t h e  m i x t u r e  shaken t h o r o u g h l y .  D ime thy l  3,s-pyridinedicarboxylate 

( 7 . 8  g, 40 mmol) and d r y  me thy l  a c e t a t e  ( 1 2 . 7  ml, 161 mmol) were added and t h e  r e a c t i o n  v e s s e l  

was f i l l e d  w i t h  n i t r o g e n  and c l o s e d .  It was shaken f o r  2 days a t  r t .  The s o l i d  orange m i x t u r e  was 

d i s s o l v e d  i n  H  0  ( 2 0  m l )  and n e u t r a l i s e d  w i t h  6N HCI. A  p a l e  y e l l o w  p r e c i p i t a t e  was formed, wh ich  2  
0 13 

was f i l t e r e d  and d r i e d .  The p r o d u c t  was p u r e  k e t o e s t e r  8. Mp 1 0 2 ~ ~  (mp 102-103 C  ) .  More o f  t h e  

d e s i r e d  p r o d u c t  was formed by  e x t r a c t i n g  t h e  f i l t r a t e  w i t h  e s t e r .  T h i s  f r a c t i o n  was contamined 

w i t h  a  sma l l  amount of t h e  un reac ted  d i c a r b o x y l a t e .  The t o t a l  y i e l d  of compound 8 was abou t  70%. 
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Methyl  5 - a c e t y l n i c o t i n a t e  9 

Ke toes te r  8 ( 4 . 5  g, 20 nnnol) and 2N H2S04 (33  m l )  were r e f l u x e d  f o r  75 m in .  The s o l u t i o n  was 

n e u t r a l i s e d  w i t h  s o l i d  NaHC03 and e x t r a c t e d  w i t h  e t h e r .  The o r g a n i c  phase was d r i e d  and ether  

evaporated.  The d e s i r e d  p roduc t  4 was formed as p a l e  y e l l o w  c r y s t a l s  (mp 86.88'~). Dur ing  the 

r e a c t i o n  some k e t o e s t e r  8 was hydro lysed  t o  t h e  corresponding a c i d .  The a c i d i f i e d  water  phase 

was evaporated t o  dryness and methanol p r e s a t u r a t e d  w i t h  d r y  HC1 gas was added. More o f  compound 

1 1  
9 was formed. Y :  69%. IR (CHC13) 1740 ( 5 )  (C02CH3), 1700 ( s )  IC=O) cm- . H NMR (CDC13) 6 2.65 - 

(3H, s, CH3CO-), 3.98 (3H, s, CH30-), 8.72 ( IH,  t, J =  2 Hz, C-4-H), 9.28 ( l H ,  d, J = 2 Hz), 9.35 

( l H ,  d, J = 2 Hz). MS mlz 179 ( M + ) ,  164 (100%).  148, 136. Found: C ,  60.24; H, 5.00; N, 7.68. 

Calc.  f o r  CgHgN03: C, 60.33; H, 5.06; N, 7.82. 

Methyl  5 - e t h y l n i c o t i n a t e  10a 

E s t e r  - 9 ( 2 . 4  g, 13.8 mmol) and h y d r a r i n e  hydra te  ( 2 . 4  g)  were warmed f o r  15 m in  on a b o i l i n g  

water  b a t h .  A f t e r  c o o l i n g ,  9 g o f  ground potazsium hydrox ide  was added and t h e  m i x t u r e  was heated 

a t  1 0 5 - 1 1 0 ~ ~  f o r  1 h. The temperature was b r i e f l y  a l lowed t o  reach  1 6 0 ~ ~ .  t h e  m i x t u r e  was cooled 

and 1.5 N HC1 (20  m l )  was added. Hea t ing  was con t inued  f o r  1 h a t  1 4 0 ~ ~ .  The m i x t u r e  was made 

weakly a c i d i c  w i t h  conc. HC1 and evaporated t o  dryness.  MeOHIHC1 was added and a f t e r  the  usual 

I workup compound % was formed as a p a l e  y e l l o w  l i q u i d .  Y :  75%. IR (CHCI3) 1730 (C02CH3) cm- . 

'H NMR (CDC13) 6 1.29 (3H, t, J = 7.5 Hz, -CH2CH3); 2.66 (2H, q, J = 7.5 Hz, -CH CH ) ,  3.95 (3H, 
-2 3 

s, C02CH3), 8.13-9.03 (3H, m, arom. H).  MS m/z 165 (Mi), 164, 150, 134 (100%).  Found: C, 65.30; 

H, 6.61; N, 8.32. Ca lc .  f o r  CgHllNOE: C, 65.44; H, 6.71; N, 8.48. 

C a r b i n o l s  11a and l l b  

LiA1H4 (0 .90  g )  and d r y  e t h e r  ( 5 0  m l )  were r e f l u x e d  f o r  30 min.  E s t e r  (1.94 g, 11.8 mmol) i n  

d r y  e t h e r  (20  m l )  was added d u r i n g  20 min t o  t h e  cooled s o l u t i o n  o f  LiA1H4/Et20 (Ar-atm.) .  

S t i r r i n g  was con t inued  a t  rt f o r  4 h. Water was added t o  d e s t r o y  t h e  complex. The o rgan ic  phase 

1 was decanted and d r i e d  over  Na2S04 t o  g i v e  pure  c a r b i n o l  G. Y :  81%. H NMR (CDC13) 6 1.23 (3H, 

t, J = 7.5 Hz, -Ck12CH3). 2.51 (ZH, q, J = 7.5 Hz, -%CH3), 4.68 (ZH, s, -CH20H), 7.56-8.27 

(3H, m, arom. H ) .  MS m l r  137 (Mi) ( l o o % ) ,  136, 119. Found: C, 69.89; H, 7.98; N, 10.02. Ca lc .  f o r  

C8H11NO: C, 70.04; H, 8.08; N, 10.21. 

1 C a r b i n o l  was prepared from commercial m e t h y l  n i c o t i n a t e  i n  85% y i e l d .  H NMR (CDC13) 6 4.66 

(2H, s ,  - 1 2 0 H ) ,  7.15-8.45 (4H, rn, arom. H).  MS mlr  109 (M') ( l o o % ) ,  108, 91. Found: C, 66.06; 

H, 6.40; N, 12.71. Ca lc .  f o r  C6H7NO: C, 66.04; H, 6.47; N, 12.84: 



S a l t s  :2a and 12b  

47% HBr ( 4 . 5  m l )  and c a r b i n o l  ( 0 .368  g, 2.69 mmol) we re  r e f l u x e d  ( 1 3 5 - 1 4 0 ~ ~ ,  A r -a tm . )  f o r  

4  h .  Water  and e x c e s s  HBr we re  e v a p o r a t e d  unde r  d i m i n i s h e d  p r e s s u r e .  The  s k i n  i r r i t a n t  p r o d u c t  

was i m m e d i a t e l y  used  i n  t h e  n e x t  s t e p .  Y :  85%. 

S a l t  was p r e p a r e d  f r o m  c a r b i n o l  as d e s c r i b e d  above.  Y :  80%. 

M a l o n a t e s  13a and 13b 

D i m e t h y l  m a l o n a t e  ( 0 . 6 5 7  g, 5  mmol) was added d u r i n g  45 m i n  t o  a  m i x t u r e  o f  NaH ( 0 . 1 2 0  g, 5  mmol) 

and 8  ml o f  DMF (A r -a tm . ) .  S t i r r i n g  was c o n t i n u e d  f o r  a n o t h e r  45  m i n .  ( 0 . 7 0 0  g, 2 .5  mmol) 

i n  15 mi DMF was added and s t i r r i n g  was c o n t i n u e d  f o r  1  h .  The m i x t u r e  was p o u r e d  i n t o  100  m l  

o f  c o l d  Water  and e x t r a c t e d  s e v e r a l  t i m e s  w i t h  CH2C12. The combined e x t r a c t s  we re  washed 

w i t h  cnnc. an. NaCl and d r i e d  o v e r  N a p q .  The  c w d e  p r o d ~ l c t  was p u r i f i e d  t h r m g h  a  

s i l i c a  co lumn (CHCl3lMe0H, 9 5 : s )  t o  g i v e  p u r e  as  a  y e l l o w  o i l .  Y :  82%. IR (CHC13) 1750 ( 8 )  

1 1  
(COZCH3), 1735 ( 8 )  (C02CH3) cm- . H  NMR (CDC13) 6 1  .Z4 (3H, t, J = 8 . 0  Hz, -CH2CH3), 2 .51 (ZH, 

q, J = 8 . 0  Hz, -E2 -CH3) ,  3 .26  (ZH, d, J = 8 . 3  Hz, 6 -C-H) ,  3 . 7 1  ( I H ,  t, J = 8 . 3  Hz, a -C-H) ,  3 . 7 2  

(3H, s, C02CH3), 3 .76  (3H, s, C02CH3), 7 .38 ( IH ,  rn), 8 . 3 2  (2H, m ) .  MS m l r  251 (M'). Found:  

C, 61.9'3; H, 6 .75;  N, 5 .39 .  C a l c .  f o r  CI3Hl7NO4: C. 62.14; H, 6 .82;  N, 5 .57 .  

13b was p r e p a r e d  f r om s a l t  as d e s c r i b e d  above. Y :  79%. IR (CHCI3)  1750 ( 8 )  (C02CH3), 1730 ( s )  

(C02CH3). IH NMR (CDC13) 6 3 .21  (2H, d, J = 8 . 3  Hz, R-C-H), 3 . 71  ( I H ,  t, J = 8 . 3  Hz, a -C -H I ,  

3 .72 (3H, s, COZCH3), 3 .75  (3H, 8 ,  C02CH3), 7 .25  ( I H ,  m ) ,  7.58 ( I H ,  m ) ,  8 .48  (2H. rn). MS m l z  223  

( M + ) .  Found: C,  59 .02;  H, 5.77; N, 6 .05 .  C a l c .  f o r  CI1Hl3NOq: C, 59.19; H, 5.87; N, 6.27. 

A c e t a l  1 4  

P y r i d i n e - 3 - c a r b a l d e h y d e  ( 0 . 9 9  g, 9 .25  mmol) was d i s s o l v e d  i n  2 0  m l  o f  benzene.  p - T o l u e n e s u l p h o n i c  

a c i d  monohyd ra te  ( 1 . 8 0  9, 9.47 mmol) was added and t h e  m i x t u r e  was r e f l u x e d  f o r  5  m in .  

R e d i s t i l l e d  e t h y l e n e  g l y c o l  ( 0 . 6 3  g, 10 .16  mmol) was added and r e f l u x i n g  was c o n t i n u e d  u s i n g  a 

Dean and S t a r k  a p p a r a t u s  f o r  4  h .  B y  t h i s  t i m e  0 . 4  m l  o f  w a t e r  had  s e p a r a t e d .  The c o o l e d  m i x t u r e  

was shaken  w i t h  2 0  ml o f  10% N a p 3 .  Phases we re  s e p a r a t e d  and t h e  aqueous l a y e r  was e x t r a c t e d  

s e v e r a l  t i m e s  w i t h  CH2CI2. The  combined e x t r a c t s  we re  washed w i t h  w a t e r ,  d r i e d  o v e r  N a p 4  and 

e v a p o r a t e d  t o  g i v e  14 as  a  p a l e  y e l l o w  o i l .  Y :  87%.  ' H  NMR (CDCI3)  6 4.08 (4H, t, J = 0 . 8  H z ) ,  

5 .85 ( I H ,  s ) ,  7 . 19 -8 .70  (4H, m, arom. H) .  MS m l z  151 (M+) ,  150, 106, 73 (100%) .  Found: C ,  63 .40;  

H, 5 .85;  N, 9 .16 .  C a l c .  f o r  C8HgN02: C, 63 .56;  H, 6 .00 ;  N, 9 .27 .  
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N - M e t h y l p y r i d i n i u m  s a l t s  15a -e  

S a l t s  15a-g were  p r e p a r e d  f r o m  m e t h y l  i o d i d e  and t h e  c o r r e s p o n d i n g  s u b s t i t u t e d  p y r i d i n e s  

( 3 - e t h y l p y r i d i n e  ( F l u k a ) ,  m e t h y l  a rac i nnama te14 ,  x, I&, and 14) i n  good y i e l d s .  

l - M e t h y l - 3 - e t h y l  p y r i d i n i u m  i o d i d e  ( 1 . 4 3  g, 5 .74 mmol) w a s  d i s s o l v e d  i n  20 m l  o f  MeOH and h y d r o -  

g e n a t e d  a t  r t  o v e r  P t 0 2  ( 0 . 1 0  g )  unde r  a t m o s p h e r i c  p r e s s u r e  f o r  20 h .  The c a t a l y s t  was f i l t e r e d  

o f f  and MeOH e v a p o r a t e d  i n  vacuo.  The r e s i d u e  o f  l a . H I  was shaken  w i t h  a s a t u r a t e d  NaHC03 

S o l u t i o n  and t h e  aqueous l a y e r  e x t r a c t e d  s e v e r a l  t i m e s  w i t h  CH2C12. The  combined e x t r a c t s  were 

1  d r i e d  (Na2S04) and e v a p o r a t e d  t o  g i v e  la as a p a l e  y e l l o w  o i l .  Y :  78%. H NMR (CDC13) 6 2.24 

(3H, s, NCH3). Found: C, 75.49; H, 13.33; N, 10 .81.  C a l c .  f o r  C8HI7N: C, 75.52; H, 13.47; 

N, 11 .01.  

l - M e t h y l p i p e r i d i n e s  l b - e  

Compounds E-r were  p r e p a r e d  s i m i l a r l y  t o  i n  good y i e l d s .  

I b .  I R  (CHC13) 1730 i s )  (C02CH3) c m - l .  IH NMR (CDCI3) 6 2 . 2 8  (3H, s, NCH3), 3 .66 (3H, s, C02CH3]. - 

Found:  C, 64 .88;  H, 10 .29;  N, 7 .40 .  C a l r .  f o r  ClOHl9NOZ: C. 64 .83;  H, 10.34; N, 7 .56 .  

1 1  &. I R  (CHCI3)  1750 ( s )  (C02CH3), 1730 ( s )  (C02CH3) cm- . H NMR (CDCI3) 6 2 .24  (3H. s, NCH3), 

3 .72  (6H, 8 ,  C02CH3). Found:  C, 59 .09;  H, 8 .51 ;  N, 5 .51 .  C a l c .  f o r  C12H21N04: C, 59.24; H, 8 .70 ;  

N, 5 .76.  

I d .  IR (CHC13) 1760  ( s )  (C02CH3), 1740  ( s )  (C02CH3) cm- I .  IH NMR (CDC13) 6 2 .25  (3H, s ,  NCH3), - 

3 . 8 1  (6H, s, C02CH3). Found: C, 61 .89;  H, 9 .10;  N, 4 .95 .  C a l c .  f o r  C14H25N04: C, 61 .97;  ti, 9.29; 

N, 5 . 1 6 .  

1  H NMR (CDC13) 6 2 .26  (3H, 8, NCH3), 3 .87  (4H, m) ,  4 . 66  ( I H ,  d, 5 H z ) .  Found: C, 62.97; - 

H, 9 .85 ;  N, 7 .92 .  C a l c .  f o r  C9HI7NO2: C. 63 .13;  H, 10 .01;  N, 8 .18 .  

The c o r r e s p o n d i n g  l - r n e t h y l p y r i d i n e  s a l t s  we re  r e d u c e d  w i t h  NaBH4 i n  good y i e l d s .  

1  
2 3 .  H NMR (CDCI3) 6 2 .35  (3H, s, NCH3), 5 .50  ( l H ,  b r  s, C-4-H) .  Found: C, 76.75; H, 11 .94;  - 

N, 10.97.  C a l c .  f o r  C8H15N: C, 76 .74;  H, 12 .07;  N, 11 .19.  

g. IR  (CHCI3) 1730  ( s )  (C02CH3) c m - l .  'H NMR (CDCI3) 6 2.34 (3H, s, NCH3), 3.67 (3H, s ,  C02CH3), 

5 .48  ( l H ,  br s ,  C-4-H).  Found:  C, 65.31; H, 9 .20;  N. 7 .48 .  C a l c .  f o r  Cl0HI7NO2: C, 65.54; 

H, 9 .35;  N, 7 .64.  



2c. IR (CHCI3! 1755 ( s )  (C02CH3), 1740 ( 8 )  (C02CH3) cm-I. ' H  NMR (COCI3) S 2.35 (3H, s, NCH3), - 

3.74 (6H, s, C02CH3), 5.55 ( l H ,  b r  s, C-4-HI. Found: C, 59.81; H, 7.99; N, 5.60. Calc .  f o r  

Cl2Hl9NO4: C, 59.73; H, 7.94; N, 5.81. 

P r e p a r a t i o n  o f  a - a m i n o n i t r i l e s  3 a - j  u s i n g  t h e  m o d i f i e d  Po lonovsk i  r e a c t i o n  

The d e s i r e d  con~pounds (&-J) were prepared accord ing  t o  t h e  f o l l o w i n g  procedure,  he re  e x e m p l i f i e d  

b y  t h e  p r e p a r a t i o n  o f  Ja and b. 

a - A m i n o n i t r i l e s  3a and 3b 

Excess 30% H202 ( 1  m l )  was added t o  a  s o l u t i o n  of 5 (0 .547 g, 4 .31 mmol) i n  18 ml 1 : l  CH C1 . 
2  2 '  

MeOH and t h e  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  a t  5 5 ' ~  f o r  2  days. Excess p e r o x i d e  was des t royed  by 

t h e  a d d i t i o n  of 40 mg 10% PdlC and s t i r r i n g  a t  5 5 ' ~  f o r  2  h .  The m i x t u r e  was f i l t e r e d  and 

concen t ra ted .  The r e s i d u e  was d i s s o l v e d  i n  20 ml of CH2CI2 and d r i e d  t w i c e  over  Na2S04. F i l t r a t i o n ,  

evaporat;on and f i n a l  d r y i n g  i n  vacuum pump gave t h e  N-ox ide o f  la as w h i t e  c r y s t a l s  (0 .502 g, 

82%) .  The N-ox ide (0.502 g, 3.51 mmol) was d i s s o l v e d  i n  7  ml o f  d r y  CH2C12, c o o l e d  t o  O'C and 

s t i r r e d  under an atmosphere of argon. T r i f l u o r o a c e t i c  anhydr ide  ( 1 . 2  ml, 8 .78 mmol) was added 

dropwise over  a p e r i o d  of 15 min.  S t i r r i n g  was con t inued  a t  O'C f o r  1  h  and a t  r t  f o r  15 min.  

Then an aqueous s o l u t i o n  o f  KCN (0.342 g, 5.27 mmol) i n  2  ml o f  H20 was added and t h e  pH o f  t h e  

aqueous l a y e r  a d j u s t e d  t o  pH 5  by t h e  a d d i t i o n  o f  s o l i d  NaOAc. The m i x t u r e  was s t i r r e d  a t  r t  

f o r  30 min, b a s i f i e d  t o  pH 10 w i t h  10% aq. Na2C03 and e x t r a c t e d  s e v e r a l  t imes  w i t h  CH2C12. The 

combined e x t r a c t s  were washed w i t h  water, d r i e d  over  Na2S04 and concen t ra ted  t o  g i v e  a 1 : l  

m i x t u r e  of - 3a and b. Y :  80% !Ja and b) .  IR (CHCI3) 2240 ( w )  (CN) ( b o t h  i somers )  cm-'. 'H NMR 

(CDCI3) 6 2.38 (3H, s, NCH3) ( b o t h  isomers) ,  3.77 ( lH ,  d, J = 3.5 Hz, C-2-H) ( 3 a ) .  MS m l r  152 - 

(M+) ,  151, 137, 125, 123, 110 (100%) ( b o t h  i s o n e r s ) .  Found: C, 69.85; H, 10.34; N, 18.18. Ca lc .  

f o r  C9HI6N2: C,  71.01; H, 10.59; N, 18.40. 

a - A m i n o n i t r i l e s  3c and 3d 

Compounds & and were p repared  s i m i l a r l y  t o  Ja and & i n  79% t o t a l  y i e l d  ( 1 : l ) .  IR (CHCl?) 

1  
2260 ( w )  ( c N ) ,  1740 ( s )  ( C O ~ C H ~ )  cm-I ( b o t h  i somers ) .  H NMR (CDCI~) 6 2 .38 (3H. s, N C H ~ ) ,  3 .68 

(3H, s, C02CH3) ( b o t h  isomers) ,  3.76 !1H, d, J = 3 .5 Hz, C-2-H) 1%). MS m l r  210 (M+),  184, 183, 

150, 122, 110 (100%) ( b o t h  i somers ) .  Found: C ,  62.69; H, 8.50; N, 13.09. Ca lc .  f o r  Cl1Hl8N2O2: 

C ,  62.83; H, 8.63; N, 13.32. 
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a - A m i n o n i t r i l e s  3e and 3 f  

Compounds 2 ( m a i n  compound) and if ( m i n o r  compound) we re  p r e p a r e d  i n  80% t o t a l  y i e l d  ( 3 : l ) .  

I R  (CHC13) 2260 ( w )  (CN), 1755 ( 8 )  (C02CH3), 1740 ( 5 )  (C02CH3) cm-' ( b o t h  i s o m e r s ) .  'H NMR 

(CDC13) 6 2 . 3 8  (3H, s ) ,  3 .75  (6H, s )  ( b o t h  i s o m e r s ) .  MS m l z  268 (Mi), 242, 241, 122 ( l o o % ) ,  110 

( b o t h  i s o m e r s ) .  Found: C, 57.95; H, 7 .39;  N, 10 .14.  C a l c .  f o r  C13H20N204: C, 58 .19;  H, 7.51; 

N, 10 .44 .  

a - A m i n o n i t r i l e s  39 and 3h 

Compounds - 3 9  and we re  p r e p a r e d  i n  80% t o t a l  y i e l d  ( 1 : l ) .  I R  (CHC13) 2255 ( w )  (CN), 1755 ( s )  

(C02CH3) cm-' ( b o t h  i s o m e r s ) .  ' H  NMR (CDC13) 6 2.38 (3H, s ,  NCH3), 3 .75 (6H, s, C02CH3) ( b o t h  

i s o m e r s ) .  MS m l r  296 (Mi), 269, 254, 152 ( l o o % ) ,  138 ( b o t h  i s o m e r s ) .  Found: C, 60 .70;  H, 7 .97;  

N, 9 .30.  C a l c .  f o r  Cl5HZ4N2O4: C, 60.79; H, 8 .15 ;  N, 9 .45 .  

a - A m i n o n i t r i l e s  3 i  and 3 j  

Compounds 2 ( m i n o r  compound) and 3j ( m a i n  compound) were  p r e p a r e d  i n  80% t o t a l  y i e l d  ( 1 : 3 ) ,  

IR (CHC13) 2250 (w) (CN) c d .  ' H  NMR (CDC13) 6 2 .37  (3H, s, N C H 3 ) , 3 . 8 8  (4H, m), 4 .63  ( IH,  

d, 5  H z ) .  MS m l r  196  (M'), 170, 169, 123, 96, 73 (100%) ( b o t h  i s o m e r s ) .  Found: C, 61 .01;  H, 8.15; 

N, 14 .00.  C a l c .  f o r  ClOHI6N2O2: C, 61.20; H, 8 .22 ;  N, 14 .27 .  

C y a n o t e t r a h y d r o p y r i d i n e  4a 

H y d r o c h l o r i c  a c i d  (6N, 1 .65  m l )  w a s  added d r o p w i s e  t o  a s t i r r e d  s o l u t i o n  o f  1 .23  g  o f  KCN (18.9  

mmol) i n  1 . 6  ml o f  HeO, l a y e r e d  w i t h  1 0  m l  o f  E t20,  and k e p t  a t  O'C. Then 2 .5  m l  o f  MeOH and 

0 . 8 3  g  ( 3 . 3  mmol) o f  t h e  c o r r e s p o n d i n g  p y r i d i n i u m  s a l t  w e r e  added, and 0 .139  g  ( 3 . 6 3  mmol) o f  

NaBH4 d u r i n g  0 . 5  h .  The m i x t u r e  was s t i r r e d  a t  rt f o r  4  h,  t h e  E t 2 0  l a y e r  was s e p a r a t e d  and t h e  

aqueous l a y e r  was e x t r a c t e d  s e v e r a l  t i m e s  w i t h  E t 2 0 .  The c o n h i n e d  e t h e r e a l  e x t r a c t s  were  d r i e d  

(Na2S04) and e v a p o r a t e d  t o  g i v e  as a  y e l l o w  o i l .  The  p r o d u c t  was c o n t a m i n a t e d  w i t h  a  sma l l  

amount o f  bo rane .15  Y :  78%. IR (CHC13) 2240 ( w )  (CN), 1670  ( w )  (RC=CR2) c K 1 .  ' H  NMR (CDC13) 

6 2 .42  (3H, z, NCH3), 5 .41  ( l H ,  h r  s, C-4-H).  MS m l z  1 5 0  (M ' ) .  Found:  C, 71.71; H, 9.15; 

N, 18 .39.  C a l c .  f o r  C9H14N2: C, 71 .96;  H, 9 .39 ;  N, 18.65. 



Cyanotetrahydropyridines 4b-c 

4b was prepared s i m i l a r l y  t o  4a i n  66% y i e l d .  IR (CHCI3) 2240 (w) (CN), 1730 ( s )  (C02CH3), 1670 - - 
1 1  

( w )  (RC=CR2), 840 ( 8 )  (RC=CR2) cm- . H NMR (CDCI3) 2.44 (3H, s, NCH3), 3.67 (3H, s, C02CH3), 

5.49 ( lH ,  b r  s, C-4-H). MS m/r 208 (M'). Found: C, 63.31; H, 7.52; N, 13.22. Calc.  f o r  

C11H16N202: C ,  63.44; H, 7.74; N, 13.45. 

4c was p repared  s i m i l a r l y  t o  5 i n  77% y i e l d .  IR (CHCI3) 2260 ( w )  (CN), 1760 ( 8 )  (C02CH3), - 
1 1  

1735 ( 5 )  (C02CH3), 1680 ( w )  (RC=CR2), 840 ( s )  (RC=CR2) cm' . H NMR (CDCI3) 6 2.43 (3H, s, NCH3), 

3.74 (6H, s, C02CH3), 5.45 ( l H ,  b r  s, C-4-H). MS m / z  266 (M'). Found: C, 58.49; H, 6.65; 

N, 10.28. Ca lc .  f o r  C13H18N204: C ,  58.64; H, 6.81; N, 10.52. 

P r e p a r a t i o n  of a - a m i n o n i t r i l e s  3a-e by r e d u c t i o n  of compounds 4a-c 

C y a n o t e t r a h y d r a p y r i d i n e  (0,200 g, 1.33 mmol) was d i s s o l v e d  i n  20 ml of MeOH and hydrogenated 

a t  rt over  P t02  (0.180 g)  under atmospher ic  p ressure  f o r  4 h t o  g i v e  & and Jb ( 1 : l )  a f t e r  

p u r i f i c a t i o n  b y  TLC. Y :  18%. 

3c and were p repared  f rom i n  1 : l  r a t i o  b y  t h e  method descr ibed  f o r  5. Y :  15%. - 

3e was prepared from (2 was n o t  formed).  Y :  15%. - 

A l l  t h e  compounds were i d e n t i c a l  w i t h  those f r o 7  t h e  m o d i f i e d  Polonovski  r e a c t i o n  

(compounds 2 - 5 ) .  Moreover, cons iderab le  amounts of t h e  co r respond ing  p i p e r i d i n e s  were 

formed. 16 

S a l t  5  and 1-[Z-(3-indolyl)ethyl]-3-ethylpiperidine 6a 

A l k y l a t i o n  o f  3 - e t h y l p y r i d i n e  w i t h  t r y p t o p h y l  bromide a f fo rded  t h e  corresponding p y r i d i n i u m  

S a l t  5, whose c a t a l y t i c  hydrogena t ion  (Pt02,  21 h )  y i e l d e d  compound fi as a s e m i s o l i d  o i l .  

1  Y :  98%. H NMR (CDCI3) 6 0.89 (3H, t, J = 6.0 Hz, -CH2CH-3), 1.65 (ZH, q, J = 6 .0  Hz, -CH2CH3), 

6.89 ( lH ,  s, ind.-H-21, 7.17-7.67 (4H, m, arom. H), 8.82 ( l H ,  b r  s, N H ) .  MS m/z  256 ( M + ) ,  130, 

126 (100%).  Found: 256.1938 (mass spec t romet ry ) .  Ca lc .  f o r  C17H24N2: 256.1941. 

50% aq. NaOH ( 5  m l )  was added t o  compound 5 (0.5 g, 1.95 mmol) i n  10 ml of t o l u e n e  c o n t a i n i n g  

tetrabutylarnrnonium hydrogen su lpha te  ( 0 . 2  9 ) .  The two phase system was s t i r r e d  under argon f o r  15 

min.  D i - t - b u t y l  d i ca rbona te  (0 .89  g, 4.0 mmol) i n  t o l u e n e  ( 5  m l )  was then added d u r i n g  10 min and 

s t i r r i n g  was con t inued  f o r  another  10  min.  The o rgan ic  l a y e r  was separated and t h e  aqueous l a y e r  
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was washed w i t h  CH2CI2 s e v e r a l  t i m e s .  The combined o r g a n i c  l a y e r s  were washed w i t h  H20, d r i e d  

1  
o v e r  Na2S04 and evapora ted  t o  d ryness .  Y :  92%. H NMR (CDC13) 6 0.89 (3H, t, J  = 5.5 Hz, 

- C H 2 - 3 ) '  1 .64  (9H, s, C(CH3I3) ,  7.41 ( l H ,  s,  i n d . - H - 2 ) .  MS m/z 356 (M+) ,  341, 143, 130, 127, 

126 (100%) .  Found: 356.0202 (mass s p e c t r o m e t r y ) .  C a l c .  f o r  C22H32N202: 356.0210. 

1-[2-(3-(N-Boc)indalyl)ethyI]-2-cyano-3(and 5 ) e t h y l p i p e r i d i n e s  7a and 7b 

The c o r r e s p o n d i n g  N-ox ide  was r e a d i l y  p repared  by  r e a c t i o n  of compound ( 0 . 8 0  g )  w i t h  H202 

(30%. 0 . 5  m l )  i n  8  ml of  CHC13-MeOH ( 1 : l )  (5 i °C,  29 h ) .  Excess p e r o x i d e  was d e s t r o y e d  b y  the 

a d d i t i o n  of  8 0  mg of  10% Pd/C and s t i r r i n g  o f  t h e  m i x t u r e  f o r  2  h .  The m i x t u r e  was t h e n  f i l t e r e d  

and c o n c e n t r a t e d .  CH2C12 was added and t h e  s o l u t i o n  was d r i e d  t w i c e  over  Na2S04 and evaporated 

t o  d ryness .  Y :  82%. The N-ox ide  was i m m e d i a t e l y  used i n  t h e  n e x t  s t e p .  N-Oxide ( 0 . 6 9  9, 

1 .85 mmol) i n  3  ml of d r y  CH2C12 was s t i r r e d  a t  O'C (A r -a tm)  and TFAA (0 .65  ml ,  4 .63 mmol) was 

added d u r i n g  15 m in .  S t i r r i n g  was c o n t i n u e d  f o r  1  h  a t  O'C and t h e r e a f t e r  15 m i n  a t  rt. KCN 

[ 0 . 1 6 g ,  1 . 1 5  ekv )  i n  H20 ( 5  m l )  was added and t h e  pH o f  t h e  aqueous l a y e r  was a d j u s t e d  t o  pH 5  

b y  t h e  a d d i t i o n  of  NaOAc. The m i x t u r e  was s t i r r e d  a t  r t  f o r  0 .5  h, b a s i f i e d  t o  pH 1 0  w i t h  10% 

aq. Na2C03 and e x t r a c t e d  w i t h  CH2CI2 s e v e r a l  t i m e s .  The o r g a n i c  l a y e r  was washed w i t h  H20, d r i e d  

ove r  Na SO and evapora ted  t o  d ryness .  A n i n o n i t r i l e s  2 and + were o b t a i n e d  as a  m i x t u r e  (3 :2 )  2  4  

b y  p u r i f i c a t i o n  of t h e  c rude  p r o d u c t  t h r o u g h  a  s h o r t  column o f  a lum ina  (CH2C12-hexane 4 :6 ) .  

Y :  70%. 

l a .  ' H  NMR (CDC13) 6 0 .93 (3H, t, 5 = 6 .5  Hz, -CH$H3), 1.66 (9H, s, C(CH3I3), 3.92 ( l H ,  b r  s, - 

-CHCN), 7 .46 ( l H ,  s, i n d .  -H-2) .  MS m l r  381 ( M + ) ,  354, 189, 151 ( l o o % ) ,  130, 124. Found: 381.2404 

(mass s p e c t r o m e t r y ) .  C a l c ,  f o r  C23H31N30: 381.2418. 

1  7b. H  NMR (CDCI3) 6 0 .93 (3H, t, J = 6 .5  Hz, - C H 2 - g 3 ) ,  1 .66 (9H, s, C(CH3)3), 7.46 ( l H ,  s ,  ind.  - 

-H-2) .  MS m i l  381 (M'), 354, 189, 151 ( l o o % ) ,  130, 124. Found: 381.2405 (mass s p e c t r o m z t r y ) .  

C a l c .  f o r  C23H31N30: 381.2418. 
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