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A b s t r a c t  - The c a t a l y t i c  r e d u c t i o n  o f  1-(2-pyridy1)-1,2,3,4- 

t e t r a h y d r o - P - c a r b o l i n e  t o  th reo -  and e r y t h r o -  1 - ( 2 - p i p e r i d y l ) -  

1.2,3,4-tetrahydro- p,-carbolines i s  descr ibed. 

I n  o u r  p r e v i o u s  paper we d e s c r i b e d  the  s y n t h e s i s  o f  9 -me thy l -1 - (2 -p ipe r idy l ) -  

1 , 2 , 3 , 4 - t e t r a h y d r o - p - c a r b o l i n e  the s e l e c t i v e  r e d u c t i o n  o f  9-methy l - l -  

(2-pyridy1)-1,2.3.4-tetrahydro- p - c a r b o l i n e  i n  d i l u t e d  aqueous HC1 i n  the pre- 

sence o f  ~ t . '  A l though  we expected the  fo rma t ion  o f  t h e  d ias tereomers ,  we d i d  

n o t  succeed i n  s e p e r a t i n g  them. Now we w ish  t o  r e p o r t  t h e  r e d u c t i o n  o f  1-(2-py- 

r i dy1 ) -1 ,2 ,3 ,4 - te t rahydro -P-ca rbo l i ne  (1) under d i f f e r e n t  c o n d i t i o n s  and the  

s u c c e s s f u l  s e p a r a t i o n  and i d e n t i f i c a t i o n  o f  t he  fo rm ing  d ias te reomers  due to 

c h i r a l  c e n t e r s  a t  C1 and C2, atoms. The r e d u c t i o n  c a r r i e d  o u t  i n  a c e t i c  a c i d  w i t h  

H2 under 4  atm and w i t h  Pt02 as c a t a l y s t  l e d  t o  the  f o r m a t i o n  o f  two products  

wh ich were s p o t t e d  by TLC. Vie expected the  compounds o f  Rf 0.79 and 0.76 t o  be 

the  d ias te reomers  o f  1 - (2 -p ipe r idy l ) -1 ,2 ,3 ,4 - te t rahyd ro -P-ca rbo l i ne  (2 and 3). 
GLC o f  t h i s  m i x t u r e  showed t h a t  t he  f o r m a t i o n  o f  2 and 3 was as 1.5 : 1 

'Xe i s o l a t e d  these p r o d u c t s  c h r o m a t o g r a p h i c a l l y  pure  by t h e  f r a c t i o n a l  c r y s t a l l i -  

z a t i o n .  E lemenra l  a n a l y s i s  and ms s p e c t r a  i n d i c a t e d  the  same m o l e c u l a r  fo rmula  

f o r  t he  compounds 2 and 3. I n  i r  s p e c t r a  o f  these p r o d u c t s  NH s t r e t c h i n g  v i b r a -  - 
t i o n  bands appear i n  the  3000-3500 cm-' r e g i o n  and t h e i r  shape remains  unchanged 

w i t h i n  the  - M c o n c e n t r a t i o n  range. These d a t a  i n d i c a t e  the  presence 

o f  t he  i n t r a m o l e c u l a r  hydrogen bond (Scheme). 



T h i s  hydrogen bond can form e i t h e r  between the n i t r o g e n  atoms a t  t h e  2- and 1'- 

p o s i t i o n s  o r  between the  n i t r o g e n  atoms o f  t he  i n d o l e  r i n g  and a t  t he  1'- pos i -  

t i o n .  S ince t h e  hydrogen bond between i n d o l e  n i t r o g e n  atom and t h a t  a t  the 1'- 

3  p o s i t i o n  forms e a s i l y  , i t  seems t o  be more p r e f e r a b l e  than t h a t  between n i t r o -  

gen atoms a t  t he  2- and 1'- p o s i t i o n s .  The presence o f  t he  hydrogen bond and 

some s t e r i c  h ind rance  i n  the  molecu le  (as  i t  was observed on O r a i d i n g  models) 

r e s t r i c t  t he  r o t a t i o n  around the  C1 - C2, bond. Thus the  d ias ta reomers  2 and 3 
can adopt r e l a t i v e l y  s t a b l e  - a t  room temperature  - con fo rma t ions  w i t h  e r y t h r o  

and t h r e o  c o n f i g u r a t i o n s ,  r e s p e c t i v e l y ,  as shown i n  Scheme. 'H nmr s p e c t r a  o f  

the compounds 2 and L a r e  c o n s i s t e n t  w i t h  t h a t  desc r ibed  b e f o r e  f o r  9-methy l - l -  

(2-piperidyl)-1,2,3,4-tetrahydro- P-carbo l ine . '  The a n a l y s i s  o f  t he  chemica l  

s h i f t s  and v i c i n a l  c o u p l i n g  c o n s t a n t  v a l u e s  f o r  HA atom i n d i c a t e s  the  e x i s t e n c e  

of t he  t h r e o  and e r y t h r o  forms. The observed 3&B va lues  a r e  typ ica14 '6  and l e t  

us t o  a s s i g n  the  t h r e o  and e r y t h r o  con fo rma t ions  t o ?  and 2  s t r u c t u r e s ,  respec- - 
t i v e l y .  As d e s c r i b e d  before ,  t he  NH p r o t o n  s i g n a l  of i n d o l e  r i n g  appears a t  6 

7.68 ( i n  CCIA), and i t  was found t h a t  i t s  p o s i t i o n  s t r o n g l y  depends on the  f o r -  

mat ion o f  t he  hydrogen bond t o  a  s o ~ v e n t . ~  I n  the t r i e t h y l a m i n e  s o l u t i o n  t h i s  

s i g n a l  s h i f t s  d o w n f i e l d  t o  6 11.21.~ Fo r  the  i n v e s t i g a t e d  compounds the  i n d o l e  
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i 4 t l  s i g n a l  a p p e a r s  a t  6 9.28 and 9.98 f o r  2 and A, r e s p e c t i v e l y  and i s  s t r o n g l y  

b r o a d e n e d  f o r  t h e  compound 2. The c h e m i c a l  s h i f t  a s  w e l l  a s  t h e  s h a p e  o f  t h e s e  

s i g n a l s  l e d  t o  t h e  c o n c l u s i o n  t h a t  t h e r e  i s  t h e  s t r o n g  h y d r o g e n  bond between N 
9 

and N1, a t o m s ,  p a r t i c u l a r l y  i n  t h e  compound 3.  The p o s i t i o n  of t h e  hydrogen - 
bond can  be u n d o u b t f u l l y  e v i d e n c e d  based  on '14 nmr s p e c t r a  o f  t h e  compounds 2 
and 2, which were o b t a i n e d  by c y c l i z a t i o n  of  2 and 3 ,  r e s p e c t i ~ e l ~ . ~  As one can  

b - 
e x p e c t  t h e  i n d o l e  NH s i g n a l s  i n  4 and 5, where  t h e r e  i s  no i n t r a m o l e c u l a r  hydro- - 
gen bond ,  a r e  s t r o n g l y  s h i f t e d  u p f i e l d  t o  6 7.98 and 8.04 and moreover  t h e s e  

s i g n a l s  become s h a r p .  Such s i g n i f i c a n t  c h a n g e s  i n  t h e  c h e m i c a l  s h i f t s  a n d  tl?e 

s h a p e  o f  t h e s e  s i g n a l s  i n  r e l a t i o n  t o  t h o s e  o b s e r v e d  f o r  2 and 3 c o n f i r m  our - ... 
h y p o t h e s i s .  

EXPERIMENTAL 

M e l t i n g  p o i n t s  were d e t e r m i n e d  on a  B o s t i u s  h o t  s t a g e  m i c r o s c o p e  and a r e  uncor- 

r e c t e d .  I r  s p e c t r e  were measured  i n  CC14 s o l u t i o n  ( 1 ~ 0 . 1  m) and i n  KBr  p e l l e t s  

on a  S p e c o r d  7 1  I R  s p e c t r o m e t e r .  'H nmr s p e c t r a  were  r e c o r d e d  on a  B r u c k e r  ap- 

p a r a t u s  a t  2 0 0  MHz i n  COCl s o l u t i o n  ( w i t h  TMS a s  i n t e r n a l  s t a n d a r d )  and ms 3 
s p e c t r a  were t a k e n  a t  7 0  e V  on a n  LKB 90008  s p e c t r o m e t e r .  T h i n  - l a y e r  chrona-  

t o g r a p h y  was p e r f o r m e d  on Merck c o m m e r c i a l  c h r o m a t o p l a t e s  ( I c i e s e l g e l  GF254) 

w i t h  e t h a n o l  : NH3 aq. (8 : 2 )  a s  a  m o b i l e  phase .  F o r  GLC e x p e r i m e n t s  a  Pye 

Unicam GC s y s t e m  f i t t e d  w i t h  t h e  f l a m e  i o n i z a t i o n  d e t e c t o r  was used. 

R e d u c t i o n  of  I-(2-pirydy1)-1.2.3.4-tetrahydro- R - c a r b o l i n e  1 

The m i x t u r e  o f  ,$ (3.0 g ,  0.01 mol l  and P t 0 2  (0.225 g )  i n  a c e t i c  a c i d  ( 4 5  ml) 



was reduced i n  an au toc lave  w i t h  H2 a t  4  atm a t  room temp. f o r  18 h. Then the 

c a t a l y s t  was f i l t e r e d  o f f  and the s o l v e n t  was evaporated i n  vacuo. The o i l y  

res idue  was d i s s o l v e d  i n  CHC13 ( 5  m l )  and a l k a l i z e d  w i t h  NH3 aq. t o  pH 11 and 

then e x t r a c t e d  w i t h  CHC13 ( 3  x  20 ml). The combined e x t r a c t s  were d r i e d  over  

IK21C3 and evaporated,  and the res idue  was f r a c t i o n a l l y  c r y s t a l l i z e d .  

The s e p a r a t i o n  o f  the d ias tereomers o f  1-(2-piperidyl)-1,2,3.4-tetrahydro- h- 
c a r b o l i n e  by f r a c t i o n a l  c r v s t a l l i z a t i o n .  

j2)-erythro-l-(2-~iperidyl)-1,2,3,4-tetrahydro- p - c a r b o l i n e  ( 2 )  : The o i l y  * 
res idua  (3.1 g) was d i s s o l v e d  i n  20 m l  o f  b o i l i n g  e t h a n o l ,  and the s o l u t i o n  

was coo led down t o  O'C. The c r y s t a l s  were f i l t e r e d  o f f  and r e c r y s t a l l i z e d  f o u r  

t imes from e t h a n o l  g i v i n g  c h r o n a t o g r a p h i c a l l y  pure c o l o u r l e s s  c r y s t a l s  (1.35 g, 

44 96 y i e l d ) .  mp 137 - 140 OC. I r  (ICBr p e l l e t )  Vmax  : 3310, 2960, 2050, 

1650. 'H nmr (C0C13) 6 : 1.00 - 1.90 ( 8 ~ .  m, " a " ) .  2.50 - 3.50 (7H. m, "b "  and 

H ~ ) .  3.99 ( 1 1 4 .  d. 32A8 = 1.8 Iiz, H A  7.00 - 7.50 (414, m, arom.), 9.28 (1H. 

br -s ,  " c " ) .  

tls mJ2 ( r e l a t i v e  abundance) : 255 ( 3 ) ,  172 ( l o o ) ,  171 (19.5), 84 (91.4); 

i\nal. Calcd. f o r  Cl6HZ1N3 : C, 75.25; H, 8.29; N, 16.46. Found: C, 75.04; 

H, 8.35; N, 16.30. 

L2)-threo-1-(2-Piperidyl)-1,2,3,4-tetrahydro- p - c a r b o l i n e  (3) : The e t h a n o l  

mother l i q u i d s  were evaporated t o  dryness,  and the res idue  (1.6 g) was d i s s o l v e d  

i n  5  m l  o f  a b s o l u t e  e t h e r  and f i l t e r e d  o f f .  The f i l t r a t e  was coo led down t o  

0 
+5 C and the c o l o u r l e s s  c r y s t a l s  t h a t  r e s u l t e d  were r e c r y s t a l l i z e d  f rom netha- 

0 -1 
n01, g i v i n g  0.19 g ( 6  :, y i e l d )  o f  2, mp 130 - 133 C. I r  (IG3r p e l l e t )  Vmaxcm : 

3330. 2940, 1650. 'H nmr ( c o c ~ ~ )  6 : 1.00 - 2.10 (8H. m, "a" ) ,  2.50 - 3.50 (7H. 

m, "b "  and Ha), 3.70 (1~.  d, 3&8 = 9.8 Hz, HA), 7.00 - 7.50 (4H, m, arom.), 

10.00 (IH, br-s, "c") .  Ms g ~ ( r e 1 .  abund.) : 255 (1.9). 172 ( loo) ,  171  (18.4). 

84 (97). +&. Calcd. f o r  Cl6HZ1N3 : C, 75.25; H, 8.29; N, 16.46. Found: 

C, 75.13: H, 8.44: N. 16.40. 

The s e p a r a t i o n  o f  2 and 3  bv GLC - 
The r e a c t i o n  m i x t u r e  was separated by GLC u s i n g  a  g l a s s  column (1 m x 4 mm)  

packed w i t h  3 OV-17 on Gas Chrom Q (80 - 100 mesh). The temperature of i n j e c -  

t o r  and oven was 320 OC and a t  d e t e c t o r  230 OC. F low speed o f  N 60 ml/min. 
2  

R e t e n t i o n  t ime tR 10 and 11 min f o r  5 and 3, r e s p e c t i v e l y .  
u 
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