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TRYPiOPHAN DERIVED PYRIOINIUM SALTS: 

PREPARATION, REDUCTIVE CYANATION AND ADDITION REACTIONS 
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T e c h n i c a l  U n i v e r s i t y  o f  H e l s i n k i ,  Department o f  Chemis t ry  

SF-02150 Espoo 15, F i n l a n d  

A b s t r a c t  - Tryptophan d e r i v e d  p y r i d i n l u m  sal ts !  can be  p repared  f r o m  

methy l  2-tosyloxy-3-(3-indolyl)propionate @. The s a l t  f o r m a t i o n  was 

u s u a l l y  accompanied b y  rearrangement  i n  t h e  i n d o l e  s i d e  cha in .  Behaviour  

o f  t h e  p y r i d i n i u m  s a l t s  under r e d u c t i v e  cyanat ion c o n d i t i o n s  and i n  

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

INTRODUCTION 

1 2 Recent f i n d i n g s  of a l k a l o i d s  such as a d i r u b i n e  la , 5%-carboxytetrahydroalstonine 2 and 5R-car- 

3 boxycorynan th ine  3 show beyond doubt  t h a t  t h e  t r yp tophan  u n i t  i s  i n c o r p o r a t e d  as such i n t o  i n d o l e  

a l k a l o i d s .  Fur thermore ,  5R-carboxystrictosidine, a  n a t u r a l l y  o c c u r r i n g  p l a n t  base, has been p o s t u -  

l a t e d  t o  have a  c e n t r a l  p l a c e  i n  t h e  b i o s y n t h e s i s  o f  t h e  vas t  group of sa rpag ine-a jma l ine  t y p e  

i n d o l e  a ~ k a l o i d s . ~  ~ r y p t o p h a n - d e r i v e d  a l k a l o i d s  and a l k a l o i d  model compounds have been t h e  s u b j e c t  

of s u r p r i s i n g l y  few s y n t h e t i c a l  s t u d i e s .  S t a r t i n g  f r o m  t ryp tophan  methyl  e s t e r  van Tamelen syn- 

t h e s i z e d  t h e  m e t h y l  e s t e r  o f  a d i r u b i n e  s5 d u r i n g  h i s  research on Adina a l k a l o i d s .  The s y n t h e s i s  

6 was based on t h e  same methodology as h i s  e l e g a n t  syn thes is  o f  a j m a l i n e  wh ich  was designed t o  g i v e  

7 Support t o  h i s  p o s t u l a t e  on  t h e  b i o g e n e s i s  o f  the  sarpagane r i n g  s k e l e t o n  . 
8 Cook has s t u d i e d  l , 3 - d i s u b s t i t u t e d  1 ,2 ,3 ,4 - t e t r ahydro -Warbo l ines  4 f o r  t h e  s y n t h e s i s  o f  b ~ o -  

I O g i C a l l ~  a c t i v e  compounds. For  t h e  c y c l i z a t i o n  of t h e  C-ring, he  s u c c e s s f u l l y  employed t h e  P i c t e t -  

9  Spengler  r e a c t i o n  i n  a p r o t ~ c  m e d ~ a  . 
S y n t h e t i c  s t u d i e s  on i n d o l e  a l k a l o i d  model compounds conducted i n  our  have 

t r a d i t i o n a l l y  been based on a  methodology employing p y r i d i n i u m  s a l t s  t o  c i r cumvent  t h e  severe 

s te reochemica l  problems o f t e n  encountered i n  t h e  p r e p a r a t i o n  o f  t h e  a c y c l i c  s t a r t i n g  m a t e r i a l s .  

For  these  reasons,  i t  was d e s i r a b l e  t o  f i n d  an e f f i c i e n t  method t o  s y n t h e s i z e  a l k a l o i d  model 

compounds 5 f r o m  t h e  cor respond ing  p y r i d i n i u m  s a l t s .  



RESULTS AND DISCUSSION 

MeOOC \ O % 

tryptophy l  bromide g was attempted from methyl 6 - i n d o l y l l a c t a t e  @. When alcohol  &was subjected 

t o  the Hoshino brorn~nat ion   condition^'^ usua l l y  employed i n  s i m i l a r  reac t ions ,  a mix ture  of 
'I 

isomeric bromides % and 1 was produced w i t h  the  rearranged p r o d u c t 1  being the predominating 
, $i 

one*. 

Since t h i s  method was plagued by t h e  easy rearrangement o f  the  bromide % a sp i rosubs t i t u ted  
4 . . 
.,% 

cyclopropylium intermediate15, prepara t ion  o f  t o s y l a t e  g was undertaken. ~a rnden"  has repor ted 

that mesylate lack ing an e lec t ron  donat ing subst i tuent  R t o  the e s t e r  moie ty  can be prepared 

without rearrangement. Indeed, the t o s y l a t e  was obtained c lean l y  i n  y i e l d s  o f  up t o  85 % uncon- 

taminated w i th  the  rearrangement product.  

To have access t o  the t e t r a c y c l i c  i ndo loqu ino l i z i d i ne  system?, the method based on Krdhnke's 

studies on nuc leoph i l i c  y -add i t i on  t o  py r i d i n i um sa l ts16 and l a t e r  introduced t o  a l k a l o i d  I 
chemistry by ~ e n k e r t "  was i n i t i a l l y  adopted. Thus, the  t osy la te  was reacted w i t h  3-acety l -  I 
pyr id ine  t o  ach~eve  the s a l t  8a ( v i d e  i n f r a ) .  The s a l t  was then subjected t o  the  a l k y l a t i o n -  

c y c l i r a t i o n  cond i t ions  descr ibed by wenkert18 i n  the  expectat ion of achieving the t e t r a c y c l i c  

t r l eS te r  10. Various mod i f i ca t i ons  o f  r e a c t i o n  cond i t ions  were examined bu t  i n v a r i a b l y  the  

* The Same observat ion was made by ~ a ~ o ~ o r t ' ~  dur ing  h i s  s tud ies  on iminium s a l t  c y c l i z a t i o n .  
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t r i e s t e r  11 and p - i n d o l y l  a c r y l a t e  12 were t h e  o n l y  products  i s o l a t e d .  The same p rob lem w i t h  

n u c l e o p h i l i c  a d d i t i o n  t o  p y r i d i n i u m  s a l t s  has been encountered i n  t h e  l i t e r a t u r e .  19 

T h i s  approach t h e r e f o r e  p roved  u n s u i t a b l e  and ano ther  s t r a t e g y  had t o  be adopted.  The r e d u c t i v e  

21 c y a n a t i o n  o f  pyridiniun s a l t s z 0  has ga ined  widespread a t t e n t i o n  i n  i n d o l e  a l k a l o i d  c h e m i s t r y  , 

However, t h e  method has n o t  p r e v i o u s l y  been a p g l i e d  t o  compounds c a r r y i n g  an a l k o x y c a r b o n y l  

s u b s t i t u e n t  a t  t h e  e x o c y c l i c  a p o s i t i o n .  We were t h e r e f o r e  prompted t o  i n v e s t i g a t e  t h e  outcome 

of t h i s  r e a c t i o n  w i t h  t h e  e s t e r  & which, a f t e r  a c ~ d  c y c l i z a t i o n  of t h e  C r i n g Z 2 ,  was expec ted  t o  

g i v e  r i s e  t o  t h e  d e s e t h y l  compound 2. When t h e  t rans fo rmat ion  was c a r r i e d  o u t  w i t h o u t  i s o l a t i o n  

o f  t h e  cyano i n t e r m e d i a t e  3 ( i . e .  NaBH4 r e d u c t i o n  i n  the presence of NaCN f o l l o w e d  b y  t r e a t m e n t  

w i t h  1  : 1  AcOH : H ~ O ) ' ~ ,  t h e  ma jo r  p r o d u c t  e x h i b i t e d  c h a r a c t e r i s t i c s  n o t  a t t r i b u t a b l e  t o  t h e  

1 t e t r a c y c l e  5. I ns tead ,  t h e  H  and I 3 c  NMR s p e c t r a  were s u p p o r t i v e  of t h e  open s t r u c t u r e  w i t h  

r e a r r a n g e d  s k e l e t o n  ( v i d e  s u p r a ) .  

The p r e p a r a t i o n  o f  t h e  s a l t s  8 from t h e  t o s y l a t e  was f i r s t  c a r e f u l l y  s t u d i e d .  The p r o d u c t  

m i x t u r e  was c o n s i s t e n t l y  found t o  c o n t a ~ n  two components as judged  by TLC. Because t h e i r  

s e p a r a t i o n  c o u l d  n o t  be s a t i s f a c t o r i l y  achieved,  t h e  compound m i x t u r e  was s u b j e c t e d  t o  c a t a l y t i c  

h y d r o g e n a t i o n .  S t a r t i n g  f r o m  4 - m e t h y l p y r l d i n e ,  t h e  two compounds 16 and 11 were i s o l a t e d  a f t e r  

h y d r o g e n a t i o n  o f  t h e  s a l t s  g and z. The s t r u c t u r e s  16 and were f u l l y  conf i rmed b y  t h e i r  



COOMe 

COOMe 

H 

spectral characteristics (IR, 'H NMR, 13c NMR and M S ) ~ ~ . S I ~ C ~  the catalytic hydrogenation con- 

ditions (Hz - Pd/C, 1 atm, room temperature, MeOH) are mild enough not to cause rearrangement, it 

is quite doubtless that the salt formation already leads to a mixture of the rearranged products. 

When the mixture of salts g and was subjected to the reductive cyanationZ0 followed by acid 

treatment to the effect cyclization, the desired tetracycle 2 was not achieved (vide infral. The 
intermediate aminonitrile 3 could not be lsolated either. This rather perplexing result 
prompted us to study the fate of starting materials under the reaction conditions. We first 

studied the reaction using ind3lic starting materials g and z. The results from various experi- 
ments are shown in Table 1 ,  along with the results from reduction of and g. 
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I n  no case were we a b l e  t o  i s o l a t e  any o f  rhe d e s i r e d  n i t r i l e s  and E. I n  t h e  absence o f  

added h y d r o c h l o r i c  a c i d  t h e  r e a c t i o n  m i x t u r e s  were f r e q u e n t l y  con tamina ted  w i t h  t h e  e t h e r  &. 

I n  t h e s e  cases, t h e  r e a c t i o n  medium would be b a s i c  enough t o  promote s u b s t i t u t i o n  o f  t h e  p y r i d i n e  

( a  good l e a v i n g  g roup  i t s e l f )  b y  rnethoxide i o n .  The absence of t h e  d e s i r e d  n i t r i l e s  i n  t h e  p r o d u c t  

m i x t u r e s  i s  due t o  r a p i d  e q u i l i b r a t i o n  o f  t h e  e n d o c y c l i c  R,y- (more s t a b l e )  and t h e  e x o c y c l i c  

a ,h -unsa tu ra ted  e s t e r s z 5  (Scheme). 

Tab le  1. Reduc t ion  of P y r l d i n i u m  S a l t s  &,&and 8d.Z 

S t a r t i n g  T/'C S o l v e n t  HC 1 P r o d u c t s  
m a t e r i a l  ( Y i e l d ,  %)' 

a Y i e l d s  a r e  o i w n  fnr  p u r i f i e d  o roduc ts .  

Scheme 

-0 t e s t  t h i s  h y p o t h e s i s  we pet :he same reac t h e  sim[ ~ l e  model compound 3 u s i n g  

NaBD4 i n  p l a c e  of NaBH4 (E vs.  m). Deute r ium i n c o r p o r a t i o n  i n  t h e  e x o c y c l i c  a p o s i t i o n  was 

1  unambiguous as judged  b y  H and I 3 c  NMR. 



When the  r e s u l t s  < ~f t h i s  s t u d y  a r e  compared t o  those  i 3f  o u r  p r e v i o u s  s t u d i e s z 5  we can conr 

t h a t  the  s p e c i f i c  r e a c t i o n  c o n d i t i o n s  have d ramat i c  e f f e c t s  on t h e  r e a c t i o n  outcome. Whereas t h e  

mod i f ied  Po lonovsk i  r e a c t i o n  of 19a2' d i d  n o t  l e a d  t o  any o f  e x o - y c l i c  i m i n ~ u r n  i o n  f o r m a t i o n ,  

under the  p r e s e n t  r e a c t i o n  c o n d i t i o n s  t h e  e x o c y c l i c  im in ium i o n  was t h e  p redomina t ing  one due t o  

f a c i l e  e q u i l ~ b r a t i o n .  

EXPERIMENTAL 

Exper imenta l  c o n d i t i o n s  f o r  spec t roscop ic  c h a r a c t e r ~ s a t i o n  a r e  r e p o r t e d  p r e v i o ~ s l y . ~ ~  The f l a s h  

chromatography methodz6 was employed f o r  a l l  CCG separa t ions .  T h i n  l a y e r  chromatography p l a t e s  

were precoated w i t h  e i t h e r  S i l i c a  g e l  60 PF254+360 OP Aluminium o x i d e  PF254+360, b o t h  purchased 

f rom Merck. Dragendort f -Munier  reagent2' was u i e d  t o  l o c a t e  t h e  r e a c t ~ o n  components. 

Methyl R - i n d o l y l l a c t a t e  & 

R - l n d o l y l l a c t i c  a c ~ d ' ~  (5 .13  g, 25 mnol)  and p - t o l u e n e s u l f o n i c  a c i d  (4.30 g, 25 mnol)  were r e f l u x -  

ed i n  MeOH (100 m l )  f o r  17 h  a f t e r  which t i m e  MeOH was evaporated and t h e  r e s i d u e  d i s s o l v e d  i n  

EtOAc (100 m l ) .  The o r g a n i c  s o l u t i o n  was washed w i t h  5  % NaZCO3 ( 4 0  rnl) and water  ( 2  x 30 m l ) .  

Dry ing  and e v a p o r a t i o n  gave a  l i g h t  brown o i l  which was c r y s t a l l i z e d  f r o m  e t h e r - p e t r o l e u m  t o  g i v e  

6a as an amorphous w h i t e  s o l i d  (5 .10  g; 93 % ) .  I R :  3410 cm-' ( b r )  (NH), 3350 cm-I ( b r )  (OH). - 

1740 c K 1  ( 5 )  (COOMe). 'H NMR (CDC13, 60 MHz) 6 3.22 (d, 5  Hz, 2 H) ,  3.70 (s ,  3  H), 4.52 ( t ,  5  Hz,  

1  HI, 6.95-7.70 (m, 5  H), 8.10 ( b r  s, 1  H ) .  13c NMR (CDC13, 60 MHz) 6 30.3 ( t ) ,  52.3 ( q ) ,  70.8 ( d ) ,  

110.1 ( s ) ,  111.1 ( d l ,  118.8 ( d l ,  119.5 i d ) ,  122.0 ( d ) ,  123.1 ( d l ,  127.5 ( s ) ,  136.0 i s ) ,  174.6 ( s ) .  

M S  m l z  ( r e l .  i n t . ) :  219 (M!, 15 % ) ,  160 ( 5  %),  130 (100  % ) .  Ana l .  Calcd.  f o r  ClZHl3NO3: C, 65.74; 

H, 5.98; N, 6.39. Found: C, 65.68; H, 6.02; N, 6.34. 

Methyl 2-tosyloxy-3-(3-indo1yl)propionate g 

The e s t e r  @ (3.54 g, 16 mmol) was d i s s o l v e d  i n  d r y  p y r i d i n e  (35  m l )  and t h e  s o l u t i o n  coo led  t o  

O'C. Then p - t o l u e n e s u l f o n y l  c h l o r l d e  (5.1 g, 27 mnol)  was added i n  one p o r t i o n ,  t h e  s o l u t i o n  purged 

w i t h  argon and s t i r r e d  a t  0% u n t i l  a l l  s t a r t i n g  m a t e r i a l  was i n  s o l u t i o n  ( 2  h ) .  The r e s u l t i n g  

reddish s o l u t i o n  was s t o r e d  a t  - 1 5 O ~  f o r  t h r e e  days, then  poured i n t o  i c e - w a t e r  (200 m l )  and 
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extracted with ether (4 x 150 mi). The combined ether extracts were washed with ice-cold 5 M HCI 

(3 x 75 ml) and ice-water (2 x 150 ml), dried over Na SO and evaporated. The resulting solid 2 4 
(5.53 g, 92 % )  was dissolved in ether (50 ml), hexane (10 ml) was added and the brown oil formed 

was separated and discarded. Addition of a further 40 ml portion of hexane gave @ as pinkish 

flaky crystals, mp 84-85'~, (5.01 g; 84 % ) .  I R :  3450 cm-' (br) (NH), 1760 cm-' (s) (COOMe), 

1360 cm" (5) (SO2-OR). 'H NMR (CDCI3, 60 MHz) 6 2.27 (s, 3 H), 3.24 (d, 7 Hz, 2 H), 3.66 (s, 3H), 

4.96 it, 7 Hz, 1 H I ,  6.96 id, 8.4 Hz, 2 Hi, 7.43 (d, 8.4 Hz, 2 H), 6.86-7.40 (m, 4 H), 6.89 (s, 

1 H), 8.22 (br s ,  1 HI. 13c NMR(CDCl3, 15 MHz) 6 21.6 (q), 28.3 (t), 52.6 ( q ) ,  77.5 ( d ) ,  108.0 

(51, 111.2 (dl, 118.0 (d), 119.3 (d), 121.8 (d), 123.5 (d), 126.6 (s), 127.4 (d, 2 C), 129.2 (d, 

2 C), 132.2 (s), 136.0 (51, 144.5 (s), 169.1 ( 8 ) .  MS m/z (rel. int.): 203 (M-170, 5 %), 172 (45 %), 

144 (25 %),  130 (45 % ) .  Anal. Calcd. for ClgHlgN05S: C, 61.12; H, 5.13; N ,  3.75. ~ound: C, 61.02; 

H, 5.08; N, 3.64. 

Pyridinium salts & and 

Tosylate (3.73 g, 10 mmol) and 3-acetylpyridine (1.20 g, 10 mmol) were mixed under an atmos- 

phere of argon and allowed to stand at 50'~ for 16 h. The resulting gum was then washed thrice 

with dry ether and dried jnn to give 4.90 g (99 %) of a 1:l mixture of salts g and % as 

extremely hygroscopic yellow solid. 1 R :  3450 cm-I (br) (NH), 1740 cm-I (s) (COOMe), 1710 cm-' (5) 

(C-0). 1640 cm-I (m) (C=C). 

Attempted preparation of 10 

Sodium hydride (0.90 g, 36 mmol) in dry dimethoxyethane (50 ml) was cooled to O'C. Dimethyl 

malonate (2.70 9, 20.5 mmoli was added and the suspension stirred for 30 min. The above salt 

mixture (s and 3) (6.18 g, 12.5 mmol) was then added and the solution stirred for 25 h allowing 

the temperature reach room temperature. Thereafter 60 mi benzene presaturated with HCI was added 

to bring the pH to 3.5 and the acidic solution was stirred for another 1 h. The solution was 

slowly poured into NaHC03 in 100 ml CH2C12 and stirring was continued at room temperature for 2 h. 

After filtration, the solution was washed with 100 ml 5 % NaHC02, saturated brine and water. The 

dried Organic phase was evaporated to give a semi-solid yellow oil (4.9 9). The residue was chroma- 

tographed on alumina using acetone-hexane (l:1) as eluant. First fractions gave dimethyl malonate 

(1.8 g), 3-acetylpyridlne (0.78 g), triester 2 (0.99 g) and 12 (0.24 g). 
Methyl 2,3-dimethoxycarbonyl-4-(3-indoly1)butyrate 11 

1 Viscous oil. I R :  3450 ern-' (br) (NH), 1740 cm- (s) (Cm'e).'~ NMR (CDCI3, 60 MHz) 6 2.58 (m, 1 H), 

3.32 (dt, 2.3 Hz, 7 Hz, 2 H), 4.02 (d, 8 Hz, 1 H), 3.62 (5, 6 HI, 3.68 (s, 3 H), 6.9-7.8 (m, 4 H), 

7.03 (d, 2.3 HZ, 1 H), 8.81 (br 5, 1 H). l 3  C NMR (CDCI3, 15 MHz) 6 31.0 (t), 40.3 (d), 49.4 (d), 

51.8 ( q ,  2 C), 52.3 (q), 111.2 (s), 118.6 (d), 119.3 (d), 121.9 (d), 122.7 (dl, 125.8 (s), 136.1 



( s ) ,  169.2 (8,  2 C), 173.8 ( 8 ) .  MS m/z ( r e l .  i n t . ) :  333 (M!, 15 %) ,  307 ( 2 5  %), 274 ( 1 0  %) ,  201 

100 %), 130 (30  % ) .  Anal .  Calcd.  f o r  C17HlgN06: C. 61.25; H, 5.75; N, 4.20. Found: C, 61.12; H, 

5.78; N, 4.14. 

Prepara t ion  of t h e  p y r i d i n i u m  s a l t s  8 and 2 

The s a l t s  were prepared a c c o r d i n g  t o  t h e  p rocedure  g i v e n  f o r  t h e  p r e p a r a t i o n  of s a l t s  3 and 

Es te r  s a l t s  and 

From t o s y l a t e  g (5.70 g, 15 mmol) and methy l  4 - p y r i d i n e a c e t a t e  (2 .30  g, 15 m o l ) .  Y i e l d  7.20 g 

(89  % ) .  IR: 3400 cm-l ( b r )  (NH), 1740 cm-I ( 8 )  (COOMe), 1645 cm-l (m) (N-C=C). 

3 - E t h y l p y r i d i n i u m  s a l t s  & and 

From t o s y l a t e  g (1.92 g, 5.1 m o l )  and 3 - e t h y l p y r i d i n e  (0.565 g, 5.1 mmol). Y i e l d  2.47 g ( 9 8  %) 

IR: 3400 cm-l ( b r )  (NH), 1740 cm- l  ( s )  (COOMe), 1640 cm-I ( m )  (N-C=C). 

4 -Methy lpy r id ln ium s a l t s  jj and 

From t o s y l a t e  g (3.63 g, 10  mmol) and 4- m e t h y l p y r i d i n e  (0 .93  g, 10  mn31). Y i e l d  4.27 g ( 9 4  % ) .  

I R :  3400 cm-I ( b r )  (NH), 1740 cm-' ( s )  (COOMe), 1640 cm-' (In) (N-C=C). 

Attempted p r e p a r a t i o n  of 1,4,6,7,12,12a-hexahydro-6-methoxycarbonyl-2-methoxycarbonylmethyl- 

indolo[2,3-gquinoliridine 

TO a two-phase m ~ x t u r e  of sodium cyan ide  (3 .78  g, 77 m o l )  i n  wa te r  (12  m l )  l a y e r e d  w l t h  e t h e r  

(30  ml ) ,  a m i x t u r e  of s a l t s  and (7.06 g, 13.2 mmol) was added f o l l o w e d  b y  sodium borohydr ide  

(600 mg, 16  mno l ) .  The m i x t u r e  was then  s t i r r e d  a t  room tempera tu re  f o r  3 h, t h e  e t h e r  l a v e r  was 

separated and rep laced  # i t h  another  30 ml  p o r t i o n  o f  e t h e r .  A f t e r  1 h, t h e  e t h e r  was aga in  sepa- 

ra ted .  The conbined o r g a n i c  phases were washed once w i t h  water  ( 1 0  m l )  and evapora ted  En t o  

g i v e  a m i x t u r e  of two components as a p a l e  y e l l o w  foam (5.30g).The c rude  m i x t u r e  was i m n e d i a t e l y  

d i s s o l v e d  i n  50 % aq a c e t i c  a c i d  ( 6 0  a l )  and t h e  s o l u t i o n  was s t i r r e d  a t  room tempera tu re  f o r  

36 h. A f t e r  e x t r a c t i o n  w i t h  benzene (50  m l ) ,  t h e  s o l u t i o n  was b a s i f i e d  under i c e - c o o l i n g  w i t h  15 

M NaOH and then e x t r a c t e d  w i t h  methy lene  c h l o r i d e  ( 4  x  100 m l ) .  Chromatography o v e r a l u m i n a  w i t h e t h y l  

acetate : methylene c h l o r i d e  ( 7 : 3 )  as e l u a n t  gave methy l  e t h e r  g (630  g ) ,  methy l  4 - p y r i d i n e -  

ace ta te  ( 2 6 0  mg) and (437 mg). 

Methyl 2-methoxy-3-(3-indolyl)propionate & 

Viscous o i l .  IR :  3450 cm-l ( b r )  (NH), 1740 cm" ( s )  (COOYe), 1090 ern-' ( s )  (ROR). 'H NMR (CDCI3, 

60 MHz) 6 3.39 (s ,  3 H), 3.56 (d, 7 Hz, 2 H), 3.64 (s ,  3 H), 4.18 ( t ,  7 Hz, 1 H), 6.85-7.80 (m, 

4 H ) ,  7.17 ( b r  s, 1  H), 8.59 ( b r  s, 1  H).  NMR (CDCI3, 15 MHz) 6 43.2 ( t ) ,  51.9 ( q )  58.8 ( q ) ,  

73.6 ( d )  107.4 ( s ) ,  111.3 ( d ) ,  118.6 ( d ) ,  119.5 (d ) ,  121.9 id!,  122.4 ( d ) ,  125.5 ( s ) ,  136.0 ( s ) ,  

173.8 ( 5 ) .  MS m/z ( r e l .  i n t . ) :  233 (M?, 25 %), 201 (10 X ) ,  174 (15  %),  130 ( 5 0  % ) ,  84 (100 %). 

Anal. Calcd.  f o r  C H NO . C, 66.93; H, 6.48; N, 6.01. Found: C, 66.86; H, 6.52; N.6.W. 
13 15 3 '  
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1-[2-(3-1ndolyl)-2-methoxycarbonylethyl]-4-methoxycarbonylmethyl-1,2,5,6-tetrahydropyridine 

Vlsmus o i l .  IR :  3400 cm-' ( b r )  (NH), 1740 cm-I ( 8 )  (COOMe), 1730 cm-' ( 8 )  (COOMe), 1680 cm-' (m) 

1 (C=C). H NMR (LOCI3, 60 MHz) 6 2.15 (m, 2 H), 2.66 (m, 3 H), 2.96 ( b r  s, 2 H), 3.09 (m, 2 H), 3.27 

(dd, 10 Hz, 18  Hz, 1 H), 3.61 (8, 3 H), 3.63 ( s ,  3 H) ,  4.24 (dd, 4 Hz, 10 Hz, 1 H), 5.50 ( b r  8, 

1 H), 7.04 ( b r  8, 1 H) ,  7 .0-7.8 (m, 4 H), 8.53 ( b r  8, 1 H). I 3 c  NMR (C0Cl3, 15 MHz) 6 28.8 ( t ) ,  

41.2 ( d l ,  42.0 ( t ) ,  49.8 ( t ) ,  51.6 ( q ) ,  51.7 ( q ) ,  52.4 ( t ) ,  60.3 ( t ) ,  111.3 ( d ) ,  111.4 ( s ) ,  118.5 

( d ) ,  119.2 ( d ) ,  121.7 ( d l ,  122.2 ( d l ,  123.2 ( d ) ,  126.3 (8) .  129.3 (81,  126.0 ( s ) ,  171.7 ( s ) ,  174.4 

( 5 ) .  MS m/z ( r e l .  i n t . ) :  356 (M?, 5 %) ,  202 (25  % ) ,  130 (40 % ) .  Ana l .  Calcd.  f o r  C20H24N204: C, 

67.39; H, 6.79; N, 7.86. Found: C, 67.42; H, 6.72; N, 7.76. 

R e d u c t i v e  cyana t ions  of s a l t s  & and z, and and jj 

The r e d u c t i o n s  were performed a c c o r d i n g  t o  t h e  procedure g iven  f o r  p r e p a r a t i o n  o f  2 and sub jec ted  

t o  t h e  m o d i f i c a t i o n s  i n d i c a t e d  i n  Tab le  1. (HCI = 6 M HCI, 1.5 eg.) 

1-[2-(3-Indolyl)-l-methoxycarbonylethyl]-3-ethyl-l,2,5,6-tetrahydropyridine % 

Viscous o i l .  IR: 3450 cm-' ( b r )  (NH), 1740 cm-' ( 8 )  (COOMe), 1640 cm-' (m) (C-C). 'H NMR (CDCI3, 

60 MHz) 6 1.02 ( t ,  7 Hz, 3 H), 1.97 (q,  7 Hz, 2 H ) ,  2.14 (m, 2 H), 2.76 (m, 2 H ) ,  3.15 ( m ,  4 H), 

3.54 (2 ,  3 H), 3.60 (m, 1 H), 5.44 ( b r  s, 1 H),  6.97 (d, 1.5 Hz, 1 H), 7.0-7.8 (m, 4 H), 8.23 ( b r  

8, 1 H). 13c NMR (CDCI3, 15 MHz) 6 12.1 ( q ) ,  25.3 ( t ) ,  26.3 ( t ) ,  27.7 ( t ) ,  46.7 ( t ) ,  50.9 ( q ) ,  

52.1 ( t ) ,  68.3 ( d ) ,  111.1 ( d ) ,  111.6 (81, 117.5 ( d ) ,  118.5 ( d ) ,  119.1 ( d ) ,  121.7 ( d ) ,  122.6 ( d ) ,  

127.3 ( s ) ,  136.0 ( s ) ,  137.8 i s ) ,  172.3 ( s ) .  MS m/z ( r e l .  i n t . ) :  312 (M?, 25 %),  253 (20  %),  201 

( 1 0  % ) ,  182 (100  %) ,  130 (80  % ) .  Ana l .  Calcd.  f o r  C19H24N202: C, 73.04; H, 7.74; N, 8.97.  Found: 

C, 73.10; H, 7.68; N, 8.88. 

1-[2-(3-lndolyl)-2-methoxycarhonyleth~l]-3-ethyl-l,2,5,6-tetrahydropyridine - 15b 

Viscous o i l .  117: 3450 cm-' ( b r )  (NH), 1740 cm-' ( 8 )  (COOMe), 1640 cm-' (m) (C=C).  'H NMR (CDCI3, 

60 MHz) 6 0.97 ( t ,  7 Hz, 3 H), 1.93 ( q ,  7 Hz, 2 H), 2.10 (m, 2 H), 2.60 (dd, 4 Hz, 9 Hz, 1 H ) ,  

2.85 (m, 2 H), 3.00 ( b r  s, 2 H ) ,  3.30 (dd, 9 HZ, 10 HZ,  1 H), 3.56 ( 8 ,  3 H) ,  4.29 (dd, 4 Hz, 1 0 k ,  

1 HI, 5.41 ( b r  8, 1 H), 7.00 (s ,  1 H),  7.0-7.9 (m, 4 H), 8.88 ( b r  s, 1 H) .  I 3 c  NMR (CDCI3, 15 MHz) 

6 12 .0  ( q ) ,  25.3 ( t ) ,  27.7 ( t ) ,  41.2 ( d ) ,  49.9 ( t ) ,  51.8 i q ) ,  55.6 ( t ) ,  60.6 ( t ) ,  111.4 ( d ) ,  111.6 

( 8 ) .  117.5 ( d l ,  118.6 (d), 119.3 ( d ) ,  121.9 ( d ) ,  122.4 (d ) ,  126.2 ( 8 ) .  136.1 ( s ) ,  137.3 ( 5 ) .  174.7 

( s ) .  MS m/z ( r e ] .  i n t . ) :  312 (M?, 5 % ) ,  253 ( 5 % ) ,  201 (66 %), 188 (15  %) ,  130 (45  %), 124 (ICOQ. 

Ana l .  Calcd.  f o r  C19H24N202: C, 73.04; H, 7.74; N, 8.97. Found: C, 73.02; H, 7.70; N, 8.90.  

1-[2-(3-Ind01yl)-l-methoxycarbonylethyl]-4-methyl-1,2,5,6-tetrahydropyridine 

Viscous o i l .  IR: 3450 cm" ( b r )  (NH), 1740 cm-' ( 8 )  (COOMe), 1640 ern-' (m) (C=C). 'H NMR (CDC13, 

60 MHz) 6 1.68 ( b r  s, 3 H), 2.12 (m, 2 H), 2.78 (m, 2 H), 3.19 (m, 2 H), 3.23 (m, 2 H), 3.52 ( s ,  

3 H),  3.59 (In, 1 H), 5.39 ( b r  8,  1 H), 6.96 (d ,  2 Hz, 1 H), 7.0-7.7 (m, 4 H ) ,  8 .22  ( b r  s, 1 H). 



NMR (C0Cl3, 15 MHz) 6 22.9 ( q ) ,  25.2 ( t ) ,  31.2 ( t ) ,  46.7 ( t ) ,  49.0 ( t ) ,  51.0 ( q ) ,  68.2 ( d ) ,  

111.0 (d ) ,  111.6 ( s ) ,  118.5 ( d ) ,  119.1 ( d ) ,  121.7 ( d ) ,  122.6 ( d ) ,  125.2 ( d ) ,  127.3 i s ) ,  132.6 ( s ) ,  

136.0 ( s ) ,  172.3 ( s ) .  MS m/z ( r e l .  i n t . ) :  298 (M?, 22 %) ,  239 (14  %),  154 (87 %) ,  130 (47  %) .  

Anal. Calcd.  f o r  C18H22N202: C ,  72.45; H, 7.43; N, 9.39.  Found: C, 72.48; H, 7.46; N, 9 .28.  

1-[2-(3-Indolyl)-2-methoxycarbonylethyl]-4-methyl-1,2,5,6-tetrahydropyridine 

Viscous o i l .  I R :  3450 cm-' ( b r )  (NH), 1740 cm-' ( 5 )  (COOMe), 1640 cm-' (m) (C=C). ' H  NMR (CDC13, 

60 MHz) 6 l . M ( b r  5, 3 H), 2.03 (In, 2 H), 2.62 ( t ,  5 HZ, 2 H), 2.73 (dd, 4 HZ, 15 Hz, 1 H),  3.08 

( b r  s, 2 H), 3.29 (dd, 10 Hz, 15 Hz, 1 H), 3.62 ( s ,  3 H), 4.26 (dd, 4 Hz, 10 Hz, 1 H), 5.33 ( b r  s, 

1 H) ,  7.06 (d,  2 Hz, 1 H), 7.0-7.8 (m, 4 ' ~ ) ,  8 .79 ( b r  s, 1 H).  NMR (COC13, 15 MHz) 6 22.9 ( q ) ,  

30.3 ( t ) ,  41.2 ( d ) ,  50.2 ( t ) ,  51.9 ( q ) ,  52.5 ( t ) ,  60.5 ( t ) ,  111.4 ( d ) ,  111.9 ( s ) ,  118.8 ( d ) ,  119.4 

( d ) ,  121.9 ( d ) ,  122.3 ( d ) ,  124.7 ( d ) ,  126.3 ( s ) ,  132.5 ( s ) ,  136.2 ( s ) ,  174.5 ( 8 ) .  MS m/z ( r e l .  

i n t . ) :  298 (M?, 5 % ) ,  239 ( 5  %) ,  201 (100 %), 188 ( 2 0  %), 130 ( 4 0  % ) .  Ana l .  Calcd. f o r  C18H22N202: 

C, 72.45; H, 7.43; N, 9.39. Found: C, 72.42; H, 7.38; N, 9.30.  

Reductive c y a n a t i o n  o f  1-(1-methoxycarbonylethy1)-pyridinium bromide 18 

Pyr id in ium bromide 18 was sub jec ted  t o  t h e  r e a c t i o n  c o n d i t i o n s  d e s c r i b e d  above f o r  s a l t s  8 and 9. 
After  work-up, and $ were o b t a i n e d  i n  y i e l d s  of 36 % and 32 %, r e s p e c t i v e l y  

1-(1-Methoxycarbonylethyl)-1,2,5,6-tetrahydropyridine 

1 
011. IR: 1740 cm-' ( s )  (COOMe). H NMR (CDC13, 60 MHz) 6 1.34 (d,  7 Hz, 3 H), 2.14 (m, 2 H),2.68 

(m, 2 H), 3.15 ( b r  s, 2 H),  3.40 (q, 7 Hz, 1 H),  3.70 (s ,  3 H), 5.67 ( b r  s, 2 H).  NMR (CDCI3, 

15 MHz) 6 14.3 ( q ) ,  26.1 ( t ) ,  45.8 ( t ) ,  48.2 ( t i ,  50.6 ( q ) ,  61.7 ( d ) ,  124.5 ( d ) ,  124.8 ( d l ,  172.8 

( 5 ) .  MS m/z ( r e l .  i n t . ) :  169 (M?, 15 $1, 154 (45  %) ,  110 (100  %), 82 (20  %) .  Anal .  Calcd. f o r  

CgH15N02: C, 63.88; H, 8.94; N, 8.28. Found: C, 63.94; H, 8.88; N, 8.16. 

1-(1-Methoxycarbonylethyl)-2-cyano-l,2,5,6-tetrahydropyridine 

011. IR: 2210 cm-l ( w )  ( c N ) ,  1 7 4 0 c m - l  ( s )  (COOMe). 'H NMR (CDCI~, 60 M H ~ )  6 1.37 ( d ,  7 HZ, 3 H ) ,  

2.50 (m, 2 H ) ,  3 .28 ( b r  s, 2 H), 3.41 and 3.47 (q, 7 Hz, 1 H), 3.74 (s ,  3 H), 4.06 and 4.17 (dd, 

2 Hz, 8 Hz, 1 HI, 5.74 ( b r  s, 2 H). NMR (CDC13, 15 MHz) 6 14.3 and 14.7 ( q ) ,  30.1 ( t ) ,  44.6 

and 45.5 ( t ) ,  46.2 and 46.4 ( d ) ,  51.2 ( q ) ,  60.3 and 60.9 ( d ) ,  116.7 ( s ) ,  120.8 ( d ) ,  125.0 ( d ) ,  

171.7 ( 8 ) .  MS m l r  ( r e ] .  i n t . ) :  194 (M!, 2 %), 167 (15  % ) ,  166 (15  %) ,  135 (100 %) ,  108 (60  %) .  

Anal. Calcd.  f o r  C10H14N202: C, 61.83; H, 7.27; N, 14.42. Found: C, 61.78; H, 7.18; N, 14.34. 

Reductive c y a n a t i o n  o f  18 w i t h  NaBD 

The above exper iment  was repea ted  u s i n g  t e t r a d e u t e r o s o d i u m  b o r o h y d r i d e  i n  p l a c e  of sodium boro -  

hydr ide t o  g i v e  t h e  d e u t e r a t e d  as a co lo r less  o i l .  ' H  NMR (CDC13, 60 MHz) 6 1.34 (s ,  3 HI, 2.15 

(m, 2 H), 2.65 (m), 3.14 (br s, 1 H), 3.70 (8, 3 H), 5.67 ( b r  s, 2 H ) .  NMR (C0Cl3, 15 MHz, 

m u l t i p l i c i t i e s  of t h e  n o i s e  decoupled spectrum a r e  r e p o r t e d )  6 14.6 ( s ) ,  26.3 ( s ) ,  46.3 ( t ) ,  48.6 
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( t ) ,  51.3 ( s ) ,  61.7 ( t ) ,  125.0 ( s ,  2 C), 173.0 ( s ) .  

C a t a l y t i c  r e d u c t i o n  o f  s a l t s  @ and 

A m i x t u r e  o f  s a l t s  @ and (0.93 g, 2 m o l )  i n  MeOH (10 m i )  was hydrogenated a t  atmospher ic  

Pressure  and room tempera tu re  over  10  % Pd/C (150 mg) for  5 h t o  g i v e  a p a l e  brown o i l  (510 mg) 

which was p u r i f i e d  over  s i l i c a  g e l  p l a t e s  u s i n g  5 % MeOH i n  c h l o r o f o r m  as e l u a n t .  

1-[2-(3-Indolyl)-1-methoxycarbooylethyl]-4-methylp~perid1ne 16 

Y i e l d  252 rng ( 4 2  % ) .  Viscous o i l .  IR :  3450 cm" ( b y )  ( N H ) ,  1735 cm-' ( s )  (COOMe). 'H NMR (C0Cl3, 

60 MHz) 6 0.92 ( b r  s, 3 H I ,  1.52 (in, 5 H), 2.32 (m, 2 HI, 2.60 (m, 2 H), 3.17 (m,  2 H), 3.52 (s ,  

3 H), 3.60 (m, 1 HI, 6.94 ( d ,  2 Hz, 1 H), 7.0-7.8 (m, 4 Hi, 8 .41 ( b r  s, 1 H ) .  13c NMR (CDCI3, 

15 MHz) 6 21.8 ( q ) ,  25.1 ( t ) ,  30.8 ( d l ,  34.5 ( t ,  2 C), 48.4 ( t ) ,  50.8 ( q ) ,  52.3 ( t ) ,  69.0 (d ) ,  

111.0 I d ) ,  111.7 ( s ) ,  118.4 ( d ) ,  119.0 ( d ) ,  121.6 ( d ) ,  122.5 ( d ) ,  127.3 ( s ) ,  136.0 ( s ) ,  172.3 ( s ) .  

MS m/z ( r e l .  i n t . ) :  300 (M?, 5 %), 241 ( 5  %) ,  170 (70  %),  156 (25  %), 149 (35 X ) ,  130 (30  % ) .  Anal 

Calcd. f o r  C18H24N202: C. 71.97; H, 8.05; N, 9.33. Found: C, 71.88; H, 8.02; N, 9 .26.  

1-[2-(3-Indolyl)-2-methoxycarbonylethyl]-4-methylpiperidine 

Y i e l d  170 mg ( 2 8  % ) .  Viscous o i l .  IR :  3400 cm-I ( b r )  (NH), 1720 cm-' ( 5 )  (COOMe). 'H NMR (CDC13, 

60 MHz) S 0.90 ( b r  s, 3 H), 1.46 (m, 5 H), 2.34 (m, 3 H), 2.67 (dd, 5 Hz, 12 Hz, 1 H), 3.00 (m, 

1 H) ,  3.30 ( A d ,  10 HI, 17 HI, 1 I), 3.65 ( s ,  3 H), 4.24 (dd, 5 Hz, I 0  Hz, ! H), 7.07 (3;- ;, 1 !I), 

7 .0-7.8 (m, 4 H), 8.68 ( b r  8, 1 H ) .  13c NMR (CDCI3, 15 MHz) 6 21.8 ( q ) ,  30.6 ( d ) ,  34.1 ( t ) ,  34.2 

( t ) ,  41.2 ( d ) ,  51.9 ( q ) ,  53.3 ( t ) ,  54.5 ( t ) ,  61.2 ( t ) ,  111.3 ( d ) ,  112.0 ( s ) ,  118.8 ( d ) ,  119.5 ( d ) ,  

122.0 ( d ) ,  122.2 ( d j ,  126.4 ( s j ,  136.1 (s ) ,  174.7 ( 8 ) .  6 m / z  ( w l .  int.):  3 3  (M?, 5%). 241 (5 %), ZOl (15 

%I, 188 (10 %), 130 (25 %). Pnal. Calcd. fo r  Cl$j?4N202: C, 71.97; H, 8.05; N, 9.33. Found: C, 71.92; H, 8.10; N, 923. 
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