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A STEREOSELECTIVE SYWHESIS OF e4-ACETONIL-I-BENZYL->ETHYLPIPERID~NE~ 
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L a b o r a t o r y  o f  O r g a n i c  C h e m i s t r y ,  F a c u l t y  o f  Pharmacy, 

U n i v e r s i t y  o f  B a r c e l o n a ,  08028-Barce lona,  S p a i n  

A b s t r a c t  -The t i t l e  compound *-I, a p o t e n t i a l  s y n t h o n  f o r  

i n d o l e  a l ' k a l o i d  s y n t h e s i s ,  i s  p r e p a r e d  f o r  t h e  f i r s t  t i m e .  The 

s y n t h e s i s  s t a r t s  w i t h  t h e  c o n d e n s a t i o n  o f  3 - e t h y l - 4 - p i p e r i d o n e  

2 w i t h  t r i e t h y l  p h o s p h o n o a c e t a t e  f o l l o w e d  by  s t e r e o s e l e c t i v e  

h y d r o g e n a t i o n  o f  t h e  r e s u l t i n g  a , R - u n s a t u r a t e d  e s t e r  5 t o  g i v e  

4 - p i p e r i d i n e a c e t a t e  e - 6  as t h e  major i s o m e r .  T h i s  was con-  

v e r t e d  i n  h i g h  y i e l d  t o  t h e  t a r g e t  mo lecu le  e-l by a  t w o - s t e p  

sequence t h r o u g h  t h e  c o r r e s p o n d i n g  R-keto s u l f o x i d e  G - 7 .  

We have r e c e n t l y  r e p o r t e d  t h e  use o f  4 - a c e t o n y l p i p e r i d i n e s  as i n t e r m e d i a t e s  

i n  t h e  s y n t h e s i s  o f  more complex  p o l y c y c l i c  sys tems,  such  as C-7 f u n c t i o n a l l z e d  

2 - a r a b i c y c l 0 [ 3 . 3 . l l n o n a n e s ~ ~ ~  ~ m o r p h a n s ) ~  and i n d o l o [ 3 . 2 - f l m o r p h a n s 2  16 ,7 -ben ro -  

morphan6 a n a l o g u e s ) ,  as w e l l  as i n  t h e  c o n t e x t  o f  o u r  s t u d i e s  d i r e c t e d  t o  t h e  

s y n t h e s i s  o f  S t r y c h n o s  i n d o l e   alkaloid^.^'^'^ These a c e t o n y l p i p e r i d i n e s  were 

p r e p a r e d  i n  good y i e l d  f r om 1 -me thy l -  o r  I - b e n z y l - 4 - p i p e r i d o n e  by  Wadsworth- 

Emmons c o n d e n s a t i o n  w i t h  d i e t h y l  2 -oxop ropy lphosphona te  f o l l o w e d  by  c a t a l y t i c  

h y d r o g e n a t i o n  o f  t h e  r e s u l t i n g  m i x t u r e  o f  a,& and B , y - u n s a t u r a t e d  k e t o n e s .  

S i n c e  s e v e r a l  i n d o l e  a l k a l o i d s  c o n t a i n  a  e - 4 - a l k y l - 3 - e t h y l p i p e r l d i n e  m o i e t y  as 

a  p o r t i o n  of t h e  n o n a r o m a t i c  f r amework  1 i . e .  d a s y c a r p i d o n e ,  t u b i f o l i n e ) ,  i t  

seemed o f  i n t e r e s t  t o  a p p l y  a  s i m i l a r  t w o - s t e p  sequence t o  o b t a i n  - -4 -ace tony l -  

3 - e t h y l p i p e r i d i n e s .  

The r e q u i r e d  3 - e t h y l - 4 - p i p e r i d o n e  2 was p repa red  i n  t h r e e  s t e p s  (52% o v e r a l l  

y i e l d )  f r o m  1 - b e n z y l - 4 - p i p e r i d o n e ,  by m e t h o x y c a r b o n y l a t i o n ,  a l k y l a t i o n  o f  t h e  

r e s u l t i n g  R-keto  e s t e r  w i t h  e t h y l  i o d i d e  i n  t h e  p r e s e n c e  o f  P o t a s s i u m  c a r b o n a t e  

and,  f i n a l l y ,  h y d r o l y s i s  and d e c a r b o x y l a t i o n  w i t h  30% s u l f u r i c  a c i d .  
8  

However,  c o n d e n s a t i o n  o f  k e t o n e  2 w i t h  d i e t h y l  2 - o x o p r o p y l p h o s p h o n a t e  d i d  n o t  
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(Et0)2POCH2COCH3; t v )  Hz, Pt02; t v i )  NaH, DME, (Et0)2POCH2C02Et; ( v i i )  Hz, Pd-C; t v i i i )  NaH, 

THF, DMSO; t i x )  Zn, EtOH, AcOH. 

t a k e  p l a c e  u n d e r  t h e  r e a c t i o n  c o n d i t i o n s  we had satisfactorily u s e d 2  i n  t h e  

d e e t h y l  s e r i e s  (KOH, EtOH-H20, r.t.), p r o b a b l y  due t o  t h e  s t e r i c  e f f e c t  o f  t h e  

a - e t h y l  s u b s t i t ~ e n t . ~  Under  more d r a s t i c  c o n d i t i o n s  (NaH, DME, r e f l u x ,  44  h ) ,  

t h e  r e a c t i o n  o c c u r r e d ,  a l t h o u g h  i n  l o w  y i e l d  (20%),  t o  g i v e  a m i x t u r e  o f  exo- 

c y c l i c  ( 3 )  and e n d o c y c l i c  ( 4 )  i s o m e r i c  o l e f i n s .  C a t a l y t i c  h y d r o g e n a t i o n  o f  t h i s  

m i x t u r e  o v e r  p l a t i n u m  d i o x i d e  a f f o r d e d  a m i x t u r e  o f  *-1 and trans-l i n  a  n e a r l y  

e q u i m o l e c u l a r  r a t i o .  A f t e r  co lumn c h r o m a t o g r a p h y ,  t h e  e x p e c t e d  k e t o n e  e-l 
was o b t a i n e d  i n  8% o v e r a l l  y i e l d  f r o m  4 - p i p e r i d o n e  2 .  
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These s c a r c e l y  s a t i s f a c t o r y  r e s u l t s  p r o m p t e d  u s  t o  u t i l i z e  as c o n d e n s a t i n g  a g e n t  

a  phosphona te  a n i o n  m o r e  n u c l e o p h i l i c  t h a n  t h e  above O-keto  phosphona te .  I n  

t h i s  r e s p e c t ,  t h e  c o n v e r s i o n  o f  k e t o n e  2 i n t o  an e p i m e r i c  m i x t u r e  o f  p i p e r i d i n e -  

a c e t a t e s  6 i n  35% o v e r a l l  y i e l d  by  means o f  a  Wadsuorth-Emmons c o n d e n s a t i o n  w i t h  
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t r i e t h y l  phospho r i oace ta te  f o l l o w e d  by h y d r o g e n a t i o n  had been p r e v i o u s l y  r e p o r t -  

ed.8a However, n e i t h e r  t h e  s t r u c t u r e  o f  t h e  a d d u c t  fo rmed i n  t h e  c o n d e n s a t i o n  

s t e p  was d e t e r m i n e d  n o r  s e p a r a t i o n  o f  t h e  d i a s t e r e o m e r i c  m i x t u r e  o f  6  was e f f e c t -  

ed.  C o n s e q u e n t l y ,  we d e c i d e d  t o  reexamine  t h i s  t r a n s f o r m a t i o n .  1 0 s l l  We f o c u s e d  

o u r  i n t e r e s t  on t h e  c o n t r o l  o f  Wadsworth-Emmons r e a c t i o n 1 2  s i n c e ,  when u t i l i z i n g  

4 - p i p e r i d o n e s ,  d o u b l e  bond i s o m e r f r a t i o n s  have been obse rved13  and t h e  hyd rogen -  

a t i o n  o f  t h e  r e s u l t i n g  e x o c y c l i c  and e n d o c y c l i c  a d d u c t s  f o l l o w s  a  d i f f e r e n t  

s t e r e o c h e m i c a l  c o u r s e .  Thus, t h e  h y d r o g e n a t i o n  o f  3 - e t h y l p i p e r i d i n e - ~ 4 ' C L - a c e -  

t a t e s 1 °  and r e l a t e d  compounds h a v i n g  a n  e x o c y c l i c  d o u b l e  bond14 o c c u r s  i n  h i g h  

s t e r e o s e l e c t i v i t y  t o  g i v e  c f r - 3 , 4 - d i s u b s t i t u t e d  p i p e r i d i n e s  whereas t h e  tranz 
i s o m e r s  a r e  t h e  m a j o r  p r o d u c t s  i n  t h e  h y d r o g e n a t i o n  o f  e n d o c y c l i c  

We found  t h a t  t h e  b e s t  r e a c t i o n  c o n d i t i o n s  were t h e  use o f  a  1 :1 .08:1 .38 r a t i o  

o f  s t a r t i n g  k e t o n e  2, sod ium h y d r i d e  as t h e  base, and phosphonoace ta te ,  r e s p e c -  

t i v e l y ,  o p e r a t i n g  a t  70'C f o r  2  h  i n  DME s o l u t i o n .  Under t h e s e  c o n d i t i o n s  t h e  

d e s i r e d  a , 0 - u n s a t u r a t e d  e s t e r  5  was o b t a i n e d  i n  88% y i e l d  as a  7 : 3  m i x t u r e  o f  

E  and 1 i s o m e r s .  I n  c o n t r a s t ,  when an excess o f  sod ium h y d r i d e  was used ( s e e  - 

E x p e r i m e n t a l ) ,  t h e  e n d o c y c l i c  o l e f i n  8 was t h e  o n l y  i s o m e r  o b t a i n e d .  

The ass ignmen t  o f  t h e  5 d o u b l e  bond c o n f i g u r a t i o n  t o  t h e  m a j o r  i s o m e r  o f  5  was 

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

t h e  ' ~ - n r n r  s p e c t r u m  (J = 0 . 5  Hz; compare w i t h  J = 1 .8  Hz i n  t h e  m i n o r  2 i s o m e r ) ,  

t a k i n g  i n t o  accoun t  t h a t  t r a n s o i d  a l l y l i c  c o u p l i n g  c o n s t a n t s  a r e  s m a l l e r  t h a n  

c i s o i d  ones .15  The m u l t i p l i c i t y  o f  t h e s e  s i g n a l s  c l e a r l y  i n d i c a t e d  t h a t  i n  b o t h  

cases o n l y  one a l l y l i c  c o u p l i n g  e x i s t s , 1 6  which i m p l i e s  a  p r e f e r r e d  c o n f o r m a t i o n  

h a v i n g  t h e  e t h y l  s u b s t i t u e n t  i n  a  p s e u d o a x i a l  d i s p o s i t i o n  t o  a v o i d  t h e  A ' . ~ -  

s t r a i n .  17 

As e x p e c t e d ,  c a t a l y t i c  h y d r o g e n a t i o n  o f  the e x o c y c l i c  o l e f i n  5  f u r n i s h e d  an 

e p i m e r i c  m i x t u r e  of G- and t r a n s - 6 ,  e n r i c h e d  i n  t h e  G i s o m e r  (7 :2  r a t i o ) ,  

w h i c h  was s e p a r a t e d  by  co lumn  ch roma tog raphy .  The c o n v e r s i o n  o f  e s t e r  G - 6  i n t o  



T a b l e  1. 1 3 ~ - ~ ~ ~  Chemica l  s h l f t s a  o f  P l p e r l d i n e s  (R = CH2C6H5) 
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a I n  ppm r e l a t i v e  t o  TMS.  Measured i n  CDCI3. Broad s i g n a l  

me thy l  k e t o n e  e - 1  was a c c o m p l i s h e d  i n  e x c e l l e n t  y i e l d  b y  a  t w o - s t e p  sequence, 

t h r o u g h  t h e  c o r r e s p o n d i n g  a - s u l f i n y l  k e t o n e  e - 7 .  Thus, exposu re  o f  e s t e r  e - 6  

t o  t h e  y l i d  of d i m e t h y l  s u l f o x i d e 1 8  i n  THF gave 8 - L e t 0  s u l f o x i d e  d+-7 i n  93% 

y i e l d .  B o t h  'H-  and I3c -nmr  s p e c t r a  i n d i c a t e d  t h a t  e - 7  was s t e r e o c h e m i c a l l y  

non-homogeneous due t o  t h e  p r e s e n c e  o f  t h e  new c h i r a l  c e n t e r  ( s u l f u r  a tom)  i n  

t h e  m o l e c u l e .  F i n a l l y ,  t h e  r e d u c t i o n  o f  0 - k e t o  s u l f o x i d e  e - 7  was e f f e c t e d  by  

t r e a t m e n t  w i t h  z i n c  d u s t  i n  a c e t i c  a c i d  s o l u t i o n  a t  65'C f o r  12 h .19 

By a  s i m i l a r  t w o - s t e p  sequence, t h e  m i n o r  p i p e r i d i n e a c e t a t e  trans-6 was e l a b o r a t e d  
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i n t o  k e t o n e  trans-1 i n  75% o v e r a l l  y i e l d .  

The r e l a t i v e  c o n f i g u r a t i o n  of  3 L e t h y l p i p e r i d i n e s  p r e p a r e d  i n  t h i s  wo rk  was e v i d e n t  

f r o m  t h e i r  ' ~ - n m r  d a t a .  I n  t h e  cis s e r i e s  t h e  s p e c t r a  a r e  s i m p l e r  t h a n  t h o s e  

of  trans i s o m e r s  as a consequence  of  t h e  e q u i l i b r i u m  be tween  t w o  c h a i r  c o n f o r m a -  

t i o n s  and t h e  most  s i g n i f i c a n t  s i g n a l  i s  t h e  d o u b l e t  due t o  t h e  m e t h y l e n e  p r o t o n s  

a t t a c h e d  t o  t h e  4 - p o s i t i o n  of  t h e  p i p e r l d l n e  r i n g .  I n  c o n t r a s t ,  t h e s e  p r o t o n s  a r e  

n o t  e q u i v a l e n t  i n  t h e  trans i s o m e r s ,  i n  wh i ch  t h e y  appea r  as an ABX s y s t e m .  20 

On t h e  o t h e r  hand.  i n  t h e  1 3 ~ - n m ~  s p e c t r a  of  + i s o m e r s ,  t h e  a b s o r p t i o n s  due 

t o  C-4, C-6, and t h e  m e t h y l e n e  c a r b o n s  a t t a c h e d  t o  C-3 and C-4 a p p e a r  as b r o a d  

s i g n a l s  due t o  t h e  c o n f o r m a t i o n a l  i n v e r s i o n Z 1  o f  t h e  p i p e r i d i n e  r i n g .  

I n  c o n c l u s i o n ,  a c o n v e n i e n t  (35% o v e r a l l  y i e l d ) ,  s t e r e o s e l e c t i v e  s y n t h e s i s  o f  

c i s - 4 - a c e t o n y l - I - b e n z y l - 3 - e t h y l p i p e r i d i n  (a-l), a p o t e n t i a l  s y n t h o n  f o r  i n d o l e  - 
a l k a l o i d  s y n t h e s i s ,  i s  r e p o r t e d .  

EXPERIMENTAL 

l ~ - ~ r n r  spectra were recorded i n  CDC13 on a Varian XL-200 spectrometer o r ,  when ind ica ted ,  i n  

CC14 on a Perkin-Elmer R-248 (60 MHz) instrument using TMS as i n t e r n a l  standard. I 3 c - ~ m r  spectra 

were determined on a Varian XL-200 spectrometer (50.3 MHz). The chemical s h i f t s  are repor ted  

i n  ppm downf ie ld (6) from TMS. Ir spectra were taken wi th a Perkin-Elmer 577 spectrophotometer, 

and on ly  noteworthy absorptions ( rec ip roca l  centimeters) are l i s t e d .  GLC was run  iso thermal ly  

on a Perkin-Elmer F-I1 chromatograph f i t t e d  w i th  a flame i o n i z a t i o n  de tec to r .  P r i o r  t o  concentra- 

t i o n  under reduced pressure, a l l  organic ex t r ac t s  were d r i ed  over anhydrous sodium s u l f a t e  pow- 

der. TLC and column chromatography were c a r r i e d  ou t  on Si02 ( s i l i c a  gel 60, Merck 0.063-0.200 mm), 

and the  spots were located w i t h  uv l i g h t  o r  lodop la t ina te  reagent. Unless otherwise noted, d l s -  

t i l l a t i o n s  were e f fec ted  using a Biichi GKR-50 Kugelrohr apparatus and the  temperatures c i t e d  

are the  maximum temperatures of the  oven dur ing  t h e  d i s t i l l a t i o n .  Dimethoxyethane (DME) and t e t r a -  

hydrofuran (THF) were p u r i f i e d  and d r i ed  by d i s t i l l a t i o n  from LiA1H4. Dimethyl su l f ox i de  (DMSO) 

was d i s t i l l e d  from CaH2 a t  reduced pressure. Previously t o  use, t h e  suspension of sodium hydr ide  

i n  mineral  o i l  was washed th ree  t imes w i t h  anhydrous benzene or  hexane. Microanalyses were per- 

formed on a Car lo Erba 1106 analyzer by I n s t i t u t o  de Quimlca Bio-Organics, Barcelona. 

1-Benzyl-?-ethyl-&piperidone (2) 

Dimethyl carbonate (26.8 m l ,  0.32 mol) was added dropwise under n i t rogen t o  a suspension o f  sodium 

hyhld? (5% 19.8 g, 0.45 ml) i n  anhydrous benzene (350 m l ) .  A f t e r  the  add i t i on  of a few drops o f  meth- 

anol, the  mix tu re  was heated a t  r e f l u x  and a so l u t i on  of 1-benzyl-4-piperidone (30 g, 0.16 mol) 



i n  benzene (100 ml)  was added dropwise for  35 min. Heating was maintained u n t i l  the  evo lu t ion  of 

hydrogen ceased (2.5 h). The react ion  mixture was cooled, s t i r r e d  a t  room temperature f o r  2 h, 

and a c i d i f i e d  by careful addi t ion of g l ac ia l  acet ic  acid. The resu l t i ng  mixture was d i l u t e d  w i th  

ice-cold water and adjusted t o  pH 8 w i th  aqueous amonium hydroxide. The benzene layer  was sepa- 

rated and the aqueous phase was ex t ra i t ed  w i th  benzene. The combined benzene so lu t ions  were d r i ed  

and evaporated t o  afford crude e thy l  I-benzylbGoxo-3-piperidinecarboxylate (38.4 g l :  ir (NaCI) 

1735 (CO ester) ,  1710 (CO ketone), 1650 tenol ester) ,  1610 (C=C enol); nmr (60 MHz1 2.3-2.8 tm, 

4H, 5- and 6-CH2), 3.0 (s, 2H, 2-CH2), 3.5 ts, 2H, CH2Arl, 3.6 ts, 3H, 0CH31, 7.1 ts, 5H, ArH). 

To a suspension of anhydrous potassium carbonate (80.1 g, 0.58 mol) and the above 8-keto es ter  

(36 g, 0.15 mol l  i n  anhydrous acetone (250 ml)  was added under ni t rogen a so lu t ion  of e thy l  i o -  

dide (23.7 ml, 0.29 mol l  i n  anhydrous acetone (250 ml). The mixture was ref luxed f o r  6 h u n t i l  

the f e r r i c  ch lor ide  t e s t  was negative. The inorganic mater ia ls  were f i l t e r e d  and washed w i t h  ace- 

tone. The evaporation of the  combined f i l t r a t e s  gave an o i l y  residue, which was dissolved i n  

methylene ch lor ide  and washed w i th  water. Evaporation of d r i ed  organic ex t rac t  l e f t  crude e thy l  

l-benzyl-3-ethyl-44x0-3-piperidinecarboxylate (35.8 9): i r  (NaCI) 1710-1740 (CO); nmr (60 MHz) 

0.80 (t, 3H, CH31, 1.4-3.2 tm, 8H), 3.5 ts,  ZH, CH2Ar), 3.6 ts, 3H, 0CH31, 7.1 ts, 58, ArH). 

Aqueous 30% H2S04 (400 m l l  was slowly added under ni t rogen t o  the above a lky la ted R-keto ester 

(24 9, 0.087 mol). The mixture was ref luxed f o r  6 h w i t h  vigorous s t i r r i n g ,  cooled, bas i f ied  w i t h  

cold concentrated aqueous sodium hydroxide solut ion,  and extracted w i th  methylene ch lor ide .  Evap- 

oration of the solvent from the ex t rac ts  l e f t  a crude mater ia l ,  which was d i s t i l l e d  t o  give p i -  

peridone 2 (10.94 g, 5 ~ b  overa l l  y i e l d  from 1-benzyl-4-piperidone): bp 9 9 - 1 0 1 ~ 0 . 2 5  m n ~ g   it.'^ 
138-139"CIl nnnHgl; ir (NaCll 1700 ( C O I ;  nmr 0.87 (t, 3H, CH3), 1.29-1.33 (m, lH), 1.79-1.83 tm, 

IHl ,  2.24-2.52 tm, 5H), 2.96-3.06 (m, ZH), 3.55 and 3.67 (2d, _? = 13 Hz, 1H each, CH2Arl, 7.34- 

7.37 tm, 5H, ArHl. Anal. Calcd fo r  CI4Hl9NO: C, 77.37; H, 8.81; N, 6.44. Found: C, 77.39; H, 

8.75; N, 6.57. 

Condensation o f  Ketone 2 w i th  D ie thy l  2-Oxopropylphosphonate Followsd by Cata l y t i c  Hydrogenation 

To a suspension o f  sodium hydride (55%, 1.2 g, 27 mnol) i n  DME (10 ml)  was added a so lu t i on  o f  

d iethyl  2 -oxopropy~phosphonate~~  (5.35 g, 27 mmol) i n  DME (5 ml). After s t i r r i n g  f o r  10 min, a 

solut ion o f  ketone 2 (2 g, 9 m o l )  i n  DME (5 ml)  was added under nitrogen, and the mixture was 

refluxed f o r  44 h. The solvent was evaporated and the residue was partitioned between methylene 

chloride and 1.5 N hydrochloric acid. The organic layer  was discarded and the aqueous phase was 

basif ied w i t h  2 N aqueous sodium hydroxide and extracted w l th  ether. Evaporation o f  the  d r i ed  

ethereal ex t rac t  gave a mixture of the s t a r t i n g  piperidone 2 and ketones 3 and 4, which, wi thout 
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f u r t he r  p u r i f i c a t i o n ,  was dissolved i n  ethanol (15 m l l  and hydrogenated a t  room temperature and 

atmospheric pressure over p la t inum d iox ide  (100 mg). The c a t a l y s t  was f i l t e r e d  o f f  and the  fil- 

t r a t e  was concentrated t o  g i ve  an o i l ,  which was chronatographed. E l u t i o n  w l t h  1 : l  benzene-chlo- 

roform gave ketone cis-l (185 mg, 6%; see below f o r  spectroscopic and ana l y t i ca l  data). E l u t i on  

w i t h  chloroform gave ketone trans-l (175 mg, 8%; see below f o r  spectroscopic da ta) .  I n  some runs, 

4-acetonyl-l-benzyl-hthyl-1,2,5,6tetrahydropyridine (4a) was obtained on e l u t i o n  w i t h  benzene- 

chloroform (3:7): nmr 0.95 (t, 3H, CH3), 1.99 (q, 2H, Ci2CH3), 2.16 ts,  3H, COCH3), 2.2 (masked, 

2H, 5-CH21, 2.67 (t, J = 6 Hz, 2H, 6-CH2), 3.07 ts, 2H, 2-CH2), 3.16 ts ,  2H, CH2CO), 3.73 ts,  

2H, CH2Ar), 7.31-7.41 tm, 5H, ArH). 

E thy l  l-~enzyl-3-ethylpi~ridine-~~~~-acetate (5) 

T r i e t h y l  phosphonoacetate (4.25 ml, 21.3 mnol) was added dropwise under n i t rogen t o  a suspension 

o f  sodium hydr ide (55%. 720 mg, 16.6 mnol) i n  DME (15 ml )  maintained a t  room temperature. A f t e r  

the  add i t i on  was complete, the  c l ea r  so l u t i on  was s t i r r ed  fo r  an add i t i ona l  10-min per iod.  Then. 

a so l u t i on  of ketone 2 (3.34 g, 15.4 m o l l  i n  DME (10 ml )  was added. The reac t i on  mix tu re  was 

warmed a t  70°C f o r  2 h. The solvent  was evaporated and the  residue was p a r t i t i o n e d  between e ther  

and 1.5 N hydroch lo r ic  a d d .  The e therea l  so l u t i on  was discarded and the  aqueous l aye r  was basi- 

f l e d  w l t h  2 N aqueous sodium hydroxide and ex t rac ted  with ether.  Evaporation o f  the  d r i e d  ex t r ac t  

gave t h e  u,B-unsaturated es te r  5 (3.9 g, 86%) as a 7:3 mix tu re  o f  E and 1 isomers (determined by 

GLCI: bp 170eC10.3 mHg; ir (NaC1) 1710 (CO), 1650 (C-C);  nmr 0.82 and 0.84 (2 t ,  3H, CH3), 1.25 

and 1.26 (2 t ,  3H, 0CH2Ci3), 3.38 and 3.55 (2d, _? - 13 Hz, 1H each, CH2Ar), 4.12 and 4.13 (2q, 2H, 

0CH2), 5.61 (d, _? = 0.5 Hz, 0.7H. =CH, g-isomer), 5.63 (d, J - 1.8 Hz, 0.3H, =CH, L-isomer), 

7.29-7.32 tm, 5H, ArH). Anal. Calcd f o r  CI8Hz5NO2: C,  75.23; H, 8.76; N, 4.87. Found: C, 75.10; 

H, 8.93; N, 4.70. 

E thy l  I-Benzyl-hthyl-1.2,5,6tetrahydr0-~pyrid1neacetate (8) 

Operating as above, from sodium hydr ide (55%, 600 mg, 13.8 mnol), DME (25 ml), t r i e t h y l  phospho- 

noacetate (2.28 ml, 11.5 mnol), and ketone 2 ( 2  g, 9.2 m o l ) ,  a f t e r  warming a t  70'C f o r  5 h. t h e  

8,y-unsaturated es te r  8 (1.54 g, 58%) was obtained as the sole product. An ana l y t i ca l  sample was 

obtained by Kugelrohr d i s t i l l a t i o n :  bp 170"C/0.3 mnHg; i r  (NaC1) 1735 (CO); nmr 0.94 (t, J = 

7.5 Hz, 3H, CH3), 1.22 (t, 3H, 0CH2C13), 1.99 (q, 2H, ClZCH3), 2.15 t b r  s, 2H, 5-CH2), 2.52 (t, 

J - 6 HZ, 2H, 6-CH2), 2.92 (b r  s, 2H, 2-CH2), 3.01 (5,  2H, CH CO), 3.56 ts ,  2H, CH Ar), 4.09 - 2 2 

(q, 2H, KHz ) ,  7.24-7.32 tm, 5H, ArH). Anal. Calcd for Cl8HZ5NO2: C, 75.23; H, 8.76; N, 4.87. 

Found: C, 75.21; H, 8.98; N, 4.95. 



Ethyl I-Benzyl-3-ethyl4piperidlneacetate (6) 

Unsaturated es te r  5 (10.2 g, 35 m o l )  was dissolved i n  ethanol  (70 m l )  and hydrogenated a t  room 

temperature and atmospheric pressure over 10g pal ladium on charcoal (1.02 9) .  When the  so l u t i on  

had absorbed t h e  requ i red  volume of hydrogen, t h e  c a t a l y s t  was f i l t e r e d  o f f  and t h e  f i l t r a t e  was 

concentrated t o  leave an o i l ,  which was chrornatographed. E l u t i o n  w i t h  hexane-ethyl acetate ( 4 : l )  

gave es te r  *-6 (5.5 g, 55%); bp 71-73'C/0.03 mmHg ( d i s t i l l a t i o n  c a r r i e d  ou t  on a Fischer spa l t -  

rohr MMS 152 microcolumn);  it.'^ 142-145T10.3 mHg l ;  i r  (NaCI) 1735 (CO) ;  nmr 0.80 (t, 3H, 

CH3), 1.24 it, 3H, 0CH2CE3), 2.26 td,  J = 7 Hz, ZH, CH2CO), .3.28 and 3.54 (2d. ,! = 13.2 Hz, 1H 

each, CH2Ar), 4.12 (q, 2H, 0CE2CH3), 7.30 im, 5H, ArH). E l u t i o n  w i t h  hexane-ethyl acetate (7:3) 

gave es te r  -4 (1.59 9, 16%); ir (NaCl) 1735 (CO); nmr 0.83 (t. 3H. CH3), 1.24 (t, 3H. Kt&), 

1.92 ( td ,  ,! = 12, 12, and 2.4 Hz, lH, 6-Ha,), 2.03 (dd, J = 14.5 and 8.8 Hz, IH, CH2CO), 2.56 (dd, 

J = 14.5 and 4 Hz, IH, CH2CO), 2.80 (dd, J = 12 and 3 Hz, lH, 2-H ), 2.92 (ddd, J = 12, 4, and - eq 
2 Hz, lH, 6-Heq), 3.43 and 3.56 (2d, J = 13 Hz, 1H each, CH2Arl, 4.12 (q, 2H, OCH ), 7.30 tm, 2 

5H, ArH). 

When the volume of hydrogen was no t  con t ro l led ,  t h e  reduc t ion  was accompanied w i t h  hydrogenolysis 

of the benzyl group. This process was not  observed when p la t inum d iox ide  was used as ca ta l ys t .  

~ - & A c e t o n y l - h t h y l p i p r i d 1 n e  (*-I 

Sodium methylsul f iny lmethanide was prepared according t o  t h e  procedure reported by corey,18 from 

sodium hydr ide  (55%, 1.56 g, 36 mmol), DMSO (22 m1, 0.31 mol), and THF (57 ml) .  To t h i s  so l u t i on  

was added dropwise a t  0-5'C a so l u t i on  of, es te r  e4 (3.35 g, 11.6 mnol) i n  THF (10 m1). A f t e r  

being s t i r r e d  a t  room temperature f o r  an add i t iona l  3-h per iod,  the  mix tu re  was poured i n t o  i ce-  

water 1100 ml), adjusted t o  pH 8 w i t h  1.2 N hydroch lo r ic  acid,  and ex t rac ted  w i t h  methylene chlo-  

r ide .  The ex t r ac t  was washed w i t h  b r i ne  and dr ied .  Evaporation of the  so lven t  gave I - t e -1 -benzy l -  

hthyl-&piperidyl)->t~ethylsulfinyll-2-propanone (cis-7, 3.58 9, 93% which was d i r e c t l y  used 

i n  the nex t  reac t ion ;  i r  (NaCI) 1710 (CO), 1025 (S=O); nmr 0.79 (t, 3H, CH3), 2.56 (d, J = 6.5 Hz, 

2H, CH2CO), 2.67 ts,  3H, S0CH3), 3.43 and 3.53 (2d, J = 13 Hz, 1H each, CH2Ar), 3.67, 3.70, 3.80, 

and 3.82 (4d, J = 13.6 Hz, 0.5H each, COCH2SO), 7.30 (m, 5H, ArH). 

A so lu t ion  of sul fox lde c is -7  (3.9 g, 12.1 m o l )  i n  absolute ethanol (6.7 ml )  and g l a c i a l  ace t ic  

acid (3.5 ml) was added dropwise t o  a v igorous ly  s t i r r e d  mix tu re  of z inc  dust (3.96 g, 0.06 9-atom), 

absolute ethanol (6.7 ml), and g l a c i a l  ace t ic  ac i d  (3.5 ml) .  The r e s u l t i n g  mix tu re  was warmed a t  

65'C fo r  12 h. The suspended so l i ds  were removed by f i l t r a t i o n  and washed by s l u r r y i n g  i n  benzene 

and f i l t e r i n g .  The so lu t i on  was d i l u t e d  w i t h  water (25 ml) ,  neu t ra l i zed  by ca re fu l  add i t i on  o f  

powdered sodium carbonate, and decanted. The aqueous phase was ex t rac ted  w i t h  ether.  The combined 

OPganlC ex t r ac t s  were washed w i t h  aqueous sodium bicarbonate, dr ied,  and evaporated t o  g ive  ketone 
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c i s - l  (2.6 g, 85%). An a n a l y t i c a l  sample was obtained b y  Kugelrohr d i s t i l l a t i o n :  bp 180-190'Cl - 
0.7 mnHg; ir (NaCl) 1710 (CO); nmr 0.80 (t, 3H, CH31, 1.1-1.6 (m, 5H), 2.1-2.7 (m, 5H), 2.14 ts ,  

3H, COCH3), 2.38 (d, J = 7 Hz, 2H, CH2COl, 3.46 and 3.64 (2d, J = 13 Hz, 1H each, CH2Ar), 7.27- 

7.36 (m, 5H, ArHl. Anal. Calcd f o r  C1,HZ5NO: C, 78.73; H, 9.70; N, 5.39. Found: C, 79.00; H, 9.93; 

N, 5.39. 

trans-4-ketonyl-I-benzyl-3-ethylpiperidin (=-I) - 
Operating as above, es te r  trans-6 (950 mg, 3.30 mmol) was converted t o  R-keto su l fox ide  t rans-7 

(980 mg. 89%): nmr 0.82 (t, 3H, CH3), 1.97 ( td .  J = 12, 11.5, and 3 Hz, lH, 6-Hax). 2.3-2.8 tm, 

ZH, CH2CO), 2.94 (ddd, J = 11.5, 4, and 2 Hz, IH, 6-H ), 3.42 and 3.55 (Zd, J = 13 Hz, 1H each, 
eq 

CH2Ar), 3.70 and 3.71 t2d, J = 13.5 Hz, 0.5H each, COCH2SO), 3.80 (d, J = 13.5 Hz, lH, COCH2SO), 

7.30 tm, 5H, ArH). This sul foxide (890 mg, 2.76 mnol) was reduced, as i n  the  above Series, 

w i t h  z inc dust  (900 mg, 0.013 g-atom) i n  ethanol  (6 r n l l  and g l a c i a l  ace t ic  ac i d  ( 3  m l )  t o  g i ve  

ketone e-l (610 mg, 85%); i r  (NaCll 1710 (COI; nmr 0.82 (t, 3H, CH31, 1.04-1.72 tm, 6H1, 1.80 

(dd, J - 11 and 11 Hz, IH, 2-Hax), 2.02 ( td,  _? = 11, 11, and 2.5 Hz, lH, 6-H 1, 2.13 ts, 3H, ax 

COCH3), 2.19 (dd, J = 16.5 and 8.5 Hz, lH, CH2CO), 2.65 (dd, J = 16.5 and 3.5 Hz, lH, CH2CO), 

2.86 tdd, J = 11 and 3 Hz, lH, 2-H ), 2.99 ( t d ,  J = 11, 4, and 2 Hz, lH, 6-H ), 3.51 and 3.63 
eq eq 

(2d, J = 13 Hz, 1H each, CH2Ar), 7.24-7.37 (m, 5H, ArH). 
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