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REDUCTION OF 1-SUBSTITUTED 3-OXIDOPYRIDINIUMS 
* 

Wi l l i am R. Ashcrof t  and John A. Joule 

Chemistry Department, U n i v e r s i t y  o f  Manchester, Manchester M13 9PL, England 

Abst ract  1-Subst i tu ted 3-oxidopyridiniums a re  smoothly reduced by sodium 

borohydride i n  ethanol t o  g i v e  1-subst i tu ted 3-hydroxypiper idines bu t  much 

less  e f f i c i e n t l y  by l i t h i u m  aluminium hydr ide i n  ho t  te t rahydrofuran t o  g i v e  

mainly, 1 -subs t i t u ted  5-hydroxypiperid-3-eines. 

1 
The reduct ion o f  py r id in ium s a l t s  i s  w e l l  documented , however desp i te  the  considerable, recent  

s t r u c t u r a l z a  and chemicalzb i n t e r e s t  i n  1 -subs t i t u ted  3-oxidopyridiniums, i n  p a r t i c u l a r  work 2b 

by K a t r i t z k y  and co-workers on cyc loadd i t i on  react ions o f  such species, very l i t t l e  has been 

3 repor ted on t h e i r  reduct ion. 

Simple 1 -subs t i t u ted  3-oxidopyridiniums have been c a t a l y t i c a l l y  over platinum3a o r  

rhodium3b, t o  hexahydro de r i va t i ves ,  under some  circumstance^^^ w i t h  concomitant hydrogenolysis 

of t he  3-oxygen-substituent. Formic a c i d  reduces3' 1-phenyl-3-oxidopyridinium t o  i t s  hexahydro 

d e r i v a t i v e .  A study3d o f  e l e c t r o l y t i c  reduct ion of 3-oxidopyridiniums showed t h i s  t o  be 

complex, r i n g - f i s s i o n  as w e l l  as r i ng -con t rac t i on  products being produced i n  a d d i t i o n  t o  

hexahydro de r i va t i ves .  In two of complex metal hydr ide reduct ions the  he te rocyc l i c  

moiety was embedded i n  a p o l y c y c l i c  framework: i n  each case borohydride reduct ion was repor ted  

t o  g i ve  a te t rahydro-product  i n  which the  res idua l  double bond was e i the r3e  p a r t  of an ad jo in ing  

benzenoid r i n g  or3f  conjugated w i t h  an aromatic r i ng .  

4 I n  the  l i g h t  o f  repor t s  o f  t he  p a r t i a l  reduct ion ( a d d i t i o n  o f  one hydr ide equiva lent )  by 

complex metal hydr ide o f  meso-ionic species, t o  which the  six-membered 1 -subs t i t u ted  3- 

oxidopyridiniums a re  c l o s e l y  analogous, and i n  the  hope o f  e f f e c t i n g  comparable p a r t i a l  

5 reduct ion and thereby producing species, such as 1, w i t h  p o t e n t i a l  as synthons f o r  a l k a l o i d  

synthesis, we undertook an examination o f  t h e  complex metal hydr ide reduct ion of some simple 

representat ive 1 -a ry l -  and 1-alkyl-3-oxidopyridiniums. 

Sodium borohydride treatment o f  t he  3-oxidopyridiniums (2a-d) i n  ethanol a t  room temperature 

gave, c lean ly ,  hexahydro de r i va t i ves6  (3.3-d) i n  h igh y i e l d .  The use of sodium borodeuter ide 



i n  ethanol on 2c gave a t r i d e u t e r i o - 3 c  i n  which t h e  p o s i t i o n s  of t he  l a b e l l e d  atoms were 

7 1 estab l ished as shown on 4 by ( i )  t he  absence of an H n.m.r. s igna l  a t  r 4.8 f o r  a C-3 

proton, ( i i )  a reduct ion by two i n  the  in teg ra ted  i n t e n s i t y  o f  s igna ls  i n  the  reg ion 

r 7.2-7.6, corresponding t o  hydrogen on C-2 and C-6, and ( i i i )  an increase o f  on ly  one i n  the  
+ + 

major Spectral  fragment i o n  a t  m/e 43, corresponding t o  MeN :CH2 (+ MeN:CHD). 

3 R 

:) Me; d) pyr id .  

This l a b e l l i n g  pa t te rn  and t h e  f a c i l i t y  of the borohydride reduct ions o f  3-oxidopyridiniums, 

species which a re  o v e r a l l  neu t ra l ,  a re  open t o  i n t e r p r e t a t i o n  by several  mechanist ic sequences, 

vary ing on ly  i n  d e t a i l ,  b u t  c e r t a i n l y  i n v o l v i n g  i n i t i a l  0-protonat ion and then, fo r  example, 

intermediates (5-9). 

L i t h ium aluminium hydr ide treatment o f  t h e  3-oxidopyridiniums (2a-c) y i e l d e d  considerably more 

complex product mixtures and d i sappo in t i ng l y  d i d  not l e a d  t o  the  des i red a d d i t i o n  o f  on ly  one 

hydr ide equiva lent  and formation, a f t e r  pro tonat ion,  o f  species o f  t he  form 1. No r e a c t i o n  

occurred i n  e the r  a t  room temperature o r  a t  r e f l u x  and prolonged r e f l u x  i n  te t rahydrofuran was 

necessary t o  achieve consumption o f  s t a r t i n g  ma te r ia l .  

I n  each case the  major product was a t  a te t rahydro-ox idat ion- leve l ,  thus 2a and 2b gave 10a 

8 and l o b  respect ive ly .  From 2c a dimer (11) was obtained, the  format ion o f  which can be 

i n t e r p r e t e d  as i n v o l v i n g  s t rong base (LiA1H4) cata lysed i somer i sa t i on lo  o f  a l l y lam ine  t o  enamine 

and proton-catalysed d imer i sa t i on  dur ing aqueous work-up. 
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R : a) Ph ; b) indol-3-ylethyl 

Label l ing studies were carr ied out f o r  the reduction o f  'a, thus work-up o f  the hydride 

reduction wi th D20 l ed  t o  no incorporation of deuterium on carbon i n  product (10a). Conversely 

the use of l i t h i u m  aluminium deuteride gave cleanly a t r ideu ter io - l0a  i n  which the posit ions of 
1 the labe l led  atoms were establ ished as shown on 12 by ( i )  the absence o f  a H n.m.r. Signal 

a t  r 5.75 fo r  a C-5-proton, ( i i )  the presence o f  signals f o r  two o l e f i n i c  protons. ( i i i )  an 
+ increase o f  one i n  the mass spectral fragment ion  a t  m& 106, corresponding t o  PhN H:CH2 

(t P~N+H:CHC),  and ( i v )  in tegra t ion  f o r  "hal f '  a proton i n  each case f o r  the signals1' f o r  

ax ia l  and equatorial protons a t  both C-2 and C-6. A r a t i ona l i sa t i on  f o r  t h i s  r esu l t  i s  given 

by a sequence invo lv ing  
&-A1 H 

intermediates (13-17). H 

H 

I I 

Although sodium cyanoborohydride was without effect on 2b, prolonged exposure ( 7  days) t o  a 

mixture1' o f  potassium cyanide and sodium borohydride i n  water/methanol/ether gave the cyano- 

alcohol (18a) as major product together w i th  i t s  regio-isomer (18b). These cyano-alcohols could 

be ~ t i l i s e d ~ ' ~ " ~  f o r  the generation o f  imnonium species and thereby o f  indolo-quinol iz id ines 

by treatment wi th 50 % aqueous acet ic  ac id a t  room temperature; 18a gave 19a as major stereoisomer 

and 18b comparably produced 19b, again together wi th a minor amount of the stereoisomer. 
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