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Abs t rac t  - The  react ion of the  ambident anion (21 de r i ved  from 2-cyano-3-ethyl-l-methyl- - 

Aa-piperideine (1 )  w i t h  t race quant i t ies o f  0 leads to  the  formation of compounds 2 

13) t o  171, and  in par t icu lar  t h e  in teres t ing  dimer (51 .  T h e  formation of these products  is 

i n te rp re t t ed  in terms o f  s ing le  electron t ransfer  processes. 

2-Cyano-A'-piperideines such as I11  are a recent ly  in t roduced class o f  5.6-dihydropyr id in ium 

equivalents which have the combined capacity t o  react w i t h  nucleophiles as "potent ia l r '  irninium 

2 
salts and w i th  electrophi les ("masked" reac t i v i t y )  t h e  cor respond ing ambident anion 12) . 
The  dual  r eac t i v i t y  o f  these synthans provides a mul t i tude o f  possibi l i t ies in alkaloid synthesis.  

2.3 
I n  a s tudy  o f  the  react ion of anion (21 w i th  a series of a l k y l  halides i t  was found tha t  the 

products  o f  subst i tu t ions  a t  C-2 were formed regiospeci f ical ly unde r  k ine t ic  control .  

In teres t ing ly  t h i s  react ion appeared t o  b e  insensi t ive t o  the  s ter ic  b u l k  o f  RX, the y ie lds  of the 

reaction o f  (2)  w i t h  CH31, C6H5CH2Br and [CH3 I2CHBr  be ing essential ly equivalent t o  those 

observed in the react ion w i t h  t - bu t y l  bromide and iodide, ie. > 80%. Th i s  resu l t  was surpr iz ing  

and led u s  t o  suggest t ha t  t h e  reaction o f  (2)  w i t h  t h e  v e r y  b u l k y  t e r t i a r y  a l ky l  halides 

occur red b y  a s ing le  electron t ransfer  process ra the r  t han  b y  the  general ly observed SN2 

3 mechanism . 



There  is now a considerable body  of evidence in the l i t e ra tu re  t o  suggest t ha t  e iectron t ransfer  

f rom (2 )  t o  an ex terna l  agent should b e  a favourable process as the  resu l tan t  radical  would be 

stabi l ized b y  b o t h  t h e  electron wi thdrawing cyan0 g r o u p  and t h e  donat ing  n i t r ogen  atom [capto- 

4 
dat ive  subst i tuent  e f fec t )  . 

In a cont inuat ion of o u r  studies on the  reac t i v i t y  of the  ambident anion (2 )  it was observed 

tha t  in i t s  react ion w i t h  poor ly  react ive  electrophi ies such as Na-methyl gramine a number of 

s ide products ,  compounds (31-17) (diagram).  cou ld  b e  detected [isolated in v a r y i n g  quant i t ies  

b y  prepara t ive  layer chromatography on sil ica gel  ; CH2CI2 : CH30H (97:31 I. It was apparent 

f rom the presence o f  lactam (3) and  t h e  in teres t ing  dimer (51 in the p roduc t  mix tures  t ha t  in 

the absence o f  react ion w i t h  the  added eiectrophile, anion (2 )  was oxidized b y  t race amounts of 

5 
oxygen  present  in t h e  solvent (THF)  . 

Th i s  was ver i f ied  b y  s imply s t i r r i n g  a solut ion of ( 2 )  in non degassed THF a t  room temperature 

unde r  a n  argon atmosphere. Examination of the  react ion m ix tu re  a f te r  4.5 h showed tha t  

7 
compounds (3) and  ( 5 )  were indeed formed in 20% and 23% y ie lds  respect ively . T h e  C4-41 dimer 

(613 was also isolated in 8% y ie ld  along w i t h  aminoni t r i le (11 (20%). Af ter  15 h at  room 

temperature  the  s ta r t i ng  anion (2) and  iactam 131 were to ta l ly  consumed and compound (5) was 

obtained in 28% y ie ld .  Secondary p roduc ts  were (61 (5%) and  the cyanoenamine (7) (18%) 

(presumably formed by gradua l  deprotonat ion of t h e  solvent and repro tonat ion  o f  anion (2) a t  

2 
the  C-4 posi t ion 1. 

One cou ld  envisage as the  f i r s t  s tep in th i s  react ion the  condensation o f  anion (2) w i t h  oxygen 

to  produce the perox ide ion intermediate (101. However t h i s  process is sp in  forbidden8. and  

does no t  account f o r  the  formation o f  t h e  C4-41 dimer (6 ) .  I n  v iew o f  the  fac t  t ha t  O2 is an 

excel lent  e lectron acceptor a more plausible mechanism (scheme 1 )  would invo lve  an electron 
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t rans fer  from (2) t o  oxygen  forming the radical  (8)  and  superoxide ion. Reaction o f  (81 could 

t hen  occur  e i t he r  w i t h  anion (2 )  g i v i ng  dimer (6) as prev ious ly  descr ibed 3, or w i t h  a second 

molecule of oxygen  t o  g i v e  the  peroxy  radical  intermediate (9) .  Fu r the r  reduct ion  of (9)  to 

(10) also serves t o  propagate t h e  chain. 

A l though the subsequent decomposition of (10) t o  lactam (31  can take place d u r i n g  ex t rac t i ve  

7 .  
work-up and /o r  pur i f i ca t ion  , ~t appeared probable t ha t  t h e  dimeric compound (5 )  was formed 

via_ conjugate add i t ion  o f  anion (2) t o  a molecule o f  (3)  produced b y  an jn?j& reduct ion  of 

(10).  Such a n  in terna l  reduct ion  could occur t h r o u g h  formation o f  a n  oxetane t y p e  intermediate 

9 
I l l )  which rear ranges intramolecular iy t o  (3) w i t h  elimination o f  isocyanate ion . 

I I 
L D A  - 

Et 

121 15)- 

Scheme 1 

I n  o rde r  t o  determine whether compound (5) cou ld  b e  formed in th i s  manner a THF  so lu t ion  of 

iactam (3) was added dropwise to  a cooled solut ion o f  anion (21 [THF,  -20°) and  the resu l t ing  

m ix tu re  was s t i r r e d  for 30 mi". From th is  exper iment dimer ( 5 )  was isolated i n  71% y ie ld  along 

w i th  compound (6) (10%). 

Two features concerning th is  resu l t  are pa r t i cu la r l y  s t r i k i n g  : i )  t h i s  is t h e  f i r s t  example of a 

1.4-addit ion of an ambident aminoni t r i le anion to  a n  enone system invo l v i ng  a t tack  a t  t h e  

10 
y-posit ion of t h e  aminani t r i le component . T h e  cor respond ing react ion w i t h  cyciohexenonc 

2 
occurs  un ique l y  a t  t h e  a-posit ion o f  (2)  g i v i n g  compound (12) 170%). i i )  t h e  concomitant 



format ion of the  b - 4  1 dimer (6 )  i s  a good indicat ion t ha t  t h e  radical  species (8) was generated 

a t  some po in t  in the react ion pathway. 

From th i s  la t te r  observat ion it is compell ing t o  suggest t ha t  the  di f ference in regiochemistries i n  

the  react ions leading t o  (5) and I121 may b e  the consequence o f  an electron t rans fe r  process in 

which a n  e lec t ron is t r ans fe r red  from 12) t o  (3) produc ing the radical  18) which then 

undergoes conjugate add i t ion  t o  the  radical  anion o f  lactam (3) g i v i n g  the enolate anion 

cor respond ing to  (51. 

An a l te rnat ive  explanation i s  t ha t  of the  amide enolate ion der ived from band formation t o  t h e  

-posit ion of (2)  dissociates g i v i n g  a radical  + radical  anion pa i r  which recombines to  g i ve  

3 compound (51. Such a rearrangement of aminoni t r i le radicals has prev ious ly  been proposed . 
Unfor tunate ly ,  a t  p resent  we d o  no t  have any  f i rm physical  evidence which would conf i rm one 

or  e i t he r  o f  these mechanisms. 
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