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Abstract - The reaction of the ambident anjon (2) derived from 2-cyano-3-ethyl-1-methy!-
&3_piperideine (1) with trace quantities of O2 leads to the formation of compounds
(3) to (7), and in particular the interesting dimer (53)}. The formation of these products is

interpretted in terms of single electron transfer processes.

2-Cyano-A3-piperideines such as (1} are a recently introduced class of 5,6-dihydropyridinium
equivalents which have the combined capacity to react with nucleophiles as "potential” iminium
salts and with electrophiles {"masked" reactivity) via the corresponding ambident anion (2) 2,
The dual reactivity of these synthons provides a multitude of possibilities in alkaloid synthesis.

2.3 it was found that the

In a study of the reaction of anion {2) with a series of alkyl halides
products of substitutions at C-2 were formed regiospecifically under Kkinetic control,
Interestingly this reaction appeared to be insensitive to the steric bulk of RX, the yields of the

reaction of (2) with CH3I, C6H5CH28r and [CH CHBr being essentially equivalent to those

3]2
observed in the reaction with t-butyl bromide and iodide, ie. > 80%. This resuit was surprizing
and led us to suggest that the reaction of (2) with the very bulky tertiary alkyl halides

occurred by a single electron transfer process rather than by the generally observed SN2

. 3
mechanism
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There is now a considerable body of evidence in the literature to suggest that electron transfer
from (2} to an external agent should be a favourable process as the resultant radical would be
stabilized by both the electron withdrawing cyane group and the donating nitrogen atom (capto-

dative substituent effec:t)u .

In a continuation of our studies on the reactivity of the ambident anion {2) it was observed
that in its reaction with poorly reactive electrophiles such as Na—methyf gramine a number of
side products, compounds (3}-(7) (diagram), could be detected [isolated in varying quantities
by preparative layer chromatography on silica gel ; CHZCI2 : CH30H (97:3)1. It was apparent
from the presence of lactam (3) and the interesting dimer (5) in the product mixtures that in
the absence of reaction with the added electrophile, anion (2) was oxidized by trace amounts of

oxygen present in the solvent (THF)S.
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This was verified by simply stirring a sclution of {2) in non degassed THF at room temperature
under an argon atmosphere. Examination of the reaction mixture after 4.5 h showed that
compounds {3) and (5) were indeed formed in 20% and 23% yields respectively-". The [4-4] dimer

(63

was also isolated in 8% yield along with aminonitrite {1) (20%}. After 15 h at room
temperature the starting anion (2) and lactam (3) were totally consumed and compound (5) was
obtained in 28% yield. Secondary products were {6) (5%} and the cyanoenamine (7) (18%)
(presumably formed by gradual deprotonation of the solvent and reprotonation of anion (2} at

the C-4 position 2}.

One could envisage as the first step in this reaction the condensation of anion (2} with oxygen
to produce the peroxide ion intermediate (10). However this process is spin forbiddens, and
does not account for the formation of the [4-4%] dimer (6). In view of the fact that O2 is an

excellent electron acceptor a more plausible mechanism {scheme 1) would involve an electron
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transfer from (2) to oxygen forming the radical (8} and superoxide ion. Reaction of (8) could
then occur either with anion (2) giving dimer (6) as previously described 3, or with a second
molecule of oxygen to give the peroxy radical intermediate (9}. Further reduction of [9) to

(10) also serves to propagate the chain.

Although the subsequent decomposition of (10) to lactam (3) can take place during extractive
work-up and/or purification7, it appeared praobable that the dimeric compound (5} was formed
via conjugate addition of anion (2) to a molecule of (3) produced by an in_situ reduction of
(10). Such an internal reduction could occur through formation of an oxetane type intermediate

{(11) which rearranges intramolecularly to (3) with elimination of isocyanate ion 9

] , | 0—0
Y \\ BN CN N CN N CN
LD A ‘;\ E
NG5 - 40° -') (8) <&
Iy Et Et Et
1) 2) 4o
! /0/ Y
b e (2) N
- + N_
5o () o
21 J Et ‘ Et
2}718 o, | o—o0 (1
NL-CN
(6)
-
(9)
(5) -2 (3) + NCO™
Scheme 1

In order to determine whether compound (5} could be formed in this manner a THF solution of
lactam {3} was added dropwise to a cooled solution of anion {2) (THF, -20°) and the resulting

mixture was stirred for 30 min. From this experiment dimer (5) was isolated in 71% yield along

with compound (6) (10%}.

Two features concerning this result are particularly striking : i) this is the first example of a
1,4-addition of an ambident aminonitrile anion to an enone system involving attack at the
y-position of the aminonitrile componentm. The corresponding reaction with cyclohexenone

occurs uniquely at the a-position of (2) giving compound [12)2 {70%). ii) the concomitant
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formation of the [-%1dimer (6) is a good indication that the radical species (8} was generated

at some peint in the reaction pathway.

From this latter observation it is compelling to suggest that the difference in regiochemistries in
the reactions leading to (5) and (12) may be the conseguence of an electron transfer process in
which an electron is transferred from (2} to (3} producing the radical (8) which then
undergoes conjugate addition to the radical anion of lactam (3} giving the enclate anion

corresponding to (5).

An alternative explanation is that of the amide enolate ion derived from bond formation to the
%-position of (2} dissociates giving a radical + radical anion pair which recombines to give

compound (5), Such a rearrangement of aminonitrile radicals has previously been proposed 3
Unfortunately, at present we do not have any firm physical evidence which would confirm one

or either of these mechanisms.
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