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When an electrophile (Hþ or an alkyl halide) was added to a
mixture of 1-aryl-2-aza-1,3-butadiene and allyl Grignard re-
agent, selective assembly of the azadiene, nucleophiles, and an
electrophile took place to give �,�0-diallylated amine in one pot.

Imines play a pivotal role in the synthesis of organic com-
pounds containing nitrogen.1 Eq 1 in Scheme 1 shows their
standard utility, involving deprotonation followed by the reac-
tion with an electrophile (Elþ) and then with a nucleophile
(Nu�) to give product 1.2 Herein, we report an alternative and
anomalous case where the order of the addition of Elþ and
Nu� could be reversed, still giving the same product 1, as formu-
lated in eq 2. The latter phenomenon involves a selective assem-
bly of two nucleophiles and an electrophile in one pot, and led us
to develop a new multi-component coupling process based on
azadienes.

During the course of our study on nitrogen heterocycles, we
needed to prepare piperidine derivative 5. However, in our
hands, attempted reactions of imine 2 with LDA (to generate
lithium enamide 32), bis-allylic chloride 4, and allyl Grignard re-
agent under various reaction conditions according to the stand-
ard protocol shown in eq 1 did not give the desired product 5,
but gave a mixture of messy products (path a in Scheme 2).3

Contrary to this unsuccessful outcome, when we happened to
add bis-allylic chloride 4 to a pre-formed mixture of lithium
enamide 3 and allyl Grignard reagent, the desired product 5
was obtained in good yield (path b, hence, eq 2 in Scheme 1).
It should be emphasized that the success of path b was not a pri-
ori expected, because the feasible random reactions between two
kinds of nucleophiles and an electrophile in the same reaction
vessel most likely block the controlled assembly of 3, 4, and
the Grignard reagent. The electrophile is not limited to dichlo-
ride 4, but also is valid for simple ones such as allyl bromide
(1.2 equiv.), MeI (5 equiv. for dimethylation), or even Dþ

(excess D2O) affording the desired products 6 (80%), 7 (48%),
or 8 (74%)4 (Chart 1). Thus, these reactions proved to be a
dependable (and, in certain cases, indispensable) modification
to the standard transformation illustrated in eq 1.

The selective assembly of metal enamide and allyl Grignard
reagent triggered by an electrophile disclosed above brought us
a step closer to developing a new multi-component coupling
process based on azadienes. When an electrophile was added
to a mixture of azadiene 95 and allyl Grignard reagent, double
allylation of 9 together with the uptake of the electrophile took
place to give product 11 in one pot (Scheme 3). The reaction
apparently consists of the first Grignard addition to the imine
portion of 9 (� position) to generate magnesium enamide 10,6

followed by the second allylation at the �0 position initiated
by the addition of an electrophile as precedented by path b in
Scheme 2. This type of double alkylation of azadienes 9 has
not been reported.7 Table 18 shows that a variety of azadienes
12–17 are good substrates for this reaction to give desired prod-
ucts 18–23 after protonation or deuteration (Entries 1–6). The
heteroaromatic portion in 22 and 23 may be useful for further
synthetic manipulation including the conversion to an aliphatic
carbon framework.9 More importantly, the double �- and �0-
allylation of azadiene 12 induced by an alkyl halide gave prod-
ucts 24–26 (Entries 7–9), achieving a four-component coupling
reaction that is otherwise difficult to execute.

Synthetic utility of two allyl groups simultaneously intro-
duced by the above transformation was demonstrated as follows.
The ring-closing metathesis (RCM) of 27 derived 18 (Table 1,
Entry 1) under ruthenium catalysis10 readily furnished seven-
membered aza-cycle 28 (or 29 after deprotection) as shown
in eq 3.11
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Scheme 1. Formulation of synthetic reactions of imines.
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In conclusion, a one-pot four-component coupling process
based on a novel double �- and �0-allylation of azadienes with
concomitant incorporation of an electrophile has been achieved.
The success of this process is based on the anomalous coupling
of metal enamides and allyl Grignard reagent triggered by an
electrophile.
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Table 1. Results of electrophile-triggered double allylation of
azadienes according to Scheme 3
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aDiastereomeric ratio of the products falls within a range of
50:50–67:33. Stereochemical assignments for major and minor
isomers have not yet been done. bIsolated yields. cD2Owas used.
dH2O was used.
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Scheme 3. Double allylation of azadienes 9.
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