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Abstract A mild and metal-free regioselective 1,2-addition of carbon
nucleophiles to α,β-unsaturated imines has been developed. Good
yields and total regioselectivities were achieved by addition of p-nitro-
benzyl chloride or 2,3-bis(bromomethyl)quinoxaline to α,β-unsaturated
tosylimines.

Key words α,β-unsaturated tosylimines, regioselectivity, TDAE, addi-
tion, metal-free

Allylic amines represent an important structural motif
in organic synthesis because of their high versatility in a
wide range of organic transformations including asymmet-
ric total syntheses.1 Furthermore, allylic amine functional-
ity is found in biologically active compounds.2 Of the differ-
ent methods available to construct the allylamine scaffold,
adding organometallic reagents to α,β-unsaturated imines
is one of the most commonly used. When a nucleophile is
added to α,β-unsaturated tosylimines, it can lead to 1,2-ad-
dition or 1,4-addition. This is influenced by several factors,
such as the nature of both organometallic species and sub-
strates. As a general rule, organolithiums are by far the
most popular reagents to promote 1,2-addition, whereas
organocuprates predominantly promote conjugate addi-
tion.

Tetrakis(dimethylamino)ethylene (TDAE) is an organic
reducing agent, that reacts with halogenated derivatives to
generate a carbanion under mild conditions.3 In particular,
we have shown that from o- and p-nitrobenzyl chlorides,
TDAE is able to generate a nitrobenzyl carbanion that can
react with various electrophiles such as aromatic alde-
hydes, α-ketoester, ketomalonate, α-ketolactam, and imine
derivatives.4

In this study we wished to determine how the carban-
ion generated by our metal-free conditions would react in
the presence of α,β-unsaturated imines. As part of our re-
search program to develop new bioactive compounds,5 we
report herein the application of our TDAE methodology for
the regioselective 1,2-addition of p-nitrobenzyl chloride
(1) or 2,3-bis(bromomethyl)quinoxaline (4) to a variety of
α,β-unsaturated tosylimines 2.

The reaction between p-nitrobenzyl chloride (1) and
various α,β-unsaturated N-tosylimines 2a–f in the presence
of TDAE at –20 °C for one hour, followed by two hours at
room temperature, led to the corresponding allylamines6 in
good yields (51–81%) and with total 1,2-regioselectivity
(Scheme 1). Reactions with both electron-poor and elec-
tron-rich imines produced good yields and complete regio-
selectivities. Interestingly, the heteroaromatic imine 2e al-
lowed the formation of the corresponding amine 3e in good
yield. Moreover, the more bulky β-disubstituted imine 2f
gave only the product of 1,2-addition 3f in 69% yield.

The structure of amine 3a, the only regioisomer formed
by reaction of p-nitrobenzyl chloride (1) with imine 2a, was
determined by X-ray crystal structure analysis (Figure 1).7

Figure 1  X-ray crystal structure of 3a
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2016, 27, 301–303
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Since 2003, we have introduced a new program directed
toward the development of original synthetic methods us-
ing TDAE methodology in medicinal chemistry.8 In this con-
text, we recently described the synthesis of quinoxaline de-
rivatives which could offer very interesting biological prop-
erties.9 Thus, we describe herein the metal-free synthesis of
five new substituted pyrido[3,4-b]quinoxalines using TDAE
in the presence of 2,3-bis(bromomethyl)quinoxaline (4)
and various α,β-unsaturated N-tosylimines 2 (Scheme 2).

Both electron-poor and electron-rich imines produced
good yields and complete regioselectivities. Interestingly,
the reaction conditions are tolerant with the formation of
amine 5e from heteroaromatic imine 2e. Moreover, the
more bulky β-disubstituted imine 2f gave only the product
of 1,2-addition 5f in 44% yield. The mechanism could in-
volve nucleophilic addition of carbanion formed by the ac-
tion of TDAE with 2,3-bis(bromomethyl)quinoxaline on the
imine group of sulfonimine 2 followed by an intramolecular
nucleophilic substitution of the second bromomethyl
group.9b

In conclusion, the regioselective addition of p-nitroben-
zyl chloride (1) or 2,3-bis(bromomethyl)quinoxaline (4) to
α,β-unsaturated tosylimines using the TDAE strategy al-
lowed the synthesis of allylamines in good yields and com-
plete 1,2-regioselectivity. The tolerance of nitro groups and
heteroaromatic nucleophiles such as quinoxaline deriva-
tives suggests that this method is a good alternative to the
use of organometallic reagents to prepare allylic amines.
Further research is in progress to extend the scope to
an asymmetric version using enantiopure α,β-unsaturated
N-sulfinimines.
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Scheme 1  Regioselective 1,2-addition of p-nitrobenzyl chloride (1) to 
α,β-unsaturated tosylimines 2 using the TDAE strategy. Reagents and 
conditions: 1 (0.2 mmol), 2 (0.24 mmol), and TDAE (0.2 mmol) in anhy-
drous DMF stirred at –20 °C for 1 h and then maintained at r.t. for 2 h; 
yields are isolated yields after purification by chromatography.
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Scheme 2  Regioselective 1,2-addition of 2,3-bis(bromomethyl)qui-
noxaline (4) to α,β-unsaturated tosylimines 2 using the TDAE strategy. 
Reagents and conditions: 1 (0.2 mmol), 2 (0.24 mmol), and TDAE (0.2 
mmol) in anhydrous DMF stirred at –20 °C for 1 h and then maintained 
at r.t. for 2 h; yields are isolated yields after purification by chromatogra-
phy.
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