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A straightforward synthesis of a variety of 1,4-bis-benzylpiperazines from benzyl halides and 2-bromo-
ethylamine hydrobromide is described.

� 2010 Elsevier Ltd. All rights reserved.
During the course of an investigation requiring a variety of ben-
zyl aziridines, we sought to generate these compounds through the
reduction of N-(2-haloalkyl) imines as described by De Kimpe and
De Smaele.1 However, this method proved problematic in our
hands and typically led to overreduced product mixtures that were
difficult to purify. In an effort to overcome these difficulties, we at-
tempted to form the desired benzyl aziridines 3 via the reaction of
benzyl bromides 2 with 2-bromoethylamine hydrobromide 1 fol-
lowed by an intramolecular ring closure under basic conditions.
However, while the desired aziridines were formed as observed
by GC/MS analysis, the major product isolated was symmetrical
bis-benzyl piperazine dimers 4 (Scheme 1).

The importance of N,N-dibenzylpiperazines has been well doc-
umented in the literature. For example, 1,4-dibenzylpiperazines
ll rights reserved.
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of the type 5 have been reported to show high affinity for r-1
receptors, thus acting as a competitive ligand versus cocaine and
attenuating cocaine-induced convulsions. Among the derivatives
studied by Coop and co-workers (Fig. 1), the 3-chloro- and 3-meth-
oxy-analogs have shown the most promise in attenuating
cocaine-induced convulsions in mice.2 More recently, a variety of
1,4-dibenzylpiperazines have been observed to inhibit the growth
of colon tumors in mice.3

This novel dimerization reaction is believed to occur through a
simple bimolecular nucleophilic substitution reaction. The 2-bro-
moethylamine was generated in situ by converting the free base
from the corresponding hydrobromide salt 1 with triethylamine.
To this cloudy solution, the benzyl bromide 2 was added and the
solution was allowed to stir at room temperature for one week.
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Compound X Y Z Yield (%)

4a H H H 74
4b Br H H 83
4c CN H H 80
4d H H Cl 38
4e H CF3 H 81
4f Br H OCH3 66
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Figure 1.
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By monitoring aliquots of the reaction over time by GC/MS, initial
formation of the aziridine was observed. With continued reaction
time, the aziridine intermediate 3 was converted to the observed
benzyl piperazine product 4 quite cleanly.

In order to test the versatility of our method, five mono-substi-
tuted (including ortho, meta and para) benzyl bromides were stud-
ied, as well as one disubstituted example. In all cases, initial
formation of the aziridine intermediate was observed, and the
piperazine products were formed in relatively good yields (Table
1). In most cases, the isolated piperazines were converted to their
HCl salts in order to purify them and were characterized in the salt
form or converted to the free base form prior to characterization.4

A major advantage to this method is the ability to rapidly and
cleanly prepare a wide variety of symmetrical 1,4-dibenzylpipera-
zines for biological screening studies from relatively abundant and
inexpensive starting materials. A survey of the literature revealed
that only one method of forming the symmetrically substituted
1,4-dibenzyl-piperazines has been reported; that of Yamaguchi
and co-workers in 2009 in which N-benzylethanol-amines were
coupled via a Cp*Ir complex-catalyzed reaction.5

The inverse addition of substituted benzyl bromides to 2-bro-
moethylamine produces substituted 1,4-dibenzylpiperazines in
moderate to good yields when left to react over one week. This
clean dimerization reaction of aziridines as characterized through
GC/MS studies constitutes a new and straightforward synthetic
method for the preparation of these compounds. Future work will
include kinetic studies regarding the conversion of 3 to 4 and stud-
ies to better understand the conditions necessary to isolate the
benzyl aziridine intermediates prior to subsequent dimerization.
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