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Abstract—A novel synthetic route has been developed for the preparation of 1-carboxymethyl-1,4,4-trimethylpiperazinium diiodide
and 4-carboxymethyl-1,1-dimethylpiperazinium iodide salts. These quaternary piperazinium acids have potential, for example, in
the development of novel water-soluble prodrugs or polymer derivatives.
� 2005 Elsevier Ltd. All rights reserved.
Quaternization reactions of piperazine by N-alkylation
have long been studied and reported methods typically
yield symmetrical and asymmetrical, mono- and diqua-
ternary products.1–5 Quaternary piperazinium moieties
are also known as part of larger molecules, for example,
drug molecules.6–10 The reported quaternary piperazi-
nium derivatives have been synthesized by first attaching
the secondary or tertiary piperazine moiety to a target
compound followed by quaternization with alkyl
halides. Unfortunately, this strategy often leads to
mixtures of products, especially when the parent mole-
cule has numerous functional groups, leading to the
need for laborious separation of mono- and diquater-
nary piperazinium salts and side products. Here, we
report a novel simple and selective method to synthesize
di- and trimethylpiperazinium salts containing a free
acid group. These molecules are potentially useful build-
ing blocks for pharmaceuticals, for example, in prodrug
technology, and also in the synthetic modification of
polymers with poor aqueous solubility.

Some quaternary piperazinium acids have been previ-
ously prepared.4,11 Dega-Szafran et al. alkylated 1,4-
dimethylpiperazine with ethyl chloroacetate, yielding
1-carboxymethyl-1,4-dimethylpiperazinium and 1,4-
di(carboxymethyl)-1,4-dimethylpiperazinium salts, after
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conversion of the esters into acid groups.11 Our aim
was to prepare a full range of piperazinium acids with
the quaternary nitrogen in alternative positions. Our
procedure produces both a monoquaternary derivative
3b with the carboxymethyl at position N-1 and also a
diquaternary derivative 3a with both possessing only
one carboxymethyl moiety after conversion of the ester
into acid (Scheme 1).

The synthesis was started from 1-(2-ethoxy-2-oxoethyl)-
4-methylpiperazine 1, prepared from 1-methylpiperazine
and ethyl bromoacetate,12 which was then treated with
MeI in dry acetonitrile.13 Diquaternary salt 2a was
obtained as a precipitate and monoquaternary salt 2b
remained in solution, both with 99% purity. When
4 equiv of MeI was used and the reaction carried out
for 48 h, the yields of 2a and 2b were 13% and 82%,
respectively, and with 10 equiv of MeI for 240 h, the
yields were 57% and 42%, respectively. Ethyl esters were
converted to acids by refluxing 2a and 2b in water.14,15

Relatively long reaction times were needed to hydrolyze
the ester under neutral conditions, which were necessary
since addition of acids or bases tended to cleave the
methyl group attached to N-1 from 2a. Two 96 h
periods of reflux in water removed approximately only
5% of this methyl. The end products were obtained as
pure white crystals. The compounds were characterized
with 1H, 13C and HSQC NMR spectra measured at
343 K, since at room temperature the methyl signals
were broad due to dynamic equilibrium on the NMR
time scale.16 Long-range 1H–13C HMBC NMR spectra

mailto:Jukka.Holappa@uku.fi


NN
O

O

N
+

N
+ O

O

NN
+ O

O

N
+

N
+ OH

O

NN
+ OH

O

I-I- I- I-

I- I-
1

2a, precipitates

2b

3a

3b

MeI, MeCN
r.t.

H2O, 100 oC  

H2O, 100 oC  

62%

51%

14

1 41 4

4 1

Scheme 1.

324 J. Holappa et al. / Tetrahedron Letters 47 (2006) 323–325
were measured to confirm the assignment of the methyl
signals in 3a and also to confirm that both methyl
groups of 3b were on the same nitrogen.

In conclusion, we have developed a novel and simple
method for the preparation of 1-carboxymethyl-1,4,4-
trimethylpiperazinium diiodide and 4-carboxymethyl-
1,1-dimethylpiperazinium iodide salts. Both mono- and
diquaternary products separated as pure compounds
during the synthetic procedure, requiring no subsequent
laborious purification. Yields from the quaternization
steps were almost quantitative, and the ratio 2a:2b can
be altered by changing the amount of MeI and the reac-
tion time.
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