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a b s t r a c t

Molecular design and efficient synthetic procedures have been developed for pyrazole and its derivatives
with different linkers. In particular, twelve compounds with –I or –NO2 substituted groups on the
pyrazole ring were synthesized for the first time. These compounds are characterized by element analy-
sis, IR, HNMR, M.P. and X-ray diffraction. In addition, some compounds and corresponding complexes
were also assayed in vitro for their ability to inhibit the growth of representative Gram-positive bacteria,
Gram-negative bacteria and the fungus. It was worthwhile to note that some compounds could be used as
potential antibacterial agents.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Pyrazole and its derivatives as a crucial family member of
N-heterocyclic ligands are used as pesticides and medicinal prepa-
rations because of their high biological activities [1–4]. In the mean
time, it is also found widespread applications in the fields of
supramolecular chemistry, crystal engineering, materials sciences,
sensors, biochemistry, catalysis etc. [5–12]. In the recent years,
with the further study of multidentate ligands, there is a growing
interest in molecular design of multi-pyrazole compounds and its
derivatives due to larger p-conjugated system, good planarity
and stable structure [13–17]. During the past two decades, some
complexes with multi-pyrazolyl compound as ligands have been
reported, for instance, [Zn(L2)(SCN)2] (L2 = 1,4-bis((3,5-dimethyl-
1H-pyrazol-1-yl)methyl)benzene), Co(bpz⁄eaT)(SCN)2 (bpz⁄eaT:
2,4-dimethyl-1H-pyrazol-1-yl)-6-diethylamino-1,3,5-triazine),
[Ag2(Lp)1.5(NO3)](NO3) [Cu2(l-Lp)(H2O)6](SiF6)2�(H2O)4 Ag(l-Lp)
NO3 (Lp = p-[CH(pz)2]2C6H4), Hg(TpzT)(SCN)2�H2O (TPzT: 2,4,
6-tri(pyrazole-1-yl)-1,3,5-triazine), etc. [18–22]. Most of the
complexes were reported about their characteristics, including
spectrum, structures, thermal properties, luminescent properties

and synthesis. However, there are few investigations about biolog-
ical activity for the complexes with multi-pyrazole and its deriva-
tives as ligands. Obviously, it became a hot issue that efficiently
synthesizing of multi-pyrazole and its derivatives compounds for
exploring the application of the complexes in the field of
biochemistry.

Here, we have synthesized firstly twelve multi-pyrazolyl com-
pounds with –I or –NO2 substituted groups and explored a series
of optimization synthetic procedures for preparing multi-pyrazolyl
compounds by the reaction of pyrazole and its derivatives with dif-
ferent linkers in two kinds of solvents: dimethylsulfoxide (DMSO)-
potassium hydroxide (KOH) and tetrahydrofuran (THF). Compared
with traditional procedures [23–30], we have achieved the goals of
maximizing reaction efficiency and minimizing chemical wastes.
We have developed four types synthetic system, including multi-
pyrazolyl compounds (scheme 1): alkane–pyrazole derivatives,
benzene–dipyrazole derivatives and benzene–tetrapyrazole
derivatives in the superbasic DMSO-KOH medium; triazine–pyra-
zole derivatives in the THF. In addition, in long time for exploring
synthetic procedures, we found that steric hindrance, substituted
groups and the condition of the reaction play a vital role in the tar-
gets of separating high yield and purity compounds. At the same
time, some new compounds and the complexes reported by our
group are assayed in vitro for their biological activity and some
of them exhibit excellent ability of antibacterial activity.
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2. Results and discussion

2.1. Synthesis

We began to explore the optimum synthetic route of
alkane–pyrazole derivatives by controlling the reaction of pyrazole
(Scheme 2), 1,1,2,2-tetrabromoethane (TBE) and potassium
hydroxide (KOH) in 4:1:4 molar ratios and prolonging deprotona-
tion reaction time in the mixed system of pyrazole and KOH in
dimethylsulfoxide (DMSO) at 80 �C. That is the solution of TBE in
DMSO was added dropwise into mixed solution and stirred contin-
uously for 5 h. Through a series of follow-up treatments, the target
product 1a was obtained in 71.4%, which was much higher yield
and low side reactions with TBE than that reported in literature
[24]. To obtain high yield and reduce reaction time of compound
1c, we attempted to choose 4-iodo-1H-pyrazole as nucleophile to
replace starting material ‘‘1a’’ in the literature [23] to synthesize
‘‘1c’’, and the synthetic condition was similar to that of compound
1a, the result found that we have obtained successfully target
product 1c and achieved expected yield.

In addition, we have also studied the optimum synthetic
method of benzene–dipyrazole derivatives and corresponding
complexes [31] (Scheme 3). That is the mixture of pyrazole (or
its derivatives) and KOH in DMSO was vigorous stirred for making
pyrazole complete deprotonation and then reacted with the solu-
tion of 1,4-bis(bromomethyl)benzene in DMSO. After a series of
following steps, we obtained compounds 2a and 2b. It was
considered that 1H-pyrazole occurs readily iodination (nitration)
substituted reaction on the C4 atom and coordination modes of

the compounds would be varied via introduction of different sub-
stituents onto the pyrazole rings, we choose pyrazole derivatives
with iodination or nitration group as nucleophile and synthesized
successfully four new compounds 2c-2f with –I and NO2 groups by
the similar synthetic method of the compounds 2a-2b.

The facile methods of synthesizing benzene–tetrapyrazole
derivatives were shown in Scheme 4. The optimization route ideol-
ogy was similar to that of alkane–pyrazole derivatives: that is con-
trolling primary materials molar ratio and prolonging completely
deprotonation reaction time. We obtained higher yields and the
products, which were readily isolated by dilution with water and
filtration. The additional advantages was avoiding the use of toxic
phosgene in the traditional route, shortening the reaction time of
pyrazole with 1,4-bis(dibromomethyl)benzene and the procedure
was more benign from the ecological viewpoint. In addition, we
also chosen pyrazole derivatives with –I and NO2 groups as nucle-
ophile to synthesize successfully a series of new compounds 3c–3f.
Through a lot of experimental results, we found that substituted
groups and steric hindrance from different substituted groups on
the pyrazole ring play a vital role in synthesizing benzene–dipyra-
zole/tetrapyrazole derivatives. So, synthesizing of the correspond-
ing compounds with CH3 group on the pyrazole ring would be
more difficult than the other compounds and need more time. In
addition, it needed more time to synthesize benzene–tetrapyrazole
derivatives compounds due to the increasing number of pyrazole
and its derivatives.

In order to further investigate synthetic method and explore
new compounds, we have also studied the synthetic procedures
of 1,3,5-triazine–pyrazole derivatives. The triazine–pyrazole
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Scheme 1. Four kinds of pyrazole and its derivatives: (a) alkane–pyrazole derivatives; (b) benzene–dipyrazole derivatives; (c) benzene–tetrapyrazole derivatives; (d)
triazine–pyrazole derivatives.
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