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Synthesis and Cation Binding Properties of a New Bipyrazolic Tripodal Ligands
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Nitrogenous systems have attracted more attention in these 
last years due to their interesting properties in coordination 
chemistry.1,2 This aptitude is mainly owed to the presence of 
sp2 hybrid nitrogen donors3-6 with the involvement in some 
cases, of other sites donors as oxygen and sulphur atoms.7,8 
Moreover, polydentate pyrazolic receptors are well known 
for their ability to complex not only alkali cations9-13 but also 
to form stable complexes with transition metal ions.14-17 
These complexes are so stable that it is often difficult to 
obtain the free macrocycles from them.

In our recent work, a series of acyclic pyrazole com
pounds containing one, two, three or four pyrazole rings 
were prepared and demonstrated to extract only transition 
metal cations18-23 whereas macrocyclic pyrazolic compounds 
are expected to also form stable complexes with alkali 
metals.24-26

In this paper we describe the synthesis of a new bipyra- 
zolic tripods (Fig. 1) containing a mobile chain attached to 
the nitrogen with or without a donor heteroatom and we 
study their binding ability towards alkali and transition metal 
ions.

Results and Discussion

The route that we used to prepare the target ligands 5-8 is 
shown in Scheme 1. The development of these structures 
pass first through the preparation in two steps of the 
precursor N-(2-p-toluenesulfonylethyl)-3,5-dimethylpyrazole 
4 that possesses a good leaving group, as described in the

Figure 1. Structures of synthesized bipyrazolic tripods.

literature.27 The condensation of the resulting compound 4 
with a series of n-aminoalkanols (n = 2, 3 and 5) in the 
presence of an excess of anhydrous sodium carbonate, dur
ing 4 days under refluxing acetonitrile afforded the expected 
tripods with a good yield. Compound 5 was already reported 
under another way and after 2 weeks of reaction.28

In order to verify the possible effect of the donor hetero
atom in the end of the flexible side chain on the cations 
binding, we have prepared another new tripodal compound 8 
without a donor atom in a side arm. This last new compound 
was obtained using a modified literature method29 owing to 
the condensation of 4 with butyl amine in presence of 
sodium hydroxide as a base.

Structures of all compounds were determined on the basis 
of the corresponding analytical and spectroscopic data.

Liquid-liquid extraction of individu지 cations. Liquid
liquid extraction was used as process to evaluate the relative 
complexing capabilities of synthesized tripods towards 
bivalent metal ions (Hg2+, Cd2+, Pb2+, Cu2+ and Zn2+) and 
alkaline metal cations (K+, Na+ and Li+). Metal nitrates have 
been extracted into the organic layer by complex formation 
with tripodal receptors. The percentage limits of extraction 
have been determined by atomic absorption and the results 
are given in Table 1.

The results in Table 1 show that in analogy to our previous 
work18-26 in which acyclic pyrazoles extract only the transi
tion metal cations when the macrocyclic pyrazolic com
pounds are expected to form stable complexes both with 
transition and alkali metals, we demonstrate also here an 
affinity of these new acyclic tripods only with the transition 
metal cations, with no complexation being observed toward 
alkali cations.

The affinity of these hosts is especially high for mercury. 
This is not surprising if the high donor properties of nitrogen 
towards this metal are considered.

We also notice an affinity toward Cu2+ and a zero or a very 
weak affinity towards all others metals. We can thus suggest 
an important selectivity for these ligands towards mercury 
and copper.

Contrary to the literature in witch a donor atom in a side 
chain of a lariat ethers increases the binding ability of the 
macrocycles,30-32 the comparison between tripodal ligands 5- 
7 with a donor atom in a side chain and 8 without a donor
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Scheme 1

Table 1. Yields of extraction of various heavy and alkali metal ions

Hg2+ Cd2+ Pb2+ Cu2+ Zn2+ K+ Na+ Li+
5 26 7 5 30 0 0 0 0
6 25 4 8 20 0 0 0 0
7 27 7 9 22 0 0 0 0
8 28 0 4 17 0 0 0 0

heteroatom shows that there is practically no change in the 
percentage of complexation of Hg2+. Indeed, we can con-
clude here that the complexation of this cation 
the tripod nitrogen without contribution of a side

was 
arm.

due to

On the other hand, we notice an increase of complexation 
toward Cu2+ for the compound 5 with two carbons in a side 
chain, compared to the structures 6-8. This is probably due 
to the possible contribution of the oxygen in a side arm in the 
stability of the formed complex, forming thus a five
membered chelating ring which is part of several rings when 
the whole ligand is considered. It is well known33 that five
membered ring chelates are more stable than six-membered 
and four-membered ones. This stable chelates was observed 
with ZnCl2 and ligand 5 after being converted to its alkoxide 
derivative using NaH.28

In conclusion, metal cations and macrocyclic pyrazolic 
compounds are expected to form stable complexes both with 
transition and alkali metals, while the new acyclic tripod 
ligands reported here only form complexes with transition 
metal cations. They do not complex alkali metal cations at 
all. Moreover, we can suggest an important selectivity for 
these ligands towards mercury and copper.

Experiment지 Section

General procedure for the synthesis of 5-7. To a mixture 

of the tosylated product 4 (2 g, 6.80 x 10-3 mol) and 
anhydrous sodium carbonate (2.88 g, 27.21 x 10-3 mol) in 
acetonitrile (40 mL), was slowly added n-aminoalkanols (n 
=2, 3 and 5) (3.40 x 10-3 mol) in acetonitrile (10 mL). The 
mixture was, then, stirred under reflux for 4 days. After 
filtration and elimination of the solvent under reduced 
pressure, the obtained residue was purified on silica using 
the ternary mixture (Ethanol/Ether/CHzCE 5/47.5/47.5) as 
eluant to give a 60%, 63% and 73% yield of 5, 6 and 7 
respectively.

Synthesis of ligand 8. To a solution of sodium hydroxide 
(0.45 g, 1.25 x 10-3 mol) in distilled water (15 mL), was 
added butyl amine (0.24 g, 3.28 x 10-3 mol) then tosylated 
product 4 (1.94 g, 10.18 x 10-3 mol). The mixture was 
refluxed for 24 h. After cooling, the resulting solution was 
neutralized with acetic acid and extracted with chloroform. 
Then, the organic phase was dried on sodium sulfate and the 
solvent was removed under reduced pressure. The obtained 
residue was purified on silica using the ternary mixture 
(Ethanol/Ether/Hexane: 5/47.5/47.5) as eluant to give a 31% 
yield of 8.

Supporting information available. The detail of experi
mental procedures for the synthesis of the ligands and their 
analytical and spectroscopic data was available in supporting 
information (www.kcsnet.orkr/bkcs).
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