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Development of Dpa-based imidazole zinc anion receptors
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Abstract—A synthetic route for a new, phenolic Dpa-based aza ligand is presented and its chelation with zinc ions and imidazole
were studied using UV/vis and mass spectrometry. A bathochromic shift of 30 nm was observed for the 2*Zn complex of the ligand
in UV/vis zinc titration experiments. The mass spectrum indicated formation of an imidazole anion zinc chelate complex.
� 2006 Published by Elsevier Ltd.
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Di-(2-picolyl)amines (Dpa) 1 are well-known tridentate
ligands capable of donating three electron pairs to a cat-
ionic metal centre. The Dpa geometry and its conforma-
tional flexibility gives this ligand a strong affinity for
biologically interesting Zn2+ and Cu2+ ions, while the
tridentate amine-metal chelation still leaves anionic
coordination places free for counter ions. It has been
recently demonstrated that bimetallic phenol-bridged
double Dpa chelates can function in molecular recogni-
tion of anionic species, for example, phosphate,1 pyro-
phosphate2 or phospholipid3 anions.

During our research on sequence directed protein recog-
nition, we required access to new chromophoric ligand
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Scheme 1. Reagents and conditions: (a) MeI, K2CO3, acetone, reflux, 72
�78 �C! rt, 3 h, 89%; (d) Dpa, K2CO3, DMF, rt, 51%; (e) NaOH, p-amin
structures that can bind two zinc ions to form a receptor
for imidazole anion coordination. Herein we report the
synthesis of a new Dpa aza chelate and demonstrate the
formation of a coordination complex with zinc ions and
imidazole as evidenced by mass spectrometry.

The synthesis of 7 is illustrated in Scheme 1. Phenol 2
was etherified with methyl iodide and product 34 was
then brominated under Wohl–Ziegler conditions.5,6

Demethylation of 4 with boron tribromide afforded 5.7
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h, 88%; (b) NBS, AIBN, CCl4, reflux, 2 h, 43%; (c) BBr3, CH2Cl2,
obenzoic acid, HCl, NaNO2, 0 �C, 34%.
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Figure 1. UV/vis spectra of the titration measurements. (a) Titration of the zinc acetate to chelate 7 solution (0.1 lM solution in MeOH). (b)
Titration of the imidazole to 2Zn-chelate 7-complex (0.1 lM solution in MeOH). In both cases titration was performed in 0.1 equiv steps from 0 to
1 equiv.
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Substitution of the bromines with Dpa under basic
conditions gave 6 in 51% yield after chromatographic
purification.8 Due to the strong chelation tendency of
the Dpa substituted molecules their chromatographic
purification was tedious leading to modest yields. To
conclude the synthesis of 7, para-amino benzoic acid
was first treated with hydrochloric acid and sodium ni-
trite to convert the amino group to a diazonium func-
tion, which was then reacted with phenol 6 in water
under basic conditions to give the target 7.9 Compound
7 was obtained in its zwitterionic form and purified with
reverse-phase chromatography.

The ability of compound 7 to chelate zinc ions and fur-
ther, an imidazole, was monitored by UV/vis spectro-
scopy. The UV/vis spectrum showed that the
absorption wavelength shifted 30 nm from 367 nm to
397 nm when zinc ions were chelated with the ligand 7
(Fig. 1a). Subsequent zinc chelate titration with imidaz-
ole caused only some lowering of the absorbance
(Fig. 1b). The UV/vis titration measurements indicated
that 7 strongly chelates zinc ions, but zinc complex
Figure 2. The 1H NMR titration curve of 2*Zn(NO3)2 chelate 7

titrated against imidazole in CD3OD (�). The monitored dH-value
belongs to the imidazole proton H2. The calculated curve
D[d(7+2Zn+Im) � d(Im)]H2 shows the difference between chelated
and free imidazole (7.67 ppm).
coordination with imidazole was only moderately
visible.

Because the imidazole UV/vis titration experiments did
not give explicit data on complexation phenomenon,
the 2Zn-chelate 7 was additionally titrated against imid-
azole whilst monitoring the imidazole H2 chemical shift
in the 1H NMR (Fig. 2). The 2Zn 7 chelate caused a 1.24
downfield shift compared to free imidazole. The shift
was constant up to 2 equiv of imidazole, which implies
that imidazoles are strongly complexed. A distinctive
feature was that upon titration continual precipitation
was observed in the range of 1.0–2.0 equiv of imidazole
addition. This suggests salt formation with the acid
group and, on the other hand, implies that imidazole
is first complexed with 2Zn ligand. Dapporto et al.
earlier reported a 1H NMR imidazole the 2Zn chelate
complexation study for a phenolic amine ligand.10 The
observed imidazole H2 downfield shift was 0.7 ppm for
1:1 imidazole ligand systems (2Zn) measured in
CD3OD.

The positive ionisation electrospray mass spectrum of
the UV/vis sample shows that an imidazole anion-zinc-
chelate 7-complex (Im�•2Zn•7-complex) was formed
(Fig. 3). The observed mass pattern of 881, 883 and
885 is characteristic for double zinc chelate isotopes.
The main peak (883) fits perfectly for the combined mass
of the Im�•2Zn•7Na+ cluster. It is also worth noting
that unchelated and zinc chelated ions were not de-
tected. The mass peak at 951 most likely arises from a
molecular cluster involving acid salt formation with a
second imidazole (Im�•2Zn•7•Im•Na+).

In conclusion, a rapid synthesis of the di-Dpa phenol
ligand 7 has been achieved. Ligand 7 forms a strong zinc
chelate, capable of significant imidazole binding as mea-
sured by UV/vis spectroscopy and mass spectrometry.
The synthesis and development of improved chromo-
and fluorophoric Dpa chelates as well as dynamic
NMR and molecular modelling studies of the complexes
are currently underway.
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Figure 3. The mass spectrum of the Im•2Zn•7-complex.
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