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Molecular Recognition of the Imidazole Residue by a Dicopper(n) Complex with a
Bisdien Macrocycle bearing Two Pendant Arms

Luigi Fabbrizzi,* Piersandro Pallavicini, Luisa Parodi, Angelo Perotti and Angelo Taglietti
Dipartimento di Chimica Generale, Universita di Pavia, I-27100 Pavia, Italy

The dicopper{il) macrocyclic complex 4 tightly binds the imidazolate ion in agueous solution at pH 9 and recognises
molecules containing an imidazole fragment, e.g. L-histidine, in the presence of any other amino acid.

Imidazole has a definite tendency to bridge two Cu™ ions with
the simultaneous extrusion of a proton. The imidazolate
dimetallic complex which forms is stabilised by an extended
electron delocalisation over the CulNCNCu®® framework and
its solution stability can be further enhanced by prepositioning
the two metal centres at the right distance through the
coordination by either a polyamine ring!-® or a cage.%10

For instance, in the system 1, two Cull ions, encircled by a
bisdien macrocycle, tightly bind a bridged imidazolate fragment
and, as each metal centre possesses a further coordination site,
they also bind two further imidazole molecules.!! We con-
sidered that a specific receptor for imidazole (and for any
molecule bearing an imidazole residue) could be designed by
taking advantage of this coordination of the imidazolate ion to
a pair of Cull ions. We chose to position the two metal centres
by using a bisdien ring containing p-xylyl spacers, which has a
shape and size similar to that of 1. Moreover, in order to avoid
the coordination of two more imidazole molecules, we
appended a 2-picolyl arm to the middle nitrogen atom of each
triamine moiety. Each pendant arm is expected to block the fifth
coordinative position of each Cull centre, preventing the
coordination of further imidazole fragments. The synthetic
pathway to the bisdien macrocycle bearing two pendant arms 3
is illustrated in Scheme 1.t

The coordinating behaviour of the octadentate ligand 3 in
aqueous solution was investigated through pH titration experi-
ments. In particular, least-squares treatment of titration data!3
showed that in an aqueous solution containing 1 equiv. of 3 and
2 equiv. of Cull, the dimetallic species begins to form at pH 6.5.
At pH 9, 100% of the copper(i) is present as a dinuclear
complex of 2.% Thus, an aqueous solution containing 1 equiv. of
3 and 2 equiv. of Cull was adjusted to pH 9 with morpholine—
HNO; buffer and was titrated with a standard solution of
imidazole. On titration, the original pale blue solution took on a
progressively more intense blue colour, whereas the absorption
band of the CulIN4 chromophore, centred at ca. 640 nm, shifted
at 690 and increased its intensity (¢ = 320 mol—! dm3 cm—").
An absorption band at around 700 nm and of similar intensity is
typically observed on formation of Cul'-imidazolate—Cul!
bridges.1>

The profile of the spectrophotometric titration (Fig. 1)
corresponds to the formation of a 1:1 receptor-imidazolate
adduct (5 in Scheme 1). Addition of even a large excess of the
titrating solution does not cause any increase of the absorbance
or alteration of the spectrum, indicating that further imidazole
molecules are not able to remove the 2-picolyl pendant arms
from their coordination sites and to modify the 1:1 stoichio-
metry. On least-squares treatment of the titration data,!? a
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binding constant of 4.7 + 0.1 log units was calculated for the
dimetallic complex—imidazolate adduct. Analogous titration
experiments were carried out with ambidentate anions display-
ing a special affinity towards a pair of prepositioned Cull ions
(N3—, NCO—, NCS—, HCO5™), but the corresponding binding
constants were distinctly lower than that observed for imidazo-
late (2.1 £0.1,3.2+£0.1,29 £ 0.1 and 2.9 £ 0.1, respectively).
Interestingly, the selective affinity of the dimetallic receptor 4 is
not restricted to the plain heterocycle, but can be extended to
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any molecule containing an imidazole residue. In particular, the
development of the band at 690 nm and similar titration profiles
were obtained in the same conditions with histamine (log K =
4.3 £ 0.1) and with L-histidine (log K = 5.5 £ 0.1). Binding of
histidine appeared especially relevant for its specific recogni-
tion among other amino acids, as shown by competition
experiments. In particular, addition of 1 equiv. of a representa-
tive aminoacid (L-glycine, L-proline, L-cysteine, L-valine, L-
arginine, L-serine or L-tryptophan) to a blue solution containing
1 equiv. of 4 and 1 equiv. of L-histidine caused a decrease of the
intensity of the band at 690 nm of less than 5%. This behaviour
is consistent with the lower binding tendencies towards the
dimetallic receptor 4 of the carboxylate group, the available
coordinating anion group of aminoacids. In fact, spectrophoto-
metric titration using acetate gave log K = 2.4 £ 0.1. A binding
constant of a similar value cannot ensure a serious competition
with the imidazolate residue at pH 9. Thus, the dicopper(1)
receptor 4 recognises L-histidine in aqueous solution in
presence of any other amino acid. The specificity derives from
the unique ability of the imidazole fragment to bridge a
prepositioned pair of Cu' cations, with the simultaneous release
of a proton. Histidine binding can be visually perceived even at
a 10—4 mol dm—3 level through the appearance of the blue
colour and can be quantitatively determined through a simple
spectrophotometric titration experiment.

It should be finally noted that the dicopper(i1) complexes with
the bistren cage 6 display an even stronger affinity than 4
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Fig. 1 Variation of the intensity of the band centred at 690 nm,
corresponding to the dicopper(i1) imidazolate system 5, during the titration
of 4 with imidazole, in an aqueous solution adjusted to pH 9
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towards imidazole. However, the incorporation of the imidaz-
olate fragment within the cage is remarkably slow, probably due
to steric effects, an undesirable feature for sensing purposes. For
instance, equilibration of a 1 equiv. of the dicopper(ir) cage
receptor with 1 equiv. of imidazole at pH 8 takes several hours.
On the other hand receptor 4, in view of its open and flexible
nature, guarantees instantaneous binding of the imidazole
residue.
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Footnotes

+ Compound 3 was prepared by treatment of the tetraimino macrocycle 212
with 2 equivalents of 2-picolyl chloride in toluene (90 °C) in the presence of
CsCOj; followed by reduction of the crude product with NaBH, in methanol,
and was purified as its hexaammonium salt (Found: C, 36.12, H, 4.58, N,
9.40%; C36HagNg-6HC1O, requires C, 36.17, H, 4.55, N, 9.37%). 'H NMR
(400 MHz, CDCl3;, 3 as free amine) 3 7.18 (8 H, s, phenyl H), 7.10 (8 H, m,
pyridine H), 3.75 (8 H, s, HNCH,-phenyl), 3.58 (4 H, s, NCH,-pyridine),
2.7 (16 H, m, NCH,CH,NH); IR vy, /cm—! 3301 (N--H), 3023, 3030 (C-H
of phenyl and pyridine rings), 1608 (C=C of phenyl rings), 1592, 1580 (C=C
and C=N of pyridine rings).

f At pH 9 the following species are present at the equilibrium: [Cull,L]4+,
15%; [CulL,L(OH))3+, 65%; [Cu',L(OH),]2*, 20%. Coordinated H,O and
OH~ have been omitted in formula 4. Structural formulae 4 and § in Scheme
1 have been sketched by taking inspiration from those obtained by
molecular modelling (using the AMBER program, within the HYPER-
CHEM package). Interestingly, a conformational arrangement similar to
that of formula 4 has been structurally characterized in the dicopper(i1)
complex of an octaaza macrocycle containing two ethereal pendant
arms.'4
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