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Abstract

A novel mixed-ligand zinc(IT) complex with iminodiacetato(2-) (IDA) and adenine (AdeH) ligands has been obtained. Its crystal
consists of octahedral molecules [Zn(IDA)(AdeH)(H,0),] where the selective Zn—-N9(AdeH) bond, involving the most basic
N(AdeH) donor atom, occupies the trans position versus the Zn—-N(IDA) bond. The Zn(I1)-N9(AdeH) binding mode seems to be
rare enough in comparison to those previously reported for Zn(II) and AdeH or a variety of related ligands. The chelate-nucleobase
recognition process is further accomplished by an O-H(aqua)- - -N3(adenine) inter-ligand H-bonding interaction, without any intra-
molecular IDA-nucleobase interaction. This finding is attributed to the polarizing effect of Zn(II) on the aqua ligand and the
possibilities of AdeH acting as N-donor for the metal(Il) atom and H-acceptor for an intra-molecular inter-ligand H-bonding
interaction. There are no aromatic =, n-stacking contributions in the 3D H-bonded network, where all polar N-H (IDA or AdeH)
and O-H (aqua) bonds are involved as donors in H-bonding interactions, which include AdeH:AdeH and IDA:AdeH pairing by

double inter-molecular bridges.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

A new look on mixed-ligand metal complexes con-
siders the reaction of a metal chelate and a nucleobase as
a source of valuable information of molecular recogni-
tion processes, which should be discussed also regarding
inter-ligand interactions [1,2]. In this context, non-
substituted adenine (AdeH) has proved to be a very
versatile ligand. In a recent report we have proved that
the AdeH—copper(Il) coordination by N7, N3 or p-N3,
N7 (as a bridge) to Cu-(N-substituted-iminodiacetato)
chelates (N-R-IDA =R-N(CH,CO3),, where R is an
alkyl, benzyl or phenethyl, respectively) is clearly influ-
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enced by the nature of the non coordinating N-R-arm in
the chelating ligand [1a,1b]. In addition, we have found
that the N-benzyl-IDA-Cu(Il) chelate is able to dis-
criminate the nucleobase as free AdeH or as the com-
plementary base pair adenine:thymine [1e]. Most of these
ternary complexes have one intra-molecular inter-ligand
H-bonding interaction reinforcing the appropriate
Cu-N(AdeH) coordination bond. These researches re-
quire a large and deep work oriented to the development
of metal chelates able to display a significant regio-
specificity or selectivity for nucleic acids or its constitu-
ents, as metal-chelate targets [2]. Curiously, until now, all
attempts to solve the structure of a ternary Cu-(non-
substituted IDA)-AdeH complex have failed. Now we
have succeeded in preparing a ternary complex of Zn(II),
IDA and AdeH, which has been studied by thermal sta-
bility, FT-IR spectroscopy and X-ray crystallography.
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Scheme 1.

These structural results are discussed in terms of possi-
bilities of developing inter-ligand interactions in the
molecular recognition process between the Zn(IDA)
chelate and AdeH (see Scheme 1).

2. Results and discussion

The new compound was prepared by reaction of
Zn;CO3(0OH),, H,IDA and AdeH, in water, using
stoichiometric amounts (for 1 mmol of H,IDA and
70 ml of water). The reaction between the metal salt and
H,IDA was initiated by heating (~40 °C), stirring and
vacuum (1 h) followed by stirring and heating until
obtaining a solution. After cooling, AdeH was added
and the mixture was stirred for 4 h. The colourless so-
lution obtained by filtration (without vacuum) was left
to evaporate slowly and the collected product was twice
re-crystallised from a water—ethanol mixture to obtain
high quality crystals for X-ray diffraction purposes.

HI2WA)

Crystal data for [Zn(IDA)(AdeH)(H,0);]: CoH4NgOg
Zn, formula weight 367.63; triclinic system, space group
P-1; a =6.367(1) A, b=7211(1) A, ¢ =14.377(1) A,
o= 280.17(1)°, p=81.65(1)°, y=7741(1)°, Z=2; T =
100(2) K, solved and refined by direct methods (on F?)
from 2834 reflections for 223 parameters to final
R1[I > 20(I)] = 0.023, wR2 = 0.055 and GOF =1.063
agreement factors. Hydrogen atoms were included in
geometrically idealized positions employing appropriate
riding models with isotropic displacement parameters
constrained to 1.2U(eq) of their carrier atoms.

The new compound exhibits a rather typical octahe-
dral zinc(Il) coordination, with a fac-tridentate IDA
conformation, two cis-aqua ligands and the most basic
N9(AdeH) donor in the trans-site to the Zn-N(IDA)
bond (Fig. 1 and Table 1). Metal-N9(AdeH) bond for-
mation is largely supported from a structural point of
view, as could be found in a CSD search for nearly 30
compounds. That is in agreement of the relative basicity

Table 1
Hydrogen bonding interaction involving, as donors, all O-H and N-H
bonds in the 3D framework of [Zn(IDA)(AdeH)(H,0),]

H-bonding interactions d(D---A) (A)  Z(D-H---A) (°)
O(1W)-H(1WA)- - -O(14a) 2.761(2) 173(3)
N(7)-H(7)- - -O(19b) 2.841(2) 160(2)
OQW)-H(2WA)- - -N(3) 2.756(2) 156(3)
O(2W)-HQ2WB). - -O(15¢) 2.704(2) 164(3)
O(1W)-H(1WB)- - -0(19d) 2.791(2) 161(2)
N(11)-H(11)- --O(15a) 2.996(2) 155(2)
N(6)-H(6B)- - -O(1We) 3.047(2) 163
N(6)-H(6A)- - -N(1f) 2.941(2) 172

Symmetry codes: a=x+1,y,z; b=—x+1,—y,—z;, ¢ = —x,—y,
—z+ld=x,y+1l,z;e=—x+1,—y+1,—z f=—x,—y+2,—=z

Fig. 1. Molecular structure of [Zn(IDA)(AdeH)(H,0),] showing the intra-molecular inter-ligand O(2W)-H(2WA)-. - -N(3) interaction (dashed line)
reinforcing the Zn-N(9)(AdeH) coordination. Ellipsoids are shown at 50% probability level. Bond lengths: Zn-N(9) 2.083(2), Zn-O(18) 2.112(2), Zn~
O(14) 2.125(2), Zn-O(1W) 2.138(2), Zn-N(11) 2.167(2) and Zn-O(2W) 2.186(2) A. Trans-angles: O(18)-Zn-O(2W) 176.9(1), N(9)-Zn-N(11)

164.5(1) and O(14)-Zn-O(1W) 163.4(1)°.
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of the N-rich AdeH nucleobase (N9 > N1 > N7 >N3 >
No6-exocyclic) [2].

However, the formation of the Zn-N9 bond seems to
be rare enough and unexpected for two main reasons.
First, the chelated IDA can only acts as H-acceptor for a
possible intra-molecular inter-ligand interaction of the
type AdeH(donor)- - -O(carboxylate-IDA acceptor), as
indeed was repeatedly observed for various Cu-(IDA-
like)-AdeH derivatives (which also frequently have one
apical aqua ligand) [1]. These later interactions could be
achieved using N7 or N3 donors and, in addition, one
N6-H or the N9-H bonds of AdeH to build up one intra-
molecular N-H- - -O(IDA) bridging interaction. Second,
in zinc(II) derivatives of non-substituted adeninium(1+)
ligand (Cl3Zn-(N7-AdeH;) - AdeH,Cl- H,O [3a] or two
polymorphs of Cl3Zn-(N7-AdeH,)-H,O [3b,3c]) the
Zn(I1)-(N7-AdeH;) bond is formed. Obviously, with
9-methyl-adenine (9MeAde), such as in [Cl3Zn-(N7-
9MeAdeH)]- H,O [3d], the polymer [Cl,Zn(p-N1,
N7-9MeAde)] [3f], the salt (9MeAdeH)[Cl3Zn-(N1-
9MeAde)]- H,O [3f] or closely related derivatives (as
[Cl3Zn-(N7-9RAdeH)] - H,O, with R =2-chloro-6-fluo-
robenzyl [3b]), the N9-substituted-adenine uses N7 and/
or N1 atoms to bind Zn(II). More recently, two inter-
esting mono- or tri-nuclear Zn(II) derivatives with N9-
(2-(ethylenediamino)ethyl)adenine were reported with
the NO9-tethered adenine moiety linked to the Zn(II)
atom by N3 or N7 depending on the different metal(II)
coordination mode developed for a Zn(Il):(Ade-like)
mole ratio 1:1 or 3:2, respectively [3g]. The only case of
Zn(IT)-N9(purine) bond is that of compound (7Me-
AdeH)[Cl3Zn-(N9-TMeAde)] - H,O [4] where the 7-
methyl-adenine has the N7 atom unable for metal
binding. In order to rationalize the noticeable formation
of the Zn—N9(AdeH) bond in the novel compound, it
seems instructive to keep in mind two relevant features.

On the one hand, IDA and AdeH ligands occupy only
four of the six coordination sites of the environment of
the zinc(I1) atom, which completes the octahedron with
two aqua ligands. From a bioinorganic point of view, we
should expect a remarkable polarization effect of the
Zn(IT) ion on the O-H bonds of these aqua ligands.
That would enhance their possibilities to act as H-do-
nors in hydrogen-bonding interactions. On the other
hand, we can hypothesize that the molecular recognition
process between a metal(II)-iminodiacetate chelate and
the AdeH should be displayed by two different ways.
One way consists of the formation of a metal(Il)-
N(AdeH) bond which is further reinforced by one
N-H- - -O(carboxylate) interaction, as it seems to be
preferred in various Cu-(IDA-like)-AdeH ternary com-
pounds (where the apical/distal aqua ligand would not
be efficiently metal-polarized) [1]. The other way should
also imply the formation of a metal(IT)-N(AdeH)
bond but in such a way that a D-H- - -N(AdeH) intra-
molecular interaction would contribute to the metal
chelate-nucleobase recognition mode (note that for
steric reasons, IDA could not play the required intra-
molecular role of D-H). This later case would be con-
vincingly represented by the novel Zn-IDA-AdeH
derivative, on the assumption that the D-H group is one
O-H bond of the polarized O(2)-aqua ligand. It is
noteworthy that the Zn-O(2W) bond has the longest
coordination distance of the studied compound (see
legend of Fig. 1). On the other hand, all polar O-H and
N-H bonds of ligands in the reported structure act as
donors in H-bonding interactions to build a 3D frame-
work (see Table 1). Among such relevant ligand-ligand
interactions, two pairs of symmetry related H-bonds
should be remarked, of the type N(7)-H(7)- - -O(19b) or
N(6)-H(6A)- - -N(1f), which build up IDA:AdeH
pairs or AdeH:AdeH pairs, respectively (Fig. 2). The

Fig. 2. A plot of some molecules [Zn(IDA)(AdeH)(H,0),] showing, in dashed lines, the intra-molecular aqua-AdeH H-bond and, the symmetry
related inter-molecular interactions of the type N(7)-H(7)---O(19b) or N(6)-H(6A)- - -N(1f) which connect adjacent IDA:AdeH or AdeH:AdeH

pairs, respectively. For symmetry codes, see footnote of Table 1.
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compound loses coordinated water (175-215 °C) prior
to the overlapped pyrolysis of organic ligands, in three
additional steps (215475 °C, producing CO,, H,O, CO,
N,O, NO and NO,, but not NH3) to give ZnO. The FT—
IR spectrum (KBr disk) shows the following relevant
bands (cm~') for aqua (v, 3449, 5(H,O) 1637), IDA
(vas(COO) 1600, vs(COO) 1403, 6(N-H) 1500) and
AdeH (vos(NH,) 3280, v(N-H) 3168), 6(NH,) 1614,
O0(N-H) 1519, 6(C-H) 720 and 668). Additional infor-
mation on the properties of the reported compound or
its molecular and crystal structure has been submitted as
Supplementary material and it can be obtained from the
authors or from the appropriate deposited structural files.

Crystallographic data for the structural analysis of
compound [Zn(IDA)(AdeH)(H,0),] has been deposited
with the CCDC No. 210321 in the Cambridge Crystal-
lographic Data Centre.
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