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Decanuclear Copper Framework Supported by a Tripodal Adenine Ligand
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This Communication describes the synthesis, crystal structure, and
magnetic properties of a unique decanuclear copper complex of a
tripodal adenine ligand built around a phenyl ring core. This complex
comprises two u4-0x0 tetranuclear copper(ll) units of the type
Cu40ClgL4, bridged together by two pentacoordinated copper cen-
ters. Variable-temperature magnetic susceptibility data reveal the
possibility of interaction between copper sites.

Consideration of symmetry aspects in the design of new
molecules and ligands affords the creation of intricate struc-
tural motifs, which could possibly be tailored for diverse
applications. In this context, the symmetry features engen-
dered in the rotational axes have been extensively used for the
design of molecules because their occurrence is compatible
with chirality. More specifically, Cs-symmetric tripodal fra-
meworks have been used for asymmetric catalysis, coordina-
tion chemistry, molecular recognition, and nanoscale archi-
tectures, to name a few. !

Polynuclear transition-metal clusters offer fascinating
structural organization, thereby serving as a valuable source
of inspiration in achieving novel coordination motifs and
architectures.” In addition to the generation of complex
hierarchical frameworks, potentially useful chemical and
physical properties could be manifested from such polynuclear
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complexes. A judicious selection of ligand systems and metal
ions may lead to the formation of extended self-assembled
coordination ensembles or discrete complexes.” In this vein,
high-nuclearity copper complexes have been intensively stu-
died for their structural diversity,* as metalloenzyme models
for catalysis of various oxidation reactions’ and magnetic
properties, and for the creation of interesting architectural
topologies.®

Our laboratory has earlier reported the coordination
behavior of modified adenine analogues with coinage metal
ions, especially copper and silver, and their propensity to
form ordered ensembles on surfaces and exhibit luminescence
properties.” We recently reported silver and copper com-
plexes of an adenine-based, C,-symmetric molecule where
fold-back geometry, leading to a discrete unit, was observed
for copper complexes, while the silver complex preferred an
extended structure in the lattice.”* We now report the synth-
esis of a tripodal Cs-symmetric adenine analogue, N,N',
N"-(2,4,6-trimethylbenzene-1,3,5-triyl)tris(methylene)tris-
(9-propyl-9H-purin-6-amine) (L) and describe the crystal
structure of its copper complex to generate adenine-based
structures of increased complexity (Scheme 1).

Crystals suitable for X-ray diffraction were grown by
mixing a methanolic solution of the ligand with a methanolic
solution of copper chloride, which was left undisturbed for
crystallization via slow evaporation. Careful inspection of the
crystal data confirmed monoclinic space group C2/c¢ (No. 15)
(Table S1 in the Supporting Information).
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Scheme 1. Schematic Representation of a Tripodal Adenine Analo-
gue (R is an n-Propyl Group)
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Our investigations revealed the formation of a decanuclear
copper complex (1) with tripodal adenine analogue L, where
two tetranuclear copper motifs of the type CusOX¢L, are
connected to each other via two copper ions. Notably, the
tetranuclear copper units are connected to each other
through two pentacoordinated copper(Il) bridges, thereby
resulting in a discrete decanuclear copper complex. To the
best of our knowledge, this is an unprecedented example of
an adenine-based polynuclear copper complex.

Copper coordination in L is achieved with the help of three
flexible adenine pendants, originating from a phenyl ring
core, through the N7 nitrogen atoms of the adenine moieties.
While four adenine pendants in two ligands hold four copper
ions (Cul—Cu4) in the tetranuclear unit, the third adenine
coordinates to the fifth copper ion (Cu5) (Figure 1).

The overall rendering of complex 1 reveals an interesting
discrete decanuclear motif composed of 10 copper ions,
2 ug-oxido ions, 4 ligands, 12 u-chlorido ions, 4 chlorido
ions, and 2 methanol molecules, which are part of the crystal
lattice (Figure 2). The origin of the oxido ligand could be
attributed to the residual water.

The hallmark of the cagelike discrete structure of 1 is the
presence of two centrosymmetric Cuy(uy-O)(u-Cl)g(N7-
Ade), core units, where four copper ions are coordinated to
a central uy-oxido ion, in a slightly distorted tetrahedral
geometry (Figure 3a). The Cu—O and Cu—Cu bond dis-
tances are ~1.921 and 3.093—3.230 A, respectively, whereas
the Cu—O—Cu bond angles are in the range of 107.11—
113.95°, which are in the acceptable range for reported
tetranuclear complexes having Cuy(u4-O) units.® Each cop-
per atom in the Cuy(us-O)(u-Cl)s(N7-Ade), core unit is
bridged together through six u-chlorido ions. The arrange-
ment of these u-chlorido ions around a central u4-oxido ion
results in a distorted octahedron (Figure S4 in the Supporting
Information).

Notably, the decanuclear motif presents two crystallogra-
phically unique pentacoordinated copper ions. All four
copper ions involved in the tetranuclear copper core adopt
a distorted trigonal-bipyramidal geometry, as indicated by
the corresponding 7 values being in the range of 0.59—0.84,
where equatorial coordination sites are occupied by bridged
chloride ions and the apical positions correspond to the
central oxygen and N7 nitrogen of the coordinated adenine
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Figure 1. Representation of a tripodal adenine analogue coordinated
with copper ions (numbered). Parts of the complex and hydrogen atoms
are omitted for clarity.

Figure 2. Structure of decanuclear copper complex 1. The participation
of four ligands is highlighted by different colors. Certain functionalities on
the ligand, solvent molecules, and hydrogen atoms are omitted for clarity.
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Figure 3. (a) Tetranuclear copper cluster (Cul—Cu4) in 1, where
each copper ion adopts distorted trigonal-bipyramidal geometry.
(b) Coordination environment of Cu5 showing distorted square-pyramidal
geometry.

moiety (Figure 3a). The other crystallographically distinct
Cu5 ion acquired a slightly distorted square-pyramidal geo-
metry (r = 0.25), with two chloride ions, a methanol, and N7
nitrogen of the adenine residue present in a plane, with
adenine N7 nitrogen from another ligand occupying the
apical position (Figure 3b).

Hydrogen-bonding interaction of adenine NI nitrogen
with methanol coordinated with Cu5 of the adjacent decan-
uclear unit in 1 results in a 1D ribbon-like architecture
(Figure 4). A weak interaction between N6 hydrogen of the
adenine moieties, involved in the tetranuclear core, and
chloride ions could further stabilize the decanuclear archi-
tecture (Figure S3 in the Supporting Information).
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Figure 4. Part of the crystal lattice showing the connectivity of two
decanuclear discrete units through hydrogen-bonding interaction. Parts
of the complex and hydrogen atoms are omitted for clarity.
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Figure 5. Graph showing the temperature dependence of i, for 1. Inset:
plot of y,, T versus T.

A preliminary investigation of the magnetic properties of 1
is represented in Figure 5 as y,,, and y,, T (inset) versus 7 plots
(where y,, = molar magnetic susceptibility). Our studies
revealed paramagnetic behavior of 1 in the whole range of
temperature studied. However, a gradual decrease of the y,,, T’
value from 3.07 to 2.06 cm® mol~' K, upon decreasing
temperature from 300 to 15 K, followed by a sharp decline
to 1.71 cm® mol ™' K at 5 K, was noted. However, the possible
existence of multiple interaction pathways between the cop-
per centers makes it difficult to further delineate the magnetic
properties.

Thermogravimetric analysis of 1 showed an initial weight
loss of 6% (270 °C) corresponding to the loss of methanol
molecules, followed by a weight loss of 39% at 403 °C, which
could be attributed to the loss of ligand molecules (Figure S1
in the Supporting Information).
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Figure 6. Coordination environment of Cu5 in 2, showing distorted
tetrahedral geometry at Cus5.

Furthermore, this decanuclear architecture was fairly
robust in the presence of other nitrogen-coordinating ligands
such as pyridine and 2,2'-bipyridine. When 1 was soaked in
an aqueous pyridine solution, dark-brownish prismatic crys-
tals were obtained. Crystallographic studies revealed that a
methanol molecule at Cu5 was removed, causing a subtle
change in the coordination geometry around Cu5, from penta-
valent distorted square-pyramidal geometry to tetravalent dis-
torted tetrahedral geometry, without affecting the overall
decanuclear core motif (Figure 6). The methanol molecules in
the crystal lattice were replaced with water molecules.

In conclusion, we have investigated the solid-state struc-
ture of the copper complex with a tripodal adenine analogue
built around an aromatic core, and a decanuclear assembly of
Cu'" ions was observed. The formation of a discrete decan-
uclear motif and the presence of two crystallographically
unique copper ions are fascinating features reported for
adenine coordination.
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