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The m-acid/w-base adducts of {[3,5-(CF3),Pz]Cu}; [Cus] and
benzene [Bz], mesitylene [Mes] and naphthalene [Nap] have
been isolated. They form columnar structures of the type
{[Bz][Cu3]s}w: {[Mes][Cus]}. and {[Nap][Cus]}. in the solid
state, and are luminescent.

Copper(l) pyrzolates have attracted significant interest in recent
years.>? They show diverse structures, fascinating luminescent
properties and are useful in catalysis and serve as excellent
precursors for mixed ligand complexes of copper. For instance,
[Cu(P2)], (1) (Pz = pyrazolate) is a polymer,*® whereas {[3,5-
(Me),Pz]Cu}; and {[3,5-(i-Pr),Pz]Cu}; adopt trinuclear
structures® and {[3,5-(t-Bu),Pz]Cu}, is a tetramer.}* Some
copper(l) pyrazolates aggregate further, often through Cues+Cu
interactions, forming dimers of trimers or even extended chains
of trimers.® Solid samples of {[3,5-(i-Pr),Pz]Cu}; emits orange
light upon photo-excitation at room temperature, while the
emitted color changes to green upon cooling to 77 K.3 Aida et
al has reported the development of rewritable media by
exploiting the self-assembling process of trinuclear copper
pyrazolate luminophors.*®

Naleen B. Jayaratna,* Champika V. Hettiarachchi,” Muhammed Yousufuddin,?

molecule.’® ¥ It forms chains of trimers in the solid state and
exhibits bright luminescence in the solid state and glassy
solutions upon irradiation with UV radiation that can be fine-
and coarse-tuned to multiple bright visible colors by varying
the solvent, concentration, temperature, and excitation
wavelength. Here we demonstrate yet another aspect of {[3,5-
(CF3),Pz]Cu}s; its m-acid character.”® In particular, we report
the isolation and structural characterization of m-acid/base
sandwich adducts of copper(l) pyrazolate {[3,5-(CF3),Pz]Cu};,
[Cus] with simple hydrocarbon m-bases benzene, mesitylene
and naphthalene.
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Figure 1. Trinuclear copper pyrazolate {[3,5-(CF3),Pz]Cu}3 [Cus]

Figure 2. Left: molecular structure of {[Bz][Cus].}. showing the
repeating unit [Bz][Cus], ({[3,5-(CF3),Pz]Cu}; = [Cus] and benzene =
[Bz]). Right: portion of the supramolecular chain of {[Bz][Cus].}-
(carbon and fluorine atoms of the pyrazolyl moieties and hydrogen
atoms have been omitted for clarity).

An area of research focus in our laboratory concerns the
chemistry of copper and related heavier coinage metal (Ag, Au)
complexes featuring fluorinated pyrazolates.® * 18 The {[3,5-
(CF3),Pz]Cu}; (Figure 1) is a particularly interesting

This journal is © The Royal Society of Chemistry 2012

The benzene adduct of [Cujz] was prepared by treating a
chloroform solution of [Cus] with benzene. The mixture was
kept at -20 °C for several days to afford a colorless crystalline
solid. X-ray analysis revealed that it is a w-acid/base sandwich
adduct of the type {[Bz][Cus].}.. consisting of alternating
benzene [Bz] and [Cus], dimer of trimer units (Figure 2).
Detailed analysis show that there are two crystallographically
different {[Bz][Cus],}.. chains in the crystal lattice resulting
from minor differences in orientations of [Bz] and [Cuz],. The
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[Cus] units sandwich benzene rather symmetrically with
benzene carbon centroid and Cus-core centroid distances of
3.16, 3.16 A and 3.20, 3.20 A for the two {[Bz][Cus],}.. chains.
The shortest Cu~"C(benzene) distances are 3.17 and 3.22 A.
These distances are slightly longer than sum of the Bondi’s van
der Waals radii of copper and carbon 1.40+1.70 = 3.10 A.
However, more recent work from Alveraz®® places van der
Waals contact distance of copper and carbon at 4.15 A
implying noteworthy interactions between [Bz] and [Cus], in
{[Bz][Cuz],}.. These Cu~C(benzene) distances, however are
significantly longer than those observed for cationic Cu(l) arene
adducts like [Cu(n®MegsCe),][PFs] (2.092(2), 2.192(2) A) or
[PhsPCu(m®-MegCe)[PFq] (2.284(5), 2.293(5) A).%°

Figure 3.
contacts

Portion of {[Bz][Cus].}» showing inter trimer Cu~Cu

Each [Cus] dimer in {[Bz][Cus;],}., also shows two close
inter-trimer Cu~Cu contacts (Figure 3) at 3.031, 3.031 and
3.091, 3.091 A (for two crystallographically different [Cus],
units). The pyrazolyl moieties turn outward from the CusNg
core to facilitate this close approach of [Cus] units. The
benzene free [Cus] crystallizes as zig-zag chains with much
longer inter-trimer Cu~Cu separations (closest CuCu
distances of adjacent [Cuj] trimers are at 3.813 and 3.987 A at
100K).® This shows that the presence of benzene affects the
cuprophilic interactions of [Cus]. It is probably one of the
reasons for changes in [Cus] luminescence observed in its
glassy solutions of benzene.®

The {[Bz][Cus],}.. crystals lose benzene quite easily at
room temperature upon air drying or under reduced pressure
affording the [Cus], as evident from NMR spectroscopic and
elemental analysis data. This suggests that [Bz] and [Cus]
interactions are rather weak. In contrast, {[3,5-(CF3),Pz]Ag}s
[Ags], which is the strongest w-acid of the {[3,5-(CF3),Pz]M}3
series (M = Cu, Ag, Au)'® and features the largest metal ion,
forms isolable and more robust adducts with benzene and other
arenes much easily.?*?®* Computational data show that [Cus] is
a relatively weak m-acid.'® [Cus] also has the smallest metal
atom of group 11 series, and therefore more prone to adverse
steric effects and weaker side-on (face-to-face) interactions.
Thus obtaining isolable adducts of [Cus] with volatile arenes
are particularly challenging and above observations are not
surprising. For comparison, [Ags] is known to form
[Bz][Ags].[Bz] type adducts with benzene.

Synthesis of [Cuz]-mesitylene adduct was accomplished by
mixing a chloroform solution of [Cus] with mesitylene [Mes].
This mixture was kept at -20 °C for several days to obtain
crystalline {[Mes][Cus]}.. which has a columnar structure
(Figure 4). It is a common stacking pattern for arene
sandwiches of [Ags],2" 2* and trinuclear Hg".?> % The [Ags] for
comparison, also forms w-acid/base adducts with mesitylene,
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Figure 4. Left: Molecular structure of {[Mes][Cus]}.. showing the
repeating unit [Mes][Cus] (mesitylene = [Mes]). Right: Portion of the
supramolecular chain of {[Mes][Cus]}.. (carbon and fluorine atoms of
the pyrazolyl moieties and hydrogen atoms have been omitted for
clarity).

affording {[Mes][Ags]}.. aggregates. The [Cus][Mes] unit in
{[Mes][Cuz]},, sits on a three-fold rotation axis. Two
mesitylene ring carbon centroid and Cus-core centroid distances
are 3.30 and 3.34 A while the shortest Cu~C(mesitylene)
distance is 3.34 A. These distances are slightly longer than the
corresponding distances observed for the {[Bz][Cus].}.. adduct.
It could be a result of having larger mesitylene because
otherwise more electron rich n-base mesitylene should have
closer interactions with [Cus]. The steric repulsions of methyl
groups of mesitylene with CFs-bearing pyrazolyl moieties of
[Cus] lead to distortions as illustrated in Figure 5, which
perhaps hinder the closer approach of a second [Cuz] and
formation of inter-trimer Cu~Cu interactions, as observed in

{[BZz][Cus],}.. (Figure 3).

L
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Figure 5.
moiety

Portion of {[Mes][Cus]}. showing distortions of [Cus]

The crystalline naphthalene adduct of [Cus] was isolated from a
chloroform solution of [Cus] containing benzene and
naphthalene at -20 °C. It forms extended binary stacks of
{[Nap][Cus]}.. consisting of alternating [Cus] and naphthalene
[Nap] moieties (Figure 6). In contrast to the benzene and
mesitylene adducts of [Cus], {[Nap][Cus]}.. is more robust and
does not lose the sandwiched arene easily even under reduced
pressure. Also note that {[Nap][Cus]}.. crystallized out from a
solution containing benzene. The shortest Cu-C(naphthalene)
distance in {[Nap][Cus]}.. is 3.09 A, which is shorter than
those observed in the [Cus] benzene and mesitylene adducts.
For comparison, the shortest Ag—C(naphthalene) distance in
{[Nap][Ags]}.. is 3.00 A, which is slightly shorter than that
observed in {[Nap][Cus;]}.. despite the larger atomic radius of
silver. This points to the presence of relatively stronger =-
acid/base interaction in the silver adduct.
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Figure 6. Left: Molecular structure of {[Nap][Cus]}. showing the
repeating unit [Nap][Cus] (naphthalene = [Nap]). Right: Portion of the
supramolecular chain of {[Nap][Cus]}. (carbon and fluorine atoms of
the pyrazolyl moieties and hydrogen atoms have been omitted for
clarity).

Room temperature *H NMR spectra of [Cus] containing sub-
molar quantities of benzene, mesitylene or naphthalene taken in
CDCI; show no notable chemical shift difference between the
aromatic proton signals of adducts and the free components,
[Cus] and arene. This suggests that these n-acid/base adducts
are too weak to survive (i.e., they dissociate) in solution, or to
influence the solution chemical shifts significantly. Similar
observations were noted in adducts involving more m-acidic
[Ags].#

We have reported several types of arene adducts with [Ags]
and the use of [Ags] to prepare a vapochromic sensor for
benzene and its alkylated derivatives,”® as well as strong
sensitization of the triplet state of naphthalene.?® This work
shows that [Cuz] may also serve as a viable option for such
applications. At the room temperature, the arene free [Cus]
adduct shows bright orange emissions centered at 645 nm.
Although we could not study the photoluminescence of
crystalline {[Bz][Cus],}., due to the easy loss of benzene,
preliminary  studies show that {[Mes][Cus]},, and
{[Nap][Cus]}.. display bright green photoluminescence (Figure
7). The emission maximum of {[Mes][Cus]}., was centered at
546 nm whereas the {[Nap][Cuz]}., shows three bands at 497,
526, 564 (sh) nm at the room temperature pointing to
significant blue shift relative to that of the arene free [Cus].
Removal of mesitylene from {[Mes][Cus]}.. leads for the
reappearance of [Cus] based emission signal.

Figure 7. Photos (from left to right) showing the emission
colors of [Cus], {[Mes][Cus]}.. and {[Nap][Cus]}..

In summary, here we report the isolation of supramolecular
stacks involving m-acidic [Cus] and electron rich aromatic w
systems. They represent rare, isolable sandwich complexes of
copper(l) pyrazolates and aromatic hydrocarbons. Recently,
somewhat related [Cus] sandwiched ferrocene was reported.?’
We are currently expanding this w-acid/base chemistry of [Cus]
and probing their photoluminescence properties and coinage
metal family group trends in detail.
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