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Intermolecular Interactions between Chelate Rings and Phenyl Rings in
Square-Planar Copper(i1) Complexes
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Analysis of the geometrical parameters in crystal structures
of square-planar copper(il) complexes from the CSD shows
that the short noncovalent copper(ir)-phenyl carbon dis-
tances are a consequence of the interaction between the
phenyl ring and the chelate ring with delocalized n-bonds.
The data show a correlation between the distances between

the centers of the chelate and phenyl rings and the
copper(i)—carbon distances, as well as a mutual slipped-par-
allel orientation of the phenyl and chelate rings.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

The investigation of noncovalent interactions is of con-
tinuing interest..! 81 Noncovalent interactions involving
metal atoms has gained particular attention with the recog-
nition that metal atoms can bind to the phenyl ring; and
this can be explained in terms of cation—n
interactions.” ¥ Cationic metal complexes are involved in
similar metal—ligand aromatic cation—n interactionst!>~ 18l
that can also be considered as a type of X—H:-*x hydrogen
bond.['*=221 The importance of this interaction in protein
structures has been shown previously.!'!

Recently, a few studies of noncovalent interactions of
chelate rings with delocalized =n-bonds have been
published.?3~25 We have reported®¥ the structure of the
square-planar bis(acetone-1-naphthoylhydrazinato)cop-
per(1r) complex. In this structure the closest intermolecular
distance between the copper(i1) and aromatic carbon atom
is 3.185(3) A, which is below the sum of van der Waals radii
(4.05 A). Similar arrangements have been found
previously,?*~28 and on the basis of geometrical character-
istics it was proposed that phenyl carbon is part of the cop-
per(1) coordination sphere. Besides providing linkages,
these contacts may also serve as a path for exchange inter-
actions. The EPR studies on the single-crystal samples of
(L-tryptophanyl-glycinato)copper(i)l?! suggest that mag-
netic interactions are transmitted through cation—mn con-
tacts.
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The observed mutual slipped-parallel (offset face to face)
orientation of the chelate ring, with delocalized w-bonds,
and the phenyl ring,[?*! resemble the stacking orientation of
two benzene molecules.?”) We assumed that chelate rings
with delocalized m-bonds can be involved in noncovalent
interactions in ways similar to aromatic organic molecules.
A calculation of the partial atomic charges of the chelate
and phenyl rings in the bis(acetone-1-naphthoylhydrazina-
to)copper(i1) complex has been performed.”*! The distri-
bution of charges in these two rings is very similar to that
observed in complexes with the slipped-parallel interaction
between two benzene rings, further supporting the stacking
interaction between the phenyl and chelate rings.*#

The role of the chelate ring in the position of the phenyl
ring has also been discussed in the analysis of the crystal
structure of aqua(2-benzylmalonato)(1,10-phenanthroline)-
copper(in) trihydrate.[>!

The assumption that copper(ir)—carbon contacts arise as
a result of the interactions between the chelate and phenyl
rings prompted us to investigate the chelate-ring to phenyl-
ring interactions in the crystal structures of copper(ir) com-
plexes. We now report on a study based on analyzing the
crystal structures in the Cambridge Structural Database
(CSD), since by analysing crystal structures from databases
it is possible to elucidate the facts about intermolecular and
intramolecular interactions.[3! 733 To the best of our knowl-
edge this is the first systematic study of chelate-ring to
phenyl-ring interactions.

Results and Discussion

For the investigated data set of 487 crystal structures we
calculated the closest intermolecular distance between the
copper(1r) and phenyl carbon (D) atoms (Scheme 1). This
distance has a range of 3.06—8.96 A. In order to establish
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if the presence of the chelate ring has an influence on the
copper(im)—carbon distance, the distribution for the
copper(i1)—carbon distances (D) were compared for com-
plexes with and without a chelate ring (Figure 1).
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Scheme 1

In the complexes without a chelate ring the peak of distri-
bution is in the region above the sum of the van der Waals
radii (4.05 A), while in the complexes with a chelate ring
the peak of distribution is in the region below the sum of
the van der Waals radii. Hence, in the presence of a chelate
ring with delocalized m-bonds there is a close contact be-
tween the copper(i1) atom and the carbon atom of the phe-
nyl ring.

Another important difference between complexes with
and without a chelate ring is seen when looking at the dis-
tribution of the dihedral angles 0, the angle between the
mean plane of the phenyl ring (P2) and the mean coordi-
nation plane (P1) (plane consisting of copper and coordi-
nated atoms). The planes are shown in Scheme 1. In the
histogram for the structures with chelate rings, the peak of
distribution is in the region of the small angle 0, where the
phenyl ring is oriented in an approximately parallel manner
to the mean coordinating plane (Figure 2). In the histogram
for the structures without the chelate rings the peak of dis-
tribution is in the region of the large angle 0, where the
phenyl ring is almost normal to the coordinating plane;
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there are no structures with a dihedral angle of less than
10° (Figure 2).

The data in Figurel and Figure2, the short
copper(ir)—carbon distances, and the tendency for a paral-
lel orientation of the phenyl ring in complexes with chelate
rings, indicate possible phenyl-ring to chelate-ring stacking
interactions.

In order to verify that the interaction between the chelate
ring and the phenyl ring is really responsible for the shorter
copper(in)—carbon distances observed in the complexes
with chelate rings, the values of the distances between the
centers of the chelate and phenyl rings (Ct) are plotted ver-
sus the copper(ir)—carbon distance (D) (Figure 3). The plot
shows that there is a correlation between the distance Ct
and the distance D; the copper(i1)—carbon distances are
shorter when there is a short distance between the centers
of the chelate and phenyl rings. This correlation can only
exist if the chelate and phenyl rings tend to overlap each
other. Hence, the interaction between the phenyl and che-
late rings is responsible for the short copper(i1)—carbon dis-
tances.

The positions of the phenyl rings with respect to the che-
late rings, indicates that, in all cases with small 0 angles, the
two rings are in mutual slipped-parallel orientations (offset
face to face). This is in agreement with the previously ob-
served slipped-parallel orientation in the bis(acetone-1-
naphthoylhydrazinato)copper(i1) complex.”*!  Additional
support for the idea that the interaction between the chelate
ring and the phenyl ring is similar to the interaction be-
tween two benzene molecules has been provided by the dis-
tribution of the calculated partial atomic charges®*! which
are similar to those observed in complexes with stacking
interactions between two benzene molecules.*!

Conclusion

Our analyses of the geometrical parameters in the crystal
structures of copper(i) square-planar complexes from the
CSD show that in cases where a chelate ring with delo-
calized m-bonds is present, the peak of the distribution of
the copper(i1) —phenyl carbon distances is in the region be-
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Figure 1. Histograms showing the distribution of the parameter D, copper(i1)—carbon distance, in structures with (a) and without (b)

chelate rings
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Figure 2. Histograms showing the distribution of the dihedral angle 6 between the mean plane of the phenyl ring and the mean plane of
copper(i) with coordinated atoms (Scheme 1); a) with chelate rings; b) without chelate rings
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Figure 3. Plot of the distances between the centers of the chelate
and phenyl rings (Ct) versus the copper(ir)—carbon distance D

low the sum of van der Waals radii. The correlation be-
tween the copper(i)—carbon distances and the distances
between the centers of the chelate and phenyl rings, as well
as the mutual slipped-parallel orientation of the two rings,
show that stacking interactions between phenyl and chelate
rings are similar to the stacking interactions between two
benzene rings.

Experimental Section

A Cambridge Structural Database (CSD)P*4 search was performed
for mononuclear copper(ir) complexes having exactly four single
bonds to atoms belonging to groups 5A, 6A or 7A. The oxidation
state of copper was taken as those given by the authors. To exclude
the possible influence of the constraints in the molecule we only
looked at the intermolecular contacts between the copper(i) atom
and the carbon atom of the phenyl ring. As a convenient choice
for this investigation, we concentrated on square-planar copper(ir)
complexes due to the relative planarity of such molecules, and the
absence of steric hindrance for the approach of other molecule into
the axial position. To minimize the possible steric influence towards
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the approach of two molecules, the trans angles around the copper
atom were constrained to lie between the 150 and 180°. To avoid
problems which could possibly arise as a result of “structural in-
homogeneity”, we used structures that contain the phenyl ring as
part of the complex molecule, and only those with one complex
species in the asymmetric unit. Polymeric, disordered, and struc-
tures with R > 0.10 were excluded. This gave 487 entries. Among
them 405 structures had five-membered or six-membered chelate
rings. The bond lengths in the chelate rings indicate that in all the
structures the chelate rings have delocalized m-bonds. When con-
sidering the influence of the chelate ring on the position of the
phenyl ring, we took the distance between the centroids of the phe-
nyl and chelate rings as a criteria. In cases with more than one
chelate ring in the complex, we accepted the closest chelate ring as
the one that is involved in the interaction with the phenyl ring.
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