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It is well known that the Cu’*-2,2-bipyridyl 1:2
complex exists in aqueous solution at room tempera-
ture as the cis diaquo isomer. So far this geometry
has always been attributed to a steric repulsion bet-
ween the 06,6'-H atoms of the two 2,2"-bipyridyl li-
gands in a trans arrangement. Based on the qualities
of mixed-ligand Cu’* complexes it is concluded that
the cis configuration of Cu(2,2-bipyridyl)?* is cis
due to electronic reasons (back donation) and not to
steric hindrance.

Introduction

In aqueous solution Cu’* usually shows a strong
preferance for the formation of square-planar com-
plexes, as can be judged from their stabilities’? and
catalytic* behavior. For example, the difference in
stability between thc Cu?*-ethylenediamine 1:1 and
1:2 complexes! is much less than the difference be-
tween the corresponding 1:2 and 1:3 complexes: log

K& — log K&k, = 10.72-9.31 = 1.41, and log K&, —

log Kgﬁfg-z 9.31—(—1.0) =10.3. These data suggest
that the third ethylenediamine can bind only mono-
dentatally.!2®

The corresponding data for the Cu?*-2,2’-bipyri-

dyl complexes are quite different: log K& —log K&,

= 8.10 — 5.50 = 2.60, and log K&, —log Kcuz =
5.50 — 3.40 = 2.10° The approximate equality of
these differences: suggests that in aqueous solution at
room temperature the Cu?*-2,2"-bipyridyl 1:2 complex
exists as the cis diaquo isomer. Such an «octahedral»
structure is in agreement with spectral observations
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(anomalously large Ama. value)™® and recent ESR®Y
and NMR"™ studies. In addition, the Cu®*-2,2"-bipyri-
dyl 1:2 complex is the only known fourfold coordina-
ted Cu?* complex with a catalase-like activity.!??

Discussion

So far, the reason for this unexpected geometry of
the Cu?*-2,2"-bipyridyl 1:2 complex has always been
attributed to a steric repulsion between the 6,6"-H
atoms of the two 2,2%-bipyridyl ligands in a trans
arrangement.3** However, if this explanation is
correct, it is hard to see why in the Cu?*-N,N’-diethyl-
ethylenediamine system an octahedral arrangement is
not also preferred. That steric hindrance occurs in

this system is obvious from the difference, log K&i—

log Kcit, = 8.79-5.57 = 3.22,7 which is much lar-
ger than the mentioned corresponding value of the
Cu**-ethylenediamine system. Again, a cis configur-
ation in the 1:2 complex would lower the steric hin-
drance, however, no evidence for this was ever ob-
served.
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The high stability of mixed-ligand Cu?* complexes
containing 2,2"-bipyridyl has also been attributed to
steric hindrance in the Cu**-2,2"-bipyridyl 1:2 com-
plex®® Tt was said that in the mixed-ligand complex
the steric repulsion between the two ligands is ab-
sent allowing the formation of a planar structure.”
However, this explanation cannot be correct, since in
mixed-ligand Cu’* complexes containing 2,2’-bipyri-
dyl and a second ligand with O atoms as donors,
positive values for the difference, Alog K:logKESﬁEEﬁr
log K&i,? were observed2? So it is hard to see
why, e.g., the coordination of pyrocatecholate to the
hydrated Cu?* ion should be sterically more hindered
than the cordination of the same ligand to the Cu?**-
2,2"-bipyridyl 1:1 complex (Alog K = +0.43); if in
this example any steric repulsion occurs, one would
expect just the opposite.?

Therefore, recently the mentioned high stability of
mixed-ligand Cu®* complexes containing 2,2"-bipyridyl
was attributed to the ability of 2,2"-bipyridyl to form
7 bonds by the transition of metal d electrons to va-
cant © type ligand orbitals.®?* We think that the
same effect, this means the formation of such = (back
donating) bonds, is responsible for the cis orientated
structure of the diaquo Cu?*-2,2"-bipyridyl 1:2 com-
plex in solution. A cis orientated, octahedral confi-
guration allows a stronger and more independent
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charge transfer between the metal ion and the ligands
than a frans arrangement.

The cis configuration of the Cu’*-0,0"-phenanthrol-
ine 1:2 complex was also attributed to a steric re-
pulsion between the 2,9-H atoms of the phenanthrol-
ine molecule®31®  However, in this case the same
argument holds as given for the Cu?*-2,2"-bipyridyl
systems. In addition, again pyrocatecholate forms
more stable complexes with the Cu’*-0,0’-phenanth-
roline 1:1 complex than with the free, hydrated Cu?*
ion (Alog K = +0.35)%

Note added in proof. Very recently two papers appeared which
arc of interest for the present discussions. In one of them2 a strong
point is made for « the steric effect in bis(2,2’-bipyridyl) and bis(1,10-
phenanthroline) metal compounds », while the other onc?? describes
the crystal structurc of Cu(2,2’-bipyridyl),(C10,),. Indeed, the crystal
structurc determination gives cvidence for some steric interference
between the 6,6’-H atoms, i.c. the pyridyl groups are somewhat twisted
toward each other (they « are arranged in a flattened tetrahedral
manner »). However, Nakai?’ concludes: « Rougly speaking, the coor-
dination polyhedron around thc copper atom is a tetragonally distorted
octahedron. The copper atom lies almost on the least-squares plane
defined by the nitrogen atoms (avcrage Cu-N = 1.99 R), and the
Cu-O bonds (2.45 and 2.73 A) are approximately norma! to this pla-
ne »2 Hence, the presence of two bipyridyls 1n the coordination
sphere of Cu?+ does not on principle preclude a frans arrangement. At
this point it must bc noted that replacement of C1O,- by (the stronger
ligand) NO,- results in a c¢is configuration.? Obviously, the second
ligand, i.e. the coordinating qualities of the anion, has an intrinsic
influence on the structure. Therefore, these results support further the
above conclusion that the cis configuration of Cu(2,2'-bipyridyl)?+ in
aqueous solution is due to clectronic effects. Finally, based on their
paper, « steric effects in a distorted square planar bis-(2,2’-bipyridy!)
metal complex: X-ray crystal structure of aquobis-(2,2'-bipyridyl)pal-
ladium(11l) nitrate », Carty and Chieh?® conclude « ...there is no firm
basis for predicting the instability or non-existence of M(bipy)s+ spe-

cies, where M is a metal generally adopting square planar stereochemi-
stry, purely from steric considerations ».
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