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A Three-Dimensional Interaction Network of 8(M-M) and n(ligand) Electrons. The Crystal Structure of

[Rhy(mhp)4](SbClg)-2CHCICH,Cl (mhp = 2-oxy-6-methylpyridine)!)

Takashi KAWAMURA,* Masahiro EBIHARA, and Makoto MIYAMOTO

Department of Chemistry, Faculty of Engineering, Gifu University, Yanagido, Gifu 501-11

In the crystal of the title compound, the aromatic ring of the cationic radical
overlaps with a ring of a neighboring radical. The shortest intermolecular C----C
distances are 3.617(5) and 3.646(6) A. The result of HMO calculations is consistent
with intermolecular interaction between the neighboring radicals, resulting in a three-

dimensional interaction network involving Rh-Rh § and aromatic & systems.

The energy of the SRpRp* orbital in Rh24+ complexes is largely perturbed by w orbitals of the bridging
ligands, which indicates that the &* orbital is delocalized onto the © systems to a significant extent.2) Mixing

of an M-M 0 orbital and ligand © orbitals has been
shown also for Moy(O2CCH3)4.3) Thus the M-M - N
type orbital can conjugate 7 systems of the bridging

ligands arranged around the M-M bond. Expecting a

new type of intermolecular interaction system which

would be quite difficult to construct by using only

organic molecules, we have examined the crystal
structure of the salt of the cationic radical,
[Rhp(mhp)4]*.

The cyclic voltammogram of a dichloromethane solution of [ha(mhp)4]4) showed a one-electron
chemically reversible oxidation response at E1/p = 0.48 V vs. CppFe/CppFet. The Rh24+ complex was
oxidized to its cationic radical with an equivalent amount of tris(4-bromophenyl)aminium

hexachloroantimonate in 1,2-dichloroethane. A frozen dichloromethane solution of the cationic radical showed
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an axially symmetric esr absorption of gy =
1.940 ( a 1:2:1 triplet of 20.1 x 10-4 cm-1 due
to two equivalent 103Rh nuclei) and g 1 =2.074
(without hyperfine splitting) at 77 K, which is
consistent with the accommodation of the odd
electron in the SRhRK™ orbital.2,5)

Greenish black prismatic crystals of
[Rh(mhp)4](SbClg)-2CHCICH,Cl were
grown by slow cooling of a 1,2-dichloroethane
solution of the radical salt in a freezer. Since
the crystal is quite unstable at room temperature
probably due to facile loss of the crystalline
dichloroethane, the crystal was mounted
quickly on a glass fiber under an ice-cold
atmosphere, and its X-ray diffraction data were
collected at -150+ 2 °C.

Figures 1 and 2 show the structure of the

cationic radical and the packing of the cationic
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Fig. 1. The geometry and the atom-numbering scheme
of [Rhp(mhp)4]*". The hydrogen atoms are omitted
for clarity. Important interatomic distances and bond
angles are: Rh1-Rh2 = 2.3591(7), Rh1-02 =
1.970(2), Rh2-O1 = 1.986(2), Rh1-N1 = 2.024(3),
Rh2-N2 = 2.027(3), O1-C1 = 1.305(4), 02-C7 =
1.302(4), N1-C1 = 1.355(5), N2-C7 = 1.351(5),
O1--N1 = 2.307(4), 02---N2 = 2.306(5) A; Rh2-
Rh1-O2 = 90.86(8), Rh1-Rh2-O1 = 90.77(8), Rh2-
Rh1-N1 = 87.7(1), Rh1-Rh2-N2 = 87.6(1)".

radical in the crystal, respectively.6) The geometry of [Rhp(mhp)4] in various crystalline forms, [Rhy(mhp)4],

[Rhp(mhp)4]-H20, and [Rhy(mhp)4]-CHCly has been reported.”) The most significant change in the bond

Fig. 2. The stereoview of the packing of [Rhp(mhp)4]*" in the crystal of [Rhy(mhp)4](SbClg)-2CHCICH,CL.
The crystalline solvent molecules, the hexachloroantimonate anions and the hydrogen atoms are omitted for
clarity. The intermolecular contacts between the carbon atoms shorter than 3.7 A are connected by solid lines.
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lengths accompanying the oxidation is the shortening of the average lengths of Rh-N and Rh-O bonds from
2.037(8)—2.053(5)7) to 2.026(3) A and from 2.017(5)—2.021(6)7) to 1.978(8) A, respectively. This is
consistent with the model2b) in which the electron is removed upon the oxidation from the SRhRh* orbital with
Rh-N and Rh-O m-antibonding character and the orbital is delocalized onto the pyridine ring. Similar
intramolecular geometry changes have been reported for Rhp {MeC(O)NH} 4(H20)28) and
ha(PhNCHNPh)4(NCMc)9) upon their SRhRh* cationic radical formations. The Rh-Rh bond length of the
present cationic radical is 2.3591(7) A, which is in the range of the corresponding length of the neutral mother
molecule in various type of crystals, 2.359(1)—2.370(1) AD although the electron in the SRhRh* orbital was
removed upon the oxidation. The antibonding character of the SRhRh* orbital is too ineffective to shorten the
Rh-Rh length upon the removal of the electron from this orbital.

In the crystal, pyridine rings of the ligands are overlapping on rings in nearest neighbors. There exist two
modes of intermolecular ring-ring overlap. The overlapping rings are crystallographically parallel to each other
(inversion center) in both types of the overlap. In the first one, C4 and C5 atoms are lying on C5 and C4 atoms
in the neighboring radical, respectively, and the inter-plane distance is 3.649 A. In the other mode, C8 and C10
atoms are located on the C10 and C8 atoms of the nearest neighbor, respectively, and the inter-plane separation
is 3.606 A. The intermolecular C4---C5 and C8---C10 distances are 3.646(6) and 3.617(5) A, respectively.
Although these distances are most separated ones as for intermolecularly interacting aromatic carbon atoms,
HMO calculations show that C4, C5, C8 and C10 are the sites where the HOMO of the anion of the bridging
ligand has the largest densities (Fig. 3). This HOMO of the bridging ligand anion is the orbital that is allowed
to mix into the SRhRK™ odd electron orbital. Thus we
propose that there exists intermolecular SOMO-SOMO
interaction in this crystal. The interesting point of the
present crystal structure is that four aromatic ® systems
located around the Rh-Rh bond are intramolecularly

conjugated through a metal-metal 3-type orbital, and the

intermolecular -7 interaction results in a three dimensional

interaction network. We are now trying to prepare crystals
W Hymg fo prepare cry Fig. 3. The HOMO of 2-oxo-6-methylpyridine

stable enough to examine their magnetic susceptibilities and anion calculated with HMO method with
parameters recommended by Streitwieser. 10)
The numbers show the coefficients of the &
atomic orbitals.

electronic spectra.
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