1298

Chemistry Letters Vol.35, No.11 (2006)

A Square-sheet Structure of Paddlewheel Dirhodium Complexes
in Mixed Oxidation States with Perrhenate Linkers

Yasuhiro Fuma and Masahiro Ebihara*
Department of Chemistry, Faculty of Engineering, Gifu University, Yanagido, Gifu 501-1193

(Received August 31, 2006; CL-060995; E-mail: ebihara@gifu-u.ac.jp)

A mixed oxidation-state (Rh,** and Rh,>*) complex,
[{Rha(acam)s }o(4-ReO4)] (1, Hacam = acetamide), was
synthesized and characterized by X-ray structure analysis. A
square-sheet structure is constructed from Rh,(acam), units
and ReO, ™ ion linkers in which all dirhodium units are crystallo-
graphically equivalent. In the mixed oxidation-state compounds,
the electrical conductivity of 1 (8.9 x 1078Scm™!) is higher
than that of [{Rhy(acam)4 }3(u45-Cl)2]-4H, O, but lower than that
of [{Rhy(acam)4 }2(144-1)]-6H> 0.

Paddlewheel dinuclear complexes have rich redox chemis-
try and show various electronic configurations that are based
on metal-metal bond orbitals.!> They are useful modules for
assembled structures, because the axial sites are available for
coordination of linker ligands. Most of the structures with pad-
dlewheel complexes consist of those with a unique oxidation
state,! even though they are 2-D or 3-D structures. In our recent
study, we reported 1-D to 3-D assembled structures of paddle-
wheel complexes.*® In particular, the 2-D honeycomb sheet
structure of [{ha(acam)4}3(/L3—C1)2]~4H205 and the 3-D
diamondoid structure of [{ ha(acam)4}2(;/,4-1)]-6H206 are
mixed oxidation-state complexes that include cationic radicals
(Rh,>*) and neutral complexes (Rhy*t) and show drastic
changes in electrical conductivities depending on their hydrated
water. We have attempted to make new mixed oxidation-state
compounds with a novel structural type using anionic linkers
that have m possible coordination sites and n negative charges,
with m > 2n. Perrhenate ion is a potential linker: it is a univalent
anion with four possible coordination sites. In the reported
structures,’ it bridges between two metal atoms using two
oxygen atoms such as [Ruy(O,CR)4((-ReOs)] (R = CMes,
CH,CH,0Me).”® In this paper, we report a new 2-D square-sheet
compound constructed from acetamidate-bridged dirhodium
complexes in mixed oxidation states and the quadruple coordi-
nated perrhenate ion.

An aqueous solution containing equimolar amounts
(2.0mM) of [Rhy(acam)s(H,0),]-6H,0% and [Rhy(acam)s-
(H,0),]C104,° with NH4ReO4 (8.5mM) was left for several
days at 50°C to gradually precipitate dark brown crystals of
[{Rhy(acam)y }2(1t4-ReOy)] (1).'° From the more concentrated
solution, brown plate crystals of [Rhy(acam)4(H,0),]ReO,!!
were obtained together with 1.

Figure 1 shows the square-sheet structure of 1.'> The
Rhj(acam), units are linked by ReO4~ ions, in which Re atoms
occupy 4 sites, with all O atoms coordinated to the axial sites of
the dirhodium units. To our knowledge, this complex is the first
example of perrhenate ion connecting to four metal complexes.
Each Rh; unit has twofold symmetry, and all the Rh; units are
crystallographically equivalent. The Rh, complexes hydrogen
bond to the four neighboring complexes in the sheet (N1---O1’

Figure 1. (a) Top view and (b) side view of two adjacent layers
in [{Rhy(acam)4 }2(t4-ReOy4)] (1). Thermal ellipsoids are shown
at 50% probability. Methyl hydrogen atoms are omitted for clari-
ty. The layers are distinguished by the bond types. Intralayer hy-
drogen bonds were drawn as solid thin lines, and interlayer ones
as dashed thin lines. Symmetry operations ": 5/4 —y, 1/4 + x,
1/4—z":1/24+x,y,1/2 -z

3.181(5) A). The sheets extend parallel to the ab plane, and they
are linked together by hydrogen bonds between NH and O
(N2--02” 3.155(5) A). The Rh—Rh distance of 1 (2.4047(6) A)
is shorter than that of the neutral complex (2.415(1);\),8 but
longer than that in the cationic complexes (2.404(4) A).>!113
The Rh—-O¢q (1 2.050(4) A; neutral 2.073(6) A; cation 2.034(6)
A) and Rh-N (1 1.995(4); neutral 2.008(1 1)1&; cation 1.976(5)
A) distances have a similar tendency. It is consistent with a
1:1 ratio of the neutral and cation complexes in 1, of which
HOMO and singly occupied MO are 8" orbitals.?

The diffuse reflectance spectrum of 1 (Figure S1, see SI)!*
did not show any clear-cut extraneous band assignable to an
intervalence charge-transfer (IVCT) transition. It indicates that
the crystallographically equivalent Rh; units in 1 are given by
time- and space-average of the Rh,** and Rhy>* units, the same
as the diamondoid complex of [{ha(acam)4}2(;/,4-1)]-6H20.6
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Figure 2. The X-band ESR spectrum of crystalline powder of 1
at 77K.

The effective magnetic moment of 1 at 295 K was 1.78 8 per
formula unit of {Rh,(acam)s},ReOy, and the temperature de-
pendence of its magnetic susceptibility fits a Curie-Weiss law
with $ =1/2, g=1.904+0.01, and 6 = 0.0 £ 0.3K (Figure
S2, see SI).! This result is consistent with one Rh,>* unit, that
has one odd electron per {Rh,(acam), },ReQy, and suggests that
the magnetic interaction between the Rh, units is vanishingly
small.

The X-band ESR of crystalline powder of 1 showed a broad
single line (giso = 2.072) at room temperature. At 77 K, 1 shows
an axially symmetric g-tensor (g, = 2.119, g, = 2.048), as
shown in Figure 2. This 77K spectrum different from that
observed for a frozen aqueous solution of [Rhy(acam),-
(H,0),]CIO4 (g, =1.935, g, =2.115) is due to the rapid
electron transfer between the Rh,*T and Rh,>t units. When
the principal axes of X, Y, and Z are chosen as the crystallo-
graphic a, b, and c¢ axes, respectively, the local z axis of the
Rh, units direct toward the X or Y axis. The local x axis also
directed toward the X or Y axis, and the local y axis are parallel
to the Z axis. If the electron-transfer rate between the Rh,*t and
Rh,3* units is fast enough, the g-anisotropic resonance must be
averaged as gxx = gvyy = (g, +8x)/2 =(g/; +g1)/2, and
g7z =8y = &1, of which g, and g, are g values of
Rh,(acam), ™. The calculated values of gzz = 2.115 and gxx =
gyy = 2.025 using the g-tensor of [Rhy(acam)4(H,0),]C104 are
in good agreement with the observed g/, and g, of 1.

The electrical conductivity of 1 (room temperature, pellets)
was 8.9 x 107°Sem™!. This value is higher than the 2 x
1077 Scm™! of [{Rhy(acam), }3(45-C1)2]+-4H, 07 but lower than
the 1.4 x 1073 Scem™! of [{Rhy(acam)y }2(jty-1)]-6H,0.5 In the
former structure, the Rhy** and Rh,>* units are distinguishable
and are pinned by the water of crystallization, whereas in the
latter complex, all the Rh, units are equivalent. The electrical
conductivity depends on the facility of the odd electron to hop
between the Rh, sites. The barrier in 1 is lower than that in
[{Rhy(acam)s }3(3-Cl)2]-4H,0 because all Rh, units are
equivalent in 1. The difference between 1 and [{Rh,(acam)4},-
(tt4-1)]-6H,O may be due to the longer interunit Rh---Rh separa-
tion in the former (5.80 z&) than that in the latter (4.60 A)é and/or
the different anisotropies of the conductivity in the 2-D and 3-D
network structures.
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