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by p-Quinones, [Mo02(02CCF3)4(2,6-Me-BQ)ln (2,6-Me-BQ=2,6-dimethyl-p-benzoquinone)
and [Mo2(02CCF3)4(2,6-t-Bu-BQ)2] (2,6--Bu-BQ=2,6-di--butyl-p-benzoquinone)
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A chain complex [M02(02CCF3)4(2,6-Me-BQ)] (2,6-Me-
BQ = 2,6-dimethylbenzoquinone) and a bis p-quinone adduct
complex [Mo02(02CCF3)4(2,6-t-Bu-BQ)2] (2,6-t-Bu-BQ = 2,6-
di-z-butyl-p-benzoquinone) have been prepared and characterized
by X-ray crystal structure analyses, 13C-NMR spectrum, and
cyclic voltammetry. The effect of alkyl groups R (= Me, t-Bu) at
the 2,6-positions of the p-benzoquinone on the structures of the
complexes have been discussed.

Recently much interest has been devoted to the unique
physical properties of the polymeric transition metal complexes
constructed by the combination of metal complexes and bridging
ligands.l In order to produce such properties, the interaction of
metal-ligand and metal-metal through the ligand is important. In
the previous papcr,2 we introduced p-quinone as the bridging
ligand and isolated a complex, [M02(02CCF3)4AQ], (1) (AQ =
9,10-anthraquinone), in which Mo2(02CCF3)4 dimers are linked
by the axial coordinations of AQ to form a chain structure. The
X-ray structural data revealed a discernible interaction between
Mo2(02CCF3)4 and AQ. Unfortunately the chain complex 1 is
insoluble in common organic solvent (such as benzene and alkyl
halides) and we could not perform the solution studies. In this
study, we have tried to prepare discrete bis p-quinone adduct of
Mo2(02CCF3)4, which may be expected to be soluble in organic
solvent, by preventing the one carbonyl oxygen from the
coordination due to steric hindrance of the alky! groups at the 2,6-
- positions of p-benzoquinone. In the case of R = Me, a chain
complex [Mo2(02CCF3)4(2,6-Me-BQ)1x (2) (2,6-Me-BQ =
2,6-dimethyl-p-benzoquinone) has been formed. On the other
hand, we have successfully isolated the desired bis p-
benzoquinone adduct, [M02(02CCF3)4(2,6--Bu-BQ)2] (3)
(2,6--Bu-BQ = 2,6-di-r-butyl-p-benzoquinone), by introducing
t-buthyl groups at the 2,6-positions.

The complexes 2 and 3 were prepared by adding an excess
of the p-quinones in benzene into a benzene solution of
Mo2(02CCF3)4 under Ar. Anal. [M02(02CCF3)4(2,6-Me-
BQ)ln (2); Found: C, 24.70; H, 1.02%. Calcd for
Ci6H8F12Mo02010: C, 24.63; H, 1.03%. [Mo2(02C-
CF3)4(2,6--Bu-BQ)2] (3); Found: C, 39.58; H, 3.65%. Calcd
for C36H40F12M02012: C, 39.87; H, 3.72%.

In Figure 1, the crystal structure of 2 is shown.3
Mo2(02CCF3)4 is axially coordinated by 2,6-Me-BQ to form a
chain structure. The characteristic point of the structure is that
two kinds of Mo2(02CCF3)4 units exist in the chain. The
crystallographic inversion centers are located in the centers of the
both dimer units. The axial positions of the (Mo1-Mol1') dimer
unit are occupied by the carbonyl oxygens adjacent to the methyl
groups at the 2,6-positions, O9 and O9'. On the other hand, the
axial positions of the (Mo02-Mo2') dimer unit are occupied by the

Figure 1. Perspective view of the portion of the chain of 2. Selected
interatomic distances (//A) and angles (¢/°): Mo1-Mol' 2.108(1), Mo1-O1
2.128(8), Mo1-02 2.117(7), Mo1-03 2.127(8), Mo1-04 2.117(7), Mo1-09
2.619(9), Mo2-Mo2' 2.111(1), M02-05 2.122(7), M02-06 2.130(7), Mo2-
07 2.117(7), Mo2-08 2.128(7), M02-010 2.60(1), Mo1'-Mo1-09 173.6(2),
Mo1-09-C9 152.6(7), M02'-M02-010 175.7(2), M02-010-C12 141.7(8).

carbonyl oxygens at the 4-position of the 2,6-Me-BQ, O10 and
0O10'. The similarity in the axial coordination distances, Mol-
09=2.619(9) A, Mo02-010=2.60(1), shows that there is no
substantial difference in the coordination abilities of these
carbonyl oxygens of the p-quinone. Moreover, the similarity in
the Mo-Mo distances, Mol-Mol1'=2.108(1) A, Mo2-
Mo2'=2.111(1) A, shows that the axial coordinations effect is
almost the same for the dimer units; the Mo-Mo distance of the
parent complex Mo2(02CCF3)4 is 2.090(4) A.4

In Figure 2, the crystal structure of 3 is shown.3 Ttis clearly
shown that the bulkiness of the z-butyl groups of the p-quinone

Figure 2. Perspective view of 3. Selected interatomic distances (//A) and
angles (¢/°): Mo-Mo 2.117(1), Mo-O1 2.129(5), Mo-02 2.125(5), Mo-03
2.124(5), Mo-04 2.115(5), Mo-05 2.568(6), Mo'-Mo-05 179.0(1), Mo-O5-
C5 140.6(5).
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prevents the coordination of the carbonyl oxygen adjacent to the
2,6-alkyl groups to form the bis p-quinone adduct of the dimer
Mo2(02CCF3)4. The crystallographic inversion center exists in
the center of the dimer. The carbonyl oxygen at the 4-position,
035, is axially coordinated to the Mo atom with the distance of
2.568(6) A. The Mo-Mo bond distance is 2.117(1) A, being
elongated by 0.027 A by the axial coordinations.

The complex 3 is soluble in chloroform and dichloromethane.
In the 13C-NMR spectrum of the CDCI3 solution, the signal for
the carbonyl carbon at the 4-position was detected at 194.1 ppm,
which is 5.1 ppm lower field compared with the signal position
for the carbon of free p-quinone. Such a large shift was not
observed for the carbonyl carbon adjacent to the ¢-butyl groups;
(187.3 ppm for 3 and 187.7 ppm for free p-quinone). This is the
evidence for the existence of the interaction between the Mo2
dimer and the p-quinone, and shows that the axial coordination of
the p-quinone occurs in solution as in the crystal structure.

The CV (cyclic voltammetry) measurement was also
performed in CH2Cl2 solution. The result is shown in Figure 3.
2,6--Bu-BQ itself has two well-resolved redox couples at -0.80
and -1.45 V (vs. SCE), however, in the case of 3, a reduction
peak and a shoulder peak occur at -0.80 V and -0.50 V (vs.
SCE), respectively, and the corresponding anodic peak does not
appear. Alternatively, an oxidation peak occurs at 1.0 V (vs.
SCE); the oxidation wave at ~1.5 V (vs. SCE) may be due to the
oxidation of M02(0O2CCF3)4. Although detailed analyses are
necessary to explain the CV feature, this result may be correlated
with the interaction between the Mo dimer and the p-quinone.d
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Figure 3. The cyclic voltammogram of 3 in CH2ClI2 at a glassy carbon
electrode: scan rate=100 mV/s, [complex]:l.OxlO'3 mol dm‘3, [(n-
Bu)4NCl04)=0.1 mol dm3.
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