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Although arylthiolate ligands are ubiquitous in transition-metal
coordination chemistry, they are invariably S-bonded for either
terminal or bridging coordination. This is probably because the
affinity of transition-metal elements for thiolate sulfurs is strong
relative to the metal-aryl π interactions. In contrast, analogous
aryloxide complexes have occasionally been found to assumeπ
coordination geometries at the aryl substituents, in anη5-pentadienyl
or an η3-allyl bonding manner, leaving the CdO portion intact.1

As a part of our ongoing study on activation of small molecules
by means of coordinatively unsaturated transition-metal complexes,2

we were interested in preparation of molybdenum complexes of
the 2,6-disubstituted arylthiolates, SC6H3-2-Ph-6-SiMe3 and SC6H3-
2,6-(SiMe3)2. This contribution describes the reactions of MoCl3-
(thf)3 with the lithium salts of these arylthiolates, which resulted
in isolation of the unexpectedπ-sandwiched bis-arylthiolato
complex, Mo{η5-SC6H3-2,6-(SiMe3)2}{η7-SC6H3-2,6-(SiMe3)2} (1).
We also report here that theπ-bonding in1 is labile and that the
reaction with acetonitrile gave rise to the S-bonded bis-arylthiolato
complex carrying three acetonitrile molecules, one of which is
coordinated in anη2-mode, Mo{SC6H3-2,6-(SiMe3)2}2(η1-CH3CN)2-
(η2-CH3CN) (2).

Treatment of MoCl3(thf)3 with 3 equiv of LiSC6H3-2-Ph-6-SiMe3
in Et2O, and subsequent removal of LiCl, afforded the expected
tris-arylthiolato complex of Mo(III), Mo(SC6H3-2-Ph-6-SiMe3)3 (3)
(see Scheme 1), as an analytically pure dark-purple crystalline solid
in 67% yield.3 According to the X-ray analysis, complex3 has a
three-legged piano-stool structure with three arylthiolate sulfurs and
a π-bonded phenyl substituent of one arylthiolate ligand.4 The
coordination geometry at molybdenum(III) is similar to that of Mo-
(SC6H3-2,6-Mes2)3,4a and the geometric parameters are not unusual.

On the other hand, we isolated reddish-brown crystals from the
analogous reaction between MoCl3(thf)3 and 3 equiv of LiSC6H3-
2,6-(SiMe3)2. The product was formulated as Mo{SC6H3-2,6-
(SiMe3)2}2 (1), based on the elemental analysis,5 the EI mass
spectrum showing an isotope cluster of the parent ion centered at

m/z 604, and the IR spectrum indicating the absence of an SH
moiety. Obviously reduction from Mo(III) to Mo(II) took place
during the reaction, and the yield of1 is relatively low (29%), partly
because we were forced to rinse the crude product with HMDSO
repeatedly to remove the disulfide,{SC6H3-2,6-(SiMe3)2}2.

The X-ray crystal structure analysis confirmed the formulation
of 1 and revealed its unusual coordination geometry (Figure 1).
There are two immediate observations in the structure: (1) the aryl
group of each ligand isπ-bonded to Mo, and (2) one CdS group
bends significantly toward Mo while the other is far away from
the metal center, and thereby the molecule is unsymmetric. Close
inspection of the C-C bond distances in either of the arylthiolates
suggests that they are classified into two groups: four short C-C
bonds among C(2)-C(6) (or C(14)-C(18)) (1.382(7)-1.426(6) Å)
vs two long C(1)-C(2), C(1)-C(6), (or C(13)-C(14), C(13)-
C(18)) bonds (1.450(6)-1.459(6) Å). Thus, the aryl rings behave
like pentadienyl ligands. This bonding feature would provide 16
electrons at the Mo(II) center, and the additionalπ-coordination
of one CdS bond makes the complex an 18-electron system. The
η7-SC6H3-2,6-(SiMe3)2 ligand is folded by 14.9° at the C(2)-C(6)
vector due to the coordination of the CdS group. Consequently
the C(1)-S(1) bond is elongated, while the Mo-C(1) bond
(2.111(4) Å) is substantially shorter than the other Mo-C bonds.
In theη5-SC6H3-2,6-(SiMe3)2 ligand, the C(13)-S(2) bond length
of 1.709(4) Å is between single and double bonds, indicating
π-electron delocalization over the five “pentadienyl” carbon atoms
and the CdS bond. The CdS group bends away from the metal
center by 10.8°, resulting in the long Mo-C(13) distance of
2.449(5) Å.

The Mo(II) complex1 is diamagnetic, and the1H NMR spectrum
in benzene-d6 shows two sets of proton signals in a 1:1 intensity
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Scheme 1

Figure 1. Molecular structure of1. Selected bond distances [Å]: Mo-
S(1) 2.562(1); Mo-C(1) 2.111(4); Mo-C(2) 2.339(4); Mo-C(3) 2.360(4);
Mo-C(4) 2.280(4); Mo-C(5) 2.335(4); Mo-C(6) 2.317(4); Mo-C(13)
2.448(4); Mo-C(14) 2.302(4); Mo-C(15) 2.313(4); Mo-C(16) 2.327(4);
Mo-C(17) 2.295(4); Mo-C(18) 2.369(4); S(1)-C(1) 1.754(4); S(2)-C(13)
1.709(4).
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ratio for both the aromatic and trimethylsilyl groups. The13C and
29Si NMR spectra also indicate that the two SC6H3-2,6-(SiMe3)2

ligands are chemically inequivalent.5 The aryl ring proton reso-
nances are all shifted upfield compared with those of HSC6H3-2,6-
(SiMe3)2 (7.45(d) and 7.06(t) ppm). A similar trend was noticed in
the 13C{1H} NMR spectrum, except for one resonance at 174.0
ppm, which may be assigned to the uncoordinated thiocalbonyl
carbon.6 These observations suggest that the unsymmetricπ-sand-
wich structure of1 is preserved and rigid in solution.

Although the unsymmetricπ-sandwich structure of1 appears to
be rigid at the NMR time scale, lability of the aryl-Mo bond was
manifested by its reaction with acetonitrile. Thus, dissolution of1
in CH3CN at room temperature led to a rapid color change to deep
green. A diamagnetic sky-blue crystalline product, formulated as
Mo{SC6H3-2,6-(SiMe3)2}2(CH3CN)3 (2),7 was obtained from the
CH3CN solution in 76% yield. The X-ray derived structure of2 is
given in Figure 2, which reveals a trigonal bipyramidal coordination
geometry of Mo(II) with two S-bonded arylthiolates and three
acetonitrile molecules. Interestingly, one acetonitrile molecule
adopts anη2-coordination mode at an equatorial site, while the other
two show normalη1-coordination at the axial sites. Theπ-bonded
CH3CN orients perpendicular to the equatorial plane, and the
C(25)-N(1) bond is longer by 0.08 Å than the corresponding bonds
of η1-CH3CN. This upright conformation is electronically favored
for a d4 configuration of Mo(II), and can be rationalized in terms
of the optimalπ-back-bonding.8b This bonding feature is analogous
to the Mo(II) alkyne complexes, Mo(StBu)2(CNtBu)2(RCtCR′) (R,
R′ ) Ph, H).8

The IR spectrum of2 exhibits bands at 2261 and 1673 cm-1,
assignable to the N-C stretching modes of theη1- andη2-CH3CN
ligands, respectively. The1H NMR spectrum in toluene-d8 consists
of three CH3CN singlets and two sets of the arylthiolate ligands
up to 70°C,7 at the temperature of which2 starts to decompose.
Thus, the molecule is not fluxional, and its solid-state structure is
retained in solution. Theη2-CH3CN nitrile carbon resonance at
226.9 ppm in the13C{1H} NMR spectrum shifts downfield
considerably, relative to theη1-CH3CN nitrile carbons, and falls in
the region where CH3CN has been thought to act as a four-electron-
donor ligand.9 Thus, the secondπ orbital10 may also participate in
the bonding with Mo(II) for2.

We have established for the first time that the 2,6-disubstituted
arylthiolate ligand SC6H3-2,6-(SiMe3)2 can bind to a metal center

at the aryl portion to form aπ-sandwich Mo(II) complex, which
would open a new facet of transition-metal thiolate chemistry.
Lability of the π-aryl coordination of1 and the presence ofη1-
andη2-CH3CN ligands in2 suggest that these complexes are useful
for exploration of the chemistry of coordinatively unsaturated low-
valent molybdenum complexes.4,8,11Further study of the reactivity
of 1 and2 is currently underway.
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Figure 2. Molecular structure of2. Selected bond distances [Å] and angles
(deg): Mo-S(1) 2.355(3); Mo-S(2) 2.352(3); Mo-N(1) 1.98(2); Mo-
N(2) 2.14(1); Mo-N(3) 2.15(1); Mo-C(25) 1.98(2); S(1)-C(1) 1.81(1);
S(2)-C(13) 1.78(1); N(1)-C(25) 1.24(2); N(2)-C(27) 1.15(2); N(3)-C(29)
1.16(2); S(1)-Mo-S(2) 128.5(1); N(2)-Mo-N(3) 162.1(5); Mo-S(1)-
C(1) 110.2(3); Mo-S(2)-C(13) 108.7(4); N(1)-C(25)-C(26) 141(1).
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