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First tetrathiolate-bridged dinuclear molybdacarbaboranes: scission and
formation of the C–C cluster bond during oxidation processes
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Unprecedented tetrathiolate-bridged dinuclear ionic molyb-
dacarbaboranes [(C2B9H11)Mo(SPh)2]2

n2 (n = 2, 1) are
prepared by successive oxidation of [(C2B9H11)MoII-
(CO)2(SPh)2]22 with diphenyl disulfide and iodosylbenzene:
X-ray crystal structure determinations and NMR studies
show unusual scission and reformation of the C–C carbabor-
ane cage bond.

We have recently demonstrated that the dicarbabollide anion
[nido-7,8-C2B9H11]22 is useful in synthesizing high oxidation
state molybdenum oxo complexes.1 In particular, the mono-
nuclear thiolatomolybdacarbaborane [(C2B9H11)Mo-
(CO)2(SPh)2]22 11 coupled with iodosylbenzene as an oxygen-
transfer agent was proven a convenient system in deriving
oxometals, raising a possibility of using anion 1 as a synthon in
preparing high oxidation state molybdenum thiolate complexes.
To pursue this matter, the versatile oxidation reactivity of the
synthon 1 has been exploited, leading to the first observation of
tetrathiolate-bridged dinuclear molybdacarbaboranes
[(C2B9H11)Mo(m-SPh)2]2

n2 (n = 2 2, n = 1 3) involving
unusual scission and formation of the C–C bond of the
unsubstituted carbaborane cage during oxidation processes.

Oxidation of a red solution of 0.5 mmol [N(PPh3)2]2 1 in 30
ml of MeCN with excess diphenyl disulfide (0.7 mmol) under
refluxing for 24 h causes gradual precipitation of yellow
product [N(PPh3)2]2 2† (Scheme 1, path i) in 41% yield upon
recrystallization from dmf–Et2O. The dianionic 2 can be further
oxidized to mixed-valence monoanionic 3 using PhIO [Scheme
1, path ii): treatment of a dmf solution (30 ml) of 0.1 mmol
[N(PPh3]2]2 2 with six fold excess of PhIO at 100 °C for 24 h,
filtration and addition of Et2O to the concentrated filtrate gave
rise to a black precipitate. Recrystallization from dmf–Et2O
yielded analytically† pure black crystalline [N(PPh3)2] 3 in a
yield of 74%. The use of Br2 instead of PhIO also affords the
monoanionic 3 in 66% yield.

The structures‡ of 2 (Fig. 1) and 3 (Fig. 2) are seen to be
based on discrete dimers oriented about a crystallographic
inversion center. In both compounds, four bridging thiolate
groups are arranged such that two planar MoSMoS rhombi are

perpendicular to each other, the MoS(1)MoAS(1A) plane bisects
the cage C···C vector and the overall symmetry lacks a mirror
plane. The observation of two well resolved singlets at d 3.63
and 3.92 for carbaboranyl protons in the 1H NMR spectrum of
diamagnetic 2 in (CD3)2SO at 23 °C is consistent with the
expected magnetic inequivalency of two carboranyl CH
protons. For 3, similar observation was hampered by its
paramagnetism (m = 1.70 mB). It is interesting to note that at
elevated temperature 2 becomes fluxional and two carboranyl
CH proton signals coalesce at 93 °C, suggesting that the free
energy of activation associated with the fluxional motion of 2 is
74.2 kJ mol21 which is comparable to those of other thiolate
bridged dimers [Fe2(CO)6(m-SBut)2]2

2 (77 kJ mol21) and
[W2O2Cl4(m-Cl)(m-SBui)2]23 (75 kJ mol21) where inversion4

at the three-coordinate bridging sulfur atoms is operative.
The C2B9Mo cage geometry in 2 is derived by the scission5

of the C(1)–C(2) cage bond [C(1)···C(2), 2.55(6) Å] with
concomitant movement of B(6) toward the molybdenum atom.
The absence of the coupling peaks of carboranyl CH protons in
the 1H–1H COSY NMR spectra of 2 is in good agreement with
the X-ray structure. On the other hand, the C2B9Mo cage
geometry in 3 is dictated by the formation of the C(1)–C(2) cage
bond [1.65(2) Å]. The scission and the formation of the
unsubstituted carbaborane C–C bond upon successive oxidation

Scheme 1 Synthesis of [N(PPh3)2]2[(C2B9H11)Mo(SPh)2]2 and
[N(PPh3)2][(C2B9H11)Mo(SPh)2]2. Reagents: i, PhSSPh ; ii, 6PhIO.

Fig. 1 ORTEP drawing of the [(C2B9H11)Mo(SPh)2]2
22 dianion 2. Selected

bond distances (Å) and angles (°): Mo–MoA 2.8124(7), C(1)···C(2) 2.55(6),
Mo–C(1)2.174(4), Mo–C(2) 2.182(4), Mo–B(3) 2.377(5), Mo–B(4)
2.428(5), Mo–B(5) 2.371(5), Mo–B(6) 2.898, Mo–S(1) 2.5340(11), Mo–
S(1A) 2.5098(11); C(1)–Mo-C(2) 72.8(2), S(1)–Mo–S(1A) 112.22(3),
S(1)–Mo–MoA 55.70(3).
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processes, which constitutes the first example of its kind, are
quite fascinating since it has often been surmised5 that the
presence of bulky and electron rich exo-cluster substituents at
the cage carbon atoms induces the breaking of the C–C cage
bond. It is interesting that the two-electron reduction of
[PtW(CO)2(PEt3)2{h6-C2B9H8(CH2C6H4Me-4)Me2}],6 where
the carbaborane C atoms are both substituted, causes the
WC2B9 framework change from open to closed geometry with
an exopolyhedral B(3)UPt sUbond formation ([PtW(m-H){m-
s,h5-C2B9H7(CH2C6H4Me-4)Me2}(CO)2(PMe3)(PEt3)2]). In
our case, 2 was oxidized by a one-electron process and no
rearrangement of the complex backbone has occurred. Addi-
tionally, the 2 and 3 are intriguing since no mixed metal-
lacarbaboranes with bridged thiolate ligands have yet been
reported in spite of the observation that the thiolate group
bridging ligands have been previously shown to provide stable
di- and poly-nuclear molybdenum compounds.7–12

The closo MoC2B9 icosahedal framework in the oxidized
derivative 3 suggests that the C2B9H11 cages in 3 behave as nido
dianionic ligands. Therefore, the observed paramagnetism is
consistent with the expected mixed MoIIIMoIV valence for 3.
The closely interrelating features of the deltahedron nature13 of
the MoC2B9 cages and the oxidation states of the metal centers
in 2 remain to be clarified. The straightforward availability of
these stable compounds from the dicarbabollide and thiolate
ligands may make similar classes of compounds accessible for
further investigations, such as connecting the two carbon cage
atoms by various bridging aliphatic groups [-(CH2)n-; n = 3, 4]
and in particular, tungsten homologue insertion reactions. We
are currently investigating this possibility along with the XPS,
electrochemical and electronic spectral studies on anions 2 and
3 to clarify the effects of electronic densities in these types of
systems.

Support of this work by the Korea Science and Engineering
Foundation is gratefully acknowledged.

Footnotes and References

* E-mail: ykdo@single.kaist.ac.kr
† Elemental analysis: for 2, C100H102N2B18P4S4Mo2, C, 60.95; H, 5.22; N,
1.42. Found. C, 60.50; H, 5.28; N, 1.37. For 3, C64H72NB18P2S4Mo2, C,
53.68; H, 5.07; N, 0.98. Found. C, 53.42; H, 5.15; N, 0.85% 11B{1H} NMR
[(CD3)2SO, 373 K] for 2 [d 16.34, 1.49, 23.01, 26.53, 220.76
(1 : 2 : 3 : 2 : 1).
§ Crystal data: for [N(PPh3)2]2 2, C100H102B18Mo2N2P4S4: Mr = 1970.42,
monoclinic, space group P21/c, a = 12.7438(13), b = 14.4567(14),
c = 26.508(5) Å, b = 90.415(12)°, U = 4883.5(11) Å3, Z = 2, Dc = 1.340
g cm23, F(000) = 2028, m(Mo-Ka) = 0.456 mm21, R1 = 0.0501,
wR2 = 0.1439 for 6470 reflections [ıFoı > 4.0s(Fo)].

For [N(PPh3)2] 3, C64H72B18Mo2NP2S4: Mr = 1431.87, triclinic, space
group P 1̄ {note both independent dimers are contained in the unit cell of the
crystals of [N(PPh3)2] 3 examined in this work}, a = 13.060(2),
b = 13.061(2), c = 21.782(4) Å, a = 74.645(15), b = 74.575(15),
g = 82.118(15)°, U = 3444.9(11) Å3, Z = 2, Dc = 1.380 g cm23,
F(000) = 1462, m(Mo-Ka) = 0.573 mm21, R1 = 0.0704, wR2 = 0.1887
for 5969 reflections [ıFoı > 4.0s(Fo)].

Reflection data were collected on an Enraf-Nonius CAD4TSB dif-
fractometer with graphite-monochromated Mo-Ka radition at 293 K.
Accurate cell parameters and orientation matrices for 2 and 3 were
determined from the least-square fit of 25 accurately centered reflections in
the range of 20.48 @ 2q@ 28.64 and 16.63 @ 2q@ 26.67, respectively. All
data were collected with the w–2q scan mode and corrected for Lp effects.
y-Scan absorption correction was applied. The structure compounds was
solved by Patterson’s heavy-atom methods (SHELXS-86).14 Non-hydrogen
atoms were refined by full-matrix least-square techniques (SHELXL-93)15

with anisotropic displacement parameters. The phenyl rings were refined as
rigid groups with fixed bond lengths (dCC = 1.390 Å) and angles (120.0°).
Phenyl hydrogen and carbaboranyl hydrogen atoms, except for two
hydrogens bonded to carbon atoms of carbaboranyl groups in [N(PPh3)2]2

2, were placed at their geometrically calculated positions (dCH = 0.930 Å
for phenyl and dBH = 1.100 Å for carbaboranyl) and refined riding on the
corresponding carbon atoms with isotropic thermal parameters [U = 1.2
U(Cphenyl) and 1.2 U(Bcarbaboranyl)]. CCDC 182/552.
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Fig. 2 ORTEP drawing of the [(C2B9H11)Mo(SPh)2]2
2 monoanion.

Selected bond distances (Å) and angles (°): Mo(3)–Mo(3A) 2.725(2),
C(1)–C(2) 1.65(2), Mo(3)–C(1) 2.311(10), Mo(3)–C(2) 2.336(10), Mo(3)–
B(4) 2.391(11), Mo(3)–B(6) 3.680, Mo(3)–B(7) 2.394(12), Mo(3)–B(8)
2.452(14), Mo(3)–S(1) 2.453(3), Mo(3)–S(1A) 2.485(3); C(1)–Mo(3)–C(2)
41.7(4), S(1)–Mo(3)–S(1A) 113.01(8), S(1)–Mo(3)–Mo(3A) 57.06(7).
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