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The reaction of [(TMS)2N]3La(µ-Cl)Li(THF)3 (1) and HSPh produced
a bimetallic complex [{(TMS)2N}2La(THF)]2(µ-SPh)(µ-Cl)] (2).
Compound [{(TMS)2N}2La5O(SPh)10LiCl2(THF)6] (3) was prepared
by control of the hydrolysis of 2 and LiCl or 1 and HSPh with the
proper amount of water. 1 was treated first with 1/6 equiv of H2O
and then with equimolar HSPh; a polymeric complex [{(TMS)2N}2-
(µ-SPh)La(µ-SPh)Li(THF)2]∞ (4) was isolated. 3 contains a central
[(µ-SPh)4(µ3-SPh)2{La(THF)}4(µ3-O)]4+ tetrahedral fragment in
which two La atoms are linked by a pair of µ-SPh- and µ3-Cl-

ligands to a [{(TMS)2N}2La]+ fragment, while the other two are
bridged by two µ-SPh- ligands to a [Li(THF)2]+ fragment, forming
a bee-shaped structure.

Organolanthanide compounds are usually prepared under
an inert gas using conventional Schlenk techniques with dried
solvents. However, some unexpected organolanthanide-oxo
complexes1 are incidentally isolated in varied yields even
when the reactions are carried out in a glovebox under an
inert gas where contamination by O2 and H2O is maintained
to be less than 1 ppm. Elucidation of the origin of the O
atom in these compounds proved difficult because of their
poor yield, solubility, or reproducibility. Therefore, the
introduction of the O atom in many cases is always ascribed
to the hydrolysis of lanthanide ions with the adventitious
water,2 even though cleavage of the C-O bond of tetrahy-
drofuran (THF) or ether,3 decomposition of grease,4 and

oxygen-containing reagents such as O2,5 SeO2,6 and alkox-
ides7 were reported to be the oxygen sources in some cases.
Because the adventitious water in many reactions could not
be avoided, deliberate initialization of hydrolysis in these
reactions via the addition of a quantitative amount of water
was considered to be a useful way of obtaining organolan-
thanide-oxo derivatives. In this regard, several groups have
reported some interesting examples that are mainly related
to organolanthanide oxides supported by cyclopentadienyl,
alkoxide, amine, Schiff base, and carborane ligands.8 How-
ever, few attempts have been made on oxolanthanide
chalcogenolate complexes.9

On the other hand, we have recently been involved in the
preparation and determination of the structures and catalytic
properties of new aminolanthanide thiolate complexes.10 The
adventitious water was also observed to work in some of
our reactions, which made them quite messy. On the basis
of the considerations (i) that, in the presence of water, these
thiolate complexes tend to be hydrolyzed because of their
weak Ln-S bonds and the oxophilicity of the lanthanide-
(III) ion and (ii) that if such a hydrolysis is maintained to a
small scale, the resulting hydrolyzed species in solution may
interact with the remaining precursor to form new soluble
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lanthanide thiolate and/or oxide complexes, we explored
some hydrolysis reactions of preformed organolanthanide
thiolate complexes with water. In this paper, we report an
interesting example where an unprecedented pentanulcear
lanthanum thiolate oxide complex was incidentally isolated
because of the adventitious water but was regenerated in an
acceptable yield via control of hydrolysis. This represents a
new route to oxolanthanide thiolate compounds and may be
applicable to other related systems.

We previously reported the preparation of lanthanide thio-
late complexes from protonolysis of some preformed lantha-
nide(III) bis(trimethylsilyl)amino chloride complexes with
HSPh.10 When we ran an analogous reaction of [(TMS)2N]3La-
(µ-Cl)Li(THF)3 (1) (TMS ) trimethylsilyl) in THF with equi-
molar HSPh inn-hexane at ambient temperature, colorless
plates of the binuclear complex [{((TMS)2N)2La(THF)}2(µ-
SPh)(µ-Cl)]‚C7H8 (2‚C7H8)11 in 56% yield coupled with
several colorless prisms of a pentanuclear lanthanum thiolate
oxide cluster [{(TMS)2N}2La5O(SPh)10LiCl 2(THF)6]‚C7H8

(3‚C7H8) were isolated. Where did the O atom in3 originate?
When we bubbled dry O2 into a THF solution of2 and equi-
molar LiCl for 1-30 min, it always resulted in an insoluble
white material, which ruled out the role of the adventitious
O2 in the formation of3. Then we assumed that it might be
the water that worked in this reaction. The addition of1/6
equiv of water to a THF solution of2 and equimolar LiCl
initiated an evident hydrolysis, which led to the formation

of an amount of insoluble solids. Subsequent filtration fol-
lowed by a standard workup did produce3 in 5% yield and
a thiolate-free compound [{(TMS)2N}3La] in 17% yield.12

A change of the2/H2O molar ratios from 10:1 to 3:1 did
not increase the yield of3. Interestingly,3 could be obtained
in 19% yield from the direct addition of1/10 equiv of water
to a mixture of1 and equimolar HSPh.13 However, if a THF
solution of 1 was treated first with1/6 equiv of water and
then with equimolar HSPh, only a polymeric complex
[{(TMS)2N}2(µ-SPh)La(µ-SPh)Li(THF)2]∞ (4) was isolated
in 22% yield.14 When the molar ratio of1/H2O/HSPh was
changed to 1:0.1:1, a similar reaction afforded a mixture of
4 (15% yield) and3 (0.5% yield). Therefore, these results
revealed that control of the proper amount of water in
hydrolysis and even the addition sequence between water
and other reagents are critical to the formation of3. Com-
plexes2-4 were sensitive to air and moisture and readily
soluble in THF and toluene, and their identities were con-
firmed by elemental analysis,1H NMR, IR, and X-ray
analysis.

An X-ray analysis15arevealed that2 contains two{((TMS)2-
N)2La(THF)}+ fragments that are interconnected by one
µ-Cl- and oneµ-SPh-, forming a dimeric structure with a
crystallographicC2 axis running along the Cl1‚‚‚S1‚‚‚C13‚
‚‚C16 line (Figure 1). La1 and La1A adopt a distorted square-
pyramidal geometry, coordinated by oneµ-Cl, oneµ-S (SPh),
one O (THF), and two N{(TMS)2N} atoms.

Compound3 consists of a central [(µ-SPh)4(µ3-SPh)2{La-
(THF)}4(µ4-O)]4+ tetrahedral fragment in which La1 and
La1A are bridged by a pair ofµ-SPh- ligands to a [Li-
(THF)2]+ fragment while La2 and La2A are connected by
two pairs ofµ3-Cl- andµ-SPh- ligands to a [{(TMS)2N}2La]+
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fragment, thereby forming a bee-shaped structure (Figure
2).15b The whole molecule possesses aC2 axis running along
the La3‚‚‚O3‚‚‚Li1 line. Theµ4-O atom lies at the center of
the La4 tetrahedron and interacts with four La atoms, with
La-O lengths ranging from 2.383(3) to 2.555(4) Å. The four
edges of the La4 tetrahedron are bridged by fourµ-SPh-

ligands, while its two faces are capped with twoµ3-SPh-

ligands. The mean Ln-S bond distance is 2.9766 Å. Each
La atom in this La4 tetrahedron is saturated by a THF
molecule, while La3 binds to two (TMS)2N- anions. Thus,

La1/La1A, La2/La2A, and La3 display a distorted square-
capped trigonal-prismatic coordination geometry, a distorted
bisquare-capped trigonal-prismatic coordination geometry,
and a distorted octahedral coordination geometry, respec-
tively (see the Supporting Information). The tetrahedral
coordination sphere of Li1 is completed by twoµ-S and two
O atoms from THF molecules.

The structure of4,15c similar to that of its praseodymium
analogue,10 contains a 1D wavelike chain structure in which
the two [{(TMS)2N}2La]+ and [Li(THF)2]+ fragments are
alternatively bridged byµ-SPh- ligands along the crystal-
lographica axis (see the Supporting Information).

Compounds2-4 were found to initiate the polymerization
of ε-caprolactone at ambient temperature in a few minutes
to give poly(ε-caprolactone) with low polydispersity (Mw/
Mn ) 1.42-1.63). Compared with1 and their mono- or
disubstituted (silylamino)lanthanide complexes,16 2-4 initi-
ated faster polymerization and produced poly(ε-caprolactone)
with narrower molecular weight distribution. This result may
be ascribed to the weak Ln-S bonds in2-4.17 The catalytic
activities in the polymerization ofε-caprolactone decreased
in the order of3 > 2 > 4 (see the Supporting Information)
mainly because of the different clusterings.

In summary, the present work demonstrated that a unique
pentanuclear lanthanum benzenethiolate oxide compound3,
once incidentally isolated, could be reproduced via control
of the hydrolysis of2 and LiCl or 1 and HSPh with the
proper amount of water. This synthetic strategy may be
applied to the preparation of other new oxolanthanide thiolate
complexes with better catalytic performances. Studies in this
respect are ongoing in our laboratory.

Acknowledgment. This work was supported by the
Distinguished Young Scholar Fund to J.-P.L. (Grant
20525101), the NSF of Jiangsu Province (Grant BK2004205),
the State Key Laboratory of Organometallic Chemistry of
SIOC (Grant 04-31), and the Key Laboratory of Organic
Synthesis of Jiangsu Province (JSK001) in China. The
authors also thank Y. Zhang for kind assistance in X-ray
analysis.

Supporting Information Available: Crystallographic data for
2-4 (CIF) and synthesis and polymerization details (PDF). This
material is available free of charge via the Internet at http://
pubs.acs.org.

IC052073V

(14) To a THF (30 mL) solution of1 (0.924 g, 1.07 mmol) was slowly
added a THF (2 mL) solution of H2O (3.22µL, 0.179 mmol). Some
precipitate was observed to form within seconds. The mixture was
stirred overnight at room temperature and treated with a hexane (5
mL) solution of HSPh (0.110 mL, 1.07 mmol). After the resulting
mixture was stirred for one more night, the volatile species were
evaporated in vacuo, leaving an oily residue. Hexane (10 mL) was
added to the residue, which was stirred for another 15 min. After
removal of the hexane by vacuum evaporation, the solid was again
extracted with hot hexane (15 mL) and toluene (5 mL) (about 40°C)
and filtered. Colorless crystals of4 were formed by cooling the filtrate
to 2°C for several days. Yield: 0.195 g (22%). Anal. Calcd for C32H62-
LiN2O2LaS2Si4: C, 46.35; H, 7.54; N, 3.38. Found: C, 46.53; H, 7.89;
N, 3.17. Mp: 145-147°C. 1H NMR (400 MHz, THF-d8): δ 0.49 (s,
36H, Si(CH3)3), 1.71 (br, THF), 3.62 (br, THF), 6.99-7.61 (m, 10H,
Ph). IR (KBr, disk): 3058 (w), 2960 (m), 2880 (w), 1581 (s), 1450
(s), 1443 (m), 1256 (w), 1179 (m), 1090 (s), 1051 (m), 1027 (s), 890
(w), 743 (s), 696 (m), 660 (w), 481 (m), 416 (w) cm-1.

(15) (a) Crystal data for2: monoclinic, space groupC2/c, a ) 20.7862-
(15) Å, b ) 11.4386(7) Å,c ) 30.107(2) Å,â ) 106.665(2)°, V )
6857.8(8) Å3, Z ) 4, Fcalcd ) 1.258 g/cm3, µ(Mo KR) ) 1.471 cm-1,
R1 ) 0.0422, wR2) 0.0972, GOF) 1.120. (b) Crystal data for3:
monoclinic, space groupC2/c, a ) 26.247(4) Å,b ) 20.784(2) Å,c
) 25.361(3) Å,â ) 114.473(3)°, V ) 12592(3) Å3, Z ) 4, Fcalcd )
1.438 g/cm3, µ(Mo KR) ) 1.952 cm-1, R1) 0.0599, wR2) 0.1365,
GOF ) 1.114. (c) Crystal data for4: triclinic, space groupP1h, a )
8.718(3) Å,b ) 11.384(4) Å,c ) 22.573(8) Å,R ) 103.077(11)°, â
) 96.329(12)°, γ ) 90.864(7)°, V ) 2167.1(12) Å3, Z ) 2, Fcalcd )
1.271 g/cm3, µ(Mo KR) ) 1.220 cm-1, R1) 0.0695, wR2) 0.1708,
GOF ) 1.037.
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Figure 1. Molecular structure of2 with 30% probability. All H atoms
are omitted for clarity.

Figure 2. Molecular structure of3 with 30% probability. All C and H
atoms are omitted for clarity.

COMMUNICATION

Inorganic Chemistry, Vol. 45, No. 5, 2006 1887


