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The reaction of [(TMS),N]sLa(u-Cl)Li(THF); (1) and HSPh produced
a bimetallic complex [{(TMS),N},La(THF)]a(ee-SPh)(«e-Cl)] (2).
Compound [{ (TMS),N} ;LasO(SPh)y,LICly(THF)g] (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 /g equiv of H,0
and then with equimolar HSPh; a polymeric complex [{ (TMS),N} .-
(u-SPh)La(u-SPh)Li(THF),]. (4) was isolated. 3 contains a central
[(1-SPh)4(13-SPh)o{ La(THF)} 4(u3-0)]** tetrahedral fragment in
which two La atoms are linked by a pair of u-SPh~ and us-Cl~
ligands to a [{(TMS),N},La]* fragment, while the other two are
bridged by two x-SPh™ ligands to a [Li(THF),]* fragment, forming
a bee-shaped structure.

Organolanthanide compounds are usually prepared unde
an inert gas using conventional Schlenk techniques with dried

solvents. However, some unexpected organolanthaittixe
complexes are incidentally isolated in varied yields even

when the reactions are carried out in a glovebox under an

inert gas where contamination by @xd HO 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 vyield, 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? even though cleavage of the-© bond of tetrahy-
drofuran (THF) or ethet,decomposition of greaseand
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oxygen-containing reagents such ag®®eQ,® and alkox-
ides’ 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 ligandew-
ever, few attempts have been made on oxolanthanide
chalcogenolate complexés.

On the other hand, we have recently been involved in the
preparation and determination of the structures and catalytic
Properties of new aminolanthanide thiolate complekdhe
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-
(1N 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

of an amount of insoluble solids. Subsequent filtration fol-
lowed by a standard workup did produgén 5% yield and
a thiolate-free compound (TMS),N}sLa] in 17% yield*?

interesting example where an unprecedented pentanulceaA change of the2/H,O molar ratios from 10:1 to 3:1 did

lanthanum thiolate oxide complex was incidentally isolated

not increase the yield & Interestingly 3 could be obtained

because of the adventitious water but was regenerated in arin 19% yield from the direct addition df,o equiv of water

acceptable yield via control of hydrolysis. This represents a

to a mixture ofl and equimolar HSPK However, if a THF

new route to oxolanthanide thiolate compounds and may besolution of 1 was treated first with/s equiv of water and

applicable to other related systems.

We previously reported the preparation of lanthanide thio-
late complexes from protonolysis of some preformed lantha-
nide(lll) bis(trimethylsilyl)amino chloride complexes with
HSPh° When we ran an analogous reaction of [(TMg)La-
(u-CI)Li(THF)3 (1) (TMS = trimethylsilyl) in THF with equi-
molar HSPh inn-hexane at ambient temperature, colorless
plates of the binuclear complek([TMS);N).La(THF)} »(u-
SPh)f-Cl)]-C;Hg (2:C7Hg)* in 56% vyield coupled with

then with equimolar HSPh, only a polymeric complex
[{ (TMS):N} 2(u-SPh)Lag-SPh)Li(THF)].. (4) was isolated

in 22% yield!* When the molar ratio of/H,O/HSPh was
changed to 1:0.1:1, a similar reaction afforded a mixture of
4 (15% yield) and3 (0.5% vyield). 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 formatiorBoCom-
plexes2—4 were sensitive to air and moisture and readily

several colorless prisms of a pentanuclear lanthanum thiolatesoluble in THF and toluene, and their identities were con-

oxide cluster {(TMS),N} ,LasO(SPh)oLiCl(THF)g]-C7Hg
(3-C7Hs) were isolated. Where did the O atom3riginate?
When we bubbled dry €into a THF solution of and equi-
molar LiCl for 1—30 min, it always resulted in an insoluble
white material, which ruled out the role of the adventitious
O, in the formation of3. Then we assumed that it might be
the water that worked in this reaction. The addition'/gf
equiv of water to a THF solution & and equimolar LiCl
initiated an evident hydrolysis, which led to the formation
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H, 7.76; N, 4.64. Found: C, 37.26; H, 7.81; N, 4.33. Mp: #1114

°C. IH NMR (400 MHz, THF€g): 6 0.54 (s, 72H, Si(CH)s), 1.74

(br, THF), 3.61 (br, THF), 7.027.45 (m, 5H, Ph). IR (KBr disk):
3047 (w), 2955 (w), 2883 (w), 1576 (s), 1472 (s), 1433 (s), 1249 (s),
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firmed by elemental analysiSH NMR, IR, and X-ray
analysis.

An X-ray analysi&2revealed tha2 contains twd (TMS),-
N),La(THF)}* fragments that are interconnected by one
u-Cl~ and oneu-SPhr, forming a dimeric structure with a
crystallographidC, axis running along the C{31-S1---C13
--C16 line (Figure 1). Lal and LalA adopt a distorted square-
pyramidal geometry, coordinated by an€l, oneu-S (SPh),
one O (THF), and two N (TMS),N} atoms.

Compound3 consists of a central g¢SPh)(us-SPh){ La-
(THF)} 4(u4-O)]*t tetrahedral fragment in which Lal and
LalA are bridged by a pair ofi-SPh ligands to a [Li-
(THF);]* fragment while La2 and La2A are connected by
two pairs ofus-Cl~ andu-SPh ligands to a{(TMS),N} La]"

(12) Toa THF (30 mL) solution a2 (0.926 g, 0.766 mmol) and anhydrous
LiCl (0.033 g, 0.766 mol) was slowly added a THF solution (2 mL)
of H,O (2.29uL, 0.127 mmol). An amount of white precipitate was
observed to form quickly. The resulting mixture was stirred overnight
at room temperature and was concentrated to dryness in vacuo, leaving
a colorless oily residue. Hexane (10 mL) was added to the residue,
which was then stirred for another 15 min. After removal of the hexane
by vacuum evaporation, a dry free-flowing powder was left. The white
solid was washed thoroughly with hexanex4 mL). The resulting
solid was extracted with hot hexane (15 mL) and toluene (10 mL)
(about 35°C). The combined extract was concentrated to ca. 10 mL
and cooled to 2C for several days to form colorless prisms3f
C;Hs, which were isolated by filtration, washed with hexane, and dried
in vacuo. Yield: 0.040 g (5%). Anal. Calcd forggH13.CloLas-
LiN2O7S10Sia: C, 43.78; H, 5.13; N, 1.06. Found: C, 43.41; H, 5.58;
N, 1.65. Mp: 136-138°C.H NMR (400 MHz, THF4dg): 6 0.35 (s,
36H, Si(CH)3), 1.73 (br, THF), 3.59 (br, THF), 6.817.73 (m, 50H,

Ph). IR (KBr disk): 3051 (w), 3001 (w), 2887 (w), 1598 (s), 1477
(s), 1441 (s), 1285 (s), 1252 (m), 1161 (m), 1068 (m), 1031 (s), 851
(s), 743 (s), 701 (m), 588 (m), 480 (w), 420 (s) cinThe solution
collected from hexane washing was concentrated to about 10 mL.
Compound {(TMS),N}sLa] (5) was formed by cooling the solution

to —18 °C for several days. Yield: 0.16 g (17%). Anal. Calcd for
CigHsalaNsSis: C, 34.87; H, 8.78; N, 6.78. Found: C, 34.53; H, 8.43;
N, 7.07.*H NMR (400 MHz, THFgg): 6 0.37 (s, Si(CH)3). IR (KBr
disk): 2959 (s), 1466 (s), 1370 (w), 1355 (m), 1261 (m), 1175 (m),
1054 (s), 951 (s), 705 (w), 618 (w), 406 (w) Chn

To a THF (30 mL) solution ofl (1.287 g, 1.46 mmol) was slowly
added a hexane (5 mL) solution of HSPh (0.150 mL, 1.46 mmol).
The solution was stirred overnight and then treated with a THF solution
(2 mL) of HO (2.63uL, 0.146 mmol). The clear colorless solution
went opaque and gradually developed some white precipitate. The
resulting mixture was again stirred overnight at room temperature. A
workup similar to that used in method 1 gave rise to colorless crystals
of 3-:C7Hs. Yield: 0.14 g (19%).

(13)
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Lal/LalA, 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 Lil is completed by tweS and two

O atoms from THF molecules.

The structure of},'5¢ similar to that of its praseodymium
analogué? contains a 1D wavelike chain structure in which
the two [(TMS)N},La]t and [Li(THF)]* fragments are
alternatively bridged by-SPh ligands along the crystal-
lographica axis (see the Supporting Information).

Compound®—4 were found to initiate the polymerization
of e-caprolactone at ambient temperature in a few minutes
to give polyg-caprolactone) with low polydispersityk,/

M, = 1.42-1.63). Compared wittl and their mono- or
disubstituted (silylamino)lanthanide compleX&&—4 initi-
ated faster polymerization and produced pelgéprolactone)
with narrower molecular weight distribution. This result may
be ascribed to the weak L8 bonds ir2—4.17 The catalytic
activities in the polymerization of-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 comp8und
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.

Figure 1. Molecular structure o with 30% probability. All H atoms
are omitted for clarity.

Hoza

Figure 2. Molecular structure o8 with 30% probability. All C and H
atoms are omitted for clarity.

fragment, thereby forming a bee-shaped structure (Figure
2).1%The whole molecule possesse§zzaxis running along
the La3--O3---Lil line. Theus-O atom lies at the center of
the La tetrahedron and interacts with four La atoms, with
La—O lengths ranging from 2.383(3) to 2.555(4) A. The four
edges of the Latetrahedron are bridged by fourSPh
ligands, while its two faces are capped with tweSPh
ligands. The mean L:aS bond distance is 2.9766 A. Each
La atom in this La tetrahedron is saturated by a THF
molecule, while La3 binds to two (TM&)~ anions. Thus,
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