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In this paper, we report the synthesis and the structural char-
acterization of stable examples of silanedithiol [Tbht(Mes)-
Si(SH), (1)], hydroxysilanethiol [Tbt(Mes)Si(OH)(SH) (3)],
and hydroxysilaneselenol [Tbt(Mes)Si(OH)(SeH) (7)], which
are kinetically stabilized by an effective combination of steric
protection groups, Tbt (2,4,6-tris[bis(trimethylsilyl)meth-
yllphenyl) and Mes (2,4,6-trimethylphenyl). Silanedichalcog-
enols 1, 3, and 7 are suggested to exist as a monomer without
any intermolecular contact such as hydrogen bonds both in
the solid state and in solution as judged by X-ray structural

analysis and IR spectroscopy. Treatment of 1 with 2 equiv.
of butyllithium resulted in the quantitative formation of the
corresponding dilithium silanedithiolate, Tbt(Mes)Si(SLi),
(8), the generation of which was confirmed by a trapping ex-
periment using Mel. Furthermore, the addition of cis-
[MCIL,(PPhs),] M = Pd, Pt) to a THF solution of 8 afforded
the corresponding silanedithiolato complexes, [Tbt(Mes)Si(u-
S),M(PPhs),] (9a: M = Pd; 9b: M = Pt), respectively.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

Controlled synthesis of (chalcogenido)metal clusters has
been one of the most attractive subjects in organometallic
chemistry.! Recently, silanethiolato or silanedithiolato
complexes of late transition metals have been shown to be
good precursors of (sulfido)mixed-metal clusters prepared
by ligand exchange involving Si-S bond cleavage.[>3] How-
ever, chelating silanedithiolato complexes are less common
due to the limitation of appropriate synthetic methodology.
That is, an excess amount of 1,3,5,2.4,6-trithiatrisilinane
(SSiMe,)3 should be required as a sulfur transfer reagent
for the synthesis of such silanedithiolato complexes.! On
the other hand, silanedithiols, which should be a good pre-
cursor of silanedithiolato complexes, have attracted much
interest from the viewpoint of their structure and proper-
ties. However, it is very difficult to isolate silanedithiols due
to their high sensitivity toward moisture, and the properties
remained little understood.! As for the analogues of main
group elements having two geminal SH groups, three exam-
ples are structurally characterized, i.e., TbtB(SH),,
AIL(SH),,I" and Dep(Dip)Ge(SH),®! {Tbt = 2,4,6-tris[bis-
(trimethylsilyl)methyl]phenyl, L  (B-diketiminato) =
[N(Dip)C(Me)],CH, Dip = 2,6-diisopropylphenyl, Dep
2,6-diethylphenyl}, where the reactive M—SH moieties are
protected by bulky substituents. All of these compounds
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could be easily converted into the heterodimetallic sulfido
clusters.”) Thus, kinetic stabilization should be an appropri-
ate method for the stabilization of M(SH), species. In this
paper, we present the synthesis and the first structural char-
acterization of a silanedithiol, which is kinetically stabilized
by an effective steric protection group, Tbt. In addition,
its application as a building block toward the synthesis of
silanedithiolato complexes will also be presented.

Results and Discussion

Silanedithiol 1 was synthesized by the reaction of the
corresponding sterically hindered tetrathiasilolane 2I'% with
1.5 equiv. of LiAlH4 at 0°C as air- and moisture-stable
crystals in 83% isolated yield (Scheme 1). When the reac-
tion was carried out at room temperature, further reduction
occurred to give a mixture of 1, Tbt(Mes)Si(H)SH and
Tbt(Mes)SiH,.
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Scheme 1. Synthesis of 1.

Tbt: R = CH(SiMe3),
Mes: R = Me
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Silanedithiol 1 is stable in [Dg]benzene solution even in
the presence of H,O for 1 d, reflecting the extreme bulki-
ness of the combination of Tbt and Mes groups. However,
1 underwent ready hydrolysis during preparative thin layer
chromatography (SiO,) to afford the corresponding hy-
droxysilanethiol 3 quantitatively (Scheme 2).

Tbt\ ,SH
/Si\ 3 (guant.)
Mes OH

Hzo
silica gel

Scheme 2. Synthesis of 3 by hydrolysis of 1.

The successful isolation of silanedithiol 1 prompted us to
attempt the synthesis of the selenium analogue, silanedise-
lenol, a stable example of which has been unknown. Unfor-
tunately, tetraselenasilolane, the selenium analogue of 2, is
known to be not available.'7 Another synthetic route is re-
quired to obtain the heavier analogue. We focused our at-
tention on the (silanedichalcogenolato)zirconium com-
plexes, which possess reactive Zr-E (E = S, Se) bonds.
When disilene 5!'% was treated with Cp,ZrEs at 60 °C, the
corresponding silanedichalcogenolato complexes 6a,b were
obtained.l'!! Treatment of 6a with H,O followed by the sep-
aration afforded 1, where the hydrolysis of the Zr-S bonds
should occur selectively. Thus, the SiS,Zr ring system (6a)
was found to be another precursor for silanedithiol 1. The
selenium analogue 6b should be a good precursor for silane-
diselenol. However, the reaction of 6b with H,O gave hy-
droxysilaneselenol 7, which was probably formed by further
hydrolysis of the initially generated silanediselenol 4
(Scheme 3).
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Scheme 3. Reaction of 5§ with Cp,ZrEs (E = S, Se).

The molecular structures of the newly isolated silane-
dichalcogenols, 1, 3, and 7, were fully determined by X-ray
crystallographic analysis (Figure 1).['l To the best of our
knowledge, these are the first examples of the X-ray struc-
tural analyses of a silanedithiol, a hydroxysilanethiol, and
a hydroxysilaneselenol.' The Si-E (E = O, S, Se) bond
lengths of 1, 3, and 7 are within the range of those reported
for the corresponding single bonds between silicon and
chalcogen atoms. Absence of intermolecular hydrogen
1226
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bonding in the solid state was suggested by the packing
view, where the observed intermolecular distances between
chalcogen atoms are apparently longer than the sum of the
van der Waals radii.l'¥l

Figure 1. Crystal structure of 1 (ORTEP plot; thermal ellipsoids
are shown at 50% probability; hydrogen atoms except for the S-H
hydrogen atoms are omitted for clarity). Selected bond lengths [A]
and angles [°]: Si(1)-S(1) 2.1576(16), Si(1)-S(2) 2.1436(15); S(1)—
Si(1)-S(2) 101.73(6).

The IR spectra in the solid state for 1, 3, and 7 show
sharp absorptions assigned to the E-H stretching vibrations
[1: 2572cm™!; 3: 2661 cm™!, 3646 cm™'; 7: 2479 cm™!,
3656 cm™!], suggesting the absence of intra- and intermo-
lecular interactions through hydrogen bonds.['>] No change
of the IR spectra in CCl, with several concentrations indi-
cated their monomeric structure and almost no intermo-
lecular contact even in solution.

The generation of dilithium silanedithiolate 8 in the reac-
tion of 1 with 2 equiv. of nBuLi was confirmed by a trap-
ping experiment with Mel. Compound 8 should be appli-
cable toward the development of a new synthetic strategy
for (silanedithiolato)transition-metal complexes. Addition
of cis-[MCl,(PPhs),] (M = Pd, Pt) to a THF solution of 8
resulted in the almost quantitative formation of the corre-
sponding silanedithiolato complexes 9a,b, respectively
(Scheme 4).1'°1 The 2°Si NMR signals of the central silicon
atoms in the silanedithiolato complexes 9a (dg; = 15.3 ppm)
and 9b (ds; = 14.2 ppm), which appear in the characteristic
region of silanedithiolato complex signals,[*! are in a lower-
field region than that of 1 (ds; = —1.8 ppm). The structures
of 9a,b were revealed by X-ray crystallography. Both of the
four-membered rings consisting of Si, S, and Pd or Pt atoms
have puckered structures, though the SiS,Pd ring of the re-
ported (silanedithiolato)palladium complex, [Me,Si(it-S),-
Pd(PEts),],* has an almost planar structure. This is proba-
bly due to the steric repulsion between the extremely bulky

Eur. J. Inorg. Chem. 2007, 1225-1228



Silanedithiol and Its Applications

SHORT COMMUNICATION

Tbt group and the triphenylphosphane groups. The X-ray
structural analysis of 9b! 7! is the first example of a silanedi-
thiolato complexes of platinum (Figure 2, Scheme 4).

nBuLi (2 equiv.)y 1 \Si/SL'
THF,0°C  Mes” “sLi
8
Mel (excess,V \?is-[MClz(PPhs)zl
Tot, SMe Tt S,
s JS(__M(PPhy),
Mes SMe Mes S
97% 9a: M = Pd, 90%

9b: M = Pt, 94%

Scheme 4. Synthesis of silanedithiolato complexes 9.

Figure 2. Crystal structure of 9b-hexane (ORTEP plot; thermal el-
lipsoids are shown at 30% probability; hexane and hydrogen atoms
are omitted for clarity). Selected bond lengths [A] and angles [°]:
Si(1)-S(1) 2.157(2), Si(1)-S(2) 2.115(2), Pt-S(1) 2.3667(15), Pt-S(2)
2.3333(17); S(1)-Si(1)-S(2) 94.92(9), S(1)-Pt-S(2) 84.09(6).

Conclusions

We have succeeded in the synthesis and characterization
of a stable silanedithiol 1 and its application toward the
synthesis of the silanedithiolato complexes of palladium
and platinum. The stable silanedithiol should be a key spe-
cies as a building block for several types of (sulfido)mixed-
metal clusters. Further investigation on the reactivity of 8
and related compounds are currently in progress.

Experimental Section

General Procedure. All experiments were performed under anhy-
drous conditions under argon unless otherwise noted. All solvents
used in the reactions were purified prior to use by standard meth-
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ods and/or by an Ultimate Solvent System (Glass Contour Com-
pany).'81 C¢Dg used as a solvent was dried with Na, then with a
K mirror. '"H NMR (300 or 400 MHz) spectra were measured in
CDCl; or C¢Dg with a JEOL AL-400 or AL-300 spectrometer
using residual CHCl; (6 = 7.25 ppm) or C¢DsH (6 = 7.15 ppm) as
an internal standard. '*C NMR (75 MHz) spectra were recorded
with a JEOL JNM AL-300 spectrometer. '3C chemical shifts are
reported in ppm downfield from tetramethylsilane and referenced
to the carbon signal of CDCl;y (6 = 77.0 ppm) or C¢Dg (0 =
128.0 ppm). The multiplicity of signals in the '3C NMR spectra
was determined by the DEPT technique. The 2°Si (59 MHz), 3'P
(120 MHz), 7’Se (95 MHz), and '°>Pt (64 MHz) NMR spectra were
recorded with a JEOL JNM AL-300 spectrometer. IR spectra were
recorded with a JASCO FT/IR-5300 spectrometer. High- and low-
resolution mass spectrometric data were obtained with a JEOL
JMS-700 spectrometer. Elemental analyses were carried out at the
Microanalytical Laboratory of the Institute for Chemical Research,
Kyoto University. All melting points were measured with a Yanaco
micro melting point apparatus and are uncorrected. Wet column
chromatography (WCC) and preparative thin-layer chromatog-
raphy (PTLC) were performed using Wakogel C-200 and Merk
Kieselgel 60 PF254, respectively. GPLC (gel permeation liquid
chromatography) was performed on LC-908, LC-918 (Japan Ana-
lytical Industry Co., Ltd. Systems) equipped with JAIGEL 1H and
2H columns (eluent: toluene).

1: To a solution of 2 (165 mg, 238 umol) in THF (15 mL) was
added LiAIH, (13.5 mg, 356 umol) at 0 °C. After the mixture was
stirred at 0 °C for 1 h, ethyl acetate (5 mL) was added. After re-
moval of the solvent, hexane was added to the residue. The suspen-
sion was filtered through Celite®, and the solvent was removed.
The residue was separated by silica gel chromatography (n-hexane)
to afford 1 (149.7 mg, 195.5 umol, 83%); colorless crystals, m.p.
177-178 °C. '"H NMR (300 MHz, CDCls): § = -0.02 (s, 18 H), 0.00
(s, 18 H), 0.04 (s, 18 H), 1.18 (s, 2 H, S-H), 1.31 (s, 1 H), 2.22 (s,
3 H), 249 (s, 1 H), 2.57 (s, 6 H), 2.63 (s, 1 H), 6.24 (s, 1 H), 6.38
(s, 1 H), 6.76 (s, 2 H) ppm. 3C NMR (75 MHz, CDCl5): 6 = 0.9
(q), 1.6 (), 1.9 (q), 20.9 (q), 26.4 (q), 28.0 (d), 28.3 (d), 30.6 (d),
123.3 (d), 126.3 (s),128.5 (d), 130.5 (d), 134.9 (s), 139.7 (s), 142.8
(s), 145.5(s), 151.9 (s), 152.2 (s) ppm. 2°Si NMR (59 MHz, CDCl5):
6 =-18, 1.9, 2.9, 3.0 ppm. IR (KBr): v = 2572 [v(S-H)] cm .
HRMS (FAB"): calcd. for Cs36H7,S,Si; [M]* 764.3460, found
764.3472. C36H75S,Si; (765.69): caled. C 56.47, H 9.48, S 8.38;
found C 56.51, H 9.57, S, 8.81.

9b: To a solution of 1 (27.8 mg, 36.3 pmol) in THF (3 mL) was
added nBuLi (1.64 N hexane solution, 51 pL, 82.1 umol) at 0 °C.
After the mixture was stirred at 0 °C for 30 min, a THF solution
(15mL) of cis-bis(triphenylphosphane)platinum  dichloride
(43.1 mg, 54.4 pmol) was added. After removal of the solvent, ben-
zene (3 mL) was added to the residue. The mixture was filtered
through Celite®, and the solvent was removed. The residue was
separated with HPLC (toluene) to afford 9b (50.5 mg, 34.1 umol,
949%) as a pale yellow solid. Pale yellow crystals suitable for X-ray
structural analysis were grown from hexane at —20 °C; pale yellow
crystals, m.p. 250-252 °C (dec.). 'H NMR (300 MHz, C¢Dy): 6 =
0.21 (s, 18 H), 0.29 (s, 18 H), 0.34 (s, 18 H), 1.49 (s, 1 H), 2.11 (s,
1 H), 2.31 (s, 3 H), 2.53 (s, 1 H), 2.93 (s, 6 H), 6.50 (s, 1 H), 6.62
(s, 1 H), 6.83 (s, 2 H), 6.85-6.94 (m, 18 H, Ph3P), 7.49-7.55 (m, 12
H, Ph;P) ppm. *C{'H} NMR (75 MHz, C¢Dg): 6 = 1.2 (CH3), 2.1
(CH3), 2.5 (CH3), 21.1 (CH3y), 25.3 (CH), 25.6 (CH), 26.9 (CHj),
30.5 (CH), 127.8 (CH), 128.3 (CH), 128.5 (CH), 128.6 [d, *Jcp =
1.2Hz, CH, p-Ph(PPh;)], 131.41 [d, 3Jcp = 1.9Hz. CH, m-
Ph(PPhs)], 131.42 [dd, "Jep = 54.9 Hz, 3Jcp = 6.8 Hz, C, ipso-Ph
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(PPhs)], 135.3 [AA'X pattern, 1/2(Jcp + *Jep) = 5.5 Hz, CH, o-
Ph (PPhy)], 136.6 (C), 137.9 (C), 141.9 (C), 143.1 (C), 143.3 (O),
151.3 (C), 151.6 (C) ppm. 2°Si NMR (59 MHz, C¢Dy): 6 = 1.6, 2.5,
14.1 ppm. 3'P NMR (120 MHz, C¢Dy): 6 = 21.2 (s, with platinum
satellites, 'Jpp, = 3047 Hz) ppm. Pt NMR (64 MHz, C¢Ds,
Na,PtCly): 6 = —4527.7 (t, "Jpp = 3047 Hz) ppm. UV/Vis (n-hex-
ane): Jmax = 290 (br., e = 4 X 10%), 269 (br., ¢ = 6 X 10%), 232 (br.,
e = 1X10°), 209 (¢ = 2X10°) nm. HRMS (FABY): caled. for
CpoH 0P, PtS,Si;  [M]*  1481.4774, found  1481.4771.
C7,H 0P, PtS,Si; (1483.32): caled. C 58.30, H 6.80, S 4.32; found
C 58.39, H 6.89, S 4.31.

Supporting Information (see footnote on the first page of this arti-
cle): Experimental procedures, spectroscopic data, and crystal data
of 3, 7, 9a and 9b.
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