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Synthesis and Structure of Novel Organo(siloxo)platinum Complexes. Facile Reduction by Dihydrogen

Atsushi FUKUOKA,* Akihiro SATO, Yuji MIZUHO, Masafumi HIRANO, and Sanshiro KOMIYA*
Department Applied Chemistry, Tokyo University of Agriculture and Technology,
2-24-16 Nakacho, Koganei, Tokyo 184

Novel mono- and dinuclear organo(siloxo)platinum complexes PtR(OSiPh3)(cod)
(R = Me, Ph) and [{ PtMe(cod)O}Ph»Si]o0 have been prepared and characterized. The
molecular structure of PtPh(OSiPh3)(cod) has been determined by X-ray structure
analysis. The activity for reduction of PtMe(OSiPh3)(cod) and PtMe(OPh)(cod) by H7 is
higher than that of PtMe)(cod).

It is well known that heterogeneous catalysis by transition metals supported on oxides is greatly influenced
by the so-called metal-support interaction. 1) However, the exact nature of the interaction is less explored at the
molecular level. In the course of our study on the relationship between homogeneous and heterogeneous
catalyses, we have been studying the chemistry of model complexes of the supported metal catalysts, where the
complexes have bonds of R-M-O-M’ (R = organic group; M = transition metal; M’ = Si,2) Al, Ti, Zr, Mg, etc.).
In this paper, we describe the synthesis and reactivity of novel organo(siloxo)platinum complexes as possible
models of R-Pt—O-Si interface in Pt/SiO catalysts, which are widely used in heterogeneous hydrogenolysis of
hydrocarbons. Although several organo(alkoxo)platinum complexes are known,3) examples of the siloxo
complexes have not been reported to our knowledge.

A metathetical reaction of PtMcCl(cod)4) (cod = 1,5-cyclooctadiene) with NaOSiPh 35) in THF at 20 °C
gave PtMe(OSiPh3)(cod) (1) (Eq. 1). Colorless crystals of 1 were obtained by recrystallization from
ether/hexane. The phenyl analogue 2 was prepared by the similar method using PtPhCl(cod), too. Dinuclear
complex [{PtMe(cod)O}]PhSil20 (3) was also synthesized from PtMeCl(cod) and a sodium salt of
disiloxanediol [(NaO)Ph;Si]00) (Eq. 2).
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Complexes 1-3 were characterized by IR, NMR, and elemental analysis.7) IR spectrum of 1 showed a strong

v(Si—O) band at 990 cm—1. In IHNMR of 1in CgDg, olefinic protons of COD gave two broad signals having

195pt satellites at & 3.5 and 5.2. This indicates a substantial difference of the trans influence of Me and OSiPh3

in a square planar geometry at Pt; the higher field signal is assignable to the olefinic protons trans to OSiPh3 and

the lower one to those trans to Me. When Ph3SiOH (3 equiv) was added to the CgDg solution of 1, the signals

of o-H (8 8.0, br) and m, p—H (3 7.3, br) in OSiPhj3 shifted to higher field (o-H: 8§ 7.7, br; m, p-H: § 7.2, br),

thus approaching to the chemical shift of free Ph3SiOH (0o-H: 8 7.6, m; m, p—H: 3 7.1, m) with increase in the

peak intensity. This shows that the OSiPhj3 ligand exchanges rapidly with free Ph3SiOH in the solution.

The molecular structure of the phenyl analogue 2
has been determined by X-ray structure analysis.g)
Figure 1 depicts an ORTEP drawing, where 2 has a
square planar geometry at Pt. The Pt—O bond distance
is 1.997(5) A, being in the typical range of Pt-O
bonds (1.99-2.07 A) reported for alkoxoplatinum
complexes such as Pt(OMe)>(dpe), PtMe(OMe)(dpe),
and PtMe(OCH(CF3)2)(PM63)2(HOCH(CF3)2).30’
3¢) The P—O-Si angle of 144.1(3)° is larger than the
Pt—O-C angles for the alkoxoplatinum complexes
(117-123°). This may be in part due to the steric
repulsion between Ph and bulky OSiPh3, since the
Pt-O is a single bond.9) The Pt—C(10) and Pt-C(11)
bond lengths trans to Ph are longer than the Pt-C(7)
and Pt—C(14) trans to OSiPh3, reflecting stronger
trans influence of Ph than that of OSiPh3.

Fig. 1. An ORTEP drawing of 2. Selected bond
lengths (A) and angle (°): Pt-O 1.997(5), Pt—C(1)
2.021(8), Pt—C(7) 2.115(8), Pt—C(14) 2.102(7),
Pt-C(10) 2.307(8), Pt—C(11) 2.301(7), Si-O
1.590(5), Pt—O-Si 144.1(3).
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Treatment of a THF solution of 1 with Hp (1
100 -
atm) at 1 °C for 1 h quantitatively liberated CHy,
Ph3SiOH, cyclooctane with concomitant formation of 3% 801
colloidal Pt(0) metal (Eq. 3).10) Figure 2 showsa & 0.
I
plot of yield of CH4 versus time, where the reaction ~ O ® : PtMe(OSiPhg)(cod)
S 40 A : PtMe(OPh)(cod)
for PtMeo(cod) was much slower than for 1 and % B : PtMeo(cod)
PtMe(OPh)(cod) (4). It should be noted that 1 is more > 20 -
susceptible to the reduction than 4. In addition,
0 - ' - v
induction periods were observed for 1 and 4 in Fig. 2. 0 20 40 60 80 100
Time / min

In the similar plots for other products, cyclooctane was
Fig. 2. Plot of yield of CH4 versus time in the

always formed behind CH4 and Ph3SiOH, and free reaction of Pt complexes with Hp. Complex: 0.020

COD and cyclooctene were detected at the early stage  mmol, THF: 1 cm3, 1 °C.

PtMe(OSiPh3g)(cod) + 3H, — CH4 + PhgSiOH + cyclo-CgHig + P1(0)  (3)
1

of the reaction. It is thus likely that 1 is initially reduced into CH4, Ph3SiOH, COD, and Pt(0), followed by the
stepwise reduction of COD to cyclooctane via cyclooctene. To clarify the role of the Pt colloids in reduction of 1,
the following experiment was performed. In the reaction of 1 with H3 in diglyme ([1] = 0.020 mol dm-3)at-19
°C, the reaction was stopped after 115min when the conversion of 1 was ca. 50% and the Pt colloids were
suspended. To the resulting mixture was added 1 or 2 equiv of the diglyme solution of 1 of the same
concentration at —19 °C. In this case, the induction period was not observed. Accordingly, we suggest that the
reduction of 1is catalyzed by the Pt colloids formed during the reaction. Whitesides reported that the reduction of
PtRy(diolefin) with Hy is catalyzed on the surface of Pt black.11) Further mechanistic study is now under way.
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