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Abstract

Platinum complexes Pt(SiHAr;),(PMes), (Ar=CgHs, CsH4F-4) react with RhCI(PMes); to afford Rh—Pt heterobimetallic
complexes with bridging diarylsilyl and hydrido ligands, (MesP)(Ar,CISi)Pt(p-H)(u-1-HSiAr,)Rh(PMe;); (1a: Ar = C¢Hs, 1b:
Ar = CgHy4F-4). The reaction is accompanied by the formation of small amounts of fac-RhH,(SiClAr,)(PMes); (2a: Ar = CgHs, 2b:
Ar = CgHy F-4). X-ray crystallography of 1a shows a square-planar coordination around Pt and an octahedral coordination around
Rh. The diarylsilyl ligand is bridged unsymmetrically to the two metal centers via a Si—Pt o-bond and a Rh—H-Si three-centers
two-electrons bond (3c-2e bond). The 'H and *'P{'H} NMR spectra indicate exchange, on the NMR time scale, between the
hydrido and Si—H hydrogen and PMe; ligands bonded to Rh. Crystallographic result of (Me;P),Pt(u-SiAr,)RhH,(SiClAr,)(PMes),
(3b: Ar = C¢H4F-4), which was obtained in a trace amount in a solution of 1b, shows bridging diarylsilylene and hydrido ligands as
well as a nonbridging hydrido ligand bonded to Rh. Heating of a mixture of Pt(SiH(C¢H4F-4),),(PMes), and PdMe,(dmpe)
(dmpe = 1,2-bis(dimethylphosphino)ethane) produces [Pt(u-Si(CcH4F-4),)(dmpe)], (4b) as an isolated product. The complex has a
symmetrical structure with two bridging diarylsilylene ligands.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction two p-silylene ligands is shaped as a rhombus with acute

Si—Pt—Si angles (64.4-68.9°), no metal-metal bond

The bond of organosilyl ligands, such as SiH,R and
SiHR, groups, to transition metals has two possible
coordination modes which involve M—Si o-bonds and/
or M—H-Si three-centers two-electrons (3c-2¢) bonds
[1]. The organosilyl ligands stabilize bimetallic or multi-
metallic complexes by bridging two or more transition
metal centers. A number of diplatinum [2-8] and
dipalladium [9-11] complexes with bridging silyl and
silylene ligands have been investigated by X-ray crystal-
lography, NMR spectroscopy, and theoretical calcula-
tion [12]. Core structures of the reported complexes are
classified into A—C shown in Scheme 1. Structure A with
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(3.96-4.05 A), and considerably short Si- - -Si distances
(2.55-2.72 A) [3,7]. Structure B is composed of a Pt,Si,
four-membered ring with a short metal-metal distance
(2.68-2.72 A) and obtuse Si-Pt-Si angles (109.5—
112.2°), which is due to the presence of the metal—-metal
bond [2,8]. The bridging coordination of Si atoms in B
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has two different M—Si distances. Structure C, which is
similar to B, is formed by a dipalladium complex with
two Pd—H-Si bonds and unsymmetrical coordination
of the phosphine ligand to Pd [9]. Tessier reported
crystal structures of the Pt,Si, ring systems with two
different bonding modes of bridging organosilyl ligands,
[(RsP),Pt{p-SiH(Hex)}], and  {(R;P)Pt[u-n>-HSi-
[Pt(PR;),H](Hex)]}», (R =Et, Pr), formed from the
reaction of (R3P);Pt with (Hex)SiH; [13]. Braddock-
Wiliking found the conversion of [(PhsP)Pt{p-n>-HSi-
H(IMP)}], (IMP = 2-isopropyl-6-methylphenyl) with
structure B to [(PhMe,P),Pt{u-SiH(IMP)}], with struc-
ture A, by replacement of PPh; with PhMe,P [8a].

Bimetallic complexes with bridging organosilyl li-
gands are prepared by the intermolecular oxidative
addition of the Si—H group-containing silyl ligand
bonded to a transition metal to another low-valence
transition metal (Scheme 2). Although much attention
has been paid to the complexes containing the same two
metal centers (M =M’), analogous heterobimetallic
complexes bridged by organosilyl ligands (M # M)
have been reported only in limited numbers [14—18].
Powell reported that silyl-manganese complexes,
(OC)sMnSiR,H (R =Me, Ph, Cl), reacted with zero-
valence platinum complexes, Pt(H,C=CH,)(PPh;3), or
Pt(PPh3),, to give the Pt—Mn heterobimetallic com-
plexes (OC)4Mn(pu-SiR,)(u-H)Pt(PPhs), [15]. Sakaba
studied a silylene- and hydrido-bridged Re—W hetero-
bimetallic complex Cp*(CO),W(u-SiMe,)(u-H)Re-
(CO),Cp*, which was prepared from the reaction of
Cp*(CO),Re(H)SiMe,H with Cp*W(CO),(NCMe)Me
[16]. Photolysis of the complex produced a silenyl-
bridged heterobimetallic complex Cp*(CO),HW(p-
n',n*-SiMeCH,)ReH(CO),Cp*. Braunstein found that
the amine-stabilized silylene—iron complex, (OC)4Fe=
Si(NMe,),—NHMe,, reacted with Pt(H,C=CH,)(PR3),
(R =Ph, p-Tolyl) to form Fe—Pt heterobimetallic sily-
lene complexes, (OC)sFe{p-Si(NMe,),}Pt(PR3), [17].
They prepared a variety of heterodinuclear Fe—-M
(M =Pt, Pd, Ni) complexes with bridging trialkoxysilyl
ligands which form four-membered Fe—Si—O—M rings
via dative SiO—M bonds [18].

In this paper we report the preparation of Rh—Pt
heterobimetallic complexes and a dinuclear Pt;Si,
complex from Dbis(silyl)platinum complexes with
Si—-H bonds. A part of this work was reported pre-
viously [19].
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2. Results and discussion

2.1. Rh—Pt heterobimetallic complexes

Pt(SiHAr,)>(PMes), reacts with RhCI(PMes); at
50 °C for 24 h in toluene to give a mixture of Rh—Pt
heterobimetallic complexes (MesP)(Ar,CISi)Pt(p-H)(p-
N%-HSiAr,)Rh(PMes); (la: Ar=CgHs, 1b: Ar=
Ce¢H4F-4), and mononuclear rhodium complexes fac-
RhH,(SiClAr,)(PMes); [20] (2a: Ar=C¢Hs, 2b: Ar=
C¢H4F-4) (eq.1). Complexes 1a and 1b are isolated as
crystals in 48 and 58% yields, respectively. The reaction
mixture contains 2a and 2b that were identified by
comparison of the NMR spectra with those reported for
the complexes. Fig. 1 shows the molecular structure of
1a determined by X-ray crystallography. Compound 1a
has a Rh—Pt heterobimetallic structure containing a
diphenylsilyl ligand which forms a o-bond with Pt and a
3c-2e bond with Rh. The structure is essentially the same
as that of 1b reported previously [19]. The Pt center is
bonded to SiClPh, and PMe; ligands to form a square-
planar coordination. The Rh center contains distorted
octahedral coordination with three PMe; ligands at
facial coordination sites. Table 1 summarizes bond
distances and angles of 1a and 1b. The Rh-Si2 bond
distance (2.382(3) A) of 1a, which is longer than the Pt—
Si2 bond (2.313(2) A) and the Rh—Si bond distance of
2a (2.314(2) A) [20], is ascribed to a 3c-2e bond between
the diarylsilyl ligand and Rh. The long Rh—-Pt bond
(2.949(2) A) and T-shaped arrangement of two Si and P
atoms around the Pt center indicate the presence of a
bridging hydrido ligand, although the position of the
hydrido was not determined by the crystallography. The
NMR data, shown below, provided clear information
on the coordination bonds of these hydrogen atoms.
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Fig. 1. orTEP drawing of 1a with 50% thermal ellipsoids. Although
hydrogen atoms of Pt—-H-Rh and Si—-H-Rh bonds were not located
in the final AF-map, their existence was confirmed by the NMR spectra
unequivocally. Hydrogen atoms and solvated hexane molecule are
omitted for simplicity.
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Table 1
Selected bond distances (A) and angles (°) for 1a and 1b

la 1b

Bond distances (A)

Pt—Rh 2.949(2) 2.945(3)
Pt—P1 2.318(3) 2.298(9)
Pt-Sil 2.300(3) 2.289(8)
Pt-Si2 2.313(2) 2.324(8)
Rh-P2 2.353(4) 2.346(8)
Rh-P3 2.372(3) 2.370(8)
Rh-P4 2.266(3) 2.255(8)
Rh-Si2 2.382(3) 2.378(8)
Bond angles (°)

Rh-Pt-P1 121.67(7) 120.8(3)
Rh-Pt-Sil 142.02(7) 142.92)
Rh-Pt-Si2 52.14(6) 52.0(2)
P1-Pt-Sil 96.0(1) 95.7(3)
P1-Pt-Si2 166.6(1) 169.6(3)
Sil—Pt-Si2 91.97(9) 92.6(3)
Pt—Rh-P2 100.92(8) 99.5(2)
Pt—Rh-P3 107.72(9) 108.9(2)
Pt—-Rh-P4 143.40(7) 143.9(2)
Pt—Rh-Si2 50.05(6) 50.4(2)
P2-Rh-P3 100.3(1) 98.9(3)
P2-Rh-P4 97.9(1) 97.7(3)
P2-Rh-Si2 101.5(1) 100.5(3)
P3-Rh-P4 99.4(1) 99.3(3)
P3—-Rh-Si2 151.6(1) 153.7(3)
P4-Rh-Si2 95.57(9) 95.3(3)
Pt-Si2—-Rh 77.82(8) 77.6(2)

& Data of 1b were taken from ref. [19].
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Fig. 2 shows 'H and *'P{'"H} NMR spectra of 1a
from —90 to 25 °C. The '"H NMR spectrum of 1a at —
90 °C in CD,Cl, exhibits the presence of two unequi-
valent hydrogens bonded to the metal centers (Fig. 2(a)).
The signal at & —7.55, showing coupling with '*°Pt
(J(HPt) = 362 Hz) and 'Rh nuclei (J(HRh) = 68 Hz),
is ascribed to the hydrido ligand bridged to Pt and Rh.
The signal at a higher magnetic field (6 —13.12) appears
as a doublet due to Rh—H coupling (/(HRh) = 143 Hz)
and is assigned to the hydrogen included in the Rh—H-
Si 3c-2¢ bond. The *'P{'"H} NMR spectrum at —90 °C
contains three signals of PMe; ligands bonded to the Rh
center at 0 —28.07, —14.23, and —10.48 and a signal of
PMe; bonded to the Pt center (6 —17.79) (Fig. 2(b)).
The last signal accompanies the '*°Pt satellite signals
(J(PPt) = 1947 Hz). Raising the temperature of the
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Fig. 2. Variable temperature (a) '"H NMR spectra in hydrido region
and (b) *'P{'"H} NMR spectra of 1a in CD,Cl, between —90 and
25°C.

solution causes changes of the 'H and *'P{'H} NMR
spectra due to exchange of the ligand on the NMR time
scale. The '"H NMR signals of the two hydrido ligands
are broadened at —50 °C and undergo coalescence at —
10 °C or below. At 25°C, the signal shows splitting
probably due to Rh—H coupling. The *'P{'H} NMR
spectra between —90 and — 50 °C show coalescence of
the two signals that are observed at 6 —14.23 and —
10.48 at —90 °C. A lower coalescence temperature of
the 3'P{'"H} NMR signals than that of the 'H NMR
signals suggests that they are attributed to the same
dynamic behavior of the molecule.

The change of the '"H and *'P{'H} NMR spectra
between —90 and —10 °C indicates a fast exchange
process of two of the three PMej; ligands and of the two
bridging hydrido ligands and a slower exchange of the
remaining PMe; ligand with the two PMe; ligands.
Scheme 3 depicts a plausible mechanism of exchange of
the hydrido and PMe; ligands bonded to Rh. The
cleavage of the Si—-H” and Pt—H® bonds of structure A
forms the intermediate B with two hydrido ligands
around the Rh center (i). Rotation of two PMejs ligands
(PX, PY) and of two hydrogen atoms (H*, H®) around
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the axis of the Si—-Rh-P? bond (ii), followed by
formation of new Si-H® and Pt—H” bonds, leads to
A’ (iii). The *'P{'H} NMR spectra at 25°C show
broadening of the signals at 6 —31.2 and —14.4,
indicating exchange of P with P* and P via a
pathway other than that in Scheme 3. No broadening
of the *'P{'H} NMR signal of the PMe; ligand bonded
to Pt in this temperature range indicates that the
activation and formation of the Si—H bond take place
only at the Rh center. It contrasts with the mechanism
of the dynamic behavior of {(dippe)Rh}(u-H)(p-n’-
HSiR,) (dippe = 1,2-bis(diisopropylphosphino)ethane),
in which both of the Rh centers participate in Si—H
bond activation and formation of the ligands [21].
Leaving a toluene—hexane solution of 1b at —20 °C
for several days caused separation of yellow crystals of
(MesP),Pt{p-Si(CsH4F-4),} RhH,{SiCI(CcH4F-4),} -
(PMes), (3b) which is an isomer of 1b (eq. 2). The
molecular structure was determined by X-ray crystal-
lography, as shown in Fig. 3, although an extremely low
yield of the complex prevented its full characterization
by spectroscopy and elemental analysis. Table 2 sum-
marizes selected bond distances and angles. The Rh—Si2
bond distance (2.326(2) A) of 3b is shorter than the Pt—
Si2 bond (2.359(1) A) and Rh—Si2 bond distances of the
Rh-H-Si 3c-2¢ bonds of la (2.382(3) A) and 1b
(2.378(8) A), indicating that the Rh and Si atoms form
a o-bond. The Pt center is bonded to the bridging
diarylsilylene ligand and two PMej; ligands to form a T-
shaped coordination. The Pt—-H-Rh hydrido ligand is
located at the Pt—H distance of 2.19 A and the Rh—H
distance of 1.40 A. The hydrido bound to Rh seems to
coordinate weakly at the vacant site of the Pt center. The
Rh center has a distorted octahedral coordination with
two hydrido and two PMe; ligands situated at mutually
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Fig. 3. orTEP drawing of 3b with 50% thermal ellipsoids. Positions of
the hydrido were determined by final AF-map and were not refined
further. Other hydrogen atoms and solvated hexane molecule are
omitted for simplicity.

Table 2
Selected bond distances (A) and angles (°) for 3b

Bond distances (A)

Pt-Rh 2.9882(4)
Pt-P1 2.256(2)
Pt-P2 2.343(2)
Pt-Si2 2.359(1)
Rh-P3 2.354(2)
Rh-P4 2.343(2)
Rh-Sil 2.302(1)
Rh-Si2 2.326(2)
Rh-HI 1.40
Rh-H2 1.42
Bond angles (°)

Rh-Pt1-Pl 143.47(4)
Rh-Pt-P2 117.84(5)
Rh-Pt-Si2 49.88(4)
P1-Pt-P2 98.40(6)
P1-Pt-Si2 93.81(5)
P2-Pt-Si2 167.72(6)
Pt-Rh-P3 112.16(4)
Pt—-Rh-P4 96.23(4)
Pt—Rh-Sil 145.88(5)
Pt—-Rh-Si2 50.87(3)
P3-Rh-P4 98.31(7)
P3-Rh-Sil 96.35(6)
P3-Rh-Si2 156.29(6)
P4-Rh-Sil 97.81(6)
P4-Rh-Si2 99.95(6)
Sil-Rh-Si2 96.00(6)
Pt-Si2-Rh 79.25(5)

cis positions and with a nonbridging SiClAr, ligand at
the cis position of the p-silylene ligand. The Rh—Pt bond
distance of 3b (2.9882(4) A) is slightly longer than those
of 1a and 1b (2.949(2), 2.945(3) A).
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The silyl ligand transfer from Pt to Rh and transfer of
a PMe; ligand from Rh to Pt take place during the
isomerization of 1b to 3b. Analogous intramolecular
migration of the trialkoxysilyl group from iron to
platinum in heterobimetallic systems, (OC)3(R;Si)Fe(p-
PPh,)Pt(PPhj;),, has been promoted by external nucleo-
philic substitution by CO or isonitrile [22]. The structure
of 3b determined by X-ray crystallography is similar to
those of the intermediates in Scheme 3, B and B’, having
dihydrido ligands on the Rh center and with a p-silylene
ligand.

2.2. Diplatinum complex

The reaction of Pt(SiHAr,),(PMes), (Ar = CgHy4F-4)
with PdMe,(dmpe) (dmpe = 1,2-bis(dimethylphosphi-
no)ethane) for 5 h at 80 °C does not give a hetero-
bimetallic complex but produces [Pt(dmpe)(p-SiAr,)],
(4b) with bridging diarylsilylene ligands (21% after
recrystallization) (eq. 3). The reaction is accompanied
by the deposition of metallic palladium as a black solid.
Fig. 4 depicts the molecular structure determined by X-
ray crystallography. Complex 4b has a planar diamond-
shaped Pt,Si, core with the phenyl substituents orien-
tated almost perpendicularly. The selected bond dis-
tances and angles are compared with those of the
complexes with a similar structure in Table 3. The
Si---Si distance of 4b (2.729(5) A) is longer than the
upper range of Si—Si single bond distances (2.33-2.70
A) and the reported Si---Si distances of similar Pt,Si,
four-membered rings (2.55-2.72 A) [3,7,13]. The Pt- - -Pt

Fig. 4. orTEP drawing of 4b with 50% thermal ellipsoids. Atoms with
asterisks are crystallographically equivalent to those with the same
number without asterisks. Hydrogen atoms are omitted for simplicity.

Table 3
Selected bond distances (A) and angles (°) for 4b and related
compounds

4b [Pt{x-SiH(IMP)}-
(MesP),],

[Pt{pu-SiH(Hex)}-
(Pr3P)a]n b

Bond distances (A)

Pt-P1 2.312(3) 2.3215(13), 2.3164(13)  2.313(6)—2.333(6)
Pt-P2 2.304(3)
Pt-Si 2.387(2) 2.4054(12), 2.4087(12)  2.374(6)—2.408(6)
Pt-Si* 2.390(3)
Pt. - -Pt* 3.921(1) 4.004 3.984(2), 4.005(2)

Si- - -Si* 2729(5) 2.673(2)

Bond angles (°)
P1-Pt-P2 84.9(1) 104.24(5)

2.598(8), 2.612(8)

105.7(2)-107.1(2)

Si-Pt-Si 69.7(1)  67.46(5) 65.7(2)-66.6(2)
Pt-Si-Pt  110.3(1) 112.54(5) 112.6(2)-113.7(3)
PI-Pt-Si  106.3(1)

P2-Pt-Si*  100.6(1) 94.34(4), 94.67(4)

PI-Pt-Si* 166.4(1)
P2-Pt-Si  167.4(1) 100:44(4). 160.59(5)

% Data taken from Ref. [7].
® Data taken from Ref. [13].

nonbonding distance (3.921(1) A) of 4b is shorter than
distances (3.96—4.05 A) of the planar Pt,Si, core. The
acute Si—Pt-Si (69.7(1)°) and obtuse Pt-Si—Pt
(110.3(1)°) angles of 4b are not within the range of the
angles (64.4-68.9° for Si—Pt-Si, 111.1-115.5° for Pt—
Si—Pt) of the reported complexes.

Me\ /'\p"ez
pt AA
M%P\Pt/ SiHArz Me “Pﬁez 'g\ez/-Si\ sz (3)
Pt
MesP” “SiHAr, 80°C I:P’ ‘g7 P
Me; /= Me,
(Ar = CgH,F-4) Ar Ar
4

The *'P{'H} NMR spectrum of 4b shows an AA" XX’
spin system, as depicted in Fig. 5. Recently, Braddock-
Wilking reported the relationship of the 'J(PPt) value of
[Pt(Ph,, Me; _,,P),{n—SiH(IMP)}], (n=0-2) to the ba-
sicity and steric requirements of the phosphine ligands
[7]. A higher basicity and smaller cone angle of the
phosphine decreases the 'J(PPt) value. The 'J(PPt)
value of 4b (1243 Hz) is much smaller than those of
[Pt(Ph,,Me; _,,P),{pu-SiH(IMP)}], (1693—1793 Hz) due
to the high basicity and the small P-Pt-P angle
(84.9(1)°) of 4b. Simple heating of Pt(SiHPh;),(PMes),
in the absence of a Pd complex provided a triplatinum
complex with p-silylene ligands [Pt(u-SiPh,)(PMes)]s
[23]. In reaction (3), liberation of the phosphine ligand
by decomposition of the Pd complex may cause
exchange of PMe; with a dmpe ligand to produce
Pt(SiHAr,),(dmpe) followed by formation of diplati-
num complex 4b. Fink suggested that the Pt,Si, ring
complex [Pt(u-SiHR),(dcpe)], (R = H, Me) (dcpe = 1,2-
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Fig. 5. 3'P{'"H} NMR spectrum of 4b in C¢Dg at 25 °C.

bis(dicyclohexylphosphino)ethane) was obtained from
the reaction of PtH,(dcpe) with disilane H,RSiSiRH,
via the bis(silyl)platinum as intermediates [5]. The
formation of di- or tri-platinum complexes with orga-
nosilyl ligands depends on the auxiliary ligands.

3. Summary

In this study, we presented the preparation and
structures of the new Rh—Pt heterobimetallic complexes
and the diplatinum complex with bridging diarylsilyl or
diarylsilylene groups. The unsymmetrical coordination
of the diarylsilyl ligand to Rh and Pt via a 3c-2e bond
shows the unique dynamic behavior of the complexes.
The diplatinum complex has stable coordination bonds
between the diarylsilylene ligand and Pt centers.

4. Experimental

4.1. General

All manipulations of the complexes were carried out
using standard Schlenk techniques under an argon or a
nitrogen atmosphere. Hexane, toluene, and THF were
distilled from sodium—benzophenone and stored under
nitrogen. NMR spectra (‘H, *C{'H}, and *'P{'H})
were recorded on JEOL EX-400 or Varian Mercury 300
spectrometers. Pt(SiHAr,),(PMes), [24], RhCIl(PMe;);
[25], and PdMe,(dmpe) [26] were prepared according to
the literature method. Peak position of the *'P{'H}
NMR spectra was referenced to an external 85% H3;POy.
Elemental analyses were carried out with a Yanaco MT-
5 CHN autocorder.

4.2. Preparation of the complex

4.2.1. Preparation of 1a and 1b

To a toluene (5 ml) solution of RhCI(PMes); (282 mg,
0.77 mmol) was added Pt(SiHPh,),(PMes;), (494 mg,
0.69 mmol) at room temperature (r.t.). The solution was
heated at 50 °C for 24 h, which caused change of the
color from yellow to red accompanied by separation of a
pale yellow solid. The solid product was collected by
filtration and washed with hexane. Recrystallization
from toluene—hexane affords 1a as pale yellow crystals
(242 mg, 48% based on Pt complex). The filtrate was
pumped off and the yellow residue was washed with
hexane. The mononuclear Rh complex 2a was obtained
by recrystallization from toluene—hexane (11 mg, 5%
based on Rh complex). The 'H and *'P{'H} NMR
spectra of the crystal were accorded with those of Rh
complex fac-RhH,(SiPh,Cl)(PMes);. Complex 1b was
prepared similarly (58%). Complex 2b was found in the
NMR spectra of the reaction mixture but not isolated.
Data for 1a. Anal. Calc. for Cs;sHs3CIP4PtRhSI,: C,
43.05; H, 5.82; Cl, 3.53. Found: C, 43.39; H, 5.88; Cl,
3.29%. '"H NMR (CD,Cl,, 400 MHz, r.t.): § —10.27 (br,
2H, Rh-H-Si and Pt-H-Rh), 1.13 (br, 27H,
RhPMe;), 143 (d, 9H, PtPMes, J(HP)=8 Hz,
J(HPt) =28 Hz), 6.98 (m, 6H, C¢Hs-m and p), 7.14—
7.19 (C¢Hs-m and p, overlapped with solvent signal),
7.64 (m, 4H, C¢Hs-0), 8.02 (d, 4H, C¢Hs-0). '"H NMR
(CD,Cl,, 400 MHz, —90 °C): 6 —13.12 (d, 1H, Si-H-
Rh, J(HRh)=143 Hz), —7.55 (d, 1H, Pt—H-Rh,
J(HP)=68 Hz, J(HPt)=362 Hz), 0.63 (d, 9H,
RhPMe;, J(HP)=7 Hz), 1.21 (d, 9H, RhPMe;s,
J(HP)=7 Hz), 1.33 (d, 9H, PtPMe;, J(HP) =6 Hz),
1.51 (d, 9H, RhPMe;, J(HP) = 6 Hz), 6.9-7.1 (m, 16H,
C6H5), 7.32 (br, 2H, C6H5-0), 7.78 (br, 2H, C6H5-0).
3S'p{'H} NMR (CD,Cl,, 162 MHz, r.t.): § —31.2 (br,
RhP), —19.00 (s, PtP, J(PPt) =2017 Hz), —14.4 (br,
RhP). *'P{'H} NMR (CD,Cl,, 162 MHz, —90 °C): ¢
—28.07 (m, RhP, J(PRh) =90 Hz), —17.79 (apparent
triplet, PtP, J(PP) =12 Hz, J(PSi) =109 Hz, J(PPt) =
1947 Hz), —14.23 (dt, RhP, J(PP) =31 Hz, J(PRh) =
98 Hz), —10.48 (m, RhP, J(PRh) =156 Hz). Data for
1b. Anal. Calc. for C3¢Hs4CIF4P,PtRhSi,-1/2 toluene:
C,42.27; H, 5.21; Cl, 3.16; F, 6.77. Found: C, 43.04; H,
5.17; Cl, 3.03; F, 6.28%. "H NMR (CD,Cl,, 400 MHz,
r.t.): 6 —10.32 (br, 2H, Rh—H -Si and Pt—-H —Rh), 0.75
(br, 27H, RhPMes), 1.36 (d, 9H, PtPMes, J(HP) =8 Hz,
J(HPt) =28 Hz), 6.57 (t, 4H, CcH4F-m, J=10 Hz),
6.74 (t, 4H, C¢H F-m, J =10 Hz), 7.00 (m, 4H, C¢H4F-
o, J=7 Hz), 7.57 (m, 4H, C¢H,F-0, J=7 Hz). 'H
NMR (400 MHz, CD,Cl,, —90 °C): 6 = —13.13 (d, 1H,
Si—-H-Rh, J(HRh) =143 Hz), —7.47 (d, 1H, Pt-H—
Rh, J(HRh) =63 Hz, J(HPt) =358 Hz), 0.65 (d, 9H,
RhPMe;, J(HP)=6 Hz), 1.21 (d, 9H, RhPMe;,
J(HP)=6 Hz), 1.33 (d, 9H, PtPMe;, J(HP) =7 Hz),
1.51 (d, 9H, RhPMe;, J(HP)=6 Hz), 6.60 (t, 6H,
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Table 4
Crystal data and details of structure refinement of complexes 1a, 3b, and 4b
1a-1/2 Hexane 3b-1/2 Hexane 4b
Chemical formula C39H65C1P4PtRhSi2 C39H6]C1F4P4PtRhSi2 C36H48F4P4Ptzsi2
Formula weight 1045.44 1119.42 1127.02
Crystal system triclinic monoclinic triclinic
Space group PT (No. 2) P2i/n (No.14) PT (No. 2)
a (A) 12.106(3) 16.2204(5) 11.465(2)
b A) 9.830(3) 22.6095(7) 11.693(3)
¢ (A) 10.246(9) 12.7902(3) 9.223(2)
o (%) 96.86(3) 112.13(2)
B () 109.06(4) 90.221(2) 104.24(2)
) 89.51(2) 65.49(1)
v (A% 2307(2) 4690.6(2) 1036.2(4)
Z 2 4 1
u« (Mo Ko) (mm ™) 3.647 3.605 6.971
F(000) 1054 2236 544
Deaie (g cm ™) 1.508 1.585 1.806
Crystal size (mm) 0.10 x 0.22 x 0.22 0.50 x 0.61 x 0.69 0.16 x 0.16 x 0.32
20 Range (°) 5.0-55.0 5.0-55.0 5.0-55.0
Index ranges —15<h <15, —=25<k <0, —13<I<13 0<h<21,0<k <28, —15<iI<16 0<h <14, —13<k <15, —11<I<11
Unique reflections 10589 10 104 4995
Used reflections 6357 8234 3919
[l >3a(I)]
Variables 433 454 241
R(F,)*? 0.045 0.037 0.057
Ry(F,)*? 0.039 0.054 0.078

& R =Z||Fo| —|Fe|[/Z|Fo|, Ry = [ZW|Fo—Fe/Zw [Fo|1"2.

C¢H4F, J=7 Hz), 6.81 (t, 2H, C¢H,F, J =7 Hz), 6.89—
6.95 (br, 6H, CcH4F), 7.75 (br, 2H, C¢H,F). 3'P{'H}
NMR (CD,Cl,, 162 MHz, r.t.): § —30.8 (br, RhP),
—19.05 (s, PtP, J(PtP) =2013 Hz,), —14.6 (br, RhP).
Sp{'H} NMR (162 MHz, CD-Cl,, —90°C): d =
—25.74 (m, RhP, J(PRh) =90 Hz), —17.07 (apparent
triplet, PtP, J(PP) =29 Hz, J(PSi) = 136 Hz, J(PPt) =
1995 Hz), —14.45 (dt, RhP, J(PP) =31 Hz, J(PRh) =
98 Hz), —10.24 (m, RhP, J(PRh) = 137 Hz).

4.2.2. Crystallization of 3b

After recrystallization of 1b in toluene—hexane solu-
tion under argon, the filtrate was stored in freezer (ca.
—20°C) for several days to produce 3b as a trace
amount of yellow crystals. Although the crystal struc-
ture was determined by X-ray crystallography, the detail
information such as spectroscopy and elemental analysis
could not be collected.

4.2.3. Preparation of 4b

To a toluene (10 ml) solution of Pt{SiH(C¢H4F-
4),},(PMe3), (489 mg, 0.62 mmol) was added
PdMe,(dmpe) (178 mg, 0.62 mmol). After stirring the
solution for 5 h at 80 °C, the solvent was removed under
reduced pressure. Addition of hexane to the residue
caused separation of a yellow solid, which was collected
by filtration, washed with hexane, and dried in vacuo.
Recrystallization from toluene—hexane gives 4b (72 mg,
21%) as pale yellow crystals. "H NMR (400 MHz, C¢Ds,

r.t): 0 0.74 (d, 32H, CHsPCH,, J(HP)=7 Hz. The
methyl and methylene signals are overlapped), 6.95 (t,
8H, C¢H,F-m, J=8.8 Hz), 7.80 (m, 8H, C¢H4F-0).
S'p{'H} NMR (162 MHz, CeDg, r.t): 6 38.59
(*J(PP)=27.3 Hz, *J(PPt)=211 Hz, J(PPt)=1243
Hz).

4.3. Crystal structure determination

Crystals of 1a, 3b, and 4b suitable for X-ray diffrac-
tion study were mounted in glass capillaries under
argon. Data of 1a and 4b were collected at 23 °C on
Rigaku AFC-5R automated four-circle diffractometer
equipped with monochromated Mo Ka radiation (4=
0.71073 A). Intensities were collected for Lorentz and by
using diffractometer and w—26 scan methods, and an
empirical absorption correction (i-scan) was applied.
The intensities of the three standard reflections, mea-
sured every 150 reflections, were monitored throughout
the data collection. Data of 3b were collected at —60 °C
on Rigaku RAXIS IV imaging plate area detector with
Mo Ko radiation. Calculations were carried out by
using a program package TEXSAN or CrystalStructure™
for Windows. The structures were solved by a Patterson
method and subsequent Fourier technique. A full-
matrix least-squares refinement was used for the non-
hydrogen atoms with anisotropic thermal parameters.
Hydrogen atoms except for the RhH hydrogens of 3b
were located by assuming the ideal geometry and
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included in the structure calculation without further
refinement of the parameters. Position of the RhH
hydrogens were determined by difference Fourier map
and were not refined further. Crystallographic data and
details of refinement are summarized in Table 4.

5. Supplementary material

Crystallographic data for the structural analyses have
been deposited with the Cambridge Crystallographic
Data Center, CCDC nos. 186891, 186892, and 186893
for 1a, 3b, and 4b, respectively. Copies of this informa-
tion may be obtained free of charge from the Director,
CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK
(fax: 444-1223-336-033; e-mail: deposit@ccdc.cam.ac.
uk or www: http://www.ccdc.cam.ac.uk).
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