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Summary: A diplatinum complex with bridging diethylsilyl
ligands, [ Pt(PCy)}2(u-n?-HSIEb)] (1), reacted with an excess
of HySiPh to yield [[Pt(PCy)}2(u-17>-HSiPh)2] (2) via ex-
change of the bridging SiHEtigands with SiHPhgroups. An
equimolar reaction of KSiPh with 1 afforded a mixture of the
dinuclear complexeq Pt(PCy)} 2(u-172-HSIE®) (u-172-HSiPhp)]
(3) and [[Pt(PCy)}a(u-n*n*HzSiEb)(u-SiPh)] (4). X-ray
crystallographic structure determination dfshowed bridging
coordination of the HSIEb ligand to two Pt centergia two
Pt—H—Si three-center two-electron bonds {Fgi = 2.375(8)
and 2.39(1) A).

Bridging primary (RSiH) or secondary (ESiH) organosilyl
ligands in dinuclear transition metal complexes are bonded to
one metal via an M Si o-bond and to the other via antvH—

Si three-center two-electron boh®iplatinum?~4 dipalladium?
and Pd-Pt heterobimetallic complexgwith two bridging silyl
ligands, formulated ag M(PRs)} 2(u-17%-HSiRy)z] (M = Pd and/
or Pt), have a four-membered;Bi, core, which contains the

* Corresponding author. E-mail: kosakada@res.titech.ac.jp.

(1) For reviews: (a) Schubert, LAdv. Organomet. Chem199Q 30,
151-187. (b) Ogino, H.; Tobita, HAdv. Organomet. Cheni998 42, 223~
290. (c) Corey, J. Y.; Braddock-Wilking, £hem. Re. 1999 99, 175—
292. (d) Braunstein, P.; Boag, N. Mingew. Chem., Int. E®2001, 40,
2427-2433. (e) Osakada, K.; Tanabe, Bull. Chem. Soc. Jpr2005 78,
1887-1898. (f) Nikonov, G Adv. Organomet. Chen2005 53, 217—309.

(2) Auburn, M.; Ciriano, M.; Howard, J. A. K.; Murray, M.; Pugh, N.
J.; Spencer, J. L.; Stone, F. G. A.; Woodward, JPChem. Soc., Dalton
Trans.1980Q 659-666.

(3) Sanow, L. M.; Chai, M.; McConnville, D. B.; Galat, K. J.; Simons,
R. S.; Rinaldi, P. L.; Youngs, W. J.; Tessier, C.@rganometallic200Q
19, 192-205.

10.1021/0m060930c CCC: $37.00

M—Si and M—H—Si bonds as well as a bond between the two
d® metal centers. A theoretical study of the complexes revealed
a partial character of-silane and hydride ligands bonded to
two metal centers caused by-3il bond activatiorf. Dinuclear

Rh complexes witlu-silylene and hydride ligands were reported
to undergo intramolecular hydrogen exchange via an intermedi-
ate complex with a silyl ligand bonded to two Rh atoms via
Rh—Si and RR-H—Si bonds®® Dinuclear transition metal
complexes with bridging silane ligands are much less common
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than those with bridging silyl or silylene ligands. Graham,
Carreio, Suzuki, Kira, and their respective co-workers reported

dinuclear Re, Mn, and Ru complexes in which the secondary

silane coordinated to the metal centers via two-IN-Si
bonds!®12 Small J4—s; values (36 Hz) of the bridging HSi-
(CeHaMe); ligand in the Ru complexes suggest partial activation
of the Si-H bond involved in the three-center two-electron
bonds!? Herein, we report the reactions of,SiPh with a
diplatinum complex that contains two dialkylsilyl ligands, which
results in formation of a new diplatinum complex with bridging
silane and silylene ligands via migration of a hydrogen atom
of the bridging diphenylsilyl ligands.

A diplatinum complex with bridging diethylsilyl ligands iPt-
(PCw)} 2(u-17%-HSIEL),] (1), reacted with an excess ot8iPh
(Pt:Si= 1:3.7) at room temperature to produgé{(PCy)} »-
(u-7%-HSiPhy)2] (2) in 96% yield, as shown in eq 1. Complex

Et ‘ \\Et Ph‘s‘.\Pr;_i

SiH CysP—pt. \Ipt/

CysP—pt—pt ; _— Biy ~PC M
— 2 H,SiPh /N / Y3

Ay PCys * P25 5 4 SiEt, H—Si

D v
et Ph Ph

1 2(96%)

2 was characterized by comparison of its NMR data with those
in the previous report.Recently, Braddock-Wilking reported
that a diplatinum complex with bridging silafluorenyl groups,
[{ Pt(PPR)2(H)}{ Pt(PPR)} (- SiCaoH24) (-172-HSiCooH24)], un-
dergoes exchange of the Si ligands with bridging HGefPbups

to produce {Pt(PPh)} 2(u-n>-HGePh),] caused by addition of
H,GePh.'® Mononuclear Pt complexes containing a—Fte
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Repeated recrystallization of the products of reaction 2 from
toluene-hexane (1:7) at-20 °C yielded a solid composed of
3 and4 in 6:94 molar ratio. Single crystals 8fand4 suitable
for X-ray crystallography were obtained by carefully choosing
the crystals from the mixtures. Isolation of pure sample8 of
or 4 was not feasible partly due to mutual isomerization of the
complexes in solution (vide infra). Figure 1 shows molecular
structures of3 and 4.16 Distances between the two Pt centers
of 3 (2.6591(7) A) and4 (2.708(1) A) are within the range of
Pt—Pt bonds in diplatinum(l) complexés:#24fThe Pt1-Sil
(2.402(4) A) and Pt2Si2 (2.388(3) A) bonds of3 are
significantly longer than two other bonds (Pt$i2 = 2.318(3)

A, Pt2—Si1=2.306(4) A). The longer PtSi bonds are assigned
to those involved in the PtH—Si interaction, although positions
of the P+H—Si hydogens were not determined by difference
Fourier synthesis. The compleXHt(PCy)} 2(u-7?-HSiMey)2],
was also reported to have the,® core with a distorted
rectangular structure (PSi = 2.324(2), 2.420(2) A%.The Pt
H—Si bonds of3 are assigned at opposite positions of the Pt
Si, core, which is formed by two Pt centers and the bridging
diphenylsilyl and diethylsilyl ligands. The f8i, core of 4

bond were reported to be thermodynamically more stable thancontains two longer Pt{Si bonds on the same side of thePt

that of the silyl ligand of the Pt complexésFink reported
higher stability of M=Si (M = Pd, Pt) bonds of the complexes
with aryl-substituted silyl ligands than those with alkylsilyl
ligands?®

An equimolar reaction of bSiPh with 1 formed a mixture
of a diplatinum complex with two different bridging secondary
silyl ligands, [ Pt(PCw)} 2(u-1?-HSiPh)(u-n?HSIER)] (3; 50%),
and the complex with bridging diethylsilane and diphenylsilylene
ligands, [ Pt(PCy)} 2(u-12:17-H,SIEb) (u-SiPhy)] (4; 45%), to-
gether with a small amount & (5%) (eq 2). Recrystallization
of the products formed a mixture & and 4 in 55:45 molar
ratio, which was determined by integration ofHg-ortho
hydrogen signals in théH NMR spectrum. Addition of K
SiPh to the mixture of 3 and 4 (Pt:Si 1:3) at room
temperature formed compl&dn 67% yield as the sole product.
This result indicates that the displacement of bridging silyl
ligands proceeds via formation of intermediagand 4, and
then further reaction with $SiPh produces2.

Pt bond (Pt+Si1 = 2.375(8) A, Pt2-Si1 = 2.39(1) A) and
two other P+Si bonds that are shorter (Pt8i2 = 2.314(8)

A, Pt2—Si2 = 2.304(7) A). The two former bonds are assigned
to those involved in the PtH—Si interactions, while the latter
bonds are due to PfSi bonds, indicating a structure with
bridging H:SiEt, and SiPh ligands. The torsion angle for the
P2—Pt2—Pt1—P1 unit of 4 (160.9(3)) indicates ansyn
orientation of the PtP bonds with respect to the-P®t bond,
while the corresponding angle 8fis smaller (113.9(6).

The multinuclear NMRH, 13C{1H}, 2°Si{1H}, and3P{H}
NMR) spectra were obtained from a mixture&nd4 in 6:94
molar ratio, while NMR data of3 were obtained from the
mixture in 55:45 molar ratio. Th&P{1H} NMR spectrum o#
displays a single signal at 51.8 as part of an AXX' spin
system {pp = 3849, 362 Hz3Jp_p = 55 Hz). Complex3
exhibits two3P{1H} NMR signals at) 53.2 and 53.5%0p_p =
59 Hz), which is consistent with the unsymmetrical structure
shown in eq 2. Tw@°Si resonances afare observed at 230.1
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Figure 1. ORTEP drawings of (a3 and (b)4 at 30% ellipsoidal
level. Hydrogens except for bridging hydrogen atoms are omitted
for clarity. Selected bond distances (A) and angles (ded:fétl—

Pt2 2.6951(7), PtP1 2.270(2), PttSil 2.402(4), Pt£Si2 2.318-
(3), Pt2-P2 2.266(2), Pt2Sil 2.306(4), Pt2Si2 2.388(3), Pt2
Pt1—P1 163.74(5), PAPt1-Si1 142.7(1), P£Pt1-Si2 107.7(1),
Si1l-Pt1-Si2 109.5(2), PtxPt2—-P2 174.08(6), P2Pt2-Sil
121.2(1), P2-Pt2-Si2 127.2(1), Si+Pt2-Si2 110.4(2), Pt Sil—

Pt2 69.8(1), Pt+Si2—Pt2 69.86(9). Selected bond distances (A)
and angles (deg) fot:. Pt1—Pt2 2.708(1), Pt P1 2.264(5), Pt
Sil 2.375(8), Pt Si2 2.314(8), Pt2P2 2.262(5), Pt2Sil 2.39-
(1), Pt2-Si2 2.304(7), Pt2Pt1-P1 162.4(2), P£Pt1-Sil 141.8-
(3), P1-Pt1-Si2 108.6(2), Si+Pt1-Si2 109.6(2), PtxPt2—P2
161.4(2), P2-Pt2—-Sil 142.8(2), P2Pt2-Si2 107.5(2), Sit-Pt2—
Si2 109.4(2), Pt£Si1—Pt2 69.3(2), Pt1Si2—Pt2 71.8(2).

and 141.3. The signals are assigned to the Si nuclei of the SiPh

ligand and of HSIEb, respectively, based on their peak
positions. The difference of thé’Si NMR peak positions
between the:-HSIEt andu-HSiPh ligands of3 (6 195.5 and
163.7) is much smaller than that of the two Si signald.ofhe
295 1H} NMR spectrum of [Re(CO)f u-Si(CsHaMe)z} (u-PPh-
CH,PPh)] exhibited a signal due to the-silylene ligand at
172.6, which was at lower magnetic field position than the signal
of [RUz(CO)4{SIH(C6H4ME)2}2{/,£-1’]2772-H25|(C(5H4Me)2} (‘u-
PPRCH,PPh)] (6 154.8)12 The 2°Si NMR signal of the H-
SiEt ligand of4 shows a larger coupling constaiig_s; = 72
Hz) than the signal of the SiRligand @Jp-s; = 3.5 Hz). Two
2Jp—si values observed with the Si signal 8f(60 and 11 Hz)
are assigned to an interaction through the I®+Si bond and
to that through the PtSi bond, respectively, on the basis of
comparison of the values with

The!H NMR signals due to PtH—Si hydrogens o8 and4
are overlapped severely by the signals of the PiSygrogens.

Organometallics, Vol. 26, No. 3, 20@51

(C)

ppm

Figure 2. 2H{'H} NMR spectra (toluene, 48C) of the products
obtained from an equimolar reaction o(%IPh with 1 (a) after
purification and (b) before purification. Peaks with ®, and*
are due to3-DSiPh, 3-DSiEt, and4-d, respectively.
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Figure 3. Change in amounts of 43iPh, 3, and 4 during the
equimolar reaction of k8iPh with 1 at 25°C. [1] = 18 mM in
tolueneds. Dibenzyl was used as an internal standard (18 mM).

15 20

(PCys)} 2(u-1?-DSiPhy) (u-1>-HSiEY)] (3-DSiPh) and fPt-
(PCw)} 2(-172-HSiPhy) (u-172-DSIEbL)] (3-DSIEL). The assigned
signal for3-DSiPh is at a similar positiond 2.43) to the'H
NMR peak position for the PtH—SiPh hydrogen of2 (6
2.45)% Formation of 3-DSIEt, indicates intramolecular ex-
change of StH hydrogen atoms between the diethylsilyl and
diphenylsilyl ligands.

Figure 3 plots the change in the amount of the complexes
during the reaction of kBiPh with 1, as determined byH
NMR spectroscopy. The increase in the formatio &f much
faster than that ofl at the initial stage of the reaction, while
gradual isomerization o8 and4 is observed after about 2 h.
After 10 h a mixture of the complexesand4 is observed in
a 55:45 molar ratio. The isomerization of the complexes starting
from a mixture of3 and4 in a 6:94 ratio in the presence of
added PCy(Pt:PCy = 1:0.6) eventually gives a new ratio of

Preparation of a partially deuterated complex by the reaction 3 to 4 of close to 55:45 after 25 h, but it occurs more slowly in

of D,SiPh with 1 and 2H{'H} NMR measurement of the

the absence of PGynd requires 2 weeks to attain equilibrium.

products enabled determination of the peak positions. Figure Scheme 1 illustrates a possible mechanistic pathway that

2a displays theH{H} NMR spectrum of {Pt(PCy)}2(u-
SiPhy)(u-n%12-DHSIEL)] (4-d) obtained by repeated recrystal-
lization of the products. A single signal at1.01 flanked by
195pt satellites Jp-p = 99 Hz) is assigned to the deuterium
coordinated to the diethylsilane ligand. Figure 2b shows the
spectrum of the products before recrystallization. Two signals
with equal intensity are observed@®.43 and 1.44, which are
assigned to deuterium nuclei of two isotopomers3p{{ Pt-

accounts for hydrogen migration between the Si ligands.
Transformation of an SiH bond (Ha) in the big(-silyl)platinum
complex3 and formation of a new bond between the resulting
hydride ligand in the intermediate species and the Si atom of
the other silyl ligand (Sik) yield the bridging silane ligand in

4. Intramolecular transfer of a hydrogen from the silane ligand
in 4 to the silylene ligand regenerates the complex with two
bridging silyl ligands in3. Repetition of the transformation
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Scheme 1 to be formed by addition of the phosphine ligand to the dinuclear
B [ e ] B Et complexes with two bridging silyl ligand:"°°
)si_/Hb :Si7Hb Ha—:Sinb In summary, we observed stepwise displacement of the two
CY3'°\/F’t\—/_Pt\pr3 — Cyﬁp\ft\—/_Pt\Pcy3 — (;Yap/‘F’t\—/_F’t\pcy3 bridging diethylsilyl ligands caused by addition of diphenyl-
e Sl Ha § S silane. One of the two intermediates has a new structure
L Lo PP o composed of two Pt centers bridged bySiEt and SiPh
- ligands.
Et, Et Et, Et
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