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Summary: Reaction of Ph,PCH,CH,SiPhz_,Me, (n =0,
1) with (PhsP),Pt(7-C,H,) at elevated temperatures
results in the formation of (Me,Phs_,SiCH,CH>Ph,-

1
P)Pt(PPh,CH,CH,SiPh,_,Me,)Ph by oxidative addition
of the Si—Cpnenyr group. Oxidative addition of Si—Me
groups is not observed. Therefore, no chelate complex
is obtained with Ph,PCH,CH,SiMes. The complex

1
(EtsP)Pt(PPh,CH,CH,SiPhMe)Ph is formed when a
mixture of PEt; and Ph,PCH,CH,SiPh,Me is reacted
with (Phgp)zpt(ﬂ-C2H4).

There is a growing interest in Si—C or Si—Si activa-
tion processes, partially due to the interest in the
catalytic formation of new organosilicon polymers.?
Several examples for the oxidative addition of Si—Si
bonds to transition-metal centers are now known,
compared to only a few for that of Si—C bonds. Two
strategies were mainly used to promote the oxidative
addition of Si—C bonds (the case of intramolecular
addition of the Si—C bond of a silyl ligand in binuclear
complexes is not considered here). The first is to
enhance of the reactivity of the transition-metal frag-
ment, for example by geometric distortions as in

1
(Bui,PCH,Bu%P)Pt.3 The second strategy is to use
compounds with activated Si—C bonds* or to increase
the reactivity of the Si—C bond by ring strain as in
silacyclobutanes.®

In recent publications we utilized the promoting and
stabilizing effect of chelation to obtain stable complexes
by intramolecular oxidative addition of the Sn—C, Si—
Sn, or Si—Si (E—E') bonds in (phosphinoalkyl)silane and
-stannane complexes of the type L,M-PR2(CH2),-
ER;E'R"3.678 When (PhsP),Pt(z-C,H4) was reacted
with Ph,P(CH;),SiMe,SiPhs (n = 1, 2) at room temper-
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ature, only the Si—Si bond was oxidatively added to
i
the metal, and the chelate complexes (PhsP)Pt[PPh,-

- 1

(CH>)nSiMe;]SiPhs were exclusively formed.” The al-
ternative oxidative addition of a Si—Ph group was not
observed, although this would lead to a less strained
five-membered ring for n = 1. This is experimental
proof that oxidative addition of a Si—Si bond is distinctly
more favorable than a Si—C bond when both compete
with each other. In the present communication we
show, however, that the chelate-assisted oxidative ad-
dition of Si—C bonds is observed in the absence of
competing Si—Si bonds.

The compounds Ph,PCH,CH,SiR;R" (R = R" = Ph,
Me; R = Ph, R'= Me) were synthesized by irradiation
of Ph,PH and the corresponding vinyltriorganosilane in
the absence of a solvent in a quartz vessel. The reaction
of (PhsP),Pt(s-C2H,4) with any of the three (phosphino-
ethyl)silanes at ambient temperature under identical
conditions led to the immediate formation of highly
dynamic phosphine complexes Pt(P)x (x = 3, 4; P =
PPhs, Ph,PCH,CH,SIR;R’). This was indicated by the
spontaneous evolution of ethylene, a color change to
orange-red, and a very broad resonance in the 3P NMR
spectrum. The NMR spectrum of the reaction mixture
did not change over 2 days at room temperature.
However, if the reaction mixture containing the SiPhs
derivative was heated to 70 °C after the ethylene
evolution had stopped, a subsequent reaction was
observed by 3P NMR spectroscopy. Prolonged heating
resulted in the almost quantitative formation of (Phs-

- 1
SiCH,CH.Ph,P)Pt(PPh,CH,CH,SiPh,)Ph (1a) (eq 1).

70°C
(PhP)PHCH,)  + Php ™ N\_-SiRPh ———

Ph,  Ph,

PrR,S1 T NP P
’ No j + CH, + 2 PPhy (1)

- \s‘

1

Ph
Ry

la: R, = Ph,
1b: R, = PhMe

The identity and structure of 1a were unequivocally
established by elemental analysis and NMR spectra.®

In contrast to this, the SiMe3 derivative showed no
subsequent reaction after the formation of the Pt(P)y
species, according to the 31P NMR spectra, even if the
reaction mixture was heated to 70 °C for 72 h or refluxed
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in toluene. It is assumed that this different behavior
was due to the lower activity of Si—Me bonds toward
oxidative addition compared with Si—Ph bonds, because
the same order of reactivity was already observed for
the corresponding tin compounds.® To test this notion,
Ph,PCH,CH,SiPh,Me was analogously reacted. The
3IP NMR spectra showed that the complex (MePh,-

1
SiCH,CH,Ph,P)Pt(PPh,CH,CH,SiPhMe)Ph (1b) was
almost quantitatively formed after heating for 40 h.1°
Si—Ph addition could only be spectroscopically observed,
because solutions of the complex showed a marked
tendency to eliminate the Si—C bond again and re-
form Pt(P)x with nonchelated PPh,CH,;CH,SiPh,Me
ligand(s). To suppress this reductive elimination by
increasing the electron density at the metal center, a
1:1:1 mixture of (Ph3P),Pt(C2H,4), PEts, and Ph,PCH>-
CH.SiPh,;Me was reacted, which resulted in the forma-

1
tion of (EtzP)Pt(PPh,CH,CH,SiPhMe)(Ph) (2).1' Ac-
cording to the 3P NMR spectra, the solution of 2 was
stable toward reductive elimination, due to the more
electron-donating properties of the PEt; ligand. There
was also no indication for a byproduct originating from
the oxidative addition of the Si—Me group in this
modification of the reaction.

The stereochemisty of the complexes 1 and 2 is the
same as previously observed for the corresponding

1
complexes (R"3P)Pt(PPh,CH,CH,SIiR,)ER’; (E = Si, Sn;
R"3P = R'3ESIR,CH,CH,Ph,P, PhsP). There are two
doublets in the 3P NMR spectra for the nonequivalent
phosphorus nuclei, accompanied by Pt satellites. The

(9) An amount of 134 mg (282 mmol) of Ph,PCH,CH,SiPh; was
added to a solution of 106 mg (142 mmol) of (PhsP),Pt(C;H4) in 8 mL
of benzene under an atmosphere of dry argon. An immediate color
change to orange occurred, and gas was evolved. The solution was
stirred for 15 min and then slowly heated to 70 °C and held at this
temperature for 12 h. After the solution was cooled to room temper-
ature, all volatiles were then removed in vacuo, leaving a yellow oil.
The residue was extracted three times with 8 mL portions of pentane.
When the combined pentane solutions were concentrated to 4 mL, a
yellow precipitate was formed. Precipitation was completed by cooling
to —20 °C. The yellow powder was separated at —20 °C and dried in
vacuo. Yield: 84 mg (52%). Anal. Calcd for CgsHsgP2PtSi,: C, 67.40;
H, 5.13. Found: C, 67.15; H, 5.27. 3P{1H} NMR (101.25 MHz, CgDs):
0 49.1 (d, 2Jpptp = 14.6 Hz, 1Jpp = 2023.8 Hz), 25.2 (d, 1Jpp = 1354.9
Hz). 2°Si NMR (49.69 MHz, C¢Dg): 6 28.7 (dd, 2Jppisi = 160.0 Hz, Jps;i
= 10.2 Hz), —9.2 (d, 3Jpccsi = 24.0 Hz). 'H NMR (250.13 MHz, CgDg):
0 1.05-1.35 (m, 2 H, SiCH,), 1.58—1.69 (m, 2 H, SiCH,), 2.09—2.39
(m, 2 H, PCHy), 2.47-2.58 (m, 2 H, PCH,), 6.77—7.73 (m, 20 H, Ph).13C
NMR (62.90 MHz, CgDg): 6 19.7 (d, SiCHp, 2Jpcc = 18.5), 21.6 (dd,
SiCH; [chel.], Jpc = 19.9 Hz, Jpc = 3.8 Hz), 29.3 (d, PCHj, 1Jpc = 27.2
Hz), 32.1 (dd, PCH; [chel.], *Jpc = 36.8 Hz, *Jpc = 9.5 Hz), 127.3—
144.4 (Ph).

(10) 3'P{*H} NMR (101.25 MHz, CgDg): main product 1b, ¢ 49.7
(d, 2Jppp = 13.4 Hz, Jpp = 2074.0), 24.7 (d, YJppp = 1307.4 Hz).

1
Byproduct (~10%) [(Pth)Pt(PhZPCHZCHZSIPhMe)Ph] 050.1 (d, 2Jppip
2.2 Hz, 1Jppe = 2036.2 Hz), 26.5 (d, *Jpp = 1328.1 Hz).

Organometallics, Vol. 17, No. 22, 1998 4761

doublet at about 50 ppm can be assigned to the
phosphorus atom of the five-membered ring because of
the significant low-field shift. This is also clear proof
that chelation has occurred. The value 2Jppip & 15 Hz
is typical for a cis arrangement of the phosphane
ligands.

The comparison of the results reported in this com-
munication with our previous work on the reactions of
(Ph3P),Pt(-C2H,) with PhoPCH,CHLER,-E'R'; (E—E' =
Si—Si, Si—Sn,” and Sn—C8) allows conclusions about the
order of reactivity of E—E' bonds toward the same metal
complex fragment in the same electronic and steric
environment. Oxidative addition of the Si—Si, Si—Sn,
Sn_Cpheny|, or Sn_Cmethy| bond of thPCH2CH25|R2_
EPhs (E = Si, Sn; R = Me, Ph) and Ph,PCH,CH,SnR3
(R = Me, Ph) proceed even at room temperature, but
the reaction rates are different. Oxidative addition of
Si—C bonds in Ph,PCH>CH,SiR3 is only observed for
Si—phenyl groups at higher temperatures. Thus, the
order of reactivity is SN—Si > SN—Cphenyl > SN—Ciethyi
~ Si—Si > Si—Cpneny. N0 oxidative addition reaction
was observed for Ph,PCH,CH,SiMejs; therefore, even
chelate assistance is not sufficient to add the least
reactive Si—Cmetnyi bonds to Pt(0). It is known that Si—
aryl groups are more easily cleaved by electrophiles than
Si—alkyl groups. Si—alkyl bonds are less polarized
because of the hydrogen substituents at the carbon
atom. This may be the explanation for the selectivity
of Si—Ph over Si—Me in the reaction reported in this

paper.
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(11) A solution of 51 mg (123 mmol) of Ph,PCH,CH,SiPh,Me in 1.5
mL of benzene and then a solution of 21 mg (177 mmol) of PEtz in 1.0
mL of benzene was added to a solution of 92 mg (123 mmol) of (PhzP),-
Pt(CzH,4) in 8 mL of benzene under an atmosphere of dry argon. An
immediate color change to orange occurred, and gas was evolved. The
solution was stirred for 30 min and then slowly heated to 75 °C and
held at this temperature for 21 h. After the solution was cooled to room
temperature, all volatiles were then removed in vacuo, leaving a yellow
oil. 31P{*H} NMR (101.25 MHz, CgD¢): 6 50.6 (d, 2Jppr = 14.6 Hz,
1Jptp = 2054.5 Hz), 13.4 (d, *Jpp = 1390.4 Hz, 2Jppisi = 156.2 Hz). H
NMR (250.13 MHz, C¢Dg): ¢ 0.59 (d, 3 H, SiMe, “Jpptsic = 2.1 Hz,
3Jptsicn = 24.7 Hz), 0.69—-0.75 (m, 9 H, CMe), 0.95—1.15 (m, 6 H, PCH-
Me), 1.31-1.54 (m, 2 H, SiCH,), 2.25—2.45 (m, 2 H, PCHy), 6.99—7.76
(m, 10 H, Ph).23C NMR (62.90 MHz, CsDs): 0 —0.4 (d, SiCHs, 3Jpptsic
= 3.7 Hz, 3Jpptsic = 68.4 HZ), 15.1, 15.2 (SlCHg and CCHg, ZJPCC =
20.3 Hz), 20.1 (d, PCH>, *Jpc = 65.7 Hz), 20.1 (dd, PCH, 1Jpc = 37.9
Hz, 4Jpptpc =10.6 HZ), 127.0-147.1 (Ph), 162.3 (dd, ipSO-Cph, ZJpptC =
96.2 Hz, 2Jppic = 13.4).



