Downloaded by NORTH CAROLINA CONSORTIUM on June 29, 2009
Published on August 16, 2000 on http://pubs.acs.org | doi: 10.1021/om0004038

3994 Organometallics 2000, 19, 3994—3996

Synthesis and Structural Characterization of the
Mono(silyl)platinum(ll) Complex
CiS-(2,6-M682C6H3(H)28i)Pt(H)(PPI’3)2

Richard S. Simons, Lee M. Sanow, Kevin J. Galat, Claire A. Tessier,* and
Wiley J. Youngs*

Department of Chemistry, University of Akron, Akron, Ohio 44325

Received May 12, 2000

Summary: The synthesis and structural characterization
of cis-(2,6-Mes,CgH3(H),Si)Pt(H)(PPrs3), (1), a mono-
(silyl)platinum(I1) complex, are described.

Introduction

The most common method of synthesizing transition-
metal silyl complexes involves the oxidative addition of
a Si—H bond in a hydrosilane to a transition-metal
center with open coordination sites.! Several research-
ers, including our group, have been investigating the
reaction chemistry of primary silanes with 14-electron
(R3P),Pt° complexes generated in situ from (R3P)3PtCl;
and sodium metal,? (R3P)3Pt (R = Et, Pr),3 or (PhsP),-
Pt(n2-C,H,).* Primary silanes bearing a ligand of mod-
erate steric bulk afford Pt,Si, dinuclear complexes. The
formation of the dinuclear rings has been proposed to
involve the oxidative addition of the silane to the metal
to give (R3P)Pt(SiR'H2)H (Scheme 1). This reaction has
been observed for a number of tertiary silanes and a
few secondary silanes, but rarely has such a step been
observed for primary silanes.®

Transition-metal complexes containing terminal si-
lylene ligands have been proposed as intermediates in
transition-metal-mediated reactions.® It has been a
major synthetic goal for many researchers to isolate
stable base-free transition-metal silylenes. Because of
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this surge of interest, these reactive species have been
isolated and characterized recently.” We desired to
synthesize a mono(silyl)platinum(ll) complex which
might be used as a precursor for neutral or cationic
platinum metal silylene complexes. We have employed
the sterically hindered 2,6-Mes,C¢Hs (Mes = 2,4,6-
MesCsHy) ligand for this purpose. We rationalized that
the steric bulk would prevent the formation of a Pt,Si,
dinuclear complex and also provide Kinetic stabilization
of low-valent platinum silicon complexes. We report
herein the synthesis and characterization of the mono-
(silyl)platinum(ll) complex cis-(2,6-Mes,CgH3(H),Si)Pt-
(H)(PPr3)z (1).

Experimental Section

General Considerations. All manipulations were carried
out under anaerobic conditions under an atmosphere of
nitrogen or argon. The compounds (PrsP)s;Pt* and 2,6-Mes,CsHs-
SiH3® were prepared according to literature procedures. Hex-
ane was freshly distilled from sodium benzophenone ketyl. *H,
13C, and 3P NMR data were recorded on a Gemini 300 MHz
instrument and referenced to CsDs for *H and 3C and H3PO,
for 31P. 2°Si NMR data were recorded on a Varian 300 MHz
instrument and referenced to Me,Si. IR data were recorded
on a Bomen FTIR instrument.
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Notes

Table 1. Experimental Details for Data Collection,
Reduction, and Refinement for 1:PPr;O

formula 051H900P3Pt8i
fw 1035.32

cryst dimens (nm) 0.5x0.3x0.3
color colorless

cryst syst monoclinic
space group P21/n

a(A) 11.900(8)

b (A) 34.671(11)
c(A) 13.442(6)

o (deg) 20

f (deg) 103.20(4)

7 (deg) 90

V (A3) 5399(4)

Z 4

dcalcd (Mg/m3) 1.274

w (mm~1) 2.742

GOF 1.024

R1 (obsd data) 0.0380

WwR2 (all data) 0.0659

largest diff peak (e A-3) 1.597

cis-(2,6-Mes,CsH3(H).Si)Pt(H)(PPrs3).-PrsPO (1:Pr;PO).
2,6-Mes,C¢H3SiH;3 (0.5 g, 1.3 mmol) in hexane (20 mL) was
added by cannula to (PrsP)sPt (1.0 g, 1.3 mmol) in hexane (30
mL) with stirring at ambient temperature. This solution was
stirred for an additional 16 h at 50 °C. The volume was reduced
to ca. 10 mL under reduced pressure and stored at ca. —60 °C
for 24 h to give cis-(2,6-Mes,CeH3(H).Si)Pt(H)(PPr3),:PrsPO (1-
Pr;PO) as colorless crystals. Yield: 0.5 g, 0.5 mmol, 38%. Mp:
69—71 °C. Anal. Calcd for Cs1HgoOP3PtSi: C, 59.11; H, 8.85.
Found: C, 58.01; H, 10.07. *H NMR (CgDs): ¢ —3.40 ppm (dd,
1 H, Ju-p(cis) = 23.0 Hz, Ju_p(trans)s = 154 Hz, Jpi—y = 891
Hz) 0.85 (m, 36 H, P(CH2CH,CHzs); and O(PCH>CH,CHjs)s3),
1.24 (m, 24 H, P(CH,CH,CHs); and OP(CH,CH,CHz)s), 1.40
(m, 24 H, P(CH2CH2CH3)3 and OP(CHZCH20H3)3), 2.28 (S, 6
H, p-Mes), 2.41 (s, 12 H, 0-Mes), 4.58 (dd, 2 H, Jy_p(trans) =
7.2 Hz, Jy-p(cis) = 3.0 Hz, Si—H), 6.93 (s, 4 H, m-Mes), 7.07
(d,2H,J=9.0 Hz, m-CgH3), 7.30 (tr, 1 H, J = 7.8 Hz, p-C¢Hy).
BC NMR (CgDg): 0 16.05 (d, Jc—p = 4.9 Hz, PCH,CH,CHj3),
16.05 (d, Jc-p = 3.8 Hz, OP(CH2CH,CHj3)3), 16.17 (d, Jc—p =
14.8 HZ, OP(CHchZCH3)3), 16.18 (d, Jep = 13.8 HZ,
P(CH,CH.CHy3)3), 18.37 (s, p-Mes), 18.73 (s, p-Mes), 21.57 (o-
Mes), 22.17 (p-Mes), 31.00 (dd, Jc-p = 296 Hz, Jc p-pt-p = 65
HZ, P(CH2CH2CH3)3), 31.21 (d, Jcp = 65 HZ, O=P(CH2CH2-
CHs)3), 127.65, 128.18, 128.25, 128.46, 135.39, 136.85, 143.11,
148.72 (Ar). 3P NMR (C¢Dg): 6 4.9 (d, Jp—p = 16.2 HZ, Jp_pt =
2231 Hz), 14.1 (d, Jp—p = 16.2 Hz, Jp_pt = 1715 Hz). °Si NMR
(CGDG): o —54.9 (dd, JSi_p(trans) = 166 Hz, Jgi_p(CiS) =147
Hz, Jsi-pt = 1132 Hz). IR (Nujol, cm™1): 2915 (vs), 2067 (s),
2049 (s), 1662 (w), 1609 (w), 1455 (s), 1341 (s), 1237 (m), 1163
(s), 1060 (m), 933 (m), 836 (m), 730 (M).

X-ray Crystallography. A colorless crystal of 1-PPrz;0 with
dimensions 0.5 x 0.3 x 0.3 mm was coated in paraffin oil,
mounted on a glass fiber, and placed under a stream of
nitrogen.® All manipulations were carried out at 143 K using
Mo Ka (0.710 73 A) radiation. Unit cell parameters were
obtained by a least-squares analysis of 20 well-centered
reflections with 20° = 26 > 30°. Additional experimental
details are given in Table 1. The structure of 1 was solved by
direct methods.'® Phenyl and alkyl hydrogen atoms were
placed in idealized positions using a riding model and C—H
distances of 0.96 and 0.97 A, respectively. An absorption
correction was applied using the method of v scans. Compound
1 was refined to convergence using anisotropic thermal
parameters for all non-hydrogen atoms.
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L., Darensbourg, M. Y., Eds.; ACS Symposium Series 357; American
Chemical Society: Washington, DC, 1987; Chapter 10.

(10) SHELXTL, Version 5.11; Siemens Analytical Instruments,
Madison, W1, 1997.

Organometallics, Vol. 19, No. 19, 2000 3995

Figure 1. Molecular structure of cis-(2,6-Mes,CeH3(H)2-
Si)Pt(H)(PPr3),; with thermal ellipsoids drawn at 30%
probability. Phenyl and alkyl hydrogen atoms have been
omitted for clarity.

Results and Discussion

cis-(2,6-Mes,CgH3(H),2Si)Pt(H)(PPr3), (1) is prepared
by the reaction of (Pr3P)sPt and 2,6-Mes,CsH3SiH3; and
is isolated with the cocrystallate Pr3PO as colorless
crystals (mp 69—72 °C) (eq 1). The source of the PrsPO
SiAr(H)
(PPt~ HySiAr —o> @rP)PC 2w
H

1
Ar= C6H3MCSZ -2,6

is the (Pr3P)sPt reagent. As reported in the literature,3¢
(Pr3sP)sPt could not be isolated free of PrsPO. The
structure of 1 is consistent with the H, 2C, 3!P, and
29Si NMR and IR spectroscopic data. The IR spectrum
for 1 shows two absorbances in the Pt—H and Si—H
region at 2067 and 2049 cm~1. Assignment of these
stretching frequencies is difficult due to the overlapping
regions assigned for Pt—H and Si—H stretching bands.!!
The most notable features in the 'H NMR spectrum are
the Si—H (4.58 ppm, dd, Jn-p(trans) = 7.2 Hz and
Jn-p(cis) = 3.0 Hz, Jy—si = 166 Hz) and the Pt—H (—3.40
ppm, dd, Jy—p(cis) = 23.0 Hz and Jy—p(trans) = 154 Hz,
Jpt—n = 891 Hz) chemical shifts. In the 3P NMR, the
two chemically inequivalent phosphorus atoms give rise
to two doublets centered at 14.1 ppm (Jp-p = 16.2 Hz,
Jp_pt =1715 HZ). and 4.9 ppm (Jp_p =16.2 Hz, Jp_pt =
2231 Hz). The proton-decoupled 2°Si NMR shows a
doublet of doublets centered at —54.9 ppm (Jsi—p(trans)
= 166 Hz and Jsi—p(cis) = 14.7 Hz.) with satellite peaks
(JIsi—pt = 1132 Hz).1?

A crystal of 1-Pr3PO was studied by X-ray diffraction,
and its structure is shown in Figure 1. Selected bond
distances and angles are given in Table 2. Compound 1
cocrystallizes in the monoclinic space group P23/n as two
discrete molecules, Pr3PO and cis-(2,6-Mes,CsH3(H),Si)-
Pt(H)(PPr3)2. The structural description will be limited
to the mono(silyl)platinum(ll) molecule, which exists as
a distorted-square-planar Pt(ll) complex with P1—Pt—

(11) (a) Muetterties, E. L. In Transition Metal Hydrides; Dekker:
New York, 1971; p 88. (b) Stock, A. In Hydrides of Boron and Silicon;
Cornell University Press: Ithaca, NY, 1957.

(12) The 2°Si chemical shift for cis-(2,6-Mes,CgsH3(H),Si)Pt(H)(PPrs),
(1; —54.9 ppm) is shifted downfield when compared to the same value
reported for the silane precursor 2,6-Mes,CgH3SiH3 (—77 ppm) in ref
8.
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Table 2. Selected Bond Distances (A) and Angles
(deg) for CiS'(Z,G‘MQSQC@Hg(H)zSi)Pt(H)(PPr3)2 (l)

Pt-Si 2.357(2) Pt—P2 2.295(2)
Pt—P1 2.312(2) si—C1 1.905(6)
P1-Pt—P2 105.5(7) P1-Pt-Si 163.02(6)
P2—Pt—Si 91.26(7) C1-Si—Pt 116.7(2)

P2 = 105.50(7)°, P1—Pt—Si = 163.02(6)°, and P2—Pt—
Si = 91.26(7)° bond angles. The deviation from the
P,PtSi plane is greatest at the Pt atom (0.03 A) and can
be attributed to steric repulsion between the silyl and
phosphorus ligands and the relatively small space
required for the platinum hydride. The Pt—Si (2.357(2)
A) distance is similar to the values reported for the same
bonds in cis-H(PhsSi)Pt[Cy,P(CH>)4PCy,] (2.363(4) A),13
cis-H(Ph3zSi)Pt(PPhs), (2.357(3) A),24 and cis-H(SiPhsz)-
Pt(PEts), (2.357(3) A)15 and within the range (2.321—
2.406 A) of values reported for mononuclear silyl
complexes.’? The Pt—P1 bond (2.312(2) A) trans to the
silyl ligand is slightly longer than the Pt—P2 bond
(2.295(2) A) situated cis, indicating only a slightly
greater trans influence of the silyl ligand with respect
to the hydride ligand. This is consistent with the Jp_p¢

(13) Mullica, D. F.; Sappenfield, E. L.; Hampden-Smith, M. J.
Polyhedron 1991, 10, 867—872.

(14) Latif, L. A.; Eaborn, C.; Pidcock, A. P.; Weng, N. S. J.
Organomet. Chem. 1994, 474, 217—221.

(15) Koizumi, T.; Osakada, K.; Yamamoto, T. Organometallics 1997,
16, 6014—6016.
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(1715 and 2231 Hz) coupling values observed in the 31P
NMR spectrum. The Si—C1 bond (1.905(6) A) is quite
normal; however, the geometry of the silicon atom
deviates significantly from an ideal tetrahedron with a
C1-Si—Pt (116.7(2)°) bond angle. The hydrides bound
to platinum and silicon were located in the difference
map but not refined at distances of 1.5 A (Pt—H) and
1.4 A (Si—H).

A notable feature of 1 is its reluctance to eliminate
H, (16 h at 50 °C). Similar observations have been
reported for cis-(Cy3P),Pt(H)(SiHMes,), which also does
not undergo reductive elimination of hydrogen.”®

Conclusion

The compound cis-(2,6-Mes,CgH3(H)2Si)Pt(H)(PPr3);
(1) represents an example of a mono(silyl)platinum(ll)
complex obtained by the oxidative addition reaction of
a primary arylsilane to a Pt(0) complex.
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