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The generation of compounds containing multiply bonded
silicon is of much current intere2 Silanones (i.e., compounds
containing a silicorroxygen double bond), although not
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formation of a new dimeric hydrido-bridged complex [(dmpe)-
PtH](OTf), (4).#® The!H NMR spectrum shows that methane
was liberated (eq 1). Upon addition of 50 equiv3# to the
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red solution of4, subsequentH and 2°Si NMR and mass
spectroscopic analyses of the mixture indicated that under
these very mild condition8a was catalytically converted into

the known cyclic trimer of diisopropylsilanonP(SiO) (5)7
(70% vyield, 35 turnovers, byH NMR after 3 h at room

isolated, are being generated as short-lived intermediates.temperature) and free,Hdetected byH NMR) (eq 2), while

normally using elaborate procedures for preparation and de-
composition of suitable precursctsSince the trapping of the

generated silanones and their incorporation into other molecules

may be a synthetically very useful approach in organosilicon
chemistry, we chose to study the possibility of generation of
silanones from relatively simple starting materials under mild
conditions using transition metal complexes.

We report here a new type of homogeneous catalytic reaction
that generates silanones from secondary silanols under extremel

elucidated the mechanism of the reaction, isolated active
intermediates, and characterized them by spectroscopy and X-ra
diffraction. This reaction is formally analogous to (although
mechanistically different from) the well-known catalytic dehy-
drogenation of alcohotghat leads to ketones.

The platinum complex (dmpe)Pt(Me)(OTR)¢-> (dmpe=
Me,PCHCH,PMe,, OTf = OSOCEF;, triflate) was synthesized
by selective protonolysis of one methyl group of the dimethyl
precursor (dmpe)PtMe(1).4> This, in turn, is readily made
from (1,5-cyclooctadiene)PtMe

When 1 equiv of the silandPrRLSIHOH (34)° is added at room
temperature to a colorless acetone solutior2,ofhe solution
immediately becomes red. ThH8P NMR spectrum of the
reaction mixture indicates the disappearance2oénd the
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(5) See Supporting Information.

(6) The silanols used were prepared from the corresponding commercially

4 was not consumed as evident frofP NMR. The same
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reaction, carried out in the presence of an excess of the silanone

: e . ¥rap MeSiOMe, resulted in the formation of the expected
mild conditions. Platinum complexes are used as catalysts. We P V& ’ P

trapping product MgSiOSIPr,(OMe) (eq 2), identified unam-
biguously by its mass spectriinThese results constitute strong

Yevidence of the possibility to catalytically generate silanones

from secondary silanols in room temperature homogeneous
reactions.

Our rationalization of the mechanism of this novel catalytic
process is presented in Figure 1. Comg#e&cting as a catalyst
precursor, oxidatively adds the-3H bond of32° leading, after
reductive elimination of methane, to the platinasilanol interme-
diate6a which enters the catalytic cycle. Compléadecom-
poses byB-hydrogen elimination from SiOH!° resulting in
the liberation of the silanone and the formation of (dmpe)Pt-
(H)(OTH) (7) which is probably in equilibrium with its dimer
411 Complex7 adds another molecule &a, and after H
reductive elimination, regenerates compéathereby complet-
ing the catalytic cycle. Complexes analogousdtand 7 are
known12

With 3aas a substrate, no intermediates, except for complex
4, are detected by NMR. However, the use of the bulkier
ditertbutylsilanol'Bu,SiHOH (3b)€ allowed us to observe two
stoichiometric steps. We were also able to isolate and fully
characterize by spectroscopy and X-ray crystallography the
platinasilanob (as the acetone solvat&)which is the analog
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CHy and 3b results in selective €H reductive elimination, while
3a analogous reactions with other silanes, such aSiBt 'Pr,-
SiHCI, and'Pr,SiHF, lead to products of both-€H and G-Si
coupling. The latter reactions are in accord with the known
/SIREOH relative ease of €Si reductive elimination from platinuri?,
m szt while the exclusive €H bond formation with the silanols is
6a \OTI \ indicative of the important role the OH group plays in the
Sle selectivity of the process we observe. Significantly, although
szt st,(_o L \ the cationic complegb is stabilized in the solid state by acetone
Nort o coordination and by hydrogen bonding between the OH group
‘\C / and the triflate anion (Figure 2), it is not stable in solution at
s|R2 room temperature. It decomposes in acetone with a half-life
/ \ szt— (| of abou 3 h selectively producing the hydrido compléxin
PtLo|(OTf)2 | o accord with the proposed mechanism. Regarding the reactivity
N4 ort of 4 (or its monomer7) toward 3a, we are confident that it
4 8 involves Si-H rather than G-H oxidative addition as a first
Figure 1. Catalytic cycle for dehydrogenation 8 (L, = dmpe). step. Initial intermolecular ©H activation was excluded by
the complete absence of reactivitysdfoward silanols lacking
Si—H bonds, namely ESiIOH and'Pr,Si(OH),% and toward
methanolt® Taken together, the results above provide strong
support for the proposed catalytic sequence presented in the
Figure 1.

There are important aspects of this reaction which deserve
further comment.

The efficiency of the catalysis reported here is probably not
the highest that can be achieved. Compkxremained
unchanged after the consumption of diisopropylsilanol, indicat-
ing a reasonable stability for the catalytic system. When
optimized, the full synthetic potential of this approach could
be realized and, with more sophisticated trapping agents,
possibly lead to organosilicon compounds not readily accessible
using conventional routes. These studies are now underway.

IntermediateB in Figure 1 represents a silanone bound to a
transition metal center. Our results constitute strong evidence
of the involvement of such an intermediate in the catalysis we
Figure 2. Perspective view of the acetone solvate of platinasilanol have described. We hope that by modifying the metal center
6b. Bond distances (A) and angles (deg): Pt®|3)= 2.381(2); Pt- and the silanol ligand, stabilization of the siliceoxygen double

L,Pt
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(1)—P(6) = 2.192(2); Pt(1)-Si(5) = 2.401(3); Pt(1)-O(7) = 2.137- bond by coordination may be achievéd.

(5); Si(5)-0(5) = 1.661(8); H(5)-O(5) = 1.04(3); H(5)-O(1) = In conclusion, this paper describes the catalytic generation
1.80(3); O(7)-C(71) = 1.224(12); P(3)Pt(1)-Si(5) = 167.44(10);  of the silicon-oxygen double bond using a transition metal

P(6)-PY1)-0O(7) = 177.3(2). complex. The reaction, which involves platinum-catalyzed

silanol dehydrogenation, proceeds efficiently in solution under
of the postulated central intermedidia Complex6b results very mild conditions (room temperature). The mechanism of
from the reaction oR with 1 equiv of3b (eq 3). The solution  this unprecedented form of catalysis has been elucidated,

including isolation and structural characterization of a key

N on ><S/H \/ )(X intermediate.
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NMR spectral data of comple8b*® are unambiguous and Supporting Information Available: Details of preparation and

consistent with the coordination geometry found in the crystal characterization of complexds 2, 4, and6b, procedures of catalytic
structure (Figure 2314 The presence of the very strong (silyl) ~ and trapping experiments, full X-ray data of compEix (16 pages).

and the very weak (acetone) trans-directors located trans to theSee any current masthead page for ordering and Internet access
phosphorus atoms of the dmpe ligand is clearly evident in the instructions.

greatly differing values of the PP bond lengths (2.381(2) and 39626087

2.192(2) A) and théJp.p coupling constants (1168 and 4355 (15) Ozawa, F:; Hikida, T.; Hayashi, 3. Am Chem Soc 1994 116
Hz). It should be noted that the reaction2With silanols3a 284

(16) No reactions of these substrates wittook place afte2 h both at
(14) X-ray structure oBb: &8H41F305P2Pt55| colorless, monocl|n|c room temperature and at 4C as observed b{H NMR.

P2(1),n (No. 14),a=8.333(2) Ab=21 514(4) Ac=15. 910(3) B= (17) An iridium silanone intermediate was postulated in siloxane
97.07(3y, T= 110 K,V = 2830.6(10) &, Z = 4, Ry (on F?) = 0.0633 disproportionation: Curtis, M. D.; Greene, JJ.Am. Chem. Sod978 100,
> 20(l)), GOF (onFZ) = 1.141. 6362.



