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Diorganotellurides efficiently catalyze the aerobic oxidation of
organosilanes under photosensitized conditions to afford the
corresponding silanols in excellent yield.

Organosilanols have found widespread use in organic
synthesis, particularly in cross-coupling reactions,' and in
industry as synthons for silicon-based polymeric materials.?
In general, organosilanols are prepared by hydrolysis of the
corresponding chlorosilanes; however, strict pH control is
required to prevent the well-known self-condensation to
produce undesirable disiloxanes.> An alternative approach
involves the oxyfunctionalization of Si—H bonds using
stoichiometric oxidants such as KMnO,,* 0sO,,° and di-
methyldioxirane.® From both the synthetic and environmen-
tal viewpoints, it would be preferable to perform the above
transformations under catalytic conditions. In this context,
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several metal-catalyzed systems have been developed for the
oxidation of silanes to silanols.” Of these, particularly pro-
mising are the methods based on rhenium,® ruthenium,’
iridium,'® and silver'" catalysis, which generate high chemical
yields and selectivities of silanols versus disiloxanes. A
majority of the catalytic system employs water or hydrogen
peroxide as an oxygen source; however, molecular oxygen is
seldom used in these reactions.'?

We recently reported that the aerobic oxidation of diaryl
tellurides under photosensitized conditions produced the
corresponding telluroxides and that bulky telluroxides effi-
ciently oxidized benzylic and allylic alcohols, phosphines, and
quinones."** Needless to say, it would be more attractive to
realize diorganotelluride catalysis by employing molecular
oxygen as a terminal oxidant. Although such catalytic oxida-
tion of alcohols has not been achieved yet, we previously
reported the first aecrobic oxidation of phosphite esters cata-
lyzed by diorganotellurides.'*® As part of our recent study on
the chemistry of organotellurium compounds,'® we here
describe the diorganotelluride-catalyzed oxidation of organo-
silanes to silanols using molecular oxygen.

We began our investigation with diphenylmethylsilane as a
substrate to optimize the reaction conditions. As shown in
Table 1, a pyridine solution of silane (0.1 M), 10 mol %
bis(2,4,6-trimethylphenyl) telluride (Mes,Te), and hemato-
porphyrin (10~* M) in an open flask was stirred vigorously
and irradiated with a 500 W halogen lamp for 4 h. '"H NMR
analysis of the crude product revealed the quantitative for-
mation of diphenylmethylsilanol and the absence of the
corresponding disiloxane (entry 1). We were unable to
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Table 1. Diorganotelluride-Catalyzed Oxidation of Ph,MeSiH Using Atmo-
spheric Oxygen

catalyst (10 mol %)
_

Ph,MeSiH Ph,MeSiOH
hv, sensitizer, air, 4 h

entry catalyst solvent (sens)* temp (°C) yield (%)?
1 Mes,Te pyridine (HP) 50—70 >99
2 Mes, Te¢ pyridine (HP) 50—70 41

3 Mes,Te pyridine (HP) 10—20 >99
4 Mes,Te CH;CN (RB) 50—60 97

5 Mes,Te CH;CN (RB) 10—20 29

6 Mes,Te benzene (TPP) 50—70 47

7 Mes,Te benzene (TPP) 10—20 28

8 Mes,Te CH,Cl, (TPP) 10—20 19

9 An,Te pyridine (HP) 50—70 43
10 Ph,Te pyridine (HP) 50—70 11

“Hematoporphyrin, rose bengal, and tetraphenylporphyrin are
abbreviated as HP, RB, and TPP, respectively. b Yields were determined
by "H NMR spectroscopy.  Catalyst at 1 mol %. Even after 8 h, the yield
remained at 55% because of catalyst decomposition.

complete the oxidation by decreasing the catalyticamount to 1
mol % (entry 2). In these reactions, the temperature increased
to 50—70 °C during irradiation. An ice bath can be used to
maintain the reaction temperature around 10—20 °C (entry 3);
however, lower temperatures resulted in diminished chemical
yields in some cases (entries 5 and 7). Although acetonitrile
served as a good solvent to give silanol in 97% yield (entry 4),
the use of benzene and dichloromethane resulted in lower
yields (entries 6 and 8). The use of other tellurides, such as
bis(4-methoxyphenyl) telluride (An,Te) and Ph,Te, as a
catalyst failed to afford acceptable yields (entries 9 and 10).
The catalyst decomposition may be competitive, owing to the
less hindered nature of these tellurides.

The reaction did not proceed without the catalyst, photo-
sensitizer, or light, indicating participation of both the tell-
uride catalyst and singlet oxygen in the catalytic system.
Analogous to the catalg/tic oxidation of phosphite, which we
previously reported,’*® a catalytic cycle is postulated, as
shown in Scheme 1. The diaryl telluroxide generated by the
singlet-oxygen oxidation of telluride would serve as an
oxidant for the silanes. In fact, stoichiometric oxidation of
Ph,MeSiH with isolated Mes,TeO in pyridine at room
temperature for 1 h afforded 95% yield of Ph,MeSiOH along
with the quantitative recovery of Mes,Te. The stoichiometric
oxidation exhibited solvent effects similar to those observed
in the catalytic oxidation, even though the extent was not as
large. We assume that stabilization of a polar intermediate,
such as a silicate (vide infra), by polar solvents is a driving
force for the efficient formation of silanols. At present,
however, we cannot explain why pyridine is the best solvent
in this reaction. Detailed mechanistic investigations are now
underway.

The optimized conditions of entry 1 in Table 1 were applied
to the reaction of various triorganosilanes, the results of
which are listed in Table 2. In all cases, triorganosilanols were
obtained in excellent yields, and only trace amounts of the
corresponding disiloxanes were detected in the reaction
mixture. For example, sterically encumbered triphenylsilane
afforded triphenylsilanol in a quantitative yield (entry 1).
Monoarylsilanes bearing either electron-withdrawing or elec-
tron-donating groups (entries 3—6), as well as a heterocyclic
silane (entry 7), underwent catalytic oxidation, affording the
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Scheme 1. Proposed Catalytic Cycle for Ar,Te-Catalyzed Oxidation
of Triorganosilanes

1/2°%0, AraTeO R3SiH
hv
sensitizer

1/2'07 AraTe R3SiOH

Table 2. Mes,Te-Catalyzed Oxidation of Triorganosilanes (R;SiH) Using
Molecular Oxygen

. Mes,Te (10 mol %), HP . X
RySiIH ———————— R3SiOH + (RSi),0
pyridine, hv, air, 50-70 °C -

yield (%)
entry R;SiH time (h) R;SiOH (R5Si1),0
1 Ph;SiH 4 >99 (96) <1
2 Ph,MeSiH 4 >99(93) <1
3 PhMe,SiH 4 > 87 (74) <1
4 (4-MeOC¢Hy)Me,SiH 6 >94 (89) <1
5 (4-CIC¢H4)Me,SiH 4 >94 (82) <1
6 (4-CF3C(,H4)MezsiH 4 >95 (87) <1
7 (2-thienyl)Me,SiH 4 >91 (83) <1
8 (1-dodecyl)Me,SiH 10 >92 <1
9° (1-dodecyl)Me,SiH 4 >99 (95) <1
107 Et;SiH 4 >99 <1

“Yields were determined by 'H NMR spectroscopy, except for entry
10 (GC yield). Isolated yields of silanols are shown in parentheses. * In
the presence of 20 mol % Mes,Te. “ The reaction was performed in a
sealed flask to prevent volatilization of triethylsilane under an oxygen
atmosphere.

corresponding silanols in excellent yields. For the oxidation
of trialkylsilanes, such as 1-dodecyldimethylsilane (entries 8
and 9) and tricthylsilane (entry 10), increasing the reaction
time or the amount of catalyst was required to obtain
satisfactory yields. It appears that the more aryl-substituted
or electron-deficient silanes tend to have higher reactivities.

In order to quantify the electronic effects of the substituents
at the silicon atom, we examined the linear free-energy rela-
tionships (LFERSs) between the reaction rates and the sub-
stituent constants. A Hammett plot, derived from the relative
rates of oxidation conducted with a series of 4-substituted
phenyldimethylsilanes, yields a linear correlation (correla-
tion coefficient R* = 0.98) with 0, parameters (Figure .1
Figure 1 shows that the more electron-deficient silanes react
faster, and the substantial positive slope (p = 2.09) indicates
that a significant negative charge develops on the silicon
atom in the transition state of the rate-determining step; this
isin good agreement with the proposed mechanism described
below.

The present catalyst system could be applied successfully to
the stereoselective oxidation of an optically active silane.
As shown in Scheme 2, the Mes,Te-catalyzed aerobic oxida-
tion of (R)-(+)-Me(a-Np)PhSiH (96% ee) under photosen-
sitized conditions afforded (S)-(+)-Me(a-Np)PhSiOH in
79% isolated yield (86% NMR yield) with 89% ee.'”> The
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Figure 1. Hammett plot illustrating the electronic effects of 4-substi-
tuted phenyldimethylsilanes on the oxidation rate.

Scheme 2. Stereoselective Oxidation of Optically Active Silane

a-Np Mes,Te (10 mol %), HP o-Np
Me:Si Mer:Sio
Bt H  pyridine, hv, air, 6-8°C, 4h  'prf  “OH
96% ee 79% 89% ee

oxidation proceeded with a high degree (93% optical yield) of
retention of the configuration at the silicon atom. Although it
is well-known that stoichiometric oxidants, such as m-CPBA, '
dimethyldioxirane, and oxaziridines,'” transform the optically
active silane with retention of the configuration, catalytic
methods that achieve stereoselective oxidation are rare. Our
results are comparable to those reported by Adam and co-
workers,* who demonstrated that methyltrioxorhenium effi-
ciently catalyzed the oxidation of the optically active silane
with 96% retention. Another example of the catalytic oxida-
tion of the optically active silane involved a ruthenium com-
plex—H,O system, which yielded the corresponding silanol
with 74% inversion.” Later, similar hydrolytic oxidation using
an iridium catalyst was reported and shown to result in the
formation of a racemic silanol.'’

A possible reaction mechanism that can account for
the stereochemical and kinetic results described above is
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Scheme 3. Plausible Reaction Mechanism for the Oxidation of Triorg-
anosilane with Diaryl Telluroxide
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Scheme 4. KIE for the Oxidation of Ph,MeSiH versus Ph,MeSiD by
Mes,TeO

Ph,MeSiH Mes, Te0 Ph,MeSiOH
+ +

Ph,MeSiD pyridine-ds, rt, 1 h

ku/kp = 1.09 + 0.01

PhaMeSiOD)

illustrated in Scheme 3. Namely, an attack by the nucleophilic
oxygen atom of the telluroxide on the silicon atom, generat-
ing a zwitterionic silicate intermediate, is rate-determining.
This is followed by a rapid hydrogen shift from the silicon to
the oxygen to ensure retention of stereochemistry at the
silicon atom, producing a silanol and a telluride.

We also investigated the reaction by studying the kinetic
isotope effect (KIE). A 1:1 mixture of Ph,MeSiH and
Ph,MeSiD was treated with Mes,TeO in pyridine-ds at room
temperature for 1 h (Scheme 4). "H NMR analysis of the
reaction mixture exhibited a small KIE (ky/kp = 1.09 £
0.01). The Si—H bond-breaking process was not rate-deter-
mining, which is in line with the proposed mechanism.

In conclusion, we have developed a novel approach to the
synthesis of triorganosilanols based on the diorganotelluride-
catalyzed oxidation of silanes employing atmospheric oxygen
as an oxidant. The oxidation proceeds with excellent selec-
tivity in favor of silanols versus disiloxanes. The stereoselec-
tive oxidation of an optically active silane is also achieved to
produce the corresponding silanol with high retention of the
configuration. Studies on LFER and KIE indicate that the
attack by telluroxide on silane in producing a silicate inter-
mediate is rate-determining.
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