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Symmetrical disiloxanes are important class of compounds in
silicon chemistry.! Some of the symmetrical disiloxanes are known
to have important applications as liquid crystals? and pharmaco-
logically active compounds?® (Fig. 1). Recently, they have drawn
more attention as useful intermediates in organic synthesis. For
example, the recent reports of Napier et al.* and Sore et al.> show
novel applications of aryl disiloxanes and vinyl disiloxanes, respec-
tively, as efficient coupling partners in Hiyama cross-coupling
reactions. Mézailles et al.° have employed 1,3-bis(phenyleth-
ynyl)tetramethyldisiloxane as a building block in the synthesis of
novel macrocycles.

The general methods available in literature for the preparation
of symmetrical disiloxanes are intermolecular condensation of sil-
anols,” and reaction of polysiloxanes with Grignard reagents.® Here
we report for the first time, a simple, mild, and non-aqueous meth-
od for the preparation of Symmetrical disiloxanes in high yields
from mono, di, and trihydrosilanes by Lewis acid-catalyzed air oxi-
dation, which proceeds with the evolution of hydrogen gas as
shown in Scheme 1.

In our preliminary study, we have investigated aerobic oxida-
tion of triethylsilane to 1,1,1,3,3,3-hexaethyl disiloxane using Le-
wis acids such as InCls, InBrs, SbCl;, Cu(OTf)3, CuCl,-2H,0, NbCls,
Bi(OTf)s, TaCls, BF3-Et,0, FeCls, La(OTf);, and montmorillonite
K10 clay as catalysts. The results are shown in Table 1.

In this study, InBr; was found to be an excellent catalyst in pro-
moting this reaction, which gave 1,1,1,3,3,3-hexaethyl disiloxane
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in 97% yield. This reaction was found to proceed with equal effi-
ciency in solvents such as tetrahydrofuran (THF), dichloromethane,
chloroform and no reaction was observed in hexane and under sol-
vent-free conditions. We have studied aerobic oxidation of a vari-
ety of mono, di and trihydrosilanes in THF using InBrs as a catalyst
under similar conditions and obtained® corresponding symmetrical
disiloxanes in high yields (85-99%). These results are shown in Ta-
ble 2. The compounds Me,SiHCl and MeHSi(OEt),, which were
substituted with electronegative atom such as Cl and O have, how-
ever, remained unreactive under the reaction conditions.

InBr; forms a stable solid complex [InBrs-(THF),] with THE.® In
the present study, THF was used as a solvent and the reaction mix-
ture separated into two liquid layers upon removal of the solvent
after completion of the reaction, in which, the upper layer was
found to be disiloxane and the bottom layer was InBr;-THF com-
plex. We have recovered 81% of InBr3 as THF complex (white pow-
der) from the bottom layer by removal of the solvent under
vacuum. The recovered InBrs-(THF), complex was also found to
be highly active in catalyzing air oxidation of hydrosilane to disil-
oxane. For example, oxidation of dimethyl-p-tolyl silane 11 using
InBrs as catalyst and THF as solvent gave disiloxane 21 in 98% yield.
The recovered catalyst from the first cycle, that is, InBr;—THF com-
plex, gave 21 in 92% yield under similar conditions.®

Recently, Berberova!! reported intensive evolution of hydrogen
when hydrosilanes were subjected to single electron electrochem-
ical oxidation, which was associated with the fragmentation of
radical cation of hydrosilane into silyl cation and hydrogen. In
the present reaction also, oxidation of hydrosilane was accompa-
nied with the evolution of hydrogen. Since Lewis acids (metal
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Figure 1.
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Scheme 1.

Table 1
Lewis acid-catalyzed air oxidation of triethylsilane to 1,1,1,3,3,3- hexaethyldisiloxane

S.No. Lewis acid Reaction time (h) Yield® (%)
1 AICl, 6 N.R.
2 ZnCl, 6 20
3 FeCl; 6 Trace
4 CuCl,-2H,0 6 51
5 Cu(OTf); 6 62
6 NbCls 6 55
7 Bi(OTf); 6 70
8 BF5-Et,0 6 N.R.
9 I 6 Trace

10 K10 clay 6 N.R.

11 SbCls 6 90

12 La(OTf); 6 N.R.

13 InCl3 6 90

14 InBr3 3 97

2 Isolated yields; all the reactions were carried out using 5 mol % catalyst.

Table 2
InBrs-catalyzed air oxidation of hydrosilanes to disiloxanes
Ry, SiH, — ™% _ R, H,,Si-0-SiH, Ry,
n=12,3 air, THF, rt

Entry Disiloxane Reaction time Yielda
(h) (%)

a PhMe,Si-0-SiMe,Ph 2 99

b Ph,MeSi-O-SiMePh, 2 92

c Ph3Si-0-SiPh; 5 95

d Et;Si-0-SiEts 3(3%) 97(90")

e (i-Pro);Si-0-Si(i-Pro)s 24 96

f PhC=C-Si(Me),-0-(Me),Si-C=CPh 12 85

g (n-CgH;7)3Si-0-Si(n-CgHq7)s 5 87

h PhMeHSi-O-SiHMePh 4 99

i Ph,HSi-0O-SiHPh, 4 97

j Et,HSi-O-SiHEt, 3 98

k (t-Bu),HSi-O-SiH(¢-Bu), 24 85

1 (p-MeCgH4)Me,Si-0-Si (p- 4 98

MeCgH4)Me,
m (n-CgHy3)H,Si-0-SiHy(n-CsHi3) 5 90

2 Isolated yields; all the products gave satisfactory 'H, '3C NMR, IR and Mass
spectral data.

b Corresponds to air oxidation of neat hydrosilane with preformed InBrs-THF
complex.
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halides) are known to induce single electron transfer (SET) reac-
tions,'? it appears that Lewis acid-catalyzed air oxidation of hyd-
rosilane to disiloxane involves SET pathway as the initial step of
the process as shown in Scheme 2. Polar solvents are favorable to
SET reactions and the present reaction was found to proceed well
only in polar solvents.

In conclusion, this work describes the first observation of Lewis
acid-catalyzed efficient and selective aerobic oxidation of hydrosil-
anes to symmetrical disiloxanes. We have developed a mild, effi-
cient, and environmentally friendly method for selective
preparation of symmetrical disiloxanes from mono, di, and trihy-
drosilanes by air oxidation using InBrs as a catalyst, which is easily
recoverable and recyclable.
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