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Until our studies, a,w-dihydrooligopermethylsilox-
anes had been poorly studied [1, 2] and no convenient
methods for their synthesis had been reported. At the
same time, the compounds are undoubtedly of consid-
erable synthetic and practical interest.

Previoudly, one of us showed for the first time that,
in the presence of colloidal nickel (formed in situ),
organosilicon hydrides, namely, trialkylsilanes R;SiH,
are efficient reducing agents. In particular, they readily
reduce phenyl halides, C;HsX (X = CI [3], Br [4], 1 [9]),
to give benzene (being converted in high yield into the
corresponding trialkylhal osilanes, R;SiX), aswell astin
halides and alkylchlorostannanes[6]. 1,1,3,3-Tetrameth-
yldisiloxane undergoes disproportionation on modified
aluminosilicates to yield dimethylsilane [7, 8].

Here, we studied the autocleavage and condensation
of 1,1,3,3-tetramethyldisiloxane (1) in the presence of
colloidal nickel formed in situ. The reaction readily
proceeds at ambient temperature and even on cooling to
5-10°C. The reaction yields a,w-dihydrooligopermeth-
ylsiloxanes (H(Me,SiO),SiMe,H, n = 3-11, mainly
n = 3-5) and dimethylsilane.

o,w-Dihydrooligopermethylsiloxanes result from
the previously unknown intermolecular cleavage of
=Si—0O-Si= groups by Si—H bonds under the influence
of colloidal nickel:

=5-0-S=+H-S*=M, =§-0-S*=+H-Si= (1)

We, in cooperation with Yu.l. Khudobin, established
the possibility of this reaction using the simplest exam-
ple of the reaction of hexamethyldisiloxane with
triethylsilane in the presence of colloidal nickel. The
reaction takes place on refluxing of a mixture of these
reagents (a1 : 2 molar ratio) for 20 h. The conversion
of hexamethyldisiloxane is 70%. The reaction leads to
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hexaethyldisiloxane, 1,1,1-trimethyl-3,3,3-triethyldisi-
loxane, and trimethylsilane:

Et,SiH + Me,SiOSiMe; _Mj;sm Et,SiOSiMe,
HSiEt;

——Et,SIOSIEt, + Me,SiH.

)

The reaction of autocleavage and condensation of
1,1,3,3-tetramethyldisiloxane (1) proceeds according to
the following general scheme:

nHMe,SiOSiMe,H X, H(Me,SI0),SiMe,H
+(n—1)Me,SiH,, (3
n = 3-11.
Hydrogen is a byproduct of this reaction, which is

likely to result from the disproportionation of dimethyl-
silane.

A tentative mechanism for the formation of o,w-
dihydrooligopermethylsiloxanes may be represented
by two schemes. The siloxanes may result from the
intermolecular cleavage of the S—O-Si group by S—H
bonds:

HMe,SiOSiMe,H + HMe,SiOSiMe,H
Siesi, HMe,S0Si(Me),0SiMe,H @
+HMe,SIOSiMe,H
e, HHIMe,SI0Si(Me),0SiMe,0SiMe,H, and so on.

Another possible mechanism of reaction (3) is the
intermediate formation of dimethylsilanone as a result
of the geminal decomposition of disiloxane (1) fol-
lowed by itsinsertion into the Si—O bond [9-11]:

HMGZSOSMGZH I [MGZSZO] + MGZSiHZs (5)
HMe,SiOSiMe,H + [Me,Si=0]

6
or, in the general form,
m[Me,Si=0] + H(Me,SI0),SiMe,H -

— H(Me,SIO),,, SiMe,H.
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To establish the mechanism of reaction (1), we stud-
ied the reaction of disiloxane| with atwofold excess of
triethylsilane in the presence of colloidal nickel. Asthe
products of this reaction, hexaethyldisiloxane (I1) and
1,1-dimethyl-3,3,3-triethyldisiloxane  (I11)  were
isolated and characterized. In addition, 1,1,3,3-tetra-
methyl-5,5,5-triethyltrisiloxane  (1V), 3,3-dimethyl-
1,1,1,5,5,5-hexaethyltrisiloxane (V), 3,3,5,5-tetramethyl-
1,1,1,7,7,7-hexaethyltetrasiloxane (VI1), dimethylsi-
lane, and hydrogen were identified using spectroscopy
and chromatography—mass spectrometry.

The formation of disiloxane Il can be explained by
atwo-step reaction of triethylsilane with disiloxanel to
givedisiloxane Il at thefirst step,

Et,SiH + HMe,SiOSiMe,H

8
(TI1)
followed by its cleavage by triethylsilane,
Et,SIOSIMe,H + HSEt, ©)

1))
Trisloxane IV results from the reaction of disiloxane
[l with siloxane | according to the following scheme:
Et,SOSMe,H + HMe,SiOSIMe,H
av)
The reaction of triethylsilane with trisiloxane IV
yieldstrisiloxane V:

Et,SiH + HMe,SiOSiMe,OSiEt,
V)

The formation of tetrasiloxane VI might be
explained by the reaction of trisiloxane 1V with disilox-
anel,

Et,SIOSiMe,0SiMe,H + HMe,SiOSiMe,H (
(VII)

followed by the reaction of nascent tetrasiloxane V1|
with triethylsilane,

Et;SiOSiMe,OSiMe,0OSiMe,H + HSIEt, 13)

(VD
However, the absence of even traces of tetrasiloxane
V11 in the products of reaction of disiloxane | with tri-
ethylsilane indicates another mechanism of formation

of tetrasiloxane VI, which is based on the insertion of
dimethylsilanone into a molecule of trisiloxane V:

Et,SiOSIMe,0SiEt; + [Me,Si=0]

(VD

(10)

(1)

12)

(14)
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The possihility for dimethylsilane formed to cleave the
=Si—0-Si= group was confirmed by the model reaction of
equimolar amounts of disiloxane | with diethylsilane in
the presence of colloidd nickd. Along with a,w-dihydro-
oligopermethylsiloxanes (H(Me,SiO).SiMe,H (n =
2-9), we identified 3,3-dimethyl-1,1,5,5-tetraethyltrisi-
loxane (VII1), formed in about 5% yield according to
the scheme

Et,SiH, + HMe,SiOSiMe,H
—Me,SiH, H EtzS' OS| M ezH +HM eza OS| M e2H
—iesi BLHSIOSiMe,0SiELH + Me,SiH,.

(VIII)

The formation of trisiloxane VIII could aso be
explained by the insertion of dimethylsilanone into
intermediate 1,1,3,3-tetraethyldisiloxane (1X) accord-
ing to the scheme

Et,HSIOSIMe,H + Et,SiH,

(IX)

However, we failed to identify the latter in the reaction
mixture.

In the reaction of disiloxane | with an equimolar
mixture of di- and triethylsilane (al: 1: 1 molar ratio)
in the presence of colloidal nickel, we identified penta-
ethyldisiloxane (X), 3,3-dimethyl-1,1,5,5,5-pentaeth-
yltrisilane (X1), and 3,3,5,5-tetramethyl-1,1,7,7,7-pen-
taethyltetrasiloxane (X11), along with a,w-dihydrooli-
gopermethylsiloxanes (H(Me,SiO),SiMe,H (n = 2-4)
and siloxanes (I1-VI, VII1). The formation of silox-
anes|1-VI, VI, and X—XI11 and the absence of higher
oligomers with terminal Et,Si groups indicates that
these groups prevent further elongation of the siloxane
chain.

(16)

EXPERIMENTAL

Reaction of 1,1,3,3-tetramethyldisioxane with col-
loidal nickd. 1,1,33-Tetramethyldisiloxane (13.4g,
0.1 mol) and colloidal nickel (0.6 g, 0.01 mol) were
placed into a three-necked flat-bottom flask purged
with argon and equipped with areflux condenser and a
thermometer and connected to atrap cooled with liquid
nitrogen. The reaction mixture was magnetically stirred
at ambient temperature for 7 h. Colloidal nickel wasfil-
tered off, and the filtrate was distilled at atmospheric
pressure and in vacuum (3 mmHg) to give 9.1 g of a
product whose composition determined by chromatog-
raphy—mass spectrometry corresponded to previously
described a,w-dihydrooligopermethylsiloxanes [2].
Dimethylsilane condensed in the cold trap was purged
with adry argon flow and bubbled through a solution of
bromine in xylene. The reaction mixture after bromina-
tionwas digtilled over copper metal to give 7.3 g dimeth-
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Mass spectra (mVz (1,4, %)) of siloxanes Et;Si(OSiMey) H, n =1 (111), 2 (1V); Et;Si(OSiMe,),OSiEt;, m= 1 (V), 2 (VI);
Et,HSIOSIMe,0SIEt,H (VI11); and Et3Si(OSIMe,) ,OSIEtH, p = 0 (X), 1 (XI)

Compound
lon

Il v \% VI* VIHI X Xl
(M)* 190(-) 264(-) 320(1) 394(1) 264(-) 218(-) 292(-)
(M-H)* 189(100) 263(100) - - 263(100) 217(100) 291(100)
(M-C,Hs)* 161(63) 235(14) 291(100) 365(28) 235(18) 189(74) 263(11)
(M—C,Hs—C,H,)* 133(60) 207(10) 263(11) - 207(8) 161(47) 235(6)
(M—=C,H5—2C,H,)* 105(29) 179(6) 235(8) - - 133(23) 207(3)
(C,Hg)SIO* 131(15) 131(2) 131(2) - 131(3) 131(10) 131(1)
(C,Hg),HSIO* 103(20) 103(12) 103(8) - 103(5) 103(18) 103(5)
(C,Hg),HSI* 87(5) 87(5) 87(7) 87(65) 87(4) 87(7) 87(5)
(CHy),HSIO* 75(7) 75(3) 75(2) - 75(3) 75(3) 75(1)
C,HsH,Si* 59(8) 59(8) 59(5) 59(43) 59(5) 59(8) 59(3)
Me,HSI* 59(8) 59(8) - - 59(5) 59(8) 59(3)

* 277(27), 249(100), 221(67), 193(58), 165(40).

yldibromosilane, bp 111-112°C, n3 14720 (lit. 5.
bp 111.5-112.5°C, n% 1.4696 [12]). 6.

The reactions in the presence of triethyl- and dieth-
ylsilanes were carried out similarly. The mass spectra /-

of the resulting siloxanes are summarized in the table.
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