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In the preceeding communication [1], we reported on the polycondensation of 1,2~hexamethyldisilylethane
which was observed by us, and which is specific for the chemistry of the organosilicon compounds. At the same time,
two schemes for the mechanism of this transformation were suggested:

a) an intramolecular process occurring in the complex with Al,Xg CHy... L Si(CHg)3CH3CHs.. ‘ .Si(CHg)...
Aly¥g, as a result of which S{(CH;), and the biradical [ —Si(CH,),CH,CH, ] are formed; the latter is transformed
into the cyclic polymers [ —Si(CHy)3CHoCH,—1n,

b} an intermolecular process occurring between (CHg),SiICH,CHy, Si(CHg)s.. @ .(CHg) and Z1,X,...(CHg)S1... t .
CHyCH,Si(CHg)y, and leading to the formation of a linear dimer (CHy)ySICH,CH,S1(CHy),CH,CH,S1(CHg)g and to
products of its further transformation, At that time, we isolated from the mixture of polymers only the cyclic prod-
ucts [ —~(CH)3SICH,CHy—n, where n = 2,3,

In the present work, we have investigated the behavior of 1,3-disilylpropane in an analogous reaction. The
transformation proceeds here according to a scheme analogous to (b)

(CH,},S1CH,CH,CH, -l--Si(CHa)S---Al,XG + CH, -l--Si(CHa)QCHQCHaCHQSKCHs)a - a

—> (CH,),8iCH,CH,CH,Si{CHy),CH,CH,Crl,Si(CHy)y + Al Xg + Si(CHy),

The dimer which is formed reacts further in similar fashion, giving principally linear polymers of the type
(CHy)3SICH;CH3[CH,1S1(CH,) ;CHCHyCH 1pSi(CHg)g, where n = 1, The first two members of the serles were iso-
lated (n = 1 and 2); the structures of these were confirmed by their infrared spectra, The structure of the dimer was
additionally confirmed by a second synthesis according to the scheme (2):

HSICH,Cl .
(CH,=CHCH,),5i(CH3), —-———H' Pt;l—): [Clz(CHs)SiCH:;CH2CHQ].ZS|(CH;;);,—»
( s
: (2)
CH MgCl i
g—+ (CHg)aSiCHQCH2CHgSi(CHa)gCHzcHgCHQSI(CH;;);;

The properties of the substances obtained according to schemes (1) and (2) were identical, The cyclic dimer pre~
viously obtained by another reaction [2] was not observed, As a result of the investigation, the activities of the de-
tfivatives of 1,3-disilylpropane which contain different ratios of CHz~ and Gl-groups at the Si atom are established
to fall in the following (decreasing activity) series for the polycondensation reaction:

(CH3)3Si{CH,)sSi(CH3)3 = (CH 3)sSi(CH,)3Si(CH,)Cle >
0] (In

(11D (IV)
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The last member of the series did not react in the presence of AlBry taken in quantities up to 40 mole percent.even
at a temperature of 200°, For the serles members (II) and (I1I), judging from the low-bolling products of the reaction,
the conversion proceeded according to schemes (3) and (4), which are similar to (b)

C1,RSiICHyCHyCHy- ++ ‘l-Si(CHg)a- . 1‘ -AlyXg+Cl- - l - SICIYR)CHyCH,CH,Si(CHypo— -

~—— CL,RSICH,CH,CH,Si(CI)(R)CHeCHyCH,Si(CHz)s + (CHy)sSiCl + AlX, 3)

etc,,
Cl?RSiCHQCHQCHQ'l“ Si{CH,), "l'Ath + CH,-- l-SE(CH;,)?CHQCH?CHQSSCI?R g

> CI,RSiCH,CH,CH,S1(CH,), CHyCH,CH,SICLR + (CH,),Si + AlyX, (4)

The formation of Si{(CH;,), from the trichloride (1II) indicates that the reaction proceeds via an intermolecular mech-
anism, In these experiments, there was formed in addition to the low boiling product a polymeric residue which con-
tained hydrolyzable chlorine, When reaction (1) was carried out at a temperature below 90-100°, up to 0.95 M of
Si(CHg), was isolated per mole of (CH;)3SiCHyCH,CH»Si(CHy)g, and there whas formed a rubbery polymer of composi-
tion close to [ ~5i(CHy)yCHyCHaCH,y—] (SiCgHyg). However, on further heating, especially in the presence of con~
siderable quantities of the catalyst, the evolution of Si(CHg) begin anew, We have suggested that the linear disilyl~
propane polymers which are formed undergo a structuration according to a scheme similar to (1) with a scission of the
=Si.. | . CH,CH,CH,Si= bond, This reaction is accompanied by the formation of Si{(CHy), and of a 3~-dimensional
polymer of the type:

|
== SiCHzCI*IzCHZS‘i——CHzCHzCHzSi =
CH,CH,CH,Si ==

In order to demonstrate the validity of our proposal we obtained a polymer of known linear structure by the method
of [3] :
Pt/C
(CHg);HSiCH,CH=CHy — —[—(CH;),SiCH,CH,CH;—],—

and subjected it to heating with AlCl;. S1(CHg)y was indeed evolved from the reaction mixture, and an insoluble
three-dimensional polymer was formed, :

Just as in the case of the derivatives of 1,2-disilylethane, so, too, for the 1,3-disilylpropane derivatives, an
increase of the mole percent of AlXy led to a decrease of the temperature at the beginning of the reaction, AlBry
was a more active catalyst than AlCl,,

The scissioning of the Si—C bond of the disilylpropane group apparently takes place then when the compounds contain
=5iGH,CHyCH,51 = and =8i—~0—Si= groups, Thus, in an attempt to split [CI(CH,)5SiCH,GHCHySIGHy(CoHy)]30 at
the Si—0~81 bond [4] by the action of A1X;3, we did not succeed inisolatingthe o ,w~dichloride CI(CH,),SiCH,CHyCHSI(CHY
(C3H5)CL; a complex mixture of methyl- and ethyl-chlorosilanes with a b, p. less than 130° was formed in the reaction
instead,

EXPERIMENTAL

The starting material, the disilylpropane compounds, were obtained according to known methods [5]; their prop-
erties were identical with those cited in the literature [5, 6]. The polymer ~[Si{(CH;),CHyCHyCHy~]n ~ was obtaincd
according to the methods of [3] in the form of a viscous, colorless oil with b, p. greater than 300°,

The interaction of the 1,3~disilylpropane compounds with the aluminum halides was carried out in a flask with
a downward inclined condenser and a trap for the low-boiling products (temperature 0 to ~10°%), The disilylpropaneswere
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used in 25~40 g quantities, A mixture of the disilylpropanes and AlX; was stowly heated on an ofl bath. The tem-
perature interval from the beginning of boiling to the appearance in the condenser of the vapors of the low bolling
substance was taken to be the temperature of the beginning of the reaction. The low boiling substances which were
formed were distilled out with isooctane into a column of 20 theoretical plates and were identified by boiling point,
D, and the infrared spectra, The polymeric residue was dissolved in benzene or ether, In the case of the polymer
obtained from the (CH,)sSICH,CHyCHSI(CHy)s, the benzene solutions were treated with water for the decomposition
of the catalyst; they were washed with a solution of soda, with water, and were dried over calcium chloride, After
the removal of the solvent, the polymeric residue was analyzed, When the polycondensation reaction of 1,3-hexa-
methyldisilylpropane was carried out with the separation of greater than 0,95 M of S{CHy), per mole of disflylpro-
pane, the high molecular weight rubbery polymer which was formed was only partially soluble in benzene, Prepara-
tlons of AlXg labeled chemically pure were used in the experiments, The use of sublimed AICl; and the performance
of the polycondensation of (CHg)SICH,CHaCH,Si{(CHy)g In an atmosphere of nitrogen led to an increase of the tem-
perature of the beginning of the reaction, The results of the experiments are presented in the table,

! [Temperature| Temp, at The product of the
of the begum theend rpeaction in mole %
1,3-Disilylpropane AlXg, mole jingofthe  |ofthe rew o poiniviar man
% redction,* °Cl action,”C . .
terial
(CH3)3SiCH,CH,CH,S8i(CHg)s AlCl{upto5) — — ‘The starting material
et HCILCHLSI AICI;(10) 80—90 95 Si(CHy) (99),
Polymer
» v AlBry(5) 80—90 90 Si{CHy), (1),
Polymer
(CH3)sSiCH,CH,CH,Si (CH3)Cly A{grB(?% 1;3”3;80 1";) ;”f(CH e (1.5)
AlBr e i 3la {10
The same o(10) Si{CHy):Cl (72),
Polymer
> » AlCH(10) 115140 o o
{CHg)3SiCH,CH,CH,SICl; AlBry(10) 120—130 220 | Si(CHj)s (22),
- Si(CHa)sCl 27),
Polymer
CLSiCH,CH,CH,SICl, AlBrg(uplz:g) | - - |The starting material

* The temperature of the reaction mixture: when the reaction did not occur, the mix~
ture was boiled 3-5 min, and the starting material was distilled out,
® * Was not determined,

The interaction of 1,3-hexamethyldisilylpropane with aluminum bromide. A mixture of 37.0 g (0,198 M) of
the disilylpropane and 2,6 g (0,01 M) of AlBry was heated on an ofl bath in a flask with a good water condenser which
communicated with the atmosphere through a trap cooled to —70°, At a temperature of 67-72° a low boiling sub-
stance began to be formed, After 8 hr of boiling the temperature in the flask was lowered to 55°, On the follow-
ing day the reflux condenser was replaced by an inclined condenser, and the low boiling substances which had been
formed were distilled off on an oil bath heated to 70-85° until 9.5 g of condensate had been collected; it consisted
of SI{CH,)y. After the usual work-up of the heavy residue, the solvent was distilled away and the residue was dis-
tilled in vacuo, The following fractions were obtained: Fraction I,65-67° (18 mm), 7.0 g; Fraction 1, 67° {18 mm)
=120° (5 mm) mostly at 118-120°(5 mm), 1 g; Fraction Iff, 122-124° (5 mm), 5.0 g; Fraction IV, 123~180" (2 mm)
3.8,

The undistilled residue was a viscous,light yellow oil weighing 7.0 g, 2% = 1,4642, The molecular weight
of the residue (here and below, this was determined by the cryoscopic method in benzene) was 563, Found: C 60,08,
59,78; H 12.30, 12.12; $1 28,87%, 28,50, 8i(CH)2CHyCHyCH,. Calculated: C 59,91; H 12,02; Si 28.02%.

Fraction I was the starting material {tself, 1,3-hexamethyldisilyl propane %D 1.4220, 4% 0,7579, Fractions
I and III were the linear dimer — (CHy)sSICH,CH[ SHCH,)sCHyCH,CH4ISI(CHy)g; this substance redistilled com-
pletely at 88-91° (3 mm); 2D 1,4420, d"°4 0,7970; found MR 95.79; calculated MR 95,84; found mol wt, 295; cal-
culated 288,

1187



From Fraction IV by redistillatim there was isolated what was probably the linear trimer (CHy),8iCH,CH,CH, -
*[S(CHy)2CH,CHyCH,),SI(CHy) with b, p, 150-160° (2 mm); i£%D 1,4521, 4%, 0,8169; the molecular weight found
was 372; calculated 389; found MR 128.4; calculated MR 128.6, Found: C 58,93, 58,76; H 12,09, 12,40; Si 29,10,
28,96%. CygHypSly, Calculated: C 58,67; H 12.44; si 28.88%, The infrared spectrum confirmed the suggested struc-
ture of the substance,

The interaction of ~[Si(CHs)3;CH,CHyCHy], with AICl;. A mixture of 7 g of the polymer [SU(CHy)3CHyCH,CH, 1y,
and 1.5 g of AICly was heated at 120-200° in a boiling flask, The product of the reaction was 2,0 g of a low boiling
substance, which from the data i*’D 1,3610, d?%, 0.6498 and the infrared spectrum was identified as Si{CHg)y. A dark
solid substance remained in the flask,

The synthesis of (CH;)38iCHyCHyCH4[S{(CHy);CH,CH,CH,1S1(CHy)s. AR attempt was made to prepare diallyl-
dimethylsilane from 1 M diallyldichlorosilane [7] by methylation with CHsMgCl. The attempts were successful; the
yield of diallyldimethylsilane was 52%. An attempt to methylate the dichloride with ChsMglI was unsuccessful, Al-
though in the latter case the reaction was carried out with the same ratios of the reagents and by analogous methods,
at the decomposition stage of the teaction mixture with water in contrast to the successful experiment there was a
vigorous evolution of propylene ({dentified as 1,2-dibromopropane); no diallyldimethylsilane at all was isolated; in-
stead [(CH),510]; was obtained with b, p, 130-183° (atm); m. p. 62-63°, and [(CH, = CH—CH,)S{(CH;),],0 with
b, p. 170-175% i°D 1.4260, d*% 0,8250, as well as a considerable quantity of a polymeric substance.*

To 23 g of diallyldimethylsilane heated to 110° was added 2 drops of a 0,1 N solution of H,PtCl, in isopropyl
alcohol, followed by the drop-wise addirion of 38 g of HSi(CH)Cl;, When the temperature in the flask had reached
180° the mixture was cooled, and an additional 10 g of HSI(CH;)Cl, was added; the contents of the flask were boiled
for 2 hr, By distillation of the reaction mixture there was obtained 39 g of [Cl,(CH;)SICH;CH,CH,13SHCH, )5 with
b. p. 137-138° (2 mm); #°D 1.4720, d2% 1,0976, Found: Cl 38.3, 38.2%. CyHp,ClLSiy. Calculated: Cl 38.3%.

The tetrachloride obtained was methylated in the usual manner by the action of ChyMgCl taken in a quantity
double that calculated. (CHy)sSiCH,CH,CHy[S{(CH;);CHaCH3CH)SI(CH,)s was obtained in 68% yield; %D 1,4420;
d?% 0,7972. The infrared spectrum of this substance and of that obtained in Fractions II and III of the preceeding
experiment were {dentical,

The synthesis of o w-dichlorosilanes, Allyldimethylchlorosilane with b, p. 110° (756 mm); i£%D 1,4295, d%¢,
0,9009 was obtained in 30% yield from 363 g of allyl bromide and 69 g of dimethyldichlorosilane by adding the mix-
ture to 146 g of magnesium in 3 liters of ether, The symmetrical tetraalkyldihydrodisiloxanes were obtained accord~
ing to the usual methods [8],

In a flask with a reflux condenser and a dropping funnel wereplaced 17.5 g of allyldimethylchlorosilane and
1 drop of a 0.1 N solution of HyPtCly in isopropyl alcohol, and the mixture was heated to boiling, Thereafter during
2 hr there was added dropwise [ H(CH)(C2H5)S1],0 (in all 10,5 g), after which the mixture was boiled for another
2 hr until the boiling point was 200°, After two successive distillations, 24 g of {CISI(CH,);CH,CH,CHy(CHg) .
(C4H5)81],0, 86% (based on the dichloride taken), was isolated with b, p. 146-147° (2 mm); "D 1.4550, dz°4 0.9560;
found MR 122.4; calculated MR 122,7, Found: C1 16,3, 17.0%; calculated: C1 16,4%, In an analogous manner, from
2 molecules of allyldimethylchlorosilane and H(CHy),Si0Si(CH;),H wasobtained {CIS1{CHy); CHyCHRCH,SH(CH;)51,0
in 79% yield; b, p. 161-162° (8 mm); 1£°D 1,4482, d*%, 0,9527; found MR 113.4; calculated MR 113,7, Found: Cl
11,6, 17,6%, Calculated: C1 17,6%,

The o w-dichioride so obtained could be used for the synthesis of polymers with alternating o w-disilylpropane
and siloxane fragments in the chain{9].

SUMMARY

1. Derivatives of 1,3-disilylpropane, in a manner similar to that of the 1,2-disilylethane compounds, undergo
polycondensation with the separation of derivatives of monosilane and the formation of polymers with altemating
atoms of Si and trimethylene fragments, The reaction occurs under the action of aluminum chloride and aluminum

bromide,

* This curfous splitting off of the —CHyCH==CHj, radical was observed aiso in the attempt tomethylate CH, = CHCH,S5iCly
with CHgMgl, although in this case (CHj)sSI0S{(CHy)s was isolated in greater than 90% yield, and propylene was also
violently evolved, ’
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2. The application of this reaction to 1,3-hexamethyldisilyipropane yielded a mixture of polymeric homologs
from which the linear dimer was isolated: (CHy)ySICH,CH,CH,SI(CHg)yCHaCHyCHSH(CHy)g, the formation of which
obviously occurred by intermolecular condensation between (CHy)sSICH,CHCHoSI(CHy)g ... AlpXg and (CHg)ySICH, *
- CHyCH,Si(CHy),.

3. In the interaction of the polymer —-S‘i(GH3)2-CH2CH2CH2]n— with AICly the possibility of a structural re~
arrangement of the linear polymers which contain o w-dis{lylalkane linkages into three-dimensional polymers was
shown; this reaction also proceeds with the evolution of Si(CHg),.
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian jourﬁal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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