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Halogen Derivatives of Alkyl(or aryl)halogenosilanes and Tetrasubstituted

Silanes

K.A.Andrianov and A.l.Petrashko

In recent years there have been many investigations in the field of organosilicon compounds containing halogen-substituted
organic groups. These investigations offer prospects of the use of these compounds in the synthesis of polyorganosiloxanes.
The extensive data on methods of synthesis of halogen derivatives of alkyl{or aryl)halogenosilanes and tetrasubstituted
silanes, their properties, and use are scattered in many periodicals. Monographs and review articles have so far examined

only isolated aspects of the chemistry of organosilicon compounds®-*.

This has stimulated us to survey the accumulated

experimental results, the analysis of which even now allows definite regularities to be found in the occurrence of certain
reactions and processes in the synthesis and conversions of halogen derivatives of organosilicon compounds. There is a

bibliography of 677 references.
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I. METHODS OF SYNTHESIS

1. Halogenation of Alkyl(or aryl)halogenosilanes and Tetra-
substituted Silanes

When halogens act on organosilicon compounds two re-
actions are possible: (1) detachment of an alkyl or aryl
group from a silicon atom, for example, in the bromination
of tetraphenylsilane %8:

(CeHg)s Si + Bry — (CgHy)s SiBr - CqH,Br,

or in the halogenation of a trialkylhalogenosilane 7
RsSiX - X; — RoSiXX’ 4+ RX’,

where R = alkyl, and X and X’ are halogens.

Depending on the halogen attached to the silicon in the
alkylhalogenosilane(X), the rate of this reaction increases
in the order Br < C1 < F< 1. (2) Halogenation of the alkyl
and aryl groups of the organosilicon compound, for exam-
ple, in the chlorination of triethylphenylsilane 8:

(CoHy)a Si— _> 4Cly = (CoHs Si—_ >—c1 +HCl

In practice both reactions usually occur simultaneously.
The predominating direction of the reaction depends on the
conditions under which the process is carried out, and also
the catalyst type.

a. Halogenation of alkylhalogenosilanes
and tetra-alkylsilanes. The first studies of the
chlorination of alkylchlorosilanes and tetrasubstituted
alkylsilanes date back to 1945°,

The chlorination of alkylchlorosilanes and tetra-alkyl-
silanes can be brought about by the action of chlorine in the
liquid or the gaseous phase or by the action of sulphuryl
chloride. The photochemical chlorination of methylchloro-
silanes, depending on their structure, takes place at dif-
ferent rates, and leads to the formation of chloro(chloro-
methyl)silanes with different degrees of substitution :0-13,

In liquid-phase chlorination of chlorotrimethylsilane in
the presence of azobisisobutyronitrile the composition of
the reaction products depends mainly on the ratio of
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(CH,),SiCl to Cl,. With increase in this ratio the propor-
tion of polychloro-substituted derivatives diminishes and
the yield of CH,C1Si(CH,),Cl increases!®, When(CH,),SiCl:
: Cl, = 1:4.15 the chlorination proceeds with the formation
of appreciable quantities of CH,.SiCl.(CH,Cl), !4 and also of
tri- and tetra-substituted derivatives!®>. Further chlorin-
ation in CCl, leads to the formation of chlorotris(trichloro-
methyl)silane in 50% yield.

Dichlorodimethylsilane and trichloro(methyl)silane are
chlorinated with greater difficulty than chlorotrimethyl-
silane. It was found !¢71° that the replacement of one
methyl radical in chlorotrimethylsilane by a chlorine atom
reduces the rate of chlorination by a factor of nine. Unlike
chlorotrimethylsilane, in the chlorination of dichlorodi-
methylsilane by chlorine the hydrogen atoms of a single
methyl group are replaced successively!4!6, Increasing
the reaction temperature from 0° to 24.4°C increases the
rate of the process three times, but the ratio between the
rates of chlorination of CH,Cl1SiCl, and CH,SiCl, is retained.
In chlorination by gaseous chlorine at 60°C in the presence
of azobisisobutyronitrile, dichlorobis(trichloromethyl)silane
is formed in 40-50% yield!?’. The reaction is accompanied
by the formation of CCl, and CCl;SiCl; as side-products '8,
The chlorination of CHy(CCL,)SiCl, under analogous condi-
tions leads to the formation of (CCl,),SiClL, in ~ 60% yield.
In the liquid-phase photochemical chlorination of trichloro-
(methyl)silane CCl1,SiCl, is formed predominantly20-23,

The considerable difference in the rates of chlorination
of the methyl and chloromethyl groups connected with a
silicon atom hinders the production of trichloro(chloro-
methyl)silane, which is usually obtained by carrying out the
reaction with a great excess of trichloro(methyl)silane 24
or by continuously removing the trichloro(chloromethyl)-
silane from the reaction zone?~33, The chlorination by
this method of trichloro(methyl)silane, dichlorodimethyl-
silane, chlorotrimethylsilane, and tetramethylsilane gives
the corresponding monochloro-derivatives in good
yields 16,28,34,35,

The use of azobisisobutyronitrile as initiator in the
chlorination of chlorotrimethylsilane, unlike the initiation
by ultraviolet light, allows CH,C1SiCl, to be obtained even
in conditions which do not provide for the removal of the
chlorination product from the reaction zone ¢, which shows
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that the nature of the initiator has a significant effect on the
chlorination.

Inthe liquid-phase chlorination oftrichloro(methyl)silane
and of dichlorodimethylsilane, acetylcyclohexylsulphonyl
peroxide is a better initiator for the process than azobis-
isobutyronitrile 37 but the use of the former helps to in-
crease the yield of polychloro-derivatives.

Teiramethylsilane is readily chlorinated in liquid-phase
chlorination 8, just as is neopentane?, Here, as for
chlorotrimethylsilane, the introduction of a second chlorine
atom into the molecule leads to the formation of
(CH,),Si(CH,Cl),.** In the photochemical chlorination of
trichloro(methoxy)silane 44 a mixture of CH,Cl108SiCl,
and CCl,08iCl, is formed*,

With fluorine as the initiator, the chlorination of chloro-
(methyl)silanes takes place inthe dark 434, CH,Cl.SiCl,.CH,
was obtained in 50.2% yield from dichlorodimethylsilane by
this method, and (CH,),SiCl.CH,Cl (40.9%) and (CH,),SiCl.
.CHC], (3.8%) from the chlorination of chlorotrimethylsilane.
The chlorination of trichloro(methyl)silane under the action
of y-radiation takes place at a high rate*%%, The chlori-
nation of poly(dimethylsiloxane) rubber at 0°C under the
action of y-radiation (*°Co source) proceeds readily up to
the introduction of an average of two chlorine atoms in the
polymer unit, after which the rate of the process drops
sharply4?, The chlorination of poly(dimethylsiloxane) rub-
ber by elemental chlorine in CCl, in the presence of azobis-
isobutyronitrile is slow and accompanied by decomposition
with formation of difficultly soluble polymers %8,

(CH,)4S1.SiCl.(CH,), (25%) and [CH,C1(CH,),Si], (5.0%)
are obtained in the chlorination of hexamethyldisilane 49,

Under the action of chlorine, especially on prolonged
chlorination, methylsiloxanes decompose with rupture of
the siloxane bond3%5°-%  owing to the hydrogen chloride
which is formed.

When the reaction is carried out under mild conditions
and the chlorination products are removed continuously
from the sphere of the reaction, breaking of the Si—-O~Si
bonds can be avoided. For example, in the chlorination of
octamethylcyclotetrasiloxane 395658 chloromethylhepta-
methylcyclotetrasiloxane is obtained; more extensive
chlorination in the presence of azobisisobutyronitrile leads
to the formation of a difficultly separable mixture of
chloro-substituted derivatives °.

On initiation with ultraviolet light tetraethylsilane is
chlorinated with the formation of monochloro-and dichloro-
derivatives; the reaction is accelerated by phosphorus(V)
chloride 6°-82,

The photochemical chlorination of chloro(ethyl)silanes
with removal of the chlorination products from the reac-
tion zone allows the trichloro-(1-chloroethyl) - and tri-
chloro-(2)-chloroethyl) -silanes to be obtained in 1:1.6
ratio®%8, The vapour-phase chlorination of trichloro-
(ethyl)silane at 350°C leads to the formation of 1- and 2-
chloroethyl derivatives® in the ratio 1:1.08. In the
chlorination of dichloro(ethyl)methylsilane under ultra-
violet irradiation dichloro(chloromethyl)ethylsilane is
formed predominantly °, When the reaction is carried out
with illumination from a 150 W electric lamp (16-21°C) di-
chloro-(1-chloroethyl) methylsilane can be obtained in 38%
yield on the dichloro(ethyl)methylsilane which has reacted.
CFHCFSiCl, is chlorinated at 150-200°C with the forma-
tion of CF,CICF,SiCl,. ™

The chlorination of trichloro(propyl)silane leads to the
formation of a-, 8-, and y-chloro-derivatives in the ratio
0.7:1:1.3 Trichloro-(isopropyl)silane is chlorinated with
preferential formation of trichloro-(2-chloro-1-methyl-
ethyl)silane 2. A necessary condition for obtaining the
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monochloro-derivatives in the chlorination of the trichloro-
(propyl)silanes is the removal of the chlorination products
from the reaction zone 73-7,

In the chlorination of CF,CH,CH,SiCl, under the action
of ultraviolet radiation”” the C~H bond in the a-position is
6.2 times more susceptible to attack by chlorine than that
in B-position. At the ratio Cl,: CF,CH,CH,SiCl, = 1.5 and
25-100°C, 80%CF,CH,CHCISiCl,and 20% CF,CHCICH,SiCl,;
CF,CH,CCL,SiCl, is formed as an impurity. The predomi-
nant formation of the a-chloro-derivatives also occurs in
the chlorination of CF,CH,CH,Si(CH,)Cl,. " Consequently
the CF; group acts more strongly thanthe dichloro(methyl)-
silyl and trichlorosilyl groups as S-orienting agents.

Trichloro(vinyl)silane is chlorinated differently depen-
ding on the temperature: at 200-350°C substitution occurs
with the formation of CH,=CCISiCl,; at 160-200°C chlo-
rine adds at the double bond with the formation of
CH,CICHCISiCl,. ™ Trichloro(methylallyl)silane is chlo-
rinated with replacement of hydrogen in the methyl group
even at room temperature 88!;

Cl,SiCH,ICmCH, —Ch_, CI4SiCH,C=CH, .
CH; CH,CI

Substitutional chlorination also takes place with tri-
chloro(isocrotyl)silane 8; however, the addition of chlo-
rine in the chlorination of alkenyl- and (alkenyl)alkyl-
chlorosilanes is the main reaction?!,23,7,7,83-85,

A series of studies was devoted to the chlorination of
hexachlorodisilylmethane 3,37, hexachlorodisilylethane 3!,88,
and other compounds of this type 38,9, 1In the photochlo-
rination of 1,1,3,3,5,5,7,7-octachloro-1,3,5,7 -tetrasila -
cyclo-octane ® 1,1,2,2,3,3,4,5,5,6,7,7,8-tridecachloro-
1,3,5,7-tetrasilacyclo-octane is formed.

Chlorocyanoalkyl-substituted silanes of the general
formula

[NC (CH,_,Cl)p}y SR X s
wherea=1or2, b=2-12, n =1-3, m =0-2, and X =
Cl or F, are obtained by chlorination with elemental
chlorine at 20-80°C and ultraviolet irradiation of the cor-
responding cyanoalkyl -substituted halogenosilanes %2,

Chlorination of alkylchlorosilanes and alkyl -substituted
esters of orthosilicic acid by sulphuryl chloride takes
place on heating in the presence of benzoyl peroxide 939,

Sulphuryl chloride is a less active chlorinating agent,
therefore it is recommended for the chlorination of
chloro(methyl)silanes when the formation of polychloro-
derivatives must be avoided 9,

In the chlorination by sulphuryl chloride of chlorotri-
methylsilane in the presence of peroxide in chlorobenzene
as medium chloro(chloromethyl)dimethylsilane is formed®? e,
Trichloro(methyl)silane in a medium of o-dichlorobenzene
at 80°C is chlorinated by sulphuryl chloride to trichloro-
(chloromethyl)silane, but its yield is only ~ 2.6%?23,

Under ultraviolet irradiation dichlorodimethylsilane
reacts with sulphuryl chloride with great difficulty, giving
a small quantity of dichloro(chloromethyl)methylsilane .

Owing to their higher boiling points chloro(ethyl)silanes
are readily chlorinated by sulphuryl chloride in the absence
of solvents; 1- and 2-chloroethylchlorosilanes are formed
as a result?!%,1%,  The ethyl group is chlorinated more
easily than the methyl group. Thus in the chlorination by
sulphuryl chloride of dichloro(ethyl)methyl silane the main
products are dichloro-(1-chloroethyl)methylsilane and
dichloro-(2-chloroethyl)methylsilane 1. Tetraethylsilane
forms 1-chloroethyl derivatives2%83,102,103; i the chlori-
nation of trichloro(ethyl)silane, dichlorodiethylsilane, and
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chlorotriethylsilane, mixtures of chloro-(1- and 2-chloro-
ethyl)silanes are formed?®3,%%,10¢,  The yield of the 2-iso-

mers increases with the increase in the number of chlorine
atoms at the silicon®.

Chlorination of trichloro(propyl)silane by sulphuryl
chloride leads tothe formation of the 1-, 2-, and 3-isomers %8
in the ratio 1:3.5:3.1; trichloro(isopropyl)silanes give a
mixture of the 1- and 2- isomers!% in the ratio 1: 3.5,
Trichloro-(t-butyl)silane forms CH,C1(CH,),C.SiCl, on
chlorination!®?, Hexamethyldisilane is chlorinated by
sulphuryl chloride to chloromethylpentamethyldisilane 198,

Organosilicon alcohols, can be easily converted into
the corresponding halogen derivatives with hydrogen
halides 192-111,113 thjonyl chloride 12-115 phosphorus(IlI)
bromide!18-11°  etc,

Sulphuryl chloride readily chlorinates bis(trichlorosilyl)-
methane and bistrichlorosilylethane ! and also cyclocarbo-
silanes containing chlorine atoms 29,121 and methyl groups 122
at the silicon.

t-Butyl hypochlorite is also used as a chlorinating agent
in the chlorination of alkyl -substituted organosilicon com-
pounds 123,124,

Tetrasubstituted silanes are brominated directly by
bromine 25127 and by bromosuccinimide 128-130,  In the
bromination of tetraethylsilane (C,H,),SiCHBrCH, and
(C.H;),SiCBr,CH, 25,2733 gre formed 3¢, Chloro(methyl)-
silanes and tetramethylsilanes have been brominated by ultra-
violet irradiation and the simultaneous passage of bromine
and chlorine !5, Bromination of chloro(ethyl)silanes in this
way gives a mixture of 1- and 2-bromoethylsilanes 136,137,
Under these conditions hexamethyldisiloxane forms
bromomethylpentamethyldisiloxane!38, Trichloro-(2-
cyanoethyl)silane is brominated with formation of bromo-
cyanoethyltrichlorosilane !, The bromination of 1,1,2-
triphenyl -1-silacyclobutane with N-bromosuccinimide
leads to the formation of 2-bromo-1,1,2-triphenyl-1-sila-
cyclobutane 140,

When bromine acts on unsaturated alkenylchlorosilanes
and alkenylalkylsilanes addition of bromine at a multiple
bond takes place 7141143,

b. Halogenation of arylhalogenosilanes,
arylalkylhalogenosilanes, and tetra-aryl (or
arylalkyl)-substituted silanes. Ladenburg
carried out the direct chlorination of triethoxy(phenyl)-
silane ¥ but an intensive study of this process began in the
1940's after the appearance of a patent !4 on the chlorina-~
tion of dichlorodiphenylsilane and dichloro(methyl)phenyl -
silane.

The chlorination of the aromatic nuclei of organosilicon
compounds takes place in the presence of catalysts:
metallic iron, iodine, phosphorus(V) chloride, antimony(III)
chloride, or aluminium chloride, and is initiated by ultra-
violet light 46,

There have been many studies of the chlorination of
trichloro(phenyl)silane 1477159, in these investigations the
production of trichlorochlorophenylsilanes of all degrees
of substitution of chlorine for hydrogen in the phenyl
group under various conditions was investigated using rad-
ical catalysts.

The chlorination of chloro(phenyl)silanes in the pres-
ence of iodine and phosphorus(V) chloride takes place at
110-140°C without splitting of the chlorination products,
but the catalytic activity of these substances is low. They
can therefore be used for obtaining monochloro-deriva -
tives of trichloro(phenyl)silane and dichlorodiphenylsilane.
IC1 and ICl, react with trichloro(phenyl)silane at low tem-
perature (—40°C) with the formation of C;H; . nClnSiCl,
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(n = 1 or 2), the main reaction product being trichloro-

(m -chlorophenyl)silane 16, The reaction of CL,C H SiCl,
with ICl4 at 20°C leads to C1;C,H,SiCl;. Photochemical
chlorination of trichloro(phenyl)silane in the presence of
iodine at 20°C leads to the formation of a product of in-

completely additive chlorination!® CyH;Cl1,SiCl,.

The splitting of the Si—C bond in the presence of cata-
lysts increases with the chlorination temperature; it can
be reduced to a minimum by carrying out the reaction
under milder conditions (for example, at 20-30°C ina
medium of carbon tetrachloride or some other solvent
which is inert in relation to chlorine). When aluminium
chloride or iron(IIl) chloride is used as catalyst splitting
of the reaction products takes place even at 30°C—at the
very start of chlorination. In the presence of antimony(III)
chloride this process is observed in more extensive chlo-
rination and at higher temperatures 2,

In the chlorination of dichlorodiphenylsilane at 70-80°C
in the presence of antimony(V) chloride the process takes
place with considerable evolution of heat; the main prod-
uct of the reaction is dichlorobistrichlorophenylsilane.
Dichlorobispentachlorophenylsilane can be obtained by
further chlorination at 120°C but then the splitting of the
Si-C bond can be considerably intensified.

Chlorination at 100°C and over without catalysts or
chlorination with irradiation of the reaction mixture with
ultraviolet light at 70°C does not bring about splitting of
the Si-C bond in trichloro(phenyl)silane or dichlorodi-
phenylsilane.

Temperature has a considerable influence on the nature
of the chlorination of trichloro(phenyl)silane in light (there
is no reaction in the dark) and in ultraviolet radia-
tion1s8,161,183 At 0-2°C addition of chlorine occurs, at
95-100°C as well as the addition there is replacement of
hydrogen atoms of the phenyl group by chlorine; at 125-
150°C the reaction is more vigorous than in the presence
of azobisisobutyronitrile.

Depending on the chlorination conditions, the SiCl; group
exhibits a different orienting effect. In chlorinating tri-
chloro(phenyl)silane in the presence of iron a mixture of
m-, p-, and o-chlorophenyltrichlorosilanes in the ratio
74:2:24 is formed!%9, but in the chlorination of trifluoro-
(phenyl)silane the ratio is 82:0:18!%, This shows that
the trichlorosilyl and trifluorosilyl groups orient the re-
placement of hydrogen of the benzene nucleus by chlorine,
mainly in the meta-position. Chlorination of trimethyl-
(phenyl)silane gives a mixture of the o-, p-, and m-
chlorophenyltrimethylsilanes in the ratio 24:25: 51 164,

In the electrophilic chlorination of trichloro(phenyl)-
silane in the presence of FeCl, and AlCl, and SiCl; group
is also a meta-orientant; 28% of the ortho-isomer is
formed 159,

In the photochemical chlorination of trichloro(phenyl)-
silane at 120-150°C in the presence of azobisisobutyro-
nitrile 43% o0-CIC4H,SiCl, is formed. When iodine is used
as catalyst (whether with illumination or in the dark) at
20°C 67% trichloro-o-chlorophenylsilane and C,H;C1,SiCl,
is formed.

The polymers which contain phenyl groups at silicon
atoms are converted during chlorination into the corres-
ponding polymers with chlorophenyl groups 65,

It should be noted that the distribution of chlorine be-
tween the phenyl groups in the fractions is irregular: the
degree of chlorination increases with decrease in the mo-
lecular weight of the fraction.

The chlorination of p-chlorophenyltrichlorosilane, tri-
fluoro(phenyl)silane 1 and tetraphenylsilane %6 is effected
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in the presence of FeCl; and SbCl, as catalysts in CCl,
medium to decrease cleavage of the Si—C bond.

When there are alkyl substituents at the phenyl group
they are the first to be chlorinated. In the chlorination of
trichloro-p -tolylsilane, trichloro-p-trichloromethylphenyl-
silane is obtained!6%!%; when the process is carried out
with ultraviolet irradiation trichloro-p -trichloromethyl-
phenylsilane can be obtained in 92% yield. Trichloro-o-
tolylsilane under these conditions is not chlorinated, owing
to steric hindrance by the SiCl; group 8, whereas tri-
fluoro-o-tolylsilane is chlorinated readily.

The chlorination of trichloro(ethyl)phenylsilanes lead to
the production of C,H; _ ,C1,C4H,SiCl, * and p-CH,CICH,.
.CgH,SiCl, 17517, Trichloro(p -ethylphenyl)silane is
readily chlorinated on illumination with two luminescent
lamps; the p-C,H,CICH,SiCl, which is formed is used to
obtain p-CH,=CHC,H,SiCl,. 179,172 ~17,

Compounds in which the phenyl groups are connected
with silicon by methylene links are readily chlorinated by
sulphuryl chloride 1s:
sSocl,

CoH;CH,SiCly — CH,CH, _,C1,SiCls.

A series of compounds of this type was obtained by this
reaction, for example, C;H,CHCISi(CH,);, and (C4H,),.
.CClSi(CHj,), 9%1%-178 and also chloro-substituted benzyl-
trichlorosilane and trichloro-(-p -xylenyl)silane 17,

The direction of the chlorination of dichloro(methyl)-
phenylsilane is determined by the conditions. The use as
catalysts of FeCl, and SbCl,, 18 SbCl, at 10-15°C, and also
jodine (the reaction being carried out in CCl, or without a
solvent) ‘8 leads to substitution of chlorine for hydrogen
atoms in the phenyl groups; chlorination of the methyl
groups does not take place under these conditions, but the
reaction is accompanied by splitting of the Si-Cgypy) bond,
the splitting proceeding more readily than with dichloro-
diphenylsilane. The CH,SiCl, group, like the SiCl,; group,
orients the replacement of hydrogen in the benzene nucleus
by chlorine mainly into the mefa-position.

In the presence of azobisisobutyronitrile the chlorina-
tion of dichloro(methyl)phenylsilane takes place with the
chlorine replacing hydrogen atoms in the methyl group;
the product of exhaustive chlorination at 110-115°C is
C¢H;(CCl,)SiCL,. 182,183

In the photochemical chlorination of dichloro{methyl)-
phenylsilane at 20~25°C in addition to the substitution of
chlorine for the hydrogen atoms in the methyl groups %3
addition of chlorine to the phenyl group takes place '8,

The chlorination of dichloro(methyl)phenylsilane in dif-
fuse daylight proceeds in different directions depending on
the temperature of the reaction. At 0-5°C the only reac-
tion is addition of chlorine to the phenyl group with the
formation of dichloro(methyl)(hexachlorocyclohexyl)silane
in 78.49% yield!%5; raising the temperature of the reaction

to 20~25°C leads to a decrease in the yield of C4H,Cl;(CH,).

.SiCl, to 46% owing to the formation of dichloro(dichloro-
phenyl)methylsilane (19.6%) 93,18, With a further rise in
the chlorination temperature the substitution reaction rate
increases and at 50-55°C replacement of hydrogen by
chlorine in the phenyl group takes place exclusively!87,
with the formation of C;H; . nClp(CH,)SiClL, (#n = 2 or 3);
the CH,SiCl, group is a mefa-orientant here.

Unlike dichloro(methyl)phenylsilane, dichloro(phenyl)-
(trichloromethyl)silane does not react with chlorine in dif-
fuse daylight at 110-115°C in the absence of initiating and
catalysing additions %8, On raising the temperature to
150°C the 8i-Cghyy] bond is broken. In the presence of
SbCl, or iodine, CY6
Like 8iCl,, the CCl;SiCl, group directs the chlorine atom

H, - nCly(CCLy)SiCl, is formed (z = 1-3).
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entering the phenyl nucleus mainly into the mefa -position.

CgH,Cl,(CCl,)SiCl, is formed in the photochemical chlo-
rination of C;H,(CCl,)SiCl, at 20-25°C.  Analogous results
are given by azobisisobutyronitrile as initiator. The in-
creased stability of C;H,(CCl,)SiCl, in comparison with
CgH;(CH,)SiCl, in electrophilic and radical chlorinations is
explained by the increaee in the electrophilic nature of the
silicon atom in C,H;(CCl,)SiCl, owing to replacement of the
electron-donating methyl group by the electron-accepting
trichloromethyl group.

In the chlorination of (p -CH4CzH,)CH,SiCl, in the pres-
ence of azobisisobutyronitrile at 110-115°C by chlorine the
hydrogen in the methyl group of the aromatic nucleus is
replaced first!®, Trichloromethyltriphenylsilane is for-
med in the chlorination of methyltriphenylsilane 1%,

The chlorination of dichloro(methyl)phenylsilane with the
aid of sulphuryl chloride in the presence of radical cata-
lysts takes place with substitution of chlorine for the hy-
drogen atoms in the methyl groups!?!; the main product
of the reaction when the process is carried out in the pres-
ence of azobisisobutyronitrile is C;H,(CHCL,)SiCL,.

The chlorination of dichloro(methyl)phenylsilane under
the action of radiation (6°Co) leads to the formation of
CgH,Cl4(CCl,)8iCl,.*” Inthe chlorination of polyphenyl-
methylsiloxanes under these conditions, in addition to sub-
stitution additive chlorination in the phenyl nucleus also
takes place under these conditions*%192,

The production of bromoarylchlorosilanes by the direct
bromination of aryltrichlorosilanes and diaryldichloro-
silanes is accompanied by cleavage of the Si-C bond. This
reaction is especially prominent in the synthesis of the
polybromophenylchlorosilanes.

Bromophenyltrichlorosilane was obtained in 40% yield
by the simultaneous action of bromine and chlorine on
trichloro(phenyl)silane with irradiation by ultraviolet
light 135193 The bromination of trifluoro(phenyl)silane in
the presence of iron gives pronounced splitting of the Si~C
bond; the yield of bromophenyltrifluorosilane is only 3.5%.

Of the other aromatic chlorosilanes there have been
studies of the bromination of benzyltrichlorosilane !#, tri-
chloro-(p -tolyl)silane !%, and tetra-(p-tolyl)silane!®s. It
was found that the —(CH,),SiCljzR; _ - m groups are
strong ortho- and para-orienting agents and activate the
benzene ring in electrophilic substitutions 97,

Benzyltrimethylsilane is brominated more readily than
benzyltrichlorosilane !*; on boiling a solution of it in CCl,
with N -bromosuccinimide C;H.CHBrSi(CH,), and
C4H,CBr,Si(CH,), are formed!?., In the bromination of
R SiCH(C4H,),, R,SiC(C4H,),Br is obtained in yields up to
96%. 1%° p-CH,BrC-H,Si(C;Hy), is obtained by an analogous
method 28, 0-CH,BrCgH,Si(C4H;),Br was obtained by the
action of N-bromosuccinimide on 0 -CH,C¢H,Si(CH,),H. 2°°
N-Bromosuccinimide readily brominates 2: 3-benz-1-
silacycloalkanes 2°! to form 4 -bromo-substituted derivatives.

The formation of p -bromobenzyltrifluorosilane in the
bromination of benzyltrifluorosilane takes place without
cleavage of the Si—C bond ¢4,

The bromination of dichloro(methyl)phenylsilane in the
absence of a catalyst at 0°=25°C leads to the production of
C¢H; _ ,Bry(CH,)SiCl, and is not accompanied by Si-C bond
cleavage2%2, With catalysts (iodine, SbCl,) at 10-15°C the
formation of these products is accompanied by Si~-Caryl
bond cleavage. In both instances the CH,SiCl, group is a
meta-orientant.

In the bromination of BrC,H,Si(CH,),; 92.5% trimethyl -
bromosilane and 92.7% dibromobenzene are formed.

The bromination of arylsilanes containing acetamido-2%,
dimethylamino-2%, and hydroxyl 2% groups in the phenyl



Russian Chemical Reviews, 38 (3), 1969

group and of 9-fluorenyltrimethylsilane 2 has also been
studied.

2. Addition of a Triorgano(halogeno)silyl Group to Unsa-
turated Halogenohydrocarbons

The addition of a triorgano(halogeno)silyl group to un-
saturated halogenohydrocarbons was first effected at the
start of the 1950' s 207,208,

The addition of silanes to halogeno-substituted ethylenes
takes place with greater difficulty than to ethylene. De-
pending on the type and number of halogen atoms in the
molecule, the halogen-substituted ethylenes can be ar-
ranged in the following series of decreasing reactivity in
the presence of platinum catalysts2°®-213;: CH,=CH, >
CH,=CF, > CF,=CFCl > CF,=CF,.

Dichloro(alkyl)silanes add with difficulty to tetrafluoro-
ethylene in the presence of platinum or palladium on car-
riers 211,214,215 H PtCl;.6H,0, 2'%,2!% and under the action of
y-radiation2!8, Better results are obtained on initiation
with ozone?7-219; the maximal yield of addition products
occurs on initiation of the reaction with ultraviolet light 220-223,
Under these conditions SiH, adds to CF,=CF, with the for-
mation of tetrafluoroethylsilanes of all degrees of substi-
tution 224,

Trichlorosilane adds more readily to halogenoethylenes,
the initiation of the reaction with ultraviolet light also be-
ing most effective 225,226,

Radiochemical synthesis with y-radiation can be effected
only when the rate of polymerisation of the halogenoalkene
is lower than that for the addition. The maximal yield of
addition products occurs when the initial mixture of re-
agents contains 1 mole alkene per hydrogenatom of silane 2'6,

Alkenes of the general formula RR'C=CR”R" add silanes
of the formula SiH, . 1y . nXnZm (where X is halogen, Z
alkyl, n =2 o0r 3, m =0or 1, and R, R/, R”, and R"”are
H, alkyl or aryl, at least one group being electronegative)
in the presence of catalytic amounts of tertiary amines 227,
The reaction takes place at 25-130°C and pressures of 3.5-
17.5 atm,

The order of addition depends on the nature of the com-
pounds reacting and the type of catalyst. In the presence
of platinum catalysts silanes add to 1,1 -difluoroethylene in
such a way that the silyl group will be at the carbon atom
of the methyl group:

CF3=CH, + HSi< — CFEH—CH,Sié .

The addition of trichlorosilane to chloroethylene in the
presence of benzoyl peroxide proceeds in two directions 2?4

— CICH,CH,SiClg
CHy=CHCI + HSiCl, Ezﬂt.@»,
L, CHyCHCISIiCly,

The order of addition of trichlorosilane to chlorotri-
fluoroethylene has not been established: some investiga-
tors 214,215,228 think that the silyl group adds to the CFCl
group; others?2%228 to the CF, group.

Silanes react more difficultly with perfluoropropene than
with perfluoroethylene??¢. When the double bond is not
screened by fluorine atoms the addition proceeds much
more readily, although with somewhat greater difficulty
than with propene. For example, silanes add to trifluoro-
propene under the influence of ultraviolet radiation 226,220-231,
peroxides 2?6, platinum on carbon?22%,2%,233  and H,PtCl,.

. 6H,0. 2347236,

215

In the presence of hydrogen hexachloroplatinate(IV)
HSiCl adds to (CF,),C=CH,: 257

(CF3)g C=CHj,; 4 HSiCly — (CF3)3 CHCH;, SiCly.

In the presence of radical initiators dichlorosilane adds
to fluorinated alkenes with the formation of compounds of
the general formula:

(RCF,CHR’CH,)SiCl,,

where R = H, F or a perfluoroalkyl group, R’ = H, CH,,
CF,, C,H;, or C,F, 238

Difluoropropene CHF,CH=CH, adds to organohydro-
chlorosilanes more readily than CF,CH=CH,. 2%

CF,CF,CH=CH, 323240242 gpd CF,CF,CF,CH=CH, 228229
232,240 react readily with silanes; CF,CF,CF=CH, ??° reacts
with greater difficulty. In the presence of hydrogen hexa-
chloroplatinate(IV) compounds of the formulae HSiCl,,
RSiHCl,, and R,SiH add to 3,4-dichlorobut-1-ene exclu-
sively according to Farmer's rule; addition to 1,4-di-
chlorobut-2-ene is accompanied by the formation of ano-
malous reaction products 243,

The addition of silanes to allyl chloride proceeds readily
under the action of ultraviolet light and peroxides 4, plati-
num on carriers?45, and complexes of PtCl,.2% As well
as the additions, reduction of the allyl chloride by the
silane occurs 247

CH,=CHCH,CI1 + HSié -> }SiCl -+ CH3=CHCH;.

Dichloro(methyl)silane reacts with allyl bromide in the
presence of hydrogen hexachloroplatinate(VI) to form
BrCH,CH,CH,Si(CH,)Cl,; 248,24° the reaction is more diffi-
cult than that with allyl chloride.

The addition of silanes to methylallylchloride in the
presence of platinum on carriers 214,250,251 or H,PtCl,.
.6H,0 2487252 proceeds with higher yields than for allyl chlo-
ride.

The removal of electronegative groups or atoms from
the double bond favours an increase in the reactivity of
halogenoalkenes in additions?!4,

Trichlorosilane adds to m - and p-CIC;H,CH,CH,CH=CH,
with the formation of C1C,H,[CH,],SiCl, with C1C,H,CH.
.(SiC1,)[CH,],CH, as impurity; the o-chloro-substituted
addition of trichlorosilane with the formation of only
C1C,H,[CH,],SiCl,. 252

The addition of trichlorosilane and dichloro(methyl)-
silane to the chlorobutenes in the presence of platinum is
accompanied by allyl rearrangement, loss of chlorine in
the allyl position, and migration of a double bond?254.

Compounds with a triple bond react with silanes to form
alkenylhalogenosilanes. Trichloro-(1,2-dichlorovinyl)sil-
ane was obtained in this way255,255;

CIC = CCl 4 HSiCly — CHCl = CCISiCls .

This reactionis accelerated in the presence of peroxides,
on irradiation with ultraviolet light, or on heating to a
temperature close to the decomposition temperature of
dichloroacetylene.

In the presence of H,PtCl;.6H,0, RSiHCl, (R = Clor CH,)
adds vigorously to CH,CIC=CH with the formation of vari-
ous amounts of RCL,SiCH=CHCH,Cl and RCl,SiC(=CH,)CH,.
.C1.257 The reaction with HC=CCH,Br takes place in a
similar manner?258, 1,4-Dichlorobutyne reacts with
HSiRxCl; _ x according to the scheme 243;

CH,CIC=CCH,Cl HSi{ — >SiC (CH,Cl)=CHCH,Cl.



216

Triorganosilanes add to CX,CH(OH)OC(CH,)(CR,)C=CH
according to the Farmer rule with the formation of

CX3CH(OH)OC(CHs) (CRs) CH=CHSIiR’,,

where R = H or CH;, X = Cl or Br, R = CH;, C,H,, or
C,H,. 259

In reaction with 1,1,2,2-tetrafluoroethylallyl ether 2%
212,260-262 jp the presence of platinum catalysts the alkyl-
halogenosilanes can be arranged in order of decreasing
activity:

RySiH > R,SiHCI > RSiHCl; > HSiCl.

Aryldichlorosilanes add most easily to this ether 263,

The addition of RySiHX, _ (R = CH,, C,Hy; n = 0, 1, 3;
X = halogen) to vinyl ethers of the R’"OCH=CH, type (R’ =
p-CICiH,, 2,4-Cl,C.H,), leading to the formation of
R’'OCH,CH,SiRyX, . p, which is accompanied by B-decom -
position, which leads to the production of R'OSiRpX; _ . 2%

The direction of the addition of silanes to unsaturated
halogenohydrins depends on the position of the double bond
relative to the halogen-bound carbon atom 265,266,

In the presence of hydrogen hexachloroplatinate(IV),
HSiCl,, CH,SiHCl,, and HSi(OC,H,), adds to 2-chloromethyl -
bicyclo[2,2,1]hept-5-ene, 267

3. Addition of Halogens to Multiple Bonds of Alkenylsilanes

The addition of halogens proceeds readily to almost any
organosilicon compound containing a multiple bond. When
the organosilicon compound has at the silicon atom a vinyl
group or another group with adoublebond in the o -position,
then aop-alkyldihalogenosilanes are formed, which are
rather stable thermally:

R3SiCH=CH, - X, — RySiCHXCH,X,

where X = halogen. When the double bond is in the B-
position to the silicon atom then By-dihalogenoalkylsilanes
are formed in the reaction with the halogens; these are
thermally unstable and undergo the so-called 3-decomposi-
tion 268;

RgSiCHoCH=CH, -{- X3 ~> RySiCH;CHXCH,X — RySiX | CH,XCH=CH, .

BB-Difluoroalkyl -substituted organosilicon compounds
readily decompose at low temperatures, as do aafp-tetra-
fluoroethyl -substituted compounds 2%, Compounds with
v- and more distant positions of the double bond relative
to the silicon atom readily add on halogens to form stable
dihalogenoalkylsilanes. For example, the pyrolysis of
trifluoropropyl -substituted organosilicon compounds is ob-
served only at temperatures above 550°C.2%° The thermal
stability of the dihalogenoalkylsilanes depends considerably
on the nature of the remaining substituents at the silicon
atom. The presence of a trichlorosilyl group sharply in-
creases the thermal stability of even By-dichloroalkylsil -
anes.

There have been many studies of the addition of halogens
to various alkenosilanes 8!,143,268,270-279  Thege papers de-
scribe the synthesis and properties of a large number of
halogenoalkylsilanes. There have been several recent
studies of this problem280-22 It was found that the re-
placement of three hydrogen atoms by fluorine considerably
decreases the activity of a double bond in the addition of
1alogens, hydrogen halides, and polyhalogenomethanes 2%,

Organosilicon compounds containing silacycloalkenic
structures readily add halogens. For example, 1,1-di-
chlorosilacyclopent-2-ene adds bromine in CCl, at 0°C
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with the formation of 1,1 -dichloro-2,3-dibromosilacyclo-
pentene2®, The reaction of 1,1,3,3 -tetramethyl -1, 3-di~
silacyclopentene with bromine and chlorine takes place
analogously 284,

In a gas chromatographic investigation of the pyrolysis
products of Si(CH,),, (CHj),Si=CHSi(CH,), was isolated,
which vigorously reacts with bromine 285;

(CHy)s Si=CHSi (CHg)s + Bry — (CHy)s BrSiCHBrSi (CHy)s,

(CH,),SiCH=C=0, which is formed in the thermal (120~
130°C) decomposition of (CH,),SiC=COC,H,, adds on bro-
mine with the formation of (CH,);SiCHBrCOBr. 28

The reaction of 1,1-bis(trimethylsilyl)ethylene with
chlorine and bromine leads to the loss of one trimethylsilyl
group?87;

[(CHy)s Sils C=CHg + X3 — (CHj)s SiX + (CHj)s SiCX=CH,.

The addition of bromine to silyl-substituted acetylenes
leads to the formation of vinyl derivatives 14!,288-290,

Hydrogen halides add to alkenylsilanes less vigorously
than halogens. The presence of chlorine atoms at the
silicon atom strongly retards and the presence of three
alkyl groups accelerates the addition of hydrogen halides.
On transferring the multiple bond from the o and 8 posi-
tion the rate of addition increases, but further in the ¥
position, it falls. The rate of addition of hydrogen halides
to alkenylsilanes increases in the order: HCl < HBr < HI.
The addition of hydrogen halides, with the exception of
hydrogen bromide, to allyl- and methylallyl-alkylsilanes
takes place according to Markovnikov's rule independently
of the nature of the alkyl groups connected to the silicon 29 =295,

The reaction of vinyl-containing organosilicon compounds
with hydrogen halides was first effected by the scheme ®¢:

(CHy)s SiCH=CH, + HI — (CHy)s SiCH,CH,l,

Subsequent investigations 275,292,297-300 ghowed that the
addition of hydrogen halides to vinylsilanes takes place
contrary to the Markovnikov rule. Just as for halogens,
CF,=CFSi(C,H,), adds hydrogen halides worse then CH,=
CHSi(C,H;);. 2% HBr can add to (CH,),SiCH,CH,CH=CH,
bothaccording toand contraryto the Markovnikov rule 18,204,

The addition of HBr and HCl1 to isopropenyltrimethyl-
silane 8,275,301 3nd isocrotyltrimethylsilane 8,300,302 gheys
the Markovnikov rule, whereas HBr adds to oS-dimethyl-
vinyltrimethylsilane and yy-dimethylallyltrimethylsilane
contrary to the Markovnikov rule %,

Hydrogen halides add to silacyclopentenes with the for-
mation of the corresponding halogeno-substituted silacyclo-
pentanes 283,28,

As already noted, the B-halogenosilanes formed on ad-
dition of hydrogen halides to aB-unsaturated silanes are
extremely unstable compounds, which readily undergo B-
decomposition with various reagents 173,303 or on raising the
temperature 3%¢~3%¢,  The kinetics of the thermal decompo-
sition of trichloro-2-chloroethylsilane %% and 2,2-difluoro-
ethyltrifluorosilane %°7 in the gas phase follow a first-order
equation.

Depending on the type of trimethylsilylalka-1,5-diyne,
the addition to it of halogens and hydrogen halides proceeds
differently 3°8: (a) bromine adds to trimethylsilyldipropargyl
at both triple bonds; (b) it adds to 1-trimethylsilylocta -
1,5-diyne predominantly at the triple bond unsubstituted by
silicon. HBr adds to 1-trimethylsilylhexa-1,5-diyne at the
disubstituted triple bond with partial splitting of the adduct
along the C-Si bond.
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The nitrosochlorination of the vinyl-containing organo-
silicon compounds takes place in two directions %09;

i
NOCL, (CHy)s SIOSIOSi (CHa)s
CH,
e CHCICH,NO
(CHa)s SIOSIOSi (CHs)y —|
CH,
CH=CH, anoc [
i (CHy)s SiOSiOSi (CH)s + 0.5N, + 0.5Cl;.«
CHCICH;NO,

CINO, adds to vinyltrichlorosilane according to the re-
action %10:

Cl3SiCH=CH, 4 CINOy — Cl§SiCHCICHNG;.

The addition of polyhalogenomethanes and other haloge-
nated hydrocarbons to vinylsilanes takes place with high
yields, according to the reactions280,311-316;

HHCCL  _, (CqHy)s SICH,CH,CCly

[ 4o,

(CsHy)sSiCH=CH,4 ~» (CaHy)s SICHCICH,CCls

FBrGH,00,CsH, , A
> (CyHy)s SiICHBrCH,CH,C OCsH,.

Polyhalogenohydrocarbons containing fluorine also add
to vinyl-containing compounds 3!3,314,316,518,

When CHC], and t-C,H,OK react with vinyl- and allyl-
containing organosilicon compounds, products with di-
chlorocyclopropane groups are formed 3!°-322;

-
=Si[CH,] CH=CH, + CC!; — = Si[CH,}, CHCH,CCl,.

Trichloro(vinyl)silane readily undergoes a diene con-
densation with cyclopentadiene and hexachlorocyclopenta -
diene %23-%27;

Cl

CIC=C CH, ac” ]L'\ HSICl o
] >cn, | — U cl,
_ CHsiCl a

Clc—c\C 3 P

! [
a

Cl

Allyldichloro(methyl)silane and 5,5-difluorotetrachloro-
cyclopentadiene 328,32 also undergo an analogous reac-
tion 328,329 the latter reacting more readily than hexachloro-
cyclopentadiene. Alkenylsilanes containing hydrogen at
the silicon undergo diene condensation with these compounds
particularly readily.

Vinyl -containing organosilicon compounds undergo a
Meerwein condensation with aryldiazonium halides 315

Rl R(
R4SiCH =CH, + ®N=NCI — R;SiCHCICH,—@ .

The reaction of alkenylsilanes with halogenoalkenes is
also used for the preparation of halogeno-derivatives of
organosilicon compounds 317, 330;

CH,
VAN
C2H;0)2 Si (CH,CH=CH,); + CFy = CF; - CH,=CHCH; (C,H;0), SiCHgCE /CFB.
CF,

Organosilicon compounds with halogenated sulphur-con-
taining organic groups are obtained by the reaction33:

p-CICeH,SH 4 CHy=CHSi (CHs) (OCsHs)s — p-CIC4H,SCH;CH;,Si (CHs) (OCoHy)s .

The reaction takes place at 60°C under ultraviolet irradia-
tion.
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4. Organometallic Synthesis

Organometallic synthesis is widely used as a prepara-
tive method for obtaining various halogen-substituted
organosilicon compounds with the halogen in a known posi-
tion in the organic group bound to silicon.

The reaction of p-chlorophenylmagnesium bromide with
silicon tetrachloride gives trichloro-p-chlorophenylsil -
ane3¥, The reaction of p-chlorophenylmagnesium iodide
with trichloro(methyl)silane gives dichloro-(p -chloro-
phenyl)methylsilane 33, that with chlorotrimethylsilane,
p-chlorophenyltrimethylsilane 3%; that with trichlorosilane,
dichloro-p -chlorophenylsilane 3%; that withtrichloro(vinyl)-
silane, dichloro-p-chlorophenylvinylsilane; and that with
allyltrichlorosilane, allyldichloro-p-chlorophenylsilane 33,
p~-Chlorophenylmagnesium bromide reacts analogously!'5
338,338,337-341 . Hhut o -chlorophenylmagnesium bromide does
not undergo these reactions!%3, A phenyl group with halo-
gen in the ortho-position can be introduced in the reaction
of o-halogenophenylmagnesium iodide with organohalogeno-
silanes 342;

0-XCH Mgl + (CHs)s SICl — 0-XCgH,Si (CHs)s + MgClI,

where X =Cl or F.
3-(0-Chlorophenyl)propylmagnesium bromide reacts
with chlorotriphenylsilane by the reaction343;

0-CICqH, [CH,]3MgBr -+ (C,Hy)s SICl — 0-CIC,H, [CH,l3 Si (CoHy)s + MgCIBr.

Chlorobenzyl -substituted compounds are obtained in the
reaction of organochlorosilanes with o- and p -chloro-
benzylmagnesium chloride and m -chlorobenzylmagnesium
bromide 344,345,

Polychlorophenylalkylchlorosilanes CgHy _ ,Cly,(C,H;).
.SiCl, 154155 are obtained with the aid of an organomagnesi-
um synthesis. Hexachlorobenzene, magnesium, and the
corresponding halogenosilanes in tetrahydrofuran solution
yielded perchlorophenyltrichlorosilane and alkylperchloro-
phenyldichlorosilanes 346,

p-Chlorophenylmagnesium bromide reacts with di-
ethoxydiphenylsilane according to the reaction 347

p-CICgHMgBr + (CgH; ), Si (OC3Hy)g — p-CICqH, (CeH;) s SIOC,H; + Mg (OCeH;) Br.

Fluorophenylmagnesium bromide reacts with silicon
tetrachloride and alkylchlorosilanes to form trichloro-
(fluorophenyl)silane 38 and alkyldichloro(fluorophenyl)sil -
anes 39, p-Fluorophenylmagnesium bromide reacts with
trichloro(methyl)silane slowly, dichloro-(p-fluorophenyl)-
methylsilane being formed. The reaction with difluoro-
phenylmagnesium bromide is still more difficult, and as a
result 2,4- and 3,5-F,C,H,(CH,)SiCl, are obtained. The
reaction with dichlorodimethylsilane takes place more
readily than that with trichloro(methyl)silane; triethoxy-
(methyl)silane reacts even better with fluorophenyl -
magnesium bromides 35,

The production of fluoroaryl-substituted silanes by
Grignard reaction has also been described 338,352,382, Per-
fluorophenyl -substituted silanes 353, tetrakis-m -fluoro-
benzylsilane 334, and m -trifluoromethylphenyl -substituted
silanes 328,348,354 ~358 were also obtained by this method.

Bromo-derivatives of aromatic and aliphatic-aromatic
compounds with a known position of the bromine inthe nucleus
were obtained in an analogous manner 332,337,338,351,359 =370,

Using organomagnesium compounds p -chlorophenyl- and
p-bromophenylpentamethyldisilanes were obtained from
pentamethyldisilane . Mono-and di-substituted trifluoro-
propylchlorosilanes were obtained from CF,CH,CH,MgCl and
HSiCl,; 2% (CF,CH,CH,),;SiH was obtained by the reaction of
HSiCl, and CF;CH,CH,MgI. 235
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Fully and partly fluorinated silanes 371-37 w-chloro-
alkylsilanes 377,378 and halogen-containing acetylenic sil-
anes 3™ are obtained in an analogous manner.

Organolithium compounds are also widely used for ob-
taining halogenoaryl -substituted organosilicon com-
pounds 190,380-382  Thig method is especially effective for
obtaining compounds containing rather large groups at the
silicon atom. The reaction of p -bromophenyl -lithium with
chlorotriphenylsilane gives p -bromophenyltriphenylsilane
in 75% yield 3, 3,5-Dibromophenyl-lithium reacts with
silicon tetrachloride, trichloro(methyl)silane, and di-
chlorodimethylsilane 3% to form the corresponding dibromo-
diphenyl derivatives. Pentafluorophenyl-lithium and sili-
con tetrachloride gave tetrakisperfluorophenylsilane 385,

m -fluorophenyl -lithium and chloro(phenyl)silanes gave
com;iounds of the formula (m -FCgH,)nSi(C;Hy), _ , where
n = 1-4,386

Trimethyltribromomethylsilane was obtained from tri-
bromomethyl-lithium and trimethylsilane 387, p-Bromo
and p -chloro-phenylethynyl -lithium react with silicon tetra-
chloride to form (p-XCzH,C=C),Si, where X = Cl or Br. 38

Organosodium synthesis was used for the introduction of
chlorophenyl groups into bis(organochlorosilyl)-substituted
benzenes 3%: the reaction of bromochlorobenzene with
bis(phenyldichlorosilyl)benzene in the presence of sodium

gave
[(C1C6H4) 2 (CGHS) Si]zCel’h;
[(C1C4H,),Si],C.H, was obtained analogously from (Cl1,8i),C.H,.

5. Other Methods of Synthesis

Of the other methods for obtaining halogeno-derivatives
of alkyl(or aryl)halogenosilanes and tetrasubstituted sil-
anes, that of high-temperature condensation of alkyl and
aryl halides with chlorosilanes is interesting. This reac-
tion was first described in 1949390,391 35 applicable to the
synthesis of alkyl- and alkenyl-silanes:

RX+ HSiR; — RSiR; + HX
where R = alkyl or alkenyl group, and X = halogen. Sub-
sequently it was used successfully for the synthesis of
halogenoaryl substituted silanes.

The reaction can be effected in the liquid phase under
pressure or in the gas phase at atmospheric pressure and
300-700°C. The reaction temperature can be greatly
reduced by use of catalysts and initiators. These include
halides of aluminium and of boron22~34  aluminium
oxide 399,3%  palladium 3%, benzoyl peroxide and ultraviolet
light 226,397,

The reaction of dichlorobenzene and trichlorobenzene
with trichlorosilane and dichloro(methyl)silane at 525°C in
the vapour phase over palladium leads to the synthesis of
the corresponding chloro- and dichloro-phenylchlorosil -
anes 396,398 p.Dichlorobenzene reacts with chloro-
(methyl)phenylsilane 3% to form p-chlorophenylmethyl -
phenylchlorosilane, and with chlorodimethylsilane 4% to
form p -chlorophenyldimethylchlorosilane.

Hexafluorobenzene reacts with trichlorosilane to form
dichlorofluoropentafluorophenylsilane and a mixture of
isomers of bis(dichlorofluorosilyl)benzene 40!,

The chloro-derivatives of thiophen (like thiophen itself)
exhibit a much greater reactivity than benzene and its
chloro-derivatives in condensation with silanes*%,  The
condensation of silanes with 2,5-dichlorothiophen in the
vapour phase at 570~-580°C yielded 2-chloro-5-trichloro-
silylthiophen and 2-chloro-5-dichloro(methyl)silylthiophen.
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This method allowed the corresponding chloro(chloro-
vinyl)silanes to be obtained easily from dichloroethy-
lene 85,210,400,403,404, tricmoroethylene 85,210,898,405, and
trichlorosilane, methyl - and ethyl-dichlorosilanes, chloro-
dimethylsilane, dichlorosilane, and chloro(methyl)silane.
The condensation of 1,3-dichlorobut-2-ene with di-
chlorosilane and trichlorosilane **® gave respectively:

CH,CCl=CHCH,SiHCly and CHyCCl=CHCH,SiCl, .

The reaction of silicon difluoride with hexafluoroben-
zene %7 gave trifluoro(pentafluorophenyl)silane C,F SiF,
and a mixture of the isomers of bis(trifluorosilyl)benzene.

The chloromethylation of benzylchlorodimethylsilane
with CH,O in fuming hydrochloric acid without a catalyst
leads to the production of CICH,C4H,CH,Si(CH,),Cl; in the
presence of ZnCl, chloromethylation is accompanied by
side-processes %, The chloromethylation of the trialkyl-
(benzyl)silanes R SiCH,CgH; with 37% aqueous formalin
solutionand also with paraformaldehyde in CCl, and CH,COOH
leads to the formation of CH,C1C,H,CH,SiR,. %410 With
increase in the size of R the reaction becomes more dif-
ficult. Depending on the reaction conditions, different
quantities of p-chloromethyl derivatives are formed;
chloromethylation in water leads to the formation of > 90%
of the para-isomer.

a-Methyltrimethylene oxide reacts with the chloro-
organosilanes to form chloroalkoxy-derivatives4!, The
reaction of ethylene oxide with chloro(chloromethyl)methyl-
phenylsilane, trichlorochlorophenylsilane, and chlorodi-
chloromethyldimethylsilane gave the corresponding 2~
chloroethoxysilanes 412,

The reaction of phosphorus(V) chloride with allyltri-
methylsilane is interesting4!3:

{CHy)s SICHyCH=CH, + PCl, - PCly ~ (CHs)s SICHsCHCICH,BCl, - PCl, ~»
505, (CHy)s SiICH,CHCICH,P (0) Cly«

Tetrakis-(2,4,6 - trichlorophenoxy)silane and tetrakis-
(pentachlorophenoxy)silane are obtained from the corres-
ponding phenoxides and silicon tetrachloride<t.  The
reaction of chlorotriorganosilanes with CH,FCOONa and of
triorganoethoxysilanes with CH,FCOONa gave halogen-
substituted derivatives of the general formula R;8i0COCH, X
(X = F or Br)#5,

On treating the carbinols RgSiC=CCR’R"OH with con-
centrated hydrochloric acid or sulphuryl chloride:¢-418 the
corresponding compounds with a chlorine atom in the or-
ganic group RySiC=CCR’R"Cl are obtained.

An analogous reaction occurs between p-(2-hydroxy-
ethyl)phenyltrimethylsilane and sulphuryl chloride in the
presence of CaCO,. 2

On reacting with sulphuryl chloride, silicon-containing
carboxylic acids are converted into the corresponding acid
chlorides %1,

Chloromethyl -substituted organosilicon compounds can
be obtained by the reaction 2°:

(CaHyOCHa), Si (CHy) R+ 2 - CH;COCL — (CICHy)s Si (CHy) R +- 2-CHyCOOC;H;,

where R = CH; or CgH,.

Trichloro(phenyl)silane reacts with diazomethane #! to
form dichloro(chloromethyl)phenylsilane. Compounds of
the general formula (CH;),SiCl, _ , wheren > 1, do not
undergo this reaction.

Triphenylsilyl -lithium reacts with halogenomethanes
thus 422;

(CeHy)s SILi + CHX, _, ~ CHyX, oSi (CeHe)s -+ LiX,
where X=Cl, Br, orI, andn =0, 1, or 2.
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II. PROPERTIES

1. Reactions with Participation of the Halogen in the
Organic Group

A halogen atom in the organic groups of organosilicon
compounds is capable of taking part in nucleophilic sub-
stitutions 423427,

a-Halogenoalkyl-substituted organosilanes are excep-
tionally inert towards electrophilic agents, but are con-
siderably more reactive towards nucleophiles than the
corresponding halogenohydrocarbons.

a-Chloro-derivatives are more reactive than y-deriva-
tives in most reactions. The reactivity of chlorine in
compounds of the type Rp(CHy); - nSiCH,Cl (R = CH;, p-
CIC,H,, n = 1-3) is considerably affected by the number of
phenyl groups at the silicon atom; with increase in their
number there is a sharp drop in the rate of substitution,
owing to the steric effect of the phenyl groups+s,

Trialkyl-a-halogenosilanes are readily converted into
the corresponding nitriles. Compounds of the general
formula RpSi([CH, |xBr), . p react quantitatively in alcohol
with NaCN and KCN to form RpSi([CH,]yCN), _ ; %29,43°
with chloromethyl derivatives side reactions are observed
(splitting). Cyanoalkyl-substituted organofluorosilanes
are obtained by the same method*®. By replacing bro-
mine by the nitrile group in bromophenyl-substituted
organoalkoxysilanes, cyanophenylorganoalkoxysilanes are
obtained 42,433, The replacement of bromine in the alkyl
substituent in the aromatic ring takes place analogously!!?:

p-BrCH,CgH,Si (CHy)g -+ NaCN — p-NCCH,CoH,Si (CHy)s

p -Bromophenyltrimethylsilane reacts with CuCn in the
presence of pyridine *3:
CcH,N
(CHs); SiC¢H,Br-p -+ CuCN 53 .
(NC),CHCH,Si(CH,)(OC,H;), was made from CH,I(CH,)Si.
.(OC,H,), and NaCH(CN),. %% CH,(NC),CCH,Si(CH,)(OC,Hs),,
which is more stable, was obtained in an analogous manner,
The nitriles obtained in this way can be easily converted
into the corresponding amines, alcohols, and acids.
The halogen in an alkyl group can also be substituted by
a thiocyanato-group, for example 436:

> (CHy)s SICgH,CN-p.

— CH, 0 /CHs
S{  LKSCN - s +KCl.
l—/ \ch,c1 —— \CH,SCN

The chlorine atom in organic groups can be readily re-
placed by iodine 436-440;

(CHa)g SICH,Cl 4 Nal — (CHy)s SiCH,I + NaCl.

In the reaction with KI the steric factor of the groups
connected with the silicon plays an important part: CgHs.
.(CH,),SiCH,Cl and (CH,),SiO8i(CH,),CH,Cl react at only
half the rate for (CH,);SiCH,Cl, 1837 whereas (C¢Hs);SiCH,.
.Cl does not react at all.!!® «-Halogenoalkylsilanes react
with KI 3-5 times more rapidly than y-halogenoalkyl-sub-
stituted silanes#3, In the reaction with alkali metal
halides chloroalkyl-substituted disilanes can be used suc-
cessfully, for example, CICH,(CHj;),SiSi(CH,),CH,Cl and
(CH,),SiSi(CH,),CH,Cl. 18

Under the action of LiAlH, halogen derivatives of tetra-
substituted silanes are hydrided3'”:

CH,—CH-Si (CH3)s
CFy-- CFClI

LiAIH, (in—‘CH—Si (CHy)s,
CFy—CFH
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On treating halogenoalkylsilanes with AgNO, nitroso-
derivatives are obtained, but on treatment with NaNO,
nitro-derivatives —for y-iodopropyltriethoxysilane
ONOCH,CH,CH,Si(OC,H;); and O,NCH,CH,CH,Si(OC,H,),
respectively %4,

On heating R ;SiCH,C,H,CH,Cl with CaCO, a chlorine
atom is replaced by a hydroxyl group with the formation of
R;SiCH,C,H,CH,OH. #1©

The reaction of compounds of the type R;Si[CH,],Cl (n =
1 or 3) with ammonia or amines, organosilicon amines are
formed 32,178,440,442~446 A mixture of 2,6~ and 2,5-disila-
piperazines is formed in the reaction of bromomethyl -
chlorodimethylsilane with primary amines or NH,: 47

NR R
(CH),S  Si(CH),  (CHgsSt S (CH.
and
Vv ANV

y-Bromopropyl- and 6-bromobutyldimethyl(bromo-
methyl)silanes react with primary amines to form 3-sila -
1-azacycloalkanes #48,449;

B‘CH2(CH3)2Si[CH2]xB’ + n-C4H9NH2 - sCHS)ZSi[CH2]XN(n-C4H9)HBr.C|H2

where x = 3 or 4.
a-Chloroalkylalkoxysilanes react with 2-(trimethyl -
siloxy)ethylamine 450

(CaHy)N
CICH,Si(CHy),0C,H, + (CHy);SiOCH,CHNH, —— >

0OC;H,
(CHy), $il . S Si(CHy)y /S{CHa)ﬂ

H, ?Hz .
— + {CyHg)sN-HCI + (CH),SiOCH, ,
NH CH, NH H,
N N

cf, cH,

The reaction of 1,3 -di(chloromethyl)-1,1,3,3-tetra-
methyldisiloxane with 2-aminoethoxytrimethylsilane yields
2,2,6,6-tetramethyl -4 -(2-trimethylsiloxyethyl) -1-0xa-2,5-
disila-4 -azacyclohexane #5452, 1 3 -Di(bromomethyl)-
tetramethyldisiloxane reacts with methylamine to form
2,2,4,6,6-pentamethyl -2, 6 -disilamorpholine #47:

AN
[BrCH,Si (CHy)ls O + CH;NH, — (CHg), i Si (CHg)a -+ 2HBr,
AN

|
CH;,

where X = halogen, R = alkyl.
Silylamines are obtained by treating halogenoalkyltri-
alkylsilanes with sodium acylamides 453,454

CHs (Ry) SICH, X - CHyCON (Na) CoHy — CHj (Ry) SiCH,N (C.H;) COCH, -+ NaX,

where X = halogen, R = alkyl.

In the reactions described above a halogen in the a-
position to the silicon atom is more active than one in the
y-position. The reverse occurs in reactions with potassi-
um acetate: greater activity is then exhibited by a halogen
in the y-position4%5, The synthesis of silicon-containing
esters by this method has been studied often 420,436,456 =459,
There is special interest in the reaction of halogenoalkyl -
substituted silanes with salts of unsaturated acids, in par-
ticular methylacrylic acid, as a synthetic method for unsa-
turated organosilicon compounds:

CICH,Si (CH;); OCoHj - CH,=c|c001< - CH,=CCOOCH,Si {CHs); OC;H; + KC!
CHjs CH,
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In connection with this reaction mention must also be
made of the reaction of chloromethylsiloxanes with mono-
sodium and disodium salts of dihydric phenols 460;

OH

2N\
2] |_ow

-+ CICH, (CHs); SiOSi (CHg)s CH,Cl —
AVanas

/OCH,Si (CHy); OSi (CHy), CHLO.
TN

j/

\_OH + 2-NaCl.

(

Silicon-containing esters are also obtained in the reac-
tion of halogenoalkyl-substituted silanes with sodiomalonic
and sodioacetoacetic esters61-4%8 gnd also of chloromethyl -
methylalkoxysilanes with various acids in the presence of
triethylamine 469,

Silicon-containing esters are used for obtaining organo-
silicon alcohols 5"

. CH,OH H
R,Si[CH,), 0COCH, a0, RSi[CH, ) OH .

y-Chloroalkyltrialkylsilanes are more reactive than a-
derivatives of also in reactions with the exchange of
chlorine for an alkoxy-group under the action of sodium
alkoxides on chloroalkyltrialkoxysilanes ™ and chloroalkyl-
trialkylsilanes4’™. Cellulose ethers are also obtained by
this reaction—triethylsilylmethyl cellulose and trimethyl-
silyl methyl cellulose

{CeH702(OH) 3 (OCH2SiRs) 2],

where R = CH, or C,H,.*?

_ In these reactions, in addition to the replacement of
chlorine by an ester group there is splitting of the Si-C
bond %1% which increases with increase in the length of the
radical in the sodium alkoxide 4™,

A study of the reaction of halogenoalkylchlorosilanes
with aromatic hydrocarbons in the presence of Friedel -
Crafts catalysts 3,47 -4 showed that 8- and y-chloroalkyl-
chlorosilanes are more reactive than a-chloro-substituted
ones. The reactivity increases with replacement of chlo-
rine at a silicon atom by alkyl groups. These reactions
are used for obtaining various aliphatic-aromatic chloro-
silanes. The mechanism of this reaction for the a-
chloroalkyl-substituted silanes can be represented as fol -
lows 475;

AlCl,_)

+
Clg (C;Hs) SICHCICH, Cl, (CqHy) SICHCHs +[AICL]~ —

= Cly (CaHy) SICH,CH, -+ [AICL ]S I, (C3Hy) SICHyCH,C,H; + AICl; 4- HCI.

v-Chloroalkyl -substituted derivatives react according
to the scheme *78:

ClySiCH,CH,CH,Cl Ak, C1,SiCH,CHC,H; - ClgSi (CHa)a CeHs o
+Ho
|
CHy

Compounds with halogenoacyl group can be used as
acylating agents 480:

(CHs); SiCeH,COC! 4- CgH;CH; — (CHj)s SiCoH,COC,H;CH,-p 4- HCl.

The action of AICl; on chloromethylbenzyldichlorosilane
gives 3:4 benz-1,1-dichlorosilacyclopentane 48!:

AN
L] Sicn.
NN\

The silylalkylation of aromatic hydrocarbons by di-
chloromethylchlorosilanes proceeds normally, but for aa-,
BB-, and ap-dichloroalkyl-substituted compounds is com-
plicated by the reduction of one C-Cl bond by hydrogen.

Attention has recently been attracted to the high-temper-
ature condensation of (chloroaryl)chlorosilanes with
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organochlorosilanes, leading to the formation of bis{organo-
chlorosilyl) -substituted benzenes 399,482 ~484;

Cl,_,R,SiCH(Cl +HSIR,Cly_n — Cly_,R,SICHSIR,,Cly .

The condensation can proceed both in the liquid and in
the vapour phase and is accompanied by several side-re-
actions, For example, in the reaction of chlorophenylalkyl-
chlorosilanes with alkylchlorohydrosilanes the main reac-
tion is accompanied by the following reactions 48:

Cly (R, SICHCl 4 HSRCly_py — Cly_RySiCeHy + SiR,Cl .
HSiR,Cl,_,, + HCl — SiR,Cl,_, +Hi,
Cly_ R SICHSIR,Cly_,, +HCl — Cl,_,R,SiCiH, + SiR,,Cl, _,,

Halogenosilanes other than chlorosilanes are also used
in condensation, for example, chlorophenyltrifluorosil-
ane 486,

In the gas-phase condensation of trichlorosilane and
dichloro(methyl)silane with C1C,,H,SiCl, (mixture of iso-
mers), bis(organochlorosilyl)naphthalenes are formed 487,

In the action of nucleophilic and electrophilic reagents
on halogenoalkylchlorosilanes, as well as cleavage of the
Si-C bond, loss of hydrogen halide also takes place leading
to the formation of halogenosilanes with alkenyl radicals.

A systematic study of this reaction 8!,%,83,86,101,102,170,171,
248,274,298,488-508 ] ed to the finding and formulation of the
principal regularities 5% and to the determination of the
boundary of applicability of the various dehydrohalogenating
agents in this reaction.

The ease of loss of HCl from the monochloroalkyl -
chlorosilanes depends on the position of chlorine relative
to the silyl group and decrease in the order 8 > o > v.
The HCl is removed from secondary a- and S-chloroalkyl
groups more readily than from primary groups. HBr is
lost more readily than HC1. In the stepwise replacement
of alkyl groups for chlorine the 8-decomposition of the
compounds of the type R,SiCH,CH,Cl gives way to dehydro-
chlorination.

Quinoline, isoquinoline, and piperidine dehydrochlori-
nate compounds with any silyl groups, but with quinoline
the removal of HCI takes place successfully only from g~
chloroalkyl groups, whereas catalytic amounts of piperid-
ine are capable of bringing about the ioss of HCl alsofromy-
chloroalkyl and chloroacyl groups. In the dehydrochlori-
nation of By-dichloropropyltrichlorosilane under the action
of AlICl, y-chloroallyltrichlorosilane is formed; in the
dehydrochlorination by quinoline C1,SiCH=CHCH,CI and
C1,SiCH,CH=CHCI are formed in approximately equal
amounts 519,

In the dehydrochlorination of 1-phenyl-2-trichlorosilyl-
1,2-dichloroethane and 1-phenyl-1-trichlorosilyl-1,2-~di-
chloroethane in the presence of AlCl,, 1-phenyl-2-chloro-
vinyltrichlorosilane is formed 5,

Chloropolychloroalkylsilanes are dehydrochlorinated by
quinoline much more readily than the monochloro-deriva-
tives.

Silacycloalkanes are dehydrochlorinated on heating and
also in the presence of quinoline and N-methyl-1,2,3,4~
tetrahydroquinoline 129,283,512 3gccording to the reaction:

[ ]

r—[ e, | (R=cH, an.
C\si” \Si\/
8k £k

Unlike the 2-chloro-substituted, 1,1,3-trichlorosila-
cyclopentane is converted under analogous conditions into
3-butenyltrichlorosilane. The dehydrobromination of
2-bromo-1,1,2-triphenyl-1-silacyclobutane leads to the
formation of 1,1,2-triphenyl -1 -silacyclobut-2-ene 14°,
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The dehydrobromination of 2-cyanobromoethyltrichloro-
silane by quinoline gives B-cyanovinyltrichlorosilane !%.
The dehydrochlorination of R,SiCH,SCHCICH, gives
R,SiCH,SCH=CH,,. 513

A reaction very similar to the dehydrohalogenation con-
sidered above is dehalogenation, leading to the formation
of silyl -substituted compounds of the ethylene and acetylene
typeS54, For example:

(Cl5SiCCly), ——<k

~ Cl3SiCCl=CCISiCl3.

On further dehalogenation, Cl,SiC=CSiCl, is formed. The
reaction occurs at a temperature above 100°C in the pres-
ence of copper.

Metallic zinc can also be used as a dehydrochlorinating
and dehalogenating agent. The ease of removal of halo-
gens then decreases in the order: I> Cl > Br 229,317,515,
fluorine is not lost. For example 22°:

CF,CICFCICH,CHISi (CHy)s ﬁxﬁ CFy=CFCH=CHSi (CHs)s.

Di-(iodomethyl)dimethylsilane is reduced to tetramethyl -
silane %8:

(CHp)q Si (CHyl), — 21

i~ (CHa)aSi

AlCl, can be used for the dehydrochlorination only of
compounds with trichlorosilyl groups; in other instances
there is either decomposition or rearrangement of the
organosilicon compounds. The rearrangement consists
of the migration of an alkyl group from a silicon to a car-
bon atom 285, For example 56:

(CHg); SiCH,Cl —2%, C,H, (CH), il

The mechanism of this reaction can be represented as
follows:

(CHy)s SICH,Cl —AS%_, (CHy), SiCH, + [AICL]™ —
— (CHa)s SiCH,CHy - [AICI,]™ — CyHj (CHy); SICI 4 AIClge

For a-chloroethyltriorganosilane the reaction proceeds
in two directions 193

R
|
R,SiCHCH; —2€%_, R §iCHCH, — R,SiCHCH,
é‘ 1 | raicLr-
N
RySiCHyCH, RySiCHCHs.
| fatcta- A
RySiCH;CH,Cl

B-decomposition
R3SiCl - CHp=CH,

For dichloromethyltrimethylsilane a-chloroethyldi-
methylchlorosilane is formed in the first stage, and then
rearranges according to the scheme given above:

(CHy)g SICHCl, —2Cb, (CHy), SliC‘HCHS — (CHy)s SICly ++ CHy—CHa.
cicl

AlCl, also catalyses the migration of trimethylsilyl and
dimethylchlorosilyl groups 87517

Cl

|
MG, (CHy)z SICHySi (GHy), Cl,_, -

(CHy),SiCly_,
(CHy)2 SICH,CI

Chloromethylpentamethyldisilane undergoes an analo-
gous rearrangement in the presence of sodium ethoxide 108
with the formation of (CH,),SiCH,Si(CH,),0C,sH,.

Di(chloromethyl)tetramethyldisilane rearranges under
the action of AlC], into (CH,),SiCHCISi(CH,),Cl or
{c1(cH,),Si},CHCH,, depending on the conditions 19,

221

1-Chloromethyl -1-methylsilacyclopentane rearranges
into 1-chloromethyl-1-methylsilacyclohexane under the
action of AICl,, 4%

Chloro- and bromo-alkyltriorganosilanes (with the ex-
ception of B-halogeno-derivatives) readily form the corres-
ponding organo-magnesium and -lithium compounds, which
are capable of all the reactions peculiar to Grignard re-
agents 205,518,519, There is a report 52 of the preparation
of organomagnesium compounds of the type RgSiO[CH, ],MgCl
(where R is alkyl or phenyl; # = 4 or 5). Organomagnesi~-
um compounds can also be obtained from halogenomethyl -
substituted organocyclosiloxanes 52! and disilanes 198,

Organosilicon compounds which contain a halogen in the
aromatic nucleus directly connected with silicon directly
or through alkyl groups form organo-magnesium and -lith-
ium compounds in high yields 351,388,383,357,410,480,832 - 528,

The formation of organolithium compounds is greatly
influenced by the steric effect of organic groups bound to the
silicon atom. Chloromethyltrimethylsilane readily forms
trimethylsilylmethyl -lithium 529, 530;

CICH,Si (CHy); + 2Li — LiCH,$i (CHy)s + LiCl.

However, organolithium compounds could not be ob-
tained from chloromethyldimethylphenylsilane53, y-(o-
chlorophenylpropyltriphenylsilane also does not react with
lithium. However, all these compounds readily form
organomagnesium derivatives.

p-Chlorophenyldimethylsilane forms organo-lithium and
-magnesium compounds ®%; p-LiC.H,Si(CH,),H readily
condenses with the formation of oligomers with phenylene -
silyl units.

4-Bromo-2,3-benz-1,1-diphenyl -1-silacyclobutane re-
acts with magnesium according to the scheme2°;

N

TN TN
(CoHy)s Si S—Br M, (CH,), 5i —( S —Si (CyHye -
— N/ h——
TN TN
N/ N—r N7

With mercury(Il) chloride, organomagnesium com-
pounds can be readily converted into organomercury
compounds 92,108,471,531,533;

CIMgCH,Si (CHy)z R -+ HgCly — (CHy), Si (R) CH,HgCl.

Halogenoalkyl{or aryl)silanes which contain reactive
atoms or groups (halogen, OR) do not form Grignard re-
agents. Reactions between y-chloroalkylchlorosilanes and
magnesium lead to the formation of silacyclobutanes 214,534,535;

Mg T
CICH,CH,CH,SiRCl, —— CH,CH;CH,SiRCi

Halogenomethyldialkylchlorosilanes react with magnesi-
um in ether or tetrahydrofuran with the formation of disila-
cyclobutanes 536 ~540:

g R /CHa R

2XCH,SRR'Cl > §i si

4 2MgXCl,

where X = Cl or Br; R and R’ = CH; or C.H,,.
Under the same conditions BrR,SiCH,SiR,CH,SiR,CH,Cl
is converted into 1,3,5-trisilacyclohexane 4%,
o-Bromomethylphenyldiphenylbromosilane reacts under
the same conditions with magnesium with the formation of
2:3-benz-1,1-diphenyl-1-silacyclobut-2-ene 2°:

AN
0-BrCH,CoH,Si (CgHy)e Br —Mg-»i ” 81 (CeH)a.
NS
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flalogenomethyltriorganosilanes react with sodium to
form 1,2-triorganosilyl -substituted ethanes 542,543,

2. (CHy)s SiCH;Br —~ (CH,), SICH,CH,Si (CHa)s.

When there is common condensation of halogenoalkyl -
substituted silanes and triorganohalogenosilanes with sodi-
um the reaction is5:

(CHy), SICCI=CHj -+ CISi (CHy)s —— [(CHy)s Sils C=CHj.

Several disila-alkenes were obtained by this method %45,
The use of bifunctional compounds in this reaction leads to
the formation of silacycloalkanes. For example,
Br(CH,),S8iCH,Si(CH;),CH,Si(CH,),Br and (CH,),Si(CH,Cl),
react with sodium to form a ring of composition
[8i(CH,),CH,],.

Silacyclopropane, which is formed in the reaction of
RR’Si(CH,C1), with sodium -potassium alloy (at 260-280°C
in a stream of helium) is unstable and readily rearranges
into R'RSiH(CH=CH,). %% When chloro(chloromethyl)di-
methylsilane and dichlorodimethylsilane react with
magnesium, zinc or alkali metals, ww’-dichloropoly(di-
methylmethylenes) are formed®®, - and p-halogeno-
phenyldiorganochlorosilanes react with finely divided sodi-
um or magnesium to form silylphenylene polymers of
linear structure 347,

Condensation with sodium can be used for the replace-
ment of halogens in an organic group, for example, by
arsenic38%;

(CaH)s Si—¢___y—Cl + ClAs (CeHy)s —=> (Cat)s S DA (CiHus.

Reaction of w-(o-chlorophenyl)alkyldiorganosilanes with
sodium leads to the formation of 2: 3-benz-1-silacyclo-
alkanes 8, 0-CIC;H,Si(R)(CzH,)H reacts with sodium 54°
with the formation of cis- and frans-isomers:

R\ /C,H,
/\/ N/

K/\s,/\
R

y-(o -Chlorophenyl)propyltnphenylsilane reacts with so-
dium with loss of a phenyl group and formation of 2: 3-
benz-1, 1-diphenylsilacyclohex-2-ene 343, This reaction
does not take place with lithium, but the same results can
be obtained by the reaction of y-(o-chlorophenyl)propyldi-
phenylsilane with lithium.

Halogenoalkoxy-substituted organochlorosilanes are
converted into cyclic compounds under the action of sodium
or lithium, according to the reaction55°:

Na or Li

stliO[CﬂzlnCl
Cl

a- and B-chloroalkyltrichlorosilanes react with organo-
magnesium compounds differently: CH,CHCISiCl; and
CH;MgBr form the corresponding trimethyl derivative, but
CICH,CH,SiCl; undergoes B-decomposition with formation
of tetramethylsilane and ethylene only'”. There are no
side reactions in alkylation by Grignard reagents of a-, y-,
and 6-chloroalkylchlorosilanes. It was subsequently
established 55! that the reaction of CICH,CH,SiCl; with a
Grignard reagent takes place through trialkylchlorosilanes
which are formed as a result of S-decomposition; the lat-
ter, by reacting with the Grignard reagent, form the tetra-
alkylsilanes. There is simultaneous reaction at the C-Cl
bond, hence the S-halogenoalkyltrichlorosilanes are cap-

RaSi—[CHy),

able of undergoing the usual Grignard-Wurtz reaction 292,293,

the yield of products thus obtained depends on the nature of
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both reagents. This reaction enabled the chlorine in the
trichlorosilyl group to be partially replaced by organic
groups 552,

Perfluorovinyltriorganosilanes react readily with
organo-magnesium and -lithium compounds with replace-
ment of the fluorine in the B-position by organic groups 553:

CoH;MgBr
(CyHy); SICF=CF,—

— (CsHy)s SICF = CFC{H,

= (CaHy)a SICF = CFR,

where R = C;H;, CH,=CH, CH,=CH~CH,, or C,H,.
Halogenomethyl -substituted organohalogenosilanes react

with organomagnesium compounds with replacement of the

halogen in the methyl group 19,554 .

CH,$i (Cls) CH,Cl +2RMgl — Ry (CH,) SiCHgl + MgCly + MgClI,

Similar results are obtained in the reaction with organo-
magnesium halides of compounds obtained on the basis of
halogenoalkyl(or aryl)-substituted silanes 5%5:

RySi—{ _ >—MgBr —*— RsSi—:

(CoHy)s SICH,MgCl TN (CoHs)s SiCH,l.

{ Nt
/ b

The introduction of a halogen into an ethynyl group is
based on the same method 5%6:

RySiC = CH —R ™50, p.SiC = CMgBr —B% R,SiC = CBr.

The reaction of trichloromethyltrimethylsilane with
methylmagnesium bromide proceeds with loss of the tri-
chloromethyl group?3?7,

Chloro-substituted silacyclopentanes react with CH;MgI
differently depending on the position of the chlorine in the
ring28: 1,1,2-trichlorosilacyclopentane reacts with re-
placement of the chlorine atoms at the silicon atom by
methyl groups with the formation of 1,1 -dimethyl-2-chloro-
silacyclopentane, whereas 1,1,3-trichlorosilacyclopentane
undergoes rearrangement under the action of CH;MglI with
the formation of 3-butenyltrichlorosilane, which is methy-
lated by methylmagnesium iodide, being converted into
CH,=CHCH, CH,Si(CH,),.

In the reaction of halogen derivatives of organohalogeno-
silanes with Iotsich reagent, first there is replacement of
halogen connected with silicon atoms %58, for example,
(CH,),(CH,C1)8iCl1 and HOC(R)(R")C=CMgX give:

HOC(R) (R")C=CSi(CH,)CH,Cl.

Halogen derivatives of tetrasubstituted silanes react at the
halogen atom with entry into the organic group*!8:

RsSiC = CC ({CHy)s C1 -+ XMgC = CC (CHy), OH —
- RgSiC = CC (CHy)3 C = CC (CHj,); OH + MgCIX.

This reaction is widely used for obtaining organosilicon
alcohols of the diacetylene series 55562, For example,

HiC, C=CMgBr  HC o
S G = -
He” NoMgBr | CoHy/ ) R
—+ (CHs) (CqHy) SIHC = CC (CHp)s C = CC (CHy); OH »r

Silylmethylpyrroles have been obtained with the aid of
organolithium compounds 56:

" "——Li + CICH,Si (CHy)y — "\NJ—-CH,Si (CHs)y +- LiCl.

N/
| |
CH, CH,
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It has been reported®® that in the reaction of chloro-
methyltrimethylsilane with butyl -lithium trimethylsilyl-
carbene (CH,),SiCH is formed, which on recombination
gives

(CH,), SiCH = CHSi(CH,);.

Organosilicon acyl halides react with organocadmium
compounds to form the corresponding ketones 119,480:

(CHy)s SICHyCH,COCI (CsHs) s €4 (CH,)4 SiCH,CH,COCH

(CH,OCH,),Cd

(CH, si—¢ __>—cocl S essi—{__» —co-{_>—0ch,.

N

Halogenoalkyl -substituted silanes react with organic
derivatives of phosphoric and phosphinic acids.

The Arbuzov rearrangement of P(OC,H;), 55 and
C.H;P(OC,H,), ¢ with Rp(R’O); . ,Si[CH,]xCl was used to
synthesise compounds of the general formula

R (R'0)s_» Si[CH, kP - (OXR") OC;H;.

where R and R’ are alkyl groups and R” is CgH; or OC,H,,.
Chloromethyltrialkylsilanes react with R,P 567588 {o
form phosphonium salts:

R3SiCH,Cl + RyP —~ (RySiCH,PRs)*CI

which on pyrolysis are converted into R;SiCH=PR,.
Trialkylsilyl-substituted alkylphosphinic acids are ob-
tained by the reactions 569,57

. , (+-CHg0).
R;Si[CH,], C1 + (R'0);P

2 R3Si[CH21nP(O)(OR')2 +R'Cl,
where R and R’ are alkyl groups and z = 1 or 3. The reac-
tion with (C;H,),POC,H; takes place analogously 57057,

Dialkyl(triorganosilylmethoxymethyl) phosphinates are
obtained in the reaction of dialkyl(sodioxymethyl) phosphi-
nates with chloromethyltriorganosilanes 572,57:

o} 0
s , 4 .
RyP—CH;ONa+-CICH,SiRy —- RyP—CH,OCH,SiR; +NaCl.

Compounds of the formula (RO),P(O)CH,ONa, 57 phos-
phine oxides, and their alkali metal salts 575 can be used in
this reaction.

The chlorine in the chloromethyl group can also be
replaced by residues of dialkyl(or aryl)dithiophosphonic
(or dithiophosphinic) acids57. Chloropropylmethyldi-
ethoxysilane is used for the production of y-mercaptopropyl -
methyldiethoxysilane 577,

Bromomethyl-y-bromopropyldimethylsilane reacts with
Na,S to form 3-sila-1-thiocyclohexane 4:

| |
BrCH,Si ( CHs)g CHyCHyCH;Br + NayS — (CHg)y SiCH,CHyCHySCH, +2 NaBr.

3-Sila-1-thiocycloheptane is obtained analogously from the
6-bromobutyl-derivative of silane 4%,

Heterocycles containing silicon and sulphur are also
obtained by the reaction %"8;

{CICH, (CHg)s SiJs NH 4-2H,s —(CaHs N_
— (CHs)s |5i555 (CHy)s CH, S(‘ZH, + NH,C! + (CyHy)s N-HClo
1,3-Bis(chloromethyl)tetramethyldisiloxane reacts with
KSH to form 2,2,6,6-tetramethyl-1-oxa -4 -thio-2,6-disila-

cyclohexane 57,
Chloromethyldimethylchlorosilane reacts with thiols 580:

I |
CICH, (CHy)s SiCl 4 HS[CH,},SH — (CHs)s SIS [CH,},SCH, + 2HC1,

wheren = 2 or 3.
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Chloro(chloromethyl)dimethylsilane in the presence of
triéthylamine reacts with compounds of the general formula
0-HXC4H,YH (where X = O or NH and Y = O, NH, or S)5&

r,\”/l\?H’
Si (CHy)q.
\/\ /l( 3)2

X

The reaction of chloro(chloromethyl)dimethylsilane with
3,4-(HX),C,H,CH; (where X = O or S)%® in an analogous
manner to form a mixture of compounds corresponding to
the formulae:

Hac\/\rX\Si (CHs)s HsC— \/,X\
| | ) " éi(CH,),.
\/\x \x/

Chloromethyl -containing organosilicon alcohols undergo
intramolecular condensation on heating #48,44°:

[
CICHj (CHa)s Si [CH,],OHI > (CHg}, Li [CH,],0CH, + HCI,

wheren = 3 or 4.

2. Reactions which Do Not Involve a Halogen in an Organic
Group

Halogen -substituted organohalogenosilanes, according
to the reactivity of the halogens connected with silicon, in
reactions with nucleophilic reagents surpass the analogous
compounds which do not contain a halogen in an organic
group. The Si—Cl bond is more reactive than the C-Cl
bond, therefore the action of nucleophilic reagents is di-
rected towards it first®83, The reactivity of the halogen
connected with silicon is also greatly affected by the type
and number of the organic groups at the silicon. Chloro-
(chloromethyl)methylsilanes can be arranged in the follow-
ing series according to reactivity 58:

CHCI,Si (CHs)s €1 < CH;CISi (CHg)g €I < CH,CISi (CHs) Clge

In the esterification of halogenoalkyl(or aryl)halogeno-
silanes the corresponding halogenoalkyl(or aryl)alkoxy-
derivatives are formed, for example, halogenoalkylethoxy-
silanes 17,18,184,377  halogenoarylethoxysilanes 18,187 and
halogenocycloalkylethoxysilanes 184,18, In partial esterifi-
cation under mild conditions (in the presence of hydrogen
chloride at reduced temperature) halogenoalkylalkoxy-
chlorosilanes can be isolated, for example, chloromethyl-
methylethoxychlorosilane 5%°, yyy-trifluoropropylmethyl-
ethylethoxychlorosilane 58, Thebasicity of trimethylethoxy -
silane decreases regularly as the methyl groupsare replaced
by yyy-trifluoropropyl groups 586,587,

In the hydrolysis of trifluoropropylchlorosilanes
(CF,CH,CH,),SiCl, . y the products obtained 231,23 gre
(RyS1),0 (n = 3), (R,S8i0)x (& = 2), and (RSIO, 4)x (n = 1),
where R = CF,CH,CH,. The hydrolysis of yyy-trifluoro-
a-chloropropylmethyldichlorosilane and yyy-trifluoro-3-
chloropropylmethyldichlorosilane leads to the formation of
linear and cyclic siloxanes of composition ™

[CF4CH,CHCISi (CH5)Olx and [CF;CHCICH,Si (CH,)Ol-
Disiloxanes are obtained by hydrolysis of bromophenyl-

methylvinylchlorosilane %88 and trifluoropropylmethyl-
chlorosilanes of formula 585:

(CF4CH,CH,)n(CHy)a—nSICl,
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and also acyloxy-derivatives 589,59 of formula
(p-XC4H,)5SIOCOR,

where X = halogen.

In the hydrolysis of yyy-trifluoropropylmethyldichloro-
silane and the subsequent catalytic destruction of the moist
hydrolysate in a vacuum in the presence of catalytic amounts
of alkali 8,591,592  two stereoisomers of 1,3,5-tris-(yyy-
trifluoropropyl)-1,3,5-trimethylcyclotrisiloxane are isola-
ted.

Under the same conditions, cyclic trimer and cyclic
tetramer were isolated?® from a hydrolysate of general
formula

[CHF,CH,CHy(CHo)s X SiOz s
2

and cyclic tri-, tetra-, and penta-siloxanes were isolated
from a mixture of (CH,),SiCl, and CF,CH,CH,(CH,)SiCl,. 59
On heating bis-(yyy-trifluoropropyl)diethoxysilane with
dilute HCl, [(CF,CH,CH,),Si0|, was obtained, which on
heating in the presence of a little KOH rearranges into a
cyclic trimer 5%,

Chloromethylmethylcyclosiloxanes with three and four
siloxane units were obtained by the hydrolysis of ww’-di-
chloro(chloromethyl)methylpolysiloxanes (n = 1-5), 595

On treatment of CICH,(CH,)SiCl, and BrCH,(CH,)SiCl,
with a mixture of ether, acetone, aniline, and water,
chloro- and bromo-methylethyldihydroxysilanes are ob-
tained 5%; chloromethyldimethylhydroxysilane is obtained
by hydrolysis of 1,3 -dichloromethyltetramethyldisilazane 57,
Inthe hydrolysis of an ethereal solution of C4H,C1,Si(OCOCH,),
with water %8 the monomer CyH,C1,5i(OH), is isolated. Un-

der analogous conditions (p-C1C4H,),Si(OH), and (p -BrCgH,),.

.Si(OH), 599,80 gre obtained, and also a compound of the
formula

Ra—a (p-X CyH,) Si (OH)s,

where R = CH; or CgH;; X =Clor Brandn =1 or 260,

In the hydrolysis of m - and p-XC-H,Si(CH,),Y, (where
X = Cl or Br and Y = Cl or OCH,) %% the corresponding m -
and p -XCgH,Si(CH,)(OH), are obtained.

(p-XC,H,),Si(OH),, where X = Cl or F, were obtained by
hydrolysis of the corresponding organochlorosilanes in the
presence of (NH,),CO, at 0°C, 603,604

ww-Dihydroxy(chloromethyl)methylpolysiloxane oligo-
mers with two, three, and four siloxane units were obtained
by the hydrolysis of the corresponding ww-dichloro-con-
taining compounds 5%,

The nature of the substituent at the silicon atom has a
considerable effect on the acid properties of organohydroxy-
silanes: the introduction of halogen into alkyl®% and aryl 6
groups increases the acidity.

The rate of polycondensation of halogenomethylmethyl -
dihydroxysilanes is considerably less than that for di-
methylhydroxysilane €%, in particular, chloromethyl-
methyldihydroxysilane is condensed at less than one -thirtieth
the rate of dimethyldihydroxysilane 67,

Chloromethyldimethylhydroxysilane reacts with di-
methyldichlorosilane in the presence of triethylamine to
form 1,5-bis(chloromethyl)hexamethyltrisiloxane 8,

In the reactions of halogenated organohalogenosilanes
with organometallic compounds, first of all the halogen at
the silicon atom is replaced by organic groups 77,202,485,609,
Halogenoaryl silanes react with organolithium compounds
with replacement of a hydrogen atom by an organic
group 3%

o-ClC6H4[CH2|3Si(C6H5)2H + C6H5Li —*o-ClC5H4[CH2]38i(C6H5)3 + LiH.
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Chloromethylorganodichlorosilanes react with organo-
magnesium compounds from ww-dibromoalkanes, forming
silacycloalkanes 458,820

CH,
CH,CI (CHs) SiCly + BrMg(CH,],MgBr — DSi<CH,CI +2MgCIBr

In the hydrogenation of chloromethylchlorosilanes of the
type

CHaClSiClL™  or  CH,CISiRs_,CIt®,

the corresponding silicon hydrides are formed. In the
hydrogenation of organochlorosilanes with trifluoropropyl
groups 23,237 compounds of the formula (CF,CH,CH,)y.
.SiH, _ j are obtained. The action of LiAlH,, on Cl,SiCCl,.
-SiCl, yielded H SiCCl,SiH,, 8 which explodes when heated
in a vacuum.

Chloromethyldimethylchlorosilane reacts with ammonia
to form a silazane 57:

CICH, (CHs)s SiCl 4- NHs — [CICH, (CHj), Si]; NH 4 HCL.

The main products of the ammonolysis of CF,CHFCH,Si.
.(CH,)Cl, are

{CFsCHFCF, (CH3) (NH,) Sil.NH

and cyclosilazanes %12,
In the reaction of chloroalkylorganochlorosilanes with
KHF, fluorine replaces chlorine attached to silicon?245;

CICH,CHyCH,Si (CoHs) Cly + KHF; — CICH,CH,CH,Si (CoHy) Fy o

Halogeno-organochlorosilanes react with anhydrides and
salts of organic acids 613,814 and with salts of difluoro-
phosphoric acid 8% according to the reactions:

RySiCl -+ (R"CO)y O — RySIOCOR’ 4- R'COCH,
RySiCl 4+ HCOONa —» RySiOCOH,
RR;SiCl 4- NH,OP (0) F5 — RR,SiOP (0) F, 4- NH,Cl,

where R = p-XC¢H, (X = Cl, Br, F), R’ =H, CH,, C,H,,
CH; - nCly.

Halogenoalkyl{or aryl)silanes react with alcohols in the
presence of sodium alkoxides 618617 or H,PtCl, 2%° with the
formation of alkoxysilanes; they are readily halogenated
at the Si—H bond by the action of halides 613,614,617-620 o
phosphorus(V) chloride 29,

The presence of electrophilic halogenoalkyl substituents
in silane is responsible for the considerable retardation of
the halogenation (in comparison with organosilanes, which
do not contain halogen atoms in the organic groups)82°,
The reactivity of C1CH,SiH, in reactions with RCOOH is
greater than that of C;H SiH,. %' The condensation of
tri-p -chlorophenylsilane with alkyl chlorides, alkenyl
chlorides, chlorobenzene, and p-dichlorobenzene proceeds
with higher yields than for triphenylsilane 367,622,

The introduction of chloroalkyl groups into organo-
silicon compounds sharply activates them in telomerisation
with hexamethylcyclotrisiloxane #23; the activity depends
on the position of chlorine in the alkyl group relative to the
silicon atom and decreases in the order: 8> a > .

Halogenoalkyl -substituted hydrido- and alkenyl-silanes
can be used in additions. ©y-Trifluoropropylalkenyl-
chlorosilanes add to methylhydrochlorosilanes with the
formation of

CF3CH,CH,Si(Cl) (CH3) »Si(R) (CHs)Cl

where R = Cl or CH; and 7 = 2 or 3.%¢ Chloromethyl-
dimethylsilane adds to

CH,=CHCH (R) OSi(CHs),
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in the presence of Pt/C with the formation 48 of:
CICH,Si(CH;) CH,CH,CH (R) OSi (CHs) ..

As the methyl groups in hexamethyldisiloxane are re-
placed by yyy-trifluoropropyl groups the splitting of the
siloxane bond by nucleophilic reagents is facilitated, but
electrophilic reagents are hindered5%58%,825,  Gjlicon hal-
ides break the siloxane bond in [R(CH,),Si],0, where R is
CF,C(CH,), or CL,C,H,, with formation of the corres-
ponding halogenoalkyl(or aryl)dimethylhalogenosilanes 26,

Halogenoalkyl(or aryl)-containing organoacetoxysilanes
undergo condensation with metal alkoxides. Compounds of
the general formula RpR} _ ,SiOA1(OPriso), where R =
CF,CH,CH, or m-CF,;C¢H, and » = 1-3 have been obtained
by the reaction of RyR; - ,SIOCOCH, with Al(OPriso),, 627

3. Reactions Accompanied by the Loss of a Halogen-
Containing Group from Silicon

When aqueous NaOH acts on hexachlorocyclohexyl -
methyldichlorosilane the loss of C;H,Cl,; is accompanied by
dehydrochlorination and by the formation of 1,2,4-tri-
chlorobenzene with 86.6% yield; hexachlorocyclohexyl-
chloromethyldichlorosilane decomposes with the formation
of chloromethane in addition to trichlorobenzene '#,1%, n
the reaction of NaOH with chlorinated dimethyldichloro-
silane and bis(trichloromethyl)diethoxysilane !8 the yields of
CHCL, are 94.3 and 89.6% respectively. In 1-chloromethyl-
1-methylsilacyclopentane the chloromethyl group is lost
even on boiling with quinoline5!2; on boiling inthe presence
of water sym -dimethylbis(cyclotetramethylene)disiloxane
is formed. In chloromethyl trichlorosilanes the mono-
and di-chloro-substituted groups are completely stable even
on boiling with anhydrous FeCl;, and trichloromethyltri-
chlorosilane decomposes even in the absence of a catalyst
with the formation of SiCl, and C,H,. %28

In polyorganosiloxanes the stability of the halogenoalkyl
groups is just the same as for the monomeric compounds,
depends on the position of the halogen relative to the sili-
con atom. In (CHF,CF,SiO, ;) and (CHF,CH,SiO, ;)p the
Si~C bond is broken on shaking with 10% NaOH solution at
20°C; under these conditions (CF,CH,CH,SiO, ;) is com-
pletely stable 829,

The breaking of the Si-C bond also occurs with sodium,
for example, on chloromethyltrimethylsilane 63 and also in
the reaction of tetrakis(pentafluorophenyl)silane with lithi-
um 885:

(CoFs)q Si +2Li — (CyFy)s SiLi + CeFsli .

The pentafluorophenyl group is lost under the action of
bromine 3%5;

(CeF)a Si + Bra— (CoFy)s SiBr + CeHyBr ,

The presence of a halogenomethyl substituent greatly
accelerates the solvolysis of organosilanes in alcohol -

water medium 931,632 which here proceeds in two directions:

CH,CISi (CHs)y H + Hy0 -+ OH- — CH,CISi (CHs)2 OH + H, + OH- , (1)
CH; CISi (CHs); H -+ HyO + OH~ — (CHjs)s SiOH + HyO + Cl- & (2)

The relative contribution of reaction (2) in this process
depends on the nature of the halogenoalkyl radical and in-
creases in the order: CHCI, < CH,Cl < CH,I < CH,Br.

The hydrolysis of (CH,)sSiSi(CH,),CH,Cl gives
[(CH,),SiSi(CH,), ],0. #°
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4, Physical Properties

There have been comparatively few studies of the
physical properties of the halogenoalkyl(or aryl)-substitu-
ted organosilicon compounds.

The infrared 48, 78,104,185, 201,242,308, 361,422,438, 596, 618, 633 -631,
ultraviolet 253,835,838 Raman 49,267,350,637  electron absorp-
tionz&l’ NMR‘?T, 78,120,140,201,253’308,839, nuclear quadrupole
resonance #%-#3 and proton magnetic resonance #* spectra,
polarographic behaviour %, and electron microscopic
examination of polyorganosiloxanes %4¢ have been described.

0L APPLICATIONS

Organosilicon compounds containing halogenated alkyl
and aryl groups find application in various fields of tech-
nology #7848,

For example, the use of organochlorosilanes with yyy-
trifluoropropyl 23 and o-(trichloromethyl)propyl #4° groups
for the hydrophobisation of ceramic and other materials is
known; halogenoalkyl-containing compounds are converted
into nitro- and nitrito-derivatives for use in the pharma-
ceutical industry#¢®. The replacement of alkyl and aryl
groups in molecules of polyorganosiloxane liquids by halo-
genoalkyl and halogenoaryl groups markedly changes their
properties, in particular, it increases the activation ener-
gy for viscous flow®4, increases chemical stability, and
leads to a deterioration in their lubricating properties 65°,

One of the most widely used types of liquid for these
purposes are the yyy-trifluoropropylmethylsiloxanes.

They exhibit good lubricating properties on all metals 81,
In distinction from other organosilicon liquids polytri-
fluoropropylmethylsiloxanes are used successfully as lu-
bricants for steel-steel couples 52,

Consistent lubricants based on these liquids 53,85 exhibit
high stability to the action of water and solvents.

Liquids with other halogenoalkyl groups are used under
the same designation, for example, aoy-tribromopropyl,
vyy-trichloropropyl 3'6, B-(perfluoroalkyl)ethyl 65, w-
chloroalkyl 377, trifluorovinyl4!®, and also bromophenyl 656,
chlorophenyl 57, and chlorocyanoalkyl 92,658 groups. Liquid
polyorganosiloxanes with molecules of formula p -
CIC.H,SCH,CH,Si(CH,)O as elementary units of the chain
exhibit good lubricating properties 33!,

Linear polidimethylsiloxanes with —-[CH, ], COOR termi-
nal groups, where R =CHxF, _ x[CHyF, .. y|,CH,- (x =
0-2, y = 0-2, n = 0-10), 5% CHF,|[CF,|,CH,~ or CClF,.
.[CF,CFC1]hCH, - %% are synthetic liquids which combine

‘the_best properties of organosilicon, fluorohydrocarbon,

and ester oils. These liquids exhibit good viscosity char-
acteristics over a wide range of temperatures, and a low
freezing point; they are suitable for work under conditions
of high temperature (205-260°C) and pressure. Analogous
properties are exhibited by liquids with elementary unit of
the chain molecule OSi(CH,)[CH,|,COOR, where R =
ngZCHZ’ H[CF,],CH,, or hexachlorobicycloheptenylmeth-
ylesi,

Liquids which contain fluorinated organic groups are of
great interest as dielectrics?23%%4%,862,  For example, a
liquid of composition [CF,C4H,Si(CH,)O],, has € = 6.5-9.5 in
the range of temperatures from -20° to +100°C and fre-
quencies of 100-100000 Hz and is used as insulating im-
pregnants of condensers.

Liquids containing hexafluoroisobutyl groups and active
hydrogen are used for conferring oil-resistance on articles
made of glass, metal, wood, leather, textiles, etc.2%7,
Liquids with fluoroalkyl groups are used as fire-extinguish-
ing materials %8, hydraulic liquids, and plasticisers %4,
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Rubbers with s-(perfluoroalkyl)ethyl groups 4, in par-
ticular with trifluoropropylsiloxane units 238,654,685 gnq B-
trifluoromethylpropyl ° units are stable in air to 200°C
and in a vacuum to 250°C. Polytrifluoropropylmethyl -
siloxane rubbers exhibit reduced residual deformation ¢
and better technological properties 7 in comparison with
polydimethylsiloxanes.

Unfilled arylenesiloxane vulcanisates with trifluoro-
propyl groups %2 have a tensile strength of 30 kgf cm~2 and
when reinforced 90-105 kgf cm "2 at a relative elongation
of 300-400%. Resins based on these rubbers retain their
elasticity after radiation doses which considerably (more
then 15 times) exceed that critical for polydimethylsilox-
anes.

Rubbers with chloromethyl groups at silicon atoms are
used 967, The use of polyorganosiloxanes with haloge-
nated alkyl groups in the composition with polytetrafluoro-
ethylene is well known %73,

To obtain polymers with halogenophenyl groups, the
method of catalytic polymerisation is widely employed. The
introduction of halogenophenyl groups instead of phenyl
groups greatly retards polymerisation ®™,%7; depending on
the number of chlorine atoms in the phenyl groups their
effect on the retardation of the polymerisation process in-
creases in the order 7

CsHs; < CICsH ;< Cl3CsHy << ClaCeH3 < C1,C6H.

The thermal stability of the polymers decreases with
increase in the number of chlorine atoms in the phenyl
group®’s, Polymers with halogenophenyl groups are used
as non-inflammable adhesives for plastics, enamels, and
glues in electrical insulating technology %877, They also
modify organic resins and lakes for conferring fire-resis-
tance.

Polymers with halogenoalkyl (CF,CH,CH,, 2*® C1[CH,]p,3""
CHFCICF,, and CHCL,CC], 227) and chlorocyanoalkyl *
groups are used for obtaining plastics, decorative coatings,
and other purposes.
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