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wherein R is an alkyl group having 3 to 20 carbon atoms or a | sob
¥= phenethyl group. Such compounds are produced by reacting |
< a monosubstituted dichlorosilane RHSIC1, at a temperature ! o

of 30 to 200°C with styrene using a catalytic complex of |

platinum and a phosphine compound. Hydrolysis and . 40
= nolymerization of the substituted phenethyldichlorosilanes
© {1} yields polysiloxanes with good heat-resistance and other '
desirable characteristics. |
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“"DICHLOROSILANE DERIVATIVES, THEIR
PRODUCTION, AND THEIR POLYMERIZATION
TO POLYSIIOXANES"

The present invention relates to dichlorosilane
derivatives, their production, and their polymerization
to polysiloxanes. More particularly, the dichlorisi-
lane derivatives with which we are concerned are y
substituted phenethyldichlorosilanes.

Diorganodichlorosilanes are very impoftant compounds
in the silicone resin industry but only relatively few
compounds such as dimethyldichlorosilane and diphgwld:ich-
lorosilane are actually used on an industrial scale. .
Methods for producing diorganodichlorosilanes include
one which utilizes Rochow's process and one which utilizes
a Grignard reaction, but any of the known methods produces
a large amount of by-products and it is thus difficult
to obtain diorganodichlorosilanes in good yield using
the methods currently available. .

~With the recent developments in the silicone resin
industry, it has become appreciated that other'¢iérgano—
dichlorosilanes are desirable. For example, diorganodi-
chlorosilane compounds of the type Bgﬁb31012 which eon-
tain an alkyl substituent R? and an aralkyl substituent
R® would be useful as bifunctional monomers for poly-
giloxanes. However, the only such Rﬁﬁb81012 compownd
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which has been commercially produced up until now is
CH5SiClzPh, Ph being a phenyl group. Moreover, a
search through the chemical literature reveals that
this example of the Ra‘RbS:i.Cl2 compounds is, supplemented
only by those in which R® is a methyl or ethyl group
and which are of the formulae CZH SlGlZ(CHZCHZP’h),
CZHBSJ.Clz(CHCHBPh), CZH SiCl [(CHz) Ph], 02H SiCl
[CH,CH(CH,)Ph], C.H SiClaf(CHZ)q_ h], and CHg SlCl -
[CH(CH )CH OHzPﬁ] ; Bee Chemical Abstracts ﬂ, 22435 and
53, 1‘7028.

It is the present state of the art that there are
no known asymmetrically-substituted compounds Ra'R 81012
in which R® and Rb both have more than 2 carbon atoms.
In addition, there are no methods avallable for produ-

cing any such compounds.

We have been continuing our research work in various
ways in order to overcome the above mentioned problems
in this field of art, and have succeeded in the prepara-
tion of compounds which have previously not been known.
The compounds which we have prepared are suitable as
bifunctional monomers for production of polysiioxanes.

The compounds of the present invention are substitu-
ted phenethyldlchloros:.lanes represented by the general
formula

N ,Cl

. 7 |
: @-cnz —tHy g (1)



10

i5

20

0000614

-3

vherein R iz an aikyl group heving 3 - 20 carbon atoms
¢ a phenethyl greup. The present compounds thus
ghare in commeon the fuch that they are diorganodichloro-
gilaneg subetituted by & T:rent organo groups which
both possess 3 carbon atoms or more.

More paxrticularly, the present compounds include
&lkylphenethyldichloresilanes represented by the
general formuls

K Cl
\s./

cnz-én{ '~ 6l S

wherein R' is an alkyl group having 3 - 20 carbon stome.

Concrete examples of compounds of the formula (II)
ares propylphenethyldichlorosilane, isopropylphenethyl-
dichlorosilare, butylphenethyldichlorosilane, isobutyl-
phenethyldichlorosilane, pentylphenethyldichlorosilane,
isoamylphenethyldichlorosilane, hexylphenethyldichloro-
silane, heptyiphenethyldichlorosilane, octylphenethyl-
dichlorosilane, nonylphenethyldichlorosilane, decylph-
enethyldichlorosilane, undecylphenethyldichlorosilane,
dodecylphenethyldichlorosilane, tridecylphenethyldichloro-
silane, tetradecylphenethyldichlorosilane, hexadecyl-
phenethyldichlorosilane, octadecylphenethyldichloro-
silane and eicosylphenethyldichlorosilane.

. The compounds of the present invention also

include diphenethyldichlorosilane represented by the

-
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formula’

(111}

The method we provide for producing the compounds
of the present invention comprises reacting at a temp-
erature of 30 to 200°C a monosubstituted dichloro-

5 silane having the general formula R?HSiCla, where R5
is as defined above, with styrene in the presence of
a complex of platinum and a phosphine.
" Where R? in the monosubstituted dichlorosilane is
an alkyl group having 3 to 20 carbon atoms it is pre-
40 ferred that the reaction with styrene is effected at
20 to 110°C. The .reaction time is not critical but
is usually 1 to 60 hours. The reguired starting
material, a monoalkyldichlorosilane of formula R'-
HSiClZ, R' being as defined sbove, is preferably pre-
15 pared by the addition reaction with dichlorosilane
- itself of an K-olefin having 3 to 20 carbon atoms.
For example such a starting material can be obtained
by reacting dichlorosilane and an d-olefin having
-3 to 20 carbon atoms in the presence of a complex of
20 a phosphine compound and a transition metal of group
- 8 at a temperature of 30 to 200°C. Conviently the
reaction is carried out for 1 to 60 hours at atmospher- |,
ic or greater pressure. Where the transition metal is
other than platinum the reaction is preferably effected

-
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at 50 to 200°C and the cetglyst then separated off
before the subsequent reaction with styrene. On the
other hand, where the transition metal is platinum then
the preferred reaction temperature is 30 to 110°c.
Furthermore, the complex need not be separated off but
can be retained in the liquied as the catalyst for the
subsequent reaction with etyrene.

Where 33 in the monosubstituted dichlorosilane is
phenethyl, the requifed starting material, monophenethyl-
dichlorosilane, can be obtained by reacting dichlorosi-
lane with an equimolar or excess amount of styrene in
the presence of a complex of a transition metal of
group 8 and a phosphine. Exsmplea of such complexes
include chlorotris(triphenylphoaphine)rhodium(I),
[RhCl(PThB)i] and tetrakis(triphenylphosphine)platinum(0),
EPt(PPh )4] Suitably the reaction is effected at 30 to
200° c, and when the complex is a platinum complex then it
iz usually found that monophenethyldichlorosilane alone
i8 ocbtained if the molisr ratio of styrene to dichlorosi-
lane is 1 or less, and that diphenyldichlorosilsne is also
produced if styrene is present in molar excess. Such
reactions may be represented by the following equations
(1) and (2):

HéSiClz + 2PhCH = CH29(Ph052052)281012 I &)

Ph032052313012 + PhCH = CH,>(PhCH,CH,),8iCl, ceeal(2)
In other words, diphenyldichlorosilane can be

produced by reacting dichlorosilane with 2 or more
molar equivalents of styrene or by reacting monophenethyl-
dichlorosilane with 1 or more equivalents of styrene,
the reszction being effscvsd iu the presence of s complex
of platinum and a phozphine compcund at 30 to 200°0.
The preferred reactiocn time is 0.5 to 60 hours.

The complex of platinum and a phosphine compound
eaployed in the methods of the present invention acts
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as a catalyst and is preferably tetrakis(triphenyl-
phosphine)platinum(0). The preferred concentration of
complex is 1 to 10 =15 , preferably 1 to 10-8, mol
percent per silicon atom.

The production of the substituted phenethyldichloro-
silanes can be carried out as a batch, flow-method or
half-batch procedure. For example, diphenethyldichloro-
silane can be produced by a method in which liquefied
dichlorosilane, styrene and the catalytic complex are
charged into a sealed reactor, reacted by heating under
pressure, and distilling off the product after reaction.
Other methods include those in which dichlorosilane is
flowed into a reaction vessel containing styrene and
acétaiytic liquid, or in which styrene and dichloro-
silane are counter-flowed through a fixed bed supporting
a catalyst on a carrier. '

A characteristic feature of the methods described
is the use of dichlorosilane and/or a mono-substituted
dichlorosilane as starting material for production of .
thé substituted phenethyldichlorosilanes. In-such
methods it is to bé noted that the hydrogen directly
Jjoined to the silicon of dichlorosilane or of the
mono-substituted dichlorosilane adds only to the X-pos-
ition of styrene to form the product. It is of great
advantage that the isomer in which the above mentioned-
hydrogen adds to the p-position of styrene is not
formed. Moreover we have found that other by-products
are not obtained and that the desired substituted
phenethyldichlorosilanes are typically formed in an
extremely high yield.

The compounds (I) of the present invention are
novel compounds which can be polymerized using conven-
tional methods to produce polysiloxanes. As is well
known, the polymerization involves hydrolysis to give
initially the corresponding hydroxy compounds which then
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readily underge inter- ané intra-moleculsar condensation.
The polysiloxanes obteined using the substituted phene-
thyldichlorosilanes of the presgent invention have im-
proved heat-resistance and other desirable characteris-

. tic, The compounds of the present invention can thus

be used for improving the heat-resisting and other
properties of silicone o0ils, rubbers and varnishes

which are used as electrical insulating materisls,
lubricating oils, water-repelling agents, paints, release
agents etc.

The present invention will now be illustrated by
the following non—limitins specific Examples; compara-
tive examples are also given. In the examples reference is
made to the accompanying drawings, in which:

Figures 1 and 2 are respectively the infrared (ir) and
nuclear magnetic resonance (nmr) spectra of n-hexylphene-
thyldichlorosilane produced in Example 1;

Figures 3 and 4 are respectively the ir and nmr spec-
tra of n-dodecylphenethyldichlorosilane produced in
Exasmple 2; and

Figures 5 and 6 are respectivaly the ir and nmr
spectra of diphenethyldichlorosilane produced in Example
&,

Exsmple 1 |

3.80 g (20.5 millimol) of n-hexyldichlorosilane,

2.00 g (19.2 millimol) of styrene, and 0.023 g (1.92 x
10~2 mol) of tetrakis(triphenylphosphine)platinum(0) were
introduced into & flask and reacted with stirring by
heating in an o0il bath at 60°C for 8 hours. Distillaticn
under reduced pressure of ths reacted mixture produced 5.6
g (17.5 millimol) of a product shown to be n-hexylphenethy-
ldichlorosilane, (n-CgH,z) (cGHscnzcnz)smla.

The n-hexylphenethyldichlorosilane had a boiling point
of 120 to 123°C/1mmHlg and sm nSC of 1.5009. The elemental
anslysis wes as follows:-
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found: C: 57,87%, H: 7.57%, Cl: 23.5%;

theoretical: C: 58.12%, H: 7.66%, Cl: 24,51%.

The ir spectrum of this product was as shown in Figure
1 and the nmr spectrum was as shown in Figure 2,
Comparative Example 1

Reaction was carried out as in Example 1 except that
an isopropancl solution of HaPtCl .6H2 was substituted
for th tetrakis(triphenylphosphine)platinum(0). 4
resinous product formed and no n-hexylphenethyldichloro-
silane could be obtained.

Exgnple 2

Reaction was carried out as in Example 1 except that
n-dodecyldichlorosilane was substituted for the n-hexyldi-
chlorosilane, whereby a product shown to be n-dodecyl-
phenethyldichlorosilane (n—C12H25) (0635CHQGH2)81012,
was obtained.

The boiling point of the product was 165.2 to 168.0°C/
2mnHg., The ir spectrum of this product was as shown in
Figure 3 and the nmr spectrum was as shown in Figure 4.
Example 3

0.89 mol of 1-hexene, 0.08 mol % (relatlve to dichloro-
silane introduced later) of catalyst, tetrakis(triphenyl-
phosphine)platinum(0), were introduced into a 500 ml pres-
sure-proof stainless steel reactor which was sealed and
then cooled with a dry-ice-methanol bath. After introduc-
tion into the reactor of 0.64 mol of dichlorosilane through

en inlet pipe, the reactor was sealed and reaction was

carried out by heating in an oil bath at 100°¢C for 2 hours
with stirring. The reacted liquid was transferred to a
‘flask, 0.64 mol of styrene was added and further resction
wag carried out with stirring at 80°C for 4 hours. After
the reaction, distillation was carried out under reduced
pressure to obtain 0.58 mol of n-hexylphenethyldichloro-
silane having a boiling point of 120 to 123°C/1mmHg.



0000614
-9~

Example 4
25.6 g (254 millimol) of dichlorosilane, 52.3 g

(502 millimol) of styrene and 0.295 g (0.237 millimol)
of tetrakis(triphenylphosphine)platinum(0) were charged
into a 200 ml pressure-proof stainless steel reaction
tube as in the procedure Example 3, then heated in an oil
bath at 150°C for 16 hours with stirring. Distillation
of the reacted liquid under reduced pressure gave 36.0 g
of a product shown to be diphenethyld1chlor031lane.
10 2CH2)281012.
The diphenethyldichlorosilane had s boiling point
of 140 to 15100/1.Ommﬂg, The ir spectrum was as shown
in Figure 5. Absorptions are observed for aromatic
C-H stretch at 3000 to 3100 em™ ' and for deformation of
15 a C-H directly connected to Si at 126G cm'q, but no
characteristic absorption is seen for Si-H in the neigh-
bourhood of 2100'1 The nmr spectrum was as shown in
Figure 6. Referreing to the§ scale (ppm), there is no
signal corresponding to Si-H at 3.0 t¢ 5.0, but signals
20 are seen at 0.99 (corresponding tc. Si-CHA-) at 2.72 .
(-GHZ-Qgé—G H ) and at 7.12 (06§5 )s The integration for
these signals was in the ratio 4:4:10. In the mass
spectra, a parent ion M* 308 was observed.
A polysiloxane was then prepared in a conventional
25 manner using the diphenethyldichlorosilane as obtained in
this Example. Initial hydrolysis at &0°C give a product
of average molecular weight 86C which was shown by ir to
include cyclmc components formed by int*amo‘ecular conden-
sation. This initial product had s refractive index (25°,
30 D) of 1.570 and a kinetic velocity (25 °C) of 280 centistokes.
Further reaction at 80°C of 94g nZ the product with 3g of
hexamethyldisiloxane in the presence of 1 =zl of 10%
aqueous tetranethylammoﬁium nvaroxide gave 2 polysiloxane
of average molecular weight 3R00. . .
35 The polysiloxane had the rollowiug phyaloal charac-
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teristics:

Refractive index (25°C,D) 1.573

Einetic Viscosity (25°C) , 1210 centistokes

Temperature-Viscosity '

coefficient 0,898

Volume resistivity (20°C) 2.8 x 1077
(OHM.CM)

Dielectric constant (20°C) 2.82

Dielectric dissipation

factor (20°C) 7 x 10~2

Surface tension 25,7 (Dyne/Square
centimeter)

Coefficient of Friction (25°C) 0.15

Comparative Example 2
30.0 g (300 millimol) of dichlorosilane, 56.5 g

(543 millimol) of styrene and 50 mol of an isopropanol
solution of chloroplatinic acid (HZPtGIG.GHZO) containing
4,83 x 10'6nol of the acid were charged into a 200 ml
pressure~-proof stainless steel reactiaon tube end reaction

~was carried out as in the procedure of Example 3 by heat-

ing in an o0il bath at 50°C for 15 hours with stirring.
After reaction, the reacted liquid resinified and no
diphenethyldichlorosilane could be obtained.
Comparative Example 3

21,7 g (314 millimol) of dichlorosilane, 56.3 g
(541 millimol) of styrene and 0.2182 g (2.36 x 10~ mol)

of chlorotris(triphenylphosphine)rhodium(I) were charged

into a 200 ml pressure-proof stainless steel reaction tube
a8 in the procedure of Example 3 and reaction was carried

out by heating in an oil bath at 150°C for 20 hours with

stirring. _
After reaction, the reacted liquid was distilled
under a reduced pressure. 45.7 g (223 millimol) of a

-product found to be monophenethyldichlorosilane was

obtained, but no diphenethyldichlorosilane was identified
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Exarple 5

Following the procedure of Example 3, 73.2 g
(725 ' llimel) of Aiehlorosilane, and 92.7 g (890 mill-
imol) ef s‘v*eﬂr wore m-~2%al in the presence of 0.1164
g (1.68 x 107 mol) of cxzlorosris(triphenylphosphine)
rhodium (I) at 100°C for 16 hours and then the reacted
liquid wae Cistille? +~ obitgin 147.6 g of monophenethyl-

~

~ -

dichlorosilsue ‘».z. T35 7/7 nmumHg).

10.3 g (50 millimol) of the monophenethyldichloro-
silane, 22.7 g (218 millimol) of styrene and 0.08 g
(6.2 » 727 pel. v - wmaxia{ triphenylphosphine )plat-
inum(0’ were crarced :n:c a2 100 ml stainless steel
reaction tube and reacted by heating in an o0il bath
at 100°C #or 1% horre with stirring. After reaction,
the resc5~0 ligull. ».- <(lstilled under reduced pressure
to obtain 13.6 g 27 & rroduct having a bolling point
of 14100/1.5mmﬁg and having the szme ir, nmr and mass
gnectyr ac *he v ot of Tyample 4., It was thus confi-
rmec. tha% the »roiu~s wroduced by the present example
was diphenethyldichiorosilane.

BAD ORIGINAL @

A ——— e i
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WHAT IS CLAIM IS:-
1. A substituted phenethyldichlorosilane having the
general formula

Re, ,Cl

Si -
Q'C“Z CH/ : (1)

wherein R is an alkyl group having 3 to 20 carbon atoms
or a phenethyl group.

2. A substituted phenethyldichlorosilane according to

Claim 1 wherein R is an alkyl group having 3 to 20 car-
bon atoms.

5. A substituted phenethyldichlorosilane according to

Claim 1 wherein 33 is a phenethyl group. k

4, A method for 'producing a substituted phenethyldich-
lorosilane having the general formula

R Ll

: Si
{O-thu ™

wherein R is an alkyl having 3 to 20 carbon atoms or

a phenethyl group, which comprises reacting at a temper-
ature of 30 to 200°C a monosubstituted dichlorosilane
having the ‘general formula RHSi.ClZ, where R is as defined,
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with styrene in the presence of 8 cozylex of pivty
and a phosphine.

5. A method according tc Cleim &4 vherein trec o

is tetrakis(triphenylphospbine)pletinu.{C).

6. A method asccording to Claim 4 cr Claizn. 5 % .o,

R is an slkyl group havirg % to 20 cuiton aiar .
reaction with styrene is effected st 70 to 4450

7. A method according to Claim 4 or Claiz & 7. . .. ..
is phenethyl.

8. A method according to eny ome of Clainmu 4 (- %
wherein the monogubstituted dichleorocilanc Lﬁiify,

is prepared by reacting st a temperaturc ci 50 e oo
dichlorosilane itself with, as mey be spposprisio, o
{~olefin having 3 to 20 carbon atoms or stivers, i v .
presence of a complex of platinum end a phosphii.i.

9. A method according to Clsim 8 vherciun the cor . lex
employed for reaction of the dichlorosilens ito. ", i

also employed for reaction of the monosubstituted dicliicrs

silane produced.

10. A method according to Claim 9 wherein whon R io
phenethyldichlorosilane itself is reascted with 2 o
more molar equivalents of styrene to give aipbicncis ©
lorosilane.

11. A method for producing s polysiloxeve ir wihicl ¢ &2 .70~

lorosilane is hydrolysed snd polymerised, wberein thc
dichlorosilane is a substitnter phenethyldichlororilen:
having the general formul=

{1

R.
, Sy
thy ;7 o Q)

BAD ORIGINAL @
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wherein R is.an alkyl group having 3 to 20 carbon
atoms or a phenethyl group.
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