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Matter enclosed in heavy brackets [ 3 appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics imdicates the additicns
made by reissue.

This invention relates to organosilicon compounds
having ether linkages in the side chain.

- This application is a continuation-in-part of applicant’s
copending application Serial No. 586,638, filed May 23,
1956, now abandoned.

This invention deals with a modified form of an or-
ganosilicon compound which has an oxygenated sub-
stitute on the silicon. Due to the oxygenated substit-
uent the organosiloxanes of this invention possess unique
properties which have not heretofore been known in
organosilicon compounds. ‘Some of the compositions
within the scope of this invention are water soluble and
unlike most prior water soluble organcsilicon compounds
they do not hydrolyze upon standing in water solution.
In addition, the compositions of this invention have a
high degree of alcohol solubility which renders them
particularly useful in the cosmetic field.

It is the primary object of this invention to prepare
novel organosiloxanes which are useful as surface active
agents, release agents, lubricants, antifoam agents and as
cosmetic additives. Other objects and advantages will
be apparent from the following description.

This invention relates to organosiloxanes having the
unit formula :

R,

7”7 r”r a4
R”(OR").0R'ED,
2

in which R is a [monovalent] monovalent hydrocarbon
radical, R’ is an alkylene radical, R” is an alkylene radical
‘of at least 2 carbon atems, R’ is hydrogen, a saturated
hydrocarbon or an aromatic bydrocarbon radical, n is an
integer of at least 1 and a has a value from 0 to 2.

The siloxanes of this invention may be prepared by
means of two basic reactions. The best method of pre-
paring these siloxanes is reacting an unsaturated ether
[or] of the formula R””” (CR”),OB in which B is an al-
kenyl radical, with an organosilicon compound containing
an SiH group. This reaction is best carried out in the
presence of catalysts such as organic peroxides, platinum
or chloroplatinic acid. Under the influence of these cata-
lysts. the addition of the SiH to the unsaturated B group
oceurs to give the compositions of this invention.

The organcsilicon compounds employed in this reac-
tion can be monomeric hydrolyzable silanes of the
formula . :

H
RaBiYs-s

in which Y is a hydrolyzable group such as ‘halogen,
alkoxy or the like. After these silanes have been reacted
with the unsaturated ether they can then be hydrolyzed
in the conventional manner to produce the siloxanes of
this invention. Alternatively, the unsaturated ethers can
be reacted with siloxanes containing the SiH group. In
this case the siloxanes are prepared by a one-step process
and no subsequent hydrolysis is needed.

" In those cases where R’ is hydrogen it is preferable
to block the hydroxyl group in the urnsaturated ether with

2

a triorganosiloxy group (for example, by reaction with a
triorganohalosilane) prior to reaction with the organo-
silicon compound. -This blocking prevents side reactions
involving the silicon bonded hydrogen or any silicon
bonded halogen. After addition of the unsaturated ether
to the organosilicon compound has taken place the tri-

- organcsiloxy group can be removed by hydrolysis to
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regenerate the hydroxyl group.

An alternative method of preparing some of the com-
pounds of this invention is that of reacting a hydroxy-
alkyl organosilicon compound of the formula

Ra
HOR'SIC
3—a

2

with an alkylene oxide at temperatures of 70 to 150° C.
in the presence of catalysts such as HySO,, stannic chloride
and AlCll;. Under these conditions reaction of the
aikylene oxide with the hydroxy of the hydroxy-alkyl
takes place to produce a hydroxyether of the formula

Ra
HOR”OR'SIO
3—a

2

This method is particularly adaptable where R’ is a
methylene group.

As can be seen from above the organosilicon com-
pounds of this invention can be prepared by reacting
any unsaturated ether of the formula R’ ( OR’");OB with
an SiH compound, Thus it can be seen that these ethers
can be either monoethers in which R’ is hydrogen or
diethers in which R’ is a hydrocarbon radical., For the
purpose of this invention B can be any alkenyl radical
such as vinyl, allyl, hexenyl or octadecenyl. When the
B group adds to the silicon it is converted to an alkylene
radical of the same number of carbon atoms.

R” is any alkylene radical of at least 2 carbon atoms
such as ethylene, propylene, hexylene or octadecyléne,
and R’ can be hydrogen or any saturated aliphatic
hydrocarbon radical such as methyl, ethyl, butyl, t-butyl
or octadecyl; any saturated cycloaliphatic hydrocarbon
radical such as cyclohexyl or cyclopentyl; any aryl hy-
drocarbon radical such as phenyl, tolyl, naphthyl or xenyl
and any aralkyl hydrocarbon radical such as benzyl.

Thus it can be seen that the intermediate ethers which
are used in this invention are the monoethers and di-
ethers of glycols and polyglycols. Specific examples of
ethers of glycols which are operative herein are those
of ethylene glycol, propylene glycol, hexylene glycol and
octadecylene glycol. = Specific examples of ethers of poly-
glycols which are opérative herein are those of diethylene
glyeol, tetracthylene glycol, decaethylene glycol, tetra-
propylene glycol and dihexylene glycol.,

For the purpase of this invention the silicon atom may
be substituted with R groups. R can be any monovalent
hydrocarbon radical such as alkyl radicals such as methyl,
ethyl and octadecyl; cycloaliphatic radicals such as cyclo-
kexyl and cyclopentyl; aryl hydrocarbon radicals such as’
phenyl, tolyl, xenyl and naphthyl; aralkyl hydrocarbon
radicals such as benzyl and unsaturated aliphatic and cy-
cloaliphatic hydrocarbon ‘radicals such as vinyl, - allyl,
hexenyl and cycloliexenyl. )

In those cases where R. is" an unsaturated non-
aromatic -hydrocarbon radical ‘it is preferable that the
compounds be prepared by reaction of an alkylene
oxide with the corresponding hydroxyalkyl silicon com-
pound described above. Itis to be understood, however,
that it is not imperative that this ‘method be employed
although such a method avoids undesirable side reactions
which may occur by adding an unsaturated ether to a
silicon compound containing an unsaturated aliphatic
hydrocarbon radical. -
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This invention also relates to copolymers containing
from .1 to 99.9 mol percent siloxane units of the formula

RI
R (OROR'SI0,

2
in which R, R”, n, R’, R and a are as above-defined
and from .1 to 99.9 mol percent siloxane units of the
formula

T8I0,

. 2
in which Z is of the group monovalent hydrocarbon
radicals and halogenated monovalent hiydrocarbon radi-
cals and b has an average value from 1 to 3 inclusive.
These copolymers can be prepared by the cohydrolysis
of the corresponding hydrolyzable silanes of the formula

R
R (OR")nOR/SiY3-a
and
ZoS1Y 4

in which Y is a hydrolyzable group. This hydrolysis can
be carried -out in the conventional manner for cohy-
drolyzing hydrolyzable silancs. Alternatively, the co-
polymers of this invention can be prepared directly by
reacting the above-defined unsaturated ethers with co-
polymers. containing silicon bonded hydrogen in some of
the siloxane units, This reaction ds carried out in an
identical manner as described above.

The copolymers of this invention can contain the fol-
lowing types of siloxane units: ZSiOs/s, Z5810, Z38i0 5
and limited amounts of SiQy units. For the purpose of
this invention Z can be any monovalent hydrocarbon rad-
ical such as alkyl radicals such as methyl, ethyl, hexyl
and octadecyl; alkenyl radicals such as vinyl, allyl and
hexenyl; cycloaliphatic radicals such as cyclohexyl, cy-
clopentyl and cyclohexeayl; aralkyl hydrocarbon radi-
cals such as benzyl and aryl hydrocarbons radicals such
as phenyl, tolyl, xenyl and naphthyl.- Z can also be any
halogenated hydrocarbon radical such as chloromethyl,
tetrafluoroethyl, trifluorovinyl, tetrafluorocyclobutyl, chio-
rodifluorovinyl, o,x,e-trifluorotolyl, bromophenyl and
tetrabromoxenyl.

The compositions of this invention are unique in their
properties becanse they have in the molecnle both a hy-
drophilic and a hydrophobic portion. As a result when
the hydrophilic portion is present in sufficient amount the
materials are water soluble, In general it has been found
that the compositions of this invention are water soluble
even when as much as 30 mol percent of the total siloxane
units are of the formula

Zu810,
a2
Alcohol solubility is obtained with much higher per-
centages of the latter siloxane umits. Because of fthe
dual nature of the molecules of the compositions of this
invention they are useful for emulsifying agents and for
antifoaming agents.

In addition the water solubility of these materials
renders them particularly -useful for release. agents.
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Prior to this invention organosilicon release agents were -

sold primarily in the -form of aqueous emulsions.
Emulsions tend to break from one cause or another and
consequently are not as satisfactory ds aqueous solutions.
Prior. to this invention the only satisfactory siloxane
release agents in the water soluble class were. those in
which the water. solubilizing group was hydrolyzable.
As a rtesult when these were placed in. solution and
allowed to stand the siloxane invariably oiled out due
to the hydrolysis of the solubilizing group. .This of
course prevents any widespread commercial use of this
type of material. :

The present materfals, however, are water soluble but
do not hydrolyze on standing because the solubilizing
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‘group is connected to the silicon by a silicon-carbon

linkage which is stable to hydrolysis. Thus the materials
of this invention avoid the difficulties which have been
encountered with previcusly known siloxane release
agents.

In addition the siloxanes of this invention, both homo-
polymers and copolymers, are -useful ‘as lubricants and
give far superior lubricity to conventional siloxanes.

The following examples are ilustrative only and should
not be construed as limiting the invention which is prop-
erly delineated in the appended claims.

EXAMPLE 1

509 2. of CH2=CH2CH20(CH2CH20)38CH2CHZOH
(hereinafter referred to as polyglycol A) was reacted
with 130.2 g. of trimethylchlorosilane by heating a mix-
ture of the two for 2 hours to a temperature of 88° C.
This was done to block the hydroxyl groups with tri-
methylsitoxy groups.

The resulting product was mixed with 2 g. of a 1%
ethanol solution of chloroplatinic acid and 60.1 g. of
a trimethyl end-blocked methylhydrogensiloxane having
a viscosity of about 20 cs. The mixture was heated at
151° C. until the solution become homogenecus. It
was then cooled to 130° C. and heated for an additional
hour.,

The product was then mixed with 16.3 g of 5%
hydrochloric acid and heated at from 106 to 124° C.
for 1 hour to remove the irimethylsiloxy groups from
the glycol side. chain. The product was neufralized
with sodinm bicarbonate, filtered and then stripped by
heating at 50° C. at 13 mm. to remove low boiling
products.

The resulting product had a viscosity at 25° C. of
204 cs., an np® of 1.4595 and a freéezing point of 1° C,
This material had the formula

(CH;);0 (CHaCH;0)5.8(CH:):0H
MeaSiO[l%iOZ)a (CH;CH;0)55(CHs)2
)

1=81Mes
This material was water soluble and was a good anti-
foam agent for ethylene glycol antifreeze solutions,

EXAMPLE 2

509 g. of polyglycol A and 129 g. of dimethyldichloro-
silane were heated at 102° C, for 30 minutes. 2 g. of
a 1% ethanol solution of chloroplatinic acid and 60.1 g.
of (MeHSiO), were then added and. the mixture was
heated at 120° C. for 48 minutes. The product was hy-
drolyzed by heating with aqueous HCI and then neutral-
ized with sodium bicarbonate and filtered. The result-
ing product was heated at 50° C. at 13 mm. to remove
the dimethylsiloxane formed during the hydrolysis. The
resulting product was heated at 50° C. at 13 mm. to re-
move the dimethylsiloxane formed during the hydrolysis.
The resulting fluid had a viscosity at 25° C. of 455 cs.,
an np2 of 1.4555 and a freezing point of 1° C. and had
the unit formula

0
MeSi(CHy)50 (CH;CH:0)850 CH:CH:0H
This material was useful as an antifoam agent for
ethylene glycol antifreeze solutions.
‘ EXAMPLE 3

509 g. of polyglycol A were mixed with 162.9 g. of
trimethylchlorosilane and refluxed 2 hours at 55 to 67°
C. The product was mixed with 1 g. of a 1% ethanol
solution -of chloroplatinic acid, 200" cc. of dry toluene
and .135.3.g. of .

Ph
HMepSi0SI08iMesH
Me

The mixture was heated at 81 to 100° C. for ¥ hour.
The excess trimethylchlorosilane and some toluene were
removed by distillation and 38 g. of 2% HCI was added
to the residue. The mixture was heated at 95 to 110° C.
for 115 hours. The material was then stripped by heat-
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ing up to 177° C, and the residue was neutralized with
sodium bicarbonate, filtered and further heated to 102° ¢,
at 3 mm, pressure, The residue had a viscosity at 25° C,
of 69 ¢cs. and a refractive index of 1.4641. This material
had the formula

5

EXAMPLE 7

When 1 mol of the vinylmethylether of ethylene glycol
is reacted with 1 mol of trichlorosilane in the presence of
1g ofa.35% dimethyl carbitol solution of chloropla-
tinic acid at a temperature of 125° C. in an autoclave for

Meg Ph Me,
HO(C Hy)2(0 CHzCHQ) 8.80 (CH:)QSiOﬁOS]' (CHy);;0 (CH:CHgO)a.s(CH:)zOH
. ©

EXAMPLE 4

A mixture of 3204 8. of the ethylvinylether of di-
ethylene glycol, 200 m1. of toluene, 134.3 8. of tetramethyl-
disiloxane and 1 g of a 1% ethanol solution of chloro-
platinic acid was refluxed at 90 to 117° C. for 8 hours.

The resulting product was distilled to give the compound

[EtO(CHzCHzO)nCHz(}HzlSV{]?O
boiling 170 to 171° C. at .4 mm. and having the follow-
ing properties, a specific gravity at 25° C. of 963, a
viscosity at 25° C, of 6.82 ¢s, and an np? of 1,4337,
This fluid was tested on a Shell four-ball wear tester
employing 52-100 standard steel balls at 275° F.at 1200
4 kg, the scar diameter was

was .93 mm. This shows far superior lubricity at the
higher load to conventional siloxanes,

EXAMPLE 5

337 g. of the vinylmethylether of ethylene glycol was .

of toluene, 201.5 8. of tetramethyldi-
siloxane and 1 8. of a 1% ethanol solution of chloropla-
tinic'acid and heated at 84 t0 92° C. for 7 hours. . The
resulting product was distilled to give 200 g. of the com-
pound

mixed with 200 m],

Mey
IMeOCH;CH,0 CH;CHSij,0

having the following Properties: boiling point 111.5° ¢,
at 1 mm., specific gravity at 25° C, of 0.945, viscosity at
25° C. of 3.4 cs. and an np?5 of 1.4299,

EXAMPLE 6-

A mixture of 223 8. of the monoallylether of diethyl-
ene glycol and 54.3 g. of trimethylchlorosilane was heated
at 58-68° C. for 214 hours. The product was mixed
with 130 g. of a siloxane of the average molecular for-
mula
M,

Me; Me;  Me,
HSi0 (810) n1.08iF

PhO (CH2)0 (CHy) 1wCH=CH,
N ‘Me
PhCH;0 CHCH;0 CH=CH,

CHCsH,[O CH,CH;;0 CH,CH=CH;,

125 ml. of toluene and 1 g, of a .35% dimethyl carbjtol
solution of chloroplatinic acid and heated at 93 to 106,5°
C." for 6 hours,

HCI were then added and the mixture was heated for 2

distilled off,
bonate, filtered and then stripped by heating to 15¢°
at 1.5 mm. The
lecular formula
‘ Mes Moy, Me,

H(OCH;CH,;0 (CH2)381[081]1.2081(CHy) 5 0 (CH,0H;0),H
and the following properties: viscosity at 25° C, of 43.8
¢s. and-an np% of 1.4095.

Some ‘of the toluene and the excess
i 20 ml. of 12%
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4 hours and the resulting product i hydrolyzed, a resinous
polysiloxane of the unit formula :

MEOCH2CH200H2CH2Si03 /2
is obtained.
EXAMPLE 8

When the methylvinylether of ethylene glycol is re-
acted wit phenyldichlorosilane in i

MeOCH,CH,0 OHonQé)illo
is obtained,
EXAMPLE 9
When an equimolar mixture of
CH2=CHCH20(CH2CH20)9,3SiMe3
and ethyldichlorosilane is heated at 120° C. for four

hours in the presence of .1 g, of a .35% solution of
chloroplatinic acid in diethylcarbitol, the compound

Et
CL:Si(CHy);0 (CH;CH;30)4.581Me,

is obtained. :

When 50 mol percent of this chlorosilane is cohy-
drolyzed with 10 mol percent monomethyltrichlorosilane,
10 mol percent chlorophenyltrichlorosﬂane, 10 mol per-

Eg
H(OCH,CHy) .40 (CHy),8106 -

10 mol percent MeSiO;,,, 10 mol percent C1C6H4Si03/2,
10 ‘mol percent CH2=CHSi03/2 and 20 mol percent
PhSiOy, is obtained. ~

EXAMPLE 10

The following siloxanes are obtained when the follow-
ing ethers are reacted with tetramethyldisiloxane in ac~

Ether Siloxane

cordance with the procedure of Example 4,

Me;
[PhO (CHy;0 (CH)18i,0
Me Me,
[PhCH:0 CHCH,0 (CH3):8ij;0

Me,
[CH;CoHi(0 CH3 CHy)10 (CH 8110

EXAMPLE 11

When 1 mol of hydroxypropylvinylsﬂoxane is reacted
with 1 mol of ethylene oxide by heating a mixture of the
two at 120° C. in the presence of 1 g, of SnCly, a fluid
siloxane having the unit formula

CH=CH,
HO(CH,);0 (CHy)38i0
is obtained.
EXAMPLE 12

A ‘mixture of 196.8 g. of the allylmethylether of ethyl-
ene giycol, 96.2 g of a 25 cs. trimethy] end blocked
methylhydrogenpolysiloxane fluid, 200 m1,

toluene and 3 8. of a solution of chloroplatinic acid in
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8
e dimethyl ether of diethylene glycol, said solution That which is claimed is:
sntaining .14% by weight Pt, was heated 2t 109 to 118° 1. A siloxane of the unit formula
. for 4 hours and 21 minutes. | The product was then R
eated to 215° C. at 2.mm. to remove low boiling ma- R”’(OR")HOR’Sib
srials. The residue was a fluid of 3000 cs. viscosity at 5 i—a
5° C. having an index of refraction of 1.4481 at 25° C. 2
“his fluid had the formula in which R is a monovalent hydrocarbon radical, R’ is
CHiOH;CH0 CHCH0Me an alkylene radical, R” is an alkylene radical of at least
Me;SiO[Si0 1.8iMey 2 carbon atoms, 1 is an integer of at least 1, R’ is se-
Me 10 lected from the group consisting of hydrogen, saturated
EXAMPLE 13 hydroearbon radicals and aryl hydrocarbon radicals and

A mixture of 588 g of a has a value fr_om 0 to 2 inclusive.

2. A composition in accordance with claim 1 where

CH,=CHCH;0 (CH,CH;0) 12H R is a methy! radical.
and 162.9 g. of MesSiCL was heated for 4 hours and 10 15 3. A copolymeric siloxane composed of from .1 to
minutes at from 67 to 102° C. The product was cooled 99.9 mol percent siloxane units of the formula
to room temeprature and 210.4 g. of PhMe,SiOSiMezH,
4 g. of the platinum catalyst of Example 12 and 400 ml. R”’(OR”)DOR%{ib
of toluene were added. The resulting mixture was heated 3-8
at 92 to 118° C. for 7 bours. The unreacted Me;SiCl 20 2
ar}d toluene were removed and ghe product was hydrolyzed in which R is a moncvalent hydrocarbon radical, R’ is
with 27 g. of 2% HCI solution by heating at 95° C. an alkylene radical, R is an alkylene radical of at least
for 2 hours. The product was neutralized with NaHCO,, 9 carbon atoms, 1t is an integer of at least [23 1, R is

cooled and filtered. The product was heated to 107 selected from the group consisting of hydrogen, saturated i
C. at 2 mm. o remove volatile materials. The residue 25 pydrocarbon radicals and aryl hydrocarbon radicals |
was a fluid having the formula , and a has a value from 0 to 2 inclusive and from .1 1o |

Mes 69,9 mol percent siloxane units of the formula i
PhMe:SiOSiOHzCHzCHQO (CHzCHzO)]aH .

and the following properties: viscosity 40 cs. at 25° C. Zu8i0, o
and np? 1.4605. This material was a good emulsifying 30 -5
agent for aqueous emulsions of phenylmethyl siloxanes.

in which Z is selected from the group consisting of

EXAMPLE 14 monovalent hydrocarbon radicals and halogenated mono-
When the following glycol ethers are reacted with the valent hydrocarbon radicals and b has an average value
following siloxanes and the products hydrolyzed in ac- 35 from 1 to 3 inclusive.
cordance with the procedure of Example 13, the follow- 4. A copolymer in accordance with claim 3 in which
ing products are obtained. both R and Z are methyl radicals.
leyeol Tther Silozane Product
e —— e
Me,Meg MegMes
CEFCECH:O (OH;CH;O) 2SiMes ClaHg’zSiOSiH C1sH3iS10 SiCHaOHgCHzO (CH;CHaO) oL
MeoMea MegMey
CHy=CHCH;0 (CH,CH;0):81Mes C 155 S10SIH » C 1 Hu510SiCHOH; CHO (CH;CH;0):H
MegMes MezMez
CH —CHCH;0 (CHgCH)O)uSiMe; C¢Hiy SiOSiH CgHyy SIOSiCHzCHgCHzO (CHZCHzO) 1l
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