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METHOD FOR PREPARING CARBOXY
FUNCTIONAL SILICONES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This invention relates to a method for preparing car-
boxy functional silicones. More particularly, this inven-
tion relates to a method for preparing carboxy func-
tional silicones from silane derivatives of alpha-olefin
terminated-organic acids.

Carboxy functional silicones are useful in many appli-
cations where water- and alcohol-soluble organopolysi-
loxanes are desirable. For example, they are useful as
emulsifying agents for the formation of agueous emul-
sions of conventional organopolysiloxane fluids and in
applications such as alcohol base cosmetics. Carboxy
functional silicones can also function as reactants in the
preparation of polysiloxane-polyether copolymer sur-
factants which are useful as additiives in polyurethane
foam.

Carboxy-functional silicones and methods for prepar-
ing them are known in the art. Reference is made, for
example, to U.S, Pat. Nos. 3,182,076 and 3,629,165, both
to Holdstock. In the Holdstock method, carboxy-func-
tional silicones are prepared by the hydrolysis and con-
densation of a mixture containing organotrichlorosi-
lane, a diorganodichlorosilane, and a cyanoalkyldior-
ganochlorosilane. During the hydrolysis and condensa-
tion of these reactants, the various silicon-bonded chlo-
rine atoms are replaced by silicon-bonded hydroxyl
groups which intercondense to form siloxane linkages.
The nitrile radical hydrolyzes to a carboxyl] radical.
Hydrochloric acid is also formed in the hydrolysis reac-
t1on.

One drawback to the prior art method described
above 1s that cyano silanes are quite expensive and re-
quire the use of acrylonitrile, which is undesirable. In
addition, the highly acidic media, i.e., concentrated
hydrochloric acid required to perform the hydrolysis in
the Holdstock method, is extremely corrosive and
causes equipment problems.

It would be desirable, therefore, to provide a method
for preparing carboxy functional silicones which does
not require the use of either cyano silanes or acidic
catalvsts.

SUMMARY OF THE INVENTION

The present invention provides a novel method for
preparing carboxy functional silicones, comprising the
steps of:

(1) addition reacting a mixture of ingredients com-
prising: |
(A) an olefin-terminated organoacyloxysilane hav-
ing the general formula:

=(DR3SiOOC(R ) CH—CH;,

wherein R [and R!are] is 2 monovalent hydrocarbon
[ radicals] radical free of aliphatic unsaturation, R! is
divalent hydrocarbon free of aliphatic unsaturation and x

1s a number in the range from about 0 to about 30;
(B) an organohydrogenpolysiloxane having a hy-
dride concentration of 0.0i to about 100 mole
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percent and a viscosity of about 2 to about 1
miilion centipoise at 25° C.; and

(C) an amount of a precious metal or a precious
metal-containing catalyst effective for promot-
ing an addition reaction between components (1)
and (2); wherein components are present in a
molar ratio of about 1:1; and

(2) hydrolyzing the addition reaction product formed
in step (1).

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is directed to a novel method
of preparing carboxy functional silicones by (1) addition
reacting a mixture of ingredients containing (A) an
olefin-terminated organoacyloxysilane, {B) an or-
ganohydrogenpolysiloxane, and (C) a precious metal or
a precious metal-containing catalyst, and (2) hydrolyz-
ing the reaction product formed in step (1).

In step (1) of the method of this invention, the addi-
tion reaction between components (A) and (B) in the
presence of the catalyst (component (C)) is carried out
by thoroughly mixing the reactants and maintaining the
mixture at the reaction temperature for a time sufficient
to effect the reaction. The reaction can be room temper-
ature or even as low as about 0° C. The upper limit to
the reaction temperature will depend on the particular
reactants and the particular diluent used for the catalyst.
In general, reaction temperatures on the order of 70° to
100° C., preferably from about 100° to 130° C., can be
used 1n this invention. The time required for effecting
the addition reaction depends upon a number of factors
such as the particular reactants and the amount of cata-
lyst used. Typically, reaction times can run from a few
minutes up to 12 or more hours depending on reaction
conditions.

In step (2) of the method of this invention, the addi-
tion reaction product formed in step (1) above is then
hydrolyzed in the presence of water to form the final
product, i.e, the carboxy functional silicone. The
amount of water necessary is at least one mole of water
per mole of component A. The maximum amount of
water used is not critical, although extremely large
excesses of water are impractical. Generally, from
about 1 to about 10, and preferably from about | to
about 3 moles of water per mole of component A,
should be used in step (2).

The mixture of the reaction product of step (1) and
water is agitated until hydrolysis is complete. The tem-
perature for the hydrolysis reaction ranges from about
50° to about 100° C. and preferably from about 70° to
about 90° C. The time for completion will depend on
the reaction system and specifically the temperature.
Typically, about 1 to about 4 hours is required for com-
pletion of the hydrolysis.

Preferably, the reaction product is then removed
from any water which is present after the hydrolysis
reaction is completed.

The olefin-terminated acyloxysilane useful as compo-
nent (A) in step 1 of the method of this invention has the
general formula:

(DIR3SIOR ), CH=CH;]
R3SiOOC(RY),CH=CH,

wherein R [and R!are J /s @ monovalent hydrocarbon
Lradicals] radical free of aliphatic unsaturation, R!is a
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divalent hydrocarbon free of aliphatic unsaturation and
“x”’ is a number from about 0 to about 30.

Radicals represented by R [and R!] in formula (I)
include, for example, alkyl radicals, e.g. methyl, ethyl,
propyl, butyl, octyl, and the like; aryl radicals, e.g.,
phenyl, tolyl, xylyl, and the like; cycloalkyl radicals,
e.g., cyclohexyl, cycloheptyl, and the like; aralkyl radi-
cals, e.g., benzyl, phenylethyl, and the like. Preferably,
all of the radicals represented by R [and R!] are se-
lected from the class consisting of methyl and phenyl

radicals and, most preferably, all of the radicals repre-

sented by R [and R!J are methyl.

Radicals represented by R in formula (I) include, for
example, alkylene radicals, e.g., methylene, ethylene, prop-
ylene, butylene, octylene, and the like, arylene radicals,
e.g.. phenylene, tolylene, xylylene, and the like; cycloalkyl-
ene radicals, e.g., cyclohexylene, cycloheptylene, and the
like; aralkylene radicals, e.g., benzylene, phenylethylene,
and the like. Preferably, all of the radicals represented by
R are selected from the class consisting of methylene and
phenylene radicals and,m most preferably, all of the yadi-
cals represented by R! are methylene.

In formula (I), x is preferably a number in the range of
about 0 to about 15, and most preferably about 1 to
about 8.

Component (A) can be prepared by reacting as ele-
vated temperature the corresponding carboxyhc acid
with an alkali metal hydroxide in the presence of an
organic solvent to form an alkali metal salt of the or-
ganic acid, and then reacting at elevated temperature
the alkali metal salt with a triorganochlorosilane to
form the organosilane represented by formula (I) above.

Component (B) in step (1) of the present method 1s an
organohydrogenpolysiloxane. The organohydrogen-
siloxane component is generally a relatively simple
molecular structure and sometimes is a mixture of such
materials. One characteristic of the organohydrogen-
polysiloxane is that it contains at least an average of two
silicon-bonded hydrogen atoms per molecule. The or-
ganohydrogenpolysiloxane has a hydride concentration
of 0.01 to about 100 mole percent and a viscosity of
about 2 to about 1,000,000 centipoise at 25° C.

Organohydrogenpolysiloxanes which are useful in
hydrosilation or addition reactions are well known 1in
the skilled artisan. Reference 1s made, for example, to
U.S. Pat. Nos. 3,436,366; 3,425,967, and 4,808,634; each
of which are hereby incorporated by reference into the
instant disclosure.

The organohydrogenpolysiloxane may have the gen-
eral formula:

(R2),(H)pSiO4.4.5)/2 wherein R? is a monovalent hy-
drocarbon radical free of aliphatic unsaturation, and
“a” has a value of from about O to about 3, “b™ has a
value of from about 0 to about 3, and the sum of “a ™
plus “b” is from about 1 to about 3.

Radicals represented by R2in formula (I) include, for
example, alkyl radicals, e.g., methyl, ethyl, propyl, bu-
tyl, octyl, and the like; aryl radicals, e.g., phenyl, tolyl,
xylyl, and the like; cycloalky! radicals, e.g., cyclohexyl,
cycloheptyl, and the like; aralkyl radicals, e.g., benzyl,
phenylethyl, and the like. Preferably, all of the radicals
represented by R2 are selected from the class consisting
of methyl and phenyl radicals and, most preferably, all
of the radicals represented by R? are methyl.
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this invention in a molar ratio of about 1:1.
Component (C) in step (1) is a precious metal or pre-
cious metal-containing catalyst. The precious metal
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catalyst component includes within its scope all of the
well known platinum and rhodium catalysts as well as
other less known noble metal hydrosilation catalysts.

Especially preferred platinum or platinum-containing
catalysts include the platinum-hydrocarbon complexes
described in U.S. Pat. Nos. 3,159,601 and 3,159,662 to
Ashby, and the platinum alcoholate catalysts described
in U.S. Pat. No. 3,220,970 to Lamoreaux, as well as the
platinum catalysts of U.S. Pat. No. 3,814,730 to Kar-
stedt. Additionally, the platinum chloride-olefin com-
plexes described in U.S. Pat. No. 3,516,946 to Modic are
also useful herein. All of the aforesaid patents are incor-
porated by reference into the present disclosure for
their teaching relating to hydrosilation catalysts.

The preferred catalyst is that disclosed in Lamoreaux,
U.S. Pat. No. 3,220,970, wherein the platinum-contain-
ing material is a complex formed from chloroplatinic
acid with up to 2 moles per gram of platinum of a mem-
ber selected from the class consisting of alcohols,
ethers, aldehydes, and mixtures of the above. The cata-
lyst described in Lamoreaux will sometimes be referred
to herein as the Lamoreaux catalyst.

The catalyst is used in an amount sufficient to pro-
mote an addition reaction between components (A) and
(B). Typically, this amount is within the range of from
about 1 to about 100, preferably from about 1 to about
80, and most preferably from about 1 to about 20, parts
per million (ppm) of the total compositions of (A), (B),
and (C).

Because the catalyst is employed in such minute
quantities it is often desirable to use the catalyst as a
solution in a diluent to facilitate uniform dispersion of
the catalyst in the reactants. Suitable diluents are any
material which is a solvent for the catalyst and which 1s
inert to the reactants under the conditions of the reac-
tion. The preferred diluents are hydrocarbon solvents
such as aromatic hydrocarbons, including benzene,
toluene and xylene. However, aliphatic solvents such as
aliphatic mineral spirits can also be employed. In add:-
tion to these carbon solvents the diluent can be an ester
such as ethylacetate. Where a diluent is employed, the
diluent is employed in an amount equal to from 10 to
10,000 parts by weight diluent per part of the catalyst
compound of the present invention.

The carboxy functional silicone formed by the
method of this invention comprises terminal groups of
the general formula:

HOOC(R ),CH2CH R 28103 —c)/2-

repeating units of the formula:
(R2);Si0—

wherein R!, R2, and “x” are as previously described,
and *¢”’ is a number from about O to about 2.

The following example is illustrative of the practice
of this invention and is not intended for purposes of
limitation.

EXAMPLE

To a three liter round bottom three neck flask
equipped with condensor, thermometer, heating man-
tle, agitator, thermal controller and water trap there
was added 184 grams of 10-Hendecenoic acid and 1000
grams toluene. Then 40 grams of NaOH was added and
the solution refluxed to drive off water produced during
the formation of the Na soap. The solution became quite
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thick during the soap formation and about 20 cc of

water was collected. Once the soap was completely
formed and the carboxy peak became absent on the IR
scan, 115 grams of trimethylchlorosilane were added

and the solution refluxed. The solution became quite °

fluid, but was turbid due to the formation of salt, IR
scan indicated the formation of (CH3)38:-
OOC(CH2)sCH=CH3(peak at about 1725 cm(—1).

Next was added 625 grams of a methyl hydrogen
contaming fluid having the formula:

L(CH3)35i08i(CH3(H)O3SKCH3)2020Si{CH3)3]
(CH3)3SiOSHCHIXHYO)3(SKCH3)20)120SCH )3

The fluid had a viscosity of 814 centistokes at 25° C.
and a solids content 95+ %. This fluid was added in the
presence of the Lamoreaux catalyst. The reaction
yielded an exotherm and was carried out at 110°-120°
C., which is the reflux temperature of toluene. The IR
scan showed the disappearance of the SiH band, °

After the addition was complete, water was added
and the solution heated at reflux for several hours. The
IR scan showed the disappearance of the trimethylsilyl
end-groups in the carboxy fluid at about 1725 cm(— 1)
and the appearance of the —COQH peak at 1713
cm(—1).

What is claimed is:

1. A method of preparing carboxy functional sili-
cones, comprising the steps of:

(1) addition reacting a mixture of ingredients com-

prising:
(A) an organoacyloxysilane having the general
formula:

(I} R3Si100C(R ) ,CH=—CH};
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wherein R [and R'are] is @ monovalent hydrocarbon
Lradicals} radical free of aliphatic unsaturation, R! is g
divalent hydrocarbon free of aliphatic unsaturation and
“x" 15 a number from about 0 1o about 30.

(B) an organchydrogenpolysiloxane having a hy-
dride concentration of 0.01 to about 100 mole
percent and a viscosity of about 2 to about |
million centipoise at 25° C.: and

(C) an amount of a precious metal or a precious
metal-containing catalyst effective for promot-
Ing an addition reaction between components (1)
and (2);

wherein components are present in a molar ratio of
about 1:1; and

(2) hydrolyzing the addition reaction product formed

in step (1).

2. A method according to claim 1 wherein R {and
R! are each] is methyl or phenyl, R! is methylene or

phenylene and x is a number from about 0 to about 15.

3. A method according to claim 2 wherein R [and
R!are} is methyl, R! is methylene and x is a number
from about | to about 8.

4. A method according to claim 1 wherein the cata-
lyst is a platinum or platinum-containing catalyst.

5. A method according to claim 1 wherein compo-
nent (C) is present in an amount within the range of
from about 1 to about 100 parts per million of the total
composition of components A and B.

6. A method according to claim § wherein compo-
nent (C) i1s present in an amount within the range of
from about ! to about 80.

7. A method according to claim 6 wherein compo-
nent (C) 1s present in an amount within the range of
from about 1 to about 20.

8. A method according to claim 1 wherein in step (B),
the amount of water is in the range of from about 1 to

about 10 moles of water per mole of component {A).
* & ¥ " %
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