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The present Invention provides near dquantitative yields of greater than about 95% Isomeric purity of poly(3-
aminopropylmethylsiloxanes) of the general formulae: Me,Si(H,NCH,CH,CH,MeSIO), OSiMe, (H2NCH2CH2CH2MeSiO)y

wherein Me Is methyl, x may range from 2 to about 100 and y may range from 3 to about 7. The present invention also provides
a simple method for rapidly producing poly(3-amino- propylmethylsiloxanes) of the general formulae: Me,Si(H,NCH,CH,CH,
MeSIO), OSiMe, (H2NCH2CH2CH2MeSiO)y wherein Me is methyl, x may range from 2 to over 100 and y may range from 3 to
about 7, the method comprising heating of 3-(3-aminopropyl)-1,1,1,3,5,5,5- heptamethyltrisiloxane, of at least 95% Isomeric
purity, with a basic catalyst, removing hexamethyldisiloxane, and decomposing the catalyst.
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ABSTRACT

The present invention provides near quantitative yields of greater than about 95% isomeric

> punty of poly(3-aminopropylmethylsiloxanes) of the general formulae:

Measl(HzNCHzc HzCHzMeSIO)x()Slmes

(H2NCH>CH,CH,MeSiO),
10
wherein Me is methyl, x may range from 2 to about 100 and y may range from 3 to about 7.
The present invention also provides a simple method for rapidly producing poly(3-amino-
propyimethyisiloxanes) of the general formulae:
15

Me3Sl(H2NCHchzcHzMeSIO)xOSlMea
(HQNC HzCHzCHzMeSiO)y

20  wherein Me .is methyl, x may range from 2 to over 100 and y may range from 3 to about 7. the
method comprising heating of 3-(3-aminopropyl)-1,1,1,3,5,5,5-heptamethyltrisileane, of at

least 95% isomeric purity, with a basic catalyst, removing hexamethyldisiloxane, and
decomposing the catalyst.
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POLY(AMINOORGANOFUNCTIONALSILOXANES)

FIELD OF THE INVENTION

The present invention relates to high purity poly(3-aminopropyimethylsiloxanes) and a method
for their preparation. More specifically, the present invention relates to more than 95% iso-
merically pure poly(3-aminopropylmethylsiloxane) fluids, both linear and cyclic, prepared by the
base catalyzed detrimethyi-silylation and polymerization of at least 95% isomerically pure 3-(3-
aminopropyl)-1,1,1,3,5,5,5-heptamethyitrisiloxane. These poly(3-aminopropylmethyisiloxanes)
have utility as Intermediates for other derivative poly(organofunctionalsiloxanes) and in

cosmetic, textile, and automotive applications, and as coatings and adhesives.

BACKGROUND OF THE PRESENT INVENTION

There is considerable prior art relating to the synthesis of poly(aminoalkylmethylsiloxanes).
Generally, poly(aminoalkyl-methylsiloxanes) have been produced by first preparing aminoalky!-
methyldialkoxysilanes, followed by hydrolysis with or without an endblocking agent, such as a
trimethylsilyl derivative, to form cyclic and linear poly(3-aminoalkylmethylsiloxanes). The
iIsomeric purity of the poly(aminoalkylmethylsiloxane) fluids, prepared in the manner of the prior
art, is dependent upon the isomeric purity of the aminoalkylmethyldialkoxysilane prepared in
the first step of the synthesis. German Patent No. 2408480 describes the reaction of a silazane
derivative from allylamine and an organohydrochloro-silane, in the presence of a proton
acceptor to form an intermediate silazane which then undergoes a hydrosilylation reaction
catalyzed by a platinum catalyst. Upon alcoholysis, the intermediate hydrosilylation product
forms'3-—-aminopropylmethyldi-ethoxysilane in 70% overall yield. A molar excess of at least 50%
of allylamine is used in this process. Identification of the beta-isomer in the product was not
made. Japanese Patent No. 10017578 describes another method of synthesis by
hydrosilylation of N,N-bis(trimethyisilyl)allyl-amine by methyldimethoxysilane. The product of
that reaction is then heated with methanol to form 3-amino-propylmethyldimethoxysilane in at
least 85% overall yield. The presence of the beta-isomer in the product was not made.
Japanese Patent No. 11209384 describes the use of a rhodium:cyclooctadiene complex as a
hydrosilylation catalyst for the addition of methyldiethoxy-silane to allylamine to form 3-
aminopropylmethyl-diethoxysilane in 78% vyield. 2-aminopropylmethyl-diethoxysilane is formed
at very low levels in this process not exceeding 0.5%. United States Patent No. 5391 675

describes the formation of an aminopropylmethylsiloxy-containing polydimethyl-siloxane by
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barium or strontium hydroxide catalyzed condensation of a silanol terminated polydimethyl-

siloxane with a 3-aminopropylalkoxysilane with elimination of an alcohol.

However, none of the prior art references disclose the high isomeric purity poly(3-amino-
propylmethyisiloxanes) of the present invention. The poly(3-aminopropylmethyisiloxanes) of the
present invention have improved utility as intermediates for producing other poly(organo-

functionalsiloxanes), and in cosmetic, textile and automotive applications, and as coatings and

adhesives.

SUMMARY OF THE INVENTION

The present invention provides near quantitative yields of greater than about 95% isomeric
purity of poly(3-aminopropylmethyisiloxanes) of the general formulae
MessiO(HzNCHzCHzCHzMeSiO)xSiMes

(H:2NCH,CH,CH,MeSiO),

wherein Me is methyl, x may range from 2 to about 100 or more and y may range from 3 to
about 7.

The present invention also provides a simple method for rapidly producing poly(3-amino-

propylmethyisiloxanes) of the general formulae:;
Me;SiO(H,NCH,CH,CH,MeSiO),SiMe;
(HQNCHchéCHzMeSiO)y
wherein Me is methyl, x may range from 2 to about 100 or more and y may range from 3 to

about 7, the method comprising heating of 3-(3-aminopropyl)-1,1,1,3,5,5,5-heptamethyitri-

siloxane, of at least 95% isomeric purity, with a basic catalyst, and removing hexamethyl-

disiloxane.
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DETAILED DESCRIPTION OF THE PRESENT INVENTION

The present invention provides near quantitative yields of greater than about 95% isomeric

purity of poly(3-aminopropyl-methylsiloxanes) of the general formulae:
MG:;SIO(HzNCHzCHzC HzMeSiO)xSiMe3
(HoNCHCH2.CH2MeSiO),

wherein Me is methyl, x may range from 2 to about 100 or more and y may range from 3 to
about 7. The present invention also provides high purity poly(3-aminopropyimethyisiloxane)
homopolymers which are greater than about 97% free of hexamethyldisiloxane and are
substantially free of other organic and inorganic compounds. The ratio of linear to cyclic
polymers in the fluids of the present invention can vary widely but are typically in the range of
from about 1:10 to about 10:1.

The present invention also provides a novel method for producing the high isomeric purity
poly(3-aminopropylmethyl-siloxanés) of the present invention, the process comprising (a)
mixing 3-(3-aminopropyl)heptamethyitrisiloxane with a basic catalyst, (b) heating the mixture to
produce the homopolymers of the present invention and hexamethyldisiloxane and volatilizing
the hexamethyl-disiloxane out of the mixture, (¢) evacuating the mixture to remove residual
hexamethyldisiloxane, and (d) heating the evacuated product to thermally decompose the
basic catalyst and recovering the high isomeric purity poly(3-aminopropylmethyl-siloxane)

homopolymer product.

Preferably the 3-(3-aminopropyl)heptamethyitrisiioxane is 3-(3-aminopropyl)-1,1,1,3,5,5 5-
heptamethyitrisiloxane of at least 95% isomeric purity, which is preferably prepared according
to the instructions set forth in United States Patent No. 5,892 .084.

The basic catalysts useful in the practice of the present invention include most metal
hydroxides, metal oxides, quaternary organoammonium hydroxides, quaternary organo-
phosphonium hydroxides, and metal trimethylsilanolates. The preferred catalysts are
quaternary organoammonium hydroxides, quaternary organophosphonium hydroxides, and
metal trimethyl-silanolates. A particularly 'useful catalyst for the detrimethylsilylation and
polymerization of the present invention is tetramethylammonium hydroxide. The catalyst 1s

typically employed in a concentration ranging from about 100 ppm to about 10.000 ppm,
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4

preferably from about 1,000 ppm to about 5,000 ppm, and most preferably from about 2,000 to
about 4,000 ppm, based on the weight of the 3-(3-aminopr0pyl)heptamethyltrisiloxane.

The polymerization step (b), which proceeds by elimination of hexamethyldisiloxane from 3-(3-
aminopropyl)-1,1,1,3,5,5,5-heptamethyltrisiloxane, of at least 95% isomeric purity, can be
carried out at temperatures ranging from about 80°C to about 200°C. preferably from about
80°C to about 150°C, and more preferably between about 100°C and about 130°C. Preferably
the heating of the mixture should continue until no further hexamethyldisiloxane is observed to

be volatilizing from the residual mixture.

The product of the polymerization/volatilization step (b) is then subjected to evacuation to

remove dissolved residual hexamethyldisiloxane. This step is effected by reducing the pressure

- of the polymerized product to a pressure of about 200 mm Hg, or other pressures as will be

apparent to those of ordinary skill in the art.

The evacuated mixture comprising the homopolymers of the present invention and the catalyst
are then heated to a temperature in the range of from about 130°C to about 160°C for at least
about 2 hours in order to decompose the catalyst, and to drive off the catalyst decomposition
products. In this manner, homopolymers of the present invention are formed which are at least
about 97% free of hexamethyldisiloxane and which are substantially free, i.e., 98% or more, of

other organic and inorganic compounds.

The present invention also contemplates the vacuum distillation of the homopolymers of the
present invention in order to isolate the individual homopolymer components or mixtures

thereof, such as to isolate the cyclic polymers, including the isolation of
(HQNCHQCHchzMeSIO):;

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following examples illustrate the present invention. They are not construed to limit the

scope of the appended claims in any manner whatsoever.

EXAMPLE 1

To a 500 ml round bottom flask equipped with a stirrer. condenser, thermometer, strip head,
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heating mantle and nitrogen overgas was added 338 g (1.2 mole) of at least 95% isomerically
pure 3(3-aminopropyl)heptamethyltrisiloxane (prepared in accordance with the teachings of
U.S. Pat. No. 5,892,084) and 1 g (3000 ppm) of tetramethylammonium hydroxide. This mixture
was heated to 80°C in 30 minutes. The temperature of the mixture was then elevated to 130°C.
during which time 108 g (0.67 mole) of hexamethyldisiloxane distilled over the range of 105-
115°C (755 mm of Hg pressure). Remaining in the flask was 222 g of at leat 95% isomerically
pure poly(3-aminopropyimethylsiloxane) which based upon amine equivalency analysis had a

degree of polymerization of 2.25 and an average molecular weight of 411.

EXAMPLE 2

To a 500 ml round bottom flask equipped with a stirrer, condenser, thermometer strip head,
heating mantle and nitrogen overgas was added 324 g (1.16 mole) of at least 95% iIsomerically
pure 3(3-aminopropyl)heptamethyitrisiloxane (prepared in accordance with the teachings of
U.S. Pat. No. 5,892,084) and 1 g (3000 ppm) of tetramethylammonium hydroxide. This mixture
was heated. The temperature of the mixture was then elevated to 194°C, during which time
113 g (0.70 mole) of hexamethyldisiloxane distilled over the range of 105-115°C (755 mm of
Hg pressure). Remaining in the flask was 213 g of product. At this point 48 g of this product
was removed as a retain. The flask was then cooled to 50°C and evacuated to 200 mm of Hg
pressure. While heating to 90°C, 44 g (0.27 mole) of hexamethyldisiloxane was strip distilled.
Based upon an amine equivalency analysis, the at least 95% Isomerically pure poly(3-
aminopropylmethyisiloxane) product had a degree of polymerization of 9.1 and an average
molecular weight of 1227. Gel permeation chromatography indicated that the product was 36%
cyclosiloxanes and 64% linear poly(3-amino-propylmethylsiloxane). Assuming the average
cyclosiloxane has a degree of polymerization of 5, the average molecular weight of the linear

fraction is approximately 1585 with a degree of polymerization of 14.

Gas layer chromatography of the above product showed the presence of several lower
molecular weight oligomeric compounds. The above product was vacuum distilled to isolate
several individual components, one of which was tris(3-aminopropyl-methyl)cyclotrisiloxane,
which was further identified by Mass Spectrometric analysis. This compound showed a
cracking pattern typical of that of a primary amine (P-30) in combination with that which is

typical of all methyl substituted organosilicon compounds (P-15).

Variations of the present invention will suggest themselves to those skilled in the art in ight of
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the above detailed descriptions. It should be understood that the forms of the invention
described herein are exemplary only, and are not intended to be limitations on the scope of the

present invention which is defined in the appended claims.

The above mentioned patents are all hereby incorporated by reference.
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1. A poly(3-aminopropyimethyisiloxane) homopolymer fluid of the general formulae:

5
Me;SIO(HNCH2CH,CHMeSiO),SiMe;
(HZNCHonZCHZMeSIO)y
10 wherein Me is methyl, x ranges from 2 to about 100, and y ranges from 3 to about 7,

wherein said homopolymer has at least 95% isomeric purity with respect to the position

of each primary amino group in the 3 position of the propyl substituents.

15 2. A homopolymer fluid as defined in claim 1 which is greater than 97% free of hexamethyl-

disiloxane and substantially free of organic and inorganic compounds.

3. A homopolymer fluild as defined in claim 1 wherein the ratio of linear polymers of the

general formula:

20
Me3SlO(H2NCHzcHQCHQMGSIO)XSIMG3
wherein Me is methyl, and x ranges from 2 to about 100, to cyclic polymers of the
general formula:
25 .
(H2NOH2CHZCH2M68iO)y
wherein Me is methyl and y ranges from 3 to about 7, ranges from about 10:1 to about
1:10.
30

4. A homopolymer fluid as defined in claim 1 wherein only cyclic polymers are present of

the general formula:

35 (HZNCH2CH2CH2M88|O)Y

raa
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wherein Me is methyl and y may range from 3 to about 7.

5. A homopolymer fluid as defined in claim 4 wherein the cyclic polymer is:

(HzNCHzCHzCHzMeSIO);;

6. A process for the production of poly(3-aminopropylmethylsiloxane) homopolymer fluids of

the general formulae:
Me38iO(H2NCHZCH7_CHzMeSiO)xSiMeg
(HzNCHQCHQCHQMESiO)y

wherein Me is methyl, x ranges from 2 to about 100, and y ranges from 3 to about 7, said

process comprising the steps of:

(@) mixing 3-(3-aminopropyl)heptamethyitrisiloxane having at least 95% isomeric purity
with a basic catalyét;

(b) heating the mixture to produce poly(3-aminopropyimethylsiloxane) homopolymer
and hexamethyldisiloxane and to volatilize said hexamethyidisiloxane out of the
mixture; '

(c) evacuating the mixture to remove residual hexamethyldisiloxane from said
homopolymer; and

(d) heating the product to thermally decompose the basic catalyst and recovering said
poly(3-aminopropylmethylsiloxane) homopolymer product which has at least about
95% isomeric purity with respect to the position of each primary amino group in the

3 position of the propyl substituents.

/. A process as defined in claim 6 wherein said process produces said poly(3-amino-

propylmethyl-siloxane) homopolymer which is at least about 97% free of

hexamethyldistloxane and substantially free of organic and inorganic compounds.
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8. A process as defined in claim 6 or 7 wherein the basic catalyst is selected from the group
consisting of metal hydroxides, metal oxides, quaternary organoammonium hydroxides,

quaternary organophosphonium hydroxides, metal trimethylsilanolates and mixtures of

5 any of the foregoing.

9. A process as defined in claim 8 wherein the basic catalyst is selected from the group
consisting of quaternary organcammonium hydroxides, quaternary organophosphonium
hydroxides, metal trimethylsilanolates and mixtures of any of the foregoing.

10
10. A process as defined in claim 9 wherein the basic catalyst comprises tetramethyi-

ammonium hydroxide.

11. A process as defined in any of claims 6 to 10 wheréin the concentration of basic catalyst,
15 relative to 3-(3-aminopropyl)heptamethyltrisiloxane ranges from about 100 ppm to about

10000 ppm, preferably from 1000 ppm to about 5000 ppm, most preferably from 2000
ppm to about 4000 ppm.

12. A process as defined in any of claims 6 to 11 wherein the mixture is heated in said step

20 (b) to a temperature in the range of from about 80°C to about 200°C, preferably from
about 100°C to about 130°C, to volatilize hexamethyldisiloxane out of the mixture, said

heating being terminated when no additional hexamethyldisiloxane is observed to be

volatilizing from the residual mixture.

25 13. A process as defined in claim 12 wherein said residual mixture is evacuated to about 200

mm Hg to remove dissolved hexamethyldisiloxane.

14. A process as defined in claim 13 wherein the evacuated mixture is heated to a
temperature in the range of from about 130°C to about 160°C for at least about 2 hours

30 to decompose the catalyst.

15. A process as defined in any of claims 6 to 14 further comprising the step of vacuum

distiling the homopolymer product to isolate the individual homopolymer components.
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10

16. A process as defined in claim 15 wherein a cyclic homopolymer of the general formula

(HoNCH2CH,CH-MeSiO)s

IS isolated.

e e ——
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