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Novel organomodified siloxanes having primary amino functions, novel organomaodified

siloxanes having quaternary ammonium functions and the method for the production
thereof .

The invention relates to novel organomodified siloxanes having primary amino
functions and novel organomodified siloxanes having quaternary ammonium functions

and the method for the production thereof.

The production both of silanes and of organomodified polysiloxanes having primary
amino functions is described Iin the prior art by reference to the variety of synthesis

routes.

Aminoalkyl-functional alkoxysilanes are used as adhesion promoters in coatings or
adhesives and sealants. They are produced by the platinum(0)-catalyzed
hydrosilylation of allyl chloride, as is described, for example, in DE 10104966 A1. On
account of secondary reactions, propene, chloropropane and propylchlorosilane are
formed, meaning that distililative purification of the product is required. The haloalkyl
function of the 3-chloropropylchlorosilanes obtained in this way can, according to
EP 1273612 A1, be further functionalized in diverse ways, for example by reaction with
ammonia, hydrogen sulfide, alkali metal or ammonium sulfides, rhodanides and also
methacrylates. By means of an alcoholysis, the functional chlorosilanes can be

converted to the corresponding alkoxysilanes.

For the more efficient production of aminoalkyl-functional alkoxysilanes, in the prior art,
instead of the three-stage chlorosilane route, the direct hydrosilylation of allylamine
with ethoxy hydrogen silanes is described. However, this synthesis route has turned
out to be difficult on account of the strong inhibition of the transition metal catalyst by
the complexing allylamine. A series of patent applications demonstrates the attempts to
find an economical hydrosilylation method with the help of specific ruthenium or
rhodium catalysts and also nitrogen and phosphorus compounds as cocatalysts, thus,
for example, US 4481364, US 4867501, US 4921988, US 4927953 or US 5001246.
The methods often require large amounts of catalyst and lead, on account of
rearrangements of the double bonds and limited addition reaction selectivities, to

product mixtures consisting of the branched alpha and beta and also the linear gamma

~ isomer of the aminopropylsilane. The silane mixtures have to be puritied by distiliation

before further use. On account of the comparatively large amounts of catalyst and the
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yleld losses caused by the secondary reactions, and the required distillative

purification, the hydrosilylation of allylamine is associated with high costs.

Aminopropylalkoxysilanes can be converted to polysiloxanes by means of hydrolysis
and condensation reactions. On account of the basic amino function, preference is
given to using alkaline catalysts such as, for example, KOH, ammonium hydroxide or
carboxylate. EP 1580215 A1 and the specifications cited therein may be incorporated
herewith as reterence. This synthesis route has limits. In the case of the synthesis of
amino-functional polysiloxanes with a high functionality density, the price of the
expensive special silane Is increasingly driving the material costs upwards and, at the
same time, the vyield is reduced by the amount of alcohol liberated during the
hydrolysis. In the case of basically catalyzed equilibrium reactions of polysiloxanes with

amino groups, silazanes can also arise as by-products.

To Increase the regioselectivity and avoid the formation of silazane during the
hydrosilyiation of unsaturated amines with hydrogen siloxanes, use is made, according
to DE 4436077 A1, of protective group technology, which requires two additional
synthesis steps. Good selectivities during the hydrosilylation of allylamine with
tetramethyldisiloxane are described in US 5026890 A1 using the Karstedt catalyst.
Nevertheless, comparatively large amounts of at least 40 ppm of platinum are required

by this platinum(0)-divinyltetramethyldisiloxane complex.

To produce methacrylamide-functional alkylsilanes, US 20050176911 A1 describes the
reaction of epoxy-tunctional alkylsilanes with methanolic ammonia solution at 0°C to
25°C over 1 10 3 days. A subsequent derivatization with methacryloyl chloride leads to
the target compounds. EP 1956038 A1 discioses a similar method for producing
terminally methacrylamide-functional linear polydimethyisiloxanes. Mixed-substituted

polysiloxanes having additional functional groups are not mentioned.

EP 1008614 A2 claims linear polydimethyisiloxanes, the chain ends of which are SIC-
linked with in each case one allyl polyether and one alkanolamine or alkanolalkylamine.
The production takes place from a linear, epoxy- and polyether-functional
polydimethylsiloxane by titanium-catalyzed epoxide ring opening for example with
diethanolamine at 80°C. Polysiloxanes having primary amino functions cannot be

produced by the described methods and are neither specified nor claimed.
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US 2008/0314518 A1 describes the reaction of amino-functional silanes or of
ethylenediamine in situ with glycidoxypropyltriethoxysilane tor producing an agueous
two-component adhesion promoter. The crosslinking required for good adhesion is

ensured since an amino function reacts with more than one of the epoxide rings added

IN excess.

The prior art discloses siloxanes with not more than two amino functions and often
without further functional groups. Amino-functional siloxanes and In particular their
charged derivatives, which are accessible by reaction of the amino function with
various acids or else also by their alkylation to give quaternary nitrogen compounds,
have a marked electrostatic affinity towards surfaces and consequently provide for
good substantivity of the compounds. The substantivity of the aminosiloxane, being its
ability to anchor itself electrostatically to substrates, is associated with its functionality
density, i.e. with the number of uncharged or else also charge-carrying nitrogen
functions based on the molecular weight. Committed to the objective of providing
aminosiloxanes with freely selectabie substantivity, it is noticed that the prior art
hitherto lacks selective and cost-etfective synthetic accesses to siloxanes which

contain more than just one or two primary amino functions per siloxane chain.

As 1s known from the production of alkanolamines, the epoxide ring opening with
ammonia does not stop at the stage of the primary amine. The primary and secondary
amines formed are relatively strong nucleophiles and compete with the ammonia 1o
react with the epoxide ring. (Literature: Ullmann's Encyclopedia of Industrial Chemistry,
Release 2006, 7" Edition, Wiley VCH). The amino-functional polysiloxanes described
in EP 1008614 A2 are low molecular weight and have only one terminal amino function
per chain. EP 1956038 A1 likewise describes only linear terminal amino-functional
iIntermediates. Consecutive reactions of the primary amines formed lead in the first
iInstance to chain extension and not to a gelation as a result of crosslinking. As soon as
the siloxane has iateral substituents and particularly when more than two amino
functions are to be linked to the siloxane, a further reaction of the primary and
secondary amines leads to comparatively large viscosity increases. The gelation risk
increases with increasing molar mass of the product and also, associated therewith,
with increasing product viscosity. Moreover, secondary amines are toxicologically
unacceptable since they form carcinogenic nitrosamines with nitrites or nitrous gas

oxides from the air.
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One object of the present invention consists in producing siloxanes having primary
amino functions and further organomodifications in a selective and cost-effective
manner. The aim is to ensure a high yield of primary amino functions while
simultaneously avoiding the formation of secondary amines.

One advantage of the methods described in EP 1956038 A1 and US 20050176911 A
for reacting epoxy-functional compounds with ammonia is the long reaction times of at
least 12 hours ranging to 3 days. The longer the reaction lasts and the lower the local
concentration of ammonia, the more preterentially the formed primary amines react In
subsequent reactions with the remaining epoxy functions, resulting in gelation. The
long reaction times result inevitably from the selected process parameters of pressure

and temperature.

A further object of the present invention furthermore consists in developing a cost-
effective method for producing siloxanes with a high chemoselectivity for the formation

of primary amino groups.

Description of the invention:

Surprisingly, it has been found that the reaction of laterally epoxy-modified siloxanes
with ammonia produces siloxanes carrying selectively primary amino groups without

crosslinkages via secondary or tertiary amine formation taking place.

The invention therefore provides a method for producing selectively primary amino
group-carrying siloxanes by reacting laterally epoxy-modified siloxanes with gaseous,

dissolved or in situ generated ammonia.

This is surprising and unforeseeable for the person skilled in the art since alkyl-
substituted amines are relatively strong nucleophiles and thus favor further reactions of
the desired product with other epoxide rings to form secondary amines over the
primary reaction. This is true in particular for the case of a high functionality density and

thus a high concentration of epoxide groups in the system.

A further object of the present invention consists in modifying siloxanes not only at the

chain ends, but also laterally with primary amino functions in order to achieve higher

functionality densities.

The invention provides siloxanes of the general formula 1
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Ma M'a1 M”22 M™ a3 Dp D’b1 D2 D™'b3 Te Qi

(formula 1)
where
\Y = (R13 Si O1p)
M - (R2R12 S 01/2)
M’ = (R°R',Si O4p)
M™ = (R4R12 St Oqp)
D — (R12 S 02/2)
D' = (R°R'Si Oy»)
D" = (R°R'SiOyp)
D” =(R*R" Si Oyp)
T = (H5 Si Ogp)
Q = (S1 Ogp)
a = 0 to 32; preferably 1 to 22, in particular 2;

al =0to 10, preferably 1 to 5, in particular 2;

a2 =0 to 32; preferably 1to 22, in particular 2;

a3 =0to 10; preferably 1 to 5, in particular 2,

D = 0 to 600, preferably 10 to 500, in particular 20 to 400;
b1 =010 50, preferably 0.1 1o 20, in particular 2 to 10;

b2 =01to 50, preferably 0.1 to 20, in particular 1 to 10;

b3 =0 to 50, preferably 1 to 20, in particular 2 to 10;

C = 0 to 20, preferably 0 to 10, in particular O;

d =010 20, preferably 0 to 10, in particular O;

with the proviso that
if a1 =2, b1 # 0 and/or b2 # 0 and/or b3 # 0 and/or a2 # 0 and/or a3 # 0 and preferably

at least two of the factors a2, a3, b1, b2 and b3 # 0.

R' independently of the others, is identical or different linear or branched
hydrocarbon radicals having 1 to 30 carbon atoms or else aromatic hydrocarbon
radicals having 6 to 30 carbon atoms, preferably methyl or phenyl, in particular

methyl;
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R* independently of the others, is identical or different organic radicals which carry a
primary amino function, preferably radicals which, in addition to the amino

function, carry a hydroxyl group, in particular selected from the group

QH CH2OH

_(CH2)3"O""CH2'S_CH2'—"NH2 “(CHz)S_O_CHzﬂg_NHz

(1a) B (1b)
OH CHOH

_(CHg)m_O_CHQ"ﬁ_CHQ—Nl'b _(CHQ)m--O_CHZ-l(_l:_NHZ

(1c) (1d)
OH
—CH,—CH NH
ool O
OH
(1e) (1f)
OH
NH
NH.,
OH
(1g) (1h)
9 I
—CHQ—(ilH"‘C"‘O"R7—CI)H""CH2—NH2 _CHZ—CI;H—C—O“"R7—?H‘NH2
RG OH RG ?HQ
(1i) (1j)  ©Of
where

R° is identical or different radicals from the group hydrogen or alkyl having 1
to 6 carbon atoms, preferably methy! radicals,

R’ is identical or different divalent hydrocarbon radicals which optionally
contain ether functions and which are optionally polyoxyaikylene
radicals, preferably methylene radicals and

m IS an integer from 2 to 18,

R® s identical or different radicals from the group
-CHy-CHy-CHy-O-(CHy-CH,0-),-(CHa-CH(R)O-),-R"
-CHy-CHp-O~(CHy-CH,0-),~(CHo-CH(R)O-),-R"
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-CH,-CH,-(0),-R"

-CH,-CH»-CH,-O-CH»-CH(OH)-CH,OH

o]

-CH»-CH»-CH,-O-CH»-C(CH,OH),-CH,-CHa, in which

X Is 0 to 100, preferably > O, in particular 1 to 50,

X' IS O or 1,

V IS O to 100, preferably > 0, in particular 1 to 50,

R' independently of the others, is an alkyl or aryl group having 1 to 12 carbon
atoms which is optionally substituted, for example substituted with alkyl
radicals, aryl radicals or haloalkyl or haloaryl radicals, where, within a
radical R* and/or a molecule of the formula 1, mutually different substituents
R' may be present, and

R" independently of the others, is a hydrogen radical or an alkyl group having 1
to 4 carbon atoms, a group -C(O)-R™ where R™ = alkyl radical, a group
-CH,-O-R', an alkylaryl group, such as e.g. a benzyl group, the group
-C(O)NH-R/,

RY is an optionally substituted, e.g. halogen-substituted, saturated or
unsaturated hydrocarbon radical having 1 to 50, preterably 3 to 30, carbon
atoms, in particular a decyl, dodecyl, tetradecy! or hexadecyl radical,

R* independently of the others, is identical or different linear, cyclic or branched,
optionally olefinically unsaturated or aromatic hydrocarbon radicals having 1 to 30
carbon atoms which may be substituted with the groups containing the
heteroatoms O, N, S, P or halogen atoms and which preferably contain no
primary or secondary amine functions, preferably alkanol radicals, carboxylic acia
radicals or carboxylic acid ester radicals, in particular hydrocarbon radicals having

5 to 30 carbon atoms, such as, for example, a dodecenyi, tetradecyl, hexadecy!

or octadecyl radical and

R® = independently of the others, identical or different radicals R', R®, R® or R?,

preferably R', in particular methyl, phenyl, dodecy! or hexadecyl.

The various monomer units of the building blocks given in the formulae (siloxane
chains or polyoxyalkylene chain) can be constructed blockwise among one another
with any desired number of blocks and be based on an arbitrary sequence or a
statistical distribution. The indices used in the formulae are to be regarded as statistical

average values.
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The invention further provides ionic adducts of the amino-functional siloxanes
according to the invention with protic reactants H'A". The adduct is present in the form
of -NH3"A". The anions A" are identical or different counterions to the positive charges
on the protonated, primary amino groups, selected from inorganic or organic anions of
the acids H'A,, and also derivatives thereof. Preferred anions are, for example,
chloride, suifate and hydrogensulfates, carbonate and hydrogencarbonate, phosphate
and hydrogenphosphates, acetate and homologous carboxylates with linear or
branched, saturated or olefinically unsaturated alkyl chains, aromatic carboxylates,
carboxylates formed from amino acids, citrates, malonates, fumarates, maleates,
substituted and unsubstituted succinates and carboxylates formed from
L-hydroxycarboxylic acids, such as, for example, lactate. The aminosiloxanes
according to the invention and their ionic adducts can be present in dissociation

equilibria depending on the stability of the adduct formed.

Moreover, the invention provides the quaternary ammonium compounds deriving from

the alkylation of the primary amine function of the formula 2

Ny ) 13) 13)
Ma M al M az M a3 Db D ’b1 D”b2 DmbB Tc Qd

(formula 2)

where
M =(R'5Si Op)

M”” = (R°R, Si Oypp)
M” = (R°R'2Si Oyp)
M” = (R*R',Si Oyp)
D = (R'2 Si Ozp)
D" =(R°R'Si Oy»)
D” = (R°R' Si O,p)
D” = (R*R' Si Oyp)
T  =(R’>SiOsp)
Q = (Si Ogpo)

a, al, a2, a3, b, b1, b2, b3, ¢ and d have the meaning given above, the radicals R', R®,

R* and R’ likewise satisfy the definition given above and

R® iIndependently of the others, is identical or different organic radicals which carry
ammonium functions; suitable radicals R® are, for example, preferably identical

or different radicals selected from the group
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OR’ GHZOR?
_(CHz)a"O"CHz’g_CHz__NRQP,J'A' ' —(CH2)3-O—CH2*S“NF293+A‘
(2a) (2b)
999 ('JHQORQ
_(CHz)m-O_CHQ’S_CHQ'—'NRQS-&-A* —(CH2)m_O“CH2_g_NR93+A_
(2c) - (2d)
OR”
' —CH,~CH NRZ3*A"
OR®
(2e) (2f)
OR?
NR%; A
NRZ,*A
OR®
(29) (2h)
7 W
'—CHZ'—(IJH'—'C—O—R7—(|3H—CH2—NR93+A" ""‘CHg"‘“ﬁJH "‘C“O“R7—?H‘NR93’“A'
RO OR” R CHa
(21) (2)) OR?

R® independently of the others, is identical or different linear or branched
hydrocarbon radicals having 1 to 30 carpbon atoms or aromatic hydrocarbon

radicals having 6 to 30 carbon atoms, preferably methyl or ethyl.

To produce the compounds according to the invention having quaternary ammonium

functions, the compounds of the formula 1 according to the invention are reacted with
the alkylating reagents. For this, alkylating reagents known 1o the person skilled in the

art, such as e.g. alkyl halides or dialkylsulfates, in particular, can be used.

The invention furthermore provides preparations in the form of solutions, emuisions,
dispersions and/or mixtures comprising the compounds according to the invention of
the formulae 1 or 2. These preparations can comprise further additives and accessory
materials, for example, but not limited to those selected from the group of fillers,

emulsifiers, dyes, pigments.
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The invention further provides the use of the amino-functional siloxanes of the formulae
1 or 2 according to the invention as emulsifier for cosmetic preparations, compatibilizer
for plastic blends, release agent, hydrophobicizing agent, dispersant for colored
pigments and fillers, additives for textile finishing (softeners), conditioner for hair,
orimer for surface coating/adhesion promoter, additive for corrosion protection

formulations, PU foam stabilizer, antifoam and/or as wetting agent.

The invention further provides the method for producing the aminosiloxanes of the

formula 1 according to the invention.

Method for the production of the siloxanes according to the invention:

The compounds of formula 1 according to the invention are produced from epoxy-

functional compounds of the formula 3

Ma M!!J!Ia1 Ml}a2 M”’as Db Dlnilb1 D!Jb2 D,”ba TC Qd
(formula 3)

where

M = (R'5Si O
M™ = (R"R'2Si O1p)
M™ = (R3R12 Si O1p2)
M™ = (R'R'2Si Oip)
D = (R"5 SiOy)
D" = (R'R' Si Oyp)
D” = (R°R'SiOyp)
D” = (R'R' Si Oyp)
T  =(R®Si0O)

Q = (SI Oup)

a, al, a2, a3, b, b1, b2, b3, ¢c and d have the meaning given above, the radicals R', R®,

R* and R® likewise satisfy the definition specified above and
R independently of the others, is identical or different organic epoxy radicals.

Suitable epoxy radicals R are, for example, preferably identical or different radicals

selected from the group
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A\ -
—(CH)s—0—CHp—C—CH, T CHaT O,
(3a) (3b)
O
/ \
——(CHz)m_O_CHQ_-C_CHQ
i 0
. >
(3d)
®
I /\
—CH2—CH—C—O—R7—IC_|)—CH2
R (3e)

The epoxy-tunctional siloxanes, which can also carry further substituents, are produced
as described in the prior art - for example in EP 0415208 A2 - by means of transition
metal-catalyzed hydrosilylation. The ring-opening reaction is then carried out with the
Introduction of ammonia, with or without using solvents, at atmospheric pressure or in
the autoclave at superatmospheric pressure. The ammonia can also be generated In
situ from compounds which cleave off ammonia, for example when increasing the

temperature.

A large number of customary solvents is suitable for the production according to the
invention of the amino-functional siloxanes. Depending on the polarity of the epoxy-
functional preproduct, the solvent is selected according to its dissolving capacity for
starting material and product. The solvent should behave largely inertly both towards
ammonia and aiso towards the epoxy-functional preproduct under the selected reaction
conditions. Thus, for example, aromatic hydrocarbons, but aiso ethers or alcohols are
suitable. Preference is given to using toluene, xylene, methanol, ethanol, propanol and

its Isomers, in particular 2-propanol.

When using autoclaves, higher reaction temperatures of up to 150°C, preferably 60°C
to 130°C, can be established since the reaction gas remains in the closed system.
When the autoclave is opened and charged, without pressure, for example with
saturated ammoniacal solution, the pressure build-up in the closed autoclave during
heating can be in the range from 1 to 50 bar, preferably 5 to 20 bar. It a closed

pressurized reactor is charged with ammonia gas via a gassing device, a pregiven
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pressure of 1 to 50 bar, preferably from 5 to 20 bar, can be established during the

charging. In this case, the reaction times can be 1 to 10 hours, preferably 1 to 5 hours.

A particular advantage of the method at pressures greater than 1 bar and at
temperatures above 50°C is that, compared to the prior art, it is possible to realize
shorter reaction times of less than 12 hours. The higher local concentration of ammonia
In the dissolved phase, moreover, influences the selectivity in a positive manner since
the ratio of ammonia to the formed primary amine, i.e. of the reagents competing for
the ring openings, is Increased in favor of the ammonia. Preferred process pressures

are in the range from 2 to 50 bar, in particular 5 to 20 bar.

A turther advantage of the higher reaction temperature is evident in the case of the
reaction of relatively high molecular weight epoxy siloxanes. The viscosity of the
starting compounds Is reduced at higher temperatures, which facilitates the mixing and
the mass transfer and thus likewise brings about a rapid reaction. Since, in the
pressureless method, the higher reaction temperature likewise brings about a more
rapld degassing of the ammonia, it may be advantageous to work on a small scale with

a gas frit and on a production scale with a bubble-column reactor.

It the reaction is carried out without pressure, then a minimum temperature of 50°C,
preterably of 60°C, is required for a rapid reaction with acceptable selectivity. For
pressureless reaction control, it may be advantageous to increase the rate of the epoxy
ring opening by means of suitable catalysts. Heterogeneous or homogeneous catalysts
from the area of acids, Lewis acids or bases, and also metal salts or complexes, or

transition metal salts or complexes can be used.

The reaction can be carried out in a one-pot method or continuously. When the
reaction Is complete, the product is distilled off in order to remove residual ammonia
and optionally also the solvent used. The pH can be adjusted by means of solid or
dissolved bufter systems. If a pH adjustment is carried out with solid salts, a filtration

step then follows. In the event of product clouding arising, a filtration does not

necessarily have to take place.

Ammonia can be used as a reagent not only in molecularly gaseous form or in the form
of a saturated solution, but can also be used in chemically bonded form. Thus, for
example, as well as gaseous ammonia or agueous or alcoholic ammonia solutions, it is

also possible to use amine and/or ammonium compounds which release ammonia at
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elevated temperatures with decomposition or else during hydrolysis in solution, such
as, for example, ammonium halides, ammonium carbonate and/or hydrogencarbonate,
ammonium sulfate and/or hydrogensulfate, ammonium sulfamate, ammonium
phosphate, hydrogenphosphate and/or dihydrogenphosphate, ammonium cyanate,
ammonium carboxylates such as, for example, ammonium acetate, ammonium
hydrogenoxalate and/or oxalate, ammonium hydrogencitrate, ammonium benzoate,
ammonium formate, ammonium carbamate, ammonium lactate, ammonium tartrate or
ammonium succinate. Furthermore, ammonia can be generated in situ from
hydroxylamine, hydroxylamine-O-sulfonic acid or amidosulfonic acid or urotropin
(hexamethylenetetramine) by decomposition under the selected reaction conditions.
Depending on the amine or ammonium compound used, as a result of secondary
reactions on the amine function formed, carboxamides or carbamates can be formed,
and/or as a result of secondary reactions on the hydroxyl function formed, carboxylic

acld esters or corresponding sulfuric acid esters or phosphoric acid esters can be

formed.

Working examples:

In the examples listed below, the present invention is described for the purposes of
llustrating the invention, without any intention of limiting the invention, the scope of
application of which arises from the entire description and the claims, to the
embodiments specified in the examples. Where ranges, general formulae or compound
classes are given below, then these are intended to encompass not only the
corresponding ranges or groups of compounds that are explicitly mentioned, but also
all part ranges and part groups of compounds which can be obtained by removing
Individual values (ranges) or compounds. Where, within the context of the present
description, documents are cited, then their content, in its entirety, should be deemed
as belonging to the disclosure content of the present invention. Where, within the
context of the present invention, compounds such as e.g. organomodified
polysiloxanes are described which can have different monomer units several times,
then these can occur in these compounds in random distribution (random oligomer) or
In an ordered manner (block oligomer). Data relating to the number of units in such

compounds Is to be understood as meaning statistical average values, averaged over

all of the corresponding compounds.
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Example 1 (according to the invention)

In a 500 ml four-neck flask with attached precision-ground glass stirrer, reflux
condenser and internal thermometer, 83.7 g of an allylpolyethylene glycol with an
average molecular weight of 409 g/mol are heated with 7.21 g of allyl glycidyl ether
(> 99% purity, Sigma Aldrich) and 159.1 g of a poly(methylhydrogen)dimethylsiloxane
copolymer with a hydrogen fraction of 1.27 val/kg to 50°C with stirring. 5 ppm of
platinum in the form of a platinum(0) catalyst modified as in EP 1520870 are added
using a syringe and the reaction temperature iIs increased to 70°C. The conversion,
determined gas volumetrically Is quantitative after 2 hours. Distillation on a rotary
evaporator at 10 to 20 mbar and 140°C gives a clear, liquid product with an epoxide
content of 0.32% by weight of epoxide oxygen.

In a 500 mi four-neck flask with attached precision-ground glass stirrer, reflux
condenser with bubble counter and internal thermometer, ammonia is introduced Into a
solution of 100 g of ethanol and 1.0 g of 1-methylimidazole (99%, Sigma Aldrich) and,
at 50°C with stirring, 100 g of the epoxy-functional polyethersiloxane are added
dropwise via a dropping funnel over a period of 1.5 hours. When the metered addition
IS complete, ammonia is introduced for a further 4 hours at 50°C. Distillation on a rotary
evaporator at 70°C and 10 to 20 mbar gives a yellow, liquid product with an amine
content of 0.2% by weight of primary amine nitrogen (theoretical 0.27%, 74% yield),
< 0.01% by weight of secondary amine nitrogen and 0.14% by weight of tertiary amine
nitrogen (theoretical 0.16% by weight from methylimidazole).

Example 2 (according to the invention)

In a 500 ml four-neck flask with attached precision-ground glass stirrer, reflux
condenser and internal thermometer, 97.5 g of 1-hexadecene (purity 93%, Chevron
Philipps Chemical Company) are heated with 25.5 g of allyl glycidyl ether (> 99%
purity, Sigma Aldrich) and 150.0g of a poly(methylhydrogen)dimethyisiloxane
copolymer with a hydrogen fraction of 3.51 val’lkg to 70°C with stirring. 5 ppm of
platinum in the form of a platinum(0) catalyst modified as in EP 1520870 are adaed
using a syringe and stirred at 70°C. The conversion, determined gas volumetrically, is
80% after 4.5 hours. A further 5 ppm of platinum catalyst are added until, after 10.5
hours, 99.5% conversion is achieved. Distillation on a rotary evaporator at 10 10 20
mbar and 140°C gives a clear, liquid product with an epoxide content of 1.12% by
weight of epoxide oxygen.

In a 330 ml steel autoclave with magnetic stirrer fish and manometer, 100 g of the
epoxy siloxane are dissolved in 200 g of 2-propanol. Using a dry ice/ethanol cooling

bath, the autoclave together with the contents is cooled to -70°C and the solution is
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saturated with ammonia by passing it through for 30 minutes. The autoclave is closed
and heated to 120°C (external oil bath temperature) with stirring, during which the
pressure increases to 10 bar. After a reaction time of 4 hours, the autoclave is aerated
and the solvent is distilled off on a rotary evaporator at 80 t0 90°C and 10 to 20 mbar.
This gives a clear, yellowish product with an amine cbntent of 0.79% by weight of
primary-amine nitrogen (theoretical 0.97%, 81% yield), < 0.01% by weight of secondary

amine nitrogen and <= 0.01% by weight of tertiary amine nitrogen.

Example 3 (according to the invention)

In a 2| four-neck flask with attached precision-ground giass stirrer, reflux condenser
and internal thermometer, 243.2 g of an allylpolyoxyalkylene glycol end-capped at the
terminal hydroxy group by acetylation and having an average molecular weight of
874 g/mol and a composition, by weight, of 80% propylene oxide and 20% ethylene
oxide, 759.4 g of an allylpolyoxyalkylene glycol end-capped at the terminal hydroxy

" group by acetylation and having an average molecular weight of 4094 g/mol and a

composition, by weight, of 58% propylene oxide and 42% ethylene oxide, 49.0 g of ally!
glycidyl ether (>99% purity, Sigma Aldrich) and 300.0g of a
poly(methylhydrogen)dimethylisiloxane copolymer with a hydrogen fraction of
2.29 val/lkg are heated to 50°C with stirring. 5 ppm of platinum in the form of a
platinum(0) catalyst modified as in EP 1520870 are added using a syringe and stirred
at 70°C. The conversion, determined gas volumetrically, is 100% after 2.5 hours.
Distillation on a rotary evaporator at 10 to 20 mbar and 140°C gives a clear, liquid
product with a viscosity of 2555 mPa*s at 25°C and an epoxide content of 0.44% by
weight of epoxide oxygen.

In a 330 ml steel autoclave with gassing stirrer and manometer, 100 g of the polyether-
and epoxy-functional siloxane are dissolved in 200 g of 2-propanol. Using a dry
ice/ethanol cooling bath, the autoclave together with the contents is cooled to -70°C
and the solution is saturated with ammonia by passing it through for 30 minutes. The
autoclave is closed and heated to 80°C (external oil bath temperature) with stirring,
during which the pressure increases to 16 bar. After a reaction time of 4 hours at 80°C,
the autoclave is aerated and the solvent is distilled off on a rotary evaporator at 70°C
and 10 to 20 mbar. This gives a slightly cloudy, yeliowish product with a viscosity of
3309 mPa*s at 25°C and an amine content of 0.34% by weight of primary amine
nitrogen (theoretical 0.38%, 90% yield), <0.01% by weight of secondary amine

nitrogen and <= 0.01% by weight of tertiary amine nitrogen.
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Exampie 4 (according to the invention)

In a 21 four-neck flask with attached precision-ground glass stirrer, reflux condenser
and internal thermometer, 227.6 g of an allylpolyoxyalkylene glycol methyl ether with
an average molecular weight of 818 g/mol and a composition, by weight, of 80%
propylene oxide and 20% ethylene oxide, 713.4 g of an allylpolyoxyalkylene glycol
methyi ether with an average molecular weight of 3846 g/mol and a composition, by
weight, of 58% propylene oxide and 42% ethylene oxide, 49.0 g of allyl glycidyl ether
(> 99% purity, Sigma Aldrich) and 300.0 g of a poly(methylhydrogen)dimethylsiloxane
copolymer with a hydrogen fraction of 2.29 val/kg are heated to 50°C with stirring. 5
ppm of platinum in the form of a platinum(0) catalyst modified as in EP 1520870 are
added using a syringe and stirred at 70°C. The conversion, determined gas
volumetrically, 1s 100% atfter 2.5 hours. Distillation on a rotary evaporator at 10 to 20
mbar and 140°C gives a clear, liquid product with a viscosity of 2954 mPa*s at 25°C
and an epoxide content of 0.42% by weight of epoxide bxygen.

In a 330 ml steel autoclave with gassing stirrer and manometer, 100 g of the polyether-
and epoxy-functional siloxane are dissolved in 200 g of 2-propanol. Using a dry
ice/ethanol cooling bath, the autoclave together with the contents is cooled to -70°C
and the solution is saturated with ammonia by passing it through for 30 minutes. The
autoclave Is closed and heated to 80°C (external oil bath temperature) with stirring,
during which the pressure increases to 10 bar. After a reaction time of 6 hours at 80°C,
the autoclave is aerated and the solvent is distilled off on a rotary evaporator at 70°C
and 10 to 20 mbar. This gives a slightly cloudy, yellowish product with a viscosity of
3209 mPa*s at 25°C and an amine content of 0.35% by weight of primary amine
nitrogen (theoretical 0.36%, 97% vyield), <0.01% by weight of secondary amine

nitrogen and <= 0.01% by weight of tertiary amine nitrogen.

Example 5 (according to the invention)

In a 330 ml steel autoclave with gassing stirrer and manometer, 100 g of a
poly(methyl(2-cyclohexenyl oxide)ethyl)dimethyisiloxane copolymer with a viscosity of
160 mPa’™s at 25°C and an epoxide content of 1.9% by weight of epoxide oxygen are
dissolved in 200 g of 2-propanol. Using a dry ice/ethanol cooling bath, the autoclave
together with the contents is cooled to -70°C and the solution is saturated with
ammonia by passing it through for 30 minutes. The autoclave is closed and heated to
80°C (external oil bath temperature) with stirring, during which the pressure increases
to 10 bar. After a reaction time of 6 hours at 80°C, the autoclave is aerated and the
solvent is distilled off on a rotary evaporator at 70°C and 10 to 20 mbar. This gives a

slightly cloudy, yellowish product with a viscosity of 182 mPa*s at 25°C and an amine
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content of 1.30% by weight of primary amine nitrogen (theoretical 1.63%, 80% vyield),
< 0.01% by weight of secondary amine nitrogen and 0.03% by weight of tertiary amine

nitrogen.

Example 6 (according to the invention)

In a 2 [ four-neck flask with attached precision-ground glass stirrer, retlux condenser
and internal thermometer, 17.4 g of methyl 10-undecenoate (96% purity, Sigma
Aldrich), 10.0 g of allyl glycidyl ether (> 99% purity, Sigma Aldrich) and 200.0 g of a
poly(methylhydrogen)dimethylsiloxane copolymer with a hydrogen fraction of 0.7 val/kg
are heated to 70°C with stirring. 5 ppm of platinum in the form of a platinum(0) catalyst
modified as in EP 1520870 are added using a syringe and stirred at 70°C. The
conversion, determined gas volumetrically, is 24.7% after 2.5 hours. A further 5 ppm of
Pt are added and the mixture is stirred for a further 2 hours, which increases the
conversion to 45.6%. A further 10 ppm of Pt are added and the mixture is further stirred
at an elevated reaction temperature of 100°C. After a further two hours, the conversion
IS 80.0% and, after a total of 10.5 hours i1s 97.1%. Distillation on a rotary evaporator at
10 to 20 mbar and 140°C gives a clear, slightly brownish, liquid product with a viscosity
of 189.6 mPa*s at 25°C and an epoxide content of 0.49% by weight of epoxide oxygen.

In a 330 m! steel autoclave with gassing stirrer and manometer, 100 g of the carboxylic
acid ester- and epoxy-functional siloxane are dissolved in 200 g of 2-propanol. Using a
dry ice/ethanol cooling bath, the autoclave together with the contents is cooled to -70°C
and the solution is saturated with ammonia by passing it through for 30 minutes. The
autoclave is closed and heated to 80°C (external oil bath temperature) with stirring,
during which the pressure increases to 8 bar. After a reaction time of 6 hours at 80°C,
the autoclave is aerated and the solvent is distilled off on a rotary evaporator at 70°C
and 10 to 20 mbar. This gives a slightly cloudy, brownish product with a viscosity of
227.1 mPa*s at 25°C and an amine content of 0.48% by weight of primary amine
nitrogen (theoretical 0.43%), < 0.01% by weight of secondary amine nitrogen and

0.04% by weight of tertiary amine nitrogen.
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Claims:

1. An amino-functional siloxane of the general formula 1 or a quaternary ammonium

derivative thereof

Ma M'at M”42 M7 23 Do D'p1 D2 Db Te Qg

(formula 1)

where

M - (R13 S| 01/2)
M' = (RQR12 Si Oq0)
M™ = (R3R12 S| 01/2)
M= (R*R'2 Si Oyo)

D =(R';SiOg)
D’  =(R°R' SiOyp)
D’ =(R°R' SiOyp)
D= (R*R' Si Op)

T  =(R°SiOgp)
Q = (Si Oyp)
a = 0 t0 32;
al =0to 10;
a2 =010 32;
a3 =010 10;
b =010 600;
b1l =010 50;
b2 =0to 50;
b3 =0 to 50;
C = 0 to 20;
d = (0 to 20;

with the proviso that
if a1l =2, b1 # 0 and/or b2 # 0 and/or b3 # 0 and/or a2 # 0 and/or a3 # 0,

R' independently of the others, is identical or different linear or branched
hydrocarbon radicals having 1 to 30 carbon atoms or eise aromatic

hydrocarbon radicals having 6 to 30 carbon atoms,
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R independently of the others, is identical or different organic radicals which
carry a primary amino function,

R° s identical or different radicals from the group
-CH5-CH3-CHy-0O-(CH,-CHL0-)4-(CH-CH(R')O-),-R"
-CH,-CH3-O-(CH»-CH,0-),-(CH»-CH(R') O-)~R"

-CH,-CHo-(O),-R"
-CH,-CH5-CH,-O-CH,-CH(OH)-CH,0OH

or

-CH»-CH,-CH,-0O-CH»>-C(CH,OH),-CHo-CHg, In which

X 1s 0 to 100,

X is0to 1,

Y s 0 to 100,

R' independently of the others, is a linear or substituted alkyl or aryl group

having 1 to 12 carbon atoms, where, within a radical R* and/or a molecule
of the formula 1, mutually different substituents R' may be present, ana
independently of the others, is a hydrogen radical or an alkyl group having 1
to 4 carbon atoms, a group -C(O)-R"™ where R"™ = alkyl radical, a group
-CH»-O-R', an alkylaryl group, the group -C(O)NH-R/,

is an optionally substituted hydrocarbon radical having 1 to 50 carbon
atoms,

independently of the others, is identical or different linear, cyclic or
branched, saturated or unsaturated or aromatic hydrocarbon radicals having
1 to 30 carbon atoms which can be substituted with the groups containing
the heteroatoms O, N, S, P or halogen atoms and which preferably contain

no primary or secondary amine functions, and
independently of the others, is identical or different radicals R', R, R® or R".

The compound as claimed in claim 1, in which R* is a radical which, in addition to

amino function, carries a hydroxyl group selected from the group



10

15

CA 02788748 2012-08-01

WO 2011/095261 - 20 - PCT/EP2010/070855
¢ GHZOH
_(CH2)3“O"CH2"8’""CH2“_NH2 _(CH2)3“‘O"‘CH2"CH)_NH2
(1a) (1b)
OH CHoOH
“(CHz)m_O"CHQ—S_CHQMNHQ #(CH2)m—O_CH2_(H:_NH2
(1c) (1d)
OH
—CHQ“CHQO'NH?_ "‘“CHz‘CHQO\—NHg
OH
(1e) (11)
OH
NH,
NH
OH
(19) (1h)
o 0
-‘"CHQ—CI)H“C—O—'R7—(I3H—CH2—NH2 —CH—GH=C —0—97—?H-NH2
RO OH R® ' ?Hz
(1) (1)  ©F
where

R° s identical or different radicals from the group hydrogen or alkyl having 1 to

6 carbon atoms,

R’ is identical or different divalent hydrocarbon radicals which optionally
contain ether functions and which are optionally polyoxyalkylene radicals,
and

m is an integer from 2 to 18.

3. The compound as claimed in either of claims 1 or 2, characterized In that the

amino-functional siloxane of the formula 1 is reacted with protic reactants H'A™ to

give an ionic adduct of the form —NHz"A", where A™ corresponds to an inorganic or

organic anion.
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4.  The compound as claimed in either of claims 1 or 2, characterized in that the
amino-functional siloxane of the formula 1 is converted by alkylation to quaternary

ammonium compounds of the formula 2

Ma MJJ!Ja1 M!!az M,”aa Db D””b-l D!Jb2 D}HbS TC Qd
(formula 2)

where

M — (R13 Si Oqp2)
M = (R°R', Si Oyp)
M” = (R°R'2Si Oyp)

(

(
M™” = (R'R'2Si Oyp)
D = (R12 Si Ogp)
D" = (R°R' Si Oyp»)
D” = (R°R' SiOyp)
D” = (R'R' SiOpp)
T = (RS S| 03/2)
Q = (Si Q)

a, al, a2, a3, b, b1, b2, b3, ¢ and d and the radicals R' R® R* and R® have the

meaning given in claim 1,

R® independently of the others, is identical or different organic radicals which

carry ammonium functions.

5. The compound as claimed in claim 4, characterized in that R® is identical or

different radicals selected from the group
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QR GHZOR?
"—(CHz)s“O"CHz’ﬁ—CHz_NR%’“A' —(CH2)3-0—CH2—-S-——NR93+A'
(2a) (2b)
999 (|3H20R9
“"(CHz)m“O‘CHz*g“‘CHz"NF%%*A' —(CHg)m“O“CHg"E’“—'NRgS*A“
(2c) (2d)
OR®
—_— _ Q 44-
—CH2_0H2<_§—NR93+A- CH2 CHQ‘@NR 3 A
B OR®
(2e) (2f)
OR®
NRY,* A"
NRI,+A
OR?
(2g) (2h)
0 7
—'CHQ—'(|3H—C—O“-R7—(I3H—CH2—NR93+A‘ —CHQ—(I:H—C—O—R7—?H-NF{93+A'
R6 OR® RE (|3H2
(2i) (2)) OR’
and

R” independently of the others, is identical or different linear or branched
hydrocarbon radicals having 1 to 30 carbon atoms or aromatic hydrocarbon

radicals having 6 to 30 carbon atoms.

6. A method for producing selectively primary amino group-carrying siloxanes,

characterized in that laterally epoxy-modified siloxanes are reacted with gaseous,

dissolved or in situ generated ammonia.

7.  The method as claimed in claim 6 for producing the amino-functional siloxanes of

the formulae 1 and/or 2, characterized in that

(a) epoxy-functional compounds of the formula 3

Ma MJJ”Ja1 M”az hﬂ”!a3 Db D!”Hb1 D}$b2 D”lb:3 TC Qd

(formula 3)

where
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M — (R13 S 01/'2)
M™” = (R'°R', Si Oqp)
M” = (R°R'5Si Oy)
M™” = (R'R', Si Oyp)

5 D = (R SiO)
D" = (R"R' Si O,)
D” = (R°R' Si Oyp)
D = (R'R' Si Oyp)
T =(R’SiOgp)

10 Q  =(S10yp),

where a, a1, a2, a3, b, b1, b2, b3, ¢ and d and also the radicals R', R®, R* and R’
have the meanings as specified under claim 2 and 5
and
15 R independently of one another, are identical or different organic epoxy
radicals

are reacted
(b) with ammonia, optionally dissolved in a solvent or optionally instead of with

ammonia, with an ammonium compound which can liberate ammonia

20 (c) optionally in the presence of a ring-opening catalyst
(d) optionally under pressure at a minimum temperature of 50°C to 150°C.

8. The method as claimed in claim 7, characterized in that the compounds of the

formula 3 used are those in which R'°, independently of one another, are identical

25 or different organic epoxy radicals selected from the group
A\ °
—(GHg)y—0—CH—C—CHy — CHa= U,
(3a) (3b)
O
/ \
"(CHg)m_O“CHQ-—C_CHQ
i O
(3¢)
(3d)
O
| /O\
—CH,—CH—C—0O—R’—C—CH,

| -
R® (3e)
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10.

11.

12.

13.

The method as claimed in either of claims 7 or 8, characterized in that the
ammonia-producing compound Uused IS gaseous ammonia or agueous or
alcoholic ammonia solutions, ammonium halides, ammonium carbonate and/or
hydrogencarbonate, ammonium sulfate and/or hydrogensulfate, ammonium
sulfamate, ammonium phosphate, hydrogenphosphate and/or
dihydrogenphosphate, ammonium cyanate, ammonium carboxylates, ammonium
acetate, ammonium hydrogenoxalate and/or oxalate, ammonium hydrogencitrate,
ammonium benzoate, ammonium formate, ammonium carbamate, ammonium
lactate, ammonium tartrate or ammonium succinate, hydroxylamine,
hydroxylamine-O-sulfonic acid or amidosulfonic acid or urotropin or mixtures

thereof.

The method as claimed in any one of claims 7 to 9, characterized in that gaseous

ammonia is passed in a pressureless manner through the reaction mixture.

The method as claimed in either of claims 7 or 8, characterized in that the
reaction is carried out at pressures above 1 bar, preferably 2 to 50 bar,

particularly preferably 5 1o 20 bar.

The use of the amino-functional siloxanes of the formulae 1 or 2 as emulsitier for
cosmetic preparations, as compatibilizer for plastic blends, release agent,
hydrophobicizing agent, dispersant for colored pigments and fillers, additives for
textile finishing (softeners), conditioner for hair, primer for surface

coating/adhesion promoter, additive for corrosion protection formulations, PU

foam stabilizer, antifoam and/or as wetfing agent.

A preparation in the form of a solution, emulsion, dispersion and/or a mixture
comprising the compound according 1o the invention of the formulae 1 or 2; these

preparations can comprise further additives and accessory materials selected

from the group of fillers, emulsifiers, dyes, pigments.
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