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HOE 94/F 907
Abstract

New saturated fluorocalkylamines and carboxyalkylbetaines
and alkylsulfobetaines derived therefrom, and mixtures
containing the new fluoroalkylamines and mixtures con-
taining the new fluorobetaines are described. The satur-
ated fluoroalkylamines conform to the formula below

R1

/
CnF2n+ 1 "'CFH"CHZ "‘CH?_ -N

\RZ

in which n is an integer from 3 to 17 and R! and R? are C,
to C,-alkyl, C, to C,~hydroxyalkyl or hydrogen, with the
proviso that only one of the two substituents R! and R? is
hydrogen. The carboxyalkylbetaines and sulfobetaines and
the mixtures thereof are highly effective products for
reducing the surface tension of water/air systems and the
interfacial tension of water/hydrocarbon systens.
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HOECHST AKTIENGESELLSCHAFT HOE 94/F 907 Dr. GL-nu
Werk Gendorf

Saturated Fluorocalkylamines and their derivatives, and
mixtures thereof

Description

The invention relates to saturated fluoroalkylamines and

to the corresponding carboxyalkylbetaines and sulfo-
betaines. The invention also relates to mixtures compris-
ing these new fluoro compounds.

Saturated and unsaturated fluorocalkylamines are valuable
starting materials for the preparation of cationic or
amphoteric fluoroalkyl compounds such as fluoroalkyl-
betalnes, which represent surfactants with numerous

possible uses, for example as agents for lowering the

surface tension of water (water/air) or the interfacial
tension of water/hydrocarbon systems.

For 1instance, US-A-3,535,381 describes unsaturated
fluoroalkylamines of the formula R,~CF=CH-CH,-NZ in which

R 1s a perfluoroalkyl radical and NZ is the radical of a

as indicated by the following equation.
R(~CF,-CH=CH, + 2HNZ - R,-CF=CH-CH,-NZ + [ZNH,] + F~

Thelr quaternary ammonium compounds are said to have a

good activity in lowering the surface tension of water.

In US-A-4,059,629, saturated fluorcalkylamines of the

formula R,-(CH,),-NZ, in which R, and NZ have the defin-
itions indicated and m is 2 or 4, and mixtures comprising
these saturated and the abovementioned unsaturated

fluorcalkylamines are recommended as agents for lowering
the surface tensicn of water.
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Finally, US-A-4,183,367 describes carboxyalkylbetaines
containing a saturated fluoroalkyl group, and US-A-
4,430,272 describes alkylsulfobetaines containing an
unsaturated fluoroalkyl group, as effective surfactants.

The present invention now provides new saturated fluoro-
alkylamines, and alkylsulfobetaines and carboxyalkyl-
betalnes derived from these fluoroalkylamines, and mix-

tures containing the new fluorcalkylamines and mixtures
contalning the new fluorobetaines.

The saturated fluoroalkylamines according to the inven-
tion conform to the formula (1) below

R1

/
CnF2 n-}-l‘CFH-CHz‘CHz -N ( l)

\R2

in which n is an integer from 3 to 17, preferably from 5
to 13, and R' and R® are C, to C,-alkyl, C, to C,~hydroxy-

alkyl or hydrogen, with the proviso that only one of the
two substituents R' and R? is hydrogen.

The perfluoroalkyl radical C.,F,,., may be straight-chain or
branched but is preferably straight-chain. In the case of

a branched perfluoroalkyl group, terminal branching is
preferred. Examples which can be mentioned are C,F,, C;F,y,

CFis, GFy and Cy,F,; and mixtures of perfluoroalkyl
homologs having the given meaning of n, for example C.F,,

to C,F,3 mixtures (C,F,,/C,;F;;). R!' and R?, which are
preferably methyl or ethyl, may be identical or dif-

ferent. The hydroxyalkyl group is preferably -CH,CH,-OH.

The saturated fluorcalkylamines of the formula (1)

according to the invention are prepared by hydrogenating
fluorcalkenylamines of the formula (la) below
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CnF2n+1~CF=CH-CH,-N (1a)

R2

in which n, R}, R?® and the perfluorocalkyl radical are as
defined,

in the presence of a catalyst from the group comprising
ruthenium, rhodium, palladium, osmium, iridium and
platinum and at a temperature of from 0 to 50°C, prefer-
ably from 15 to 30°C. The unsaturated fluorocalkylamines
(la) to be employed are known and are described in detail
in US-A-3,535,381 which was mentioned in the introduc-
tion. Using the combination according to the invention of
a hydrogenation catalyst from the group of the platinum
metals and a specific hydrogenation temperature, selec-
tive hydrogenation of the -CF=CH- group to -CFH-CH,- 1is
achlieved, and the saturated fluorocalkylamine (1) desired
ls obtained in a high yield. The pressure in the reaction
of fluorocalkenylamine of the formula (la) with hydrogen
may vary within wide limits; the critical factor is the
use of the stated noble metal catalysts in combination
with the stated temperature. Using a high hydrogen
pressure (1n comparison with a low hydrogen pressure)
reduces the neceésary hydrogenation time. With regard to
an economical hydrogenation time, it has proven advan-
tageous to maintain a hydrogen pressure of from 20 to 150
bar, preferably from 70 to 110 bar. The end of the
reaction with hydrogen (about 1 mol of hydrogen is
required per mole of fluorcalkenylamine) is indicated by
constant pressure being reached. The hydrogenation time
1s generally from 1 to 4 hours and depends essentially on
the hydrogenation temperature, the hydrogen pressure and
the quantity of catalyst. The stated catalysts from the
group of the platinum metals, from which palladium and
platinum are preferred, can be employed as such cor in the
form of supported catalysts, the support material being
cemposed, for example, of alumina, silica gel, kieselguhr

or pumice. The catalyst is employed in a gquantity of from
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0.005 to 0.5 % by weight, preferably in a quantity of
from 0.01 to 0.1 % by weight, these percentages by weight
being based on the weight of the unsaturated fluorocalkyl-
amine to be hydrogenated (the percentages by weight
relate to the stated elements and thus do not include the
support material). The exothermic hydrogenation according
to the invention can be carried out with or without the
use of a solvent. A solvent will be employed in par-
ticular should the fluoroalkenylamine to be hydrogenated
be solid at the chosen hydrogenation temperature. Prefer-
red organic solvents to give a liquid phase are the lower
alkanols, such as methanol, ethanol, propanol and/or
lsopropanol. The solvent is generally employed in a
quantity such that the concentration of the solution of
fluorcalkenylamine in the solvent is from approximately
10 to 70 % by weight, preferably from 30 to 50 % by
weight. On conclusion of the hydrogenation, which is
carried out in liquid phase, the saturated fluoroalkyl-
amine of formula (1) is present. If it is desired to
separate off the catalyst employed to obtain a catalyst-
free fluoroalkylamine, this can be achieved by, for
example, decanting or filtering. In order to purify the
product further, it is possible to wash it once or more
with water and in addition, if desired, to distil it. The
saturated fluoroalkylamines according to the invention,
with the special y-CFH- unit are obtained in a high yield
and purity. They are liquid at room temperature, except
for those having a particularly 1long perfluorcalkyl
group. They are more stable to heat and pH than the
unsaturated starting fluorocalkylamines and are thus
stable on storage, even over a prolonged period. They
represent advantageous starting compounds (intermediates)
for the preparation of new carboxyalkylbetaines and
alkylsulfobetaines and of new mixtures comprising the

saturated fluorcalkylamines according to the invention.

The carboxyalkylbetaines according to the invention
conform to the formula (2) below



10

15

20

25

30

2144228

R1

|
CnF2n+1-CFH-CH2-CH2-N+~(CHZ)a-COO“ (2)
|

RS

in which a is 1, 2, 3 or 4, preferably 1, and n, R!, R?
and the perfluorocalkyl radical are as defined for formula

(1) .

The carboxyalkylbetaines according to the invention are
prepared by carboxyalkylation of compounds of the formula
(1) . The betainizing agent or alkylating agent employed
1s a halocarboxylic acid of the formula (2a) below

X~ (CH,) ,~COCH (2a)
in which X is a halogen, preferably Cl or Br, and a is as
defined,
or a salt thereof, preferably an alkali metal salt, or a
C, to C,-alkyl ester of this halocarboxylic acid. If a
halocarboxylic ester is used, then clearly the alkylation
product 1s to be subjected to hydrolysis in order to
obtain the compound of the formula (2). The betainization
is preferably carried out at a temperature of from 60 to
100°C, preferably from 70 to 95°C, and in the presence of
a solvent from the group of the lower alkanols or water

or mixtures of water and lower alkanols such as methanol,
ethanol, propanol and/or isopropanol (preferably in a
volume ratio of 1 part water to from 10 to 30 parts
alkanol) . The solvent is employed in a quantity such that
the concentration of the flucroalkylamine solution
present is from 20 to 70 % by weight, preferably from 30
to 50 % by welght. The betainization of the tertiary
fluorocalkylamine stoichiometrically requires 1 mol of
halocarboxylic acid, ester compound or halocarboxylic
salt per mole of fluoroalkylamine. Therefore, in order to
achieve a maximum degree of betainization, from 1 to
1.1 mol, preferably from 1 to 1.03 mol, of betainizing
agent are employed per mole of tertiary fluorocalkylamine.
The pH of the reaction mixture is in general from 5 to 8,

preferably from 6.5 to 7.5. The reaction which proceeds
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at atmospheric pressure or at a more or less slight
overpressure 1is generally continued until all of the
tertiary fluoroalkylamine has been betainized. If alkyl-
ation is carried out using a halocarboxylic acid, the
hydrohalic acid formed is preferably bound with an alkali
metal hydroxide to give the alkali metal halide. The
alkali metal hydroxide (NaOH or KOH) is preferably
employed in the form of a 30 to 60 % by welight strength
aqueous solution. Working up the resulting solution of y-
CFH-carboxyalkylbetaines of the formula (2), for example
by distilling off the solvent to obtain solid carboxy-
alkylbetaines, is often completely unnecessary, since for

many applications even the solutions can be used.

The alkylsulfobetaines according to the invention conform
to the formula (3) below

R1

CnF2n+1-CFH-CH~CH,~N- (CH3) p-SO3 - (3)

|

R<

in which b is 1, 2, 3 or 4, preferably 3 or 4, and n, R!,

R° and the perfluorocalkyl radical are as defined for
formula (1).

The alkylsulfobetaines according to the invention are
prepared by sulfoalkylation of compounds of the formula

(1) . The sulfoalkylating agent employed is a sultone of
the formula (3a) below

O_SOZ (38.)

in which b is as defined,

preferably propanesultone or butanesultone. The sulfo-
alkylation is carried out in the presence of an organic
solvent which 1is 1inert with respect to the reactants.

Examples of suitable solvents are methanol, ethanol,

butylglycol, butyldiglycol or acetone. The advantageous
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reaction temperature is in the range from 50 to 100°C,
the reaction taking place under essentially unpressurized
conditions. At these temperatures the duration of the
sulfoalkylation is between 1 and 10 hours. The sultones
should advantageously not be employed in a proportion
above that required by stoichiometry, since they are
toxic. When the sulfoalkylation has ended the y-CFH-
alkylsulfobetaines of the formula (3) can be obtained in
sollid form by distilling off the solvent. For many

applications, however, even the resulting solutions of
the new sulfobetaines can be employed.

The carboxyalkylbetaines and sulfobetaines according to
the invention having the particular feature of -CFH- in
the fluoroalkyl radical have extraordinary surfactant

properties. They bring about an unexpectedly large

reduction in the surface tension of water/air systems and

the use of only very small quantities often being suf-
ficient.

The mixtures of saturated fluorocalkylamine compounds
according to the invention essentially comprise

A) from 60 to 90 % by weight, preferably from 75 to 85

% by weight, of at least one saturated fluorcalkyl-
amine of the given formula (1) and

B) from 10 to 40 % by weight, preferably from 15 to 25

% by weight, of at least one saturated fluorocalkyl-
amine of the formula (4) below

R1
/
CnF2n+1-CH2-CH2-CH2-N

\_R2

(4)

in which n, R', R® and the perfluoroalkyl radical are

as defined for formula (1),

percentages by weight being based on the weight of the
mixture.

s A f ¢

2144228
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The mixtures of saturated fluorocalkylamines of the
formulae (1) and (4) according to the invention are
prepared by hydrogenating fluoroalkenylamines of the
abovementioned formula (la) in the presence of a catalyst
from the group comprising iron, cobalt and nickel and at
a temperature of from 0 to 50°C, preferably from 15 to
30°C. Using the combination according to the invention of
a hydrogenation catalyst from the iron group and a
specific hydrogenation temperature, the hydrogenation of
compounds of the formula (la) leads to a high yield of
the mixtures described, essentially comprising the
saturated fluoroalkylamines of the formulae (1) and (4).
The formation of these mixtures is apparently the result
of two different reaction mechanisms. The compounds of
the formula (1) are apparently formed by hydrogenation of
the =-CF=CH- group in (la) to give -CFH-CH,- and the
compounds of the formula (4) are probably formed by
further hydrogenation of -CFH-CH,- with the release of
HF, as 1llustrated by the following equation:
-CFH-CH,~ + H, - -CH,-CH,- + HF.

The pressure in the reaction of the fluorocalkenylamine of
the formula (la) with hydrogen can vary within wide
limits, the critical factor being the use of the stated
catalysts 1in combination with the stated temperature.
Using a high hydrogen pressure requires (in comparison
with a low hydrogen pressure) a shorter hydrogenation
time. With respect to an economic hydrogen time, it has
proven advantageous to maintain a hydrogen pressure of
from 5 to 50 bar, preferably from 10 to 30 bar. The end
of the reaction with hydrogen (approximately 2 mol of
hydrogen are required per mole of fluorcalkenylamine) is
indicated by constant pressure being reached. The hydro-
genation time is generally from 1 to 4 hours and depends
essentially on the hydrogenaticn temperature, the hydro-
gen pressure and the quantity of catalyst. The stated
catalysts from the iron group, from which nickel is pre-
ferred, can be emploved as such or in the form of sup-

ported catalysts, the support material being composed,
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for example, of alumina, silica gel, kieselguhr or
pumice. The catalyst is employed in a quantity of from
0.005 to 0.5 % by weight, preferably in a quantity of
from 0.01 to 0.1 % by weight, percentages by weight being
based on the weight of the unsaturated fluoroalkylamine
to be hydrogenated (the percentages by weight are based
on the stated elements and thus do not include the
support material). The strongly exothermic hydrogenation
according to the invention is preferably carried out in
the presence of a solvent, irrespective of whether the
fluorcalkenylamine to be hydrogenated is intended to be
solid or liquid at the chosen hydrogenation temperature.
Preferred organic solvents to give a liquid phase are the
lower alkanols, such as methanol, ethanol, propanol
and/or isopropanol. The solvent is generally employed in
a quantity such that the concentration of the fluoro-
alkenylamine in the solvent is approximately from 10 to
70 % by weight, preferably from 30 to 50 % by weight. On
conclusion of the hydrogenation, which is carried out in
liquid phase, the mixture of compounds of the formulae
(1) and (4) desired is present. If it is desired to
separate off the catalyst used to obtain a catalyst-free
mixture, this can be achieved, for example, by decanting
or filtering. The product can be purified further by
washing it once or more with water, and, 1f desired,
distilling it, preferably in the form of a steam distil-
lation. It was found that the gels obtalined during
washing could be destroyed by alkalification to a pH from
& to 10. The mixtures according to the invention of
compounds of the formulae (1) and (4) are obtained in a
high yield and purity. They are liquid at room temper-
ature, except for those having a particularly 1long

perfluoroalkyl group. They are more stable to heat and PH
than the unsaturated starting fluorocalkylamines and are

thus stable on storage even over a prolonged period. They
represent advantageous starting compounds (intermedi-
ates), since they can be betainized to give highly

effective surfactant nixtures of carboxyalkylbetaines
and/or sulfcbetaines.
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The carboxyalkylbetaine mixtures according to the inven-

tion thus comprise essentially

A) from 60 to 90 % by weight, preferably from 75 to
85 ¥ by weight, of at least one carboxyalkylbetaine
of the given formula (2) and

B) from 10 to 40 % by weight, preferably from 15 to

25 % by welight, of at least one carboxyalkylbetaine
of the formula (5) below

R1

CnF2n+1-CH3-CH2-CHy-N=-(CH») 5-COO~ (5)
R2

in which a, n, R!, R?® and the perfluoroalkyl radical
are as defined for formula (2).

The sulfobetaine mixtures according to the invention

essentially comprise

A) from 60 to 90 % by weight, preferably from 75 to
85 % by weight, of at least one alkylsulfobetaine of
the given formula (3) and

B) from 10 to 40 % by weight, preferably from 15 to

25 % by welght, of at least one alkylsulfobetaine of
the formula (6) below

Rl

Cn¥F2n+1-CH2=-CH2-CH2-N-(CH2) p-S03~ (6)

RZ

in which b, n, R!, R® and the perfluoroalkyl radical
are as defined for formula (3).

These surfactant mixtures according to the invention are
prepared by carboxyalkylation or sulfoalkylation of the
above-described mixtures of compounds of the formulae (1)
and (4), with the carboxyalkylation and sulfoalkylation
being carried out in each case in the same manner as
described above for the compounds of the formula (1) . The

carboxyalkylbetaine mixtures and sulfoalkylbetaine
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mixtures obtained have a surprisingly high effectiveness
in reducing the surface tension of water-air systems and
the interfacial tension of water-hydrocarbon systems,
with only very small quantities often being adequate.

The invention is now illustrated in more detail using
examples.

Examples 1 to 5 below relate to the compounds of the
formula (1) according to the invention:

Example 1

A 300 ml autoclave was charged with 200 g of C.F,,-CF=CH-

CH,-N(CH;3), and 2 g palladium catalyst (i.e. a catalyst
comprising 5 % by weight of palladium on active carbon
with 49 % by weight of H,0). The sealed autoclave was
flushed with nitrogen and then with hydrogen, hydrogen
was then injected up to a pressure of 80 bar, and, with
shaking at from 20 to 25°C and the continuous supplemen-
tary injection of hydrogen up to a maximum of 100 bar,
hydrogenation was carried out until no more hydrogen was
taken up. Constant pressure was reached after 4 hours.
The autoclave was let down and opened and its contents
were worked up: the catalyst was filtered off and the
filtrate was distilled in vacuo. 183 g (i.e. a yield of

91 % of theory) of saturated fluoroalkylamine of the

formula (C;F,,-CHF-CH,CH,-N(CH,), were obtained, having the
followling properties:

Boiling point: 58 to 59°C/15 mbar

Purity, determined by gas chromatography: 98 area-%
(referred to below simply as "GC")
Amine number: 26.3

**C-NMR (CDC1l,):

y—-CHF: 86.8 ppm (d, 2d); 1 J (CF) = 185 Hz
B-CH,: 25.8 ppm (d, t); 2 J (CF) = 21 Hz
a-CH,: 54.0 ppm (s)

N(CH;),: 45.5 ppm (s)
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Example 2

In analogy to Example 1, using 200 g of C,F,,~CF=CH-CH,-
N(CH;), with 4 g of palladium catalyst and a hydrogen
pressure of from 80 to 100 bar at from 20 to 40°C, after

5 hours, 177 g (88 % of theory) of fluorocalkylamine of
the formula C,F,;-CHF-CH,CH,-N(CH,;), were obtained.

Bolling point: 83 to 85°C/1S5mbar
GC: 99 area-%

Amine number: 20.9
13C NMR: as for Example 1

Example 3

in analogy to Example 2, using 100 g of C,F,,~CF=CH-CH,-
N(CH;), and 1 g of ruthenium catalyst (i.e. a catalyst
comprising 5 % by weight of ruthenium on active carbon)
in 50 ml of methanol, after a hydrogenation time of

6 hours, 74 g (74 % of theory) of fluoroalkylamine of the
formula (C,F,s—~CHF-CH,CH,~-N(CH,), were obtained.

Boiling point: 83 to 85°C/15 mbar
GC: 98 area-%

Amine number: 20.7
C NMR: as for Example 1

Example 4

In analogy to Example 2, using 100 g of C,F,,~CF=CH-CH,-
N(CH;), and 1 g of rhodium catalyst (i.e. a catalyst
comprising 5 % by weight of rhodium on Al1,0,) in 50 ml of

methanol as solvent, 64 g (64 % of theory) of fluoro-
alkylamine of the formula C,F,,~CHF-CH,CH,-N(CH,), were

obtained.

Boiling point: 83 to 85 °C/15 mbar

GC: 99 area-%
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Amine number: 20.8

3C NMR: as for Example 1

Example 5

150 g of C F,,,;-~CF=CH-CH,-N(CH;), were hydrogenated with
1.5 g of the stated palladium catalyst in 100 g of
lsopropancl as solvent, analogously to Example 1, at a
hydrogen pressure of from 80 to 100 bar and at a tempera-
ture of from 20 to 30°C for 4.5 hours.

For working up, the solvent was distilled off after
filtration and then the hydrogenated crude amine obtained
was subjected to steam distillation. 134 g of fluoro-
alkylamine of the formula C.F,,,,~CHF-CH,CH,-N(CH,), were
obtained, a yield of 89 % of theory.

GC: 99 area-%
Amine number: 19.7
13C NMR: as for Example 1

The perfluoroalkyl radical C.F,,, is a mixture of CsFy,,
CFis, GoFy9 and Cy Fo;.

Example 6 below relates to the compounds of the formula
(2) according to the invention:

Example 6

A 500 ml stirred apparatus (fitted with condenser,
dropping funnel and thermometer) was charged with 75 g
(0.15 mol) of C,Fu,.,-CHF-(CH,),~N(CH,;),, 19.5 g of sodium
chloroacetate (98 %, 0.16 mol) and 126 g of ethanol/H,0
(20:1). The reaction mixture was held at reflux (i.e.
about 80°C) with stirring for 30 hours. 2.4 g of 30 % by
weight strength aqueous NaOH were added over the course
of the reaction. When the reaction had finished, the NacCl
was substantially removed by filtering the reaction

mixture over a rapid pressure filter heated to from 60 to
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70°C. The filtrate was evaporated to dryness on a rotary
evaporator. 82 g (i.e. a yield of 95 % of theory) of
carboxymethylbetaine (with a residual NaCl content of 2 %

by welght) of the following formula were obtained:
CnFansy~=CHF- (CH,) ,-N* (CH,) ,~CH,CO,"

Characterization by 1H NMR (CD,OD):

y-CHF: 5.44 ppm (1H, 4, m)
B-CH,: 2.45 ppm (2H, m)
a-CH,: 4.00 ppm (2H, m)

N(CH,),: 3.36 ppm (6H, s)
CH,-CO, : 3.95 ppm (2H, s)

The perfluoroalkyl radical C,F,,.,, 1s a mixture of per-
fluorinated C;, C,, C; and C,;, alkyls of the following

composition, 1in area percentages determined by gas
chromatography: C; ¢ C, : C : C,, 24 : 59 : 16 : 1.

The carboxymethylbetaine according to the invention was
tested with respect to its effectiveness in lowering the
surface tension of water (mN/m) in which context it was
used at different concentrations (in percent by weight)
ln each case at 80°C. The results are summarized below:

% by weilght mN/m

0.1 14.2
0.04 14.3
0.02 14.5
0.01 15.1
0.005 17.4

Example 7 below relates to the compounds of the formula

(3) according to the invention:
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Example 7

A 500 ml stirred apparatus (fitted with condenser,
dropping funnel and thermometer) was charged with 100 g
(0.216 mol) of C.F,,,,~CHF-(CH,),-N(CH,), and 146 g of mono-

5 ethylene glycol monobutyl ether (butylglycol) and heated
to 60°C. 26.5 g (0.217 mol) of propanesultone were
metered into the heated mixture, after which the reaction
mixture was stirred for 1 hour at 60°C and then for a
further 5 hours at from 105 to 110°C. The reaction

10 mixture was worked up by adding 146 g of water and
stirring for 2 hours at 95°C (hydrolysis of excess

propanesultone). The sulfobetaine of the formula CF, ,,-

CHF- (CH,) ,-N"(CH;) ,~ (CH,) ,;SO,” was obtained in a yield of 86

Q

% 0of theory.

15 The statements made in Example 6 apply to the perfluoro-
alkyl radical C.F,..,.

The alkylsulfobetaine according to the invention was
tested 1n respect of its effectiveness in lowering the
surface tension of water (mN/m) in which context dif-
20 ferent concentrations (in percent by weight) were used,

in each case at 60°C. The results are summarized below:

% by weight mN/m

25

Examples 8 and 9 below relate to the mixtures of com-

pounds of the formula (1) and formula (4) according to
30 the i1nvention:
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Example 8

Preparation of a mixture essentially comprising
85 % by welight of C.F,,-CHF-CH,CH,-N(CH,), and
15 % by weight of C.F,;-(CH,);~N(CH,),.

A 5 1 shaker autoclave was charged with 2.0 kg of C.F,,-
CF=CH-CH,-N(CH;),, 400 g of isopropanol and 20 g of Raney
nickel. The sealed autoclave was flushed with nitrogen
and then with hydrogen, hydrogen was then injected up to
a pressure of 50 bar, and, with shaking at from 20 to
40°C and continuous supplementary injection of hydrogen
up to a maximum of 50 bar, hydrogenation was carried out
until no further hydrogen was taken up. Constant pressure
was reached after 2 hours. The autoclave was let down and
the contents were worked up: the catalyst was filtered
off and the isopropanol was removed by distillation. The
residue was subsequently washed with dilute alkali and
then with water to neutrality. 1960 g of the abovemen-
tioned mixture according to the invention were obtained

with a purity of 95 % (GC). Yield: 93 & of theory. Steam
distillation enabled 1804 g of 98 % pure product (GC) to

be obtained. Further characterization by !*C NMR (CDCl,):

Component of the formula CgF,,-CHF-CH,CH,-N(CH.,).:

y—-CHF: 86.8 ppm (d, 2d); 1 J (CF) = 185 Hz
B-CH,: 25.8 ppm (d, t); 2 J (CF) = 21 Hz
a-CH,: 54.0 ppm (s)

N(CH,),: 45.4 ppm (s)

Component of the formula CsFy:=(CH;) ;-N(CH;) 5

vy—-CH,: 29.1 ppm (t); 2 J (CF) = 23 Hz
B-CH,: 18.8 ppm (t); 3 J (CF) = 3.6 HZz
a~CH,: 58.8 ppm (s)

N(CH,): 45.4 ppm (s)
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Example 9

Preparation of a mixture essentially comprising
80 % by weight of CF,,,,-CHF-(CH,),-N(CH,), and
20 % by weight of CF,,,;,-(CH,);~N(CH,),.

2.0 kg of C,F,,.,,~CF=CH-CH,~N(CH,),, 400 g of isopropanol
and 20 g of Raney nickel were hydrogenated analogously to

Example 8. Hydrogenation conditions: 5 hours at from 30
to 35°C and at from 80 to 100 bar.

For working-up, the solvent was distilled off after
filtration of the mixture. The residue was washed with
dilute alkali and then with water to neutrality. 1890 g
of the stated fluoroalkylamine mixture according to the
invention were obtained with a purity of 96 % (GC) ;

vyield: 91 % of theory. Further characterization was made
by !°C NMR spectroscopy as in Example 1.

The perfluoroalkyl radical C,F,,, is a mixture of C.F
C,Fis, CoFy9 and C,,F,,.

117

Examples 10 to 13 below relate to the mixtures of

compounds of the formula (2) and formula (5) according to
the invention:

Example 10

Preparation of a mixture essentially comprising
2 0 % bY Weight Of CRFZD"'I- (CHz) 3-N+ (CH3) 2~CH2C02- .

A 4 1 stirred apparatus (fitted with condenser, dropping
funnel and thermometer) was charged with 554.3 g
(1.0 mol) of a mixture of 80 % by weight of C.F,,.,~CHF-
(CH;) ;=N (CH;), and 20 % by weight of C,F,..,-(CH,),-N(CH,).,,
130.8 g of sodium chloroacetate (98 % strength, 1,1 mol),

1022 g of isopropanocl and 100 g of water. The reaction
mixture was heated at reflux (approximately 80°C) and



10

15

20

25

30

2144228

- 18 -

with stirring for 34 hours. 2.4 g of NaOH were added as
a 30 % by weight strength aqueous solution over the
course of the reaction. When the reaction had ended, the
NaCl was substantially removed by filtering over a rapid
pressure filter heated at from 60 to 70°C. The filtrate
was concentrated to dryness on a rotary steamer. 612 g

(1.e. a yield of 94 % of theory) of the stated carboxy-
methylbetaine mixture according to the invention (with a

residual NaCl content of 3.2 % by weight and a residual

Na glycolate content of 3.1 % by weight) were obtained.
Characterization by 'H NMR (CD.OD):

Betaine component of the formula
an2n+1-CHF- (CHz) 2"'"N+ (CH3) Z_CH2C02-:

y=CHF: 5.44 ppm (1H, d, m)
p-CH,: 2.45 ppm (2H, m)
a—-CH,: 4.00 ppm (2H, m)

N(CH,),: 3.36 ppm (6H, s)
CH,-CO, : 3.95 ppm (2H, s)

Betaine component of the formula
CaFans1— (CHy) 3=N" (CH;) ,—CH,CO;:

y—-CH,: 2.45 ppm (2H, m)
p-CH,: 2.15 ppm (2H, m)
a—-CH,: 3.76 ppm (2H, m)

N(CH,),: 3.32 ppm (6H, s)
CH,-CO,”: 3.95 ppm (2H, s)

The perfluoroalkyl radical C.F,,;,; is a mixture of per-

fluorinated C;, C,, C and C,, alkyls of the following

composition, in area percentages determined by gas

chromatography: C ¢+ C, : C : C,, =4 : 59 : 36 : 1

The carboxymethylbetaine mixture according to the inven-
tion was tested in respect of its effectiveness in lower-
ing the surface tension of water (mN/m) in this context
using different concentrations (in percent by weight) in

each case at 35°C. The results are summarized below:
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Example 11

Preparation of a mixture essentially comprising
80 % by weight of C|F,,,-CHF-(CH,),-N*(CH,),CH,CO,” and
20 % by weight Of an2n+1-(CHz)B-N+(CH3)2-CH2C02-o

CnFonsr has the following composition:
Cs ¢ C, ¢ C ¢ Cy, 27 ¢ 56 : 15 : 2

A 4 1 stirred apparatus was charged with a mixture of
483.3 g of C,F,,,,~CHF-(CH,),~N(CH;), and C,F,,,,~ (CH,) ;=N (CH,),
in a weight ratio of 80 : 20 (1.0 mol), 130.8 g of sodium
chloroacetate (98 % pure, 1.1 mol), 773 g of ethanol and
39 g of water. The reaction mixture was heated at reflux
(approximately 80°C) with stirring for 30 hours. 2.2 g of
NaOH were added as a 30 % strength aqueous solution over
the course of the reaction. When the reaction had
finished, the NaCl was substantially removed by filtering
over a rapid pressure filter heated at from 60 to 70°C.
1295 g (96 % of theory) of a 40 % strength solution of
the carboxymethylbetaine mixture according to the inven-
tion (with a residual NaCl content of 1.9 % by weight and
a residual amine content of 0.8 % by weight, based in

each case on the dry product) were obtained. The betaine
was characterized as in Example 10.

The carboxymethylbetaine mixture according to the inven-
tion was tested with respect to its effectiveness in
lowering the surface tension of water (mN/m), in this
context using different concentrations (in percent by

weight) in each case at 80°C. The results are summarized
below:
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% by weight

The mixture of saturated carboxymethylbetaines according
to the invention was also tested with respect to its
thermal stability and compared with unsaturated carboxy-
10 methylbetaine of the formula C F,..,~CF=CH-CH,-N* ( CH,) ,CH,CO,",
where C,F,,, 1s as defined. From each test product a 2 %
by welght strength solution in water/isopropanol (in a
volume ratio of 8 : 1) as solvent was prepared. The pH of
each solution was adjusted to 8 using diethanolamine. The
15 fluoride content of both solutions was also determined,
and was < 1 ppm. The two test solutions therefore had a
pPH of 8 and a fluoride content of < 1 ppm. These initial
solutions were heated to 65°C and maintained at this

temperature. The pH and the fluoride content were
20 determined after 4 and 10 days. The result is summarized

below and indicates that the product according to the
invention is of substantially greater thermal stability,
since both the pH and the fluoride content remain

unchanged over the entire test period, in contrast to the
25 comparative product:

4 days
pPH | Fluoride pH | Fluoride

product of the invention

8 | < 1 ppm

comparative product 5.6 24 ppm

30 Example 12

This example is intended to show that the carboxymethyl-
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betaine mixture according to the invention can also be
prepared starting from monochloroacetic acid.

A 1 1 stirred apparatus was charged with 320 g of
ethanol, 6 g of water and 17.6 g of NaOH prills
(0.44 mol), and was then stirred at 50°C until no more
solid NaOH was present. At that point 52 g of 80 %
strength by weight monochloroacetic acid (0.44 mol) were
slowly added dropwise at 50°C (over about 30 minutes),
leading to partial precipitation of sodium chloroacetate
in the form of a fine powder. 193 g (0.4 mol) of the
mixture of C,F,,,,~CHF-(CH,),-N(CH,), and C.Fons1— (CH,) ;~N (CH,) ,
employed 1n Example 11 were added in a weight ratio of
80 : 20, after which the reaction mixture was stirred at
80°C for 29 hours. 10.6 g of 30 % by weight strength
aqueous NaOH solution were added over the course of the
reaction. When the reaction had finished the reaction
mixture was worked up as in Example 11. 524 g (95 % of
theory) of a 39 % strength solution of the carboxymethyl-
betalne mixture according to the invention (with a
residual NaCl content of 2.1 % by weight and a residual
amine content of 1.2 % by weight, based in each case on

dry product, were obtained. The betaine was characterized
as 1n Example 10.

NO

Example 13

This example is intended to show that the carboxymethyl-
betaine mixture according to the invention can also be

prepared using methyl chloroacetate as carboxymethylating
agent.

Preparation of a mixture essentially comprising:
80 % by weight of CF,,~CHF-(CH,),-N"(CH,),-CH,CO,” and
20 % by weight of CsFy,—-(CH,) 3~N" (CH,) ,~CH,CO,".

In a 500 ml stirred apparatus, 112.4 g (0.3 mol) of a
mixture of 80 % by weight of CsF,,-CHF-(CH,),-N(CH;), and
20 s by weight of C,F,,;-(CH,);~N(CH;),, 36.7 g (0.3 mol) of
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Cl-CH,-CO,-C,Hs; and 160 g of ethanol were stirred at 80°C

for 18 hours. Subsequently, 24 g of a 50 % by weight
strength aqueous NaOH solution (0.3 mol) were added and
stirring was continued at 80°C for 2.5 hours. The NacCl
precipitated (14.7 g) was filtered off at from 60 to 70°C
and the filtrate was concentrated to dryness on a rotary
evaporator. 107.7 g (i.e. a yield of 81 % of theory) of
the stated carboxymethylbetaine mixture (with a residual

NaCl content of 2.5 % by weight) were obtained. The
product was characterized by 'H NMR as in Example 10.

Examples 14 and 15 below relate to the mixtures of

compounds of the formula (3) and formula (6) according to
the invention:

Example 14

Preparation of a mixture essentially comprising
80 ¥ by weilight of CaFons1—CHF - (CH;) ,-N" (CH;) ,- (CH,) ,S0O,~ and
20 ¥ by weight of CnFon+1— (CH;) 3=N"(CH;) ,—- (CH,) ;S0,".

A 2 1 stirred apparatus (fitted with condenser, dropping

funnel and thermometer) was charged with 300 g
(0.624 mol) of a mixture of 80 % by weight of C.F,_,,-~CHF-
(CH,),~N(CH;), and 20 % by weight of CoFon+1— (CH,) 3-N (CH,) ,
and 439 g of monoethylene glycol monobutyl ether (butyl-
glycol) and heated at 60°C. 76.9 g (0.630 mol) of
propanesultone were metered into the heated mixture,
which was then stirred at from 105 to 110°C for 40 hours.
The reaction mixture was worked up by adding 438 g of
water and stirring at 90°C for 3 hours (hydrolysis of

excess propanesultone). The alkylsulfobetaine mixture
according to the invention and indicated above was
obtained in a yield of 85 % of theory.

The statements made in Example 11 apply to the perfluoro-
alkyl radical C_Fo.y-

The sulfobetaine mixture according to the invention was
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tested with respect to its effectiveness in reducing the
surface tension of water (mN/m), in this context using
different concentrations (in percent by weight) in each

case at room temperature (20°C). The results are sum-
marized below:

% by weight

Example 15

This example is intended to show that the sulfobetaine
mixture according to the invention can also be prepared
using butanesultone as sulfoalkylating agent.

Preparation of a mixture essentially comprising
20 % by weight of C,F,,.,-(CH,);-N*"(CH;),-(CH,),.SO, .

The statements made in Example 14 apply to the perfluoro-
alkyl radical C.,F,..,.

A 250 ml stirred apparatus was charged with 48.1 g
(0.1 mol) of a mixture of 80 % by weight of C.,F,,.,~CHF~
(CH;),-N(CH;), and 20 % by weight of C,F,.,-(CH,),-N(CH,),
and 31 g of butylglycol and heated to 110°C. 13.8 g
(0.101 mol) of butanesulfone were metered into the heated
mixture, which was then stirred at approximately 120°C
for 16 hours. The reaction mixture was worked up by
adding 31 g of water and stirring at approximately 95°C
for 5 hours (hydrolysis of excess butanesultone). The

sulfobetaine mixture according to the invention was
obtained in a yield of 85 % of theory.
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CLAIMS:
1. A carboxyalkylbetaine of the general formula (2):
R
Cnfont1—— CFH—— CHy,— CHZ—“—II\T+_“" (CHy)a— COO™ (2)
I

wherein a is 1, 2, 3 or 4, n 1s an integer from 3 to 17, and
R* and R® are C; to C, alkyl, C; to C, hydroxyalkyl or
hydrogen, with the proviso that only one of the two
substituents R' and R? is hydrogen.

2. A process for the preparation of a
carboxyalkylbetaine according to claim 1, comprising

carboxyalkylating a fluorocalkylamine of the general

formula (1) :

R

/

CnlFont1— CFH—— CHy,—— CH,—/N (1)

\2

R

wherein n, R' and R? are as in claim 1, with a halocarboxylic

acid of the general formula (2a):

X— (CHy)a— COOH (2a)

wherein X 1s a halogen atom and a is as defined in claim 1,
or a salt thereof or a C; to Cs-alkyl ester thereof, and

subjecting the alkylation product to hydrolysis if the

halocarboxylic ester is used.

3. A method of reducing the surface tension of a

water/air system and the interfacial tension of a

water/hydrocarbon system, comprising adding an effective
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gquantity of a carboxyalkylbetaine according to claim 1 to

the system.

4 . An alkylsulfobetaine of the general formula (3):
R
5 CnFont]— CFH— CHy—— CH,——N —— (CHy)b—— SO3;— (3)
R?

wherein b is 1, 2, 3 or 4, n is an integer from 3 to 17 and
R* and R* are C; to Cs-alkyl, C; to C,-hydroxyalkyl or
hydrogen, with the proviso that only one of the two

10 substituents R' and R? is hydrogen.

5. A process for the preparation of an

alkylsulfobetaine according to claim 4, comprising
sulfoalkylating a fluoroalkylamine of the general

formula (1) as defined in claim 2, with a sultone of the

15 general formula (3a):

(CHp)b

!\

O“‘_"802 (38')

wherein b is as defined in claim 4.

6. A method of reducing the surface tension of a

20 water/air system and the interfacial tension of a

water/hydrocarbon system, comprising adding an effective

quantity of an alkylsulfobetaine according to claim 4 to the

system.

7. A carboxyalkylbetaine mixture comprising:

25 A) from 60 to 90 % by weight of at least one

carboxyalkylbetaine of the general formula (2) as defined in

claim 1; and
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b) from 10 to 40 % by weight of at least one

carboxyalkylbetaine of the general formula (5):

Rl

CpFant1—— CH, — CHy—— CH,——N —— (CHp)—— COO~ (5)

5 |

wherein a, n, R' and R? are as defined in claim 1, wherein

the percentages are by weight based on the weight of the

mixture.

8. A process for the preparation of a mixture

10 according to claim 7, comprising carboxyalkylating a mixture

of fluorocalkylamine compounds comprising:

A') from 60 to 90 % by weight of at least one saturated

fluoroalkylamine of the general formula (1) as defined in

claim 2; and

15 B') from 10 to 40 % by weight of at least one saturated

fluorocalkylamine of the general formula (4):

R

/

CpoFont1—— CH; — CH,—— CH,——N (4)

\

R

20 wherein n, R' and R? are as defined in claim l, wherein the
percentages are by weight based on the weight of the
mixture, with a halocarboxylic acid of the general formula
(2a) as defined in claim 2, and subjecting the alkylation

product to hydrolysis if the halocarboxylic ester is used.

25 9. A method of reducing the surface tension of a

water/air system and the interfacial tension of a

water/hydrocarbon system, comprising adding an effective
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quantity of a carboxyalkylbetaine mixture according to

claim 7 to the system.

10. A sulfobetaine mixture comprising:

A) from 60 to 90 % by weight of at least one

5 alkylsulfobetaline of the general formula (3) as defined in

claim 4; and

b) from 10 to 40 % by weight of at lest one

alkylsulfobetaine of the general formula (6) :

Rl

10 CnFant1—— CH, — CH,—— CH,——N —— (CHp)p—— SO3— (6)

I

wherein b, n, R' and R® are as defined in claim 4, wherein

the percentages are by weight based on the weight of the

mixture.

15 11. A process for the preparation of a mixture

according to claim 10, comprising sulfoalkylating a mixture

of fluoroalkylamine compounds comprising:

A') from 60 to 90 % by weight of at least one saturated

fluoroalkylamine of the formula (1) as defined in claim 2;

20 and

B') from 10 to 40 % by weight of at least one saturated
fluoroalkylamine of the general formula (4) as defined in
claim 8, wherein the percentages are by weight based on the
weight of the mixture, with a sultone of the general

25 formula (3a) as defined in claim 5.

12. A method for reducing the surface tension of a
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water/air system and the interfacial tension of a
water/hydrocarbon system, comprising adding an effective
quantity of an alkylsulfobetaine mixture according to

claim 10 to the system.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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