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This invention relates to new and novel compositions
of matter, and particularly to amido quaternary ammo-
nium salts.

It is the principal object of this invention to produce a
new class of water-dispersible amido quaternary ammo-
nium salts useful as surfactants and foaming agents.

It is a special object of this invention to produce-an
improved new class of substances useful as ampholytic re-
agents and non-irritant shampoos.

A further object of the invention is to provide novel
compositions of matter which are useful in promoting
water-wettability.

‘Other objects which appear hereinafter will be appar-
ent from the more detailed description which follows.

In accordance with the invention, the novel water-
dispersible amido quaternary ammonium salts constitute
a special class of compounds having the general struc-
tural formula:

il 2 °
R—C—N— CH20H2—ITI —CH,CH;D}AC
Qo

where R is an acyclic monovalent organic radical of from
5 to 21 carbon atoms in length, Q is a monovalent sub-
stituent selected from the group consisting of H and

0
—CH:C—0—M

D is a monovalent constituent frcm the group consisting
of OM and

n is an integer of from 0 to 3 with the proviso that when
n is O, D represents
Q

_$_Q

Q

and with the further proviso that at least one occur-
rence of

?
_1?-_Q
Q

is free from hydrogen atoms attached tc the basic nitro-
gen atom when D is OM, M is from the group consist-
ing of hydrogen and alkali metal and A is a halide
anion.

The novel amido quaternary ammonium salts of this
invention are produced by condensing a fatty monoamide
of an organic fatty carboxylic acid containing from 5 to
21 carbon atoms in its acyl radical, with sodium chloro-
acetate or chloroacetic acid in the presence of base.
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To produce the monoamides of the invention, it is
necessary to condense a fatty acid with a polyamine or
substituted polyamine. The fatty acids which may be
employed can be saturated or unsaturated, substituted or
free from substitution. If a pure source of fatty acid is
employed, it may vary in carbon length from 6 to 22
carbons. Examples of pure saturated acids are caproic,
caprylic, capric, lauric, myristic, palmitic, stearic, ara-
chidic, and behenic. Unsaturated pure fatty acids in-
clude those such as oleic, lauroleic, and palmitoleic. An
example of a substituted fatty acid useful in the inven-
tion is ricinoleic. Mixtures of the above type fatty acids
commonly found in vegetable oils, animal fats and oils,
and marine fats and oils may also be used successfully.
Examples of vegetable sources of fatty acids containing
mixtures in various proportions are coconut oil, linseed
oil, olive oil, palm oil, peanut oil, tongue oil, and rape-
seed oil. Animal and marine sources of fatty acids con-
tajning saturated and unsaturated fatty acid substituents
are lard, tallow, and sardine oil. Any fatty acid or mix-
tures of fatty acids whether pure or from impure sources
may be employed without departing from the spirit of
the invention as long as they contain from 6 to 22 carbon
atoms in their chain length.

Preferred fatty acids are those contained in coconut
vegetable oil. A typical coconut vegetable oil may con-
tain fatty acids varying in length from 8 to 18 carbon
atoms. These fatty acids from coconut oil may be satu-
rated or unsaturated.

Esters of the fatty acids may also be employed without
departing from the scope of the invention. The methyl
or ethyl esters of the faity acids may be easily condensed
with the polyamines or substituted polyamines with ready
removal of methanol or ethanol occurring.

The polyamines that may be condensed with the above
fatty acids or fatty esters to produce the monoamide may
be either polyamines or hydroxy-substituted polyamines.
Examples of these types of amines are aminoethyl etha-
nolamine, diethylene triamine, ethylene diamine, trieth-
ylene tetramine, and tetracthylene pentamine. Any poly-
amine or substituted polyamine of the type described
above may be used, with the only proviso being that the
compound contain a free amino group available for qua-
ternization subsequent to its mono-amidification with the
described fatty acids.

Particularly useful polyamines are diethylene triamine
and aminoethyl ethanolamine.

The amidification reaction is easily carried out by
heating 1 mol of the polyamine or substituted polyamine
with 1 mo! of the fatty acid at temperatures from 100
to 200° C. for 1 to 8 hours, during which time 1 mol
of water is removed. Preferred temperature ranges are
from 120 to 180° C. for a period of from 2 to 6 hours.
To facilitate easy removal of water, an organic azeotrope
may be employed, such as benzene, toluene, or xylene.

To synthesize the quaternary derivatives of the mono-
amides, it is necessary to condense the fatty acid mono-
amide with an excess of sodium chloroacetate or chloro-
acetic acid in the presence of an alkali metal hydroxide.
The amount of alkylating agent used must be sufficient
to quaternize at least 1 basic nitrogen atom of the mono-
amide. If, for example, the only free nitrogen atom avail-
able to enter into the quaternization reaction is a second-
ary nitrogen atom, it is sufficient to add 2 mols of so-
dium chloroacetate or chloroacetic acid in the presence
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of base. However, if the nitrogen atom available for
the quaternization reaction is a primary nitrogen atom,
it is necessary to add at least 3 mols of alkylating reagent.
It is understood that polyquaternaries may be easily pre-
pared by merely adding the requisite amount of quaterni-
zation reagent, depending upon the degree of quaterni-
zation required in the molecule. Various degrees of
alkylation may also exist in the compositions of the in-
vention, depending upon the various polyamine or sub-
stituted polyamine employed in amidification reaction.
It is only necessary that at least one nitrogen atom be
fully reacted to produce a quaternary ammonium salt.

Generally, the monoamide is added to a solution of
sodium chloroacetate in base at room temperature. The
solvent used for the quaternizing agent may be either
water or a polar organic solvent such as isopropyl alco-
hol or ethanol. Mixtures of water and lower alkyl polar
organic solvents may also be used. The mixture is then
heated from 1 to 6 hours at a temperature of from 60 to
130° C. Under the preferred reaction condition, the
quaternization reaction step is run from 1 to 4 hours
at temperatures from 70 to 110° C. If necessary, addi-
tional base may be added to neutralize the amine hydro-
halide salt formed during the earlier steps of alkylating
prior to quaternizing. For every mol of sodium chloro-
acetate condensed upon the monoamide replacing the
hydrogen atom of the basic nitrogen atom, it is neces-
sary that there be at least one mol of base present to neu-
tralize the amine salt formed. The addition of the final
mol of sodium chloroacetate in which the nitrogen atom
is quaternized requires no neutralization since no replace-
able hydrogens are released. However, it has been found
that the more preferred method of preparing the quater-
nary salts involves the use of excess alkali metal hy-
droxide. Any alkali metal hydroxide compound may be
used to neutralize the hydrohalide amine salt, but the
preferred bases are sodium hydroxide and potassium
hydroxide.

The preparation of the compounds of the present
invention is illustrated by the examples given herein be-
low:

EXAMPLE I

This example illustrates a typical method of producing
the monoamides of the invention. 436 (2 mols) of the
methyl ester of coconut oil fatty acid (molecular weight
of 218) and 208 parts (2 mols) of aminoethyl ethanol-
amine were added to a 3-neck, round-bottom 1-liter flask
equipped with a stirrer, thermometer, and a Dean and
Stark trap connected between the flask and a reflux con-
denser. The reagents were mixed vigorously at room
temperature and then heated rapidly to 155° C. The
temperature was maintained between 155 and 175° C.
by means of a heating mantle and variable transformer.
The total reaction time at the above temperature range
was 5 hours, during which time 62.5 parts of methanol
were collected. The theoretical amount of methanol as
a by-product of the reaction was 64 parts.

EXAMPLE 11

This example illustrates the ease and facility of quater-
nizing the monoamide produced in Example I. To a
3-neck, round-bottom, 1-liter flask equipped with a stirrer,
thermometer, and reflux condenser was added 60 parts
of sodium chloroacetate (¥4 mol) and 26 parts of sodium
hydroxide, 170 parts of water, and 50 parts of ethanol.
To the quaternizing mixture was added 73 parts (¥4 mol)
of the coconut oil monoamide produced in Example 1.
The monoamide was added slowly and with vigorous
agitation at a temperature of 20° C. During the addition,
the temperature was maintained at 20° C. by the use of a
cooling bath. The monoamide was added over a period
of 15 hour. After the addition was completed, the mix-
ture was heated to 95° C. slowly, and maintained at that
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temperature for a period of 2 hours. During this time,
the pH of the mixture dropped from 14 to 8.5 due to the
depletion of the sodium hydroxide through the neutrali-
zation action. After heating for 2 hours, 4 additional
parts of sodium hydroxide were added in 10 ml. of water
to bring the pH to 14 and the mixture was stirred and
heated at 95° C. for another additional hour. The pH
remained at 14 after this additional heating which indi-
cated the reaction was essentially complete. The solu-
tion obtained was a slightly viscous, straw-colored liquid.
The final product obtained, which is soluble in the water-
ethanol solvent, may be represented by the formula:

o}

i+
l- (I? ]?Z /CHzC——O—Na‘l
R~C—N—CH;CH;N—CH;CH;0Na OH-

l_ CHz(”J—O—NaJ
o}

where R is an acyclic fatty acid radical of the type found
in coconut vegetable oil.

EXAMPLE 11T

576 parts of oleic acid (2 mols) and 208 parts of
aminoethyl ethanolamine (2 mols) were mixed and
heated under the same reaction conditions outlined in
Example I. The monoamide was analyzed and found
to have a neutral equivalent of 370. The theoretical
neutral equivalent of the oleyl monoamide is 372-374.

EXAMPLE IV

To 60 parts (¥4 mol) of sodium chloroacetate con-
tained in 26 parts of sodium hydroxide and 110 parts
of water was added 93 parts (¥4 mol) of the oleic acid
monoamide prepared in Example III. The monoamide
was added slowly, as illustrated in Example II and the
temperature was maintained at 20° C. by the use of
a cooling bath. The quaternization was then completed
at the requisite temperature and heating time in a manner
similar to that outlined in Example II. The final prod-
uct may be represented by the formula of Example II
where R is an acyclic fatty acid radical of the type found
in oleic acid.

EXAMPLEV

To a 3-neck, round-bottom, 1-liter flask equipped with
a stirrer, thermometer, and reflux condenser was added
250 parts of coconut vegetable oil fatty acid (1 mol).
The fatty acid was heated to 90° C. and to this was added
309 parts of diethylene triamine (3 mols). The reaction
mixture was heated to 160° C. and held at this tempera-
ture by means of a heating mantle and variable trans-
former for 3 hours. At the completion of the reaction,
the theoretical amount of water (18 parts) as a by-
product of the amidification condensation had distilled
off. The reaction mixture was cooled down to 90° C.
and the excess diethylene triamine was vacuum-distilled
off between 90 and 100° C. at a pressure of 2 millimeters.
The neutral equivalent of the monoamide was 150, which
indicates an essentially pure monoamide product. A so-
lution of 118 parts of chloroacetic acid, 50 parts of sodium
hydroxide, and 110 ml. of water was then prepared. To
this mixture was slowly added, at 20° C. with cooling,
75 parts (¥4 mol) of the monoamide produced from the
above reaction. The time of addition was ¥ hour. After
all the monoamide had been added to the quaternizing
mixture, the temperature of the reaction was raised to
85° C. The temperature was held between 85 and 90° C.
for 2 hours, after which time, 10 additional parts of so-
dium hydroxide in 20 parts of water was added. The
heating was then continued for an additional hour at
95° C. The final product obtained was a diquaternary
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ammonium salt of the monoamide having the following
structure:

(0] o0
] o
(“) II{ ?HEC_O*‘N& 20K
R—C—N—CH;CH;—~N—CH:CH:N—(CH;C—0—Na)s
CHz(ﬁ—O——‘Na
(0]

where R is a fatty acid acyclic radical of the type found in
coconut vegetable oil.

Evaluation of the Invention

In order to evaluate the foaming properties of the
composition of the invention, the quaternary produced in
Example II was tested for foam height and foam stability
at 80° and 140° F., respectively, by the Ross and Mills
Foamometer Test (Ross, J., and Mills, G. D., Oil and
Soap, 18, 99-102, 1941). A column as described in this
article was procured and the following procedure was
used to test the foaming ability. The column was rinsed
with warm water, acetone, warm water, and finally with
deionized water. One minute later, the stopcock of the
column was closed. The wetted column surface was cov-
ered with a continuous film and had no droplets of water
adherent thereto. By the use of a pipette, 50 ml. of the
solution to be tested was introduced into a receiver which
connected with the side wall of the column. A film of the
sample was formed on the wall of the receiver and -any
foam formation during sample transfer was avoided. The
reservoir was then filled to the 200 ml. mark and placed
in position at the head of the receiver. The reservoir
stopcock was opened and the stream was directed to hit
the center of the column as it strikes the surface. After
all the liquid had run out of the reservoir, the stop watch
was used to measure the foam height immediately and 5
minutes later. The first reading is the normal accepted
standard of foamability. Additional indications of rela-
tive stability and life of the various foams may be ob-
tained in those cases where breakdown does occur in five
mimites.

In order to evaluate the compositions of the invention
properly, the quaternary of Example II was compared di-
rectly to a well-known commercial surfactant, designated
as composition A. The Ross and Mills Foamometer Test
was run on both the composition of Example II and com-
position A at various concentrations. The results of the
Foamometer Test are listed in Table 1.

TABLE I
Foam Height Foam Height
at 80° F. in mm. at 140° F. in mm.
Sample Conc.,
percent

Initial After Initial After

5 min. 5 min.
Comp. A _______.__ 0.1 187 185 214 220
Example IT__ - 0.1 156 149 185 204
omp. A____ | 0.25 206 206 243 247
Example IT_ | 0.25 189 189 224 224
Comp. A____ - 0.5 215 215 246 255
Example IT_ - 0.5 219 219 244 244
Comp. A____ - 1.0 221 220 257 263
Example IT - 1.0 216 216 247 247
Comp. A__ - 2.0 217 217 257 251
Example I - 2.0 230 226 252 252

From the information in the above table, it can be read-
ily seen that the composition of Example II is closely
equivalent to composition A, a widely used ampholyte on
the market today.

The compounds and compositions of the invention are
useful for the wet treatment of various types of materials;
for example, for cleaning, scouring, washing, softening,
fulling, felting, lubricating, wetting, improving antistatic
properties, and the like. These ampholytic compounds
provide an improved method for use in any wet treatment
of materials. The above-defined compositions of the in-
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vention are all ampholytic compounds which are stable to
acids, alkalies, and hard water, and do not form insoluble
precipitates on a material being treated, have improved
properties with respect to solubility and stability in stor-
age, and possess excellent properties especially in wetting
a proteinaceous or cellulosic fibrous material. Because of
the excellent foaming properties of the compositions of
the invention, they are especially useful as the active in-
gredients in detergent wetting and/or cleaning com-
pounds.

The compositions of the invention have also been
found to be particularly useful as shampoos. High foam-
ing activity coupled with excellent wettability of pro-
teinaceous fibrous material such as human hair are prop-
erties found in the compounds of the invention. In ad-
dition, aqueous solutions or dispersions of the products
when applied cause no irritant effects upon the skin,
nose, or eyes. Particularly, no sneezing or watering
of the eyes occurs when the compositions are used as
a shampoo.

This invention has been disclosed with respect to
certain preferred embodiments and various modifica-
tions and variations thereof will become obvious to the
person skilled in the art. It is understood that such
modifications and variations are to be included within
the spirit and purview of this application and the scope
of the appended claims.

We claim:

1. A water-dispersible amido quaternary ammonium

salt having the general structural formula:
0T ? '
R—C—N—] CHzCHz—lTT —CH:CH:D¢y A-
Qa

where R is an acyclic monovalent organic radical of
from 5 to 21 carbon atoms, Q is a monovalent substituent
selected from the group consisting of H and

0
—CI'IQ(”}—O—M
D is a monovalent substituent from the group consist-
ing of OM and
) Q
g
¢

7 is an integer of from 0 to 3 with the proviso that when
n is 0, D represents
N
—N—Q
Q

and with the further proviso that at least one occurrence
of
N
_IT]'__
Q

is free from hydrogen atoms attached to the basic ni-
trogen atom when D is OM, M is from the group con-
sisting of hydrogen and alkali metal and A is a anion
from the group consisting of hydroxide and halide.

2. The water-dispersible amido quaternary ammonium
salt having the general structural formula of claim 1
where R is a coco fatty acyclic radical ranging in carbon
content from Cg—Cig.

3. A water-dispersible amido quaternary ammonium
salt having the formula:

0 P
1l o
(”) IiI /CHaO—O—Na OH
R—C—N—CH;CH.N—CH,;CH;—0—Na

|- CHz(liJ—O—Na J
o]
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where R is a coco fatty acyclic radical ranging in carbon
content from Cg—Cig.

4. A water-dispersible amido quaternary ammonium
salt having the formula:

(o] oe- &
o H CH?(I%*O—NB. (o] -, 20H-
R—(I.L/—&—CHZOHJN—Cﬂch2N (CHzg—O-—Na>3
CH;C—0—Na -l
g 10

where R is a coco fatty acyclic radical ranging in carbon
content from Cg—Cig.

5. A water-dispersible amido quaternary ammonium
salt having the formula:

15
o] D
?l) ]II CH:C—0—Na OH
CrH3C—NCH:CH:N—CH;CH;—0—Na
l- CHZﬁJ—O—Na 20
O

8
6. A water-dispersible amido quaternary ammonium
salt having the formula:

o} . L)
] 5
Pt CH,C—0~—Na ([:{) ) 20H
CyHzxpC—~NCH:CH:N—CH:CH;N—\ CH,C—0—Na/;

CHzﬁ—O—Na
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