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This invention relates to an improved method
for making glyoxalidines (imidazolines) which
have aminoalkyl or substituted amino-alkyl side
chains in addition to containing higher aliphatic
substituent radicals. The' basic reaction with
which. the invention is concerned involves the
condensation of higher fatty acid compounds, or
mixtures of these, with polyalkylene polyamines
having at least three amino groups, at least one
of which is a secondary amino group in the 1,2
position to a primary amino group, to produce
substituted glyoxalidines. While it is possible by
this process to obtain tri-, or even tetrasubsti-
tuted glyoxalidines, the production of the 1,2-di-
substituted glyoxalidines is the primary object of
the invention. ) C

These compounds are characterized as being

either high-boiling, viscous liquids, or low-melt-

ing, waxy solids. They are highly polar, strongly
basic substances, which are soluble in water and
in acids, such as dilute hydrochloric acid. 1,2-
disubstituted glyoxalidines, when pure, are almost
odorless, and they are stable under most condi-
tions. .

The glyoxalidine compounds of this invention
may be used for various purposes, and it has been
found that they are especially valuable as emul-
sifying agents and detergents, as wetting, soften-

ing and scouring agents, and for other uses where-

their properties of surface activity can be em-
ployed. The new substances, and their salts and
soaps, when used as emulsifying agents, are par-
ticularly efficacious for producing stable disper-
sions of mineral oils, or other oleaginous sub-
stances, and water. )

The production of the 1,2-disubstituted gly-
oxalidines may be accomplished by dehydrating
fatty acid amides of various alkylene polyamines
and their substitution products, or, more generally
' stated, by heating these amines with free fatty

acids, fatty acid esters or fatty acid amides under
such conditions as to effect the splitting out of
water in excess of 1.5 mols for each mol of free
fatty acid and ix excess of 0.5 mol for each mol of
combined fatty acid involved. Examples of
amines that may be employed in the practice of
this invention are: diethylene triamine, dipropyl-
ene triamine, ttiethylene tetramine, tetraethylene
pentamine, as well as other polyalkylene poly-
amines of similar nature, Fatty acid compounds
. that may be used in the production of the gly-
oxalidines may include the fatty acids themselves,
such as laurie, olele, linoleic, ricinoleic, stearic and
palmitic acids, as well as their amides and esters.
Other fatty acids and their esters naturally oc-
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curring in such vegetable oils as olive, cocoanut,
linseed and cottonseed oils, which have from 10
to 20 carbon atoms in their molecule, may also
be employed.

1,2-disubstituted glyoxalidinés may be regarded
as dehydration products of substituted ethylene
polyamides and fatty acids, or their amides and
esters. The formation of the glyoxalidine or
imidazoline ring from these substances may be
considered as a two-step reaction involving, first,
the formation of an amide and a molecule of
water, and, second, the dehydration of this amide
to yield a substituted glyoxalidine and a second
molecule of water. Thus, when a fatty acid, such
as oleic acid, is employed, two molecules of water
will be formed per molecule of the starting acid.
This reaction is {illustrated by the following
scheme:
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wherein R represents an alkyl or alkenyl group
containing from 9 to 19 carbon atoms (the residue
of a higher fatty acid); R: represents hydrogen
or a lower alkyl group and Rz represents an alkyl-
ene group, a lower alkyl substituted alkylene
group, an alkylene-imino group, or & polyalkylene-
polyimino group.

" The improvement in this basic reaction with
which this invention is concerned involves the
procurement of a high yield of the substituted
glyoxalidines without resort to high temperatures,
that is, to temperatures above 200° C. These high

+ 2H;0

‘temperatures are undesirable because they pro-

mote the formation of side reactions, the decom-
position of the alkylene polyamines, and the for-
mation of tarry by-products. These difficulties
become more troublesome in large scale operation

. because many of the substituted glyoxalidines are

distillable only on & laboratory scale. which ren-
ders burderisome the removal of impurities from
glyoxalidines produced at high temperatures of '
reaction. It has been found that the reaction
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may be carried out at temperatures below 200° C.,
- and a high yleld of a pure substituted glyoxalidine
obtained, if at least 0.5 mol of the water of reac-
tion per mol of fatty acid compound is removed
at & water vapor partial pressure reduced from
that naturally prevailing at the surface of the
reactants under the conditions of the reaction. If
a free fatty acid is reacted, it is not necessary to
reduce the water vapor partial pressure during
the removal of the first mol of water per mol of
the fatty acid, but it is essential to remove in this
manner the water split off in the glyoxalidine-
forming stage of the reaction, irrespective of
whether the fatty acid employed is free or com-
bined. i
The removal of the water of reaction under a
reduced water vapor partial pressure may be
effected by two procedures. One involves the
maintenance of & vacuum over the reactants, ac-
companied, if desired, by the flow of an inert gas
over the reactants. . 'The second involves the re-
moval of the water as an azeotropic distillate with
a water-immiscible, inert, volatile liquid, such as
xylene, toluene, propylene dichloride or dibuty!
ether. ‘In this embodiment, the water is sep-
arated from the water-removing agent and this
liquid is returned to the reaction vessel.

This invention is to be distinguished from those
processes wherein a mixture of ethylene diamine

and its mineral acid salt are condensed with fatty
acids at temperatures above 200° C. to form 2-
mono-substituted imidazolines, . The reaction of
this invention is carried out under basic amine
conditions, that Is, in the substantial absence of
. mineral acid salts of the polyalkylene polyamines.

The basicity of the reaction medium is provided by
the unreacted amino group of the polyalkylene
polyamine and by the basicity of the resulting gly-
oxalidines. The basicity of the reaction mixture
is preferably assured by the use of amounts of the
polyalkylene polyamine in excess of that
stoichiometrically required, that is, In excess
of one mol of the polyalkylene polyamine for
each fatty acid radical of the fatty acid com-
pound, but this is not absolutely essential.
Tt is entirely surprising to find that a ring-
forming -reaction of -this type would occur
in a& basic medium, and it it wholly unex-
pected -to ‘discover that, under the appropriate
conditions for removal of the water of reaction,
the reaction could be carried out at temperatures
below 200° C. and high ylelds of a useful product
obtained. It has been definitely established that
the process of this invention results in a purer
" product obtained at a higher yield, than do those
reactions carried out in the presence of mineral
acid salts of the polyalkylene polyamines. A fur-
ther advantage of the improved process is that,
the pure base, usable as a commercial product,
is obtained as a residue upon distilling off any
excess . polyalkylene polya.mlne, and the water-
removing agent, if such a liquid is employed.
Thus, no difficulty in separating the product from
its salt is encountered. In addition, loss of the
polyalkylene polyamine, which-tends to occur
through deammoniation caused by the mineral
. acid, is avolded.

The lower range of temperature which is suit-
able for carrying out the reaction is.about 140° C.,
and the time required to complete the reaction de-
pends on the particular temperature and method

‘of water removal employed. The reaction’ may
also be accelerated by the use of small amounts of
catalysts, exempliﬂed by morganic fluoride salts;
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such as sodium fluoride, potassium fluoride and
calcium fluoride.
The examples to follow will serve to illustrate
the invention:
Example 1

One mol of oleic acid, two mols of diethylene
triamine and a quantity of xylene were heated to-
gether under a distillation column. The receiver
for the distillate from this column was arranged
to permit the return to the reaction vessel of one
layer of two immiscible liquids. A distillate con-
taining the binary azeotrope of xylene and water
was removed continuously while the reaction mix-
ture was heated at 140° to 160° C., and the xylene
which separated in the condensed distillate was
continuously returned to the vessel. After 12
hours of heating, it was found that the reaction
mixture contained 70% of the desired product,
l.aminoethyl-2-heptadecenyl glyoxalidine.

The purified compound was found to be a pale
yellow, moderately viscous liquid which was prac-
tically odorless. It had a-boiling point of from
about 246° to 251° C. at an absolute pressure of
approximately 1 mm, of mercury. It was strongly
basic, stable under most conditions, and soluble
in water, 5% hydrochloric acid, and in hydrocar-
‘This compound readily formed salts and
soaps with mineral and organic acids. The oleic
acid soap was found to be a heavy, oily, brownish
liquid which was soluble in hydrocarbons.

Example 2

One mol of distilled commercial cocoanut fatty
acids having an equivalent weight of 209 was
heated in a kettle having a distilling column with
one and one-half mols of diethylene triamine in
the presence of a substantial quantity of Xylene.
An azeotropic mixture of water and xylene was
distilled off, the xylene being separated from the
water and returned to the kettle as described in
the foregoing example. During this operation

. the temperature gradually rose from 145° to 174°
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C. At the end of 17 hours, no more water dis-
tilled over, and after removal of the excess Xylene
and amine, a residue substantially consisting of
1-aminoethyl-2-undecyl glyoxalidine was ob-
tained, 78% of which was distillable at 2 mm.
of mercury absolute pressure at a temperature
under 210° C. When purified, this material was
a yellow, viscous liquid, soluble in water and dilute
hydrochloric acid, and it also formed salts and
It boiled
at Irom about 135° to about 170° C. at an absolute
pressure of about 1 mm. of mercury.

" Example 3

One and three-tenths (1.3) mols of tetra-
ethylene pentamine and 0.7 mol of oleic acid
were ‘heated in the presence of about 1.2 mols
of xyléne in the manner described in the fore-
going example, The reaction was completed In
7 hours, the temperature rising from an initia}
one of 130° C. to a final one of 200° C. and 1.3
mols of water being reinoved during this period.
Upon removing the excess amine and the xylene
by distilling the reaction mixture to a liquid

- temperature of 240° C. at 3 mm. of mercury
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absolute pressure, an almost quantitative yield
of 1-(aminoethyl di-iminoethylene) 2-hepta-
decenyl glyoxalidine - ‘ :
. ~ N
=
_Cx1Has—-C/ \CH2
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'~ was obtained. The product was a clear light-
brown liquid which formed clear gels with water.
It is useful as an inhibitor of acid corrosion.

If larger quantities of fatty acid are employed
than shown in this example, it is possible that
at least small amounts of products which con-
tain two glyoxalidine rings may be formed by
condensation at both ends of the polyalkylene
polyamine.

Example ¢

Twenty and seven-tenths (20.7) parts of di-
ethylene triamine and 28.3 parts of oleic acid
were placed-in a kettle having a distillation col-
umn. The charge was slowly heated to 165°
C., and sufficient xylene was added to permit
moderate boiling in the kettle, An azeotropic
mixture of water and xylene was distilled over,
the xylene being returned to the -Xkettle after
separation from the water, unti] at the end of
15 hours, 92% of the theoretical amount of water
had been removed (1.84 mols per mol of oleic
acid). The excess polyamine and xylene were
removed by distillation at 184° C. under 1 mm.

.»of mercury absolute pressure, and 33.56 parts
of the product 1l-aminoethyl-2-heptadecenyl
- glyoxalidine were obtained at a yield of 85.7%
of the theoretical.

Ezxample 5

The reaction vessel consisted of a kettle hav-
ing a distillation column and receiver so ar-
ranged that the system could be bplaced under
& vacuum. One and two-tenths (1.2) mols of
diethylene triamine were added to one mo} of
stearic acid in the kettle at 165° C. and under
a reduced absolute pressure of 265 mm, of mer-
cury during a period of 1.33 hours. The tem-
perature in the kettle was then increased to
180° C. for 30 minutes, and the pressure there-
- after reduced gradually to 1 mm. of mercury
during an additional 4.5 hours. The total reac-
tion time, with allowance for minor adjustments,
was 6.5 hours and the amount of water removed
was 1.86 mols per mol of fatty acid employed.
The product, l-aminoethyl-2-heptadecyl glyox-
alidine was & yellow solid which was soluble in
dilute hydrochloric acid. It also formed soluble
salts and soaps with mineral and organic acids.

Example 6

The apparatus was the same as that described
in the preceding example. Sixty parts by weight
of oleic acid and 33 parts by weight of diethyl-
ene triamine containing 0.022 part by weight
of calcium fluoride as a catalyst were placed in
the kettle and agitated for 15 minutes with ni-
trogen. The kettle was then heated to 165.5°
C. in a period of three hours and some water
was distilled over. To effect the removal of the
remainder of the water, 111.,5 parts by weight
of xylene were then added to the receiver and
kettle. The azeotropic distillation was continued
for 3.75 hours, until a maximum kettle tem-
perature of 167° C. and a column temperature
of 143° C. were reached, at which time approxi-
mately 2 mols of water per mol of the fatty
acid had been removed. The xylene and excess
polyamine were then removed by distillation at
a maximum column temperature of 81° C. under
5 mm..of mercury absolute pressure. The prod-
uct remaining as a residue, 1-aminoethyl-2-hep-
tadecenyl glyoxalidine, amounted to 68.56 parts
by weight. This corresponds to a yield of 82.5%.

This. application is a continuation-in-part of
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February 18, 1938, '

Iclaim: ‘

1. Process for making 1,2-substituted glyox-
alidines which comprises heating a mixture con-
taining & polyalkylene polyamine having at least
three amino groups, at least one of which is a sec-
ondary amino group in the 1,2 position relative
to & primary amino group, and at least one of the
group consisting of free fatty acids containing .
from 10 to 20 carbon atoms, amides of said acids,
and esters of said acids, at least one mol of said
polyamine being present for each fatty acid radi-
cal of one of said group; carrying out the reac-
tion at temperatures between 140° C. and 200° C.,
under basic amine conditions in the absence of
mineral acid salt groups attached to the poly-
amine, and in the presence of an inert water-
immiscible organic liquid and distilling an azeo-
tropic mixture of the water formed in the reac-
tion and said liquid from said mixture during
said heating; the temperature and duration of
sald heating being so correlated as to cause the
splitting out of water in excess of 1.5 mols for
each mol of free fatty acid and in excess of .0.5
mol for each mol of combined fatty acid in-
volved.

2. Process for making 1,2-substituted glyox-
alidines which comprises heating a mixture con-
taining a polyalkylene polyamine having at least
three amino groups, at least one of which is a
secondary amino group in the 1,2 position rela-
tive to a primary amino group, and at least one
of the group consisting of free fatty acids con-
taining from 10 to 20 carbon atoms, amides of
said acids, and esters of sald acids, at least one
mol of said polyamine being present for each
fatty acid radical of one of said group; carry-
ing out the reaction at temperatures between 140°
C. and 200° C,, under basic amine conditions in
the absence of mineral acid salt groups attached
to the polyamine, and in the presence of xylene;
and distilling an azeotropic mixture of the water
formed in the reaction and xylene from said mix-
ture during sald heating; the temperature and
duration of said heating being so correlated as to

- cause the splitting out of water in excess of 1.5
-mols for each mol of free fatty acid and in ex-

cess of 0.5 mol for each mol of combined fatty
acid involved.

3. Process for making 1,2-substituted glyox-
alidines which comprises heating a mixture con-
taining a polyalkylene polyamine having at least
three amino groups, at least one of which is a
secondary amino group in the 1,2 position rela-
tive to a primary amino group, and at least one
of the group consisting of free fatty acids con-
taining from 10 to 20 carbon atoms, amides of
sald acids, and esters of said acids, at least one
mol of said polyamine being present for each
fatty acid radical of one of said group; carrying
out the reaction at temperatures between 140° C.
and 200° C., under basic amine conditions in the
absence of mineral acid salt groups attached to
the polyamine, and in the presence of a catalytic
amount of an inorganic fluoride salt and of an
inert water-immiscible organic Hquid; and dis-
tilling an azeotropic mixture of the water formed
in the reaction and said liquid from said mixture
during sald heating; the temperature and dura-
tion of sald heating being so correlated as to
cause the splitting out of water in excess of 1.5
mols for each mol of free fatty acid and in ex-
cess of 0.5 mol for each mol of combined fatty
acid involved,
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4, Process for making 1-aminoethyl-2-hepta-
deceny! glyoxalidine which comprises heating &
mixture containing diethylene triamine and
oleic acid, the molar ratio of amine to acid being
appreciably greater than one and said amine be-
ing substantially free from inorganic salt groups,
the heating being carried out at a temperature
between 140° and 200° C. and in the presence of
& liquid aromatic hydrocarbon, the temperature
and duration of said heating being so correlated
50 as to cause the splitting out of water in excess
of 1.5 mols per mol of acid, and distilling at least
0.5 mol of such water from said mixture during
such heating as an azeotropic composition with
said hydrocarbon.

5. Process for making 1-aminoethyl-2-hepta-
decy! glyoxalidine which comprises heating a
mixture containing diethylene triamine and
stearic acid, the molar ratio of amine to acid be-
ing appreciably greater than one and said amine
being substantially free from inorganic salt
groups, the heating being carried out at a tem-
perature between 140° and 200° C. sand .in the
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presence of & liquid aromatic hydrocarbon, the
temperature and duration of said heating being
80 correlated so as to cause the splitting out of

water in excess of 1.5 mols per -mol of acid, and -

distilling at least 0.5 mol of such water from said
mixture during such heating as an azeotropic
composition with said hydrocarbon.

6. Process for making 1-aminoethyl-2-undecyl
glyoxalidine which comprises heating & mixture
containing diethylene triamine and lauric acid,
the molar ratio of amine to acid being appre-
ciably greater than one and sald amine being
substantially free from inorganic salt groups, the
heating being carried out at a temperature be-
tween 140° and 200° C. and in the presence of &
liquid aromatic hydrocarbon, the temperature
and duration of said heating being so correlated
g0 as to cause the splitting out of water in ex-
cess of 1.5 mols per mol of acid, and distilling at
least 0.5 mol of such water from said mixture
during such heating as an azeotropic composi-
tion with said hydrocarbon.

ALEXANDER L. WILSON.
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