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This invention relates to derivatives of alkylene 
poiyamines, and more particularly to such com 
pounds which combine the properties of soap 
compatibility, detergent’ and wetting action, and 
ability to sequester metal ions. Still more par 
ticularly it relates to carboxylic and hydrocarbon 
derivatives of such alkylene polyamines. The 
synthetic detergents and wetting agents hitherto 
known fail to combine these properties in the ef-. 
fective manner of the compounds of the present 
invention. 

It is, therefore, an object of this invention to 
prepare alkylene polyamine carboxylic and hy 
drocarbon derivatives which are detergents and 
wetting agents, are capable of sequestering metal 
ions, and are compatible with soap. Other ob 
jects will appear in the following disclosure. 

It has been shown by Munz, in U. S. Patent 
2,240,957, that acetic acid derivatives of amines 
and diamines are useful for treating hard water.’ 
The compounds shown by Munz are not, how-‘ 
ever, compatible with soap in more than very 
small amounts. In my U. S. Patent 2,407,645, a 
method of preparing these acetic acid derivatives 
is shown. Various other methods are known, 
The alkylene polyamine derivatives of the pres 

ent invention are represented by the following 
formula: ‘ 

A llv 

oom 00M 00M 

wherein Alk is an alkylene radical of the group 35’ 
consisting of ethylene and propylene, n is a posi 
tive integer not greater than 2, m is zero or a pos 
itive integer, M is selected from the group con 
sisting of hydrogen and alkali metal, and A and 
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amine, diethylene triamine, triethylene tetramine, 
etc., with two mols of a, chloro derivative of the 
substituent desired in the A and A’ positions. 
The secondary (imino) hydrogens are then sub 
stituted either by the chloracetic acid method 
shown below, or by my process as set forth in my 
U. S. Patent 2,407,645. Other methods may be 
used if desired. 
A second method for preparing these com 

pounds consists of reacting one mol of the alpha 
beta dichloro derivative of ethylene with two mols 
of an alpha amine of the substituent desired in 
the A and A’ positions. This compound is then 
reacted in either of the two general ways de-' 
scribed above to provide the proper substituents 
in the secondary (imino) positions. 

It is essential that either two or three (-—CH2) 
groups be present separating the nitrogen atoms. 
Consequently, the alkylene radicals separating 
the nitrogen atoms must be either ethylene or’ 
propylene radicals, and if propylene, they may 
be either —(CH2) 3- groups or ' ~ 

-om—oH 

Ha 
groups. 

It is further necessary for the purposes of this 
invention that the groups replacing the second 
ary hydrogen atoms be either acetic acid or pro 
pionic acid radicals or their alkali metal salts. 
These conditions insure sequestering action of 
the compound and tend to make the compound 
water miscible. The presence of more or fewer 
,carbon atoms than those speci?ed in these alkyl 
ene and (CH-2)" groups of the foregoing formula 
seriously reduces or eliminates this sequestering 
action. 
The following is believed to be an explanation 

' of the physical characteristics of the compounds 
A’ are hydrocarbon groups containing together 40 brie?y described abOVe- The groups in the See 
a total of at least ten carbon atoms and having 
not more than two of their hydrogen atoms re 
placed by a carboxyl radical of the group con 
sisting of —-COOH, -COOR and -—COOM', M’ 

ondary (imino) positions give the various com 
pounds water solubility v(or colloidal dispersal 
properties) as well as the property of sequester 
ing polyvalent metal ions such as calcium with 

being an alkali metal and R being the radical of ‘5 out radically altering the solubility of the com 
an alcohol ROH. The term alkali metal as used 
above, and in the claims, is intended to include 
particularly sodium, potassium, and ammonium. 
The term hydrocarbon group includes carbocyclic 
groups, both alicyclic and aromatic. 
The compounds of this invention may be pre 

pared in several ways. One of these methods 
consists in reacting one moi of a suitable alkyl 
ene or polyalkylene polyamine, such as ethylene 

pound. Groups in the A and A’ positions ending 
in the radical --COOM, where M is an alkali 
metal such as ammonium, sodium or potassium, 
also in?uence the characteristics of the product. 
More than three per cent of compounds such as 
described by Munz in U. S. Patent 2,240,957 “salt" 
out soap, making them undesirable for some pur 
poses. The reason for this e?ect is believed to be 
.due to the fact that the group —CH2COOM is an 

diamine, trimethyiene'diamine, propylene 1,2 di- 55 electrolyte. When the total number of "hydro 
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carbon" carbon atoms in the A and A’ groups to 
gether (i. e. exclusive of those in any carboxyl 
groups) is increased to ten or greater, the product 
loses its electrolyte character and assumes a soap 
like character which becomes, more pronounced 
as the number of “hydrocarbon" carbon atoms 
‘increases, Such compounds, e. g. those having a 
total of from 10 to 20 "hydrocarbon" carbon 
atoms in the A and A’ positions, appear to have 
little electrolyte e?ect and may be mixed with 
soap freely. When a total of 12 or more "hydro 
carbon" carbon atoms are present in the A and 
A’ positions, it is found that the compound is 
completely miscible with soap and is itself a good 
detergent. Those compounds having 14 or more 
such carbon atoms are oil soluble and such solu 
bility is particularly marked in the case of the 
ammonium salts or the complex metal salt. In 
all cases the compounds, because of the groups in 

' the secondary (imino) positions, appear to have 
the power of sequestering calcium or other metal 
ions without precipitation from solution. As these 
compounds become quite soap-like in character, 
i. e. where the total number of "hydrocarbon” 
carbon atoms in the A and A’ positions exceeds 
12, the compound is soluble in water in much the 
same manner as is soap. 

Ordinarily the groups A and A’ will be identi 
cal, merely because it is usually easier to manu 
tacture such products than to make those where 
in A and A’ are different. When A and A’ are 
the same, each will, of course, contain at least 
ilve "hydrocarbon” carbon atoms. However, A 
and A’ may- not only have di?erent numbers oi’ 
"hydrocarbon” carbon atoms, but neither, or both, 
or only one, may be provided with one or two car 
boxyl substituents of the group hereinbefore de-_ 
?ned-see for instance Examples 6 and '7, below. 
The group —CO0H gives to the compounds oi’ 

this invention fatty acid characteristics, while 
the group —COOM (M being alkali metal) pro 
vides soap-like properties in these compounds. 
The esters of these compounds are not gen 

erally soluble in water, but are oil soluble. 
In order to understand this invention more 

clearly, the following examples are given: 
Example 1 

A preferred type of compound of this invention 
is the derivative of ethylene .diamine in which an 
undecylenic acid derivative is substituted in the 
A and A’ positions. Two compounds using un 
decylenic acid are of particular interest and the 
method of making them is described below. 

1 The methyl ester of the acid is ?rst produced 
by any conventional esteri?cation procedure. 
The ester is in turn reacted with hydrobromic 
acid. This halogenation is carried out in “wet" 
ligroin, i. e. containing a small amount of water, 
in the presence of air and at a temperature of 0° 
C. The hydrobromic acid is forced into a satu 
rated solution or the acid in ligroin in the form 0! 
hydrogen bromide gas. Under the conditions as 
carried out, the gas causes suiiicient agitation. 
The resulting brominated methyl ester is soluble 
in ligroin and does not crystallize out, but is re 
covered by evaporation. 558 grams oi’ the bro 
minated ester (two mois) are dissolved in methyl 
alcohol to form a substantially saturated solu 
tion. 100 grams of ethylene diamine (70%) is 
added slowly with agitation to the ester solution 
while a pH of about 8.0 is maintained by the ad 
dition of dry caustic soda. In the course of the 
reaction there is some foaming because of the 
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4 
mide, the mixture is dehydrated with benzene,» 
thus precipitating the sodium bromide and mak 
ing vacuum distillation trouble free. There is no 
appreciable hydrolysis oi’ the methyl ester during 
the reaction. After removing the alcohol by dis 
tillation a yield of 452grams (95% yield) is ob 
tained, in the form of a yellowish, semi-crystalline 
mass which is soluble in organic solvents and 
miscible with water to form a milky solution. The 
compound is not very soluble in acids, but forms 
a slurry similar to semi-precipitated calcium soap. 
The product of the above reaction is re-dis 

solved in methyl alcohol and the alcoholic solu 
tion added to a, slurry oi’ chloracetic acid sodium 
salt in methyl alcohol. Two mols of such salt 
is added for each mol equivalent or the reaction 
product with good agitation. Considerable heat 
of reaction is developed and is allowed to run its 
course for two hours. Using 2000 cc. of methyl 
alcohol and ?ve molar equivalents of the diamine 
ester reaction product and ten molar equivalents 
of the sodium salt of chloracetic acid, the tem 
perature oi the reaction is 60° C. ‘At the end of 
two hours, heat is applied and the temperature 
maintained at the re?ux temperature of methyl 
alcohol for about 6 to 8 hours. Sodium carbon 
ate is added i'rom time to time to maintain the 
pH between ‘7.5 to 8.5. The formed sodium chlo 
ride is removed by ?ltration. 
The product thus produced by the above reac 

tion is highly eiIective as a cleaner and foams 
and cleans in any type of water. It is not pre 
cipitated by any amount of electrolyte, and‘ is a 
powerful wetting agent in water or 400 P. P. M. 
hardness and in salt water. Soap added to a solu 
tion 01' the compound is not precipitated in hard 
water nor is the soap salted out. 

It is believed that the formula of the hy 
drolysis product oi’ the above compound may be 
written as in?ows: 

Unsaturated acids of the acrylic acid series 
having live or more carbon atoms in the “hydro 
carbon" chain when halogenated may be reacted 
similarly to undecylenic acid to give the com 
pounds 01 this invention. Oi such acids. hexenic 
and teracrylic in the lower range of chain lengths, 
and oieic in the higher range serve to complete 
the understanding as described above or the e?ect 
01' chain length in the A and A’ positions on the 
characteristics of the ?nal compound. 
A product similar to that shown above may be 

formed by employing HCl as the halogenating 
agent. In such case it is believed that the chlorine , 
adds to the double bond according to Markowni 
ko?’s rule in contrast to the addition of HBr. 
Consequently the carbon chain separating the 
the carboxyl group from the amino group is one 
less when HCl is employed (although the total 
number of carbon atoms in the compound is of 
course the same). 

Example 2 

141 grams oi‘ oleic acid is dissolved in 500 cc. 
of methyl alcohol, and placed in an apparatus 
equipped with a re?ux condenser. Carrying out 
the reaction at 50° 0., dry HCl is introduced into 
the alcohol solution of acid until a saturated solu 
tion of hydrochloric acid is formed. In “A of an 
hour the chlor ester has formed, and separates 
from the alcohol solution. The ester is then 

water present. To separate all the sodium bro- 7s washed with dilute caustic soda. dried, and puri 
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?ed by distilling at a‘range of 187-195. C. at 8.5 
mm. pressure. 

V4 mol (83 grams) of the ester and % mol+2 
grams excess of a hydrous ethylene diamine (14 
grams) are mixed together. The mixture is heat 
ed on a water bath for 8 hours with agitation. 
The product when re?uxed with caustic soda 
yields the sodium salt. - 
Following the procedure outlined above for th 

reaction'of chloroacetic acid, the remaining hy 
drogen atoms on the nitrogen atoms of the ethyl 
ene diamine are replaced by —CH:COONa, groups. 
The compound formed may be represented by 
the formula: 

NAOOC(CH1)1 CHDICOONB 
/ H CH-N-CHa-OHa-N-Cé 

GHQ-‘(C a): H: H: OHDhCHr 

OONa oom 

This’ compound is a very powerful emulsifying 
agent, imbibes water freely and forms gels similar 
to lecithin. It is oil soluble and forms emulsions 
when a solution of it and oil is let out with water; 
such emulsions are ‘not broken by the presence 
of electrolytes or metal ions. The product is mis 
cible with soap and no precipitate is formed on 
the addition of the usual precipitating agents 
such as lime. If diethylene triamine is substi 
tuted for ethylene diamine in Example 2, a prod 
uct is obtained having increased solubility in wa 
ter due to the presence of an added acetate group 
on the additional nitrogen atom. Other proper 
ties of the compound are substantially the same. 

Example 3 

Maleic anhydride and butadiene react accord 
ing to well-known procedures, to form the com 
pound: 

CH: 

Such a reaction is known as the Diels-Alder con 
densation. 
The condensation product is then hydrochlo 

rinated according to the procedure outlined in the 
above examples, vbeing ?rst esteri?ed. The chlo 
rinated product is crystalline and soluble in meth 
anol and has the following structure: 

CH: 

Cg: \CH-COOCH: 
C1— H H-COOCHI 

C a 

This chloroester may then be reacted in the 
ratio of two mols oi’ ester to one of ethylene dia 
mine to form the symmetrical di-substituted com 
pound. This di-substituted compound may then 
be reacted according to the process shown by my 
U. S. Patent 2,407,645. Such reaction takes place 
between the secondary hydrogen atoms and form 
aldehyde and sodium cyanide in an alkaline me 
dium. The product is believed to conform to the 
following formula: 

HrCOONl 

35 groups. 

6 
Similar compounds may be prepared by react 

in: in the same manner,v any of thechloro esters 
resulting from the Dials-Alder condensation with 
suitable triamines, or tetramines. As with the 

5 other compounds described above, the secondary 
hydrogens attached to the nitrogen groups are 
reacted to substitute acetic acid or propionic acid 
radicals. _ These products are compatible with 
‘soap and are excellent cleaning agents. 

l0 In the above examples a method of forming the 
compounds is disclosed which consists of reacting 
the halogenated derivative of the group to be 
placed in the A or A’ positions with a polyamine. 
This invention is not con?ned to a particular 

‘15 method and any suitable variation may be em 
ployed. The polyamine may be reacted with an 
unsaturated acid directly as in the following equa 
tion: 

An amino acid may be/esteri?ed and reacted with 
a suitable halide such as ethylene dichloride. If 
desired a saturated fatty acid may be halogenated 

25 directly and the resulting product reacted with 
an alkylene polyamine. 

If desired, a mixture of reactants may be em 
ployed to give di?erent groups on the A and A’ 
positions. That is, the hydrochlorinated esters 

30 of oleic and undecylenic acids may be reacted 
with ethylene diamine to give such a product, for 
example. 
The above discussion and examples relate to 

compounds containing at least four carboxylic 
Compounds included by this invention 

are those having both the A positions substituted 
by alkyl groups, and compounds having one of 
the A positions substituted by an alkyl group and 
one substituted by a fatty acid group. But in all 

40 such compounds the total number of “hydrocar 
bon” carbon atoms in the A and A’ positions must 
be ten or more. 

E ramp l6 4 

One moi of ethylene diamine added to two mols 
of octyl chloride is heated under atmospheric 
pressure until the reaction is substantially com 
plete. The resulting compound is reacted with 
ohloracetic acetic acid in methyl alcohol keeping 

50 the reaction solution at a pH of 8 to 8.5 by the 
gradual addition of sodium hydroxide. The mix 
ture is heated and held to a gentle re?uxing of 
the methyl alcohol for a period of six to eight 
hours. The material is ?ltered from the formed 

5“sodium chloride and the methyl alcohol is dis 
tilled oiT. The product is a semi-solid paste with 
an appearance somewhat like stearic acid and is 
soluble in alkalies and acids, compatible with soap 
and has the power of sequestering metal ions. It 

80 is believed that this compound has the following 
formula : 

CH: CH3 

( H2) 1 (('‘/Hz) 1 
N-C H2-C H2-N 

H1 /HI 

5 O 0N8 C O 0N8, 

The sodium, potassium, and ammonium salts 
70 of the above compound and those shown in the 

subsequent examples may be prepared by con 
ventional methods from the corresponding acids. 

If the A an A’ groups are oil soluble, the cal 
cium complexes of the compound are oil soluble. . 

76 An example of such a compound is given below. 
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Example 5 

Two mols oi toluidine, MeCcmNl-h. are reacted 
by known procedures with one mol of ethylene 
dichloride to form a symmetrical disubstituted 
product. The secondary hydrogen atoms are 
then reacted to substitute acetic acidgroups or 

- propionic acid groups as described in the previ 
ous examples. , 

The formula for the compound resulting when 
acetic acid groups are sugtituted may be repre 
sented as follows : 

QEQMFPEQQ H1 5. L H: 
.oom cooNn 

Example 6 

A compound having characteristics part way 
between those having hydrocarbon groups in 
both A and A’ positions. and acid groups in both 
A and A’ positions may be prepared by reacting 
a mixture of one mol of the halogenated deriva 
tive of the alkyl compound and, one mol of the 
halogenated acid with the alkylene polyamine. 
The product thus produced may then be reacted 
according to the chloracetic acid process, or 
otherwise, to add substituents for the secondary 
(imino) hydrogen atoms. 
For example, one mol of octyl chloride and’ 

one mol of the hydro-chlorinated undecylenic 
acid described in Example 1 are heated with one 
mol of propylene 1,2-diamine until the reac 
tion is complete. The secondary hydrogen atoms 
in the notrogen atoms‘ are then replaced by 
—CH:COONa groups or --(CH:)‘2COONa groups 
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as described above. The resulting product, when -' 
the latter group is the replacing group. has the 
following probable formula: ' 

on. 000m 

($111): CH; ( Him 
N—-CH:-- H——— 

( H1): ((8111): 
OONa OONa 

Example 7 

One mol of lauryl chloride is heated to boiling 
with one mol of ethylene diamine until the re 
action is complete. The resulting product is 
then reacted with three mols oi chloracetic acid 
to yield a product which may be represented by 
the formula 

0 nnu-N-cm-c nHm-c-m-o o om 

H1 H1 

(IlOONa (IJOONa 
The product has excellent detergent proper 

ties, is soluble in water, is compatible with soap, 
and is capable of sequestering metal ions. 
A product having properties similar to those 

of this lauryl-trisodium-acetate-substituted eth 
ylene diarnine results when one mol of ethylene 
diamine is reacted with one mol of hydrochlorin 
ated undecylenic acid ester and the resulting 
product reacted with three mols of chloraoetic 
acid. Chlorpropionic acid may be used with 
satisfactory results, both as to operating proce 
dure and characteristics of products, in either 
case-in place of chloracetic acid. 
While most of the foregoing examples show 

the —-(CH,:)»—CO0M groups to be acetic acid 
groups or alkali metal salts thereof, these groups 
may be propionic acid groups instead, without 

45 

. 8 
pounds. To add the propionic acid groups. how 
ever, I ?nd it best to use chlorpropionic acid, 
whereas‘to add the acetic acid groups I may use 
either chloroacetic acid, or the process oi my U. 8. 
Patent 2,407,645 above mentioned, to good ad 
vantage. 
Most of the compound shown in the ioregoing 

examples are ethylene diamine derivatives as 
ethylene diamine is the most readily available of, 
and is typical of, the alkylene or polyalkylene 
polyamines embraced by the present invention. 
However, other polyamines which tall within the 
de?nitions herein given may be used in the same 
manner, following the same procedures given in 
the ioregoing examples-as has already been 
stated in Example 2, for instance, where diethyl 
ene triamine is referred to. Obviously, it these 
polyamines contain more than two nitrogen 
atoms, a correspondingly larger number of acetic 
or propionic acid radicals must be added to pro 
vide the ?nal compound. Thus, whereas in mak 
ing the products of this invention two mols oi 
—CH:6OOH or —(CH=):COOH (or their alkali 
metal salts) are required per mol Of ethylene di 
amine (or propylene 1,2 diamine, or trimethylene 
diamine) radical. three mols are required per mol 
of diethylene triamine (or dipropylene triamine, 
etc.) radical, and tour per mol of triethylene 
tetramine (or tripropylene tetramine, etc.) radi 
cal-and so on. 
As has already been indicated in Example 2, 

an increase in the number of amino nitrogen 
atoms-and consequently in the number of 
—(CH:) a-COOM groups mentioned in the basic 
formula given at the beginning of this speci?ca 
tion-results in increased water-solubility oi the 
corresponding alkali-metal salt compounds. For 
example, the diethylene triamine derivatives are 
more water-soluble than the ethylene diamine 
derivatives, and the triethylene tetrarnine de 
rivatives are still more water-soluble. 
The compounds shown in the above examples 

as the sodium salts may be as readily prepared 
as themiree acid or the potassium or ammonium 
salts. The free acid is obtained by adding hydro 
chloric acid, or other strong mineral acid, to a 
solution of the sodium salt until a pH of 2.0 to 
2.5 is obtained. The precipitated acid may then 
be separated from the liquid present by filtra 
tion. Ammonium salts are readily prepared by 
dissolving the acid in aqueous ammonia. Potas 
sium salts may be formed either by following the 
procedure of the examples using potassium coin 

' pounds in place of the sodium compounds de 

70 

any marked change in the properties oi the com- 15 

scribed, or by dissolving the acid in aqueous po 
tassium hydroxide. 
For the sake of clarity a de?nition of terms 

“radical” and "group" used in the claims will be 
» given. A "radical” is attached to the rest oi’ the 
molecule and has at least one valence which is 
satis?ed by a "group." Thus the radical may be 
an acetic acid radical —CH2COO—- attached 
through the bond on the -—CH: carbon to the 
main part oi’ the molecule, and through the bond 
on the CO0- portion to a “group." This group 
as pointed out hereinabove, may be hydrogen or 
an alkali metal such as sodium or potassium, and 
hence a member or group I of the periodic table 
of atomic weight less than 40. 
The usefulness of the compounds produced in 

accordance with the present invention is ap 
parent from their properties. Used alone they 
are excellent detergent agents and/or metal ion 
sequestering agents. They may be incorporated 
with soap in su?icient quantity to prevent the 
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precipitation of calcium, magnesium 'or other 
hard water soaps. They may be incorporated 
with soap. rubber. gasoline or other such ma 
terial in small quantities to prevent the unde 
sirable effects induced by traces of copper and 
other metal ion oxidation catalysts. The oil 
soluble compounds, particularly the long chain 
acid substituted products such as that shown in 
Example 2 are useful for making oil emulsions 
of the type known in ‘the trade as soluble oils. 
These and other uses make the compounds val 
uable commercially. 
The usefulness of such compounds is also en 

hanced by the fact that they may be made soluble 
in oils, organic solvents, or water by selecting an 
ester, metal salt, or acid of a compound having 
appropriate groups in the A and A’ positions. 
Qualities such as the foaming power may be 
regulated since the more “hydrocarbon" carbon 
atoms in the A and A’ positions, the greater the 
foaming power. 
I claim: 
1. A compound having the formula 

wherein Alk is an alkylene radical of the group 
consisting of ethylene‘and‘ propylene, n is a posi 
tive integer not greater than 2, m is one of the 
group consisting of zero and a positive integer, 
M is selected from the group consisting of hydro 
gen and alkali metal, and A and A’ are hydro 
carbon radicals containing together at least 10 
carbon atoms and having not more than two of 
their hydrogen atoms replaced by a carboxylic 
radical of the group consisting of -—COOH, 
—COOM' and —COOR, 11' being an alkali metal‘ 
and R being the radical of an esterifiable alcohol 
ROI-I. ' . 

2. A compound according to claim 1 wherein 
n is 1. 

3. A compound according to claim 1 wherein 
m is zero. 

, l0 
4. A compound according to claim 1 wherein 

n is 1 and m is zero. ' 
5. A compound according to claim 1 wherein I 

A and A’ are cyclic hydrocarbon radicals con 
5 taining together at least 10 carbon atoms and 

having not more than two of their hydrogen 
atoms replaced by a carboxylic radical of the 
group consisting of -COOH, —COOM', and 
—-COOR, M? being an alkali metal and B being 
the radical of an esteriilable alcohol ROH. 

6. A compound having the formula 

CH: Cg: 
n'ooc-cé \cm on, cn-cooa' 
R'OOC- 11 H-—N—CH:—-QHQ—N— H n-coon' 

\C 1 H: H: C a 

00m 00M 

wherein R’ is one of the group consisting of hy 
drogen and an alkyl ‘group and M is selected from 
the group consisting of hydrogen and alkali 
metal. 

7. A compound having the formula: 
Na00C--(CH:)1 (cum-000m 

H—~N——CHs.CHr-N— H 

15 

25 
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0 0Na 4} 0 0Na 
8. A compound having the formula: 
NaO O C-(OHDll-N-CHrCHs-N-(C?shro OONa 

Ha H: 

60 ON! $0 ONa 
FREDERICK C. BERBWORTH. 
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