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This invention relates to chelating compounds
for metal ions in aqueous solution and has for its
object the provision of a chelating compound
consisting of a mono phenyl poly alkylene poly-
amino polycarboxylic acid or salt thereof.

Another object is to provide a germicidally
active metal ion chelating compound or agent
for use in aqueous solutions having a wide range
in pH values.

Still another object is to provide a germicidally
active metal ion chelating compound or agent
for use in alkaline pH solutions.

Other objects will be apparent as the invention
is more fully hereinafter disclosed.

In accordance with these objects I have dis-
covered that when one of the amino hydrogens
of an alkylene polyamine is displaced by a phenyl
group and the remaining hydrogens are displaced
by acetic acid or its equivalent carboxylic groups,
the resultant phenyl substituted alkylene poly-
amine polyacetic acid is water soluble and is a
good chelating compound or agent for metal ions
in agueous solutions having an aecigd, alkaline and
neutral pH is particularly effectivg as a chelating
compound or agent in alkalineand neutral pH
solutions towards alkaline earth metals and mag-
nesium ions. In addition to being a chelat'ng
agent for metal ions over a wide pH range the
halogenated -mono phenyl polyacetic acid is an
excellent bactericidal and fungicidal agent when
both hydroxyl and halogen are present in the
phenyl radical.

These properties.give a wide field of utility for
the compound in all types of acid, neutral and
alkaline pH solutions containing detergents and

= acid and alkali soap compounds, as one skilled

in the art will recognize. The aromatic or phenyl
groups add compatibility of this chelating amino
acid to solid soap compounds, i. e., bar soap.

The compounds of the present invention fall
under the generic structural formula:

X X A

A
xQuir—alkylene).—ir

wherein X represents one of the group consisting
of hydrogen, hydroxyl, alkyl, alkoxyl and halo~
gen, with at least one X but not all of the X
groups being halogen; A represents acetic or pro-
pionic acid and alkali metal, ammonium and
‘amine salts thereof; n is a positive integer selected
from the group consisting of 1 to 5; and alkylene
represents ethylene, propylene or trimethylene.
In this type of compound, all of the A groups
on the amino nitrogens function as salt-forming

2
groups but only two of the A groups function as
chelate-forming groups, one of which is that on
the terminal amino nitrogen remote from the
nitrogen to which is attached the phenyl substit-

8 uent group and the other on the next adjacent
interiorly spaced amino nitrogen. This leaves
the remaining A groups to function as solubiliz-
ing groups for the compound in acid and alkall
pPH solutions.

10 In general, with increase in n from 1 to 5 the
chelate-forming properties increase as well as
the solubilities of the compound and the salts
and chelates of the compound. However, as the
compounds derived from ethylene diamine are

15 the easiest to prepare and the easiest to define
structurally these will be described by way of
example but not by way of limitation, as one
skilled in the art will perceive.

In the preparation of this series of compounds

20 several alternative practices are available. As
one example the production of the mono-substi-
tuted [p-nitro-chlorobenzyl ethylene diamine tri-
acetic] p - nitrophenylethylenediaminetriacetic
acid (sodium salt) will be described.

2 Example I

One mole of p-nitrochlorobenzene is added to

a large excess of ethylene diamine and is heated
under pressure in sealed containers to a tem-
30 perature of about 120-140° C. for an extended
period of time for 7 to 10 hours. 'The amount

of excess ethylene diamine is from 2 to 4 moles.
The reaction solution is then placed under a
reflux condenser and heated to its refluxing tem-

3t bperature and caustic alkall solution is added in
an amount required to neutralize the halide acid

- present in the reaction solution to slight excess.
The excess ethylene diamine is then distilled off
together with some water and the precipitated

40 sodium chloride is filtered from the hot liquids
remaining. The nitro benzene derivative of the
ethylene diamine forms an insoluble upper layer

on coaling slightly and can be separated from the
agueous solution remaining. This insoluble layer

45 Is extracted with nitro-benzene in which the di-
substituted ethylene diamine compound is soluble
and the mono-substituted compound is insoluble.
‘The insoluble mono-substituted compound ' is

. then suspended in water in which it is slightly
50 soluble and is carboxy-methylated by the chlor-
acetic process using 3 moles of “chloracetic acid
sodium salt per mole of mono-substituted com-
pound and the carboxymethylated amino acid is
recovered from the reaction solution by acidify-

&5 ing the solution with HCI to a pH of about 2 at




3 .
which the mono-siubstituted ethylene diamine
tri-acetic acid precipitates. The mono-substi-
tuted compound also may be carboxymethylated
in accordance with the process of my prior Pat-
“ents Nos. 2,387,735, 2,407,645 and 2,461,519, by
- appropriate additions of sodlum cyanide and
formaldehyde, i. e., one molar weight of each for
- each amino hydrogen to be replaced, while main-
taining a reaction temperature of about 95°-100°
C. and while vigorously agitating the solution and
excluding atmospheric gases from the solution

by maintaining a low positive pressure of gaseous’

ammonia over the surface of the solution.

After the carboxymethylation reaction has
been completed the reaction mixture is heated
gradually to 100°-110° C. and freed of any con-
tained ammonia, such ag by passing steam there-
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4
methylation as above described) to further
modify the properties of the compound.

The aromatic group may also be further modi-
fled by substitution on the aromatic ring by
known reactions to give derivatives thereof which
are valuable chelating agents.

The aromatic nucleus also may be readily fur-
ther chlorinated to introduce at least two more
chlorine atoms therein. These chlorophenyl
triacetic acid ethylene diamine compounds are

. generally insoluble in acid aqueous solutions

15.

- through, and after cooling to room temperature

the polyamino acid may be obtained by neutraliz- '

ing the solution with a mineral acld, such as
HCI, to a PH of about 2.  Alternatively, the so-
dium salt of the amino acid may be recovered
from the reaction solution by evaporating off the
water of solution to crystallization of the sodium
The  mono-substituted [p-nitrophenyl ethyl-
ene diamine triacetic] p-nitrophenylethylenedi-
aminetriacetic acid has only slight solubility in
The free amino acid has the following struc-
tural formula:
‘ ‘H H ;
CHyCOOH
N—CH:-CR:——,I!T :

HyrCOOH éErCOOH

Each of the acetic acld groups are chemically
reactive with any basic metal compound to form
a metal salt and each said group functions as a
solubilizing group in the compound. 'Two of the
acetic acld groups, one on each amino nitrogen,
function as chelate-forming groups, the chelate
compound of a divalent metal such as copper be-
ing ‘the easlest to illustrate structurally:

02N

HE H -4+
: cmcooluo
. OaN N:CH:~CH:_—: ’
H ch J:B.
Z S
o2 N o o

In this chelate compound the acetic acid salt
group remains free to function ds a solubilizing
group in acid and salkaline pH solutions. In

. alkaline pH solutions Me represents an alkali
metal, ammonium or an amine, - In acid pH solu-
tions Me is normally displaced by an acid hy-
drogen fon. The chelate compound of most di-
valent metals is most stable in alkaline pH solu-
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having a pH of 1.5 to 2 and may be precipitated
therefrom as the free acld. The various alkali
metal, ammonium and amine salts of these
chlorophenyl  triacetic acid ethylene diamine
compounds, however, are quite soluble in water
and form chelate compounds with most divalent
metal {ons, particularly the alkaline earth metal
and magnesfum jons, which are stable in alkaline
pH solutions. - o ' ' .

In place of chlorine I may use bromine and/or
fodine to form the respective halo analogues of
the chlorine derivative above described. -

Example IT

- In place of p-nitrochlorobenzene as the start-
ing  material of Example I, I have found that
p-chlorotoluene may be employed. The original
substitution reaction with ethylene diamine re-
quires a higher temperature (126° C. under pres-
sure) and a longer reaction time (10 hours), but
the preparation is otherwise substantially the

* same. The main product after carboxymethyla-
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tions and is least stable in strongly acid PH .

solutions.

The [nitrobenzenel nitrophenyl group is a
highly reactive group and msy be separately re-
acted in a number of different ways to produce a
plurality of chemically useful compounds.

For example, the NOz group on the aromatic
nucleus may be reduced to an amino group,
which may then be diazotized, and converted to a
halogen by means of the Sandmeyer reaction.
Also, the diazonium salt may be hydrolyzed to a
phenolic group by well-known methods,

The amino hydrogens of the phenyl amino
group may be substituted by various functional
groups, such as acetic acid groups (by carboxy-
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tion has the formula; . :
CH:.COOH

ECQ—E—CH:.CH:—N/

. H;.COOH émcoon

The aromatic ring may be then halogenated as
described in Example I to introduce readily two
halogens which are believed to go to positions
ortho to the amino groups. For example, with .
chlorine the following compounds is believed to
be formed:

o)

‘ CHy.COOH
N—CH;.CHy—

H,.COOH CH:..COOH

The isolation and properties are similar to those
of the other compounds described.
: Example IIT

The compound 2,4,6 trichloroaniline ethylene
diamine triacetic acid may be prepared by heat-
ing one mole of 2,4,6 trichloroaniline with one
mole of chloroethylamine diacetic acid

(CICH:2+CHs-N(CHz-COOH) 3)

In boiling aqueous alcohol under a refluxing con-

denser buffered to a neutral pH for an extended
time interval with good agitation. After adjust-
Ing the pH of the solution to a pH of 10 to 10.5
with caustic alkali one mole of chloroacetic acid
sodium salt is added to the solution and the solu-~ -
tion is heated to 80°-85° C. for an extended time
interval, usually about four (4) hours, to com-
plete the substitution reaction.

The Yrisodium salt of the 2,4,6 trichlorophenyl
ethylene diamine triacetic acid present in the re-
action solution may be crystallized by slow evap-
oration of the reaction mixture to remove the
water of solution to a concentration of 40% to
50% and allowing the salt to crystallize, Alter-
natively, the salt may be converted to the free
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5
acid by acidifying the solution with a strong min-
eral acid, preferably HC], to a pH of about 2.0
at which the amino acid is in major part in-
solubilized.

Example IV

In place of ethylene diamine in Example I,
propylene diamine may be employed in equiva-
lent molar amount to form by the same procedure
the p-chlorophenyl propylene diamine triacetic
acid compound and salt.

Example V

In place of ethylene diamine in Example I,
diethylene triamine may be employed in equiva-
lent molar amounts to form by the same pro-
cedure the p-chlorophenyl diethylene triamine
tetraacetic acid. In this example four molar
equivalents each of sodium cyanide and formal-
dehyde are required in the c¢arboxymethylation
step.

This compound has greater solubility than the
triacetic acid compounds due to the fourth car-
boxylic acid group and does not precipitate read-
ily as the free acid on acidification to the precipi-
tating pH of 2.0. It may also be converted to
the acid by means of a weak cation resin (car-

6

- wherein alkylene is one of the group consisting of
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boxylic acid type) and evaporating the solution -

slowly and filtering crystals as formed.

In the several examples given above, it is be-
lleved apparent to anyone skilled in the art that
I may substitute any aliphatic alkylene polyamine
for ethylene diamine without departure from the
invention to form an analogous series of com-
pounds and that, likewise I may substitute any
other phenyl compound for phenyl compounds of
the specific examples without departure from the
invention to form an analogous series of com-
pounds with ethylene diamine or any alkylene
polyamine substituted therefor. In view thereof,
the examples given are believed adequate for one
skilled in the art to practice the invention in the
. production of these analogous compounds.
Likewise, it 1s believed apparent that the acetic

acid substituent groups may be displaced in part

or in whole by an analogue acid such as propionic
acid without departure from the invention and
that the term “alkylene” as it is.employed in the

generic description of the invention may be either -

ethylene, propylene or trimethylene without de-
parture from the invention.

In view thereof all modifications and depar-
tures from the invention as hereinabove disclose
are contemplated as may fall within the scope o
the following claims.

What is claimed is:

1. A compound conforming to the ronnula

X X :

A
X (N—dkyhm).——N/
; L ™
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—CH3-CH2—, —CH3-CHz-CHz—,
—CH(CH3) -CHa—

n is a member of the group consisting of 1 to 5;
A is one of the group consisting of —CHa-COOH
and —CH32-CHz2'COOH and their alkali metal,
ammonium and amine salts; and X is one of the
group consisting of hydrogen, hydroxyl, halogen,
alkyl and alkoxyl with from one to three of the
X groups being halogen.

2. The compound represented by the formula:

/cmcoon ‘
01@11—0111403.-1«\

H:+COOH CH»COOH
3. The compound represented by the formula:

cl
CHrCOOH

N--CHjy-CH—N,

H»COOH CHyCOOH

4. The compound represented by the formula:
al

H.CQN_CH..CH,.N<
-~ ’ JJH:-C OOH
. Cl

5. The compound represented by the formula:
CHrCOOH CHyCOOH CH»COOH

ol-C>~1~lr—’—CHrcm—1~'f—cHrcm—N<

CH»COOH

CHy+COOH

CHy-COOH

6. The compound represented by the formula:
CH+COOH  CHrCOOH ‘
—CHyCH—N
H;  CHrCOOH
FREDERICK C. BERSWORTH.
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