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INTERMEDIATES FOR THE PREPARATION OF
N-[2-(CARBOXYMETHOXY)
ETHYL]-N-(CARBOXYMETHYL) GLYCINE

CROSS-REFERENCE STATEMENT

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/139,420 filed Jun. 16, 1999.

BACKGROUND OF THE INVENTION

[0002] The present invention concerns intermediate com-
pounds useful in the preparation of N{2-(carboxymethoxy-
)ethyl]-N-(carboxymethyl)glycine ~ (CMHEIDA),  also
referred to as carboxymethoxyhydroxyethylimino diacetic
acid.

[0003] Chelants or chelating agents are compounds which
form coordinate-covalent bonds with a metal ion to form
chelates. Chelates are coordination compounds in which a
central metal atom is bonded to two or more other atoms in
at least one other molecule or ion, called a ligand, such that
at least one heterocyclic ring is formed with the metal atom
as part of each ring.

[0004] Chelating agents for metal ions, such as calcium,
magnesium, iron, and magnesium, are required for a wide
range of technical fields. Examples of fields of application
and end-uses of chelants are detergents, in electroplating, in
water treatment, photography, textile industry, paper indus-
try and also various uses in pharmaceuticals, cosmetics,
foodstuffs and plant nutrition. Some of these activities may
result in the chelating agents entering the environment. For
example, agricultural uses or use in detergents may result in
measurable quantities of the chelants in water.

[0005] As chelants many enter the environment from
various uses, it is desirable to have chelants that would
readily degrade after use. It would be particularly advanta-
geous to have a chelant which is biodegradable, that is,
susceptible to degradation by microbes which are generally
naturally present in environments into which the chelants
may be introduced.

[0006] Iminodiacetic acid derivatives are known to pos-
sess metal sequestering properties. U.S. Pat. No. 5,051,212
discloses that iminodiacetic acid derivatives, when com-
bined with organic solvents, provide very good results in
terms of soil removal from hard surfaces. The use of
iminodiacetic acid derivatives in aqueous compositions for
cleaning hard surfaces is reported in PCT Application No.
WO 94/12606. The iminodiacetic acid derivatives in WO
94/12606 are also reported to have good biodegradable
characteristics.

SUMMARY OF THE INVENTION

[0007] The present invention concerns compounds repre-
sented by the formula

XQ

e

@)
~
R
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[0008] wherein R and R; independently represent H,
—CH,CN or —CH,CO,X, with the proviso that R and R,
can not be both H or —CH,CO,X; and X represents
hydrogen, an alkali metal or alkaline earth metal.

[0009] In another aspect, the present invention concerns a
process for the preparation of N-[2-(carboxymethoxy)-
ethylJaminoacetonitrile (IIT) which process comprises alky-
lating 3-morpholinone with formaldehyde and hydrogen
cyanide or glycolonitrile under alkaline conditions.

[0010] Still in another aspect, the present invention con-
cerns a process for the preparation of N-[2-(carboxy-meth-
oxy)ethyl]glycine (V) which process comprises hydrolyzing
an aqueous solution of a compound of the formula:

I

O>_\O/_\Né_ -

[0011] wherein X is hydrogen or an alkali or alkaline-carth
metal with an acid or base.

[0012] Still in another aspect, the present invention con-
cerns a process for the preparation of N-[2-(carboxy-meth-
oxy)ethyl]-N-(carboxymethyl)glycine (Formula IX) which
process comprises hydrolyzing an aqueous solution of a
compound of the formula:

O}_\O/_\N/_{OX
\

CN

VIl

[0013] wherein X is hydrogen or an alkali or alkaline-earth
metal with an acid or base.

[0014] In another aspect, the present invention concerns a
process for the preparation of N-[2-(carboxymethoxy)-
ethyl]-N-(carboxymethylglycine (IX) which process com-
prises reacting (2-aminoethoxy)acetic acid with glycoloni-
trile or hydrogen cyanide and formaldehyde under alkaline
conditions.

[0015] Still in another aspect, the present invention con-
cerns a process for the preparation of N-[2-(carboxy-meth-
oxy)ethyl]-N-(carboxymethyl)glycine (IX) which process
comprises reacting (2-aminoethoxy)acetic acid with hydro-
gen cyanide and formaldehyde under acidic conditions fol-
lowed by hydrolysis.

[0016] Yet in another aspect, the invention concerns a
multi step process for the preparation of N-[2-(car-
boxymethoxy)-ethyl]-N-(carboxymethyl)glycine Ix)
which process comprises the steps of

[0017] (1) reacting 3-morpholinone with a base to form
(2-aminoethoxy)acetic acid (Ib);

[0018] (2) alkylating (2-aminoethoxy)acetic acid salt
formed in step (1) with formaldehyde to form [2-(hy-
droxymethylamino)ethoxy Jacetic acid (ID);
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[0019] (3) reacting [2-(hydroxymethylamino)ethoxy Jace-
tic acid salt formed in step (2) with hydrogen cyanide to
form [2-(cyanomethylamino)ethoxyJacetic acid (III);

[0020] (4) hydrolysing [2-(cyanomethylamino)ethoxy]
acetic acid formed in step (3) with a base to form N-{2-
(carboxymethoxy)ethyl]glycine salt (V);

[0021] (5) reacting N-{2-(carboxymethoxy)ethyl]glycine
formed in step (4) with formaldehyde and hydrogen cyanide
to form N-[2-(carboxymethoxy)ethyl]-N-(cyanomethyl)gly-
cine (VII); and

[0022] (6) hydrolysing N-{2-(carboxymethoxy)ethyl]-N-
(cyanomethyl)glycine formed in step (5) with a base to form
N-[2-(carboxymethoxy)ethyl]-N-(carboxymethyl)glycine
(IX).

[0023] This process is illustrated in Scheme I below.

[0024] Yet in another aspect, the present invention relates
to aqueous hard surface cleaning compositions comprising
N-[2-(carboxymethoxy)ethyl]-N-(carboxymethyl)glycine
IX).

[0025] Still in another aspect, the present invention con-
cerns a method of cleaning a hard surface by contacting said
hard surface with an aqueous hard surface cleaning compo-
sition comprising N-{2-(carboxymethoxy)ethyl]-N-(car-
boxymethyl)glycine (IX).
DETAILED DESCRIPTION OF THE
INVENTION

[0026] The compounds of the present invention repre-
sented by the formula

X
XQ,
‘; \ / M R
o ¢] N< '
R
[0027] wherein R and R, independently represent H,

—CH,CN or —CH,CO,X, with the proviso that R and R,
can not be both H or —CH,CO,X; and X represents
hydrogen, an alkali metal or alkaline earth metal are useful
as intermediates in the synthesis of N-[2-(carboxymethoxy-
)ethyl]-N-(carboxy-methylglycine (IX).

[0028] One preferred embodiment of the compounds of
the present invention is represented by the formula

VvVl
\

CN

VIl

[0029] wherein X represents hydrogen, an alkali metal or
alkaline earth metal.

[0030] Still another preferred embodiment of the com-
pounds of the present invention is represented by the for-
mula
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I

O}_\O/_\Né_ -

[0031] wherein X represents hydrogen, an alkali metal or
alkaline earth metal.

[0032] Yet another preferred embodiment of the com-
pounds of the present invention is represented by the for-
mula

XQ O

VY

O O NH (0):4

[0033] wherein X represents hydrogen, an alkali metal or
alkaline earth metal.

[0034] Starting materials for making the intermediate
compounds of the present invention of formula IX include
3-morpholinone and hydrogen cyanide and formaldehyde,
or glycolonitrile. A suitable reaction scheme for the synthe-
sis of the intermediate compounds of the present invention
is shown in Scheme I below.

Scheme [
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[0035] M in Scheme I independently in each occurrence
represents an alkali or alkaline-earth metal.

[0036] In the multi step process of the present invention
3-morpholinone (Ia) is first contacted with a suitable base
such as sodium hydroxide, followed by alkylation with
formaldehyde and hydrogen cyanide to form [2-(cyanom-
ethyl-amino)ethoxyJacetic acid (III). The molar ratio of
3-morpholinone (Ia) to formaldehyde and hydrogen cyanide
is generally about 1:1.

[0037] The hydrolysis of [2-(cyanomethylamino)ethoxy]
acetic acid (IIT) with a base gives N-[2-(carboxymethoxy)
ethyl]-glycine (V).

[0038] N-[2-(carboxymethoxy)ethyl]glycine (V) is then
reacted with additional formaldehyde and hydrogen cyanide
to form N-[2-(carboxymethoxy)ethyl]-N-(cyanomethyl)gly-
cine (VII). The molar ratio of N{2-(carboxymethoxy)ethyl]
glycine (V) to formaldehyde and hydrogen cyanide is gen-
erally about 1:1.

[0039] In the above reactions, glycolonitrile can be sub-
stituted for formaldehyde and hydrogen cyanide.

[0040] N-[2-(carboxymethoxy)ethyl]-N-(cyanomethyl)g-
lycine (VII) is then hydrolyzed using a base such as sodium
hydroxide to give the alkali metal salt of N-[2-(car-
boxymethoxy)ethyl]-N-(carboxymethyl)glycine Ix).
Hydrolysis of the cyanomethyl group proceeds through the
amide intermediate as depicted by structure (VII) in
Scheme I, resulting in the formation of the carboxymethyl
group, which liberates the easily removable ammonia.

[0041] The above reactions may be carried out in the
presence of any base capable of hydrolyzing the nitrile
functionality. Examples of suitable bases include alkali and
alkaline earth metal hydroxides. Preferably sodium and
potassium hydroxide are used in the above reaction scheme.

[0042] In addition to bases, the nitrile functionality can be
hydrolyzed using strong acids such as hydrochloric acid or
sulfuric acid. In this case, the ammonium salt of the respec-
tive acid is obtained as a by-product.

[0043] While reaction Scheme I shows the addition of one
mole equivalent of base per mole of nitrile functionality,
excess molar amounts of base can be used.

[0044] Preferably the alkylation reaction steps are carried
out at a temperature from about 0 to 100° C., preferably from
about 15 to 65° C. The hydrolysis of N-[2-(carboxy-meth-
oxy)ethyl]aminoacetonitrile (III) and N-{2-(carboxy-meth-
oxy)ethyl]-N-(cyanomethyl)glycine (VII) is generally done
at a temperature from about 0 to about 120° C. Preferably the
hydrolysis step is done at a temperature from about 20° C.
to about 105° C.
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[0045] The hydrolysis of N-[2-(carboxymethoxy)ethyl]-
N-(cyanomethyl)glycine (VII) to N-{2-(carboxymethoxy)
ethyl]-N-(carboxymethyDglycine (IX) results in a conver-
sion in excess of 90 percent. Although Scheme I indicates
that the production of N{2-(carboxymethoxy)ethyl]-N-(car-
boxy-methyl)glycine (IX) is done in step reactions, the
production can be accomplished by adding glycolonitrile to
an alkaline solution of 3-morpholinone (Ia) at a temperature
to achieve alkaline hydrolysis. In this procedure, interme-
diate N-[2-(carboxy-methoxy)ethyl]-N-(cyanomethyl)gly-
cine (VII) is rapidly converted to N{2-(carboxymethoxy)
ethyl]-N-(carboxymethyl)-glycine (IX).

[0046] N-[2-(carboxymethoxy)ethyl]-N-(carboxymeth-
yDglycine is a chelant which will biodegrade in the semi-
continuous activated sludge test (ASTM D-2667). In this
test, a standardized sludge containing municipal waste treat-
ment plant organisms is used to biodegrade the chelant in the
presence of metal ions representative of those found in the
environment. Such a test simulates the environment encoun-
tered in a municipal waste treatment plant for screening the
inherent biodegradability of non-volatile water-soluble com-
pounds.

[0047] The modified Sturm test, in a similar manner
contacts the chelant with a standardized culture of micro-
organisms. The evolution of carbon dioxide is used as a basis
for determining microbial degradation when the test chelant
is used as the sole carbon source.

[0048] N-[2-(carboxymethoxy)ethyl]-N-(carboxymeth-
yDglycine as a chelant is useful, for instance, in food
products vulnerable to metal-catalyzed spoilage or discol-
oration; in cleaning and laundering products for removing
metal ions, e.g. from hard water that may reduce the
effectiveness, appearance, stability, rinsibility, bleaching
effectiveness, germicidal effectiveness or other property of
the cleaning agents; in personal care products like creams,
lotions, deodorants and ointments to avoid metal-catalyzed
oxidation and rancidity, turbidity, reduced shelf-like and the
like; and in pulp and paper processing to enhance or main-
tain bleaching effectiveness. N-[2-(carboxymethoxy)ethyl]-
N-(carboxymethyl)glycine can also be used in pipes, ves-
sels, heat exchanges, evaporators, filters and the like to avoid
or remove scaling; in pharmaceuticals; in metal working; in
textile preparation, desizing, scouring, bleaching, dyeing
and the like; in agriculture as in chelated micronutrients or
herbicides; in polymerization or stabilization of polymers; in
photography, e.g. in developers or bleaches; and in the oil
field such as for drilling, production, recovery, hydrogen
sulfide abatement and the like. The amount of chelating
agent employed in the above noted applications are known
in the art.

[0049] The use of N{2-(carboxymethoxy)ethyl]-N-(car-
boxymethyl)glycine is particularly advantageous in hard-
surface cleaners applications for the control of alkaline-earth
metals, particularly calcium, and in preventing scaling.
Typical applications for N-[2-(carboxymethoxy)-ethyl]-N-
(carboxymethyl)glycine include the use in cleaning compo-
sitions suitable for hard-surface cleaning, such as certain
automatic dishwashing agents and kitchen or bathroom soil
removal and calcium soap removal from bathtub surfaces.
When used in hard-surface cleaning compositions, N-[2-
(carboxymethoxy)ethyl]-N-(carboxymethyl)glycine gener-
ally constitutes at least about 0.1 weight percent of the
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cleaning composition and typically less than about 25 per-
cent of the cleaning composition. Preferably the hard-sur-
face cleaning composition comprises about 0.1 to about 15
percent N-[2-(carboxymethoxy)ethyl]-N-(carboxymethyl)g-
lycine, and more preferably about 0.5 to about 5 percent.

[0050] In addition to being biodegradable, it has been
found that N-[2-(carboxymethoxy)ethyl]-N-(carboxymeth-
yDglycine can be used in hard-surface cleaning composi-
tions free of organic solvents. This is particularly advanta-
geous in that cleaning can be done without the concern for
release of organic solvent into the environment.

[0051] Hard-surface cleaning compositions containing
N-[2-(carboxymethoxy)ethyl]-N-(carboxymethyl)glycine
are usually at an alkaline pH with a range of about 8 to about
14. Preferably the pH of the cleaning composition is from
about 9 to about 13, and more preferably from about 10 to
about 12.

[0052] In addition to N-{2-(carboxymethoxy)ethyl]-N-
(carboxymethyl)glycine, hard surface cleaning composi-
tions of the present invention can optionally contain addi-
tional additives well known in the art. For example, surface-
active agents, are beneficial in a hard-surface cleaner.

[0053] Such surface active agents include water-soluble
surfactants such as synthetic anionic, nonionic, cationic,
amphoteric and zwitterionic surfactants and mixtures
thereof. Exemplary surfactants include the alkyl benzene
sulfates and sulfonates, paraffin sulfonates, olefin sulfonates,
alkoxylated (especially ethoxylated) alcohols and alkyl phe-
nols, amine oxides, sulfonates of fatty acids and of fatty acid
esters, and the like, which are known in the detergency art.
Preferably, such surfactants contain an alkyl group in about
the C,,-C, ¢ range. Anionic surfactants are commonly used
in the form of their sodium, potassium or triethanol ammo-
nium salts. The nonionics advantageously contain from
about 3 to about 17 ethylene oxide groups per mole of
hydrophobic moiety. Representative cationic surfactants
include quaternary ammonium compounds such as ditallow
dimethyl ammonium chloride, and are preferably used in
combination with nonionic surfactants. Preferred in the
composition are about C,,-C, alkyl benzene sulfonates,
about C,,-C, ¢ paraffin-sulfonates and the ethoxylated alco-
hols of the formula RO(CH,—CH,O)n, with R being a
C,,-C;5 alkyl chain and n being a number from 6 to 10, and
the ethoxylated alcohol sulfates of formula RO—(CH,—
CH,0O)n—SO;M, with R being a C,,-C,4 alkyl chain, nis a
number from about 2 to about 8, and M is H or an alkali
metal ion.

[0054] Anionic surfactants are advantageously present at
levels from about 0.3 percent to about 8 percent of the hard
surface cleaning composition. Nonionic surfactants, are
preferably used at levels between about 0.1 percent to about
6 percent by weight of the composition. Mixtures of sur-
factants are also useful.

[0055] Other optional ingredients include detergent build-
ers within the skill in the art including nitrilotriacetate
(NTA), polycarboxylates, citrates, water-soluble phosphates
such as tri-polyphosphate and sodium ortho- and pyro-
phosphates, silicates, ethylenediaminetetraacetate (EDTA),
aminopolyphosphonates, and mixtures thereof.

[0056] Other optional additives for the hard surface clean-
ing compositions include detergent hydrotropes. Exemplary
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hydrotropes include urea, monoethanolamine, diethanola-
mine, triethanolamine and the sodium, potassium, ammo-
nium and alkanol ammonium salts of xylene sulfonates,
toluene sulfonates, ethylbenzene sulfonates and isopropyl-
benzene sulfonates.

[0057] The hard-surface cleaning compositions of the
invention also optionally contain an abrasive material. The
abrasive materials include water-insoluble, non-gritty mate-
rials known for their relatively mild abrasive properties. It is
preferred that the abrasives used herein not be undesirably
“scratchy”. Abrasive materials having a Mohs hardness of
no more than about 7 are preferred; while abrasives having
a Mohs hardness of no more than about 3, are useful to avoid
scratches on finishes such as aluminum or stainless steel.
Suitable abrasives include inorganic materials, especially
such materials as calcium carbonate and diatomaceous earth,
as well as materials such as Fuller’s earth, magnesium
carbonate, China clay, actapulgite, calcium hydroxyapatite,
calcium orthophosphate, dolomite and the like. The afore-
said inorganic materials can be described as “strong abra-
sives”. Organic abrasives such as urea-formaldehyde,
methyl methacrylate melamine-formaldehyde resins, poly-
ethylene spheres and polyvinylchloride are advantageously
used to avoid scratching on certain more delicate surfaces,
such as plastic surfaces. Preferred abrasives have a particle
size range of about 10-1000 microns and are preferably used
at concentrations of about 5 percent to about 30 weight
percent of the hard surface cleaning compositions.

[0058] Thickeners are preferably used to suspend the
abrasives. Levels of thickener difficult to rinse from the
cleaned surfaces are undesirable. Accordingly, the level is
preferably less than about 2 percent, preferably from about
0.25 to about 1.5 percent. Exemplary thickeners include
polyacrylates, xanthan gums, carboxymethyl celluloses,
swellable smectite clay, and the like.

[0059] Soaps, especially soaps prepared from coconut oil
fatty acids are also optionally included in the hard surface
cleaners.

[0060] Optional components include components within
the skill in the art to provide aesthetic or additional product
performance benefits. Such components include perfumes,
dyes, optical brighteners, soil suspending agents, detersive
enzymes, gel-control agents, thickeners, freeze-thaw stabi-
lizers, bactericides, preservatives, and the like.

[0061] The hard-surface cleaning compositions of the
invention are advantageously in the form of liquid compo-
sitions, preferably aqueous compositions, including concen-
trates, containing as the essential ingredient N-[2-(car-
boxymethoxy)-ethyl]-N-(carboxymethyl)glycine Preferably
a surfactant is also present, more preferably in a concentra-
tion that corresponds to from about 2 to about 6 percent
surfactant. Concentrated liquid compositions preferably
contain from about 6 to about 10 percent surfactant.

[0062] Alternatively, the compositions herein are in the
form of creamy scouring cleansers, preferably containing an
abrasive material, surface-active agent, and N-[2-(car-
boxymethoxy)ethyl]-N-(carboxymethyl)glycine.

[0063] The cleaning compositions can be packaged in a
container that comprises a means for creating a spray, e.g.,
a pump, aerosol propellant or spray valve. The composition
can be thus conveniently applied to the surface to be cleaned
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by conventional means, such as wiping with a paper towel
or cloth, without the need for rinsing.

[0064] The following examples are offered to illustrate but
not limit the invention. Percentages, ratios and parts are by
weight unless stated otherwise.

EXAMPLE 1

The stepwise procedure for the synthesis of
N{2-(carboxymethoxy)ethyl]-N-
(carboxymethyl)glycine

[0065] Synthesis of [2- (cyanomethylamino)ethoxy Jacetic
acid (III): In a 300 mL beaker was placed 5.78 g (57 mmol)
of 3-morpholinone (I), 50% (w/w)sodium hydroxide (5.02 g,
63 mmol), 100 mL of water and a magnetic stir bar. The
resulting solution was heated for 30 min at a gentle boil then
cooled to room temperature. While the solution was stirring
at room temperature, the glycolonitrile (40 percent aqueous,
8.13 g, 57 mmol) was added dropwise. The solution was
stirred at room temperature for 1 h. at which time a *C
NMR indicated that the reaction was complete. *C NMR
(D,0): 8 50.3, 53.4, 119.4, 179.7, 180.9 ppm.

[0066] Synthesis of N-{2-(carboxymethoxy)ethyl]glycine
(V): The solution of [2-(cyanomethylamino)ethoxy Jacetic
acid (III) obtained above was carried on to the hydrolysis
step without purification by the addition of 5.02 g of 50
percent (w/w) NaOH. After stirring at room temperature for
30 min, the solution was brought to a boil to liberate the
ammonia and heating continued until no ammonia was
detected. *C NMR (D,0): § 50.2, 55.0, 72.4, 72.6,181.0,
182.5 ppm.

[0067] Synthesis of N-{2-(carboxymethoxy)ethyl]-N-
(cyanomethyl)glycine (VII): To a solution of N-[2-(car-
boxymethoxy)ethyl]glycine (V), which was at room tem-
perature, was added glycolonitrile (40 percent aqueous, 5.02
g, 57 mmol) dropwise. After stirring for 30 min at room
temperature the *C NMR indicated that the reaction was
complete. The nitrile intermediate was carried on to the next
step without further purification. **C NMR (D,0): § 44.9,
557, 61.1, 70.0, 72.5, 119.4, 180.2, 180.8 ppm

[0068] Hydrolysis of N-{2-(carboxymethoxy)ethyl]-N-
(cyanomethyl)glycine (VII) to N-{2-(carboxymethoxy)
ethyl]-N-(carboxymethyDglycine (IX): To an aqueous solu-
tion of N-[2- (carboxymethoxy) ethyl]-N-(cyanomethyl)
glycine (VII) was added 5.02 g of 50 percent (w/w) NaOH.
After stirring at room temperature for 3 h the hydrolysis was
complete. The solution was brought to a boil to liberate the
ammonia and heating continued until no further ammonia
was detected. *C NMR (D,0): § 57.1, 62.0, 70.0, 72.2,
180.9, 182.5 ppm.

EXAMPLE 2

Synthesis of
N{2-(carboxymethoxy)ethyl]-N-(carboxymethyl)glycine

[0069] A250 ml beaker equipped with a magnetic stirring
bar was charged with 4.5 g (0.045 mol) of 3-morpholinone,
100 mL of water and 50% sodium hydroxide (w/w, 11.2 g,
5.6 g active 0.14 mol). The solution was heated to a boil,
then the first equivalent of glycolonitrile (40% w/w, 6.42 g,
2.57 g active 0.045 mol) was added dropwise. Upon comple-
tion of the addition, the solution was boiled until the release
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of ammonia was no longer detected with pH paper. The
second equivalent of glycolonitrile (40% w/w, 6.42 g, 2.57
g active 0.045 mol) was slowly added dropwise to the
boiling solution. The resulting solution was then heated to a
gentle boil to remove the ammonia. The resulting solution
was heated an additional 0.5 h. A **C NMR indicated that
the reaction was partially complete. To drive the reaction to
completion, an additional amount of 50% sodium hydroxide
(0.36 g, 45 mmol) was added, followed by the slow,
dropwise addition of 40% glycolonitrile (0.64 g 4.5 mmol).
The process was repeated a second time to eventually drive
the reaction to completeness. '>C NMR (D,0): 8 57.2, 61.9,
70.2, 72.4, 181.0, 182.7 ppm.

EXAMPLE 3

The procedure of ASTM D2667 is used to
determine the inherent biodegradablity of
N{2-(carboxymethoxy)ethyl]-N-(carboxymethyl)glycine

[0070] Copper titration value is used to measure the extent
of biodegradation of the chelating agents during the proce-
dure. Titration is performed using ammonium purpurate
(indicator for complexometric titration, commercially avail-
able from Aldrich Chemical Co., Inc. under the trade des-
ignation Murexide) at approximately pH 8, and using
sodium acetate as buffer. Titration of 2 g N-[2-(car-
boxymethoxy)ethyl]-N-(carboxymethyl)glycine (0.009
mmol) in 100 mL water with 0.01 molar copper chloride
gives an endpoint of 0.99 mL, representing a 1:1 chelation
of copper. Analysis is performed daily for a period of 28
days.

[0071] Results of the biodegradation screening are given
in Table I below:

TABLE 1
Compound Time for greater than 80% loss of chelation
NTA (std.) 3 days
(IX) 30
EDTA (std.) greater than 40 days

[0072] A control is used to verify the absence of interfer-
ing chelating substances in the test.

[0073] The results of the biodegradability test show that
N{2-(carboxymethoxy)ethyl]-N-(carboxymethyl)glycine
(IX) is inherently biodegradable and could be expected to be
utilized by organisms in a municipal treatment facility after
an acceptable acclimation period.

EXAMPLE 4

Calcium chelation capacity of
N{2-(carboxymethoxy)ethyl]-N-(carboxymethyl)glycine

[0074] The applicability of N-[2-(carboxymethoxy)ethyl]-
N-(carboxymethyl)glycine for use in hard surface cleaners,
is measured by the calcium oxalate titration.

[0075] For titration with calcium oxalate, N-[2-(car-
boxymethoxy)ethyl]-N-(carboxymethyl)glycine (between 1
to 2 millimoles) is placed in a 60 mL beaker. After the
addition of 30 mL deionized water and 5 mL of a 3%
ammonium oxalate solution, the pH is slowly brought to
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about 10 by the addition of 20% sodium hydroxide while
stirring. The pH is then adjusted to about 11.6 with sodium
hydroxide and the solution is titrated with 0.1 M CaCl, to the
first permanent turbidity. The chelation valve is then deter-
mined from the mL of titrant used based on the following
calculation.

[0076] Chelation Value=(mL titrant used x molarity
titrant)x100 mg CaCO, per mmole~sample wt. in gramsx
activity of sample (as acid form)

[0077] The chelation value is the mg of CaCOj that can be
chelated by one active gram of a chelant, such as N-[2-
(carboxymethoxy)ethyl]-N-(carboxymethyl)glycine (IX).

[0078] The turbidity produced in the oxalate titration is
due to the formation of calcium oxalate. The results for the
titration of N-[2-(carboxymethoxy)ethyl]-N-(carboxymeth-
yDglycine in the presence of oxalate is compared with
iminodiacetic acid (IDA) and given in Table II below.

TABLE II

OXAILATE TITRATION

Chelant Chelation Value
IDA 1
(X) 423

[0079] The results from the oxalate titration showed that
N-[2-(carboxymethoxy)ethyl]-N-(carboxymethyl)glycine
(IX) exhibits a chelation value far superior to IDA. There-
fore, for applications requiring calcium control, such as in
hard surface cleaners, N-[2-(carboxymethoxy)-ethyl]-N-
(carboxymethyl)glycine (can be used as a more biodegrad-
able substitute for EDTA.

[0080] Other embodiments of the invention will be appar-
ent to those skilled in the art from a consideration of this
specification or practice of the invention disclosed herein. It
is intended that the specification and examples be considered
as exemplary only, with the true scope and spirit of the
invention being indicated by the following claims.

What is claimed is:

1. A process for producing N-[2-(carboxymethoxy)-
ethyl]-N-(carboxymethyl)glycine comprising hydrolyzing
an aqueous solution of a compound of the formula:

VaVaVal
\

CN

VIl

wherein X is hydrogen or an alkali or alkaline-earth metal
with an acid or base.

2. A process of claim 1 wherein the hydrolysis is carried
out at a temperature from about 0° C. to about 120° C.

3. A process of claim 1 wherein the hydrolysis is carried
out at a temperature from about 15° C. to about 65° C.

4. A process for producing N-[2-(carboxymethoxy)-ethyl]
glycine comprising hydrolyzing an aqueous solution of a
compound of the formula:
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juts
X Q
>—\ /—\ /—CN
o [¢] NH

wherein X is hydrogen or an alkali or alkaline-earth metal
with an acid or base.

5. A process of claim 4 wherein the hydrolysis is carried
out at a temperature from about 0° C. to about 105° C.

6. A process of claim 4 wherein the hydrolysis is carried
out at a temperature form about 15° C. to about 65° C.

7. A process for producing N-[2-(carboxymethoxy)-ethyl]
aminoacetonitrile comprising alkylating 3-morpholinone
with formaldehyde and hydrogen cyanide or glycolonitrile
under alkaline conditions.

8. A process of claim 7 wherein the alkylation is carried
out at a temperature from about 0° C. to about 100° C.

9. A process of claim 7 wherein the alkylation is carried
out at a temperature from about 15° C. to about 65° C.

10. A process for the preparation of N-[2-(car-
boxymethoxy)ethyl]-N-(carboxymethyl)glycine which pro-
cess comprises reacting (2-aminoethoxy)acetic acid with
glycolonitrile or hydrogen cyanide and formaldehyde under
alkaline conditions.

11. A process for the preparation of N-[2-(car-
boxymethoxy)ethyl]-N-(carboxymethyl)glycine which pro-
cess comprises reacting (2-aminoethoxy)acetic acid with
hydrogen cyanide and formaldehyde under acidic conditions
followed by hydrolysis with an acid or base.

12. A multistep process for producing N-[2-(car-
boxymethoxy)-ethyl]-N-(carboxymethyl)glycine Ix)
which process comprises the steps of

(1) reacting 3-morpholinone with a base to form [2-(ami-
noethoxy)acetic acid (Ib);

(2) alkylating [2-(aminoethoxy)acetic acid salt formed in
step (1) with formaldehyde to form [2-(hydroxy-me-
thylamino)ethoxy Jacetic acid (II);

(3) reacting [2-(hydroxymethylamino)ethoxyJacetic acid
salt formed in step (2) with hydrogen cyanide to form
[2-(cyanomethylamino)-ethoxy]Jacetic acid (IIT);

(4) hydrolysing [2-(cyanomethylamino)ethoxy]acetic
acid formed in step (3) with a base to form N-[2-
(carboxymethoxy)ethyl]glycine salt (V);

(5) reacting N-[2-(carboxymethoxy)ethyl]glycine formed
in step (4) with formaldehyde and hydrogen cyanide to
form N-[2-(carboxymethoxy)-ethyl]-N-(cyano-meth-
yDglycine (VII); and

(6) hydrolysing N-[2-(carboxymethoxy)ethyl]-N-(cyano-
methyl)glycine formed in step (5) with a base to form
N{2-(carboxymethoxy)ethyl]-N-(carboxy-methyl)gly-
cine (IX).

13. An aqueous hard surface cleaning composition com-
prising N-[2-(carboxymethoxy)ethyl]-N-(carboxymethyl)-
glycine (IX).

14. An aqueous hard surface cleaning composition of
claim 6 further comprising at least one compound selected
from the group consisting of a surfactant, a detergent
builder, a detergent hydrotope, a tickener, a perfume, a dye,
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an optical brightener, a sol suspending agent, a detersive
enzyme, a gel control agent, freeze-thaw stabilizer, a bac-
tericide and a preservative.

15. An aqueous hard surface cleaning composition of
claim 13 or claim 14 wherein N-[2-(carboxymethoxy)ethyl]-
N-(carboxymethyl)glycine is present in an amount of from
about 0.1 to about 25 percent by weight of the hard surface
cleaning composition.

16. An aqueous hard surface cleaning composition of
claim 13 or claim 14 wherein N-[2-(carboxymethoxy)ethyl]-
N-(carboxymethyl)glycine is present in an amount of from
about 0.1 to about 15 percent by weight of the hard surface
cleaning composition.

17. An aqueous hard surface cleaning composition of
claim 13 or claim 14 wherein N-[2-(carboxymethoxy)ethyl]-
N-(carboxymethyl)glycine is present in an amount of from
about 0.5 to about 5 percent by weight of the hard surface
cleaning composition.

18. A method for cleaning a hard surface which method
comprises contacting said hard surface with an aqueous
cleaning composition comprising N-{2-(carboxymethoxy)
ethyl]-N-(carboxymethyDglycine (IX).

19. A method of claim 18 for cleaning a hard surface
wherein the hard surface is contacted with the aqueous
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cleaning composition further comprising at least one com-
pound selected from the group consisting of a surfactant, a
detergent builder, a detergent hydrotope, a tickener, a per-
fume, a dye, an optical brightener, a sol suspending agent, a
detersive enzyme, a gel control agent, freeze-thaw stabilizer,
a bactericide and a preservative.

20. A method of claim 18 or claim 19 for cleaning a hard
surface  wherein ~ N{2-(carboxymethoxy)ethyl]-N-(car-
boxymethyl)glycine is present in an amount of from about
0.1 to about 25 percent by weight of the cleaning compo-
sition.

21. A method of claim 18 or claim 19 for cleaning a hard
surface  wherein ~ N{2-(carboxymethoxy)ethyl]-N-(car-
boxymethyl)glycine is present in an amount of from about
0.1 to about 15 percent by weight of the cleaning compo-
sition.

22. A method of claim 18 or claim 19 for cleaning a hard
surface  wherein ~ N{2-(carboxymethoxy)ethyl]-N-(car-
boxymethyl)glycine is present in an amount of from about
0.5 to about 5 percent by weight of the cleaning composi-
tion.



