WO 01/ 49653 PCT/ EPOO/ 13174 Process for preparing al kyl ene di am ne
triacetic acid 5 The present invention relates to a process for preparing
al kyl ene g @{hgesz triacetic acid (derivatives). A kylene diangmmsfyacetic
acid (derivatives), such as ethylene diamne triacetic aci and its salts,
have applications in the field of chelating chem stry, such as netal 10
cleaning. A process for preparing ethylene diamne triacetic acid is known
fromEP 0, 546, 867. The process disclosed in this reference starts from pure
et hyl ene diam ne- N, N -diacetic acid and conprises four reaction steps,
viz. (i) contacting ethylene diam ne diacetic acid or salts thereof,
preferably the sodium salt, with fornal dehyde 15 (ii) reacting the

resul ting product w t Rrecesgder atepasingalkylengdliaminertaestia a¢ile diacid, (iii)
hydrol yzi ng the product of step (ii) and where necessary cyclizing the
resulting nonoam de diacetic acid to a ketopi perazine diacid, and (iv)
reacti ng t hnergresentiimgnkien oglatpe ta2ipnecass defcprieparing alkyignendiaming &iatsticrasical or
al kal i ne qaékgﬁmggal hydr oxi de, preferably sodi um hydroxide, to obtain

et hyl ene di‘anine 20 triacetic acid. The process of this reference thus
conprises four individual process steps. It is an object of the present

I nvention tg neduge Lne uuaher, of %d%fiQ&R’%g?,sstu%Hsas &R lgt\'é i hine thScetit Hdd N9
mat eri al of this process, Vviz. ethylene am ne di aée IC am%, 1S
difficult tandsiymishbési raveanpplichtienseipéresifield. oMohelating phemistryl such abenetal
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et hyl ene ditaPd&867iThe drocess| disinatd inrbis cgfendrde staus fnors wose giglene diamine-

saponi fi caty Qn : i (] reaction of ethylene 30
di am ne w t%ﬂgﬁ'{ég%ﬁn{] Cr'cl5 ?E&J%W%ig&wr\%mggﬁ{nsﬁ%%éégﬁént saponi fication of the
resul ting (i tontagingl ¢thylsnaaliamine ktiaceti€ amity oosaltofherdnd spreferalnly itba sodism

carried out i Qa?mﬁ{hr}gmak%h Ggss step, m xtures of ethyl ene diam ne
nonoaceti c aci o, et hyl ene diram ne di acetic acid, and ethylene diam ne

triacetlbc dii) ceaatimg thietrasuitnp préductevjientyanidea souwts @i fornp a meorentyie eieeid, di am ne
gi aceti ¢ aqlid,SHGH,AF the FHEGRRE St e (A A UHIR! BEbsaly oy dISnG RRY G AIREESS:
monoamide diacetic acid to a ketopiperazine diacid, and
(iv) reacting the resulting ketopiperazine diacetic acid with an alkali metal or alkaline
earth metal hydroxide, preferably sodium hydroxide, to obtain ethylene diamine

20 triacetic acid.

The process of this reference thus comprises four individual process steps. It is an

object of the present invention to reduce the number of process steps.

25  Further, the starting material of this process, viz. ethylene diamine diacetic acid, is
difficult to synthesize and thus expensive. More in particular, the synthesis of ethylene
diamine diacetic acid requires a two-step process: ethylene diamine diacetic acid is
either synthesized by the reaction of ethylene diamine with formaldehyde and cyanide
with subsequent saponification of the resulting nitrile or by the reaction of ethylene

30 diamine with glyconitrile (HO-CH-CN) with subsequent saponification of the resulting
nitrile. It is noted that if any one of these reactions is carried out in a single process
step, mixtures of ethylene diamine monoacetic acid, ethylene diamine diacetic acid,
and ethylene diamine triacetic acid are obtained. Consequently, to obtain pure ethylene
diamine diacetic acid such as is needed as starting material in the above process, a

35 two-step process is indispensable. This makes the synthesis of the starting material
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35 two-step process is indispensable. This nmakes the synthesis of the
starting material CONFI RVATI ON COPY WD 01/49653 PCT/ EPOO/ 13174 2 quite

sophi sti ¢ad §soedd 1S therefore a further object of the prgsgipioay@ption to
enpl oy a process where inexpensive and easily-synthesizable starting

materials can be applied. Finally, it ? an object of the present
invention to produce alkylene diamne trfacetic acid 5 in high purity. It
has now surprisingly been found that all the above objectives can be net by
a process which conprises the conversion of an al kyl ene di am ne
(derivative) to a salt of an alkylene diamne triacetic acid (derivative),

wher ei n t heuieashhistitatesd. GAk therdfopslb fuhhértwek@opfresmgmmtveanchotoyyrable ta
metal ion Ma' and the entire reaction is carried out under r}/dro Zl ng

condi t i ons PrceamNSFe NREPENSHENG @sURYTENSSIL!S YRMINAIM TS 67 'eSr oups.
In particular, it has been found that if alkylene diam ne (der| vatives) are
converted to alkylene diamne triacetic acid éderl vatives) in _the presence
of pol yval &ifalyet i§1an QURSt of e RrRed dvepien i KgPersaligiend Hamine taatic @cki d
(derivagi vey high pahfyai ned in high purity, whereas if nonovalent netal ions

i nst ead of the poI yval ent netal ions are applied in the sane process,

m xtures of al kyl ene diam ne diacetic acid, alkylene diamne triacetic

acid, and & kyd aB® SirBMRiRQy IlchaRERY itRatasl @he( debve’ Bbjc¥RRl dpSHE tmetl By thi s
case a further purification step is necessary to obtain al kyl ene di’am ne

triaceti c REESHWhENFOMRFigES (e C%efsﬂf@r o 3llengyfiaping @privativel e galbefess

of the pr e%ﬁ'!ﬂky!éh\éed?ér'n% thibcdtie &Rﬁ?‘em&v@? V\fHé'l"éTh # feacin Khardldolt fe
diamine triacetic acid (derivative) 1n a Single process step starting from
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applied which i's significantly less expensive than, e.g., the ethylene

di am ne diacetic acid used in the process of the above reference. The
i nventi on \m bhrtiBGaF§SRad BEEh FSundhst @%I@Iehe%rﬁ:‘ﬂe (GOfvAHOEY etk RBAFerRedSRKE,

the 30 followng termnology wll be usSed
alkylene diamine triacetic” acid (derivatives) in the presence of polyvalent metal ions,
15 the desired alkylene diamine triacetic acid (derivative) is obtained in high purity,
whereas if monovalent metal ions instead of the polyvalent metal ions are appiied in
the same process, mixtures of alkylene diamine diacetic acid, alkylene diamine triacetic
acid, and alkylene diamine tetraacetic acid (derivatives) result. In this case a further
purification step is necessary to obtain alkylene diamine triacetic acid or a derivative

20  thereof in high purity.

In the process of the present invention it is possible to form salts of the alkylene
diamine triacetic acid (derivative) in a single process step starting from alkylene
diamine. Consequently, the number of process steps can be reduced considerably and
25  a starting material, viz. alkylene diamine, can be applied which is significantly less
expensive than, e.g., the ethylene diamine diacetic acid used in the process of the

above reference.

The invention will be described in more detail below. For convenience’s sake, the
30 following terminology will be used:

ADA: alkylene diamine

AD1A: alkylene diamine monoacetic acid

AD2A: alkylene diamine diacetic acid

AD3A: alkylene diamine triacetic acid



ADA: al kyl ene di am ne AD1A: al kyl ene di am ne nonoacetic acid AD2A:
al kyl ene diam ne diacetic acid AD3A: al kylene diamne triacetic acid WO
01/ 49653 I 13174 3 AD4A: al kyl ene di am ne tetraaceid {74 EDA:
et hyl ene“ﬁ(f?ﬁgyEDlAz et hyl ene di am ne nonoacetic acid %EET%P@@%%Z/I ene
di am ne diacetic acid 5 ED3A: ethylene diamne triacetic acid EDA:
et hyl ene di anine tetraacetic acid The indention pertains to a process for
preparing al kyl ene diamne triacetic acid (derivatives) which conprises
t he conversion of an al kyl ene di am ne (derivative) of the 10 formula RR
,NHNR Bor Bl ~NHNH2 R wherein Bis selected froman unsubstituted or
substi tut e%E@JAKYACI%eQEiéH% 1eigadRtik 3cigl ndependent |y sel ected from H or
(salts of) -CHz- , -CH2-CN, or -CH2-CONH2, 15 to a salt of an al kyl ene
di ami ne triERAst igthvenaddigenéts vati ve) of the formula CH2COOH B. N- CH2000H NH
I CHZOOO—lE[y\.m:{Etﬁﬁ&gagﬁmmop@gd@gcgaeri ed out in the presence of a

i Va he

pol yval ent netal 1on + and t
ED2A: ethylene diamine diacetic acid

5 ED3A: ethylene diamine triacetic acid
ED4A: ethylene diamine tetraacetic acid

The invention pertains to a process for preparing alkylene diamine triacetic acid
(derivatives) which comprises the conversion of an alkylene diamine (derivative) of the

10 formula

$ R
l
_NH N—
B. or B: R
TH NH,
R

wherein B is selected from an unsubstituted or substituted alkylene bridge and R is
independently selected from H or (salts of) -CH,-COOH, -CH,-CN, or -CH,-CONH_,

15  to a salt of an alkylene diamine triacetic acid (derivative) of the formula

CH,COOH
N\
5/ ~CH,COOH
\wH
CH,COOH

with the reaction being carried out in the presence of a polyvalent metal ion M®" and the
20  entire reaction being carried out under hydrolyzing conditions if any of the reactants

contain or form nitrile or amide groups.



20 entire reaction being carried out under hydrolyzing conditions if any of
the reactants contain or formnitrite or am de groups. WO 01/49653

PCT/ EPOOM3difbes3t Preferably, the alkylene bridge B in thecipobsian vative)
starting material is an wunsubstituted or substituted ethyl ene or propyl ene

bridge. If the bridge is substituted, generally one or nore of the
bridgi ng carbon atons nay be independent y substituted by C, - C6 al kyl
groups and preferably C, - C4 alkyl groups. It is preferred that the 5
bridge is unsubstituted, and preferably B is selected from-CH2-CH2- or
-CH2- CH2- CH2- and nore preferably Bis -CH2-CH2-. In other words, a
preferred Apéfetalsy,i that alkglené sbridge BDA (reeniDAat(demdptivd)r staetingbhigteridl 3§ amds
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Appl i cant hediisesreEDANad fhast referdisly t @bidsts @BsdéHtialnomacaneheEpAt he second
still remaining NH function in the AD3A (derivative) is blocked. This NH

function thus cannot be converted to an N-CH2-COCH noiety and the
formation Q‘fhe%ﬁodi@ﬂ&f {hdeirbaekiof e preserthmveation & tﬁé%’ad%ﬂtheﬂ@&@?d&ﬁﬁme@f t he

P R h purTS S GonREeS BUERe i BA Of ASOTIHEX Ol RSpNAHCRRES SDIAMHENRE)
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wthoutwé’ﬁ?ﬁ?@f“ﬂf"’@eteeacm test y tionally comp part
the complex. However, it is essential to the process of the invention that at least part of
and preferably all of the AD3A (derivative) formed during the reaction is immediately
complexed by the polyvalent metal ion. Without wishing to be bound by any theory,
20  Applicant believes that due to the formation of this complex, the second still remaining
NH function in the AD3A (derivative) is blocked. This NH function thus cannot be
converted to an N-CH,-COOH moiety and the formation of an AD4A (derivative) is
therefore avoided. The process of the present invention thus makes it possibie to
prepare the AD3A (derivative) in high purity. It has been found that if, under the same
25 reaction conditions, instead of the polyvalent metal ion, a monovalent metati ion such as
sodium is used, AD4A is indeed formed apart from AD3A. Again without wishing to be
bound by any theory, Applicant believes that monovalent metal ions are not able to
form a complex wherein the remaining NH function is blocked. This is shown
schematically below:

30



bound by any theory, Applicant believes that nonoval ent netal ions are not
able to forma conplex wherein the remaining NH function is blocked. This
i s shown h tically below. 30 WO 01/49653 PCT/ EPOO/ 13

N 000 SRR B NG Ve (derivative) i CH2QDO0 ADsA-l’éi‘fEfv?;{fgﬁ met al
conplex of the invention MM H2000 i H2000 B N. CH2000 B N- CH2Q00 ADA M
\ \ ~CH2C00 (derivative) NH N CH2000 G000 AD3A salt 9 AMA-net al
conplex It is noted that, apart fromthe presence of the polyval ent netal
ion, it is essential to the process of the invention that the entire
reaction is carried out under hydrolyzing conditions if any of the
reactants contain or formnitrile or_am de groups. "Hydrolyzing 5
conditions" in the sense of tGE,Géxent invention neans that the reaction
conditions are such that any|nitrile and/or am de group added to the
reaction mxture or forned dWi\r@H d¢bhe reaction is instantaneously
converted to a car bowﬂ c agd noih?(ﬂegy or th(; salt thereof.

ADA — -
(derivative) 'TJH ) /
CH,COO0

AD3A-polyvalent
metal complex of
the invention

M M*

CH,COO" CH,COO"

N~cH,co0 N=CH,co0™
ADA v B B\N/CHZCOO'
(derivative) IT‘H ) | )

CH,COO CH,COO

AD3A salt #

AD3A-metal

complex

It is noted that, apart from the presence of the polyvalent metal ion, it is essential to the
process of the invention that the entire reaction is carried out under hydrolyzing
conditions if any of the reactants contain or form nitrile or amide groups. "Hydrolyzing

5 conditions" in the sense of the present invention means that the reaction conditions are
such that any nitrile and/or amide group added to the reaction mixture or formed during

the reaction is instantaneously converted to a carboxylic acid moiety or the salt thereof.
Generally, such hydrolyzing conditions are present when the pH is chosen to be above

9, preferably above 10, more preferably above 11, and most preferably above 12

10  during the entire reaction. Suitable pH values can be obtained by adding a base.
Suitable bases are, e.g., the hydroxide of the polyvalent metal itself or an alkali metal

hydroxide.

If nitrile or amide groups are present during the reaction, ammonia forms due to the
15 hydrolysis of these groups. Therefore, at least when the reactants contain or form nitrile

or amide groups, the reaction conditions are preferably chosen such that ammonia



General ly, such hydrolyzing conditions are present when the pHis chosen to
be above 9, preferably above 10, nore preferably above 11, and npbst

pref erab 12 10 during the entire reaction. Suitabl s can
Mo P8, e R

be obt ai ding a base. Suitable bases are, e.g., t r'oxi de of
the polyvalent netal itself or an alkali netal hydroxide. If nitrile or
am de groups are present during the reac®ion, amonia forms due to the 15
hydrol ysis of these groups. Therefore, at |east when the reactants contain
or formnitrile or am de groups, the reaction conditions are preferably
chosen such that anmoni a WO 01/ 49653 PCT/ EPOQ/ 13174 6 separates fromthe
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during the reaction, nmper ature can be chosen, e.g., between 25C and
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i nt er nedi atag Qe% formed during the reaction. Mst preferably, the reaction
is carried 00Ut in a one- pot process. The process of the invention is not
restricted to any particular reactants to be conbined 15 with the ADA

(derivativ ta for. I : dert i e | -

cmbod ment MERSTARNE, o PRARRaqriEn T i EDu McrlBtue) dieRRRIPE RGRES

cyani dé0souutin asinde ppcese stap, ofeaning et yoaveldefimed asolatahlenntermadiate is
hydrol yzi n [ 4l . - Sui I I el : in & Gha.
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hydr ogen cyeartede, an aqueous sol ution of hydrogen

The process of the invention is not restricted to any particular reactants to be combined
15  with the ADA (derivative) to form the salt of the AD3A (derivative).

In one process embodiment, the ADA (derivative) is reacted with a formaldehyde and a
cyanide source in the presence of the polyvalent metal ion M*" under hydrolyzing
conditions.
20
Suitable formaldehyde sources are, e.g., formaldehyde or paraformaldehyde. Suitable
cyanide sources include gaseous hydrogen cyanide, an agueous solution of hydrogen
cyanide, and cyanide salts, e.g., alkali metal cyanide such as sodium cyanide or
potassium cyanide and its aqueous solutions, or salts of the polyvalent metal ion and
25 cyanide, such as calcium cyanide. Alternatively, it is possible to use a combined
formaldehyde and cyanide source, i.e. a molecule which is converted to a
formaldehyde and cyanide source under the reaction conditions. Such a combined

formaldehyde and cyanide source is, e.g., glyconitrile.

30 As stated above, it is essential that in this process embodiment the reaction is carried
out under hydrolyzing conditions. Preferably, the pH is chosen to be at least 9, more
preferably at least 10, and most preferably at least 12 during the entire reaction

process.



cyani de, and cyanide salts, e.g., alkali netal cyanide such as sodi um
cyani de or potassiumcyanide and its aqueous solutions, or salts of the
pol yval e ion and 25 cyani de, such as cal cium cyan

Al t er nat (H§5&£ is possible to use a conbi ned fornaldehgggmg%llgyanlde
source, i.e. a nolecule which is converted to a fornal dehyde and cyani de
source under the reaction conditions. Sdch a conbined fornaldehyde and
cyani de source is, e.g., glyconitrile. 30 As stated above, it is essential
that in this process enbodi nent the reaction is carried out under

hydrol yzing conditions. Preferably, the pHis chosen to be at |east 9, nore
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NH | CH2000 AD3A-pol yvalent netal conplex of the invention WO 01/49653
PCT/ EPOO/ 13174 8 CH2CN C H2OO0H fornal dehyde source + cyani de source +
NCH2CN s+ H2C H2C 2 (derivative) NON H2C hydr ol yzi 2 COH
hydrolygyﬁb coﬁﬁitions NH conditions N2 1 1 CH2CN CHZCC%Q&HgR ¥ ﬁrNitri
groups contai ni ng CH2COOH AD3A derivatiye HN CH2000H 2C 1 H2ONH |
CH2OO0H I ncidentally, it is noted that im EP O 546 867 the reactive NH
function is blocked by choosing the reaction conditions such that in a
first step a nononitrile diacid is forned

CH,CN CH,COOH
formaldehyde source +
cyanide source + /N\CHZCN /N\CHZCOOH
ma* H,C H,C
ADA NON T o m——
At rolyzi
(derivative) hydrolyzing conditions 2 \NH cgnditiyonsg 2 \N/CHchOH
| l
CH,CN CH,COGH
a+ +
M
Nitril groups containing CH,COOH
AD3A derivative '
N~CH,COOH
H2(|3
HZC\ _H
\
CH,COOH

Incidentally, it is noted that in EP 0 546 867 the reactive NH function is blocked by
choosing the reaction conditions such that in a first step a mononitrile diacid is formed
and that subsequently the mononitrile compound is partially hydrolyzed to the amide,

5 resulting in ketopiperazine diacetic acid

CH,COOH
Y

0

CH,COOH

which is isolated and finally hydrolyzed to ED3A. Consequently, during the first step the
nitrile groups remain intact and thus no hydrolysis occurs; in the second step, the nitrile
10  groups are partially hydrolyzed to amide groups which are entirely hydrolyzed in the
third step. This is a very sophisticated process comprising several separate process
steps with each process step being carried out at a very specific pH. Contrary thereto,

in the process of the present invention, during the entire reaction the pH is chosen so



and that subsequently the nmononitrile conmpound is partially hydrolyzed to
the amde, 5 resulting in ketopiperazine diacetic acid CH2COOH N TO N |
CH2COOH whi IS, isolated and finally hydrolyzed to ED3A. ly,
during tﬁ@sﬁpﬁgisstep the nitrite groups remain intact aﬁgﬁﬂﬁﬁgHﬁﬁg

hydrol ysis occurs; in the second step, the nitrile 10 groups are partially
hydrol yzed to am de groups which are entrely hydrolyzed in the third step.
This is a very sophisticated process conprising several separate process
steps with each process step being carried out at a very specific pH.
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: of
be applied at” Tower reacti'on pressures.
reaction mixture, more preferably between 50°C and the boiling temperature of the

reaction mixture, still more preferably between 70°C and the boiling temperature of the
reaction mixture, and most preferably it will be in the range of 100-110°C. Lower

15  temperatures can be applied at lower reaction pressures.

The above process embodiment of the present invention is exemplified schematically
below for EDA, ED1A, and ED2A as AD3A starting materials.

20
C|)H2COO_
N2 N~CH,c00"
Hz? CH,0 + cyanide source + ma* H2(|3 ()
HZC\ hydrolyzing conditions HZC\ Yl
NH, ITIH
CH,COO
EDA

salt of ED3A



The above process enbodi nent of the present

schematically bel ow for
CH2COO.

I nvention is exenplified

EDA, ED1A, and ED2A as AD3A starting materials. 20

CH2Q00 2C | CH2O + cyani de source + Ma+ H H, M
H2 CNH2 h%m%ﬁ?%%g conditions H2C a EDA CH2COO salt of é&?&\eﬂ%‘%‘ih%w

PCT/ EPOO/ 13174 10 HOOCCH2\ i
H2C hydrol yzi ng ¢
salt of ED3A HOOCCH2\ CH2OO0 NH N- -

M+ HC z z |
CH2000
Ma+ H2C CH2000 |

21 (11)
1 (111)

CH20O0 ED2A salt of ED3A Preferably,
and nore preferably 5% of

quantity 10%

HOOCCH,,
NH

HOOCCH,.

NH

/

H,C
H,C,

NH
HOOCCH;”

ED2A

CH,O + cyanide source + ma*

HOOO NH N-CHCOO H C CH20 + cyani de source +
nditions H2C Ma+ NH2 NH EDIA

1-12C CH20 + cyani de source +
H2C hydrol yzi ng condi ti ons H2C Ma+ NH NH HOOCCH2

the reactants are applied in a

CH,COO’

N=CH,co0"
- HZC

hydrolyzing conditions

CH,O + cyanide source + ma*

(i)

> |
HZC\ a+
ITIH
CH,CO0"
salt of ED3A

CH,CO0"

N~CH,coo"
H,C

hydrolyzing conditions

| )
H,C a+
\

M
ITIH
CH,CO0"
salt of ED3A

Preferably, the reactants are applied in a quantity + 10%, and more preferably + 5%, of

5 the stoichiometric amount. Most preferably, stoichiometric amounts of the reactants are

applied. For the reactions illustrated above, this means that most preferably, 3 moles of

formaldehyde and cyanide source each are applied per mole EDA (reaction I), 2 moles

of formaldehyde and cyanide source each are applied per mole ED1A (reaction II), and

one mole of formaldehyde and cyanide source each are applied per mole ED2A

10  (reaction llI).

Generally, all possible orders of addition can be employed in this process embodiment.

Preferably, the formaldehyde and the cyanide source are added simultaneously to the
ADA (derivative). Most preferably, the formaldehyde and the cyanide source are added

15  in such a way that at each point in time the same molar amounts of formaldehyde and

cyanide enter the reaction mixture.



5 the stoichionetric amount. Most preferably, stoichionetric amounts of the
reactants are applied. For the reactions illustrated above, this neans

t hat nos bly, 3 noles of fornal dehyde and cyanid ch are
appl i ed t[%(?Bl‘r?%)ﬂ%%j"iEDA (reaction 1), 2 noles of fornal dehyé’eélz%gc?%@?/lggi de
source each are applied per nole EDIA (reaction Il1), and one nole of

f ormal dehyde and cyani de source each ardlapplied per nole ED2A 10
(reaction I1l1). Generally, all possible orders of addition can be enpl oyed
in this process enbodinent. Preferably, the fornal dehyde and the cyani de
source are added sinultaneously to the ADA (derivative). Mst preferably,
t he fornmal Ly r d 15 i hat at
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CH2X- CHZK-CCNPZ or mxtures thereof in the presence of a pol yval ent
metal ion NBPSERAIMX being a 5 hal ogen atom Preferably, X is sel ected
fromthe group of d, Br, and |, nore preferably fromBr and I, and nost
preferably

I S 10 1t is further pr ryed at the acetic acgid
G | vat i ve FLoRibIs 348 alciagdiors s douBies ¢ rand | Shock Serprebh fprd B na 1.
CH2X- COOH. ahbsiosppeff@anllxis dlhe acetic acid derivative is nonochl oroacetic
acid ("MCA"). As already stated above, preferably the substituents R of
the ADA (derivative) conprise and nore preferably consist of -CH2COOH
nmoi eti es. Itli8 fuRhér prRfRredattat tiRa @ty aciexddrivaiivee bympasEsr arse nfose @raeradly
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bet ween 5Cin this case, all reactants exclusively comprise free acid groups and it is not essential
15 that hydrolyzing conditions are applied during the reaction. The pH in this case
generally is not critical and preferably is above 6 and more preferably above 7. Further,
as in this case no ammonia is generated during the reaction, the temperature is less
critical than in the first described process embodiment. It generally lies between 5°C
and the boiling temperature of the reaction mixture, preferably between 10°C and the
20  boiling temperature of the reaction mixture, and most preferably between 25°C and the

boiling temperature of the reaction mixture.

If an ADA (derivative) or an acetic acid derivative is applied which contains nitrile
and/or amide groups, the reaction must be carried out under hydroiyzing conditions for
25 the same reasons as given above for the first process embodiment. In this case, the pH
is generally chosen to be at least 9, preferably at least 10, and most preferably at least
12 during the entire reaction process. Further, if atmospheric pressure is applied, the
reaction temperature preferably ranges between 25°C and the boiling temperature of
the reaction mixture, more preferably between 50°C and the boiling temperature of the
30 reaction mixture, still more preferably between 70°C and the boiling temperature of the
reaction mixture, and most preferably it will be in the range of 100-110°C. Lower

temperatures can be applied at a lower reaction pressure.



and the boiling tenperature of the reaction m xture, preferably between 10C
and the 20 boiling tenperature of the reaction m xture, and nost preferably
bet ween 258,8Rdsf he boiling tenperature of the reaction qjc)&tngﬁ;ogﬂsllﬁ an ADA
(deri vativeﬁ) or an acetic acid derivative is applied which contains nitrile
and/ or am de groups, the reaction nust be carried out under hydrolyzing
conditions for 25 the sane reasons as g1i en above for the first process
enbodiment. In this case, the pHis generally chosen to be at |east 9,
preferably at |east 10, and nost preferably at least 12 during the entire
reaction process. Further, if atnospheric pressure is applied, the
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preferably.i the range of 100-110C. Lower tenperatures can be
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appl i ed at 'P'TUSRS MINGIPTS PrEssdve. WO 01/ 49653 PCT/ EP00/ 13174 12 As in
the first process enbodi nment, the reaction proceeds directly to the conpl ex

of the polyvalent netal ion gnd the AD3 rivativ ,_a in the
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process st amrting materialkeki ng the isolation of internediates necessary. 5
The second process enbodi ment is exenplified bel ow for EDA, ED1A, and ED2A

as starting materials. CH200O- NH H2C 2 CH2ClI 000H + Ma+ H C N CH2Q00 H2C
H2C Ma+ ~I) NH2 NH CH2000- EDA

CH,CO0™
NH, N— -
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NH, NH
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EDA
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NH N~cH.coo
+
H,C CH,CICOOH + Ma= HZC/ 2
H e | (1
2% HZC\ Ma+
NH, wH
ED1A CH,CO0"
salt of ED3A

10



salt of ED3A HOOCCH2\ H200O NH | H C CH2CI COOH + Ma+ CH2Q00 31 H2C H2C
a+ (11) NH2 \ NH M ED1A CH2000 salt of ED3A 10 WO 01/49653
PCT/ EPOQ! 3 HOOCCH2\ 1 H20GO0 NH N, CH Cl COOH + Mat 21 z
H2C (111 )‘Q’%Y’é?fsfl—ec Ma+ NH HOOCCH2 NH CH 2000 ED2A sal {\%‘?{%@ﬁ%
Preferably, the reactants are applied in a quantity 10% and nore
preferably 5% of the stoichionmetric ddount. Mst preferably,
stoichionetric anounts are applied. For the reactions illustrated above,
this nmeans that 3 noles of nonochl oroacetic acid are 5 applied per nole EDA
(reaction 1), 2 noles of nonochl oroacetic acid are applied per nole ED1A
(reaction Il), and one nole of nonochl oroacetic acid is applied per nole
ED2A (reactiﬁexgﬁl). The pol yval ent nmetal ionCHsC@dffed in the process of
t he inventi% | whe Horn1of a 10 polyvalent]netal source either prior to
or during the addituﬂ of further reactants 5N~¢¢F;C¢N§A (derivative). The
pol yval ent met al I-$2(£!L|rce PR &b y addq,qlzdn an anount of at |east 60

B I

le % (1)
nmol e % HC, & .
NH \NH M
H/ | )
HOOCCH,; L coo
ED2A salt of ED3A

Preferably, the reactants are applied in a quantity + 10%, and more preferably + 5%, of
the stoichiometric amount. Most preferably, stoichiometric amounts are applied. For the
reactions illustrated above, this means that 3 moles of monochloroacetic acid are

5 applied per mole EDA (reaction I), 2 moles of monochloroacetic acid are applied per
mole ED1A (reaction II), and one mole of monochloroacetic acid is applied per mole
ED2A (reaction IlI).

The polyvalent metal ion is added in the process of the invention in the form of a
10  polyvalent metal source either prior to or during the addition of further reactants to the
ADA (derivative).

The polyvalent metal source is preferably added in an amount of at least 60 mole %,
more preferably at least 80 mole %, and most preferably at least 100 mole %,
15  calculated as metal and based on the molar amount of ADA (derivative) present in the
reaction mixture. Generally, the molar amount of the polyvalent metal will be less than
400 mole %, more preferably less than 300 mole %, and most preferably less than 200
mole %, calculated as metal and based on the molar amount of ADA (derivative)
present in the reaction mixture.
20
Of course, also lower molar amounts of the polyvalent metal source can be applied.
However, in that case only part of the resulting AD3A (derivative) will be complexed by
the polyvalent metal and the uncomplexed portion will at least partially convert to AD4A
(derivative). The selectivity of the process in respect of the AD3A (derivative) will then
25  be reduced.



nore preferably at | east 80 nole % and nost preferably at |east 100 nole
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hal i de ani ons [ ori de e|n nost Ppreferred. val ent nmeta
cont ai ned anienshwitipohigridd leeing meshpredestacce preferably is sel ected 15 from
trivalent and/or divalent netals. A suitable trivalent netal is al unm num

More preferably, the polyval ent netal consists essentially of a dival ent
met al , sudheazplyvalent metal contained in the polyvalent metal source preferably is selected

15 from trivalent and/or divalent metals. A suitable trivalent metal is aluminum. More
preferably, the polyvalent metal consists essentially of a divalent metal, such as
alkaline earth metals or transition metals such as Mn?*, Fe?", Co?", Ni**, Zn*, or Cu®.
Still more preferably, the polyvalent metal comprises and even more preferably
consists essentially of an alkaline earth metal, such as calcium, magnesium, or barium.

20 Most preferably, the polyvalent metal consists essentially of calcium. Suitable calcium

sources are, e.g., caicium hydroxide, calcium chloride, and calcium nitrate.

Optionally, the process may comprise the further step of removing the polyvalent metal
ion subsequent to the formation of the sait of the alkylene diamine triacetic acid
25 (derivative). This can be done by any conventional means such as precipitating the
polyvalent metal ion. Precipitation can be induced, e.g., by adjusting the pH and/or by
adding anions, which form a precipitate with the polyvalent metal ion. Suitable pH or
temperature conditions or anions to induce precipitation will be known to the skilled
person. For instance, precipitation via pH adjustment can be carried out by increasing
30 the pH to above 8, and preferably to above 10. Precipitation via the addition of anions
can be carried out, e.g., by the addition of suifate, carbonate, phosphate or fluoride if,
e.g., calcium ions are applied as polyvalent metal ions. The precipitated polyvalent
metal ions can be removed by any conventional means such as filtration. After the

removal of the polyvalent metal ion, the AD3A (derivative) can be isolated in its entirely



al kaline earth netals or transition netals such as M2+, Fez+, Coe+, Nit+,
Zn2+, or Cue+. Still nore preferably, the polyvalent netal conprises and

even nor ﬁ%g :f"bl y consists essentially of an alkali ne ¢ Cgllr/'it‘f& 1t7gl such
as cal mw 3 esium or barium 20 Mst preferably, the N2HE net al
consists essentially of calcium Suitable calcium sources are, e.g.,

cal ci um hydr oxi de, cal ciumchloride, and5calciumnitrate. Optionally, the
process may conprise the further step of renoving the polyvalent netal ion
subsequent to the formation of the salt of the al kyl ene diamne triacetic

acid 25 (derivative) This can be done by any conventional means such as
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01/ 49653 PCT/ EPO0/ 13174 15 protonated (three acetic acid groups), partly

protonated ;two cetic acid groups or one) or entirely deprotonated form

Furt her, m&—ﬁe the resulting AD3A nay be cyclized. Suitable

cycli zml om a@ndnetglmrm&)rkesﬁi\/\g i(® .Otrheles)kafl hetbghersagetic Byjai (eaIAk;zo Nobel)
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During the entire reaction, the pH was kept constant at 7.5 - 8.0 by the addition of
calcium hydroxide. At the end of the reaction a total of 414 g (5.6 moles) of calcium
hydroxide had been added. The reaction mixture was filtered warm over a glass filter
with a hyflo filter aid to remove excess of calcium hydroxide. The filtrate was allowed to
20 cool to room temperature. After one night a precipitate had formed. Filtration yielded
447 g of the calcium salt of ED3A. This corresponds to a yield of 87%, calculated on

the amount of EDA initially applied.

Removal of calcium from the ED3A:

25 446 g of the above product were stirred with 500 g of water. Next, 555 g of 50% sodium
hydroxide (6.9 moles) were added, resulting in the precipitation of calcium hydroxide.
The precipitated calcium hydroxide was filtered off on a pressure filter with the use of
hyflo filter aid. The water was evaporated from the filtrate and the resulting filtrate was
dried in a vacuum oven.

30
Example 2
A 1-litre stainless steel reactor was charged with 60.2 g of EDA (1.0 moles) (ex Akzo
Nobel), 222.4 g of caicium hydroxide (3 moles) (ex Baker), and 700 g of water. At
80°C, 81 g of hydrogen cyanide (3 moles) (ex Akzo Nobel) and 199.1 g of a 44.2%



Subsequently, EDA (120 g, 2.0 noles) (ex Akzo Nobel) was added within 10

m nutes. The tenperature was kept at about 50C wi thout additional heating.
After 1 h the 15 tenperature was increased to 70C and the resulti m xt ure
was reac™YO¥¥PS35. 5 h. During the entire reaction, the plflc\xgsm{yé 4
constant at 7.5 - 8.0 by the addition of calciumhydroxide. At the end of
the reaction a total of 414 g (5.6 nolesy of cal cium hydroxi de had been
added. The reaction mxture was filtered warmover a glass filter wth a
hyflo filter aid to renove excess of cal cium hydroxide. The filtrate was
allowed to 20 cool to roomtenperature. After one night a precipitate had
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5o At ¢ o) EOAGHRNSEPIEH: TOR BSOSt URRE G TA et e B "
boi li mp \WheramduneofiEBANGtiaWgappid| et ed the m xture was allowed to boil for
anot her hour and cooled to 80C During the dosing and reaction the pH

changed from 11.0 at the beginning of 5 the dosing to 10.0 at the end of
the reactipramdiBg resulting reaction mxture was filtrated over a hyflo

filter aid to, remoye exsass 1985 MYy d8nodiirbacdiBGel (ck ARLS NEBR))
were dissolved in 420 g of demineralized water and 62.4 g (0.84 moles) of calcium

15  hydroxide (ex Baker) were added to the solution. The pH rose from 1.1 to 11.2.
Subsequently, PDA (propylene 1,3-diamine) (31.1 g, 0.42 moles) (ex Akzo Nobel) was

added in 10 min. The temperature remained at about 50°C without additional heating.

After 1 h the temperature was increased to 70°C and the resulting mixture was reacted

for 5.5 h. During the entire reaction, the pH was kept constant at 7.5 - 8.0 by the

20  addition of calcium hydroxide. At the end of the reaction a total of 25 g (0.34 moles) of

calcium hydroxide had been added. The reaction mixture was filtered warm over a

glass filter with a hyflo filter aid to remove the excess of calcium hydroxide. The
reaction mixture contains PD3A (50.6 mole % based on PDA initially applied), PD4A
(18 mole %) and PD2A (23 mole %.)
25
Comparative example
A 1 liter stainless steel reactor was charged with 60.2 g of EDA (1.0 moles) (ex Akzo
Nobel) and 600 g of water. At 90°C, 522.5 g of a 28.4 wt.% solution of sodium cyanide
in water (3 moles) (ex Akzo Nobel) and 203.7 g of a 44.2 wt.% solution of
30 formaldehyde (3.0 moles) (ex Akzo Nobel) were dosed simultaneously within 3 h. After

the first hour the reaction temperature was increased to boiling. When the dosing was

completed the mixture was allowed to boil for another hour and was thereafter cooled

to room temperature.



neutralized with sulfuric acid to pH 7.6 and seeded. Filtration and drying
resulted in 78.4 g of a tan col ored product containing 69. 7% of ED3A,
calculated on the anmount of EDA initially applied. The nother r stil
cont ai nedVA4¥Hf ED3A, calcul ated on 10 the ampunt of éﬁﬂ"?ﬁ?@ggﬁly
applied. Exanple 3 In a 1 liter glass reactor, 115 g (1.21 noles) of
nmonochl oroacetic acid (ex Akzo Nobel) wWeére dissolved in 420 g of

dem neralized water and 62.4 g (0.84 noles) of calcium 15 hydroxide (ex
Baker) were added to the solution. The pHrose from1l.1 to 11.2.
Subsequent |y, PDA (propylene 1, 3- dianine) (31.1 g, 0.42 noles) (ex Akzo
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gl ass félter with a hyflo filter aid to renove the excess of cal cium

hydr oxi‘de. The reaction m xture contains PD3A (50.6 nole % based on PDA
initially applied), PD4A (18 nole %9 and PD2A (23 nole %) 25 Conparative
exanple A 1 liter stainless steel reactor was charged with 60.2 g of EDA
(1.0 nol es) (ex Akzo Nobel) and 600 g of water. At 90C, 522.5 g of a 28.4
wt. % sol ution of sodiumcyanide in water (3 noles) (ex Akzo Nobel) and
203.7 g of a 44.2 w.% solution of 30 formal dehyde (3.0 noles) (ex Akzo
Nobel ) were dosed sinultaneously within 3 h. After the first hour the
reaction tenperature was increased to boiling. Wen the dosing was
conpleted the m xture was allowed to boil for another hour and was
thereafter cooled to roomtenperature. WO 01/49653 PCT/ EPO0O/ 13174 17 The
830 g of reaction m xture contained 6.0 % of Na2ED2A (22 nole % 18.9 % of



Na3ED3A (51 nole % and 10. 7% of EDTA (23 nole % . This shows that the

ED2A, DE3A, and ED4A are present in a range which is in accordance with

their reactivity and that the reaction does not stop in the ED3A stage.
BEPO0/ 13174 18 Caims 1. A process for t RETEPAYL St ion of
al kyl ene diam ne triacetic acid (derivatives) which conprises the

WO 01/ 49801

conversion of an al kyl ene dianmine (derivHive) of the formula 5 RR,R

BH or BB N.NH NH2 R wherein B is selected froman unsubstituted or
substituted al kyl ene bridge and R is independently selected fromH or
(salts of) -CH2-COOH, -CH2-CN, or -CH2- CONH2, 10 to a salt of an al kyl ene
diam ne trigaggid ¢ acid (derivative) of the fornmula CH2COOH B. N-CH2000H NH
| CH2OO0H characterized in that the reaction is carried out in the
presence of a polyvalent netal ion Ma" and the entire reaction is carried

out under hydrq| )b?éd‘égscfgﬂ
nitrile or am de groups.

5
10
15
2.
3.
20
4.

which comprises the conversion of an alkylene diamine (derivative) of the formula

F|< R
|
/NH N—
B, or B: R
NH NH,
R

wherein B is selected from an unsubstituted or substituted alkylene bridge and R
is independently selected from H or (salts of) -CH,-COOH, -CH,-CN, or -CH,-
CONH,,

to a salt of an alkylene diamine triacetic acid (derivative) of the formula

CH,COOH
N—
5 CH,COOH
\wH
CH,COOH

characterized in that the reaction is carried out in the presence of a polyvalent
metal ion M®" and the entire reaction is carried out under hydrolyzing conditions if

any of the reactants contain or form nitrile or amide groups.

The process according to claim 1 wherein B is an unsubstituted or substituted

ethylene or propylene group, preferably an ethyiene group.

The process according to claim 1 or 2 wherein in the alkylene diamine

(derivative) consists essentially of ethylene diamine.

The process according to any one of claims 1 - 3 wherein the alkylene diamine

(derivative) is reacted with formaldehyde and a cyanide source in the presence of

5

~N
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2. The process according to claim1 wherein B is an unsubstituted or
substituted ethylene or propylene group, preferably an ethylene group. 3.
The process according to claim1 or 2 wherein in the al kyl ene di anine 20
(deri vat MA9/496Hsi sts essential |y of ethyl ene diamine. 4. PEREPIVLILLs
according to any one of clains 1 - 3 wherein the al kyl ene di am ne
(derivative) is reacted with formal dehyd® and a cyani de source in the
presence of WO 01/49653 PCT/ EPO0/ 13174 19 the pol yval ent netal ion under
hydrol yzi ng conditions, preferably at a pH above 10. 5. The process
according to any one of clains 1 - 3 wherein the alkylene diamne 5
(derivative) ig reacted with a conpoun elected from(salts_of) 2 X- COOH,
Gox. O Crox. SSERv iy el PactTRE Mo b ARt ara tBas R shR ke BAe 6.
The process acdor.ding to any one of the preceding clains wherein the

pol yvalent metal ion Ma+ is a divalent netal ion. 10 7. The process
according to claim7 wherein the divalent netal is a Goup Il netal,

pr ef er abl y 5cal Thamrodess Hreoplirgresanyacreo ofltiaignst © - 3ywheem e dikyéenerdismiheng

cl ai nms erein, the polyvalent 15 netal io0 + 1S added tao.t ne

i am neb (der 1 vAISTTRNE ¥ FrEReg o oPinab sElebree TRC eI O CRRBEEREM T
sol ubl e i n wat @H,XECN, Thid X0 CQNES oambiures tigeréaf, witly Xdsethgod halbgerpatemedi ng
claims wherein the polyvalent netal Ma+ is added at |east in an anount
equi nol ar to the anount of al kylene 20 diam ne (derivative) applied in the
process. 18. Thae praessacawrdiogdo agy boe ahtheqrecarfing tieinpr wigerdinrige pblgvatentwhi ch
conprises the +Step..o ng the polyvalent netal ion subsequent

furthe .of renmovj.n
to the formati m?lfl%fon vhe'ssaaci“\fal%?t '{1%8, 'Bﬁ'kyl ene diamne-triacetic acid
(derivapive). 25
7. The process according to claim 7 wherein the divalent metatl is a Group |l metal,

preferably calcium.

8. The process according to any one of the preceding claims wherein the polyvalent
15 metal ion M** is added to the alkylene diamine (derivative) in the form of a metal

sait which is at least partly soluble in water.

9.  The process according to any one of the preceding claims wherein the polyvalent
metal M®*" is added at least in an amount equimolar to the amount of alkylene

20 diamine (derivative) appiied in the process.

10. The process according to any one of the preceding claims which comprises the
further step of removing the polyvalent metal ion subsequent to the formation of
the salt of the alkylene diamine triacetic acid (derivative).

25



