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METAL ION COMPLEXES

FIELD OF THE INVENTION

te metal ion comp

complexes, composi

thereof.
BACKGROUND

Metals, metal ions and their ccmplexes play an important

physiclogical role in animals, humans and plants. For

metals such as

10 important for, among other things,
production and fatty acid oxidation. In addition, metals may be

ted intc enzymes and proteins, and may alsc func

factors (for example, copper 1s a co-factor associated wi

enzyme superoxide dismutase).

can be
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For example, metal ions, such as copper

ionsg, have been in the form cof salts

such as, for

various

f[n
(n
bl
o
A
[

hlorides and nitrate

20 The specification for Australian patent application no. 200420508¢
(AU 2004205086 Al) discloses a process for preparing a ion
chelate ccomplex. This document discloses a process for preparing
copper EDTA and related complexes, involving mixing a chelating

oxidising agent in sclution to obtain a mixture and

25 in least one metal capable of ion chelate

sald chela agent to so as to form at
least one metal ion chelate complex, or a mixture therectf.
tageous to provide metal ion complexes with
new structures. It would alsc be advantageous to
30 provide alternative processes for preparing metal ilon complexes.



-
4

~

(48]

5

20

WO 2016/201524

PCT/AU2016/050518

THE INVENTION

The present inventors have developed a novel process for preparing
metal ion complexes, novel metal ion complexes, and methods of using
such complexes.
In a first aspect, the present wention provides a process for the
preparation of a metal ion complex, the process comprising:

{a) contacting a metal in the form of particles having a bulk

density of

between

about 0.2 and about 8.0 g/cm” with a

chelating agent in id form; and
{(b) while the metal is in contact with the chelating agent,

tacting the

Ll

The process typically

completion, i.e. allowi

agent to react until co

he inventors

different proper

For example, processe

afford the metal ion ch

are used in the process

e
allowed to proceed to ¢
hid

different properties to
In an embodiment, the b
and about 4.0 g/cm’. In

=
0]
~
U]

and chelating agent with an oxidisging

least one metal ilon complex.
comprises the further step (c) of allowing the

from step (b) until

to react

ng the oxidising agent, metal and chelating

meletion.
ion

that metal conmplexes

ties to metal ion complexes prepared by prior
repared using the prccess of the present
the reaction to preceed until completion.

described in the Examples of AU 2004205086 Al
o 1 2 . R P
elate complex Cul{EDTA] . When copper and EDTA

cf the present invention, reeg

e

ction
T ol ,
cupletion

u[EDTA j; can be prepared.

about 0.3

density of the metal

is between asbout 0.8 and abeut 2.5 g/om’.
In an emboediment, the metal and chelating agent are above ambient
temperature when the metal and chelating agent are contacted with
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In an embodiment, the oxidisin

f]
&8
o
[t}
O
ol
o
o
w
)
b
]
®
o)
?5?‘
o
-
&
=
tra
3
[
n
)
+
o
I
®

when the metal and chelating agen

prt
o
=
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gent.

In an embodiment,

within the range

In an embodiment, the ratio of chelating agent:oxidising agent in

the range of about 1:1 to 1:20.

rh

In an embediment, the metal is selected from the group consistin

O

Cu, Zn, Mn, Fe, Co, Ni, Cr, Al, Cd, Ag, Au, Se, and mixtures

In an embodiment, the metal i1s Cu,

In an embodiment, the chelating agent comprises a nitrogen and/or an

oxygen donor.

In an embodiment, the chelating agent is selected frem the group
consisting of ethylenediaminetetrazscetic acid (EDTA),

1
eptides, and salts and hydrates

thereof. In an embodiment, the aminc acid is selected from the group

consisting of

histidine, lysine, arginine, cyst

methionine and salts thereof, cr mixtures thereof.

In an embodiment, the chelating agent is ethylenediaminetetraacetic
{EDTA) or a .

In an embodiment, the chelating agent is ethylenediaminetetraacetic

acid {EDTA) disodium =alt.

In an embediment, the oxidising agent is selected frcom the group

consisting of percoxides, peracids, ozcone and oxidising salts.

In an embodiment, ution when the met

and chelating
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are contacted with t

PCT/AU2016/050518

solution when

he oxidising

In an ewmbodiment, peroxide is hydrogen peroxide.

sclution.

ot
[
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embodiment, the hydrogen peroxide is in an agqueous

In an embodiment, the agueous

solution of hydrogen

pveroxide has a

about o wi.? to about 60 wt.%.

range

embodiment,

-
-
w
=
o

aqueous ion of hydrogen a

concentration of about 50 wt.%.

10 In an embodiment, the metal is Cu, the chelating agent is
ethylenediaminetetrasacetic acid (EDTA) discdium salt and the
oxidising agent 1s hydrogen peroxide.

In an embediment, hydrogen percxide i1s in an agueous solution, the

ratic of Cu:ethylenediaminetetraacetic acid {(EDTA)} disodium salt in
i5 moles is about 1l:1 to about 50:1 and the ratio of Cu:thydrogen
peroxide in mcles 1s about 1:1 to about 1:20.

In an embodiment, Cu in contact with ethvlenediaminetetraacetic aci

[eH

(EDTA) discdium salt ig maintalned at above about 75 °C {(e.g. about
80 °C to 90 °C} when the Cu and EDTA are contacted with hydrogen
20 peroxide, the hydrogen peroxide also being at above about 75 °C

In an embodiment, further comprises a step of removing

and/or unreacted chelating agent

25 In a second aspect, the present invention provides a metal
complex obtained by the process according to the first aspect.

the present invention provides a composition

ex or a mixture of metal ion complexes

b

tt

comprising a metal ion comp

3

ect,

&)

93]

obtained by the process according to the first

b

formulation for

s}

3¢ In a fourth aspect, the present invention provides

on complex or & mixture
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In a fifth asg
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preventing chi
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Joint pain, all

reducing

ne
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treating or preventing ac

treating or pre
example,

Gehrig's

muscular atrophy

pseudobulbar galsy),

insomn

treating or preventing

or preventing
treating or pre

carcinocma P

arayotrophic latera

Disease),

or preventing
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(spiit nails),

venting
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b

ion provides the use of a metal
complexes obtained by the
in the manufacture of a
treating or preventing

sociated with arthritis, promotin
psoriasis, increasing bl

lblains, treating or
wound, promoting wound hea

tissue,
eviating or

nerve pa

treating or preventing
cterial infection, tre
treating or preventing ecz

ing or preventing brui
ilon,

ne, treating
venting motor neuron d

ju—
n
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primary

{PMA) ,

or

prev
prion diseases
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(BSE), sc
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don damage,

treating

preventing sqg
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preventin

treating burn

reducing muscular
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enting 7

preventing

preventing
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fLrea or

Ting

ing a fungal

venting

treating or preventing

jegeneration,

le damage,

i

MND includes, for

as Lou
rogress

and

ive

syndrome, fatal

joint damage,
r preventing

preventing brain cancer,

carcinoma, treating
~ive diseases {e.qg.
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asgthmwa or other bronchial and/or respiratory conditions, treating or
preventing osteoporosis, bone fractures or other bone conditions
treating or preventing eye cataracts cor other eye conditions, or
combinations thereof,

In a sixth aspgect, the present invention provides a methoed for

reducing inflammation, treating or preventing
associated with arthritis, promoting hair growth,

pscriasis, increasing blood flow, treatin

treating or

promoting wound healing, treatin
tissue, ating burns, alleviat

i
alleviating or reducing muscular

neuropathic or nerve pain, treati

Lammation, treating or tre

preventing s

nus pairn,

infection, treating oz

treating or preventing eczema, ftreating o

wrinkles, treating or preventing bruises, treating o
Jolnt degeneration, treating or preventing cartilage ¢
treating or preventing acne, treating cr preventing
treating or preventing metor neuron disease {(MND: MN
example, amyotrophic lateral sclerosis (ALS; alsoc kn

Gehrig's Disease), primary lateral sclerosis (FPL3),

muscular atrophy (PMA)}, bulkar

pals (PR

pseudobulbar galsy),

or

preventing vi

or preventing

prion diseases {(e.dg.

i

P,
(BSE), sc
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, rstmann—-3tradussler-Scheinker s
insomnia or kuru}, treat enting j
treating or preventing tendon damage, treating or pr

{spiit nails), treating or preventing

or preventing breast cancer, treating or preventing
treating or preventing melanoma, treating or prevent

carcincma, treating cor preventing sguamous cell carc

or preventing neuroinflar ~ory or neurodegenerative
multiple sclerosis, Parkinson’s disease, Alzheimer’s
dementia, transverse myelitis or epilepsy), treating

inflammation
t

preventi

g or

preventing

ating or

ing a fungal
r preventing

r preventing
jegeneration,

le damage,
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7
I
asgthmwa or other bronchial and/or respiratory conditions, treating or
preventing osteoporosis, bone fractures or other bone conditions

i+

Creating cor preventing eve cataracts cor other eye conditions, or

combinations thereof, in a human or animal, comprising administering

Lo the human or animal & therapeutically effective amount of a metal

-

ion complex or a mixture of wmetal ion complexes cobtained by the

irst

M
h
"I

process according to the

W

aspect.

in a

aspect, the present invention provides a metal ion

corplex ceomprising a ligand of Formula (I) or Formula (II)

o Re R’
R?
” X . e,
NR REN R

e R

RS

0 RO
o 's) OR’

Formula (H Formula (1)

wherein
R is H and R® is H or OH, or R and R teogether with the carbon atom to

which they are attached form a carbonyl

o5 4. . Ty ~pr s 7 iy
R® ig -CH{CR }CH,OR' or -CH,

\,\
O

N

}J
Q/
;.z_
o)

H and R®

each R’ is independently absent ocr H;

or a sgalt thereof, tautomer thereof or polymer thereof.

an embodi

ligand is of Formula (I} or a s

tautomer thereof or polymer thereof

i S . 5 .
In an embodiment, R’ is -CH{CR}CH,OR or -C and R’ is absent or

H, or a salt therecf, tautomer thereof or polymer thereof
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In an embediment, the ligand is of Formula (Ia}

R7

7

R

NR7 RON =Y

=

A,

\
%

R’ N R4

0 RO

Formula (la)

R' iz H and R° is OH, or R' and R’ together with the carbon atom to
5 which they are attached form a carbonyl {C=0};

3 v 4 T ; 4 ; P . ;

R is H and R is OH, or R and R® together with the carbon atom to

which they are attached form a carbonyl ({C=0);

R is absent or H; and

. 7 . 5 I "

each R’ 1is independently absent ocr H;

10 or a salt thereof, tautomer thereof or polymer thereol.

In an embediment, the ligand is of Formula (Ib;
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R7

o} OR7

R N OR’

o RO

G
Formula (ib)
wherein
R° is absent or H; and
each R’ is independently absent or H;
or a salt thereof, tautomer thereof or polymer thereol.
In an embodiment, the ligand is of Formula (II} or a salt thereof,

tautomer thereof or polymer thereof.

-
o]
W
I

embodiment, the ligand is of Formula (IIa)

RT
N\ﬁ, N RN OR

0O OR’

Formuia (lla)
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wherein

or a salt thereof, tautomer ther
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complex comprising:

the complex is a complex obtainable ion of EDTA and H,O

i

of copper and having an "H NMR in D,0 substantially as

Lgure 1, Figure 2 or Figure 3.

of the seventh or eighth aspect cf the present

invention, the metal ion complex comprises Cu®’, Cu’ or a mixture of

cu®t and cutt.
In a ninth aspect, the present invention provides a composition

comprising a metal ion complex or a

> metal ion complexes

accordi to the seventh or eighth the present invention,

or a sait thereof, tautomer thereof thereof.

In a tenth aspect, the present invention provides a formulation for
topical administration comprising a metal ion complex or a mixture
of metal ion complexes according toe the seventh or eighth aspect of

.

invention, or a salt therecf, tautomer therecof cr polymer

In an eleventh aspect, the present ention provides the use of a

metal ion complex or a mixture of metal ilon complexes according to

the seventh or eighth aspects e I - inventicn, or a salt

in the manufacture of a

for reducing

renting

growth,

treating or preventing psoriasis, increasing blood flow, treating or

preventing chilblain reating or preventing varicose veilns,

rf'ﬂ'

treating a wound, promoting wound healing, treating or promoting
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healing of scar tissue, treating burns, alleviating cor reducing
joint pain, alleviating or reducing muscular pain, alleviating ox

il
|
)

reducing neurcpathic or nerve pain, treating or preventing sinus

treating or preventing sinus pain, treating or

5 praeventing a bacte

1 infection, treating or preventing a fungal
infection, treating cr preventing eczema, treatiang or preventing
wrinkles, treating or preventing bruises, treating or preventing

Jjoint degeneration, ftreating or preventing cartilage degeneration,

reating or preventing acne, treating or preventing muscle damage

sl

10 treating or preventing motor neuron disease (MND; MND includes, for
example, anmyotrophic lateral sclerosis (ALS; also kacown as Lou
Gehrig's Disease), primary lateral sclerosis (PLS), progressive

muscular atrophy (PMA}, progressive bulbar palsy (PBP} and

2

psaudobulbar palsy), © ting or preventing

bt
Ui

treating or preventing prion diseases (e.g. bovine spongiform
encephalopathy (BSE), scrapie, Creutzfeldt-Jakcb disease (CJD) cor
er-Scheinker syndrome, fatal
familial insomnia or kuru}, treating or preventing Jjoint damage,
treating or preventing tendon damsge, treating or preventing

20 (split nalls), treating or preventing cancer, treating

breast cancer, treating cor preventing brain cancer,

treating cr preventing melanoma, treating or preventing basal cell

or prevent ry diseases {(e.g.

25 amultiple S disease,
dementia or epilepsy), treating or preventing
asthma oz her 1 nchi and/ocr respirateory conditions, treating or
preventing ostecoporosis, bone fractures or other kone conditions,
treating or preventing eye cataracts or other eye conditions, or

3¢ combinations thereof.
In a twelfth aspect, the present invention provides a methed for
reducing inflammation, treating or preventing inflammation
assoclated with arthritis, promoting halr growth, treating or
preventing pscriasis, increasing blood flow,

35 chilblains, treating or preventing varicose
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Tissue, treating burns, alleviating
alleviating or reducing rmuscular pain, alleviating cr reducing
ng

r preventing sinus

treating or preventing sinus pain, treating or

5 praventing a bac

1 infection, treating or preventing a fungal
infection, treating cr preventing eczema, treatiang or preventing
wrinkles, treating or preventing bruises, treating or preventing

Jjoint degeneration, ftreating or preventing cartilage degeneration,

reating or preventing acne, treating or preventing muscle damage

sl

10 treating or preventing motor neuron disease (MND; MND includes, for
example, anmyotrophic lateral sclerosis (ALS; also kacown as Lou
Gehrig's Disease), primary lateral sclerosis (PLS), progressive

muscular atrophy (PMA}, progressive bulbar palsy (PBP} and

A conditions,

psaudobulbar palsy), © ting or preventing

bt
Ui

treating or preventing prion diseases (e.g. bovine spongiform
encephalopathy (BSE), scrapie, Creutzfeldt-Jakcb disease (CJD) cor
er-Scheinker syndrome, fatal
familial insomnia or kuru}, treating or preventing Jjoint damage,

treating or preventing tendon damsge, treating or preventing

20

(split nalls), treating or preventing cancer, treating
or preventing breast cancer, treating or preventing brain cancer,

treating cr preventing melanoma, treating or preventing basal cell

or prevent ry diseases {(e.g.

25 amultiple S disease,
dementia or epilepsy), treating or preventing
asthma oz her 1 nchi and/ocr respirateory conditions, treating or
preventing ostecoporosis, bone fractures or other kone conditions,
treating or preventing eye cataracts or other eye conditions, or

3¢ corcinaticns thereof, in a human or animel, comprising administering
to the human or animal a therapeutically effective amount of a metal
ion complex or a mixture of metal ilon complexes accerding to the
seventh or eighth aspect of the present invention, or a salt
thereof, tautomer thereof ox iyvmer thereof.

35 In a further aspect, the present invention provides a metal ion

complex or a mixture of metal ion complexes according to the seventh
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or eighth aspects of the present invention, or a salt ther
automer therecf or polyr , Or a metal ilon comp

mixture of metal ion comg ained by the

the first aspect of the present invention, for

inflammation, treating or preventing inflammati

arthritis, promoting hair growth, treating ox

blood flow, treating or preventing

varicose veins, tre

ating a wound,
reating or promoting healin

urns, alleviating or reducing joint all

Leviati ng

vz
vain,

muscular pain, ating or reducin sathic

g neuroyg cr i

i+

Creating cor preventing sinus infiammation, treating cor
sinus pain, treating or preventing a bacterial infectio
Or preven g a fungal infection, treating or preventin

Ltreating or preventing wrinkles, treating or preventing
treating or preventing joint degeneration, treating or

ration, treating or preventing

treating or preventing motor

for example

Leou Gehrig's Dise

rogressive muscular atrophy

y {PBP) and pseudobulbar palsy), Treating or
ticns, treating or preventing prion diseases

enncephalopathy Creutzfelidt-J

s ler—Sched
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et
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(CJD) or its

preventing breast

or preventing melancma, treating

preventing basal cell carcinoma, treating or preventing
cell carcinoma, treating or preventing neurcinflammatory
neurodegenerative disea: {e.g. multiple sclerosis, Fa
Al zheimes: ase, dementia, transverse myel

treating or asthma or other bronc

epil

epsyl , preventing

onditions, treating or preventing ostecpor
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eof,

lex or a

rerve pain,

preventing
n, treating

g eczema,

akob

nker

sdguamous

Yy QoY

Parkinson’s

itis or

hial and/or

csig, bone
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fractures cr other bone conditiocns, treating or preventing eye
cataracts or other eye conditicns, or combinations therecof.

BRIEF DESCRIPTION OF THE FIGURES

Preferred embodiments of the present invention are described below,
by way of example only, with reference to the accompanying drawings

1 RIS oY
in which:

Figure 1 is a 600 MHz 'H NMR spectrum of “Fraction 17 in D,0 (as
described in Example 19) pleotted as signal intensity vs. chemical

shift {(ppm).

Figure 2 is a 600 MHz H NMR spectrum cf “Fraction 27 in D0 {as
described in Example 19) plotted as signal intensity vs. chemical
shift {ppm).

Figure 3 is a 600 MHz 'H NMR spectrum of “Fraction 67 in D,0 (as

. . 1

escribed in Example 18) plotted as signal intensity vs. chemical

Q.

0]

hift (ppm) .

Pigure 4 1is a cyclic voltammogram trace showing the current (in uA
4 o = 14
L0077 amps) vs potential {in V vs Ag/AgClL) of Sample 19.1 (as

described in Example 19).

s a graphical representation showing the viabillity

s of MM2G0 cells 48 h after treatment
with Sauple
concentrati

cell line

Figure 6 1

(relative h after treatment

with Sampls different

concentrati cf the melanoma

cell line

in Example 21.

M
G}

Figure 7a is a graphical representation showing the visbhility

-

h after ftreatment

(relative

with Sample 19.1 {as described in Example 19) at different
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concentrations. This i

DETAILED DESCRIPTION

chelating agent

contacting the metal

agent, to form at

L
n tne

-4
-

context
complex” should

(whether

Whilst not

formation,

ig a

s a

a metal
betweaen about
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while the metal i
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s of the breast

cell line assay using MCFE7 cells as described in Example 21.

MDA-MB-2Z31

5y of

sSummary

MDA-MB-231 cells

using

OF EMBODIMENTE OF THE INVENTION

present inventiocn provides a process Lor the

process comprising:

in the form of particles having a

0.2 and about

a
solid form; and
s in contact with the chelating agent,

and chelating agent with an oxidising
least one metal ion ccuplex.
cification, the term “metal ion
include metal lon complexes

forms

protonated

1i

ed to any one

forming the nmetal

between the metal and the

the metal 1s oxidised tec one c¢r more corresponding cations.
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agent and metal can be selec based on the reduction
of the resy reagents. Reduction potentials are known
5 to persons skilled in art and are report fo in the

led; - 2 ~F Yt en ] v
Chemistry and NYysi1ics
v

Weast, R.,

Edition,

By way of illustration, the following reaction may be envisaged,
where the oxidising agent is hvdrogen peroxide and M is a suitable
10 metal:
My, + H,0, + 2H F 2H,0
. 24 1 . E
The resultant M ions are then able to form a metal ion ccomplex with

have found if

-3 Yy
O3

183 ]
83}

bulk of between about O

-

having a density

T
contacted with the chelating agent in

commencement of the oxidation reaction,

proceed to completion,

properties to metal ion complexes i
20 agent is in solution when the
metal.
is a preperty of powders, g
solids or particulate matter. It

divided by the total vecliume the

S

25 incliludes particle volume, inter-partic
pore volume. The bulk density of t

yvmple, adding

(graduated cy
cylinder is

W
-}

The

determir

ned by

metal in

anul

form of pai

about 8.0 g/cm® is

lowed to

metal ion complexes can be prepared that have

prepared when the

helating agent is contac

es,

oths

- A%Y i~ 347
r “divided

and

icles of the

volume

measured

volume

14

“tapped” volume.
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refer to

partic

above

d

procedure describe

process of ent

invention, &

J ey
cens

having a bulk

used., In various embodiments, the me

between about 0.3 and about 4.0

0.5 and about 3.0 g/am’, between

}.7 and about 2.0

between abouf 0.9 and

of the present inven

capable of forming a metal ion co
metal used in the process is typica
an oxidaticn state of 0). The meta

embodiment, the metal is

oxidation state during the

process

For example, a Cul(l) {(i.e.
the Cu (IX) salt {i.e. comprisi

which then

4

the form of

in

of

empodiments, the metal

Iin some

other) lavyer,

or develop an oxlide

used in the process.

metal” is taken to apply

{(i.=2. the metal including any oxide

appropriat

agent. This may occur b

A4

Yy contacti

er exclusivel

or ng

simultaneous

3
o
(D

vrocess of

ag the

so long

vart:

to contacti

‘;_.I

S
o

o]
ot
=

uniess expressly stated otherwise.
metal

ity of between about 0.2

eT

g/ Cm‘j I3
about
g/em’,

about

4
Lo iy

.
nplex

bulk density of

metal

density, as determined by the

In the

in the form of particles
and abocut 8.0 g/
5 a bulk density of

for example,

0.5 and about 2.5 g/om’,

between about C.8 and about

1.5 g/em’.

on, the

the

with chelating age

ily in its elemental state {(i.e.
may, however, have an oxide (or

{or

ay
embodiments, the term

{

the

Iin an alternative
oxidised to a
metal ion comple

be oxidised to

metal may, for example,

rikbon, granules, powder, a

er suitable particulate form.

have an oxide {or

er prior te being

the

the bulk metal particies
or other} laver) with the
cting the oxide {or cother)

(or other) laver and the
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other agents. In some empbodiments the mne

in order to remove

]

1y compound

ray be

Q\
%(

a cation of metal.

ion complex with

ration complexes) formed

comprise a metal catio

coordinate bonds to the chelating agent,

L igand having more than one site (e.g.

coordinaticen bond with a me

Chelation between the metal and the chel
formation or presence of two or more

between a multidentate

atom metal catic

i
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forming a coordina
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rapable of rming a metal

Metal ion complexes (also

by the process
n having twoc or more

The chelating agent is thus

functional group) capable

The <l

,.).

elating

Qi

coordinate bonds

o]
[0
(]
[oF
!_.)

igand and a

o

igand} may be charged or

te bond

with a cation of the metal to form a metal ion complex. In scome
embodiments, the chelating agent (ligand) is an crganic compound.
Chelating agents are alsc scmetimes called chelants, chelators cor

chemistry,
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lectron pairs. The

range from covalent to ilonic. Furthermor

order can range from one Ligan

bases, aithough rare cases are kno

usead the term “chelati

As

herein, ing agen

compounds capable of rmultident

conditions of > present

precurser”). In other w

contacted with the metal in the process

wn to involive

etween a metal cation and a
n of cone or more of the
nature of metal-ligand bonding can

e, the metal-liigand bond

viewed as

ds scmetimes

A7 T
t incit

udes

within its

SCope

ate ligand in situ under the

invention {i.e. a

1

ords, the chelating agent

Hh
ot

o he present in

vention may
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be a compaou no

multidentate ligand, but is
acting as a multidentate 1i

i

agent is in s

when the metal and chel
Without wi
the

ieve that
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3
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agent in solid form when th

contacted with the oxidi
being
resultant reaction mixture.
believe that
process
formation meta
chelating agent soiut

contacted

n embodiment, the

arn

metal

of

species

('D

+
s

of the

present

ting in

J

agent.

chelating In another

agent.

metal., In either cof

1

to the
the metal and age

and

Q

ther words,

contact. In some embodime

granulated or
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recessarily capable of acting as a

ot

to a

ransformed substance capablie of

gand under

nvention.

form in step (a) cf the process

his context, “Ysclid form”

Typically the chelating

1

rowders soiid. At

ast a portion

olid form when contacting the

agent is first contacted with the

shing to be by thecory, the

metal being in contact with the chelating
e metal and the is

to
ating agent in the

Without wishing to be

asgs a result of

present lnventil

1 icon complexes

ion priocr te the chelating agent being

ss of the invention forms a single
“her emboediments, the process of

as

sequentially, and may bhe kept

a subsequent step.

invention comprises contacting a metal

an embodiment, the metal is added to
enbodiment, the chelating agent is

these embodiments, the end result is that

nt are in contact

chelating agent are in intimate physical
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corcined and mixed to form a mixture in which the metal and
chelating agent are in contact with each other.
the present ilnventicon comprises contacting the metal
gent {while the ~al 1s 1n contact with the
£) with an oxidising agent. In an embodiment, the

agent. another embodiment,

metal ting agent (while the

chelating agent).

In an embodiment, the oxidisi

[_.u

ng agent

etal/chelating t one time.

93]

metal/chelating a is added to

W

Alternatively, in other embodin

the metal/chelating agent in a portion

time. For example, the oxidising age

about 5 seconds to akout 1 hour or 2

embodiments, the metal/chelat

porticnwise fashion

ot pverformed in a o«

oxidising

"

agent, is

time. For example, addition can be

solids addition or other

. Thos in the art

the

ar
appropri
as concen

tration, temperatur
14 -

the

n

embodiment, proces

s
(0N

In scme embodiments

rrocess.

stepwise fashion, including

lati

and/or metal/che ng agent to

v embodiment, the metal/chelating

.

to contacting the oxidising age

nt

metal/chelating nt is wetted with

agerl

-

agent. I

--------

oxidi n thi ol

S

of an amount of sclvent or water to

in contact with the chelating agent
the oxidisin

metal is

nt
to

~ing agent

appara

would be akble to

=y

stepwise addition of

nt.,

water

waitekr
e

the

added to the oxidising

is added to the

(K%

with the

iz added to ti

1

ancther emb

at one time.

oxidising

agent

ni

ing age is added to

wise fashicn over a pericd of

4

(NN
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weeks. In ot
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iz added to the oxidisin

as above.
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fashion over
¥ a syringe pump
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other,
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ed” refers to the application

agent.
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typically involves applving an amount sufficlient to cover the

.

metal/chelating agent.

The process of the present ilnventicn typically comprises the further
step of allowing the combination of reagents resulting from the

1

“he oxidising agent to

o

contact of the metal and chelating agent with

react until ccmpleticn. In cother words, the oxidation reaction{s)

raegent invent

completion. Accordingly, in an embodi

provides a process for the preparatior icn complex, the

about 0.3 and about 4.0 g/cmﬂ

(b} while the metal is in contact with the chelating agent,
contacting the metal and chelating agent with an oxidising

agent; and
{c) allowing the resulting combination to react until completion.

In the context of the process of the present invention, there are

several characteristics to indicate tc a person skilled in the art
that the reaction has gone to completion.

In an embediment, the completion of the reaction mayv be indicated by
an “exothermic explosion”. The “exothermic explosion” may be

3 g

considered a period towards the end of the reaction where the

[

sthermic

cotl

reaction enters an ¢ rmic phase.,

reaction may lead to a thermal runaway or a runaway reaction whereby

the heat generated from the exothermic nature of the reactionis)

increases the rate of the reaction in a pos

[WR

tive feedback, leading

to a periocd of highly exocthermic reaction. In embodiments that

contain solvents, particularly low-boiling solvents, or
low-boiling reagent or ccmponent, these way be quickly converted to

1

their gasecus states and have the appearance c¢f an explosicn. Other

tion may include the

M
[ ]
Q)

indicators that the reaction is reaching comp
1

ease of water vapour, C0,, ozone, oxygen and/or other gaseous
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products. In some embodiments

~
=
=
=
b
[
Q\

ction mixture appears to

3

“beil” with bubbles of gasecus products. For example, and without
nt

wishing te be constrained by theory, in

using Cu as the 1, disodium EDTA as

as the oxidising agent, there is believed to bhe a decarboxylation

event as the reaction nears completion, which affords bubbles of

In other embodiments, the ccompleticon of the reaction mayv be
indicated by the formation cof specific metal ion complexes as
determined by chromatographic techniques, such as, for example,

HPLC.

Allowing the combination to react until completion comprises
allowing the combination to react for a sufficient period of time

D

for the reaction to proceed

completion. In some embodiments,

allowing the resulting combination to react until completion

involves allowing the combination to react for extended periods, for
2

example, the combination may be left for

to 5 weeks in orxrder to go

to completion. In some embodiments, the combination will react for 1

r

day, 2 to 7 days, 1 to Z weeks or 1 to 3 weeks before entering an
excthermic phase. In embodiments where the reaction mixture is

heated at the outset, it is more likely that the reaction will go to

1
9
3
}._.l
¢t
K_.I
O
o]
Z
}._l
=
P .
o]
[\
w
o
O
[
ot
(D
8]
e}
0]
=
}.(

iod of time. For example, the

reaction

Ay go to comple in about 2 to 15 mins, about 13 to 30
mins about 30 mins to 1 hour oxr about 1 te 2 hours, when the

reaction components are heated.

In some embodiments, the combination will react until all of the
oxidising agent 1s consumed. In other embodiments, the combination

will react until all of the chelating agent is consumed. In other

embodiments still, the combination will react until all cf the metal
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is consumed. In scme embodiments, the process further comprises a

step of removing unreacted metal and/cr unreacted chelating agent

fferent metals are used. In an

cess 1s an alloy comprising two

1 being capable of forming =

ancther embodiment, the alloy comprises two or

more than one metal being capable of forming a

metal ion complex.

bt
D
J-i
v

‘n an embodiment, the metal and chelating agent are above ambient

2

ample at above about 30 °C, above about 40 °C,

temperature (for e
above about 50 °C, above about €0 °C, above about 70 °C, above about

75 °C, above about 80 °C or at about 85 °C; e.g. in the range of

about 30 °C to about 100 °C, abeout 30 °C to about %0 °C, about 30 °C

J—
%3]
¢t
o))
o
o]
[
¢t
0
i
9]
o2
Q
o
t
s
D

°C to about 380 °C, shout 60 °C to about 30 °C

¢]
[
v
on
Q
[
po
p

0 °C to 90 °C) when the oxidising agent is contacted with
the metal and chelating agent. In some ewbodiments, the metal and
ing agent are heated before the oxidising agent is contacted

he metal and chelating agent.

20 In an embodiment, the oxidisins

o
@
9
@

g
when 1t is contacted with the met

™

T
embodiment the oxidising agent is hot when contacting the metal and
chelating agent. For example, the oxidising agent may b

about 30 °C, akbove about 40 °C, above about 50 °C, above about 60 °C,

above about 70 °C, akove about 75 °C, above about 80 °C or at about

N
[63}

O

85 °C; e.g. in the range of about 30 °C to about 100 °C, about 30 °C

-
—

ut 40 °C to about 990

,.
7y
O
O
O

to about 90 °C, about 30 °C to about 80 °C, ak

°C, about 60 °C tec about 20 °C or about 80 °C to 90 °C.

In some embodiments, both the metal/chelating agent and the

-

3¢ oxidi g agent are above ambient temperature.

In some embodiments, both the metal/chelating agent and the
oxidising agent are above ambient temperature when contacting each

other.
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In an embediment, the metal and chelating agent are heated when the
oxidising agent is acted with the metal and chelating agent. In
an embodiment, heat is applied to the metal before it contacts the

elevat eratu

ng agent, thereby temp

above an

metal/

chelating agent ambient temperature. In

to the chelating agent

elevating the temperatur

temperature. In

metal/c

contact chelating

agant,

agent ls contacted with the metal and

ing it to above an ambilent

embodiment, heat is applied to the metal/chelating

oxidising agent contacts the metal/chelating agent.
In an embodiment, heat 1s applied during step (b} to

above ambient. In the

}_l
o)
=
=

an embodiment,

he

{c) o

chelating agent
nd before

chelating agent,

temperature above ambient.

alternati

Ve

before it
e of the

another

In another

In some embodiments heat is applied contir sily, whilst 1n other
embodiments the heat is applied at time intervals that may be
regular or ilrregular. Heat may ke applied, for example, by means of
a heating tie, heating jacket, hotplate, crowave or any other
means, or in order to raise the temperature
above ambient temperature.

Modification of the femperatire may be used to control the rate of

reaction. Accordingly, the process

more heating or cocoling steps at stage

appliied to the reaction in

shorter

embodimer
within the
embodimn
of about

to about

about

about to

1(‘..'}
AU L,

Ao

4:1 about 4:1 to about 1L

to about 20:1,

may optionally include

For example,

one or

heat

it

may be

go te
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5:1. embodiments, excess of metal is

-
-
)

some an

the ratioc of

chelating agent:oxidising agent in

1iin the range of about 2:1 to about 1:100. In various

the ratio of chelating agent:cxidising agent is within
the range of about 1l:1 toc about 1:50C, about 1:1 to about 1:20, about
1:2 to about 1:20, about 1:2 toc about 1:10 or about 1:3 to about
1:5. mbodim the is about 1:3.3.

In an embodime

invention

substantially

amcunt of chel

various other

Iin ¢one
an alkali eart
complex may be

embodiment,

In an embodiment,

embodiment

I
o]
0
(]
0]
wn
O
th

nt, ion complex prepared by the p

T T PR B M
is water soluble.

amcunt of metal added is sufficient to consume

the

In another embodiment, the

all of the

-t

ating agent added is sufficient to comp

ex
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}._.l
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O
h
ot
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=
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}._.l
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o
i

adding an chelating agent may

ion down.

50 met is used. In

to about 500 of

about

exmbodiments, about 100 to about 1000 grams, about 0.5
kg, about 1 kg to abecut 10 kg, about 5 kg to about 50
to about 100 kg, shout 50 kg to about 250 kg of

to be used in the process of the

on metal. In ancther embodiment the metal is
an embodiment the metal is selected from

T
K._.I
-
c

Mn, Fe, Co, Ni, Zn, Cr,

In cne embodiment the metal is copper.

- ; : , C o s Coas ; S
In one embodiment the metal is copper which is oxidised to Cu’™', Cu
or Cu’ ions, or a mixture thereof. In ancther embodiment the metal
iz iron which is ozidised te Fe®' or ¥Fe’ ions, or a mixture thereof.
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metal is sil
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to 22

complexes of
embodiment,

of

capable

ns, or a

which

proa

is negatively charged. In an embodi

PCT/AU2016/050518

_26_

embodiment the metal is zinc which is oxidised to zn?'
embodiment the metal is Ni which is oxidised to Ni%"
ther embodiment the metal 1s ccbalt which is oxidised

embodiment the

ner

is oxidis to NS .

Ag' io

0]

ved that one

complexes

described in

as

may be formation of relatively stable

multidentate ligand

an embodiment, the

chelating agent

W
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Q
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ment,

is zwitterionic. In an embodiment, the chelating
its corresponding hydrate. In embodiments that
helating agents, the chelating agent may be us

O" KL

}_J

m W
wn

a nitrogen and/or an

ozygen donor. In this regard, the nitrogen and/or oxygen atom is
part of a functicnal group on the chelating agen The nitrogen
and/or oxygen atom is metal

to thus form a coordinat comp {i.e.
metal ion compiex). In some embodiments, the doncr on the chelating

agent i
agent is
both a

comprises

not

embodiments,

[0}
Q
o]
’4
ul
]
Q
O
m
o]

an oxygen.

the donecr on the chelating

the chelating agent

nitrogen and an oxygen donor. In some of such

all of the nitrogen and/or oxygen donors form a
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coordinate bond with the metal

chelating agent comprises a su

chelating agent comprises at

amino group

one embodiment the chelating

1, 2, 3, 4,

one or both

with another

thereof. The

below:

hod

in

2,80, €.30 and 10.60, respectivels

RDTA is a hexadentate cb

may be a primary,

5 or 6, imidcodiace
of the methvlene

substituent, =suct

T S | vy [ S P
LiCc acld, aming aclids,

=

HEDTA

ites. The pKa of the carboxylic as

e

structures of ED

O J—

and with 6 possible

d residues
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embodiments, the

one

>diment the

1

wherein the

amino group. In

acetyl

and hydrates

are shown

OH

TA are 1.70,
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Neutral EDTA can exist as a zwltterion with one or two protoens

located on one or two of the nitrogen atoms.

EDTA, DTPA, and HEDTA have & strong affinity for a wide range of

metal ions including Cu3+, AgT, Ca*f, Co’", Fe’, Fe®', Mg?, Ni''t and
5  zn'.
In one lating agent comprises aminoc acids such as
glycin arginine, and
peptides comprising those nes, and salts thereo The peptide may
comprise two, three, four or five aminc acids. The respective amino
i0 aclids may ke the same or different. In one embodiment, the peptide

In one embodiment the chelating agent is EDTA or a salt thereof. In
an embodiment, the salt of EDTA comprises one or more of sodium
ions, potassium ions, lithium ions, calcium ions, magnesium ions, o©r

15 mixtures therecf. In one embodiment, the chelating agent is EDTA
discdium salt. In ancother embodiment the chelating agent is DTPA or

a salt thereof, or a sodium salt thereof.

b2
ot
}_.(

east a portion of the ci

jny
o
et
9]
o1
o
3
Q

agent is in solid form when the

metal and chelating agent are contacted with the o:

idising

20 agent in step (b). In an embodiment, at least a portion c¢f the
chelating agent remains in solid form during step ().

Bl
=

11 an embodiment, the oxidising agent is L.ected from the group

consisti

g of percxides, peracids, ozone and coxidising salts. In an

wch as TEMPC.

(&3
0}
0]
o
s}

embodiment, the oxidising agent is an N-oxid

25 In an embodiment, the oxidising agent is in sclution when conta

acting

used to make the solution

the metal and chelating agent. The solvent
may be any suitable solvent. In order to be suitable, the oxidising
agent should not react with (or react to any appreciable amoun

with) the solvent. In addition, the gent should maintain

30 Lo act as an oxidising in solution. In an
embodiment, the oxidising agent is an aguecus solution. In an
embodiment, the aguecous soluticn comprises a cosolvent.

In an embodiment, the oxidising agent is hydrogen peroxide. In an

embodiment, the hydrogen peroxide 1s in an agqueous sclutlon.
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embodiment, the aqueous sciution

o,
aQ

in an
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[ S

hydrogen perox

to about 100 wt.%. For example, in

The

LIl

rogen F)(’J’\)X'.Q(‘ is

- . - 7Oy
aboult 70

about €.01 wt. 2,

about 1

ut 60 wt. %,

of hydrogen peroxi

various embodimen

about 0.5 wt.3% to

to about 15 wt.%,
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de

jo5s

amount within the range of abou

ts,

the range of

about ©0 wt.

15 wt.% to about 30 wt.3%, about 20 wt.% te about 20 wt.% about 20
wt.% to about 40 wt.%, or about 45 wt.% te about 55 wt.%. In an
embodiment, the agueous soluticn of hydrogen peroxide is about 20
wWb.%.

embodiment, the metal

in oan

ethylenediaminetetra (EDTA) diso

oxidising agent is peroxide, In a further
hydrog peroxide is in an agueous soluticn,

dium salt and

embodiment, the

the ratio of

about 1:1 to about 50:1 and the ratic of Cu:rhydrogen peroxide in

1 to about 1:20.

in contact with

salt is maintained at above

contacted with the hydrogen

at above about

hydrogen

EDTA

empodiment, the Cu and

technigues known toc those

example, may be pert

formad by maechanical

sonication, swirling,

shaking, folding, whippin

further

cess

LTToan

the pro cComp

and/or unreacted

metal

chelating agent

oxidising agent.

about 75 °C

pel (;A.}.J{v,

disodium sait may be w

and/or unre

ediaminetetraacetic

when
the

3
18

th

magnetiac stirring,

step of removing

acted

Metal ion to the present invention may
be more stable at a . For example, metal ilon complexes

g to the

be stable at a

pH in the

range from abcut 4 te about 12, preferably in the range from about 4
to about 9. Accordingly, the metal ion complex may be combined with
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a buffer or a pH adjusting agent to provide a stable composition

comprising the metal ion complex.

n some embodiments, the metal ion

ion in a 1:!

O
ot

igand) and metal

stoichiometric ratio (i.e. 1:1 or 1:2 chelate:metal ion). In othex

o]

embodiments, the metal ion complex comprises the chelate and metal

ion in a chelate:metal ion stoichicmetric ratio of betwe

:5, 1l:0, 1:7 or 1:8. Suite

counterions may include gharmaceutically acceptable

sodium ilons, potassium ions, calcium ions, magnesium

n some embodiments, the metal ion complex comprises multiple metal

U

cations (i.e. ona or more ligands are coordinated to two or more

metal cations). In some embodin

complexes are formed.

In some embodiments, the process comprises an additional ilon
zchange step in crder te exchange counterions. Techniques for
performing =such a step, such as ion exchange chromatography and

recrystallization, are known to those skilled in the art. Thus, for
X 7 I3

example, a salt or protecnated form of a metal ion complex {or

.nto ancther salt of choice.

£} may be convert

The process according to the invention further include an

=

Na

o

1

additional step of isolating the metal ion complex from solutieon.
Sultable methods of isolation include solvent evaporation,

recrystallisation, wvent extraction, and other general methods
known to those skilled in the art. In one embodiment, the mixture

resulting from the process is evaporated or lyophilized to cobtain a

solid comprising the metal ion complex. The metal ion complex may be

¢ techniques or by

I

ion complexe

¢t
o
I_J
}.(
(D
[63]
Q
Q
=]
T
[
IA .
[6)]
}.(
3
O
o

as defined below can

aspact of the present

PCT/AU2016/050518
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Accordi

1gly, an aspect,

ion complex comprising a
o) R®

R7
R’ =
\\\ﬁﬁ:R2

RN

RS

R7Q R

0 RO
O O
Formula (B Formula {ih

wherein

5 R is H and R is H or OH, or R' and R° together with the
which they are attached form a carbonyl (C=0;};
B* is H and R is H or OH, or R’ and R! together with the car
which they are attached form a carbonyl ({C=0);

R’ is —-CHI{OR R” is absent

is ~CH(OR")

<

each R’ 1s independently absent or H;
or a salt thereof, tautomer thereof or polymer thereof.
Such metal ion complexes can be prepared by the ¢

the present invention. For example, the

is

when the process of the present invention

wmetal copper, the

hydrogen

peroxi

the

completion,

copper ion

comp

Ve .
OeLOW

(IV)

Formula {where M in Feormula (ITI)} or

can also be

Caroon

Y
oen

inventors have found

PCT/AU2016/050518

a metal

[
-4

R'

\\z_;'/_:__ R2

q

R4

atom to

atom to

process according to

that

4N
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example, the ligand may be synthesised by methods kncwn in the art,
and reacted with {or cocrdinated to} a metal {(or metal cation) to

o]
form the metal icn complex.

In the ligands of Formula (I} and

and R may, in some lnstances, represent

person skilled in the art will appreciate, 1f R® or R' are sbsent, the

- - . . 5 G ~T oz - 4 .. s .
valency of the heterocatom to which the R® or R’ is attached (i.e. the N

and/or O atom) will ke assumed to be satis a lone pair of

electrons (resulting

ot

example, form a sal
may, for example, coordinate {i.e. bond) with a metal caticn to form a

coordination kond (s

known as a dative bond) and thus

contribute to fcorming the coor

wation complex (i.e. metal ion
complex). In other words, the negative charge of the -0 , -N - ocxr —~C0;
group (provided by the lone pair of electrons) 1s available for

bonding with a proten (H'), cation (such as Na", XK', Ca’ etc.) or the

3 . T s
10 CoOnpLlex,

For example, in the ligands of Formula (I) or Formula (II) ~COR may

{i.e. a carboxylic acid) when R’ is H, or -CO, (i.e. a

. Depending on the conditions (pH

carboxyl: ~CO;H} may deprotonate to affoxc

nding carboxylate anion (i.e. ~C0, ). Also de the
conditions, the carboxylate anion may form a salt, for example ~CO;Na

(sometimes depicted as -CO, Na'), or may coordinate with the metal ion

metal ion complex, forming a coordinate bond. This may be

depilcted, for example, as -CCML,, where M represents the wmetal ilon of
the metal ion complex and
where n is an integer. Examples ©

~
51

functional groups (such as

on a ligand.
=

The nature of the coordinate bond, in terms of covalent or ioconic

character, between a ligand and a metal ion will depend on a number cof

factors. As a person skilled in the art will

appreciate, a bond

between a ligand and a metal ion may be ionic, covalent or somewhere
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between. The degree of the

covalent character)

electreonegativity of the metal ion

ligating group involved, For

electronegativity between the metal

greater, the bond will have a more

the difference in electronegativity
t

[0}
5}
=
=
0]
!,__l
!,__l
@
8]
~

ligating group is
metal
invention

resent comp ise a

'\

ag described above

(i.e.

mixture in equilibrium.

ctors, for example
tautomers differ by the
words, a deprotonation/protonatior

proton. Wh

tautomer,

nple, Fo

axe rmuia (1)

partial structures:

Q H RS

partial
of a bond may depend on,
and/or

example,

ionic

ligand of For

bound to a metal ion by

t will

Ty 1oy s e .
cparacrer

ionic
the elec

diff

when the

ion and the ligatinr

between the metal

will have a more

{or part
for example

tronegativity of

character. Simila

PCT/AU2016/050518

the

the

crence in

group is

rly, when

ion and the

of the seventh aspect of the

mula (I)

2 or

aspect of
wmay
understand
tautc

the SMe TS

in the relevant

tautomers

HO

HHHT

— NR?

tautomeric

in the below par

forms, Forrmula (I

structures:

cr Formula
more bonds
valent or

coval

that

depicted

(I1) .

that

may
rmay have

PR | o
C ChafXactier.

the present

exist in multiple tautomeric

tautomers

depends on

For

in the below

[¢4]
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~ NH HN g"""N HN

he ligands of Formula (I} or Formula (II) may exist in

sterecisomeric forms (e.g. enantiomers or diastereomers depending on

5 mixtures of enantiomers {e.g racemates) can be separated into the
stereolisomerically uniform constituents by methods known tco persons
skilled in the art. Unless otherwise stated, it is intended that any
reference herein to a compound cor ligand that is capable of existing
in stereoisomeric forms {(e.g. a metal ion complex cecmprising a

0] ligand of Formula (I} or Formula (IT}) is intended tec encompass all

possible stereoisomers and mixtures of stereoisomers of the compound
or ligand (e.g. 1s intended to encompass all possible enantiomers,
mixtures of enantiomers, diastereomers or mixtures of

diastereomers).

0]

5 In the metal ion complex comprisi
Formula (I} or Foru {II) a metal ion selec
Cu, Zn, Mn, Fe, Co, Ni, Cr, Al, Cd, Ag, Au and Se (e.g. cu?t,
Y, Fett, Fe®, co®, Co’, Ni® or Ag').
A metal ion coumplex comprising a ligand of Formula (I} cr Formula
20 (IT) may form a polyvmer. As used herein, the terms “polymer” and

“polymers” are used in the broadest sense and include an oligomer
R4 ) 14

oligomers, oligomeric material and the like, unless the context

clearly reguires otherwise. That is, the terms

as used herein are intended to include dimers, trimers,

5 tetramers etc., (i.e. comprising 2, 3, 4 etc. monomeric/repeating
units or entities)}. For example, the term “polymer” may be used

N
~
€
~
o
~
.
]
O
~
i
)
~
N
O
Lo}
~

1000, 10000, 100000 etc.

moncmeric/repeating units or entities.

In an embodiment,

-}

ligand of Formula

polymer ion of
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person skilled in the ar
Forraula (I} and Formula
forming covalent bonds
Accordingly, polymers ma

polymerisation of the

functional

PCT/AU2016/050518

£ will understand that the ligands of

{II) each have funct ips capable of
e.qg. esters, amides, etc. ).

y, in variocus embodi formed by ti

Formula

ligands of

(I) and/or Formula (II) leading to polyesters, polyamides,
polyethers etc. For example, a carboxylic acid greup residing on the
ligand of Formula (I} may form an ester with an alcchol group {(-OH)
onn either a ligand of Formula (I} or Formula {II) toc form an ester
bond.

In another embodiment, the polymer of the metal ion complex

9]
O
=
=
9}
I
i_.l .
)
I“I
o]
Q)
[a)]

ligand of F

polymer. A

containing

polymer may also be descri

coordination e

or as a polymer whose mo

complexes. Coordinat

ormulia {(I) or Formula (II} 1s a coordination

polymer may be described as a structure

linked by organic ligands. A ccoordination

ibed as a coordination

compound with

ntities extending in 1, 2 or 3 dimensions,

nomeric/repeat units are coordination

polymers may extend along a single dimension

fand may ilnclude cross—-links between two or mere individual chains),
or may extend in 2 or 3 dimensions. In some embodiments, the
coordinaticon polymer comprises a metal cation bound to more than 1
{e.g. 2, 3, 4, 5 or 6) gands of Formula (I) and/or Formula (IT).

In other embodiments,

(I} and/or Forr

metal cations.

Polymers of metal comple

Forrmala (II)

complesn,

Polymers may be

£ T

iigand of (I}, ©

complexes comprising a 1

Alternatively, polymers

e J Sy
formed s

coordination polymer comprises ligand of

2, 4,

bound to more 3,

than 1 (e.g.

form during the formation of the complex, cor

ation of the ligands. In cther words, the
fermation, or the

=i pricr to formation of the metal ion

clely complexes comprising a

r may from metal ion

igand {i.=. homeopolymers).
may alsoc be formed from a mi >f metal
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ion complexes comprising a ula {I) and nmetal ion

complexes comprising a ligand c¢f Formula (II) (i.e. copolymers). The

copelymers may, for exampile,

copolymers or block copolymers.

5 The pcelymers may, for example, comprise between 2 and 20000
monomeric/repeating units/entities, for example, between about 2 and
about 15000 meonomeric units, between about 5 and about 10000
monomar unitsg, between about 10 and about 5000 monomer: s,
between about 20 and about 2000 monomeric unif between about 100

0 and 1000 monomeric units or between about 500 and 5000 monomeric
units.

The metal ion complexes of the of the present
also form polvuers, as discussed above.
In the metal ion complexes of the seventh aspect of the present

5 invention, the ligand may be ccoordinated to the metal ion of the

metal ion complex by between 2 and € ligating groups {(e.g. donor

atecrs) . For example, the ligand may be coordinated te the metal ion

@]
h
ot
oy
m

metal ion complex by between 2 and 4 ligating groups (e.g.

donor atoms) or by between 4 and o ligating groups {e.g. donor

20 atoms) . For ample, the ligand may be attached to the metal icn of
the metal ion complex by 2, 3, 4, 5 or ¢ boends between the metal ion
nd the ligand of Formula (I} or Fermula (II). In other words, bonds

occur between 2, 3, 4, 5 or 6 ligating greoups (e.g. doncr atoms) of

the ligand and the metal ion of the metal ion complex. In an
5 embodiment, the metal ilon complex comprises a ligand of Formula (I)
or Formula (II} and a metal ion, wherein the ligand is coordinated

to the metal ion by 4 cocrdinate bonds. In another embodiment, the

metal ion complex comprises a ligand of Formula (I} or F

and a metal ilon, wherein the ligand is cocrdinated to the

nl

ands of Formula (I}

(S8

]

It is 1ikely that the ligating groups of the 1

Formula (II} are the doneor atoms N and/or O. These donor atoms

nal groups and may be in their

the metal ilon may bond to

1

35 the donor atoms N and/or O, which are present in the ligands of



Ju—

WO 2016/201524 PCT/AU2016/050518

Forraula (I} or Formula {II) in the functional groups ~0OH, -0, -N
~N-, CO.H, 00, , =N- or =0,

o -~ ~ 3 - . J 9 P P -1 a ~ T - x5 . -
For example, in some embodiments, the metal icn complex may comprise

ion

ched to a

or Formula (IV) as

OH

O OH OH

CH

HO

C

N N
o HN
\ // N \:,,/»«N N OH

R

AN NS
QO O N:::\\\OH /// \\\

HO

N
HOf/A\\"O
O O CH

Formula (i) Formula (V)

As a person skilled in the art will appreciats the structures

depicted in Formula {IITI}) and Formuala {

T
A

V) are a generallisatior
nly, as various protonation/deprotonation st

rise to tautomers of the structures of Formulas (III} and {(IV). For
example, the imidazole of Feormula {(IV) may deprotonate and

tautom a structure of Formula (IVa):
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OH

OH

\\ N N OH
N
\\\N

/
Ve

Formula (IVa)

OH

A

n

a perscn skilled in the art will also appreciate, the ligands may
also bind to the metal ieon by further coordination bonds. For
example, one of the pendant carboxylic aclid groups of Formula {(III)
may also bind to the metal centre to give the structure depicted in

Formula (IIIla) below:

OH

HO

structure depicted in Formula

55
o
i
ot
2
et
Q
(o]
o}
I}
£
)
o
o
}_(
Q
o]
=1
]
k<
4}
-
h
0]
-
Q.
ot
o)
m



[

-3

w

3]

WO 2016/201524

39

RaLsEd

HO

pd

X/
A,

o~ =

Formula (Hib)

Without wishing to be bound by thecry, 1
ligand to coordinate to the metal ion vi
or more atoms (i.e. have a hapticity of
may be possible for the ligand cf Formul
via the 5 contigucus atcoms of the imida:z
of 5, 1"}, as depicted below in Formula

Accerdingly, in

a ligand coordinated
or more atoms (i.e.

scome embodiments,

N

Formula (V)

the mne

to the metal ion vi
having a hepticity o
2.4n%, 3 (7)., 4 |

The metal ion complexes described herein
the salts are preferably armaceuticall
below, it will be appreciated that non-p

PCT/AU2016/050518

OH

t may also be possible for
a a contigucus series of 2
2 or more}. For example, 1t

a (IT) to bind to the metal
olate group {(i.e. hapticity
(V).

may form salts. Although
y acceptable, as discussed
harmaceutically acceptable
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present invention. Non-pharmaceutica

useful ag intermediates in the

chromatography and/or preci

1

Examples of pharmaceutically

Lts (for example,

ably pharmaceutically acceptable,

erious to a subject to whom the

PCT/AU2016/050518

_40_

s of the metal ilon ccouplexes also fall within the scope of the

lv acceptable salts mayv be

A Iy

-1

ot

preparation of pharmaceu

by lon exchange such as lon exchangs

itation, flocculation etc.).

rapeutic applications of the metal ion complexes, the salts

- J S N 3 J
administered.

acceptable salts inciude salts of

pharmaceutically acceptable cations such as sodium, potassium,

lithium, calcium,
additicn salts of pharmsce

as hydrochloric,

carbonic, boric,

magnesium,

orthophesphoric, sulphuric, phosphor

and hydrobro

arraonium and alkyiammonium; acid

utically acceptable incrganic acids such

», nitric,

acids; or salts of

pharmaceutically acceptable organic acids such as acetic, proplonic,

=

butyric, tartaric, maleic;

hydroxymaleic, fumaric, cit

also be formed with amino

side-chains (e.g. aspartic
side-chains {(e.g. serine,

hydrophocbic side-chains {e.g.

methionine, phenylalanine,
chains (e.g sel

D

tautomers thereof and polymers
clrocumstances or conditiong,

assembly. Accordingly, in some

5 {e.g. arginine, histi
acid and

threonine, asparagine and

enccy

th aspects of the preser

1z having positively charged side-

dine and lysine}, negatively charged

0

glutamic acld}, polar uncharged

utamine),

s}

alanine, valine, iscleucine,

\

and tryptophan) or her side-

glyc and proline).

ined by the process of the first aspect
o

seventh and

invention (including salts thereof,

thereof) may,

aggregate to form s supramclecular

embodiments, the present invention

mbly comprising two or more metal ion
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I
N
fnt

|

cormglexes of the seventh or elghth aspects

or obtained by the process of the first aspect

Supramolecular assemblies comprising the me

present invention may be locsely held together

Waals, dispersion or electrostati

certain conditions.

-t

In additicon, some of the metal ion comp

exXe

vates with water or

-3

‘he inve

aspect of

process X

thereof, tautomers therecf and polymers th

therapeutic activity. For example, the compl

process of the first aspect of the presen

ide and allowing the re

v}

X
and the metal ion complexes of

l'1

aspects of the present invention, can he use

treating or preventing

promoting hair growth, treating or preventing psoriasi

blood flow, treating or preventing chilblains,

J

comp e

n

[

Such solvates are encompassed within the sco

ion using

cti

arwnati

iding ostecarthritis and rheumatoid

PCT/AU2016/050518

sent invention

ezent inventicn.

zes of the

by Van der

assemble under

organic solvents.

invention.

ned by the

S
DTA

O
o
=i

=

proceed to
seventh and eighth
for reducing

associated with

o~
A
=
o
~
<
0]
—
=
t
o
-
o]
9]
=
5
=
e
U
‘-
[
oy
,._4
o
g
=
=
jol
o
e
fe)
o]
e

treating or preventing a bacterial infectiocn,

S8

a fungal infection, treating or preventing

2nting Jjoint degeneration, treating oxr

raticn, treating cr preventing acne,

muscle damage, treating cr preventing notor

g wrinkles, treating or preventing bruise:

u)

treating or preventing sinus paln,
~eating or preventing

treating or

ot
[

reating or

{

cartilage

cr preventing

disease {(MND; MND
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includes, for example, amyotrophic

i
and pseudob

5 treating or preventing prion diseases (e.g. bovine spongiform
encephalopathy (BSE), scraple, Creutzf
its wvariant (vCJD), Gerstmann-Stradussler-

familial insomnia or kuru}, treating or preventing Jjoint damage,
treating or preventing tenden damage, treating or preventing

10 onychoschizia (split nails), treating or preventing can

treating

or preventing breast cancer, treating or preventing brain cancer,

Creating cor preventing melanoma, treating or preventing basal cell

-t

carcinoma, treating or preventing sguamous cell carcinoma, treating

or neurcinflammatory or neurodeger tive diseases {(e.g.
i5 multiple sclerosis, Parkinson’s disease, Alzheimer’ s disease,

dementia, tTransverse myelitis or epilepsy), treating or preventing

asthma or other bronchial and/or respiratory conditions,
S

(]

]

t
preventing ostecoporosis, bone fractures or other kone conditions,

treating or preventing eye cataracts or other eye conditions, or

20 combinations thereof
The metal ion complex (cr mixture of metal icon complexes), or salt

thereof, tautomer thereof or polymer thereocf, 1s typically

ad to a in the form of a compositicon comprising
the metal ion complex (or mixture of ion cormplexes), or salt
25 therecf, tautomer therecf or polymer therecf, and a pharmaceutically
acceptable carrier.
Accordi the invention alsc provides a pharmaceu i
compgositicon comprising a metal ion complex (or wmixture metal lon
complexes) obtained by the process of the first aspect of the
30 present invention (or a pharmaceutically acceptable salt thereocf,
tautomer thereof or polymer thereof} and a pharmaceutically
cceptable carrier. the inventiocn alsc provides a

pharmaceutical composition comprising a metal ion complex {or

mixture of metal ion complexes) of the seventh or eighth aspects of

W
5
ot
0]
e}
]
a
»n
o]
[
p
P
2
@
[
p
P
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ey
)
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Q
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thereof, tautomer therecf or pcelymer and a pharmaceutically
Y S Y

acceptable carrier.

In some embodiments, the metal ion complex (or mixture of metal ion

complexes) of the seventh or eighth aspect of the present invention,

5 or obtained by the process of the first aspect of the present

invention (or a pharmaceutically acceptable salt thereof, tautcmer

in combination with one o1

[n]

ot
oy
Q
0
O
Fh
Q
[n]
T
O
%
3
6]
o]
pa
oy
D
]
Q
lﬁ
=
o
[
o2
w
u)
o
Q.

3
apeut

¢ agents.

some empbodiments, the pharmaceutical composition may

0 further comprise, or be administered in combination with, one or

It will be understood that of a metal

seventh or

5 aspect of the present invention, or a

acceptable salt

tautomer thereof or polyn

the one or more other agents may be concurrent, sed

The term “composition” encompasses formulations comprising the
20 active ingredient with conventional carriers and ex
including formulations comprising conventional carriers,

creams, loctions etc. used for topical administratio

“composition” also encompasses formulations with encapsulating

materials as a carrier te provide a capsule in which the active
5 ingredient (with or without other carriers) 1s surrcunded by the

encapsulation carrier t

meaning that i with

composition and is not de terious

Lhe present inventlon may contain other agents or further active

{ agents as described above, and may be formulated, for example, by
ional solid or liquid vehicles or diluents, as well

t
as pharmaceutical additives of a type appropriate to the mode of

desired stration {(for example, excipients, binders,

preservatives, stabilizers, £ s, etc.) according to technigues

5

35 such as these well known in the art of pharmaceutical formulation
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(See, for example, Remington: The Science and Practice of Pharmacy,

21st Ed., 2005, Lippincett Williams & Wilkins).

The pharmaceutical compeosition may be suitable for oral, rectal,

nasal, topical (including bucc igual and slow-release

dermal patch), vaginal or parent {including intramuscular, sub-

cutaneocus and intravenous) administration or in a form suitable for

t
administration by inhalation or insufflation.

of the
th
pharmaceutically acceptable salt therecf, tautomer thereocf or
polymer therecf), the metal ion complex {(or the mixture of metal

o
ion complex{es)) obtained by the process of the first aspect of the

present invention {or a pharmaceutically acceptable salt therecof,
tautomer thereof or polymer thereof), which are sometime

£ -

collectively referred to below as the “compounds of the invention”,

together with a conventional adiuvant, carrier, or diluent, may thus

be placed into the form of pharmaceutical compositiocns and unit

[
A
D
)
n
o
O
it
e
~
[OR

~

al couposi

suspension, emulsio or capsu filled with the same, for
oral administration. pharmaceutic composition may also be in
the form of suppositeries for rectal administraticn or in the form

of sterile injectable solutions for pare

m
[
ot
s
¢}
O]
et
(9]
@]

subcutaneous) use. The pharmace

form suitable for metered sterile nasal

micronized powder diluted in a suitable exciplent.

Such pharmaceutical compesitions and unit dosage forms thereof may

active compounds c¢r principles, and such unit
sotive compour or principles, ne uch unit

dozsage forms may contain any suitable ective amount of the active

3

with the intended daily desage range to be

-
-
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W
—
T
o
.
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s
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3
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armaceutical compositions from the compounds of the

acceptable ca: can
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5

capsules, cachets, suppositories, and dispensable granules. A solid
carrier can be one or more substances which may alsc act as

diluents, flavouring agents, sclubilisers, lubricants, suspending

s =
agents, binders, preservatives, tablet disint or an
encapsulating material.

Suitable carriers inciude magnesium carbonate, magnesium stearate,

ctose, pectin, dextrin, starch, gelatin, tragacanth,

methylc sodium carboxymethylcellulose, a low e wax,
cocca butter, and the like. Tablets, powders, capsules, pills,

cachets, and lozenges can be used as solilid forms suitable for oral

Ligquid form preparations include soluticons, suspensions, and
emulisicns, for example, water or water-prepylene glycol soluticns.
zample, parenteral injection liguid preparations can be
formulated as soluticns in aguecus polyethyviene glycol sclution.

Sterile liguid form compesitions include sterile solutions,

ctive in

8.

’.J
a
5

suspensions, emulsions, syrups and elixirs. The a gred
can be dissolved or suspended in a pharmaceutically acceptable
carrier, such as sterile water, sterile organic solvent or a mixture

of both.

The cecmposgitions according to the present invention may be

formulated for parenteral administration {e.g. by injection, for

example bolus i or continuous infusion} and may be

in unit dose form in ampcoules,

infusion or in muiti-dose containers with an added pre

compositicns may take such forms as suspensions, sol

emulsions in oily or agueocus vehicles, and may contai

agents such as suspendince stab] and/or disper
) a 7 £

Alternativ be in powder Iform,

solid or by lyophilisation

a suitable wvehicle, e.g. sterile,

pyrogen-free water, before use.
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extemporaneous preparaticn of sterile injectable soluticons. They
should be stable under the nditions of manufacture and storage and

o]
o,

may be preserved against oxidatior

e

an

anisms bacteria or

rocry such as fungi.

dispersion medium for the

dispersion may contain any of the conventional
systems for injectable sclutions or dispersions

for example, water, ethanol, polyol (for exampil

ropylene glycol and liquid polyethyvliene glycel

el
[
P

cils.

and

mixtures therecof,

1

any appropriate y intravenous,
intracerebra pidural injection
Sterile injectable scliutions may be prepared by

active ingredient in the required amount

with varicus other ingredients such as

required, followed by filtered

]
<
Qi
[
’_A
O
o
0]
wn
ot
0]
e
‘;_I

are prepared by incorporating th

ingredient into a sterile vehicle which

dispersion medium and yulred other ingred

enumerated

I
sterile injectable sclutions, pre

of i ferred methods of
are vacuum drying or freeze-drying of a previocusly s
solution ¢f the active ingredient plus any additional

ingredients.

rmay be formula

the active compound

of sterile powders

ted

sclvent

, and may

olution orx
or

contain,

e, glyvcerol,

., and

for injectable use may be

¥ =
1

the like),

delivered by

tramuscula X,

or infusion.

appropri

s the
ilents
for

=xciplients and used in the form of ingestible tablet
tablets, troches, "5, suspensions,
and the like.

the
ate solvent
aed above, as

dispersions

into compositions
with an inert diluent

in hard or scft

or incorporated

may be incorperated with
s, buccal

syrups, wafers,
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-

e amount of active compound in therapeutically useful comgpositicns

should be sufficient that a suitable dosage will be cbtained.

[ b P et
The tablets

, troches, pillis, capsules and the like may alsc contain
one or more of the couponents as listed hereafter: a binder such as
gum, acacia, corn starch or gelatin; excipients such as dicalcium
phosphate; a disintegrating agent such as corn starch, potato

starch, alginic acid and the like; a lubricant such as magnesium

stearate; and a sweetening agent such a sucrose, lactose or

saccharin may be added or a ing agent such as peppermint, oil
of wintergreen, or cherry flavouring. When the dosage unit form is a

capsule, 1t may contain, in addition te materials of the above type,
iy t4 4 7 LI

Various other mate may be present as coatings or to otherwise
modify the physical form of the dosage unit. For instance, tablets

pills, or capsules may be ccated with shellac (or otherwise enteric

coated), sugar or both. A syrup or ell may contain the active

rose as a sweete

comp ound y St

agent, methyl and propylparabens

Qi
n
)
O

I\%EAEEE’\/dLLVt‘S, a d.\{e anc

such as cherry or orange

N

flavour. CI course, any material used in preparing any dosage unit

form should be pharmaceutically pure and substantially non-toxic in

the amounts employed. In addition, the active ingredient{s) may be

srporated into sustained-rele

Qi

se preparations and formulations,

those that allow spec the active

fic delivery

of the gut.

oral use may include suitable

colcerants, flavours, stabilising and thickening agents, as desired.

that are intended to be

(‘)

form preparations for oral
include solutions, suspensions,

ray contain, in additicn to the

solubilising agents, and the like,
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For topical administration
invention

;_;

to the epidermis
ay be formulaf

the compounds of the
d as cintments, c¢reams or lotions, or as a
transdermal patch or gels. Ointments and creams may, for example, be
formilated with an agueous or the addition of
5 sultable thickening, emulsifying and/or ge ing agents {e.qg.
emuisicn of oil in water or emulsion of water in c¢il). Lotions may
be formulated with an aqueous or oily base and will in general also
contaln one or more emulsifying agents, stabilising agents,
dispersing agents, suspending agents, thickening agents, colouring
10 agents or preservatives {e.g. methyl paraben, propyl paraben,
phenoxyethanol}. Other agents may alsc
formulations to

humectants

the topical
esired properties. For example,
anti-oxidants, vitamins, colouring agents 3
may be added. Such additives may be
15 extracts,

animal-de

ragrances
2rived oils, i
example, surfactants or preservatives such as BHT).
As an example, a formulation for tepical administration may com
g: Simmondsia
20 : :

Chinensis

nprise
5 (Jojobka ol
alcohol

>ii),
1, sodium stearoyl lacty
1 meonostearate, glyceri:

‘late,
sorbitan monclaurate,
oil

shea butter,

tocoph
thylhexylglycerin, polyoxyethylene (20}
Lates/ClO-30 alkyl acry rrosspolymer,
5 Lavender oil}.
le for toplcal administration in the mouth
include lozenges comprising active agent in a flavoured base
usually ~cl, acacia or tragacant
comprising the active ingredient in an inert b
and glycerin or sucrose and acacia; and mcocuthwash
active ingredient in a suitable liquid carrier;
patches or gels.
Sclutions or suspensions for na
directl

Ly to the r 4

o

sal administra

tion may be applied
y by conventional means, for e
a dropper, pipette or spray. The £

example wit
formulations be provide

th

may 2

>d in

PCT/AU2016/050518
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1

single or multideose form. In the case of a dropper or pipette, thi

n

may be achieved by the patient administering an apprepriate,
predetermined volume of the solution cr =suspension. In the case of a

spray, this may be achieved for example by means of a meteri

g
atomising spray pump. To improve nasal delivery and retention the
compounds of the invention may be encapsulated with cyclodextrins,
or forrmulated with other agents expected to enhance delivery and

retention in the nasal mucos

)

he invention alsc provides use of a metal ion complex {or mixture
of metal ion compliexes) of the seventh or eighth aspect of the

present invention or obtained by the process of the first aspect of

recf, tautomer thereof or polymer thereof)

a medicament for reducing inflammation,

Cr prevent

associlated with arthritis ostecarthritis and

arthritis}, prometing hair growth, treating or preventing

treating or preventing varicose veins, tx a wound,

wound healing, treating or promceting healing of scar tissue

including scar tissue resulting from burns), treating burns,

U‘

alleviating or reducing joint ing or reducing muscular

pain, alleviating or reducing or nerve

treating or

praeventing sinus i1 tion, treating or preventing sinus pain,

treating or preventing a bacterial infecticn, treating cr preventing

a fungal infection, treating or preventing eczema, treating or

u)
ot
\

preventing wrinkles, treating or preventing bruises, treating or

preventing Joint degeneration, treating or preventing cartilage

degeneration, treating or preventing acne, treating or preventing
muscle damage, treating cr preventing rmotor neuron disease, treatineg
or preventing viral conditions, treating or preventing priocn

diseases, treating or preventing joint damage, treating or

et -7
preventing tendon damage, treating or preventing onychoschizia

{(split nails), treating or preventing cancer, treating cor preventing

preventing brain cancer, tr

ing or preventing basal cell carcinoma,
tr

(.)
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o+
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]
o]
Q
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e}
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carcinoma,
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preventing neurcinflammatory or neurodegenerative diseases, Lreating

eye conditions, or combinations thereof.

The invention alsc provides a methed for reducing inflsasrmmation

eating or preventing inflammation associated with arthritis

ostecarth:

(inclu -is and rheums

is), promoting halr

growth, treating cr preventing psori:

increasing blood flow,

treating or preventing chilblains, treating cor preventing varicose

o]
veins, treating a wound, promoting wound healing, treating or
preomoting healing of scar tissue (including scar tissue resulting

from burns), treating burns, alleviating or re

ng Jolnt pain,

alleviating or reducing muscular pain, alleviating or redu

neuropathic or nerve pain, treating or preventing sinus
inflasmmation, treating or preventing sinus pain, treating or
o

.

or preventing a fungal

ting or preve

J

nting eczema, treating or preve

wrinkles, treating or preventing bruises, treating or preventing
Joint degeneration, treating or preventing cartilage degeneration,

treating or preventing acne, treating or preventing mnuscle damage,

treating or preventing motor neuron disease, treating or preventing
viral conditions, treating cor preventing prion diseases, treating or

preventing Joint damage, tTreating cr pi

venting tendon damage,
treating or preventing onychoschizia {(split nails), treating or
t

treating or preventing breast cancer, treating or

cancer, treating or preventing anoma, treating

cell carcinoma, treating or prevent

ing sguamous

cell carcinoma, treating or preventing neurcinflammatory ox
neurodegenerative diseases, treating or preventing asthma or other
brenchial and/or respiratory conditions, treating or preventing

osteoporosis, bone fractures or other bone conditions, treating or

or other eye corcinations
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For ezample,

formulation

alleviation of

PCT/AU2016/050518

ined by the process of the first
(or a pharmaceutically acceptable

flammation, a topid

iotion, spray or gel) comprising a metal

ion complex or mixture of metal ion complexes according to the

nerve
lotion,

metal ion

applied to a

the pain is

to reduce or

mixture of metal
may be applied
period of tinm

hair growth or

Ag another

le.g., a cream,

pomolex or mixture

[_.u .

sun or UV

required.

As another example,
(e.g., a cream,
or mixture of metal

may be applied to an

3

or shampco)

complexes

s
o

o

ion complexes according to the present
nvention may be applied T

wdiation. Additional

e
inflamed area (e.g. one to

is reduc

ad. Treatment may

duce cor continually alleviate

treatment or alleviation of pain incliuding

topical formulation (e.g., a cream,

a metal ilon complex or mixture of

o+
iy
)
1e}
=
0]
”n
()
3
ot
}.J

invention may be

one to thre

]

times per day) until

may continue for as long as necessary

te the pain.

comprising a metal ion complex or

according to the present invention

.g. once or twice per day) for a
T

sufficient to stimulate or promote

a sunscreen, a topical formulation

spray) comprising a metal ion

area of skin prior to exposure to

applications

may be made as

cf sinus pain, a topical formulatiocn
spray) comprising a metal ion complex

ves according to the present invention

skin around the nose and/or under the
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eyes or across the forehead when pain starts, resulting in pain

relief.

J}

s ancther example, to reduce scarring, a topical feormulation (e.g.,

a cream, lotion, gel or spray) compri

a metal ion complex or

5 mixture of metal ilon complexes according te the present invention

W

may be applied, generally one to three times per day, e.g., twice

day, across the scar tissue with rubbing to work it inte the scar

tissue and surrounding skin.

As another example, for healing of bruising a topical formulation
0 fe.g., a cream, lotion, gel or spray) comprising a metal ion complex
or mixture of metal ion complexes according Lo the present invention

may be applied to and around the bruised area (e.g. once a day)

until bruising disappears.

As ancther example, for treatment of onychoschizia (split nails) =

sl

5 sultable formulation (e.g., a liguid, cream, tincture or lotion)
comprising a metal ilon ccouplex cor mixture lcn complexes

according to the present invention mayv be

As anocther example, for the treatment of skin conditions, such as
riasls or eczema, a sultable formulation (e.g., a liquid,

spray, tincture or lotion) comprising a metal ion

[

complexes according to the present

appropriate area in a manner similar

from cne to three times per day, and

3

As ancther example, for the ¢ vroinflammatory

‘kingon’s disease,

transverse my a

-}

plex or mixture of metal ior

complaxes according to the present invention may be applied to the

W
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Q
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imilar teo conventional therapies (e.g.

rom one te three times per day, and in =some cases, twice per day).
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“therapeutically effective amount” refers to the amcount of
a compound that will elicit the biocological or medical response in a
5 subject, tissue or cell that is being sought by the veterinarian,

linician.

~
e

be understood that the
metal ion complex will depend
the activity of the specific complexi{es} employed, the metabelic
10 stability and length of action of that complex, the age, bkody
welght, general I lth, sex and diet of the subiject, the mode and
of adwinistration, rate excretion, drug combinations, and

It will be understood that when the complexes of the

15 invention are to e administered in combinaticn with one or more
other agents, or other active agents, the dosage forms and levels
may be formulated for either ceoncurrent, seguential or separate
administration or a combination thereof.

20 EXAMPLES
The present invention is further described below by reference to the

following non-iimiting Examplies.

Materials

Copper turnings: Sigma-Aldrich Pty Ltd, 12 Anell
25 Hill, NSW 2154 Australia.

H20,: Redox Pty Ltd, 2 Swettenham Road Minto New

~

Castle

a Avenue,

3cuth

Disodium EDTA: Redox Pty Ltd, Z Swettenhsm Road Mintoc New South
2566 Australia.
30 Bulk Density
The metal used in the following Examples {(copper) is relatively

. Both “freshly settlied” and
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“tapped”

bulk densiti

settled”

cylinder is the “fres

PCT/AU2016/050518

es may be determined for the

copper part
bulk density and “tapped” bulk density can be

100g of the copper particies to a 200 mi

itial volume the

measu s measurin g

hly settled” volume. The measuring cylinder is

then picked up and dropped 3 times from a height of 2 cm onto a
so0lid surface. The volume measured in the measuring cylinder at this

”

“tapped” bulk

4N /mT, o
A0 g/mL Jdy

For the Exampl
was no significant di
“tapped” bulk densiti

1

of the Examples 1s se

are the “t

Ju—

ol
Lrapie

wWire})

-

H,0. (50 wt.®%,

0%
ag.,

the Cu

=1
Place

Add the EDTA powder i«

Add the water to the

continued

for some gas ¢

undissclved EDTA lay.

50

pver

W

volume. The

ped” volume

fference between the “freshly settled” and

es. The bulk density of the copper used in each
£ out in Table 1. The bulk densiti
apped” bulk density determined as

Pyrex beaker.

on top of the Cu fine wire.

beaker and swirl to mix.
for 10 days without any noticeable reaction

elease from the base where the metal and

The and became

Ui il com e Yeed e Ten
liguid was bright blue

- Y i - oy - - -y 7 P - p N
the 10 temperature was approx.
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b

74

[
IS

This experiment was allowed to continue for 30 days. No

noticeakble

nges or visible signs

Example 2

Quantitie

5 Cu {fine wire} /.0g
H.Cp, (50 wt.%, ag.) 20.0g
EDTA-Na; 44.0Cqg

J
)
35
[63]
o]
M
[n]
[
5
9]
=

d
}._.l
0]
i

i+

r 10 days without any noticeable reaction

f e from the base where the metal and
undissolived EDTA lay. The liguid was bright blue and became
15 increasingly so over the 10 days. Amblent temperature was approx.
20 °C. This experiment was allowed to continue for 30 days. No

noticeable changes or visible signs of reacticon were observed.

-3

'he reactilons in Examples 1 and 2 formed CuEDTA or some other “non-

active” metal chelate.

20 It is believed that this is due to the ambient temperature and
Cu:sEDTA:H,0, not being conducive to the reaction proceeding
t

ion within the time frame used in the Examples.

25 Cu {(fine wire) 9¢.Cg
H,0, (50 wt.%, ag.) 200.0g
EDTA-Na, 438.0g

1,0 §00.0g

30 Place the Cu

in a 500mi Pyrex beaker.
Add the EDTA powder to the beaker on top of the Cu fine wire.
Add the water to the beaker.

Add the H.,0, toc the beaker and swirl to mix.
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Still no

hours so

experime wa S He
This last additicon of H,(Cs

reaction, but did

roximately 20 °C.
remains
continue

at the metal/liquid interface.

continue

PCT/AU2016/050518

G £

oL

-1

After 10 days a

aver
Y

on the bottom of the reaction

to emanate from the bottom of the

wt.% aqg.

24 hours.

further

or a

romoted a significantly more vigorous

in the “exothermic final reaction”. The

resulting blue whi we leve due to the
presence

Exanmple 4

Qguantities

Cu {fine wire) 100.90qg

H.C, (50 wt.%, ag.) 200.0g

EDTA-Na, 200.0g

H,O 800.0g

After 12 hours the reaction mixture reached a critical point and an
exothermic reactien rapidly ensued, causing the majority of the

reaction mixture to
the

safety container.

mixture changed in colour

transy

ol
)
(]
o
]
o
ot

blue/green,

leading to the con

25.2¢/L Cu.

explode
During

from bright blue to a very

g material,

”

ocut of

final

thisg

“Yoily” looking liquid.

74.8g remained unreacted

25.2g was
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ine wire) 100.0

Q

H.O. (50 wt.%, ag.) 200.1

<
0]

5 EDTA-Na, 200.0g

0,0 800.0g

As per Example 1.

fout
-]

) Ambient temperatures were in the vicinity of 25 °C - 30 °C. During
the reaction the reacticn mixture got very hot. The reacticon vessel
was placed into a controlled temperature water bath at 35 °C.

11 hours the reaction mixture reached a critic

i~ . - J -
point and an

exothermic reactilon rapidly ensued and “beiled” over, equally as

15 viclently as Example 4.
Of the 100.0g of Cu starting material, 6€9.0g remained unreacted

leading to the conclusicon that 31.0g was complexed. Eguivalent of

31.0g/L Cu.

Examples 6 to 15
20

Used a similar method to that described above in Example 1, but with
the reaction mixture heated in a heating mantle to 80 °C. The

reagents used are as specified in Table 1.

25 In each of these Examples, the reacticn went rapidly to compliletion
and overflowed into the capture vessel. For example, in Example 13,

the reacticon took 13 minutes and considerable steam was released.

2

I\

200.0g (Hot approx. 80 °C)

ag.) 132.0g (Cold)
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Place the Cu fine wire in
80 °C
Add the EDTA powder to the

the hot

Add the H.0, tc the beaker

Results
The reaction

reaction.

leading to the conclusien
59,0qg/L Cu.

is ezperiment was repeat

complexed of 60.1g/L, 58.4

Example 17

Cu (turnings) 200g
H-C. (50 wt.%, ag.) 132g
EDTA~-Nay 2209
H.0 390g
Method

Place the Cu turnings in a
mantle.

Dissolve EDTA-Na. in water

soluticn of

Add the

HyC;

reaction

Keeap

a o

beak

approx. 80

went to completion, ending

ed

e /T
g/ L

PCT/AU2016/050518

, 000ml Pyrex beaker and heat to approx.

top of the Cu turnings.

.8g was complexed. Equivalent of
4 further times with equivalent Cu
. 57.2g/L and 58.5g/L. Average 58.,6g/L.

reaction vessel

over a
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reaching cnly a weakly exothermic stage. The resulting mixture was

clear blue, indicating the likely presence of CuEDTA.

Example 18

Quantitiess

&
[
h
I_(
o]
0
o
%
|_J
3
1]

H,0, (50 wt.%, aq.)
EDTA-Na

H,0 2070.1g

<
i)
A
9]
0]
jon
[
[®]
o

fine wire in an oven and heat to approx. 80 °C.
Add the EDTA powder to the beaker on top c¢f the Cu fine wire.

Add the hot (approx. 85 °C) water to the beaker.

Add the H.0, tc the beaker and swirl to

mixture at approx. 8 without further agitation.

.

The reaction went to completion, ending with a strongly exothermic

reaction.

- the 1061.6g of Cu starting material

leading to the conclusicn that 3241.6g was complexed. Equivalent of

In some of the Examples described above a red precipitate
(presumably an oxide of copper) was observed to settle to the bottom

of the reacticon vess and/or adhere to the walls of the vessel (and

25 occurred both immediately and cver time}. This is easily separated

and

g_.
’.J
ot

(o]
Fh

is not apparent that this changes the activits the desired

et A

1

HOJa)

"Tj
0]

r ion complex.
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Example 18 ~ Characterisation

of

PCT/AU2016/050518

of metal ion complexes

A mixture of copper complexes was prepared using the method
described above in Ezxar 18.
Initial attempts to separate the mixture of copper complexes by HFLC

(Bio

tage Isolera;

J/citrate

AN Fr

action 27 and

independently
. However, the

characterisati

on

compe

was o

dark

as

as “Sample

roescop ic v

and S

buffer (0.1 M, pH 5.50},

lning

(see,

lexe

highl

ample

techniques.

DIOL 1Zg Reverliis column; UV 300nm; 85:15

30 ml/min) afforded various

g Copp corplexes. For ®

txf

ar
el

exauple,

“Fracticn 6”7 were obtained, which were analysed
for example, 'H NMR spectra in Figures 1, 2 and

S
di

separation

proved practice and

was therefore subsequ formed on

obhtained

18

Example

of

a mixture copper

rresen

igquid having a solids content of 42% and pH 6.5

in as “Sample 18.17).

ried {(vacuum, 37.5 °C, 24 h), affording a sclid
and crystall in appearance (referred to

P

19.27) Sample 19,2 was found to

y polar, soluble in wat and had limited

er,
and non-polar solvents {such as

chleoroform,

dimethyl

hexane etc.)}.

subjected t

The

results

techniques are summarised below.

of

retention time and Component B {as

of ~18min
100 mm;

mL/min} .
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Infrared spectroscopy

=

An infrared absorption spectrum of a sample cbtained from Example 14

m

was recorded on a fourier transform spectrophotometer (Thermo Fisher
sh

i fic; thin film), which owed peaks at 3250 and 1600 cm -,

consistent with the presence of amino group{s) and carbozylic acid

600

v

iere recorded on a Bruker AV IIX spectromet

q ]
i
5
2
o]
-+
w

equipped with a BBFO probe. 1- and Z-dimensiocnal NMR expe
were perfermed, including 1H-123C =zingle and muitiple bond
correlaticn (H3QC and HMBC experiments, respectively) on three
fractions obtained from the HPLC purification described above. 'H

2 and Fractiocn © are shown in

NMR spectra of Fraction 1, Frac

s}

2 and 3, respectively.

he NMR zpectra are consistent with functicnal groups present in the

ligands of Formula (I} and Formula (IT}

Cyclic Voltammetry analysis
Sample 19.1 was subjected to cyciic veltammetry and differential
pulse voltammetry. The sample was diluted 50 tTimes in acetate

buffer (pH 6.1}. The Cyclic Veltammetry analysis indicated the
copprer to be in the +3 oxidation state. The c¢yclic voltamwogram

trace is shown in Figure 3, which shows twe reduction peaks and one

From the analysis of Samples 19.1 and 18.2, 1t was that

Sample 19.1 contained copper complexes of Formula (III) and Formula
(Iv) {(i.e. complexes of Formula (III} and Formula (IV} where M is
., 0F ;

cu® and/or Cu’h).

Example 20 -~ RT? Profiler FCR Array Gene Expression
In this study, 96 genes were prcfiled on

2 controls}) with the PAHS-014Z using the

The RT? Profiler PCR Array is a highly reliable and sensitive

expression profiling tool for analysing focused panels of

al transducticn, biolegical processes or sease research
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pathways using real-time PCR. The catalogued RT? Profiler PCR Arr

"§
Q\

v
contains a list of the pathway-focused genes as well as five

housekeeping (reference) genes on the array. In addition, the array

Y i
contains a panel of controls to monitor genc DNA contaminatic

5 (GDC) as well as the first strand synthesis (RTC) and real-time PCR

ency (PPC) . The gPCR Assays used in PCR Arrays are laboratory-

verified and optimized to work under standard conditions enabling a
=

large number of genes toc be assayed simult

Cataloged arravs

fout
-]

-
H
L

. Mature RNA was isolated using an RNA extraction kit according

to the manufacturer’s instruction

n

2. RNA qgquality was determined using a spectrophotometer and was

reverse transcribed using a cDNA conversion kit.

3. The cDNA was used on ti

RT? Profiler FCR Ar

15 (QIAGEN, Cat. no. PAHS-014Z7Z) in combination with RT?* SYB
Green gPCR Mastermix {(Cat. no. 330529;.
Coe values a tabl was uploaded to the data
analysis web portal at http://www.glagen.cow/geneglob
were normalized based on an automatic selection from
20 reference genes.

ne data analysis web portal calculates fold change/regulation using

the ds

(D

ita delta C;, method. In this method, delta C, is calculated
between the gene of interest (G0I) and an average of reference genes
t

[HKG), followed by

25 - delta C; (Control

the formula 27 Ced s
Fold-Change (i.e. 27 (- delta delta C;)) may also be expressed as the

normalized gene expression (27 (- De

(

divided by the

exXpress ion

3¢ Control Sample. Fcecld-Regulation represents: a
bicliogically meaningful way. Fold-change
indicate a positive- or an up-regulation,

regulation i1s egqual to the fold-change. Fold-change values less than
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the fold-

indicate a negative

one

regulation is
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be us
up or
the ¢

LIl

regul

fot

up- or down-regulaticn of the genes referred to in Table 2 can

ed to treat or prevent diseases in humans or animals where the

down regulation of the gene would be beneficial. For example,

~opper complex up-regulates the HES: gene +19.81 fold. The up-

ation of this gene would be expected to promote tissue

regeneration, improving healing time etc.

complex significantly down-regulates the FAS

implicated in the progression cof cancers.

The copper complexes of Sample 18.1 mimic the activities of the

75
24

cytok:

repai

tissy
coppe
body s

skin,

Thea

rrese

cance

eptide or GHK-Cu Tripep

GHEK~Cu tripeptide, but with advantages over beth the native

ripeptide and the GHK-Cu Tripeptide. For example, Pickart et

e
Cxidative Medicine and Cellular Lengevity; Volume 2012, Article
4

4832, doi: 10.115/2012/324832) report that in equivalent

showed a 1.9 in activity cover
opper complexes cof Sample 19.1 showed a

vity of the HESLH gene. This gene

vences tissue regeneration through expression of the FGF2

i

ine. This in turn enhances muscle and skin regeneration, brain

r, tumour suppressicn - lncliuding forebrain tumcurs, connective

e (including ligament and tendon) regeneration, and cell

ival {normal cells). The impilication of this result is that this

r comple

may provide enhanced fibroblast growth over the

S

turally occurring GHK and GHK-Cu. This is importa

rmuscle and other Further, Pickart et al. report

whether or not the boedy's GHK
ide cross the bilocod brain barrier.
ar, the inventors have evidence that at least some of the

nt copper compl

es may rapidly cross

AN

acutiv

rate that can be considered as
s own mechanisms. Pickart et al. further report that human GHK
ptide does not down-regulate any gene pathways, whereas the

tors have found that copper complexes of the present invention

ignificantly down-regulate, amongst cthers, the pi3 (FAS gene)
60 above}, the Hedgehog Pathway {(WNT3A gene)
05 fold and the Notch {ID-1 gene) by ~70 fold. The down-

ation of these particular pathway genes has implicaticns for

r treatment across a range of cancer types. The inventors have



-3

2

W

0

-}

WO 2016/201524

dermc ancer activity

glic melanoma,

treatmen limited, if

cells run in

varallel. Further, st

breast cancer and basal cell
any,

ich
ich

PCT/AU2016/050518

the copper

degradation of ncormal healithy

copper complexes up

by

number of important regenerative and protective genes, including the
Notch Pathway (HESS gene; which shows ~20 fold up-regulation}, the

101 Pathway ge

(HMOX1 gene; which sho

and the

regulation} . Together these genes are respeonsible for (among
others): muscl regeneration, brain repalr, tumor suppression,

Tissue repair, cell

activity, anti-oxidant

glucose /function, neuren regeneration, skin

p
O e
oone

ation.

regrowth and regens

Example 21 - Cell lines

anti-inflammatory
TNF activaticn, brain

regeneraticon, hair

Sample 19.1 was assessed for activity in various cell lines, as
detailed below.

Melanoma cell line

Sample 19.1 was assayed against the melanoma cell lines MM20C and

MelRMu using a Queo

Assay by Promega.

. T
i

Protocol:

1
L

138

roliferation

1. Thaw the CellTiter 96" AQuecus One Solution Reagent
{approximately 90 minutes at room temperature, or 10 minutes
in a water bath at 37 °C, to completely thaw 20 ml of reagent).

Z. Pipette 20ul of CellTiter

each well of the S¢-well

ture mediumn.

® . A
96" AQueous One Solution

Reagent into

assay plate contalning the samples in

3. Incubate the plate at 37 °C for 1-4 hours in a humidified, 5%
C0O, atmosphere,.
{(Note: To measure the amount of soluble formazan produced by
cellular reduction of MTS, proceed lmmediately to Step 4.
Alternatively, add 25ul cof 10% SDS to each well to stop the

to measure absorbance

at a later stage;
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treated plates may be stcored protected from ilight in a

humidified chamber at room temperature for up to 18 hours.)

4. Record the absorbance at 490nm using a %6-well plate reader.

}...I
0]
[\
=
0]
)
o
3
5
QO
g
}. A
)
o
(o
!_J
o]
ot
oy
m

The results of the assay against MM2CU0 ce

graph shown in Figure 5 and the results o

0.1 mg/ml

The melanoma

copper complex mixture has activity against

Breast cancer cell line
Sample 19.1 was assayed against the breast cancer cell lines MCFE7

(luminal/estrogen-positive breast

-

53 using a CellTiter

(basal/hormone independent breast cancer

96° AQueocus One Solution Cell Proliferation Assay by Promega.

1. Thaw the CellTiter 98% AQuecus One Solution Reagent

{approximately 20 minutes at room temperature, or 10 minutes

h
(o3
9]
s
=y
[\
t
3
-]
<
@}
N
¢t
O
Q
Q
3
G
K._.I
6]
ot
W
!,__l
g
¢t
»)
9]
3
N
[
=
I._(
Q
e
-
6]
9]
0
W
3
t

in & wate:

2. Pipette 20pl of CellTiter 96" AQueous One Solution Reagent into

100pl of culture medium.

3. Incubate the plate at 37 °C for 1-4 hours in a humidi

[,

.
4
fied,

CO, atmosphere.

{(Note: To measure the amount of scluble formazan produced by
cellular reduction of MTS, proceed ilmmediately to Step 4.
Alternatively, add 25p1 of 10% SDS to each we

reaction in order to measure abscrbance at a

treated plates may be stored protected from light in a

'-r

humidifi amber at room temperature for up to 18 hours.)

4. Record the absorbance at 490nm using a %6-well plate reader.
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The results of the assay against MC cells are summarised in the
graph shown in Figure 7a/b and the results of the assay against MDA-
MB-231 cells are summarised in the graph shown in Figure 8a/b.

These res that the LDLO for the
mixture agalnst MCF7 is ~220 micromolar and the

copper

complex

LD50 against MDA-MB-

231 cells is ~2.2 millimoclar. These results demonstrate that the
copper complex mixture has activity against bresst cancer cell
Lines.

Human glioblastoma cell line

Sample 15.1 was assayed against the human glioblastoma cell lines
USTMG and T98G (using Primary Foetal Astrocytes as control) using

treatment

( W
[

Q)

(@)}
g
(i
fons
-
e
oot
9]

° es the day before
x 10"4 cells per
ocytes) .
© Cells were Then treated with varyir concentra
19.1 (¢, 0.025, 0.05, 0.1, 0.2, 0.3, 0.5 mg/ml}, and a
concentration of 1x Real Time Glo reagents (Promega).
* were incubated and readings of cell metabolism

n

% of

v}

3
measured a

and blanked against a no cell background contr

concentration of Sample 19.1 to remove any

luminescence from the compound.

The results of these assays are summarised in the
The results of these assays demonstrate that after

concentration of U.lmg/ml (~44.3 micro molar) only
glioblastoma cells survived whilst €8.0% of the Pri
Astrocytes survived. These demonstrate that

cormplex mizture has activity against human gliobla

Example 22

Copper ion complexes prepared

Example 18 (using copper
£ F

untreated
ol for

backgrou

taken

cells

each

nd

shown in

(o]
[
O]

o)
vy

at a

48 hours
9.8% of the
o

mary Foetal

C copper

stoma cell lines.



i
)

-
(Sa]

N
[63}

WO 2016/201524 PCT/AU2016/050518

formulated into two topilical formulatiocons. The first formulation was

i
i

prepared as a cream. This formulation was an oil-in-water erulsion

h

containing 0.95% w/w of the copper complex (cn a dry weight basis).
T

The second formulation was prepared as a lotion, which was water

and contained 2.10% w/w of the copper complex {cn a dry weight

Treatment of Neuropath

term (5 years) neuropathic pain

~

©Z year old

male suf

post chemctherapy and . therapy for the treatment of breast

Qi

cancer. After topical appiicaticn of the lotion formulation,

for approximately 7 hou

.
0]

provide significant relief of

neuvuropathic pain.

63 year old male suffering long term {5 vears) neurcpathic pain post
resection of

fo

approximately 7 hcours. Repeated applicat

significant relief of neuropathic pain.

Treatment of Joint Injury
60 vear old male suffering damaged shoulder from ticycle accident.

Very limited movement and significant pain. After topicail

[

application of the cream formulation to the shoulder, immediate pain
&

relief was experience

\D

d and full range of motion was returned within
7 days (compared to the vear predicted by the treating physicianj).
Treatment of Hand and Foot Syndrome

62 year old male suffering from severe Hand and F

as a result of long term (2 years) chemotherapy and

therapy. After topilcal application of the cre fermulation to the

reas (hands and feet), immediate relief of pr

previcusly
both hands and

2 f
reatable HFS was experienced. Pain was reduced in

un e
feet almost immediately. With longer term use (folliowing treatment 4

times per day for 4 weeks} feeling returned to fingers and hands.

J

-

reatment of Impact Injury

car door.

1.

68 vear old female had left hand injured by jamming

Immediate high level acute pain, swelling and significant brui
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- 76 -
ensued. The lotion formulation was topically applied to the affected
area lmmedi injury, then half hourly for 4 hours then
three hourly thereafter. Resulted in inmmediate pain and
overnight, the swelling, pain and bruising completely dissipated.
Treatment of Basal Cell Carcinoma

A 57 year old male with a basal cell carcinoma on his right

forearm. The cream formulation was topically appiied te the lesion
and an adhesive bandage placed cver the carcinoma. Cream was

reapplied and the bandage was changed every 24 hours. The size and
carcinoma was visually examined every 24 hours.
treatment, the size of the carcinoma reduced and
treatment, the carcinoma had been completely
visible scarring.
Treatment of Burns
A 37 old female with a burn to her left forearm was treated by
ation of the cream formulation to the burnt area

burn had healed with

be understood that, if any

to herein, ch

S5t
roxms

that the publication

in Australia or any

In the claims which follow and in th
invention, except where the context

reference d¢

, then as the pain returned over

ication

t~

pain I

ol
&

ne scarring.
prior art publication is
oces not constitute an admission

COUncTry.

e preceding description of the

requires otherwise due to

express language or necessary implication, the word “comprise” or
variations such as “comprises” or “comprising” 1s used in an
inclusive sense, i.e. toc spec the presence of the stated features

but not te preclude the or
various embodiments of the inventicon

addition of further features in
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1. A process for the preparation of a metal ion complex, the

1

in the form of particles h

bl

5 density of between about 0.2 and about 8.0 g/cm” with a

chelating agent in solid form; and

=t
O

while the metal is in contact with the chelating agent,

contacting the metal and chelating agent with an oxidising

i

metal ilon complex.

O
]
(D

agent, to form at least

-

0 Z. The process according te <claim 1, compri

of allowing the oxidising agent, metal and che

until completion.

3. The process according te claim 1 or 2, wherein the bulk

density of the metal is between about 0.3 and about 4.0 g/cm’.

5 4. The process according to any one of claims

bulk density of the metal is between about 0.8 and about 2.5 g/cm’.

S, The process according to any one of claims 1

metal and

o

chelating agent are above ambient temperature when the

metal and

o

chelating agent are ceontacted with the oxidising agent.

0 ©. The process according to any cne of claims 1 to 5

agent ls above ambient te

nperature when the metal

g agent are contacted with the oxidising agent.

7. The process according to any one of claims 1 to €, wherein the

ratio of metal:chelating agent in moles is within the range of about

3
s
o

to about 50:1.

8. The process according to any one of claims 1 to 7, the
ratio of chelating agent:oxidising agent in mcles is within the
range of about l:1 to about 1:20.

9. The process according te any one of claims 1 to 8, wherein the

0 metal is selected from the group consisting cof Cu, Zn, Mn, Fe, Co,

=

Ni, Cr, Al, Cd, Ag, Au, Se, and mixtures thereof.
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process accoerding te claim 9, wherein the metal is Cu.

_
=
=
2
=
[

ccording to any cone of claims 1 to 10, wherein

the comprises a nitrogen and/or an cxygen donor.
1z. The process according to any one of claims 1 to 11, wherein
the is selected from the group consisting of
ethylenediaminetetraacetic acid (EDTA),

diethyl

inepentaacetic acid (DTE
hydroxyethylenediaminetetraacetic acid (HEDTA},
1

ethylenediaminedisuccinic acid (EDDS}, sa

salicylic acid,

consisting of glycine, histidine, lysine;
tonine and salts or s
14. The process according te any one of claims 1 to 11, wherein
the chelating agent is ethylenediaminetetraacetic acid (EDTA) or a
salt thereof.
15, The process according toe claim 14, wherein the chelating agent
is ethylenediaminetetraacetic 1 (EDTA)
1o, The process according to any one c¢f claims 1 to 15, wherein
the oxidising agent is
peroxides, peracids, ozone and oxidising salts.
17. The according teo any one of claims 1 to 16, wherein
L oxid is in sclution.
18. The process according te claim 17, wherein the oxidising agen
is in agueous solution.
19. The process according teo claim 16, wherein the peroxide is
hydrogen peroxide.
20. The process according te claim 19, wherein the hvdrogen

percoxide is in aqueous scoiution.
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21. The process according te claim 20, wherein the

aguec

PCT/AU2016/050518

us

solution c¢f hydrogen peroxide has a concentration in the range of
about 5 wt.% to about 60 wt.3%.
22. The process according te claim 21, wherein the aguecus

.

of hydregen peroxide has a cconcentration

of about 50 wt.

N

o

23. The process according to any one of claims 1 to 22, wherein
the metal is agent is ethvlenediaminetetraacetic

salt and the oxidising agent is

The process according te claim 23, wherein the

oxide 1s in an aqueous soclution, and the ratic of

Cusethylenediaminetetr (EDTA) disodium sal

o

50:1

about 1:1 to about Curhydr

moles is about 1:1 to about

23 or 24, wherein

contact with ethylenediaminetetraacetic acid (EDTA}

cgen peroxide

the Cu

hydrogen

moles is

in

disodium salt is

maintained at above about 75 °C when the Cu and EDTA are contacted

with the hydrcgen peroxide, the hydrogen peroxide also being at

above about 75 °C.

26, The process according to any one c¢f claims 1 to 25, further
Lsing a step of removing unreacted metal and/or unreacted

and/or unreacted oxidisi

agent g agent.

. A metal process

one of claims 1 to 26, salt therectf,

polymer therecf.

tautomer thereof

according to any

or

28, A composition comprising a metal ion complex or a mixture of

metal lon complexes obtained by the process according tce any one of

claims 1 to 26, or a salt tautomer therecf or pelymer

thereot.

29. A formulaticn for tepi inistration comprising a metal
—ure of metal ilon complexes obtained by the

1 te Zg,

.

omer thereof or polymer thereof.

Tauc

cr a salt

ther

ua,,
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30. Use of a metal lon complex or a mixture of metal ion complexes

ained by the process according to any one of claims 1 te 26, or a

t
salt therecf, tautomer thereof cr polymer thereof, in the

manufacture of a medicar t for reducing inflammation, treating oxr

5 preventing inflammation assocciated with arthritis, promocting halr

growth, treating or preventing psoriasis, increasing blocd flow,

[to]

treating or preventing chilkblains, treating or preventing varicese
veins, treating a wound, promoti wound healing, treating or

.) -4

promoting healing of scar tissue, treating burns, alleviating or

10 reducing joint pain, alleviating or reducing muscular pain,
alleviating or reduct neurcpathic or nerve pgain, treating or
preventing =inus inflammation, treating or preventing sinus pain,
treating or preventing a bacterial infection, eating or preventing

a fungal infection, treating or preventing eczema, tr

bt
Ui

preventing wrinkles, treating or preventing brulses, treating or
preventing Jjoint degeneraticn, treating or preventing cartilage

degeneratiocon, treating or preventing acne, treating or preventing

uscle damage, treating or preventing motor neureon disease, treating

o

viral conditions, treating or preventing prion

20 diseases, treating or preventing joint damage, treating or
preventing tendon damage, treating or preventing conyvchoschizia
(spiit nalls), treating or preventing cancer, treating or preventing

cancer, treating or preventing brain cancer, treating or

praeventing melanoma, t or preventing basal cell carx
25 treating or preventing sguamous cell carcinoma, treating or
preventing neuroinflammatory or neurodegenerative disea
or preventing asthma or other bronchial and/or
conditions, treating o osteoporosi
other bone conditions, preventi
3¢ eye conditions, or combinations thereof.

31. A method for reducing inflammation, treating or preventing

iflammation asscoclated with arthritis, promoting halr growth,

Treating or preventing psoriasis, increasing blood flow, treating or

“ .

preventing chilblains, treating or preventing varicese veilns,
ting wound healing, treating or promoting

o)
i
¢t
I3
It
0]
o
}_.l
=

(o]
9]
=
Q
c
O,

T
Il
O
=
O

healing of scar tissue, treating burns, alleviating or reducing

!,_(

Joint pain, alleviating or reducing muscular paln, alleviatin
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tre

PR LS4

trea

wrinkles,

Joint degenera

treating or pr

eating or pr
viral conditie
preventing Joi

treating or pr

car

prevent
cell carcinoma
neurode

generat

bronchial and/

preventing eye
thereof, in a

or pol

ropathic

nt damage, treating

o
bone fractures

PCT/AU2016/050518

or nerve pain, treating or preventing sinus
treating or preventing sinus pain, treating or

acterial preventing a fungal

ating or preventing eczema, treating or preventing
ting or preventing bruises, treating or preventing
tion, treating or preventing cartilage degeneraticn,
eventing acne, treating or preventing muscle damage,
eventing motor neuron disease, treating or preventing
ns, treating or preventing pricn diseases, treating or

or preventing tendon damage,

eventing onychoschizia {split nails), treating or
cer, treating or preventing breast cancer, treating or
icer, Treating or preventing melanoma, treating

cell carcinoma, treating or preventing sguamous
; or preventing neuroinflammatory or
ive diseases, treating or preventing asthma or other
r respiratory conditions, treating or preventing

or other bone

cataracts or other eye conditions, or combinations
human or animal, comprising administering to the human
ective amount ¢f a metal ion complex
optained by the process
1 to 26, or a salt therecf, tautomer

ymer thereof

32. A metal ion complex comprising a ligand of Fermula {(I) or
Formula (II)
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R OR7
7 & 4 ’-\\
NR' RN R

Nl g2 RN

Rﬁ

OR7_,

O RO
O O OR’

Formula (5 Formula (if)

R is H and R® is H or OH, or R and R° together with the carbon atom to

\

which they are attached form a carbonyl {(C=0j};

-h the carbon atom to

o

5 R® is H and P’ is H or OH, or R® and B* together wi

which they are attached form a carbonyl {(C=0j};

R” is —-CH{CR'})CH,OR' or -CH,CO,R’ and K® is absent or H, or R’ is H and R

S
18

salt therecf, tautomer thereof or polymer thereof.

i
<
¢]
[
Q

1l lon complex according to claim 32, wherein

£ 7 1 =

the ligand is of Formula (I), or a salt therecf, tautomer therecf or

rolymer thereof.

34. The metal ilcon complex according te claim 33, wherein
- 5 : Ty 7 17 e & : ;
i5 R” is —-CH{OR'}CH,OR’' or -CH,CO,R’ and R” is absent or H, cr a salt
thereof, tautomer thereof or ymer thereof.

35, The metal ilon complex according to claim 34, wherein

v}

the ligand is of Formula (I
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R7

N

OR” SR

wherein
R is H and R° is O0H, or R' and R® together with the carbon atom to
which they are attached form a carbonyl (C=0;};

5 R’ is H and R® is COH, or R’ and R® together with the carbon atom to

[ eNaerNY s

which they are attached form a carbonyl {C=0;};

or a salit therecf, tautomer thereof or polymer thereof.
10 35. The metal ion complex according to claim 35, wherein

F=

the ligand is of Formula {Ib}
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R7

o} OR7

7

R N OR/

o RO

O
Formula (ib)

wherein
R’ 18 absent or H; and

5

each R’ is wlependently absent ocr H;

[
ot
=
(
par
(D
Q
e

5 or a salt thereof, tautome or polymer thereotf.

. The metal ion complex according to claim 32, wherein

-1

(@8]

, or a salt therecf, tautomer thers

9]
=

the ligand is of Formula (II or

polymer thereof.

A
o0
e
o
o
P

tal ion complex according to claim 37, wherein

£

0 the ligand is of Formula (IXa)
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R7
OR7

7

RN

Nz N RN OR’

R? RN O

O OR’

Formula (la)

dently absent or H;

or a tautomer therecf or polymer thereof.
5 39. A metal ion complex comprising:
- a metal ion; and
- a ligand;
wherein

complex obtainabl

re

Ly

i'OZ

of EDTA and H

oy e
LA

<

>f copper and havi an "H NMR in D0 substantially as

ure 1, Figure 2 or Figure 3.

ion complex according te any one of 32 to 39,
P 4 2 ~, . O+ . S e - 2+ -3 3+
comprising Cu”™, Cu or a xture of Cu™ and Cu’ .
41, A composition comprising a metal lon complex or a mixture of
1S P - - 5 P . P == Iy ey P R v = o= =y T 7 - = R o A7 +- A e
i5 metal lon complexes according to any one cof claims 32 te 40, or a

salt thereof, tautomer therecf or polymer therect.

42, A formulation for topis

comprising a metal

ion complex or a mixture of wmetal ion complexes according to any one

of claims 32 to 40, cr a salit therecf, tautcmer therecf or polvmer
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43. Use of a metal lon complex or a mixture of metal ion complexes
according to any one of claims 32 to 40, or a salt therecf, tautomer

therecf or polymer thereof, in the manufacture of a medicament for

reducing inflammation, inflammation

or preve

5 assoclated with arthritis, promoting hair growth, treating or
preventing pscriasis, increasing blood flow, treating or preventing
chilblains, treating or preventing varicose wveins, treating a wound,
promoting wound healing, treating or prometing healing of scar

tissue, treating bu reducing Jjoint pain,

10 alleviating or reduai alleviating or reducing
neuropathic or nerve pain, treating or preventing sinus

infilammation, treating cr preventing sinus pain, treating or
o)

-t

infectiecn, treating or preventing a fungal

T
I
@

enting a bacteria

i ction, treating or preventing eczema, treating or preventing
15 wrinkles, treating or preventing bruises, treating or preventing
7 14 p

Joint degeneration, treating or preventing cartilage degeneration,
treating or preventing acne, treating or preventing muscle damage,
reating or preventing motor neuron disease, treating or preventing

viral conditions, treating or preventing prion diseases, treating or

20 preventing Joint damage, treating or preventing tenden damage,
treating or preventing onychoschizia {(split nails), treating ox

ting cancer, treating or preventing breast cancer, treating or
cer, treating cor preventing melanoma, treating

cell carcinoma, t

OX prevent

25 cell carcinoma, treating or preventing neurcinflammatory or
neurodegenerative diseases, treating or preventing asthma or other
bronchial and/or respiratory conditions, treating or preventing
osteoporosis, bone fractures or other bone conditions, treating or
preventing cataracts or other eye conditions, or combinations

3¢ thereof.

44. A method for reducing inflammation, treating or preventing

iflammation asscoclated with arthritis, promoting halr growth,

Treating or preventing psoriasis, increasing blood flow, treating or

“ .

preventing chilblains, treating or preventing varicese veilns,
ting wound healing, treating or promoting

o)
i
¢t
I3
It
0]
o
}_.l
=

(o]
9]
=
Q
c
O,

T
Il
O
=
O

healing of scar tissue, treating burns, alleviating or reducing

!,_(

Joint pain, alleviating or reducing muscular paln, alleviatin
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reducing neurcpathic or nerve pain, tTreating cor preventing sinus

infilammation, treating cr preventing sinus pain, treating or
a bacterial infecticn, treating or preventing a fungal

treating or preventing eczema, treating or preventing
wrinkles, treating or preventing bruises, treating or preventing

Joint degeneration, treating or preventing cartilage de

’D
o)
Q0

)

s

o}

4N

=

i

o

b

I

O

i
-

treating or preventing acne, treating or preventing muscle damage,

ol

U)

eating or preventing motor neuron disease, treating or preventing
viral conditions, treating or preventing priocn diseases, t
preventing Joint damage, treating or preventing tendon damage,
treating or preventing onychoschizia {(split nails), treating ox

preventing cancer, treating or preventing breast cancer, treating cr

icer, Treating or preventing melanoma, treating

or prevent cell carcinoma, t

cating or preventi

cell carcinoma,

or preventing neuroinflammatory or
neurodegenerative diseases, treating or preventing asthma or other

bronchial and/

[
]
[¢]
"
Hol
‘;_I
DJ
“
o
Q
<
o
"I
-
‘;
9
5
~
o+
-
(]
jul
ot
!_J
]
Q
O
[
e}
4
o
o
o
!_J
]
Q

o)
osteoporosis, bone fractures or other bone conditions, treating or

preventing eye cataracts or other eye conditions, or combinations
thereof, in a human or animal, cowmprising administering to the human
or ective amount ¢f a metal ion complex

s according to any one of claims

ymer thereof.
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Melanoma Cell Line MM200 - Cell Viability % vs
Concentration mg/ml Cu Complex at 48 Hours
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Figure 5.

Melanoma Cell Line MelRMu - Cell Viability % vs
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Breast Cancer Cell Line MCF7 - Cell Viability % vs
Concentration mg/ml Cu Complex at 48 Hours
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Figure 7.

Breast Cancer Cell Line MDA-MB-231 - Cell Viability % vs
Concentration mg/ml Cu Complex at 48 Hours
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2. I:I Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. I:I Claims Nos:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a)

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. I:I As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

9. I:I As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite
payment of additional fees.

3. I:l As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. I:I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable,

the payment of a protest fee.

protest fee was not paid within the time limit specified in the invitation.

I:‘ The additional search fees were accompanied by the applicant's protest but the applicable
I:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (third sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2016/050518

Supplemental Box

Continuation of Box II
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