wo 2011/131925 A2 [ 10K 0O OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo o
1 rld Intellectual Property Organization 2 ey
(19) World Intellectual Property Organization /i 1IN NI 00 AT V)01 OO 00O OO
International Bureau S,/ 0
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10
27 October 2011 (27.10.2011) PCT WO 2011/131925 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
CO7F 15/00 (2006.01) A61P 35/00 (2006.01) kind of national protection available): AE, AG, AL, AM,
CO7F 17/02 (2006.01) A61K 31/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
0 T ional Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Num O /G201 1000501 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
CT/G J HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
15 April 2011 (15.04.2011) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
. . NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(26) Publication Language: English TT,TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
1006762.7 22 ApI’il 2010 (22.04.2010) GB kind ofregional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(71) Applicant (for all designated States except US): UNI- ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
VERSITY OF WARWICK [GB/GB]; University House, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Kirby Corner Road, Coventry CV4 8UW (GB). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Tnventors; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(75) Inventors/Applicants (for US only): FU, Ying [CN/GB]; E}I;/IV {/I[{L) &%P{\I(SFS’I\]?J’TSF’TEG’ CL CM, GA, GN, GQ,
156 Cannon Hill Road, Coventry CV4 7BX (GB). » ML, MR, NE, SN, TD, TG).
SADLER, Peter, John [GB/GB]; 12 St Mary's Close, Published:
Southam, Warwks CV47 IEW (GB). HABTEMARIAM, = __ without international search report and to be republished
E&é)];;iha [GB/GB]; 3 Courtleet Road, Coventry CV3 5GS upon receipt of that report (Rule 48.2(z))
(74) Agent: CHAPMAN, Paul; Marks & Clerk LLP, Aurora,

120 Bothwell Street, Glasgow G2 7JS (GB).

(54) Title: OSMIUM (II) ARENE AZO ANTI-CANCER COMPLEXES

(57) Abstract: The present invention relates to the use of certain osmium containing complexes such as cytotoxic agents particu-
larly for the treatment of cancer. There is also provided novel osmium containing complexes, as well as pharmaceutical formula-
tions comprising such complexes.



10

15

20

25

30

35

WO 2011/131925 PCT/GB2011/000591

Osmium (ll) arene azo and imino anti-cancer complexes

Field of the Invention

The present invention relates to the use of certain osmium containing
complexes such as cytotoxic agents particularly for the treatment of cancer. There is
also provided novel osmium containing complexes, as well as pharmaceutical
formulations comprising such complexes.

Background to the invention

The success of platinum complexes such as cisplatin and carboplatin as
anticancer drugs is well known but these have a limited spectrum of activity, can have
toxic side-effects and platinum-resistant tumours can develop.' For these reasons it is
worthwhile to investigate the design of anticancer drugs based on other transition

" complexes have entered clinical trials.> ® The Ru"

metals. Recently two octahedral Ru
complexes are thought to be reduced to active Ru" species in vivo. Ru" can be
stabilized by w-bonded arene ligands and a range of Ru" arene complexes of the type
[(n®-arene)Ru(XY)2Z)] where XY = chelated diamine, Z = Cl show anticancer activity
both in vitro and in vivo.* ® These complexes can undergo activation via hydrolysis and
bind strongly to DNA, a potential target. Arene complexes of the heavier congener Os"
can have almost identical geometries to those of Ru" but are subtly different. For
example Os" chlorido complexes hydrolyse ca. 40x more slowly and the related aqua
adducts have pK, values for Os-OH, which are ca. 1.5 pKa units lower (more acidic)
than those of the analogous Ru" complexes. Although Os" arene complexes have now
been reported which exhibit cancer cell cytotoxicity,® 7 in general they are less potent
than Ru arene complexes.

Recently, certain osmium complexes which comprise azopyridine ligand were
developed®. However, the two compounds [(n® - p - cymene)Os(Azpy—NMe;)CI]PFg
and [(n°- bip)Os(Azpy-NMe,)CI]PF; displayed poor solubility in water and did not show
significant cytotoxicity against the A549 cancer cell line. Although some of the
iminopyridine ligands used in the present invention have been reported and used in
metal coordination complexes, the only previous report of an osmium arene complex is
that of Schmid et al (complex 4b in J Med Chem 2007, 50, 6343-6355) for a specific
Paullone derivative which is active against A549, CH1 and SW480. The present
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invention shows that the nature of the iminopyridine can have unexpected effects on

cancer cell cytotoxicity.

Organometallic 2005, 24, 8, 1966-1973 reports on an osmium complex comprising a
2,2"-azopyridine liginad, but there is no disclosure of any pharmaceutical activity.

Summary of the Invention

The present invention is based on the development of further osmium
containing azo and imino complexes and their potential use as cytotoxic agents,
especially as anti-cancer agents.

Thus, in a first aspect there is provided a compound formula (1) for use as a

cytotoxic agent, especially an anticancer agent, or as an immunosuppression agent:

Q" (1)

or a dinuclear or polynuclear form thereof, wherein

Ar is an arene moiety;

Xis halo, or a donor ligand;

Y represents, a cyclic or bicyclic ring structure, such as a three, four, five, six, seven or
eight-membered saturated or unsaturated heterocyclic ring, which may be optionally
substituted at one or more positions on the ring(s) and where the dashed line
represents and optional double bond;

Zis N or CR’, where R’ may be H, CN, N3, C;-Cy, alkyl or aryl;

R is a substituted or unsubstituted cyclic or heterocyclic ring, such as a five or six
membered, or a chain, such as a substituted or unsubstituted C;-C,, alkyl, C»-Cyg
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akenyl or C,-Cy alkyl, optionally the ring may be separated from the nitrogen to which
it is attached, by a spacer group, such as a C;-C, alkyl ;

Q is an ion and is either present or absent;

m and n are charges, independently either absent or selected from a positive or
negative whole member, or solvates or prodrugs thereof and physiologically active
derivatives thereof. ‘

In a second aspect there is also provided a pharmaceutical composition
comprising a compound according to formula (1) as defined above in relation to the first
aspect, together with a pharmaceutically acceptable carrier thereof.

In a third aspect the present invention also relates to novel compounds
according to formula () as defined above in relation to the first aspect, excluding the
compounds: [(n®-p~cymene)Os(Azpy-NMe,)CI] PFe, [(n°~bip)Os(Azpy-NMe,)Cl] PFg,
and (abpy)OsCl(CsMes)PF;

~In a further aspect, the present invention provides a method of treatment or
prophylaxis of a disease involving abnormal cell proliferation, such as a cancer, said
method comprising administering a therapeutically or prophylactically useful amount of
a compound according to the first aspect of the present invention, optimally excluding
compounds: [(n®-p~cymene)Os(Azpy-NMe,)Cl] PF; and [(n°~bip)Os(Azpy—NMe;,)Cl]
PFe.

There is also provided use of a compound as defined herein in the manufacture
of a medicament for use in treating a proliferative disease, such as cancer, or for use in
immunosuppression.

The unsaturated or saturated ring Y may be substituted with one or more
groups or fused or otherwise substituted to one or more further unsaturated or
saturated rings, which may or may not be heterocyclic. Suitable substituents include
C+-C4alkyl, OH, NH,, NO,, and halo, such as I, Cl, or Br. The substituent may also be a
peptide, such as an oligo-arginine peptide comprising 4-9, such as 6-8 linearly
repeating arginine groups. Evidence from other Osmium arene anticancer complexes (
Bioconjugate Chemistry, 2011, 22, 218-226), to which the skilled reader is directed has
shown that conjugating peptides, such as oligo-arginine peptides, in this manner can
have an effect on cellular uptake, internalisation and/or cytotoxicity. Optionally the ring
structure Y may include one or more further heteroatoms in the ring Y or the rings
fused therewith.

Preferred Y ring structures are saturated N-containing five or six membered

rings, such as a pyridine ring.



10

15

20

WO 2011/131925 PCT/GB2011/000591

Preferably Z is N or CH.

R is preferably an unsubstituted or substituted phenyl, when substituted, the
phenyl group may be substituted on one or more carbons in the ring by C, — C, alkyl,
OH, amino or substituted amino, e.g. dialkylamino, such as dimethylamino, carboxylate
or substituted carboxylate, e.g. an ester, ether or polyether, nitro, halo, trifluoromethyl.
R itself can also be heterocyclic ring e.g. pyridine
Substitutuents on R could be another ring e.g. phenyl or substituted phenyl, 5- or 6-
membered heterocyclic ring.

Preferably X is I.

In a preferred embodiment, the compounds as defined in the first, second and

third aspects are according to formula Il,

— —

i "
/R
X/ols\ﬂ @ (i
N\ 7
e / —

wherein the substituents Ar, X and R are as previously defined above.
Preferably X is | and/or R is a substituted or unsubstituted phenyl (as previously
defined), or C4-C4alkylphenyl

In a further preferred embodiment, the compounds as defined in the first, second and
third aspects are according to formula (lll)
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Ar
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i SN (11)
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=

wherein the substituents X and Ar, are previously as defined and Z is N or CH, R, is H,
Cy — C, alkyl, OH, amino or substituted amino, e.g. dialkylamino, such as
dimethylamino, carboxylate or substituted carboxylate, e.g. an ester, ether or polyether,
nitro, halo, trifluoromethyl, or could be another ring e.g. phenyl or substituted phenyl, 5-
or 6-membered heterocyclic ring; Y’ is absent or a C(R')(R") group wherein, R’ is H
and R" is CH; or vise versa.

Sustitutents can be attached to this position for the purpose of modifying stability,
solubility, selectivity and targeting (e.g. using peptides)

Most preferred compounds are in accordance with formula (l1I), wherein Z is N
or CH, X is |, Ry is OH, or N(CHs),, R' and R” are independently an H or methyl group.
and Q is PFg or another negatively charged counter ion as defined herein.

The arene group (Ar), may be any arene, which may be substituted or
unsubstituted. Examplar structures are a benzene ring which may be optionally
substituted by a branched or unbranched substituted or unsubstituted linear or cyclic
alkyl, branched or unbranched substituted or unsubstituted linear or cyclic alkenyl,
branched or unbranched substituted or unsubstituted linear or cyclic alkynyl or
substituted or unsubstituted monocyclic or polycyclic aryl or heteroaryl, carboxy,
alkyloxycarbonyl hydroxyl, amino, nitro, alkyloxy, alkylthio, formyl, cyano, carbamovl,
halo (e.g. fluoro, chloro, bromo or iodo), -S(O)NR'R™ or -S(O)R™.

Examples of arene groups include benzene, naphthalene, anthracene,
phenanthrene, fluoranthene, pyrene, triphenylene, fluorene, indene and the like. Other

examples of suitable arene groups include biphenyl, cumene, styrene, mesitylene,



10

15

20

25

30

WO 2011/131925 PCT/GB2011/000591

6

cymene, toluene, xylene and the like. Yet further arene groups include partially hydro
arene groups such as dihydro-naphthalene (CioHy), dihydro-anthracene,
tetrahydroanthracene and the like. Preferred arenes are biphenyl and cymene, with
biphenyl most preferred.

The present invention also extends to compounds in which the arene group is
tethered to the ligand moiety. The tether may be attached to the ligand at any position,
including for example substituents or ring groups on the ligand.

For example, in compounds having the structure (l) above, the tether may be
attached to a carbon atom of the ring Y.

Tethers may also be used to provide dinuclear and polynuclear complexes
comprising at least one Os(ll). All of the metal atoms present may be Os(ll) or
alternatively, metals in addition to the at least one Os(ll) (e.g. other group Vil transition
metals in the periodic table) may be chosen thus providing polyheteronuclear
complexes.

Typically, in such compounds the other metal is Ru(ll), or P{(1V).

In such dinuclear and polynuclear complexes, the tethers may bridge between
each of the complexes in any of a number of independent ways. For example, the
tether may form a linkage between any one of the arene (Ar), or the Y or R groups,
directly from the Os in a first complex molecule to any one of those same positions in a
second complex molecule, which is thereby joined or tethered to the first molecule.

Di- or polynuclear complexes containing both Os(ll) and Ru(il) may be
advantageous due to the differing properties and reactivities of the respective tethered
Os(l1) and Ru(ll) complexes.

The tethers may be selected from any suitable group to provide a link between
the respective desired groups of the complexes to be joined.

Typical tethers may be selected from alkylene, alkenylene, alkynylene,
aromatic-containing groups, wherein the aromatic groups may optionally contain
heteroatoms; and heteroatom-containing groups such as peptide, ester and ether
linkages.

The group X in the compounds according to formula (1) may be selected from
the halogens i.e. fluoro, chloro, bromo or iodo, particularly chloro and iodo.
Alternatively, the group X may be selected from any suitable donor ligand, examples of
which are ligands wherein the donor atom thereof is selected from the group consisting
of nitrogen, oxygen, sulphur or phosphorus.
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Typically, such ligand groups may be selected from pyridine (and derivatives
thereof), water, hydroxo (i.e. OH’), azides or pseudohalogens and the like.

The group X may be replaced by other groups when the compounds described
herein are presented in a biological environment, for example, the species wherein X is
water or hydroxo may be formed in a biological environment.

The ion, Q in compound according to formula (1), acts as a counter ion to the
complex and balances the charges in the complex to generally provide a molecular
species with overall charge of zero.

Negatively charged counter ions may be any suitable ion, for example selected
from BF,, BPh,, PFg, triflate, trisphat and halides.

Positively charged counter ions may be any suitable ion, for example alkali
metal cations such as Na* and K’, or alkaline earth metal cations such as Mg®* and
Ca®. Positive counter ions may also include organic cations, other metal complexes,
protonated heterocyclic compounds and substituted or unsubstituted ammonium ions,
i.e. NH4".

The counter ion may be chosen for certain purposes, for example, non-
nucleophilic anions may be preferred, such as BPh, which tends to provide an
insoluble complex thereby providing a useful advantage during a recovery stage of the
compound preparation, e.g. for separation out of a solution or liquid medium. PFg may
have a similar effect by providing a complex which is more soluble than a
corresponding complex with BPh, counter ion, whilst remaining less soluble than a
corresponding complex with chloride as the counter ion. These counter ions are not,
however, necessarily excluded from the compound in its final useable form.

The counter ions may be chosen to provide a useful solubility for preparation of
the complexes and the same counter ion may be retained or exchanged for another
counter jon to provide a compound better suited for pharmaceutical/medical uses.

For example, triflate may be selected, or chloride, bromide or iodide to provide
more easily soluble compounds.

Physiologically functional derivatives of compounds of the present invention are
derivatives which can be converted in the body into the parent compound. Such
physiologically functional derivatives may also be referred to as "pro-drugs" or
"bioprecursors". Physiologically functional derivatives of compounds of the present
invention include in vivo hydrolysable esters. Additionally, the compounds of the
present invention, may themselves, be considered as pro-drugs, which are converted

into a physiologically active form in the body. Examples are the water (or aqua)
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complexes, i.e. where X is H,O, which, without wishing to be bound by theory, are
thought to be the active species in the biological environment.

it may be convenient or desirable to prepare, purify, and/or handle a
corresponding solvate of the compounds described herein, which may be used in any
one of the uses/methods described. The term solvate is used herein to refer to a
complex of solute, such as a compound or salt of the compound, and a solvent. If the
solvent is water, the solvate may be termed a hydrate, for example a mono-hydrate, di-
hydrate, tri-hydrate etc, depending on the number of water molecules present per
molecule of substrate.

It will be appreciated that the compounds of the present invention may exist in
various stereoisomeric forms and the compounds of the present invention as
hereinbefore defined include all sterecisomeric forms and mixtures thereof, including
enantiomers and racemic mixtures. The present invention includes within its scope the
use of any such stereoisomeric form or mixture of sterecisomers, including the
individual enantiomers of the compounds recited herein, as well as wholly or partially
racemic mixtures of such enantiomers.

The compounds of the present invention may be prepared using reagents and
techniques readily available in the art and as described hereinafter. Novel intermediate
compounds in the synthetic route for preparation of the compounds of the present
invention may be important molecules for general application for the preparation of the
molecules of the present invention. Accordingly, the present invention extends to
include those novel intermediate compounds.

The present invention also extends to the methods of preparing the compounds
described herein. Generally, the method comprises providing a compound of formula
[ArOsX;), in a first step and then reacting the compound with the azo or imino
containing ligand such as azopyridine or iminopyridine containing ligands in a second
step to provide a compound according to formula (1).

The groups Ar and X have the same meaning as hereinbefore recited.

Preferably, in the preparation X in the starting material is halo, such as chloro or
iodo.

During the preparation, a step may be included to exchange the counter ion of
the complex for a different preferred counter ion.

Preferred preparation conditions comprise

i) providing and dissolving the compound [ArOsX,}, with the ligand/ligand
precursor in an alcoholic solvent, such as methanol, which may include an amount of
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water, optionally heating or refluxing the solution with or without stirring and for an
amount of time as may be determined by the skilled addressee;

i) introducing a suitable compound to the resultant mixture to add a
preferred counter ion to the formed complex.

For example, a suitable compound for introducing the counter ion PFg, is NH,
PFs.

As indicated above, the present invention provides a treatment or prophylaxis of
a disease, pathology or condition recited herein comprising administering a compound
recited herein to a patient in need thereof.

Diseases involving abnormal proliferation of cells are treatable with the
compounds recited herein. Examples of such diseases include cancers and
hyperproliferation disorders.

Examples of cancers which may be treated by the active compounds include,
but are not limited to, a carcinoma, for example a carcinoma of the bladder, breast,
colon (e.g. colorectal carcinomas such as colon adenocarcinoma and colon adenoma),
kidney, epidermal, liver, lung, for example adenocarcinoma, small cell lung cancer and
non-small cell lung carcinomas, oesophagus, gall bladder, ovary, pancreas e.g.
exocrine pancreatic carcinoma, stomach, cervix, thyroid, prostate, or skin, for example
squamous cell carcinoma; a hematopoietic tumour of lymphoid lineage, for example
leukemia, acute lymphocytic leukemia, B-cell lymphoma, T-cell lymphoma, Hodgkin's
lymphoma, non-Hodgkin's lymphoma, hairy cell lymphoma, or Burkett's lymphoma; a
hematopoietic tumor of myeloid lineage, for example acute and chronic myelogenous
leukemias, myelodysplastic syndrome, or promyelocytic leukemia; thyroid follicular
cancer; a tumour of mesenchymal origin, for example fibrosarcoma or
habdomyosarcoma; a tumor of the central or peripheral nervous system, for example
astrocytoma, neuroblastoma, glioma or schwannoma, melanoma; seminoma;
teratocarcinoma; osteosarcoma; xenoderoma pigmentoum; keratoctanthoma; thyroid
follicular cancer; or Kaposi's sarcoma. Particularly preferred cancers may include

leukemia, colon cancer, melanoma and breast cancer.

Without wishing to be bound by theory, present evidence suggests that the
compounds of the present invention may function as tubulin inhibitors. Not only does
this strengthen and support their utility as anti-cancer agents, but it supports their use
in treating other diseased associated with unwarrented cellular proliferation, as well as
potential immunosuppressive agents, which may find application in preventing the

rejection of transplanted organs and tissues (e.g., bone marrow, heart, kidney, liver),
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treating for example, autoimmune diseases or diseases that are most likely of
autoimmune origin (e.g., rheumatoid arthritis, multiple sclerosis, myasthenia gravis,
systemic lupus erythematosus, focal segmental glomerulosclerosis, Crohn's disease,
Behcet's Disease, pemphigus, and ulcerative colitis) and treating some other non-

autoimmune inflammatory diseases (e.g., long term allergic asthma control).

Examples of other therapeutic -agents that may be administered together
(whether concurrently or at different time intervals) with the compounds of the formula
() include but are not limited to topoisomerase inhibitors, alkylating agents,
antimetabolites, DNA binders and microtubule inhibitors (tubulin target agents), such as
cisplatin, cyclophosphamide, doxorubicin, irinotecan, fludarabine, 5FU, taxanes,
mitomycin C or radiotherapy. For the case of active compounds combined with other
therapies the two or more treatments may be given in individually varying dose
schedules and via different routes.

The combination of the agents listed above with a compound of the present
invention would be at the discretion of the physician who would select dosages using
his common general knowledge and dosing regimens known to a skilled practitioner.

Where the compound of the formula (I) is administered in combination therapy
with one, two, three, four or more, preferably one or two, preferably one other
therapeutic agents, the compounds can be administered simultaneously or
sequentially. When administered sequentially, they can be administered at closely
spaced intervals (for example over a period of 5-10 minutes) or at longer intervals (for
example 1, 2, 3, 4 or more hours apart, or even longer period apart where required),
the precise dosage regimen being commensurate with the properties of the therapeutic
agent(s).

The compounds of the invention may also be administered in conjunction with
non-chemotherapeutic treatments such as radiotherapy, photodynamic therapy, gene
therapy; surgery and controlled diets.

The patient is typically an animal, e.g a mammal, especially a human.

For use according to the present invention, the compounds or physiologically
acceptable salt, ester or other physiologically functional derivative thereof described
herein may be presented as a pharmaceutical formulation, comprising the compound
or physiologically acceptable salt, ester or other physiologically functional derivative
thereof, together with one or more pharmaceutically acceptable carriers therefore and
optionally other therapeutic and/or prophylactic ingredients. The carrier(s) must be
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acceptable in the sense of being compatible with the other ingredients of the
formulation and not deleterious to the recipient thereof.

Pharmaceutical formulations include those suitable for oral, topical (including
dermal, buccal and sublingual), rectal or parenteral (including subcutaneous,
intradermal, intramuscular and intravenous), nasal and pulmonary administration e.g.,
by inhalation. The formulation may, where appropriate, be conveniently presented in
discrete dosage units and may be prepared by any of the methods well known in the
art of pharmacy. All methods include the step of bringing into association an active
compound with liquid carriers or finely divided solid carriers or both and then, if
necessary, shaping the product into the desired formulation.

Pharmaceutical formulations suitable for oral administration wherein the carrier
is a solid are most preferably presented as unit dose formulations such as boluses,
capsules or tablets each containing a predetermined amount of active compound. A
tablet may be made by compression or moulding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine an active compound in a free-flowing form such as a powder or
granules optionally mixed with a binder, lubricant, inert diluent, lubricating agent,
surface-active agent or dispersing agent. Moulded tablets may be made by moulding
an active compound with an inert liquid diluent. Tablets may be optionally coated and,
if uncoated, may optionally be scored. Capsules may be prepared by filling an active
compound, either alone or in admixture with one or more accessory ingredients, into
the capsule shells and then sealing them in the usual manner. Cachets are analogous
to capsules wherein an active compound together with any accessory ingredient(s) is
sealed in a rice paper envelope. An active compound may also be formulated as
dispersable granules, which may for example be suspended in water before
administration, or sprinkied on food. The granules may be packaged, e.g., in a sachet.
Formulations suitable for oral administration wherein the carrier is a liquid may be
presented as a solution or a suspension in an aqueous or non-aqueous liquid, or as an
oil-in-water liquid emulsion.

Formulations for oral administration include controlled release dosage forms,
e.g., tablets wherein an active compound is formulated in an appropriate release -
controlling matrix, or is coated with a suitable release - controlling film. Such
formulations may be particularly convenient for prophylactic use.

Pharmaceutical formulations suitable for rectal administration wherein the

carrier is a solid are most preferably presented as unit dose suppositories. Suitable
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carriers include cocoa butter and other materials commonly used in the art. The
suppositories may be conveniently formed by admixture of an active compound with
the softened or melted carrier(s) followed by chilling and shaping in moulds.

Pharmaceutical formulations suitable for parenteral administration include
sterile solutions or suspensions of an active compound in aqueous or oleaginous
vehicles.

Advantageously, solutions may be prepared and stored in a ready to use
condition, (e.g. without the need for further formulation such as dilution into a useable
concentration), in light-excluding containers such as sealed bottles, ampoules, blister
packages and the like. Such containers are preferably provided in a sterile condition.

Injectable preparations may be adapted for bolus injection or continuous
infusion. Such preparations are conveniently presented in unit dose or multi-dose
containers which are sealed after introduction of the formulation until required for use.
Alternatively, an active compound may be in powder form which is constituted with a
suitable vehicle, such as sterile, pyrogen-free water, before use.

An active compound may also be formulated as long-acting depot preparations,
which may be administered by intramuscular injection or by implantation, e.g.,
subcutaneously or intramuscularly. Depot preparations may include, for example,
suitable polymeric or hydrophobic materials, or ion-exchange resins. Such long-acting
formulations are particularly convenient for prophylactic use.

Formulations suitable for pulmonary administration via the buccal cavity are
presented such that particles containing an active compound and desirably having a
diameter in the range of 0.5 to 7 microns are delivered in the bronchial tree of the
recipient.

As one possibility such formulations are in the form of finely comminuted
powders which may conveniently be presented either in a pierceable capsule, suitably
of, for example, gelatin, for use in an inhalation device, or alternatively as a self-
propelling formulation comprising an active compound, a suitable liquid or gaseous
propellant and optionally other ingredients such as a surfactant and/or a solid diluent.
Suitable liquid propellants include propane and the chlorofluorocarbons, and suitable
gaseous propellants include carbon dioxide. Self-propelling formulations may also be
employed wherein an active compound is dispensed in the form of droplets of solution
or suspension.

Such self-propelling formulations are analogous to those known in the art and
may be prepared by established procedures. Suitably they are presented in a container
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provided with either a manually-operable or automatically functioning valve having the
desired spray characteristics; advantageously the valve is of a metered type delivering
a fixed volume, for example, 25 to 100 microlitres, upon each operation thereof.

As a further possibility an active compound may be in the form of a solution or
suspension for use in an atomizer or nebuliser whereby an accelerated airstream or
ultrasonic agitation is employed to produce a fine droplet mist for inhalation.

Formulations suitable for nasal administration include preparations generally
similar to those described above for pulmonary administration. When dispensed such
formulations should desirably have a particle diameter in the range 10 to 200 microns
to enable retention in the nasal cavity; this may be achieved by, as appropriate, use of
a powder of a suitable particle size or choice of an appropriate valve. Other suitable
formulations include coarse powders having a particle diameter in the range 20 to 500
microns, for administration by rapid inhalation through the nasal passage from a
container held close up to the nose, and nasal drops comprising 0.2 to 5% w/v of an
active compound in aqueous or oily solution or suspension.

It should be understood that in addition to the aforementioned carrier
ingredients the pharmaceutical formulations described above may include, an
appropriate one or more additional carrier ingredients such as diluents, buffers,
flavouring agents, binders, surface active agents, thickeners, lubricants, preservatives
(including anti-oxidants) and the like, and substances included for the purpose of
rendering the formulation isotonic with the blood of the intended recipient.

Pharmaceutically acceptable carriers are well known to those skilled in the art
and include, but are not limited to, 0.1 M and preferably 0.05 M phosphate buffer or
0.8% saline. Additionally, such pharmaceutically acceptable carriers may be aqueous
or non-aqueous solutions, suspensions, and emulsions. Examples of non-aqueous
solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and
injectable organic esters such as ethyl oleate. Aqueous carriers include water,
alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered
media. Parenteral vehicles include sodium chloride solution, Ringer's dextrose,
dextrose and sodium chloride, lactated Ringer's or fixed oils. Preservatives and other
additives may also be present, such as, for example, antimicrobials, antioxidants,
chelating agents, inert gases and the like.

Formulations suitable for topical formulation may be provided for example as
gels, creams or ointments. Such preparations may be applied e.g. to a wound or uicer

either directly spread upon the surface of the wound or ulcer or carried on a suitable
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support such as a bandage, gauze, mesh or the like which may be applied to and over
the area to be treated.

Liquid or powder formulations may also be provided which can be sprayed or
sprinkled directly onto the site to be treated, e.g. a wound or ulcer. Alternatively, a
carrier such as a bandage, gauze, mesh or the like can be sprayed or sprinkle with the
formulation and then applied to the site to be treated.

Therapeutic formulations for veterinary use may conveniently be in either
powder or liquid concentrate form. In accordance with standard veterinary formulation
practice, conventional water soluble excipients, such as lactose or sucrose, may be
incorporated in the powders to improve their physical properties. Thus particularly
suitable powders of this invention comprise 50 to 100% w/w and preferably 60 to 80%
w/w of the active ingredient(s) and 0 to 50% w/w and preferably 20 to 40% w/w of
conventional veterinary excipients. These powders may either be added to animal
feedstuffs, for example by way of an intermediate premix, or diluted in animal drinking
water.

Liquid concentrates of this invention suitably contain the compound or a
derivative or salt thereof and may optionally include a veterinarily acceptable water-
miscible solvent, for example polyethylene glycol, propylene glycol, glycerol, glycerol
formal or such a solvent mixed with up to 30% v/v of ethanol. The liquid concentrates
may be administered to the drinking water of animals.

Embodiments of the present invention shall now be described with reference to

the following non-limiting figure examples and the Tables, in which:

Figure 1 shows the X-ray structures of compounds according to the present invention,
Figure 2 shows the results of mean body weight experiments of mice bearing human
tumour xenografts following administration of compounds according to the present
invention.

Figure 3 shows the X-ray structure of [(N®-p-cym)Osl;];

Figure 4 shows schematically hydrogen bond formation between water and a
phenoxide ligand on a complex of the present invention;

Figure 5, 6 and 7 show the hydrolysis and stability study of complexes 6, 8 and 12.
Figure 8 shows the results of cell viability assays of cells with/without N-acetyl-L-
cysteine (NAC) treatment prior to and together with administering compounds encoding
to the present invention;

Figure 9 shows the study of complex 6 with NAC; and
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Figure 10 shows ICsy and COMPARE analysis of a compound of the present invention
against a variety of cell lines

Table 1 shows the ICs, values of compounds according to the present invention;

Table 2 shows the selected bond lengths of X-ray structures of compound according to
the present invention

Experimental Section

Synthesis. Complexes [(n°-bip)Os(Azpy)lIPFs (1), [(n*-p-cym)Os(Azpy)IPFs (2), [(n°
bip)Os(Azpy-OH)IIPFs  (3),  [(n>-p-cym)Os(Azpy-OH)IIPFs  (4),  [(n°-bip)Os(azpy-
NMe2)IJPFs (5), [(n®-p-cym)Os(Azpy-NMe2)IJPF; (6), [(n®-bip)Os(Azpy)CIIPFs (7), [(n°-p-
cym)Os(Azpy)ClIPFs  (8),  [(n®-bip)Os(azpy-OH)CIIPFs  (9),  [(n°-p-cym)Os(Azpy-
OH)CI)PFs (10), [(n°-bip)Os(azpy-NMe,)CI)PFs  (11), an di(n®-p-cym)Os(Azpy-
NMe,)Cl]PFs (12) were prepared with purities of >95% by reacting the appropriate
azopyridine derivative with [(n®-bip)OsCly)z, [(n°-bip)Oslzl, [(n®-p-cym)OsCly); or [(n®-p-
cym)Osl,],, as described below.

Complexes 13 ~ 16 were synthesized by a similar procedure but using the appropriate
iminopyridine ligand as described below.

Materials. OsCly3H,0 and 4-(2-pyridylazo)-N,N-dimethylaniline (Azpy-NMe,) were
purchased from Alfa-Aesar. Ethanol and methanol were dried over Mg/l, or anhydrous
quality was used (Aldrich). All other reagents used were obtained from commercial
suppliers and used as received. Azpy-OH was a gift from Dr. Sarah Dougan. The
preparation of the starting materials [(n®-bip)OsCl], and [(n®-p-cym)OsCl,], were based
on a literature report.?2 The A2780 human ovarian carcinoma cell line was purchased
from European Collection of Cell Cultures, RPMI-1640 media and trypsin from
Invitrogen, bovine serum was from Biosera, penicillin, streptomycin, TCA and SRB
from Sigma-Aldrich, and tris[hydroxymethyllaminomethane from Formedium.
Synthesis of Azo ligands. Syntheses of azpy was based on literature reports.’
Synthesis of complexes

[(n®bip)Ost.],

The dimer [(n°-bip)OsCly}. (100.4 mg, 0.12 mmol) was stirred at 353 K for 1 h
suspended in water (200 mL). The solution was then hot-filtered and Kl (1039.8 mg,
6.26 mmol) was added to the solution. A deep orange precipitate was formed
immediately. The solution was left at 277 K for 2 h. The precipitate was collected by
filtration and washed with cold ethanol and diethyl ether, then dried in a desiccator
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overnight. Yield: 95.4 mg (66.0%). Anal. '"H NMR(DMSO-dg) & 7.74 (d, 4H, J=8 Hz),
7.45 (m, 6H), 6.84 (d, 4H, J=6 Hz ), 6.56 (t, 2H, J=6 Hz), 6.34 (t, 4H, J=6 Hz). CHN
analysis: Found C, 24.33 %; H, 1.64 %, Calcd for Cz4H20l4Os,: C, 24.09 %; H, 1.68 %.
[(n°-p-cym)Osi;],

The dimer {(n®-p-cym)OsCl,]; (103.8 mg, 0.135 mmol) was stirred at 353 K for 1 h to
allow it to dissolve in water (50 mL). Then Kl (2683.9 mg, 16.18 mmol) was added to
the solution and heated under reflux for 1 h. A deep orange precipitate was formed
immediately. The solution was left at 277 K for 2 h. The precipitate was collected by
filtration and washed with little cold ethano! and diethyl ether, then dried in a desiccator
overnight. Yield: 112.6 mg (67.9%). Anal. '"H NMR (DMSO-d;) 6 6.10 (d of d, 8H), 3.04
(m, 2H), 2.43 (s, 6H), 1.25 (d, 12H, J=8 Hz). CHN analysis: Found: C, 20.78 %; H, 2.35
%, Calcd for CyHazglsOs: C, 20.77 %; H, 2.44 %.

[(n®-bip)Os(Azpy)I}PFs (1)

[(n°-bip)Osl,]2 (30 mg, 0.025 mmol) in methanol (30 mL) and water (10 mL) was heated
under reflux at 353 K under nitrogen for 2 h. Azpy (9.15 mg, 0.05 mmol) in methanol
(10 mL) was added drop-wise. The solution-colour changed from orange to red
immediately. After heating under reflux for a further 2 h; the solution was hot-filtered
and the volume was reduced to about 10 mbL on a rotary evaporator. Ammonium
hexafluorophosphate (40.0 mg. 0.25 mmol) was added. The solution was left at 277 K
for 2 h. A brown powder precipitated out. The powder was collected by filtration and
washed with little cold ethanol and diethyl ether, then dried in a desiccator overnight.
Yield: 20 mg (61.1%). Anal. ESI-MS Calcd for Cx3H19IN3Os: m/z 656.0, found 655.9. 'H
NMR((CDs),CO) & 9.44 (d, 1H, J=8 Hz), 9.01 (d, 1H, J=8 Hz), 8.38 (t, 1H, J=8 Hz),
7.98 (d, 2H, J=8 Hz), 7.76 (m, 3H), 7.47 (m, 6H), 7.12 (d, 1H, J=6 Hz), 6.98 (t, 1H, J=6
Hz), 6.83 (m, 2H), 6.72 (1, 1H, J=5 Hz). CHN analysis Found: C, 35.41%; H, 2.40%; N,
5.55%, Calcd for Co3H1gFsIN2OsP: C, 34.55 %; H, 2.40 %; N, 5.26 %.
[(n®-p-cym)Os(Azpy)I]PF; (2)

[(n®-p-cym)Oslz); (30.5 mg, 0.0264 mmol) was dissolved in methanol (20 mL) and Azpy
(9.6mg, 0.053 mmol) in methanol (10 mL) was added drop-wise. The solution-colour
changed from yellow to brown gradually and was stirred at ambient temperature for 3
h. The volume was reduced to about 10 mL by removal of methanol on a rotary
evaporator. Ammonium hexafluorophosphate (17.7 mg. 0.11 mmol) was added. Then
the solution was left at 253 K for 24 h; a dark coloured powder precipitated, which was
collected by filtration and washed with cold ethanol and diethyl ether, then finally dried
in vacuum. Yield: 14.5 mg (35.3%). Anal. Calcd for CjHxIN3Os: m/z 636.1, found
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636.0. '"H NMR ((CD3),CO) & 9.66 (d, 1H, J=6 Hz), 9.04 (d, 1H, J=8 Hz), 8.41 (t, 1H,
J=8 Hz), 8.20-8.19 (m, 2H), 7.87-7.75 (m, 4H), 6.77 (d, 1H, J=6 Hz), 6,43 (d, 1H, J=6
Hz), 6.38 (d, 1H, J=5 Hz), 6.32 (d, 1H, J=5 Hz), 2.67 (s, 3H), 2.62 (m, 1H), 1.02 (d of d,
6H). CHN analysis Found: C, 32.19%; H, 2.85%; N, 5.34%, Calcd for C,1H23FsIN;OsP:
C, 32.36%; H, 2.97%; N, 5.39%. Single crystals suitable for X-ray diffraction were
obtained by slow evaporation of a methanol solution of complex 2 at ambient
temperature.

[(n°-bip)Os(Azpy-OH)IIPF; (3)

[(n®-bip)Osl.); (86.1 mg, 0.072 mmol) in methanol (30 mL) and water (10 mL ) mixture
was heated under reflux at 353 K under nitrogen for 2 h. Azpy-OH (19.0 mg, 0.096
mmol) in methanol (10 mL) was added drop-wise, the solution colour changed from
orange to red immediately, the solution was heated to reflux for a further 2 h, hot-
filtered, and the volume was reduced to about 10 mL by removal of methanol on a
rotary evaporator. Ammonium hexafluorophosphate (118.5 mg, 0.73 mmol) was added
and the solution was left at 277 K for 2 h. A deep brown powder precipitated which was
filtered off and washed with cold ethanol and diethyl ether, then dried in a desiccator
overnight. Yield: 63.1 mg (53.7%). Anal. ESI-MS Calcd for C3H19IN,OOs: m/z 672.02,
found 671.9. 'H NMR((CD5),CQ) 3 9.30 (d, 1H, J=9 Hz), 8.80 (d, 1H, J=8 Hz), 8.31-
9.27 (m, 1H), 8.02 (d, 2H, J=9 Hz), 7.66-7.63 (m, 1H), 7.46 (m, 5H), 7.01 (d, 1H, J=6
Hz), 6.93 (d, 2H, J=6 Hz), 6.82 (m, 2H), 6.72 (t, 1H, J=6 Hz), 6.66 (d, 1H, J=6 Hz).
CHN analysis Found: C, 34.07%; H, 2.34%; N, 5.03%, Calcd for C,3HgFsIN,OOsP: C,
33.87%; H, 2.34%; N, 5.03%. Single crystals of [(n®-bip)Os(Azpy-O)I]-0.5H,0 (3*)
suitable for X-ray diffraction were obtained by siow evaporation of a methanol solution
of complex 3 at ambient temperature.

[(n®p-cym)Os(Azpy-OH)I]PF; (4)

[(n®-p-cym)Osly), (50.5 mg, 0.0437 mmol) was dissolved in methanol (50 mL); Azpy-OH
(17.4 mg, 0.087 mmol) in methanol (10 mL) was added drop-wise. The solution was
stirred at ambient temperature for 24 h with 10 drops of 1 M HCI solution. The volume
was reduced to about 2 mL by removal of methanol on a rotary evaporator. The
complex was purified by chromatography on a Sephadex LH20 column. Ammonium
hexafluorophosphate (28.6 mg. 0.18 mmol) was added. Then the solution was left at
277 K for 0.5 h. A dark coloured powder precipitated out, which was collected by
filtration and washed with cold ethanol and diethyi ether, then finally dried in vacuum.
Yield: 30.6 mg (43.2%). Anal. ESI-MS Calcd for C,4H,3IN;Os: m/z 652.1, found 652.0.
'H NMR((CD5),CO) 6 9.75 (bs, 1H), 9.58 (d, 1H, J=6 Hz), 9.93 (d, 1H, J=8 Hz), 8.40-
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8.38 (m, 1H), 8.19 (d, 2H, J=9 Hz), 7.83-7.82 (m, 1H), 7.15 (d, 2H, J=9 Hz), 6.72 (d,
1H, J=6 Hz), 6.43 (m, 2H), 6.34 (d, 1H, J=6 Hz), 3.35 (s, 3H), 2.63 (m, 1H), 1.00 (d of
d, 6H) . CHN analysis Found: C, 31.04%; H, 3.05%; N, 5.28%, Calcd for
C21H23FsIN3OOsP: C, 31.71%; H, 2.91%; N, 5.28%.

[(n>-bip)Os(azpy-NMe,)I]PF; (5)

[(n®-bip)Osl,l2 (100 mg, 0.037 mmol) in methanol (30 mL ) and water (10 mL) was
heated under reflux at 348 K under nitrogen for 2 h. Azpy-NMe, (37.9 mg, 0.074 mmol)
in methanol (10 mL) was then added drop-wise, the solution colour changed from
orange to dark red immediately, then gradually turned to deep blue. It was further
heated to reflux for 1 h, hot-filtered and the volume was reduced to about 10 mL by
removal of methanol on a rotary evaporator, and ammonium hexafluorophosphate
(135.1 mg. 0.37 mmol) was added. Then the solution was left at 277 K for 1 h. A dark
colour powder precipitated and was collected by filtration, washed with cold ethanol
and diethyl ether, then dried under vacuum. Yield: 22 mg (42.6%). Anal. ESI-MS Calcd
for CosH24IN4Os: m/z 699.07, found 699.0, 'H NMR((CD3),CO) & 9.12 (d, 1H, J=6 Hz),
8.54 (d, 2H, J=8 Hz), 8.14 (m, 3H), 7.49-7.40 (m, 6H), 7.02 (d, 1H, J=6 Hz), 6.82 (d,
2H), 6.77 (d, 1H), 6.75-6.67 (m, 2H), 3.40 (s, 6H). CHN analysis Found: C, 36.22%; H,
2.93%: N, 6.81%, Calcd for C5H24FsIN,OsP : C, 35.65%; H, 2.87%; N, 6.65%. Single
crystals of suitable for X-ray diffraction were obtained by slow evaporation of a
methanol solution of complex 5 at ambient temperature.
[(n®-p-cym)Os(Azpy-NMe,)I|PF (6)

[(n®-p-cym)Osla], (100.0 mg, 0.086 mmol) was dissolved in methanol (50 mL) at 313 K;
Azpy-NMe, (39.5mg, 0.175 mmol) in methanol (10 mL) was added drop-wise, the
solution-colour changed from orange to blue immediately. The solution was stirred at
ambient temperature for 3 h. The volume was reduced to about 10 mL by removal of
methanol on a rotary evaporator, and ammonium hexafluorophosphate (141.8 mg. 0.87
mmol) was added. Then the solution was left in the freezer for 24 h; Dark colour
powder was precipitated which was collected by filtration, washed with cold ethanol
and diethyl ether, then finally dried in vacuum. Yield: 122.7 mg (86.7%). Anal. ESI-MS
Calcd for CagHasIN,Os: m/z 679.1, found 679.0. 'H NMR((CD5),CO) & 9.43 (d, 1H, J=6
Hz), 8.65 (d, 1H, J=8 Hz), 8.29-8.22 (m, 3H), 7.64 (m, 1H), 6.97 (d, 2H, J=9 Hz), 6.59
(d, 1H, J=6 Hz), 6.30 (m, 3H), 3.41 (s, 3H), 2.80 (s, 6H), 2.63-2.56 (m, 1H), 1.00 (d of
d, 6H). CHN analysis Found: C, 33.42%; H, 3.28%; N, 6.72%, Calcd for
Co3HpsFgIN4OsP: C, 33.58% H, 3.43% N, 6.81%.

[(n°-bip)Os(Azpy)CIIPF¢ (7)
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[(n®-bip)OsCly); (100.7 mg, 0.121 mmol) in methanol (40 mL) and water (10 mL) was
heated under reflux under nitrogen for 2 h. The solution was hot-filtered to remove
black residue, then Azpy (55 mg, 0.3 mmol) in methanol (5 mL) was added drop-wise,
the solution colour changed from orange to black immediately. The solution was stirred
and left to cool down to room temperature for 1 h. The volume was reduced to about 10
mL by removal of methanol on a rotary evaporator and ammonium
hexafluorophosphate (215.0 mg. 1.32 mmol) was added. The solution was left at 277 K
overnight. A brown powder precipitated, which was filtered off, washed with diethyl
ether, then dried in a desiccator overnight. Yield:109.4 mg (77.9%). Anal. ESI-MS
Calcd for Cp3H1gCIN;Os: m/z 564.09, found 564.0. 'H NMR((CD5),CO) & 9.47 (d, 1H,
J=6 Hz), 8.98 (d, 1H, J=8 Hz), 8.46 (t, 1H, J=6 Hz), 7.97 (d, 2H, J=8 Hz), 7.97 (t, 1H,
J=8 Hz), 7.74 (t, 1H, J=8 Hz), 7.61 (m, 4H), 7.51 (m, 3H), 6.96 (d, 1H, J=6 Hz), 6.89 (d,
1H, J=6 Hz), 6.77 (t, 1H, J=6 Hz), 6.70 (1, 1H, J=6 Hz), 6.45 (1, 1H, J=6 Hz). CHN
analysis Found: C, 39.56%; H, 2.90%; N, 6.48%, Calcd for Cu3HsoF¢CIN3OsP: C,
39.80%; H, 3.07%; N, 5.81%.

[(n°-p-cym)Os(Azpy)CI]PFs (8)

[(n®-p-cym)OsCly}; (40.7 mg, 0.0515 mmol) was dissolved in methanol (20 mL). Azpy
(21.1mg, 0.116 mmol) in § mL of methanol was added drop-wise. The solution colour
changed from yellow to brown gradually, it was stirred at ambient temperature for 1 h;
The volume was reduced to about 10 ml by removal of methanol on a rotary
evaporator. Ammonium hexafluorophosphate (52.2 mg. 0.32 mmol) was added. Then
the solution was left in the freezer for 24 h; Dark colour powder precipitated out, which
was filtered off, washed with cold ethanol and diethyl ether, then finally dried in
vacuum. Yield: 60.5 mg (85.4%). Anal. ESI-MS Calcd for Cy4H,3CIN3Os : m/z 544.1,
found 544.1. '"H NMR((CD5),CO) & 9.65 (d, 1H, J=6 Hz), 9.01 (d, 1H, J=9 Hz), 8.50-
8.48 (m, 1H), 8.16 (d, 2H, J=8 Hz), 8.02-7.99 (m, 1H), 7.78 (m, 3H), 6.79 (d, 1H, J=6
Hz), 6,39 (d, 1H, J=6 Hz), 6.32 (m, 2H), 2.54 (m, 1H), 2.43 (s, 3H), 0.98 (d of d, 6H).
CHN analysis Found: C, 36.61%; H, 3.21%; N 6.10%, Calcd for C,H,3FsCIN;OsP: C,
36.66%; H, 3.37%: N, 6.61%. Single crystals suitable for X-ray diffraction were
obtained by slow evaporation of a methanol solution of complex 8 at ambient
temperature.

[(n°-bip)Os(azpy-OH)CI]PFs (9)

[(n®-bip)OsCly], (51 mg, 0.061 mmol) in methanol (40 mL) and water (10 mL) was
heated under reflux under nitrogen for 2 h. Azpy-OH (30.1 mg, 0.15 mmol) in methanol
(2 mL) was added, the solution turned from orange to deep brown-red. Then the
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solution was hot-filtered and left to cool down to ambient temperature while stirring for
1 h. The volume was reduced to about 10 mL by removal of methanol on a rotary
evaporator. Ammonium hexafluorophosphate (100.6 mg. 1.11 mmol) was added. The
solution was left at 277 K for 0.5 h. A brown solid precipitated, which was collected by
filtration, washed with diethyl ether and dried overnight in a desiccator. Yield: 42.0 mg
(47.9%). Anal. ESI-MS Calcd for Cy3H19CIN3Os: m/z 580.08, found 580.0. H
NMR((CD;),CO) 6 9.37 (d, 1H, J=9 Hz), 8.83 (d, 1H, J=8 Hz), 8.39-8.34 (m, 1H), 8.01
(d, 2H, J=9 Hz), 7.80-7.50 (m, 1H), 7.61-7.59 (m, 2H), 7.50 (m, 3H), 7.02 (d, 2H, J=6
Hz), 6.86 (d, 1H, J=6 Hz), 6.76 (d, 1H, J=6 Hz), 6.72 (m, 2H), 6.45 (t, 1H). CHN
analysis Found: C, 38.15%; H, 3.04%; N, 5.19%, Calcd for Cy3HgFgCIN3OOsP: C,
38.15%; H, 2.64%; N, 5.80%.

[(n°-p-cym)Os(Azpy-OH)CI]PF¢ (10)

[(n®-p-cym)OsCly), (50.1 mg, 0.063 mmol) was dissolved in methanol (50 mL). Azpy-
OH (32.8mg, 0.16 mmol) in methanol (10 mL) was added drop-wise. The solution was
stirred at ambient temperature for 24h with 4 drops of 1M HCIL. The complex was
purified by chromatography on a Sephadex LH20 column. Ammonium
hexafluorophosphate (54.3 mg. 0.33 mmol) was added. The solvent was removed on a
rotary evaporator. A brown solid was collected by filtration and washed with cold
ethanol and diethyl ether, then finally dried under vacuum. Yield: 16.5 mg (18.6%).
Anal. ESI-MS Calcd for C,1H23CIN;OOs: m/z 560.1, found 560.1. "H NMR ((CD;),CO) &
9.58 (d, 1H, J=6 Hz), 9.93 (d, 1H, J=8 Hz), 8.39 (t, 1H, J=8 Hz), 8.19 (d, 2H, J=9 Hz),
7.82 (t, 1H, J=6 Hz), 7.15 (d, 2H, J=9 Hz), 6.72 (d, 1H, J=6 Hz), 6.43 (m, 2H), 6.34 (d,
1H, J=6 Hz), 3.35 (s, 3H), 2.63 (m, 1H), 1.00 (d of d, 6H). CHN analysis Found: C,
35.13%; H, 3.40%; N, 4.84%, Calcd for CpHxFsCIN;OsP: C, 35.82%; H, 3.29%; N,
5.97%.

[(n®-bip)Os(azpy-NMe,)CI)PF; (11)

[(n®-bip)OsCly); (104 mg, 0.12 mmol) was dissolved in methanol (40 mL) and water (10
mL), the solution was heated to refluxed under nitrogen for 2 h at 248 K. Then Azpy-
NMe, (70.626 mg, 0.3121 mmol) in 5 mL of methanol was added drop-wise. The
solution turned from orange to purple, it was hot-filtered and left to cool to ambient
temperature while stirring for 1 h. Then the solvent was evaporated on a rotary
evaporator and ammonium hexafluorophosphate (182.23 mg. 1.11 mmol) was added.
The solution was left at 277 K overnight. A purple solid precipitated and filtered off,
washed with diethyl ether and dried overnight in a desiccator. Yield:135.5 mg (89%).
Anal. ESI-MS Calcd for CzsH24CIN4Os: m/z 607.13, found 607.0. 'H NMR((CD3),CO) &
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9.16 (d, 1H, J=6 Hz), 8.51 (d, 1H, J=8 Hz), 8.23-8.20 (m, 1H), 8.14 (d, 2H, J=6 Hz),
7.69-7.47 (m, 6H), 6.94 (d, 1H, J=6 Hz), 6.87 (d, 2H, J=6 Hz), 6.77 (d, 1H, J=6 Hz),
6.68-6.63 (m, 2H), 6.44 (t, 1H, J=6 Hz), 3.40 (s, 6H). CHN analysis Found: C, 39.99%;
H, 3.16%; N, 7.45%, Calcd for CysH.4FsCIN,OsP: C, 39.98%; H, 3.22%; N, 7.46%.
Single crystals suitable for X-ray diffraction were obtained diffusion of diethyl ether into
a solution of complex 11 in methanol at 277 K.

[(n°-p-cym)Os(Azpy-NMe,)CI]PF; (12)

[(n®-p-cym)OsCly]; (100.0 mg, 0.126 mmol) is dissolved in methanol (40 mL). Azpy-
NMe, (57.4 mg, 0.254 mmol) in methanol (5 mL) was added drop-wise. The solution-
colour changed from yellow to blue immediately, it was stirred at ambient temperature
for 1 h. The volume was reduced to about 10 mL by removal of methanol on a rotary
evaporator. Ammonium hexafluorophosphate (205.8 mg. 1.26 mmol) was added. Then
the solution was left in the freezer for 24 h; A dark colour powder precipitated, which
was colleted by filtration and washed with cold ethano! and diethyl ether, then finally
dried in vacuum. Yield: 148.5 mg (80.6%). Anal. ES!-MS Calcd for C,3H,5CIN4Os: m/z
587.2, found 587.4. '"H NMR((CD;),CO) & 9.04 (d, 1H, J=6 Hz), 8.58 (d, 1H, J=8 Hz),
8.31-8.23 (m, 3H), 7.70 (m, 3H), 6.58 (d, 1H, J=6 Hz), 6.32-6.26 (m, 3H), 2.80 (s, 6H),
2.48-2.45 (m, 1H), 2.47 (s, 3H), 0.96 (d of d, 6H). CHN analysis Found: C, 37.72%; H,
3.72%; N, 7.69%, Calcd for Cy3H,3F¢CIN,OsP: C, 37.78 %; H, 3.86%; N, 7.66 %.
[(n%-p-cym)Os(pp-NMe)lJPF¢ (13). [(nf-p-cym)Osly], (50.0 mg, 0.043 mmol) was
dissolved in methanol (30 mL) at 313 K. pp-NMe; (19.5mg, 0.086 mmol) in methanol
(10 mL) was added drop-wise, the solution-colour changed from orange to red
immediately. The solution was stirred at ambient temperature for 2 h. The volume was
reduced to about 10 mL by removal of methanol on a rotary evaporator, and
ammonium hexafluorophosphate (141.8 mg. 0.87 mmol) was added. Then the solution
was left in the freezer for 24 h. Dark coloured powder was precipitated which was
collected by filtration, washed with cold ethanol and diethyl ether, then finally dried in
vacuum. Yield: 50.7 mg (72.9 %). ESI-MS Calcd for Cp4sH25IN3Os: m/z 821.6, found
821.6. "H NMR{(CD3),C0O): & 9.55 (d, 1H, J=5 Hz), 9.12 (s, 1 H), 8.45 (d, 1H, J=7 Hz),
8.24 (t, 1H, J=7 Hz), 7.83 (d, 2H, J=9 Hz), 7.73 (t, 1H, J=5 Hz), 6.89 (d, 2H, J=9 Hz),
6.38 (d, 1H, J=6 Hz), 6.04 (d, 1H, J=6 Hz), 5.92-5.87 (m, 2H), 3.15 (s, 6H), 2.65 (s,
3H), 2.21-2.23 (m, 1H), 1.08 (d of d, 6H). CHN analysis: Found: C, 34.53%; H, 3.36%;
N, 5.06%. Calcd for CpsH2gF¢IN3OsP: C, 35.08% H, 3.56% N, 5.11%.
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[(n®-bip)Os(pp)lPF¢. (14) This complex was prepared in an analogous manner to
compound [(n°-p-cym)Os(pp-NMe)i]PFs from [(n°-bip)Osly).. Yield: 78.1%. Anal.
Caled. for CpqHaF¢IN,OsP: C 36.10, H 2.52, N 3.51 Found: C 34.91, H 2.41, N 3.34

[(n®-p-cym)Os(pp)CIIPFs (15). This complex was prepared in an analogous manner to
compound [(n-p-cym)Os(pp-NMe,)I]PF¢ from [(n°-p-cym)OsCly). Yield: 77.4%. Anal.
Caled. for CpyH4CIFgN,OsP: C 38.46, H 3.52, N 4.08 Found: C 38.44, H 3.38, N 4.06

[(n®-p-cym)Os(pp-NMe,)IJPFs (16). This complex was prepared in an analogous
manner to compound [(n®-p-cym)Os(pp-NMe,)I]PF¢ from [(n®-p-cym)Osl,),. Yield:
85.6%. Anal. Calcd. for Cz4H20CIFgN;OsP: C 39.48, H 4.00, N 5.75 Found: C 39.43, H
3.89,N5.75

Instrumentation.

NMR Spectroscopy. 'H NMR spectra were acquired in 5 mm NMR tubes at 298 on
gither a Bruker DPX-400, Bruker DRX-500 or Bruker AV |1 700. 'H NMR chemical shifts
were referenced to acetone-dg (2.09 ppm). All data processing was carried out using
MestReC or TOPSPIN version 2.0 (Bruker U.K. Ltd.).

Electrospray lonisation Mass Spectrometry (ESI-MS). Spectra were obtained by
preparing the samples in 50% CH3;CN and 50% H,O (v/v) and infusing into the mass
spectrometer (Varian 4000). The mass spectra were recorded with a scan range of m/z
500-1000 for positive ions.

Elemental Analysis. Elemental analysis (Carbon, hydrogen, and nitrogen) were
carried out through Warwick Analytical Service using an Exeter analytical elemental
analyzer (CE440).

UV-Vis Spectroscopy. UV-vis spectra were recorded on a Cary 50-Bio
spectrophotometer by using 1-cm path-length quartz cuvettes (0.5 mL) and a PTP1
Peltier temperature controller. Spectra were recorded at ca. 310 K in double distilled

water from 800 to 200 nm.

Methods

N-acetyl-L-cysteine (NAC) treatment. A2780 cells were pre-treated with 5 mM NAC
for 2 h to increase their GSH (glutathione) levels and then the complexes were added
at concentrations above their ICso values: 2 (0.25 uM), 5 (0.25 pM), 12 (2.5 pM), 6
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(0.25 puM) and cisplatin (5.0 uM) for another 24 h treatment. Then NAC and osmium
complexes were removed at the same time and washed with PBS once, the cells were
incubate for 72 h for recovery. The cell viability was tested by SRB test same as used
for ICs test.
X-ray Crystallography. X-ray diffraction data for [(qe-p-cym)Os(Azpy)l]PFe (2), [(n%-
bip)Os(Azpy-O)lI-0.6H,0  (3),  [(n*p-cym)Os(Azpy-NMe,)IPFs  (5),  [(n°p-
cym)Os(Azpy)l]PFs  (8), [(n®-p-cym)Os(Azpy-NMe,)CIIPFs (11) and for [(n®-p-
cym)Osl;]l, were obtained on an Oxford Diffraction Gemini four-circle system with a
Ruby CCD area detector using Mo KO radiation. Absorption corrections were applied
using ABSPACK." The crystals were mounted in oil and held at 100(2) K with the
Oxford Cryosystem Cryostream Cobra. The structures were solved by direct methods
using SHELXS (TREF)"' with additional light atoms found by Fourier methods.
Refinement used SHELXL 97."* H atoms were placed at geometrically calculated
positions and refined riding on their parent atoms. The solvent water in 3" was refined
as disordered over the inversion centre at 50% occupancy. Hydrogens were located in
a difference map and allowed to refine freely but given thermal parameters equal to 1.5
time the equivalent isotropic value of the oxygen to which they are attached. The water
forms short hydrogen bonds bridging the phenoxides of two neighbouring complexes
(Fig. 1).
pH’ Measurements. The pH (pH meter reading without correction for effects of
deuterium on glass electrode) values of phosphate buffer was measured at ambient
temperature. Before NMR spectra were recorded, using a corning 240 pH meter
equipped with a microcombination electrode calibrated with Aldrich buffer solutions at
pH 4, 7 and 10.
Determination of IC5, Values.

SRB Growth Inhibition Assay
The concentrations of the osmium complexes that inhibit 50% of the proliferation of
human ovarian A2780 cancer cells were determined by sulforhodamine B test. A2780
cells were seeded in 96-well plate (Falcon) at 5000 cells/well, after the incubation for
48 h, The complexes were solubilised in DMSO (Sigma) to provide 10 mM stocks. The
stocks were serially diluted by cell culture media to give concentrations four-fold than
the final concentrations for the assay. The dilutions of complexes in cell culture media
were added to the 96-well plate with cells in triplicates to achieve the final
concentrations. The final DMSO concentration in each well was no more than 1% (v/v).
The complexes were removed after 24 h. The cells were washed with Phosphate
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Buffered Saline once and cell culture media was added 150 uL/well. The cells were
recovered for 72 h. The surviving cells were fixed by adding 150 pL/well of 50% (w/v)
trichloroacetic acid and incubated for 1 h at 277 K (277 K). The plates were washed
with tap water three times and dried under a flow of warm air, 0.4% sulforhodamine B
(Sigma) solution 100 pl/well followed by washing with 1% acetic acid five times and
dried under a flow of warm air. The dye was dissolved in 10 mM Tris buffer 200 pL/well.
The absorbance of each well was obtained by the Multiskan Ascent plate reader
(Labsystems) at 540 nm. The absorbance value of SRB in each well is directly
proportional to the cell number. Then the absorbance can be plotted against
concentration and the ICs, determined by using Origin software.

MTT Growth Inhibition Assay. Tumor cell growth inhibition was assessed using
the MTT assay.” 2 x 10° cells were inoculated into a 96-well plate and incubated
overnight at 37 °C in a humidified atmosphere containing 5% CO,. Complexes were
solubilised in DMSO as above, and then diluted in complete cell culture medium to give
a broad range of concentrations. Cisplatin was included in the screen as a comparator.
Medium was removed from each well and replaced with complex or control solutions,
and the plates then incubated for a further 96 hours. After 96 h culture medium was
removed and 200 pL of 0.5 mg mL™ MTT solution (Sigma) in complete medium added
to each well. Following further 4 h incubation, the solution was removed from each well
and 150 pL of DMSO (Sigma) added to solubilise the formazan crystals resulting from
MTT conversion. Absorbance values for the resulting solutions were read at 550 nm on
a microplate reader and cell survival calculated as the absorbance of treated cells
divided by the control. Results were expressed in terms of ICs; values (i.e.
concentration of compound required to kill 50% of cells) and all experiments were
performed in triplicate.

Cell Lines. The following human cancer cell lines were cultured in RPMI 1640 cell
culture medium supplemented with 1 mM sodium pyruvate, 2 mM L-glutamine and 10%
fetal bovine serum (all from Sigma): A549 non-small cell lung, HCT-116 colon, MCF-7
breast, PC-3 prostate (all from LGC Promochem, Teddington, UK), A2780/cis ovarian
(cisplatin-resistant) and RT-112 bladder (both from ECACC, Salisbury, UK).

Animals. Female Balb/c immunodeficient nude mice (Harlan, Loughborough, UK)
aged 6-12 weeks were used. Mice received Harlan 2018 diet (Harlan) and water ad
libitum. Mice were kept in cages in an air-conditioned room with regular alternating
cycles of light and darkness. All animal procedures were carried out under a project
licence issued by the UK Home Office and UKCCCR guidelines (Workman P,
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Twentyman P, Balkwill F et al: United Kingdom Co-ordinating Committee on Cancer
Research (UKCCCR) Guidelines for the Welfare of Animals in Experimental Neoplasia
(Second Edition). Br J Cancer 77: 1-10, 1998) were followed throughout.

Evaluation of in vivo toxicity. HCT-116 was used in the study. Tumours were
excised from a donor animal, placed in sterile physiological saline containing antibiotics
and cut into small fragments of approximately 2 mm?®. Under brief general inhalation
anaesthesia, fragments were implanted in the left right abdominal flank of each mouse
using a trocar. Once the tumours could accurately be measured using callipers (mean
tumour volume of approximately 50 mm?®), treatment commenced. Complexes 3 and 6
were solubilised in 10% DMSO; 5% Tween-80; 85% saline and were administered
intravenously to groups of 2 mice on day 0. Animals were weighed frequently and
monitored for any deleterious effects over a period of 15 days. Increasing doses of
complexes starting at 2 mg kg™ were administered with no evident toxicity until a

maximum soluble dose of 40 mg kg™ was achieved.

GSH Reaction. A solution containing [(n®-p-cym)Os(Azpy-NMe,)I]PF; (6) (100 uM) and
GSH (10 mM) was incubated at 310 K in 95% phosphate buffer (10 mM) and 5%
methanol and was monitored by "H-NMR spectroscopy for a period of 24 h .

Results and Discussion

Previously we reported the synthesis of the two Os" azopyridine complexes [(n°-
arene)Os(azpy-NMe,)CIJPFs with arene = biphenyl (11) and p-cymene (12)."
Cytotoxicity tests for these complexes were hampered by their low solubility and the
occurrence of precipitation under the test conditions used. No activity towards human
A549 lung cancer cells was detected up to concentrations of 100 pM. In the present
work we have explored complexes with iodide replacing chloride, with a dimethylamine
or hydroxyl substituent on the phenyl ring of the phenylazopyridine chelating ligand,
and also checked that the complexes remained in solution under the test conditions
and did not precipitate (vide infra).

Chemistry. Six novel iodido osmium arene complexes containing chelated
phenylazopyridine ligands (Azpy, Azpy-OH and Azpy-NMe,) were synthesized in good
yields with PFg as the counter anion. In general they have poor aqueous solubility, with
the biphenyl complexes being less water-soluble than the para-cymene complexes.
The structures of the iodido Azpy complex 2, the Azpy-OH complex 3 and the Azpy-
NMe, 5 were determined by X-ray crystallography. For comparison, six chlorido
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analogues were synthesized and the structures of the Azpy complex 8 and Azpy-NMe;
complex 11 were also determined by X-ray crystaliography. We have reported the X-
ray structure of 12 previously." We also determined the structure of the dimer [(n°-p-
cym)Osly), which is an important synthetic intermediate in this work (Fig. 3).

All the osmium complexes adopt the familiar pseudo-octahedral ‘piano-stool’
structure in the crystalline state, (Fig. 1) with bond lengths and angles within the
expected ranges. The crystal [(n°-bip)Os(azpy-O)lJ-0.5H,0 (3') obtained by slow
evaporation of a methanolic solution of complex 3 [(n°-bip)Os(Azpy-OH)I]PFs has no
counter ion and a short 015-C12 bond length (1.258(4) ) indicating deprotonation of
the OH group, with iodide balancing the change on Os". A water molecule in the lattice
forms a short H-bond with the phenoxide group and bridges two phenoxides of
neighbouring complexes, This provides a rare example of a structure in this class for a
deprotonated osmium arene complex without a counter-ion (Fig. 4). The pK, of the
hydroxy! group of 3 was determined to be less than 7 (comparable with a value of 6.48
for the ruthenium analogue)15 and so the complex would be expected to be
deprotonated under the conditions of the cytotoxicity assays (pH 7), as in the X-ray
structure. Selected bond lengths and angles for these structures are listed in the
supporting information (Table 2).

Cytotoxicity.

Under the conditions used here, and in contrast to previous studies on complexes 11
and 12, the complexes appeared to be soluble in the culture medium at the
concentrations tested and no precipitation was observed after 24 h. None of the
azopyridine ligands themselves showed any anti-proliferative activity against A2780
human ovarian cancer cells line at concentrations up to 100 uM. The ICs, values of the
osmium complexes with phenyl azopyridine derivatives as the chelating ligand ranged
from 0.14 pM for the iodido biphenyl complexes 3 and 5 with Azpy-OH and Azpy-NMe,
ligands, to more than 50 pM for the chlorido complex 8 containing Azpy.

The ICs, values for complexes 1-12 against the A2780 human ovarian cancer cell line
are given in Table 1A. The IC5 values for complexes 13-16 against A2780 human

ovarian cancer cell line are given in Table 1B

From the preliminary results against the A2780 cell line, 3 complexes were selected for
further evaluation against cancer cell lines of differing histotype, and also against a

cisplatin-resistant subline of A2780, A2780/cis. As can be seen from Table 1C,
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complexes 3 and 6 demonstrated at least 10-fold greater potency than cisplatin against
all cell lines tested apart from RT-112 which demonstrated a 3-fold difference for
complex 3. Complex 12 demonstrated similar potency to cisplatin over the panel. The
biggest differential for all 3 complexes was seen for the PC-3 cell line.
Evaluation of in vivo toxicity. Complex 3 and 6 were selected for further evaluation in
vivo based on their promising in vitro activity. On evaluation of their toxicity in a nude
mouse tumour HCT-116 xenograft model, the complexes demonstrated negligible
deleterious effects at doses up to and including their maximum soluble dose of 40 mg
kg™". This dose is approximately 6 times higher than the maximum tolerated dose of
cisplatin in the same tumour model, and suggests that with the comparative lack of
toxicity of the complexes there is likely to be a much broader therapeutic window. This
will be investigated in extensive in vivo pharmacokinetic and efficacy studies.
Stability and Hydrolysis. We investigated the hydrolysis (aquation) of these
azopyridine complexes since this is a potential mechanism for activation of halido
osmium arene complexes in their reactions with biological targets such as DNA.®
The aqueous behavior of the highly active complexes 6, moderately active complex 12,
and inactive complex 8 was studied at 310 K over 24 h. As judged by the observation
of their 'H NMR spectra in 95% deuterated phosphate buffer (10 mM)/5% MeOD-d,,
which remained unchanged, (Fig 5) mass spectra, which showed ions corresponding to
the chlorido and iodido complexes, and UV-vis spectra, (Fig 6) which also showed no
change, complexes 6 and 12 remained stable and did not hydrolyze over a period of 24
h.

In contrast, the '"H NMR spectrum of a 50 uM solution of complex 8 in 95% 10
mM D,O phosphate buffer /5% MeOD-d, showed the disappearance of the peaks
corresponding to the azopyridine ligand suggesting that the complex is less stable that
the iodido complexes. An attempt to remove the chioride from complex 12 by reacting it
with silver nitrate under reflux overnight, did not lead to an aqua product, only the
chlorido complex was shown in the mass spectra (Fig 7), indicating that the Os-Cl bond
is strong.
We therefore concluded that the most active complexes are stable and relatively inert
towards hydrolysis.

Effect of N-acetyl-L-cysteine on Cytotoxicity
Pretreatment of cells with NAC can block cisplatin-dependent caspase-3 activation and
apoptosis by inhibiting the accumulation of intracellular reactive oxygen species (ROS)
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and maintaining intracellular GSH levels.” In order to investigate possible involvement
of ROS in the cytotoxicity of phenylazopyridine Os" arene complexes, we therefore
investigated the effect of pretreatment of the cells with NAC. Cisplatin was used as the
positive control, whereas cells not treated with osmium complexes served as the
negative control.

A2780 cells were treated with concentrations of the iodido complexes 3, 5 and 6
and the chlorido complex 12 which were 1.2 - 1.8x higher than their 1Csy values and
2.5x in the case of cisplatin. These doses reduced cell growth to <30% of the control
value (Fig. 8). When the cells were pretreated with 5 mM N-acetyl-L-cysteine for 2 h to
increase the intracellular glutathione concentration,’ the antiproliferation effects of all
the complexes were markedly inhibited. Growth levels of > 70% were restored. The
exception was the chlorido complex 12, for which NAC pretreatment had only a small
effect on restoring growth (Fig 8). The suggests that, unlike these azopyridine osmium
arene iodido complexes or cisplatin, the chlorido complexes do not depend on the
production of ROS for their mechanism of cytotoxicity.

Since it was possible that the complexes might react directly with NAC and that
the effects are not merely due to effects on thiol levels in cells, the 'H NMR spectrum of
a solution containing 1.0 mM [(n®-p-cym)Os(Azpy-NMe2)i]PFs (6) and excess (7.35
mM) NAC in 30% acetone-d; and 70% phosphate buffer (10 mM pH=7.0) was
monitored for a period of 24 h at 310 K. No new peaks appeared in the NMR spectrum
(Fig 9) suggesting that this iodido osmium azopyridine complex does not readily react
with NAC.

Reaction with GSH. Since some phenylazopyridine ruthenium arene complexes
appear to oxidize GSH catalytically, similar reactions were studied for the osmium
analogues. The '*H NMR spectrum of a solution containing the highly cytotoxic iodido
complex [(nt-p-cym)Os(Azpy-NMe,)I]PFs (6) (100 pM) and a 100x molar excess of
GSH (10 mM, to mimic possible intracellular conditions) showed little change over a
period of 24 h. This suggests that complex 6 does not catalytically oxidize GSH, unlike
the behavior of the analogous Ru" complex which catalytically oxidizes GSH to
GSSG," The mechanism of cytoxicity of these Os" azopyridine complexes therefore
appears to differ from that of the Ru" analogues, perhaps explaining why the Os'
complexes are more potent.
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Conclusion

Organometallic osmium arene complexes have potential for exploration as
anticancer complexes. Their rates of ligand substitution and their redox properties
(metal- or ligand-centered) are controlled by the choice of the ligands. Pseudo-
octahedral ‘piano-stool’ arene complexes are attractive since they provide an
hydrophobic arene face amenable to a wide variety of substitutions together with 3
other variable coordination positions. Both the arene and the other ligands can have a
major effect on determining the electron distribution within a complex. In the present
case the chelated azopyridine ligand is both a o-donor and a strong m-acceptor, ie.
there is a strong back-donation of electrons from Os" onto the azopyridine ligand which
has a large effect on reactivity. lodido complexes were more active than chlorido
complexes and those containing p-hydroxyl or p-dimethylamino substituents on the
phenylazopyridine chelating ligand (e.g. complexes 3 and 6) were cytotoxic at
nanomolar concentrations towards ovarian, lung, breast, colon, prostate, and bladder
cancer cells, an order of magnitude more potent than cisplatin, and (unexpectedly) than
their Ru" analogues. They are also inert to hydrolysis, but unlike their Ru" analogues
do not oxidize GSH catalytically. Cytotoxicity was inhibited by pre-treatment of the cells
wth N-acetyl-L-cysteine suggesting that reactive oxygen species (ROS) are involved in
their mechanism of action. These Os"complexes exhibited low toxicity and negligible
deleterious effects in a HCT-116 tumour xenograft model which might provide them
with a broad therapeutic window.

Further complexes and studies

The present inventors have synthesised further complexes and also carried out further

studies, the details of which are shown below:

Ligand Names:

1-CF3-4-Cl-Azpy 2-Choro-5-trifluoromethyl-2- (phenylazo)pyridine
1-Cl-Azpy 5-Choro-2-(phenylazo)pyridine

2-F-Azpy 4-Fluoro-2-(phenylazo)pyridine

2-Cl-Azpy 4-Choro-2-(phenylazo)pyridine

2-Br-Azpy 4-Bromo-2-(phenylazo)pyridine

2-1-Azpy 4-lodo-2-(phenylazo)pyridine

3-Cl-Azpy 3-Choro-2-(phenylazo)pyridine




WO 2011/131925 PCT/GB2011/000591
30

OH-Azpy-NO, 5-Hydroxyl-2-(4-nitrophenylazo)pyridine

Imine-S N-(2-pyridylmethylene)-(S)-1-phenylethylamine

Imine-R N-(2-pyridylmethylene)-(R)-1-phenylethylamine

FY107
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The cytotoxicity studies were carried out as described previously above.
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Synthesis and Characterization:

(FY012) [(n°bip)Os(pp-NMe)lJPFs [(n®-bip)Osl); (50.0 mg, 0.042 mmol) was
dissolved in methanol (30 mL) at 353 K. pp-NMe; (18,8mg, 0.84 mmol) in methanol (10
mL) was added drop-wise, the solution-colour changed from orange to red
immediately. The solution was stirred at 353K for 4 h. The volume was reduced to
about 10 mL by removal of methanol on a rotary evaporator, and ammonium
hexafluorophosphate (27.3 mg. 0.17 mmol) was added. Then the solution was left in
the freezer for 24 h. red colour powder was precipitated which was collected by
filtration, washed with cold ethanol and diethyl ether, then finally dried in vacuum. Yield:
35.1 mg (49.8 %). ESI-MS Calcd for CuHasiN;Os: m/z 698.1, found 698.1. 'H
NMR((CD;),CO): d 9.29 (d, 1H, J=5 Hz), 9.02 (s, 1 H), 8.42 (d, 1H, J=8 Hz), 8.18 (t,
1H, J=8 Hz), 7.65 (d, 2H, J=9 Hz), 7.51-7.38 (m, 7H). 6.88 (d, 1H, J=6 Hz), 6.74 (d, 2H,
J=9 Hz), 6.62 (t, 1H, J=6 Hz), 6.55 (d, 1H, J=6 Hz), 6.50 (t, 1H, J=6 Hz), 6.34 (t, 1H,
J=6 Hz), CHN analysis: Found: C, 41.54%; H, 3.31%; N, 5.61%. Calcd for
C,4HsCIFgN3OsP: C, 41.63% H, 3.36% N, 5.60%.

(FY098) [(n®-bip)Os(pp)CIJPF; [(n®-bip)OsCly). (50.0 mg, 0.060 mmol) was dissolved
in methanol (30 mL) at 353 K. pp (21.9mg, 0.12 mmol) in methanol (10 mL) was added
drop-wise, the solution-colour changed from orange to red immediately. The solution
was stirred at 353 K for 4 h. The volume was reduced to about 10 mL by removal of
methanol on a rotary evaporator, and ammonium hexafluorophosphate (39.1 mg. 0.24
mmol) was added. Then the solution was left in the freezer for 24 h. Dark colour
powder was precipitated which was collected by filtration, washed with cold ethanol
and diethyl ether, then finally dried in vacuum. Yield: 64.0 mg (75.3 %). ESI-MS Calcd
for CaqHCIN,Os: miz 563.1, found 563.0. *H NMR((CD;),CO): 3 9.42 (d, 1H, J=5 Hz),
9.28 (s, 1 H), 8.53 (d, 1H, J=8 Hz), 8.34 (t, 1H, J=8 Hz), 7.80 (t, 1H, J=8 Hz), 7.62 (d,
2H, J=9 Hz), 7.58(d, 2H, J=9 Hz), 7.54-7.45 (m, 6H). 6.71 (d, 1H, J=6 Hz), 6.45 (d, 1H,
J=6 Hz), 5.45-5.40 (m, 2H). 6.36 (t, 1H, J=6 Hz), CHN analysis: Found: C, 40.77%; H,
2.79%:; N, 3.91%. Calcd for C34H20CIFgN,OsP: C, 40.77% H, 2.85% N, 3.96%.

(FY150) [(n®-bip)Os(pp-OH)CIIPF; [(n®bip)OsCly}. (50.0 mg, 0.060 mmol) was
dissolved in methanol (20 mL) and water (10 mL) mixture at 353 K. pp-OH (23.8mg,
0.012mmol) in methanol (10 mL) was added drop-wise, The solution was stirred at 353
K for 4 h. The volume was reduced to about 10 mL by removal of methanol on a rotary
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evaporator, and ammonium hexafluorophosphate (97.8 mg. 0.6 mmol) was added.
Then the solution was left in the freezer for 24 h. Dark colour powder was precipitated
which was collected by filtration, washed with cold ethanol and diethyl ether, then
finally dried in vacuum. Yield: 15.3 mg (17.2 %). ESI-MS Calcd for Cp4H2CIN,OOs: m/z
579.1, found 579.0. "H NMR({CD3),CQ): 8 9.36 (d, 1H, J=6 Hz), 9.18 (s, 1 H), 8.47 (d,
1H, J=8 Hz), 8.29 (t, 1H, J=8 Hz), 7.76 (t, 1H, J=9 Hz),7.58 (d, 2H, J=8 Hz), 7.54-7.43
(m, 5H), 6.92 (d, 2H, J=9 Hz), 6.74 (d, 1H, J=6 Hz), 6.64 (d, 1H, J=6 Hz), 6.45 (t, 1H,
J=6 Hz), 6.42 (t, 1H, J=6 Hz), 6.35 (t, 1H, J=6 Hz), CHN analysis: Found: C, 39.44%,;
H, 2.84%; N, 3.71%. Calcd for C24HCIFgN,OOsP: C, 39.87% H, 2.79% N, 3.87%.

(FY119) [(n®-p-cym)Os(pp-OH)CI] PF [(n°-p-cym)OsCly); (50.0 mg, 0.063 mmol) was
dissolved in methanol (30 mL) at 313 K. pp-OH (25.0 mg, 0.12 mmol) in methanol (10
mL) was added drop-wise, the solution-colour changed from orange to red
immediately. The solution was stirred at ambient temperature for 2 h. The volume was
reduced to about 10 mL by removal of methanol on a rotary evaporator, and
ammonium hexafluorophosphate (41.2 mg. 0.25 mmol) was added. Then the solution
was left in the freezer for 24 h. Dark colour powder was precipitated which was
collected by filtration, washed with cold ethanol and diethy! ether, then finally dried in
vacuum. Yield: 53.8 mg (63.7 %). ESI-MS Calcd for C;;,H,4CIN,OOs: m/z 559.1, found
559.1. 'H NMR((CD;),CO): & 9.60 (d, 1H, J=5 Hz), 9.35 (s, 1 H), 8.50 (d, 1H, J=7 Hz),
8.34 (t, 1H, J=7 Hz), 7.84(t, 1H, J=6 Hz), 7.75 (d, 2H, J=9 Hz), 7.08 (d, 2H, J=9 Hz),
6.46 (d, 1H, J=6 Hz), 6.00 (d, 1H, J=6 Hz), 5.84 (d, 1H, J=6 Hz), 2.81 (s, 3H), 2.65-2.55
(m, 1H), 2.41 (s, 6H), 1.09 (d of d, 6H). CHN analysis: Found: C, 37.82%; H, 3.33%; N,
3.91%. Calcd for CxHCIFsN,OOsP: C, 37.58% H, 3.44% N, 3.98%.

(FY093) [(n°-bip)Os(pp-NMe2)CIIPFs [(n°-bip)OsCl). (50.0 mg, 0.060 mmol) was
dissolved in methanol (20 mL) at 313 K. pp-NMe; (27.1mg, 0.12 mmol) in methanol (10
mL) was added drop-wise, the solution-colour changed from orange to red
immediately. The solution was stirred at 353K for 12 h. The volume was reduced to
about 10 mL by removal of methanol on a rotary evaporator, and ammonium
hexafluorophosphate (39.1 mg. 0.24 mmo!) was added. Then the solution was left in
the freezer for 24 h. red colour powder was precipitated which was collected by
filtration, washed with cold ethanol and diethy! ether, then finally dried in vacuum. Yield:
52.0 mg (57.8 %). ESI-MS Calcd for Cp4H2CIN,Os: m/z §63.1, found 563.0. 'H
NMR((CD5),CO): & 9.31 (d, 1H, J=5 Hz), 9.09 (s, 1 H), 8.39 (d, 1H, J=8 Hz), 8.25 {t,
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1H, J=8 Hz), 7.70 (t, 1H, J=9 Hz),7.61-7.44 (m, 7TH). 6.77 (d, 2H, J=9 Hz), 6.74 (d, 1H,
J=6 Hz), 6.62 (d, 1H, J=6 Hz), 6.63-6.45 (m, 2H), 6.34 (t, 1H, J=6 Hz), CHN analysis:
Found: C, 41.54%; H, 3.31%; N, 5.61%. Calcd for C,4HxCIFgN,OsP: C, 41.63% H,
3.36% N, 5.60%.

(FY107) [Os(n®-bip)(1-CF3-4-Cl-azpy)I]PFs. [Os(n®-bip)l;]; (50.0 mg, 0.042 mmol) was
dissolved in methanol (40 mL) at 353 K. 1-CF;-4-Cl-azpy (24.0 mg, 0.084 mmol) in
methanol (10 mL) was added drop-wise. The solution was stirred at 353 K for 16 h. The
volume was reduced to about 10 mL by removal of methanol on a rotary evaporator,
and ammonium hexafluorophosphate (27.7 mg. 0.17 mmol) was added. The solution
was then left in the freezer for 24 h. Dark colored powder was precipitated which was
collected by filtration, washed with cold ethanol and diethyl ether, then finally dried in
vacuum. Yield: 43.1 mg (57.1 %). ESI-MS Calcd for C4H1;CIF3IN;0s: m/z 758.0, found
757.8. "H NMR((CD5),CO): & 9.80 (s, 1H), 8.71 (d, 1H, J = 2 Hz), 7.96 (d, 2H, J = 8
Hz), 7.72 (t, 1H, J = 8 Hz), 7.56-7.44 (m, 6H), 7.42-7.38(m, 2H), 7.27 (t, 1H, J = 6 Hz),
7.22 (d, 1H, J =6 Hz), 6.98 (t, 1H, J = 6 Hz), 6.88 (d, 1H, J =6 Hz), 6.77 (1, 1H, J =6
Hz), CHN analysis: Found: C, 31.98%; H, 2.08%; N, 4.34%. Calcd for
C24H17CIFoIN;OsP: C, 31.96% H, 1.90% N, 4.66%.

(FY110) [Os(n®-bip)(1-Cl-azpy)llPFs. [Os(n-bip)l;]. (30.0 mg, 0.025 mmol) was
dissolved in methanol (40 mL) at 353 K. 1-Cl-azpy (10.8 mg, 0.050 mmol) in methanol
(10 mL) was added drop-wise. The solution was stirred at 3563 K for 2 h. The volume
was reduced to about 10 mL by removal of methanol on a rotary evaporator, and
ammonium hexafluorophosphate (16.3 mg. 0.10 mmol) was added. The solution was
then left in the freezer (253K) for 24 h. Dark colored powder was precipitated which
was collected by filtration, washed with cold ethanol and diethyl ether, then finally dried
in vacuum. Yield: 22.0 mg (52.8 %). ESI-MS Calcd for C,3H15CIIN;Os: m/z 690.0, found
689.9. 'H NMR((CD;),CO): 6 8.56 (d, 1H, J = 6 Hz), 8.33 (t, 1H, J = 8 Hz), 8,19 (d, 1H,
J =6 Hz), 7.87 (d, 2H, J = 8 Hz), 7.66 (t, 1H, J = 8 Hz), 7.52-7.39 (m, 7H), 7.19 (d, 1H,
J =6 Hz), 7.00 (t, 2H, J = 6 Hz), 6.99-6.78 (m, 2H). CHN analysis: Found: C, 32.82%;
H, 2.08%; N, 4.75%. Calcd for C3H1sCIFsIN3OsP: C, 33.12%; H, 2.18%; N, 5.04%.

(FY112) [0s(n°-p-cym)(1-Cl-azpy)I]PF;. [Os(n®-p-cym)iz), (50.0 mg, 0.043 mmol) was
dissolved in methanol (30 mL). 1-Cl-azpy (18.7 mg, 0.086 mmol) in methanol (10 mL)
was added drop-wise. The solution was stirred at 353 K for 4 h. The volume was
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reduced to about 10 mL by removal of methanol on a rotary evaporator, and
ammonium hexafluorophosphate (28.0 mg. 0.17 mmol) was added. The solution was
then left in the freezer (253K) for 24 h. Dark colored powder was precipitated which
was collected by filtration, washed with cold ethanol and diethyl ether, then finally dried
in vacuum. Yield: 28.0 mg (40.0 %). ESI-MS Calcd for C,1H,ClIN3Os: m/z 670.0, found
669.9. 'H NMR((CD;),CO): 6 9.01 (d, 1H, J = 6 Hz), 8.20 (d, 1H, J = 8 Hz), 8.14-8.02
(m, 3H), 7.81 (m, 1H), 7.14 (d, 2H, J = 9 Hz), 6.61 (m, 2H), 6.46 (d, 1H, J = 6 Hz), 6.16
(m, 4K), 2.39 (s, 3H), 2.69-2.64 (m, 1H), 1.03 (d of d, 6H). CHN analysis: Found: C,
30.38%; H, 2.62%; N, 5.11%. Calcd for C,H2,CIFsIN3OsP: C, 30.99%; H, 2.72%; N,
5.16%.

(FY069) [Os(n°-bip)(2-F-azpy)llPFs. [Os(n®-bip)l2 (25.0 mg, 0.021 mmol) was
dissolved in methanol (20 mL) at 313 K. 2-F-Azpy (8.4 mg, 0.042 mmol) in methanol
(10 mL) was added drop-wise, the solution-color changed from yellow to brown
immediately. The solution was heated under reflux (353K) for 12 h. The volume was
reduced to about 10 mbL by removal of methanol on a rotary evaporator, and
ammonium hexafluorophosphate (13.7 mg. 0.084 mmol) was added. The solution was
then left in the freezer (253K) for 24 h. Dark colored powder was precipitated which
was collected by filtration, washed with cold ethanol and diethyl ether, then finally dried
in vacuum. Yield: 15.5 mg (45.0 %). ESI-MS Calcd for Cy3H1sFIN3Os: m/z 674.0, found
674.1. 'H NMR({CD5),CO): 8 9.50 (1, 1H, J = 2 Hz), 8.88 (d of d, 1H), 8,91 (d of d, 2H),
8,32(d of t, 1H), 8,02 (d of d, 1H), 7.95-7.92 (m, 2H), 7.73-7.41 (m, 5H), 7.13-7.09 (m,
2H), 6.96 (t, 1H, J = 7 Hz). 6.79 (d, 1H, J = 7 Hz), 6.65 (t, 1H, J = 7 Hz). CHN analysis:
Found: C, 34.17%; H, 2.28%: N, 5.04%. Calcd for Cy3H4sF7IN3sOsP: C, 33.79%; H,
2.22%; N, 5.14%.

(FY078) [Os(n®-bip)(2-Cl-azpy)lPFs. [Os(n®-bip)l), (30.0 mg, 0.025 mmol) was
dissolved in methanol (10 mL) at 353 K and heated under reflux for 1 h. 2-Cl-azpy
(10.8mg, 0.050 mmol) in methanol (10 mL) was added drop-wise. The solution was
stirred at 353 K for 2 h. The volume was reduced to about 10 mL by removal of
methanol on a rotary evaporator, and ammonium hexafluorophosphate (16.3 mg. 0.10
mmol) was added. The solution was then left in the freezer (253K) for 24 h. Dark
colored crystalline was precipitated which was collected by filtration, washed with cold
ethanol and diethyl ether, then finally dried in vacuum. Yield: 24.5 mg (29.3 %). ESI-MS
Calcd for Cp3H:sClIN;Os: m/z 690.0, found 689.9. '"H NMR((CD;).CO): & 9.46 (d, 1H, J
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= 3 Hz), 8.99 (d, 1H, J = 9 Hz), 8,40 (d of d, 1H), 7.91 (d, 2H, J = 8 Hz), 7.69 (t, 1H, J =
8 Hz), 7.55-7.47 (m, 3H), 7.44-7.39(m, 4H), 7.13 (d, 1H, J = 6 Hz), 7.09 (t, 1H, J = 6
Hz), 6.89 (t, 1H, J = 6 Hz), 6.82 (d, 1H, J = 6 Hz), 6.72 (t, 1H, J = 6 Hz). CHN analysis:
Found: C, 32.92%; H, 2.06%:; N, 5.03%. Calcd for Cp3HsCIF¢IN;OsP: C, 33.21%; H,
2.18%; N, 5.04%.

(FY061) [Os(bip)(2-Br-azpy)I]PFs. [Os(bip)l2)2 (30.0 mg, 0.025 mmol) was dissolved in
methanol (30 mL) and water (10 mL), and the solution was heated under reflux (T=353
K) for 1.5 h. 2-Br-azpy (13.1 mg, 0.05 mmol) in methanol (10 mL) was added drop-
wise, the solution-color changed from orange to brown immediately. The solution was
stirred and heated under reflux for 1.5 h further. The volume was reduced to about 10
mL by removal of methanol on a rotary evaporator, and ammonium
hexafluorophosphate (16.4 mg. 0.2 mmol) was added. The solution was then left in the
fridge for 24 h. Dark colored powder was precipitated which was collected by filtration,
washed with cold ethanol and diethyl ether, then finally dried in vacuum. Yield: 22.5 mg
(51.2 %). ESI-MS Calcd for CyHisBriN;Os: m/z 733.9, found 733.7. 'H
NMR((CD;),CO): & 9.50 (d, 1H, J =2 Hz), 8.91 (d, 1H, J = 9 Hz), 8,52 (d of d, 1H), 7.92
(d, 2H, J = 8 Hz), 7.69 (t, 1H, J = 8 Hz), 7.55-7.44 (m, 2H), 7.43-7.39 (m, 5H), 7.16-
7.19 (m, 2H), 6.87 (t, 1H, J = 6 Hz), 6.81 (d, 1H, J =6 Hz), 6.71 (t, 1H, J =6 Hz). CHN
analysis: Found: C, 31.94%; H, 1.97%; N, 4.74%. Calcd for CyH:sBrFsIN;OsP: C,
31.45%; H, 2.07% N, 4.78%.

(FY070) [Os(n°-bip)(2-1-azpy)l]PFs. [Os(n’bip)l]. (26.0 mg, 0.022 mmol) was
dissolved in methanol (20 mL) and water (5 mL), and the solution was heated under
reflux (T=353 K) for 1 h. 2-Br-azpy (13.4 mg, 0.043 mmol) in methanol (5 mL) was
added drop-wise, the solution-color changed from orange to brown immediately. The
solution was stirred and heated under reflux for 1 h further. The volume was reduced to
about 10 mL by removal of methanol on a rotary evaporator, and ammonium
hexafluorophosphate (14.3 mg. 0.088 mmol) was added. The solution was then left in
the fridge for 24 h. Dark colored powder was precipitated which was collected by
filtration, washed with cold ethanol and diethy! ether, then finally dried in vacuum. Yield:
19.2 mg (52.0 %). ESI-MS Calcd for CyHigFsINsOs: m/z 781.9, found 781.8. 'H
NMR((CD;),CO): 6 9.54 (d, 1H, J = 2 Hz), 8.74 (d, 1H, J = 9 Hz), 8,64 (d of d, 1H), 7.92
(d, 2H, J =8 Hz), 7.70 (t, 1H, J = 8 Hz), 7.52-7.46 (M, 3H), 7.44-7.41(m, 4H), 7.15 (d,
1H, J = 6 Hz), 7.09 (d, 1H, J = 6 Hz), 6.83-6.78 (m, 2H), 6.69 (t, 1H, J = 6 Hz). CHN
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analysis: Found: C, 29.90%; H, 1.87%; N, 4.51%. Calcd for C,3HigFelaN3OsP: C,
29.85%; H, 1.96% N, 4.54%.

(FY067) [Os(n®-p-cym)(2-l-azpy)i]PF¢. [Os(nf-p-cym)lz]s (25.0 mg, 0.022 mmol) was
dissolved in methanol (40 mL) at 313 K. 2-I-Azpy (13.4 mg, 0.043 mmol) in methanol
(10 mL) was added drop-wise, the solution-color changed from orange to blue
immediately. The solution was stirred at ambient temperature for 4 h. The volume was
reduced to about 10 mL by removal of methanol on a rotary evaporator, and
ammonium hexafluorophosphate (14.0 mg. 0.086 mmol) was added. The solution was
then left in the freezer (253K) for 24 h. Dark colored powder was precipitated which
was collected by filtration, washed with cold ethanol and diethyl ether, then finally dried
in vacuum. Yield: 27.4 mg (70.4 %). ESI-MS Calcd for C21Ha:F¢IN3Os: m/z 762.0, found
761.8. "H NMR((CD5),CO): § 9.89 (s, 1H), 9.13 (m, 1H), 8.71 (d of d, 1H), 8.18 (m, 2H),
7.82-7.73 (m, 2H), 6.91 (d, 1H, J = 6 Hz), 6.59 (d, 1H, J = 6 Hz), 6.41 (d, 1H, J = 6 Hz),
6.35 (d, 1H, J = 6 Hz), 2.83 (s, 3H), 2.65-2.61 (m, 1H), 1.02 (d of d, 6H). CHN
analysis: Found: C, 27.62%; H, 2.27%; N, 4.64%. Calcd for C,1HxFsloN;OsP: C,
27.86%; H, 2.45% N, 4.64%.

(FY052) [Os(n®-bip)(3-Cl-Azpy)I]PFs. [Os(n’-bip)l]; (30.0 mg, 0.025 mmol) in
methanol (30 mL) and water (10 mL) was heated under refluxed (T=348 K) for 1.5 h. 3-
Cl-Azpy (11.2 mg, 0.052 mmol) in methanol (10 mL) was added drop-wise. The
solution colour changed from orange to dark red immediately, it was stirred at 348 K for
1.5 h. The volume was reduced to 10 ml ac by removal of methanol on a rotary
evaporator and ammonium hexafluorophosphate (41.0 mg. 0.25 mmol) was added.
Then the solution was left in the fridge for 24 h. A dark colour powder precipitated,
which was filtered off, washed with cold methanol and diethyl ether, dried in vacuum.
Yield: 28.4 mg (68.1%). Anal. ESI-MS Calcd for C»3HqsCIIN3Os: m/z 690.0, found
689.9. '"H NMR((CD3),C0) 6 9.41 (d, 1H, J = 6 Hz), 9.14 (d, 1H, J = 2 Hz), 7.96-7.90
(m, 3H), 7.74 (t, 1H, J = 5 Hz), 7.59-7.41 (m, 7TH), 7.13 (d, 1H, J =6 Hz), 7.05 (1, 1H, J
= 6 Hz), 6.92-6.85 (m, 2H), 6.74 (t, 1H, J = 6 Hz). CHN analysis Found: C, 33.12%; H
2.18%; N 5.04%, Calcd for Co3H1CIFsIN;OsP: C, 32.89%; H, 2.89%; N, 5.48%.

(FY043) [Os(n®-p-cym)(Abpy)l]PFs. [Os(n®-p-cym) I}, (40.0 mg, 0.035 mmol) was
dissolved in 50 mL of methanol at 313 K; Abpy (16.1 mg, 0.087 mmol) in methanol (5
mL) was added drop-wise, the solution colour changed from orange to pink
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immediately; it was stirred at ambient temperature for 16 h. The volume was reduced to
10 ml ca by removal of methanol on a rotary evaporator. Ammonium
hexafluorophosphate (56.2 mg. 0.35 mmol) was added. Then the solution was left in
the freezer (253K) for 24 h. A dark colour precipitate formed, which was filtered off,
washed with cold ethanol and diethyl ether, then finally dried in vacuum. Yield: 35.2 mg
(64.5%). Anal. ESI-MS Calcd for CypHzIN,Os: m/z 637.0, found 637.0. H
NMR((CD,),CO) d 9.74 (d, 1H, J =6 Hz), 9.12 (m, 1H), 8.90 (d, 1H, J =5 Hz), 8.41 (m,
1H), 8.22 (m, 2H), 7.86 (m, 2H), 6.78 (d, 1H, J = 6 Hz), 6.72 (d, 1H, J = 6 Hz), 6.57 (d,
1H, J = 6 Hz), 6.51 (d, 1H, J = 6 Hz), 2.72 (s, 3H), 2.39 (m, 1H), 0.93 (d of d, 6H). CHN
analysis Found: C, 30.91%; H, 2.74%; N, 7.28%, Calcd for CyHxFsINOsP: C,
30.78%; H, 2.84%; N, 7.18%.

(FY036) [Os(n®-p-cym)(OH-Azpy-NO)IIPF;. [Os(n®-p-cym)l); (23.8 mg, 0.020 mmol)
was dissolved in methanol (30 mL) . OH-Azpy-NO, (10.5mg, 0.043 mmol) in methanol
(5 mL) was added drop-wise. The solution was stirred at ambient temperature for 48 h
with 7 drops of HCI (1 M) . The volume was reduced to 2 ml ac by removal of methanol
on a rotary evaporator. The complex was purified by chromatography on a Sephadex
LH20 column. Ammonium hexafluorophosphate (10.0 mg. 0.61 mmol) was added.
Then the solution was left in the fridge for 0.5 h. A dark colour precipitate was filtered
off, washed with cold ethanol and diethyl ether, then finally dried in vacuum. Yield: 12.7
mg (37.8%). Anal. ESI-MS Calcd for C;1H2IN,03;0s: m/z 697.0, found 696.9. 'H
NMR((CD;),CO) 5 9.87 (d, 1H, J = 2 Hz), 9.68 (d, 1H, J =9 Hz), 9.39(d, 2H, J = 9 Hz),
9.73(d, 2H, J = 9 Hz), 8.57 (m, 1H), 7.38 (d, 1H, J = 8 Hz), 7.04 (d, 1H, J = 8 Hz), 6.57
(s, 1H), 4.50 (m, 1H), 3.60 (s, 3H), 1.86 (d of d, 6H). CHN analysis Found: C, 31.06%;
H, 2.83%; N, 6.44%, Calcd for C,1HpFsIN4O30sP: C, 30.01%; H, 2.64%; N, 6.67%.

(FY033) [Os(n®-p-cym)(OH-Azpy-NO,)CI]PFs. [Os(n®-p-cym) Cly), (31.5 mg, 0.040
mmol) was dissolved in methanol (30 mL). OH-Azpy-NO; (19.7mg, 0.081 mmol) in
methanol (10 mL ac) was added drop-wise, the solution colour changed from yellow to
brown immediately. The solution was stirred at ambient temperature for 4 h. The
volume was reduced to about 2 mi by removal of methanol on a rotary evaporator. The
complex was purified by chromatography on a Sephadex LH20 column. Ammonium
hexafluorophosphate (26.2 mg. 0.16 mmol) was added. Then the solution was left in
the freezer (253K) for 1 h; Dark colour powders precipitated which were filtered off,
washed with diethyl ether, finally dried in vacuum. Yield: 25.1 mg (41.8%). Anal. ESI-
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MS Calcd for CyH22CIN,O30s: 605.1, found 605.1. 'H NMR((CD3),CO) 6 9.06 (d, 1H, J
= 2 Hz), 8.79 (d, 1H, J = 9 Hz), 8.56 (d, 2H, J = 9 Hz), 8.33 (d, 2H, J = 9 Hz), 7.80 (d,
1H, J = 8 Hz), 6.74 (d, 1H, J = 8 Hz), 6.36 (d, 2H, J = 8 Hz), 6.22 (d, 1H, J = 8 Hz),
2.57-2.52 (m, 1H), 2.47 (s, 3H), 1.00 (d of d, 6H). CHN analysis Found: C, 34.35%; H,
2.95%: N, 7.35%, Calcd for CpiHpCIFeN,0:0sP: C, 33.67%:; H, 2.96%; N, 7.48%.

(FY175A) [(n%-p-cym)Os(Imine-S)IJPF. [(n°-p-cym)Osl,), (50.0 mg, 0.043 mmol) was
dissolved in methanol (20 mL) at 313 K. Imine-S (19.3 mg, 0.086 mmol) in methanol
(10 mL) was added drop-wise, the solution-colour changed from orange to red
immediately. The solution was stirred at ambient temperature for 24 h. Ammonium
hexafluorophosphate (28.0 mg. 0.17 mmol) was added. Then the solution was left in
the fridge for 24 h. Dark colour crystals was precipitated which was collected by
filtration, washed with cold ethanol and diethyl ether, then finally dried in vacuum. Yield:
47.8 mg (67.7 %). 'H NMR((CD3);CO): 6 9.57 (d, 1H, J = 6 Hz), 9.43 (s, 1 H), 8.48 (d,
1H, J = 8 Hz), 8.25 (1, 1H, J = 6 Hz), 7.77 (t, 2H, J = 6 Hz), 7.52-7.48 (m, 3H), 6.49 (d,
1H, J = 6 Hz), 6.26 (d, 1H, J= 6 Hz), 6.08 (qd, 1H, J = 6 Hz), 6.04 (d, 1H, J = 6 Hz),
5.83 (d, 1H, J= 6 Hz), 2.84 (s, 3H), 2.67-2.602 (m, 1H), 2.65 (s, 6H), 2.13 (d, 3H, J =7
Hz), 1.02(dof d, 6H, J = 7 Hz.

(FY178A) [(n®-p-cym)Os(Imine-R)I]PFe. [(n®-p-cym)Osl,]; (50.0 mg, 0.043 mmol) was
dissolved in methanol (20 mL) at 313 K. Imine-R (19.3 mg, 0.086 mmol) in methanol
(10 mL) was added drop-wise, the solution-colour changed from orange to red
immediately. The solution was stirred at ambient temperature for 24 h. Ammonium
hexafluorophosphate (28.0 mg. 0.17 mmol) was added. Then the solution was left in
the fridge for 24 h. Dark colour crystals was precipitated which was collected by
filtration, washed with cold ethanol and diethyl ether, then finally dried in vacuum. Yield:
50.4 mg (71.3 %). '"H NMR((CD5),CO): § 9.57 (d, 1H, J = 6 Hz), 9.43 (s, 1 H), 8.48 (d,
1H, J =8 Hz), 8.25 (t, 1H, J = 6 Hz), 7.77 (t, 2H, J = 6 Hz), 7.52-7.48 (m, 3H), 6.49 (d,
1H, J = 6 Hz), 6.26 (d, 1H, J= 6 Hz), 6.08 (qd, 1H, J = 6 Hz), 6.04 (d, 1H, J = 6 Hz),
5.83 (d, 1H, J= 6 Hz), 2.84 (s, 3H), 2.67-2.602 (m, 1H), 2.65 (s, 6H), 2.13 (d, 3H, J =7
Hz), 1.02 (d of d, 6H, J = 7 Hz).

Structure-activity relationships:

Structure activity studies show that:
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(1) iodide as the monodentate ligand showed an improved anticancer activity over
chloride, iodide complexes tested so far are on average are 25 times more active in
vitro

(2) when biphenyl is the arene, the complexes are in general about 10 times more

active than para-cymene complexes.



10

15

20

25

WO 2011/131925 PCT/GB2011/000591
43
2- NCI Data of IC5, and Compare analysis:
Osmium compound: [Os(n°-p-cym)(azpy-NMe;)I]PF¢ (FY026)
Compound Glso/ yM TG M LCsof yM |
[Os(n®-p-cym)(azpy-NMe;,)I]PFs 0.28 1.17 6.3
(FY026)
Cisplatin 10.3 50.7 90.5

Cisplatin Data from NCVYDTP screening: Oct 2009, 48 h incubation.
[Os(nf-p-cym)(azpy-NMe)I]JPF6 (FY026) was selected for study for activity towards the
human tumor 60-cell line panel of the Developmental Therapeutics Program of the

National Cancer Institute which includes nine tumor type subpanels.

The cells were treated for 48 h at five concentrations ranging from 0.01 to 100 yM.
Three endpoints were calculated: Gl 50 (the concentration inhibits cell growth by 50
%):

TGl (the concentration inhibits cell growth by 100 %)

LC 50 (the concentration kills original cells by 50 %)

MG-MID (fuli-panel mean-graph midpoint).

The results are shown in Figure 10

[Os(n®-p-cym)(azpy-Nme,)I|PF6 showed a broad spectrum of activity, with MG-MID
values much lower than those for cisplatin. It shows particular selectivity for leukemia,
colon cancer, melanoma and breast cancer, and was particularly active against
Leukemia HL-60 (TB), Leukemia MOLT-4 and colon cancer OoLO 205 giving Gl 50

values less than 50 nM.

COMPARE results using the NCI/DTP standard agents database.

Compound Endpoint | Correlation Name Mechanism Cisplatin
Glso 0.787 Vinblastine Antimicrotubule -0.356
sulfate agent
[Os(n®-p-cym)(azpy- | TGl 0.813 Vinblastine | Antimicrotubule | -0.291
NMe,)I]PFs sulfate agent
LCso 0.54 Vinblastine | Antimicrotubule -0.258
sulfate agent

To gain insight into a possible mechanism of action [Os(n®-p-cym)(azpy-Nme,)I]PFs, a
COMPARE analysis was carried out against the NCI/DTP Standard Agents database,
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a collection of 171 known anticancer compounds. The three endpoints (G150 , TGI, and
LC50).

The molecule with the best correlation [Pearson correlation coefficient (PCC)] is
vinblastine sulfate and the values for comparision with cisplatin are also given.. The
best PCCs for each endpoint belong to vinblastine sulfate which inhibit tubulin
polymerization.

The Compare-negative score for cisplatin shows that the mechanism of action is totally

different from cisplatin.

Inhibition of tubulin polymerization.

Osmium Compounds at 10 uM Inhibition of Tubulin Polimerziation/ %
[Os(n®-bip)(1-CF3-4-Cl-Azpy)I]PFs 13.0
[0s(n®-bip)(1-Cl-Azpy)I]PF, 11.4
[Os(n®-bip)(2-F-Azpy)I]PFs 21.0
[Os(n’-p-cym)(Azpy-NMe,)/]PFe 28.6

Prevention of Polymerization of Microtubules in Vitro. To follow the anticancer
mechanism indicated by COMPARE, We have investigated whether osmium
complexes can interacted directly with tubulin. We incubated purified, unpolymerized
tubulin with osmium compounds and monitored the polymerization process at 37°C for
60 min, It was found that [Os(n®-bip)(2-F-Azpy)I)PFs reduced the amount of tubulin
polymerized in a dose-dependent manner, whereas the best inhibitor [Os(n®-bip)(2-F-
Azpy)l]PFs showed a ICsy of tubulin polymerization at ca. 20 uM [not clear to me
where compound [Os(n®-bip)(2-F-Azpy)I]PF; comes from]. All the other inhibition
rates were also listed, [Os(n®-p-cym)(Azpy-NMe,)I]PFs showed the best potential of
inhibit tubulin polymerization which is consisted with results of COMPARE.

[Os(n°-bip)(2-F-Azpy)l]PF; Depolymerizes Microtubules in A2780 Human Ovarian
Cancer Cell Line. We observed an anti-proliferation effect after the 24 h treatment of

[Os(n®-p-cym)(Azpy-NMe,)l]PF,. Most cells have long microtubule fragments scattered
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throughout the cytoplasm in the control cells, the inhibition forming microtubules were
observed at low concentrations at 1 uM.

Tubulin Polymerization Assay. A Cytoskeleton tubulin polymerization assay kit
(catalog no BK004) was used in the tubulin polymerization study. Briefly, 10 pL of
general tubulin buffer (80 mM PIPES, pH 6.9, 2 mM MgCl,, and 0.5 mM EGTA)
containing osmium compound, colchicine or taxol was pipetted into the prewarmed 96
well microplate. Tubulin (defrosted to room temperature from -80 °C and then placed
on ice before use) was diluted with tubulin polymerization buffer with 1 mM GTP to a
final concentration of 4 mg mL™. Diluted tubulin (100 pL) was added into the wells
containing osmium compound, colchicine or taxol. Diluted tubulin (100 pL) mixed with
general tubulin buffer (10 pL) served as control. The absorbance at 340 nm was read
immediately with a Tecan microplate reader.

Immunofluresence by Confocal Microscopy. A2780 Cells were seeded on Lab-
TekTM Chamber Slides (Thermo Scientific Nunc) 10,000 cells/chamber, after 24 h
incubation, osmium compound [Os(n°-bip)(2-F-Azpy)I]PF; at different concentrations
were added and incubate for another 24 h. Cells were fixed with 4% formaldehyde in
PBS (20 min, 310 K), then rinsed with PBS (3 x 2 mLx2 min), and permeabilized with
0.1% Triton X-100 solution (PBS solution) for 15 min at ambient temperature. The cells
were blocked with blocking buffer (2 mg/ mL BSA, overnight at 269 K), and then, the
cell monolayers were incubated (1 h, 310 K) with monoclonal anti-a-tubulin-Alexa 488
(4 pg/mL) (Invitrogen Molecular Probles, Catalog No. 32-2588). After the incubation,
the cells were washed with PBS and the immunofluorescence was detected using a

Leica SP5 fluorescence confocal microscope, with 100% objective.

In vivo studies



10

15

20

WO 2011/131925 PCT/GB2011/000591

46
We studied the anticancer efficacy of complex [Os(n®-p-cym)(Azpy-NMe)I|PFg in vivo
versus the subcutaneously implanted HCT-116 xenograft model ([Biochemical
Pharmacology, 68, 2004, 2107-16], when administered as a single intravenous
injection at its maximum soluble dose of 40 mg/kg. The agent had negligible toxicity,
with an observed maximum weight loss well within the normal limits. Complex [Os(n®-p-
cym)(Azpy-NMe,)l]PF; was seen to induce a statistically significant tumour growth
delay in the HCT-116 model compared to the untreated control (p<0.01), and positive
control compound, the standard agent cisplatin (p<0.05) see table below. The lack of
toxicity seen, combined with the favourable tumour distribution, would suggest that
there is significant scope to administer this compound on a repeat-dose schedule to
enhance its therapeutic ability. We have also shown similar results when the osmium

compound is administered in 4 separate 10mg/kg doses

Evaluation of the in vivo efficacy of [Os(n-p-cym)(Azpy-NMe)IJPFg in the HCT-116
colon adénocarcinoma s.c. xenograft model

Compound (dose in Median tumour Significance Maximum % weight
4 doubling time loss (day)
mg kg'') (days)
Untreated controls 3.9 8(8)
[Os(n®-p- 6.2 p<0.01 8 (1)
cym)(Azpy-
NMe,)I]PF; (40.0)
Cisplatin (8.0) 6.4 p=0.05 8 (6)
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Chart 1. Osmium Azo- and imino-pyridine Arene Complexes Studied in This Work.

This needs to be updated. The revised chart in the draft paper does not include

the imine compounds and so | cannot simply replace.

O« O

p-cym

bip

The complexes listed below all have Y absent:

Complex Arene R X Z
1 bip H 1 N
2 p-cym H | N
3 bip OH I N
4 p-cym OH | N
5 bip NMe: i N
6 p-cym NMe: i N
7 bip H Cl N
8 p-cym H Ct N
9 bip OH Ci N
10 p-cym OH Ci N
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1 bip NMe., o] N
12 p-cym NMe, Ci N
13 p-cym NMe, | CH
14 bip H i CH
15 p-cym H Cl CH
16 p-cym NMe, | CH

Azopyridine Igand abbreviations take the form:

R= NMe,: Azpy-NMe; etc

For iminopyridine ligands:

R= NMe,: pp-NMe,, etc

PCT/GB2011/000591

Table 1(A). ICs values for azopyridine complexes against A2780 ovarian cancer

cells

Complex 1Cs0(UM)
[[(ﬂs-bip)OS(AZPY)’]PFs (1) 5.4
[(n*p-cym)Os(Azpy)lPFs(2) 102
(I{h‘“—Tﬁi’ﬁ)ﬁsTAiﬁ%ﬁH)’ﬁ’P& @ 014
[(°-p-cym)Os(Azpy-OH)IPFs(d) 03
[ [(n°-bip)Os(Azpy-NMe,)lIPFs(5) ~  0.14
[(n-p-cym)Os(Azpy-NMe,)ijPFe(6) 0.2
[(n®-bip)Os(Azpy)CIIPFs(7) 139
Tn®-p-cym)Os(Azpy)CIPFs (8) - >80
"'[(ﬁs:bip_)bﬁs(Az'by:OH)Ci]PF{('Q) 08
[(n®-p-cym)Os(Azpy-OH)CI]PF4(10) 13
[(n®-bip)Os(Azpy-NMe,)Cl[PFe(11) 39
[(nf-p-cym)Os(Azpy-NMe,)CIIPFs(12) 1.8
g Cisplatin 2
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Table 1 (B). ICs values for iminopyridine complexes against A2780 ovarian cancer

cells

Complex ICso(uM)
13[(n%-p-cym)Os(pp-NMe,)l]PFs | 0.4
14 [(n®-bip)Os(pp)IPFs ' 18.6
15 [(F.p-cym)Os(pp)CIIPFs 262
16[(n’-p-cym)Os(pp-NMe,)CI}PF 35

(C) Table 1(C) ICs, Values for complexes 3, 12, 6 against A2780/cis, A549, HCT-116,

MCF-7,PC-3 and RT-112 Cell Lines.

Complex! ICso(uM) A2780cis A4 OV M(;F' PC-3  RT-1"
| [(n®-bip)Os(Azpy-OH)IJPF; (3) ‘ - <03 04 <03 0.25 <0.3 0.4
(e-p-cym)Os(Azpy-NMe,)IPFs(6) <03 <03 <03 0079 06 <03
[(n®-p-cym)Os(Azpy-NMe,)CI]PFs (12) 1.8 5.2 0.9 1.1 6.8 2.2
Cisplatin 4 4.1 2.6 3 21.5 1.4
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Table 2. Selected Bond Lengths (A) and Angles (deg) for [(n®-p-cym)Os(Azpy)I]PFs (2),

[(n*-bip)Os(Azpy-O)] (3, [(n*-bip)Os(Azpy-NMe,)IIPFe (6),  (n>p-

cym)Os(Azpy)CI]PFs (8), [(n°-bip)Os(Azpy-NMe,)CIPFs (11).

(A)

bond length/angle 2 3 5

Os(1)-N(8) 2010(3)  2.080(2) 2.1017(18)

Os(1)-N(1) 2.052(3)  2.054(2) 2.0804(18)
Os(1)-C(15)  2.186(3)  2.206(3)  2.189(2)
Os(1)-C(19)  2206(3) 2.211(3) 2.199(2)
Os(1)-C(18)  2225(3) 2.211(3)  2.205(2)
Os(1)-C(16)  2.244(3) 2.215(3)  2.206(2)
Os(1)-C(20)  2246(3) 2217(3) 2.211(2)
Os(1)-C(17)  2.284(3) 2.225(3) 2.222(2)

Os(1)4(1)  2.6856(3) 2.7185(2) 2.70798(19)
N(7)-N(8) 1.203(4)  1.323(3)  1.314(3)
N(8)-Os(1)-N(1) 74.85(11) 75.12(9)  76.74(7)
N1-Os-I 87.81(8) 87.59(6)  86.00(5)

1-Os-N8 83.07(8) 87.83(6)  86.60(5)
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(8)
bond length/angle 8 11
Os(1)N(8)  2.0225(15) 2.072(2)
Os(1)-N(1)  2.0543(15) 2.049(2)
Os(1)-C(15)  2.1843(18) 2.198(3)
Os(1)-C(19)  2.2196(18) 2.205(3)
Os(1)-C(18)  2.2313(18) 2.205(3)
Os(1)-C(16)  2.2381(18) 2.214(3)
Os(1)-C(20)  2.2474(19) 2.218(3)
Os(1)-C(17)  2.2619(18) 2.218(2)
Os(1)-CI(1)  2.3817(5) 2.3992(6)
N(7)-N(8) 1.290(2)  1.297(3)
N(8)-Os(1)-N(1)  74.84(6)  75.23(9)
N1-Os-Cl 84.35(5)  85.12(6)
Cl-Os-N8 83.82(6)

86.59(5)

PCT/GB2011/000591
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CLAIMS:

1. A compound of formula (1) for use as a cytotoxic agent, especially an anticancer

agent, or as an immunosuppression agent:

Q" (1)

or a dinuclear or polynuclear form thereof, wherein

Ar is an arene moiety;

X is halo, or a donor ligand;

Y represents, a cyclic or bicyclic ring structure, such as a three, four, five, six,
seven or eight-membered saturated or unsaturated heterocyclic ring, which may
be optionally substituted at one or more positions on the ring(s) and where the
dashed line represents and optional double bond;

Zis N or CR’, where R’ may be H, CN, N3, C(-C1q alkyl or aryl;

R is a substituted or unsubstituted cyclic or heterocyclic ring, such as a five or
six membered, or a chain, such as a substituted or unsubstituted C;-C;, alkyl,
C,-C1p akenyl or C,-Cyo alkyl ,optionally the ring may be separated from the
nitrogen to which it is attached, by a spacer group, such as a C,-C, alkyl;

Q is an ion and is either present or absent;

m and n are charges, independently either absent or selected from a positive or
negative whole member, or solvates or prodrugs thereof and physiologically

active derivatives thereof.

2. A pharmaceutical composition comprising a compound according to claim 1

together with a pharmaceutically acceptable carrier thereof.
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A compound according to formula (1):

Q" (1)

or a dinuclear or polynuclear form thereof, wherein

Ar is an arene moiety;

Xis halo, or a donor ligand;

Y represents, a cyclic or bicyclic ring structure, such as a three, four, five, six,
seven or eight-membered saturated or unsaturated heterocyclic ring, which may
be optionally substituted at one or more positions on the ring(s) and where the
dashed line represents and optional double bond;

Zis N or CR’, where R’ may be H, CN, N3, C-Cy alkyl or aryl;

R is a substituted or unsubstituted cyclic or heterocyclic ring, such as a five or
six membered, or a chain, such as a substituted or unsubstituted C;-C;q alkyl,
C2-Cyp akenyl or C,-Cyp alkyl. ring;

Q is an ion and is either present or absent;

m and n are charges, independently either absent or selected from a positive or
negative whole member, or solvates or prodrugs thereof and physiologically

active derivatives thereof

excluding the compounds: [(n®~ p — cymene)Os(Azpy — NMe,)CI] PFs, [(n°-
bip) Os (Azpy — NMe,) Cl] PFs; and (abpy)OsCl(CsMeg)PFq

The compound or pharmaceutical formulation according to any preceding claim
wherein the Y ring structureis a saturated N-containing five or six membered
ring, such as a pyridine ring, which may optionally be substituted with a C4-C,
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alkyl, OH, NH,, NO,, halo, such as 1, Cl, or Br or a peptide of 2 -20 amino acids
in fength..

. The compound or pharmaceutical formulation according to claim 4 wherein the

ring is substitued with a peptide, such as an oligo-arginine peptide.

. The compound or pharmaceutical formulation according to claim 5§ wherein the

peptide is an oligo-arginine peptide comprising 4-9 linearly repeating arginine
molecules.

The compound or pharmaceutical formulation according to any preceding claim
wherein Z is N or CH.

The compound or pharmaceutical formulation according to any preceding claim
wherein X is |

The compound or pharmaceutical formulation according to any preceding claim
wherein Ar is diphenyl

The compound or pharmaceutical formulation according to any preceding claim
wherein R is an unsubstituted or substituted phenyl, or C4-C, alkyl phenyl; when
substituted, the phenyl group may be substituted on one or more carbons in the
ring by C, — C4 alkyl, OH, amino or substituted amino, e.g. dialkylamino, such
as dimethylamino, carboxylate or substituted carboxylate, e.g. an ester, ether or

polyether, nitro, halo, or trifluoromethyl.

The compound or pharmaceutical composition according to any of claims 1- 3
according to formula Il
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3 T o
o) /R
< - 0
N\ 7
& = N

wherein the substituents Ar, X and R are as defined in claim 1, or 8-10 and/or

the pyridine ring may optionally be substituted in accordance with claims 4-6.

12. The compound or pharmaceutical composition according to any of claims 1-3
are according to formula (1ll)

R4 m
Ar
| v
N o (I
N
=

wherein the substituents X and Ar, are previously as defined in claim 1 and Z is
N or CH, R, is H, C; — C4 alkyl, OH, amino or substituted amino, e.g.
dialkylamino, such as dimethylamino, carboxylate or substituted carboxylate,
e.g. an ester, ether or polyether, nitro, halo, trifluoromethyl, orcould be another
ring e.g. phenyl or substituted phenyl, 5- or 6-membered heterocyclic ring; Y is
absent or is a C(R')(R") group
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The compound or pharmaceutical composition according to claim 12 wherein Z is N or
CH, X is I, Ry is OH, or N(CH3),, R' and R” is H or methyl group independently and Q is
PFs or another negatively charged counter ion.

13. A method of preparing the compounds according to any preceding claim the
method comprising providing a compound of formula [ArOsXy], in a first step
and then reacting the compound with an azo or imino containing ligand such as
an azopyridine or iminopyridine containing ligand in a second step to provide a
compound according to formulae (1), (I1) or (IHl).
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Figure 8.
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Figure 9.



WO 2011/131925

Figure 10

PCT/GB2011/000591

National Cancer institute Developmental Therapeutics Program NSC: D .- 75470811 I Units ‘Motar SSPL .0Y4T —I EXP. 1D :1102RS98
ean Geag Report Date :March 31, 2011 Yest Dato :February 07, 2011
PomctCol Ly g, (G50 G157 Loy, T T6! 109,,1.C50 LS
Leykemis
CCRF. 11 k— £.18 9 —
e 3% — Le7 e > L
e 707 pr— -8.63 - > ey
-4 H55 p -563 » —
RPMW-0226 -1.52 — 483 ==
N oA Cot Conoer -65.65 b -&Q b > e
oSt CelLung 6.’? e gg .
- A 2 :
NCHH28 21 - ie d :z..g‘) -
NCHHIZ2M gﬁ -si*a o ;;':%; -
mu@:tgg 480 -3'37 =1 547 b=
zmggg % ‘g“.‘ ..... ﬁ}:‘, e .-
HOC- . ] -5 o o
HCT 116 p] - 3% = i e
HCT-15 .56 ——— -4.? S— 4.% o
KM12 1]3 3‘03 3 3345
. .4 -
swce'zo €73 o 5.9 A3 .
‘*sg-%_' savevitienriinuversiventlraneanronrorry gg ’ oy ":;%'g Atarreantbinsatarenrarpaaniny
o ] 3 T 33 ]
5 3% - i =
e 2
LOX MV L 37 = 3] L
MALME-31 . 43 . B L
M4 ] 38 331 L
SKMEL-2 ® ‘231 L '3{33 = -dl‘g
b vt 3 B =
Sos i ’ 3k : 3% =
- 3 =3 X =1 ——1
UACC 267 £7 - -6.45 = ] .
€82 A7 - <0 = E¥] S—
’gssv(:‘..av .......... T SRR crvaresmarerererenvasrrene, . _5“. T _‘w ......... eoraremraveredl
3 3.12 s &4 e -E64 o
660 = 582 -84 o
et ig - i ] i ;
ncvgnu-nss 459 ———] > 400  rem—— > 400 w——
ey 5% e Y| i o
& = 3
o] Y] ] P 3B I
RXF 383 8.8 s = -530
4 i3 i3 g
Ry - o :
U031 ) <imes %6
Concer P TN o P TTTIII
DU 145 5%
Canver . - R S, “ -5.&
MB-3UATCC .s.g
> 2
¥ > 100
MDA-MB468 a1
WD 455 59 52
Dera 0.97 [X]] 1.4
Rarge FAy] ———————— 254 n— 2 e
————y v— pr——— o [ ———
3 - ] [ -4 -2 3 +3 « +1 [ “ 2 ] 1 Er] “ o -1 2 -3




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings

