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(57) Abstract: The present invention provides a method for treating a proliferative disease in a patient. The method comprises ad -
ministering to a patient in need thereof: a) a vascular disrupting agent and (b) at least one hypoxia targeting agent. Preferred combin-
ations are BNC105 and Pazopanib and BNC 105 and Bortezomib.
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COMBINATION THERAPY INVOLVING A VASCULAR DISRUPTING AGENT
AND AN AGENT WHICH TARGETS HYPOXIA

FILING DATA

[0001] This application is associated with and claims priority from Australian patent -
application no. 2012902291 filed on 1 June 2012 the entire contents of whichis -

incorporated herein by reference.
FIELD OF THE INVENTION

[0002] The present invention relates generally to new chemical combinations and

methods for their use in the treatment of proliferative diseases and in particular cancer.
BACKGROUND OF THE INVENTION

[0003] Cancer is typically treated with either chemotherapy and/or radiation therapy.
While often effective to destroy a significant amount of tumour célls, such therapies often
leave behind a number of tumour cells that are resistant to the treatment. These resistant
cells can proliferate to form new tumors that are then resistant to treatment. The use of
knqwh combinations of chemotherapeutic drugs has given rise to multidrug resistant

(‘'MDR'") tumour cells.

. [0004] The mode of proliferative diseases, such as cancer, is multi-factorial. For
instance, research over the last forty years has led to the realisation that éytotoxic agents
(or anti-proliferative agents) includes anti-metabolic agents which interfere with
microtubule formulation, alkylating agents which are able to cross-link DNA, platinum
based agents which are able to interfere with DNA alkylation by blocking DNA
replication, antitumor antibiotic agents, topoisomerase inhibitors, etc. In the treatment of

~ such diseases drugs with different mechanisms may be combined (i.e, combination
therapies) with beneficial effects including the effective treatment of MDR tumour cells
and the minimisation of side effects such as undesirable cytotoxicity. The difficulty here is
though that not all known antiproliferative agents provide useful or beneficial effects in

corhbination and accordingly research in many laboratories is presently focused on
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developing new and useful anti-proliferative combination partners. |
SUMMARY OF THE INVENTION

[0005] The present inventors have found that the use of a vascﬁlar disrupti'ng agent
(VDA), in particular BNC105, in conjunction with an agent which targets hypoxia, in
particular Pazopanib or Bortezomib, provides a highly effective combination in the

. treatment of proliferative diseases. Indeed a synergistic effect has been shown with the
combinations of BNC105 and Paiopanib and BNC105 and Bortezomib.

[0006] Accordingly, the present invention provides a pharmaceutical combination for
treating a proliferative disease Comprising: (a) a VDA, and (b) at least one other agent

which targets hypoxia.

[0007] The present invention also provides a method for treating a proliferative disease
including the step of administering to a patient in need thereof: (a) a VDA, and (b) at least

one other agent which targets hypoxia.

[0008] The present invention also provides the use of: (a) a VDA, and (b) at least one
other agent which targets hypoxia, in the manufacture of a medicament for the treatment of

a proliferative disease.

[0009] The present invention also provides the use of: (a) a VDA in the manufacture of a
medicament for the treatment of a proliferative disease to be used in combination with (b)

at least one other agent which targets hypoxia.

[0010] The present invention also provides the use of: (b) at least one other agent which
targets hypoxia in the manufacture of a medicament for the treatment of a proliferative

disease to be used in combination with (a) a VDA.

[0011] The present invention further provides a pharmaceutical composition comprising

(a) a VDA, and (b) at least one other agent which targets hypoxia.

[0012] It is believed that the effects in treating proliferativé diseases with a combination

which comprises: (a) a VDA, and (b) at least one other agent which targets hypoxia, are
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greater than the effects that can be achieved with either (a) or (b) alone. That is, the

present combinations are believed to possess an additive or synergistic effect.
BRIEF DESCRIPTION OF THE FIGURES

[0013]) Figurel  Rationale for therapy involving BNC105 in combination with
tumor hypoxia targeting agents. -

[0014] Figure2 Survival of mice bearing RENCA kidney tumours tréated with -
BNCI105P, Pazopanib or BNC105P + Pazopanib.

[0015] Figure3 Right kidney weight (mg) + SEM of mice bearing RENCA kidney
tumours treated with BNC105P, Pazopanib or BNC105P + Pazopanib.

~

DETAILED DESCRIPTION

[0016] Throughout this specification and the claims which follow, uniess the context
requires otherwise, the word "comprise”, and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of  stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or

steps.

[0017] The referqnce in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.

Combination partner (a); vascular disrupting agent (VDA)

[0018] As used herein the term "vascular disrupting agents” refers to any and all

compounds which are able to disrupt vasculature, in particular tumour vasculature..

| -~
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[0019] Examples of suitable VDA's include:
Synthetic compounds

ABT-751 (E7010, Abbott) ]
MPC-6827 (Azixa™, Myriad Pharmaceuticals)
CYT997 (Cytopia)

MN-029 (Denibulin, MediciNova/Angiogene)
EPC2407 (EpiCept) '

Natural products derivatives

Combretastatins

CA4 (Zybrestat™, OXiGENE)
Oxi4503 (OXiGENE)

AVE8062 (AC7700, Sanofi Aventis)
NPI-2358 (Nereus Pharmaceuticals)
TZT1027 (Soblidotin)

[0020] VDAs are important in the treatment of cancers primarily as a result of their

capacity to selectively shut down blood flow through a tumour.

[0021] VDA interfere with microtubule integrity, leading to cytoskeletal changes of the
endothelial cells that line the blood vessels of the tumour. Asa fesult, these usually flat
cells become more rounded, and lose their cell to cell contact. These events lead to
narrowing of tumour blood vessels and ultimately occlusion of blood flow through the
vessels. The tumour selectivity associated with these agents results from the fact that
tumour vasculature is weaker and more prone to collapse than normal vasculature.
Nonetheless, a number of the dose lirﬁiting toxicities associated with VDAs are due to a

reduction in blood flow in healthy tissues.

[0022] In an embodiment the VDA acts at the colchicine binding site and is based on
annulated furans (e.g., benzofurans, furo{2,3-d]pyrimidin-2(1H)-ones, etc),
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benzothiophene and indole structural scaffolds, such as those disclosed in US 7,456,214,
US 7,429,681, US 7,071,190, US 6,849,656, US 5,886,025, US 6,162,930, US 6,350,777,
US 5,340,062, WO 06/084338, WO 02/060872, WO 07/087684, and WO 08/070908.

[0023] Inan embodiment the VDA is selected from a agents disclosed in WO 06/084338,
WO 07/087684, or WO 08/070908.

[0024] In an embodiment the VDA is selected from a compound of formula (I) and salts

thereof
RZD R2C
R2E R2B
. R!A I R2A
R N 0
Q J
R]C X
R 1D

wherein,;

X represents O, S, SO, SO,, Se, Se0, SeO; or NR where R is selected from H,
O, optionally substituted acyl, optionally substituted alkenyl, optionally
substituted alkyl, optionally substituted aryl, optionally substituted
cycloalkenyl, optionally substituted cycloalkyl, optionally substituted
heteroaryl, optionally substituted _héterocyclyl, and optionally substituted
sulfonyl; |

R'* and R'®Beach independently represents H, carboxy, cyano, dihalomethoxy,
halogen, hydroxy, nitro, pentahaloethyl, phosphorylamino, phosphono,
phosphinyl, sulfo, trihaloethenyl, trihalomethanethio, trihalomethoxy,
trihalomethyl, optionally substituted acyl, optionally substituted acylamino,
optionally substituted acylimino, optionally substituted acyliminoxy, optionally
substituted acyloxy, optionally substituted arylalkyl, optionally substituted
arylalkoxy, optionally substituted alkenyl, optionally substituted alkenyloxy,

~ optionally substituted alkoxy, optionally substituted alkyl, optionally
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substituted alkynyl, 6ptionally substit;xted alkynyloxy, optionally substituted
amino, optionally substituted aminoacyl, optionally substituted aminoacyloxy,
optionally substituted aminosulfonyl, optionally substituted aminothioacyl,
optionally substituted aryl, opt‘ionally substituted aryloxy, optionally substituted
cycloalkenyl, optionally substituted cycloalkyl, optionally substituted
heteroaryl, optionally sul;stituted heterocyclyl, optionally substituted oxyacyl,
optionally substituted pxyacylamino, optionally substituted oxyacyloxy,
optionally substituted oxyacylimino, optionally substituted oxysulfinylamino,
optionally substituted oxyéulfonylamino, optionally substituted oxythioacyl,
optionally substituted oxythioacyloxy, optionally substituted sulfinyl, optionally
substituted sulfinylamino, optionally substituted sulfonyl, optionally substituted
sulphonylamino, optionally substituted thio, optionally substituted thioacyl,
optionally substituted thioacylamino, or R'* and R'® together form an
optionally substituted aryl, optionally substituted heterocyclyl, optionally*
substituted heteroaryl, optionally substituted éycloalkyl, of optionally
substituted cycloalkenyl;

, R!¢ represents C,.; alkoxy, C,.; alkylthio, C,.; alkylamino, or C).3

dialkylamino;
RD represents hydroxy or amino;

L represents C=0, O, S, SO, SO2, Se, SeO, Se02, C=NZ', or NR' where Z' is
H, optionally substituted alkyl, optionally substituted aryl or optionally
substituted amino; and where R’ is selected from H, O, optionally substituted
acyl, optionally substituted alkenyl, optionally substituted alkyl, optionally
substituted aryl, optionally substituted cycloalkenyl, optionally substituted
cycloalkyl, optionally substituted hetéro‘aryl, optionally substituted

- heterocyclyl, or optionally substituted sulfonyl;

R>A-R*® each independently represents H, carboxy, cyano, dihalomethoxy,
halogen, hydroxy, nitro, pentahaloethyl, phosphorylamino, phosphono,
phosphinyl, sulfo, trihaloethenyl, trihalomethanethio, trihalomethoxy,



WO 2013/177633 PCT/AU2013/000581

-7-

trihalomethyl, optionally substituted acyl, optionally substituted acylamino,
optionally substituted acylimino, optionally substituted acyliminoxy, optionally
substituted acyloxy, optionally substituted arylalkyl, optionally substituted
arylalkoxy, optionally substituted alkenyl, optionally substituted alkenyloxy,
optionally substituted alkoxy, optionally substituted alkyl, optionally '
substituted alkynyl, optionally substituted alkynyloxy, optionally substitﬁted

" amino, optionally substituted aminoacyl, optionally substituted aminoacyloxy,
optionally substituted aminosulfonyl, option'ally substituted aminothioacyl,

* optionally substituted aryl, optionally substituted aryloxy, optionally substituted
cycloalkenyl, optionally substituted cycloalkyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, optionally substituted ‘oxyacyl, |
optionally substituted oxyacylamino, optionally substituted oxyacylimino,
optionally substituted oxyacyloxy, optionally substituted oxysulfinylamino,
optionally substituted oxysulfonylamino, optionally substituted oxythioacyl,
optionally substituted oxythioacyloxy, optionally substituted sulfinyl, optionally
substituted sulfinylamino, optionally substituted sulfonyl, optionally substituted
sulphonylamino, optionally substituted thio, optionally substituted thioacyl,
optionally substituted thioacylamino, or optionally substituted thioacyloxy; or
any of R2A and R2B, R2B and R2C, R2C and R2D, and R2D and R2E,
together form an optionally subsfituted aryl, optionélly substituted heterocyclyl,
optionally substituted heteroaryl, optionally substituted cycloalkyl, or
optionally substituted cycloalkenyl; and

Q represents H, CN, halogen, trialkylsilyl, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally
substituted acyl, optionally substituted oxyacyl, optionally substituted
acylamino, optionally substituted aminoacylamino, OR", SR" or NR"R", where
each R" independently represents, H, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted heterocyclyl, optionally

substituted acyl and optionally substituted oxyacyl, or NR"NR™, where each
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R" independently represents H, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl
and optionally substituted heteroaryl.

[0025] In some embodiments R'4-R'B and R**-R*® are independently selected from the -

following groups:
| élkyl group, preferably methyl and ethyl,;

substituted alkyl group, preferably 1-hydroxyethyl, 1-thioethyl,
methoxyiminomethyl, ethoxyiminomethyl, 1-(hydroxyimino)ethyl, 1-
(hydroxyimino)propyl, 1-hydrazinoethyl, 1-hydrazinopropyl,
hydroxyiminomethyl, 2-oxopropyl, 2-oxobutyl, 3-oxobutyl, 3-oxopentyl,
nitromethyl, 1-nitromethyl, and 2-nitroethyl;

acyl group, preferably formy! acetyl, propionyl, benzoyl (optionally substituted

with methyl, methoxy, halogen, nitro, trifluoromethyl or cyano);
alkoxy group, preferably methoxy and ethoxy;

oxyacyl group, preferably methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,

butyloxycarbonyl, isobutyloxycafbonyl;
acyloxy group, preferably acetoxy and propioxy;
substituted arylalkyl group, preferably 1-hydroxybenzyl, and 1-thiobenzyl,

sulfinyl group, preferably methylsulfinyl, ethylsulfinyl, benzene sulfinyl
(optionally substituted with methyl, methoxy, halogen, nitro, trifluoromethane

or cyano), methoxysulfinyl, ethoxysulfinyl;

sﬁlfonyl group, preferably methylsulfonyl, ethylsulfonyl, benzenesulfonyl
(optionally substituted with methyl, methoxy, halogen, nitro, trifluoromethane

or cyano), methoxycarbo, trifluoromethane;
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oxyacylamino group, preferably methoxycarbonylamido, and ethoxycarbonyl
amido;
oxythioacyl group, preferably methoxythiocarbonyl and ethoxythiocarbonyl;
thioacyloxy group, preferably thionoacetoxy and thionopropionoxy;

sulphinylamino group, preferably methylsulfinylamino, ethylsulfinylamino, and
benzenesulfinylamino (optionally substituted with methyl, methoxy, halogen,

nitro, trifluoromethane or cyano),
amino group;

substituted amino groups, preferably residues of L-valine, D-valine, L-alanine,
D-alanine, aspartic acid, and alanylserine, N-methylamino, and N,N'-

dimethylamino;

sulphonylamino group; preferably methylsulfonylamino, ethylsulfonylamino
and benzene sulfonylamino (optionally substituted with methyl, methoxy,

halogen, nitro, trifluoromethane or cyano);

oxysulﬁnylamino‘group, pfeferably niethoxysﬁlﬁnylamino and

ethoxysulfinylamino;

oxysulfonylamino group, preferably methoxysulfonylamino and

ethoxysulfonylamino;

optionally substituted alkenyl group, preferably, 1-propenyl, vinyl, nitrovinyl,
cyano vinyl, or trifluorovinyl and styryl (optionally substituted with methyl,

methoxy, halogen, nitro, trifluoromethane or cyano);
alkynyl group, preferably 1-propynyl, ethynyl or trimethylsilylethynyl.

[0026] In one embodiment R?®, R*, and R®® are methoxy and L is a carbonyl group
(C=0).
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[0027] Accordingly, in this embodiment the VDAs of the present invention are

represented by formula (Ia)

wherein;

X represents O, S, SO, SO,, Se, SeQ, SeO; or NR where R is select;ad from H,
O, optionally substituted acyl, optionally substituted alkenyl, optionally
substituted alkyl, optionally substituted aryl, optionally substituted
cycloalkenyl, optionally substituted cycloailkyl, optionally substitufed ‘
heteroaryl, optionally substituted heterocyclyl, and optionally substituted

sulfonyl; ’

R'* and R'® each independently represents H, carboxy, cyano, dihalomethoxy,
halogen, hydroxy, nitro, pentahaloethyl, phosphorylamino, phosphono,
phosphinyl, sulfo, trihaloethenyl, trihalomethanethio, trihalomethoxy,
trihalomethyl, optionally substituted acyl, optionally substituted acylamino,
optionally substituted acylimino, optionally substituted acyliminoxy, optionally
substituted acyloxy, optionally substituted arylalkyl, optiohally substituted
arylalkoxy, optionally Substituted alkenyl, optionally substituted alkenyloxy,
optionally substituted alkoxy, optionally substituted alkyl, optionally
substituted alkynyl, optionally substituted alkynyloxy, dptionally substituted
amino, optionally substituted aminoacyl, optionally substituted aminoacyloxy,
optionally substituted aminosulfonyl, optionally substituted aminothioacyl,
optionally substituted aryl, optionally substituted aryloxy, optionally substituted
cycloalkenyl, optionally substituted-cycloalkyl, optipnally substituted
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heteroaryl, optionally substituted heterocyclyl, optionally substituted oxyacyl,
optionally substituted oxyacylamino, optionally substituted oxyacyloxy,
optionally substituted oxyacylimino, optionally substituted oxysulfinylamino,
optionally substituted oxysulfonylamino, optionally substituted okythioacyl,
optionally substituted oxythioacyloxy, optionally substituted sulfinyl, optionally
substituted sulfinylamino, optionally substituted sulfonyl, optionally substituted
sulphonylamino, optionally substituted thio, optionally substituted thioacyl,
optionally substituted thioacylamino, or R'* and R'® together form an
optionally substituted aryl, optionally substituted heterocyclyl, optionally

" substituted heteroaryl, optionally substituted cycloalkyl, or optionally
substituted cycloalkenyl;

RC represents Cy.; alkoxy; Cy.3 alkylthio, C;_; alkylamino, or C,.3

dialkylainino;
R'P represents hydroxy or amino;

R*” and R*E independently represents H, carboxy, cyano, dihalomethoxy,
halogen, hydroxy, nitro, pentahaloethyl, phosphorylamino, phosphono,
phosphinyl, sulfo, trihaloethenyl, trihalorhethanethio, trihalomethoxy,
trihalomethyl, optionally substituted acyl, optionally substituted écylamino,
optionally substituted acylimino, optionally substituted acyliminoxy, optionally
substituted acyloxy, optionally substituted arylalkyl, optionally substituted
arylalkoxy, optionally substituted alkenyl, optionally substituted alkenyloxy,
optionally substituted alkoxy, optionally substituted alkyl, optionally
substituted alkynyl, optionally substituted'alkynyloxy, optionally substituted
amino, optionally substituted aminoacyl, optionally substituted aminoacyloxy,
optionally substituted aminosulfonyl, optionally substituted aminothioacyl,
optionally substituted aryl, optionally substituted aryloxy, optionally substituted |
cycloalkenyl, optionally substituted cycloalkyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, optionally substituted oxyacyl,

optionally substituted oxyacylamino, optionally substituted oxyacyloxy,
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optionally substituted oxyacylimino, optionally substituted oxysulfinylamino,
optionally substituted oxysulfonylamino, optionally substituted oxythioacyl,
optionally substituted oxythioacyloxy, optionally substituted sulfinyl, optionally
substituted sulfinylamino, optionally substituted sulfonyl, optionally substituted

sulphonylamino, optionally substituted thio, optionally substituted thioacyl,

optionally substituted thioacylamino, or optionally substituted thioacyloxy; and

[0028] In
alkoxy.

Q represents H, CN, halogen, trialkylsilyl, optionally substitufed alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally
substituted acyl, optionally substituted oxyacyl, optionally substituted
acylamino, optionally substituted aminoacylamino, OR", SR" or NR"R", where
each R" independently represents, H, opti‘onally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl,
optionally subsfituted heteroaryl, optionally substituted heterocyclyl, optionally
substituted acyl and optionally substituted oxyacyl, or NR"NR", where each
R" independently represents H, optionally substituted alkyl, optionaﬂy
substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl

and optionally substituted heteroaryl.

another embodiment, R‘A, R'B, R*A and R*® represent H and RC represents C.3

[0029] Accordingly, in this embodiment the VDA of the present invention is represented
by formula (Ib)

RIC

wherein;
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X represents O, S, SO, SO,, Se, SeO, SeO; or NR where R is selected from H,

0, optionally substituted acyl, optionally substituted élkenyl, optionally
substituted alkyl, optionally substituted aryl, optionally substituted
cycloalkenyl, optionally substituted cycloalkyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, and optionally substituted
sulfonyl;

R'C represents C.; alkoxy;
R'P represents hydroxy or amino;

Q represents H, CN, halogen, trialkylsilyl, optionally substituted alkyl, |
optionally substituted alkenyl, optionally substitﬁted alkynyl, optionally
substituted acyl, optionally substituted oxyacyl, optionally substituted
acylamino, optionally substituted aminoacylamino, OR", SR" or NR"R", where
each R" independently represents, H, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted acyl and optionally
substituted oxyacyl, or NR"'NR", where each R™ independently represents H,
optionally substituted alkyl, optionally substituted alkenyl, optionally
substituted alkynyl, optionally substituted aryl and optionally substituted
heteroaryl.

[0030] Ina préferred embodiment R'C represents methoxy.

{0031} For the compounds represented by formulae 1, Ia and Ib, X is preferably selected
-from O, S and NR. More preferably X is O or NR and most preferably X is O.
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[0032] Accordingly, in another embodiment the VDA is represented by formula II:

R2D RZC
RZE RZB

RlA [ RZA

R!B { I
Q

RIC (0]

RID

-wherein;

R'* and R'® each independently represents H, carboxy, cyano, dihalomethoxy,
halogen, hydfoxy, nitro, pentahaloethyl, phosphorylamino, phosphono,
phosphinyl, sulfo, trihaloethenyl, trihalomethanethio, trihalomethoxy,
trihalomethyl, optionally ‘subétituted acyl, optionally substituted acylamino,
optionally substituted acylimino, optionally substituted acyliminoiy, optionally
substituted acyloxy, optionaily substituted arylalkyl, optionally substituted
arylalkoxy, optionally substituted alkenyl, optionally substituted alkenyloxy,
optionally substituted alkoxy, optionally substituted alkyl, optionally
substituted alkynyl, optionally substituted alkynyloxy, optionally substituted
amino, optionally substituted aminoacyl, optionally substituted aminoacyloxy,
optionally substituted _aminosulfoﬁyl, optionally substituted aminothioacyl,
optionally substituted aryl, optionally substituted aryloxy, optionally substituted
cycloalkenyl, optionally substituted cycloalkyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, optionally substituted oxyacyl,

' optionally substituted oxyacylamino, optionally substituted oxyacyloxy,

| optionally substituted oxyacylfmino, optionally substituted oxysulfinylamino,
optionally substituted oxysulfonylamino, optionally substituted oxythioacyl,
optionally substituted oxythioacyloxy, optionally substituted sulfinyl, optionally
substituted sulfinylamino, optionally substituted suifonyl, optionally substituted
sulphonylamino, optionally substituted thio, optionally substituted thioacyl,

optionally substituted thioacylamino, or R'* and R'® together form an
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optionally substituted aryl, optionally substituted heterocyclyl, optionally
substituted heteroaryl, optionally substituted cycloalkyl, or optionally
substituted cycloalkenyl;

R'C represents C,_; alkoxy, C,.; alkylthio, C,.3 alkylamino, or C; 3

~ dialkylamino;
R'? represents hydroxy or amino;

L represents C=0, O, S, SO, SO,, Se, Se0, Se0,, C=NZ', 01: NR' where Z' is H,
optionally substituted alkyl, optionally substituted ary! or optionally substitut_ed
amino; and where R' is selected from H, O, optionally substituted acyl, |
optionally substituted alkeny!, optionally substituted alkyl, optionally
substituted aryl, optionally substituted cycloalkenyl, optionally substituted
cycloalkyl, optionally §ubstituted heteroaryl, optionally substituted

heterocyclyl, or optionally substituted sulfonyl;

R?A-R* each independently represents H, carboxy, cyano, dihalomethoxy,
halogen, hydroxy, nitro, pentahaloethyl, phosphorylamino, phosphono,
phosphinyl, sulfo, trihaloethenyl, trihalomethanethio, trihalomethoxy, ‘
trihalomethy), optionally substituted acyl, optibnally substituted acylamino,
optionally substituted acylimino, optionally substituted acyliminoxy, optionally
substituted acyloxy, optionally substituted arylalkyl, optionaliy substituted
arylalkoxy, optionally substituted alkenyl, optionally sﬁbstituted alkenyloxy,
_optionally substituted alkoxy, optionally substituted alkyl, optionally
substituted alkynyl, optionally substituted alkynyloxy, optionally substituted
amino, optionally substituted aminoacyl, optionally substituted aminoacyloxy,
optionally substituted aminosulfonyl, optionally substituted aminothioacyl,
optionally substituted aryl, optionally substituted aryloxy, optionally substituted
cycloalkenyl, opﬁonally substituted cycloalkyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, optionally substituted oxyacyl,
optionally substituted oxyacylamino, optionally substituted oxyacylimino,

optionally substituted oxyacyloxy, optionally substituted oxysulfinylamino, ' |
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optionally substituted oxysulfonylamino, optionally substituted oxythioacyl,
optionally substituted oxythioacyloxy, optionally substituted sulfinyl, optionally
substituted sulfinylamino, optionally substituted sulfonyl, optionally substituted
sulphonylamino, optionally substituted thio, optionally substituted thioacyl,
optionally substituted thioacylamino, or optionally substituted thioacyloxy; or
any of R?** and R®, R*® and RZC, R% and RZD;'and R?P and R%; together form
an optionally substituted aryl, optionally substituted heterocyclyl, optionally .
.substituted heteroaryl, optionally substituted cycloalkyl, or optionally
substituted cycloalkenyl; and -

Q represents H, CN, halogen, trialkylsilyl, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally
substituted acyl, optionally substituted oxyacyl, optionally substituted
acylamino, optionally substituted amiﬁoacylamino, OR", SR" or NR"R", where
each R" independently represents, H, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted
heterocyclyl, optionally substituted aryl, optionally substituted heteroaryl,
.optionally substituted acyl and optionally substituted oxyacyl, or NR"'NR";,
where each R™ independently represents H, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally
substituted aryl and optionally substituted heteroaryl. \'

[0033] In this embodiment it is preferred that L is a carbonyl group (C=0). Also,
preferably at least one of R?P, RZC‘ orR*® represents a hydroxy or C;.3 alkoXy group. More
preferably when X=0, L is a carbonyl group an R?®, R* and R® represent methoxy. Even
more preferably when X=0, L is a cerbonyl group, R?®, R¥, and R?® represent methoxy

and R'A R'® R** R?E are H.

[0034] Furthermore, for the compounds of formula (I), (1a), (Ib) and (II) it is preferred
that Q represents H, CN, optionally substituted C,.4 alkynyl, optionally substituted Cs.¢
alkenyl, optionally substituted C,4alkyl, hydroxy, optionally substituted oxyacyl, NR"R",
SR" (where each R" is independently H, optionally substituted C,_salkyl, optionally
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substituted heterocyclyl, optionally substituted heteroaryl), NR"'NR" (where each R"' is
independently H, C,.; alkyl), optionally substituted acylamino, or halogen.

[0035] In some embodiments Q is independently selécted from the follo“dﬁg groups:
H;
CN;
halogen, preferably Br or Cl;
alkyl group, preferably methyl, ethyl, propyl, butyl;

* substituted alkyl group, preferably amino, oxyacylaminoalkyl and

oxysulphonylaminoalkyl;

optionally substituted alkenyl, preferably ethenyl, 2-alkylethenyl, 2- -

oxyacylethenyl, 2-a:ninoacyleth§nyl;

optionally substituted alkynyl, prefe;ably ethynyl, 2-alkylethﬁyl;
optionally substituted oxyacyl; |
OR’, preferably hydroxy, methoxy, ethoxy;

NR"R", preferably NH,, alkylamino, dialkylamino, heteroarylamino,
aminoalkylamino, hydroxyalkylamino, alkoxyalkylamino, oxyacylalkylamino,

oxyacylaminoalkylamino, guanidinoalkylamino;

SR, preferably alkylthio, aminoalkylthio, heteroarylthio, aminoalkylthio,
hydroxyalkylthio, alkoxyalkylthio, oxyacylalkylthio, oxyacylaminoalkylthio,
guanidinoalkylthio;

hydrazine.
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Chemical Deﬁnitions

[0036] "Alkyl" refers to monovalent alkyl groups which may be straight chained or
branched and preferably have from 1 to 10 carbon atoms or more preferably 1 to 6 carbon
atoms, and even more preferably 1 to 3 carbon atoms. Examples of such alkyl groups

include methyl, ethyl, n-propyl, i&o-propyl, n-butyl, iso-butyl, n-hexyl, and the like.

[0037) ‘ "Alkylene" refers to divalent alkyl groups preferably having from 1 to iO carbon
atoms and more preferably 1 to 6 carbon atoms, and even more preferably 1 to 3 carbon
atoms. Examples of such alkylene groups include methylene (-CH,-), ethylene
(-CH,CHz;-), and the propylene isomers (e.g., -_CH2CH2CH2- and ~CH(CH3)CHj;-), and the
like.

[0038] "Aryl" refers to an unsaturated aromatic carbocyclic group having a single ring
(eg., phenyl) or multiple condensed rings (eg., naphthyl or anthryl), preferably having
from 6 to 14 carbon atoms. Examples of aryl groups include phenyl, naphthyl and the
like.

[0039] "Arylene" refers to a divalent aryl group wherein the aryl group is as described

above.

[0040] "Aryloxy" refers to the group aryl-O- wherein the aryl group is as described

‘above.

- [0041] "Arylalkyl;' refers to —alkylene-aryl groups preferably having from 1 to 10 carbon
atoms in the alkylene moiety and from 6 to 10 carbon atoms in the aryl moiety. Such

arylalkyl groups are exemplified by benzyl, phenethyl and the like.

{0042] "Arylalkoxy" refers to the group arylalkyl-O- wherein the arylalkyl group are‘ as
described above. Such arylalkoxy groups are exemplified by benzyloxy and the like.

[0043] "Alkoxy" refers to the group alkyl-O- where the alkyl group is as described abové.‘ .
Examples include, methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, rert-butoxy, sec-

butoxy, n-pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and the like.
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|0044] "Alkenyl" refers to a monovalent élkenyl group which may be straight chained or
branched and preferably have from 2 to 10 carbon atoms and more preferably 2 to 6 carbon
atoms and have at least 1 and preferably from 1-2, carbon to carbon, double bonds.
Examples include ethenyl (-CH=CH,), n-propenyl (-CH,CH=CH,), iso-propenyl (-
C(CH3)=CH,), but-2-enyl (-CH,CH=CHCH3), and the like.

[0045] "Alkenyloxy" refers to the group alkenyl-O- wherein the alkenyl group is as

described above.

[0046] "Alkenylene" refers to divalent alkenyl groups preferably having from 2 to 8
carbon atoms and more preferably 2 to 6 carbon atoms. Examples include éthenylene
(-CH=CH-), and the propenylene isomers (e.g., -CH,CH=CH- and -C(CHj;)=CH-), and the
like, ‘ |

[0047] "Alkynyl" refers to alkynyl groups preferably having from 2 to 10 carbon atoms
and more preferably 2 to 6 carbon atoms and having at least 1, and preferably from 1-2,
carbon to carbon, triple bonds. Examples of alkynyl groups include ethynyl (-C= CH),
propargyl (-CH,C= CH), pent-2-ynyl (-CH,C=CCH,-CH3), and the like.

[0048] "Alkynyloxy" refers to the group alkynyl-O- wherein the alkynyl groups is as

described above.

[0049] "Alkynylene" refers to the divalent alkynyl groups preferably having from 2 to 8
carbon atoms and more preferably 2 to 6 carbon atoms. Examples include ethynylene (-
C= C-), propynylene (-CH,-C= C-), and the like.

[0050] "Acyl" refers to groups H-C(O)-, alkyl-C(O)-, cycloalkyl-C(O)-, aryl-C(O)-,
heteroaryl-C(O)- and heterocyclyl -C(O)-, where alkyl, cycloalkyl aryl, heteroaryl and

heterocyclyl are as described herein.

[0051] "Oxyacyl" refers to groups HOC(O)-, alkyl-OC(O)-, cycloalkyl-OC(O)-, aryl-
OC(O)-, heteroaryl-OC(0)-, and heterocyclyl-OC(O)-, where alkyl, cycloalkyl, aryl

heteroaryl and heterocyclyl are as described herein.
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[0052] "Amino" refers to the group -NR*R* where each R* is independently hydrogen,
alkyl, cycloalkyl, aryl, heteroaryl, and heterocy¢lyl and where each of alkyl, cycloalkyl
aryl, heteroaryl and heterocyclyl is as described herein.

[0053] "Aminoacyl" refers to the group —C(O)NR*R* where each R* is independently
hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl and where each of alkyl,
cycloalkyl, aryl, heteroaryl and heterocyclyl is as described herein.

[0054] "Aminoacylamino" refers to the group -NR*C(O)NR*R* where each R* is
independently hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl and where
each of alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl is as described herein.

[0055] "Acylamino” refers to the group —-NR*C(O)R* where each R* is independeﬁtly
. hydrogen, alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl and where each of alkyl,
cycloalkyl, aryl, heteroaryl, and heterocyclyl are as described herein.

[0056] "Acyloxy" refers to the groups -QC(O)-alkyl, -OC(O)-aryl, -C(O)O-heteroaryl,
and -C(0)O-heterocyclyl where alkyl, aryl, heteroarj'l and heterocyclyl are as described

herein. -

[0057]) "Aminoacyloxy" refers to the groups -OC(O)NR*-alkyl, -OC(O)NR*-aryl,
-OC(O)NR*-heteroaryl, and -OC(O)NR*-heterocyclyl where R* is independently
hydrogen, alkyl, cycloalkyl aryl, heteroaryl, and heterocyclyl and where each of alkyl,

cycloalkyl, aryl, heteroaryl and heterocyclyl is as described herein.

[0058] "Oxyacylamino" refers to the groups -NR*C(0)0-alkyl, -NR*C(0)O-aryl,
-NR*C(0O)O-heteroaryl, and NR*C(O)O-heterocyclyl where R* is independently
hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, and heterocycly! and where each of alkyl,

B cycloalkyl, aryl, heteroaryl and heterocyclyl is as described herein.

[0059] "Oxyacyloxy" refers to the groups —OC(0)0O-alkyl, -O-C(0)O-aryl, -OC(0)O-
heteroaryl, and —OC(O)O-heterocyclyl where alkyl, cycloalkyl, aryl, heteroaryl, and

heterocyclyl are as described herein.
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[0060] "Acylimino" refers to the groups —C(NR*)-R* where each R* is independently
hydrogen, alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl and where each of alkyl,

cycloalkyl, aryl, heteroaryl, and heterocyclyl are as described herein.

‘ [0061] "Acyliminoxy" refers to the groups ~O-C(NR*)-R* where each R* is
independently hydrogen, alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl and where
each of alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are as described herein.

- [0062] "Oxyacylimino" refers to the groups -C(NR*)-OR* where each R* is ‘
independently hydrogen, alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl and where
each of alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl are as described herein.

[0063] "Cycloalkyl" refers to cyclic alkyl groups having a single cyclic ring or
multiple condensed rings, preferably incorporating 3 to 8 carbon atoms. Such
cycloalkyl groups include, by' way of example, single ring structures such as
cyclopropyl cyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl, and the like, or multlple

rmg structures such as adamantanyl, and the like.

[0064] "Cycloalkenyl" refers to cyclic alkenyl groups having a single cyclic ring and
at least one point of internal unsaturation, preferably incorporating 4 to 8 carbon atoms.
Examples of suitable cycloalkenyl groups include, for instance, cyclobut-2-enyl,

cyclopent-3-enyl, cyclohex-4-enyl, cyclooct-3-enyl and the like.
[0065] "Halo" or "halogeli" refers to fluoro, chloro, bromo and iodo.

[0066] "Heteroaryl" refers to a monovalent aromatic heterocyclic group which fulfils
the Hiickel criteria for aromaticity (ie. contains 4n + 2 n electrons) and preferably has
from 2 to 10 carbon atoms and 1 to 4 heteroatoms selected from oxygen, nitrogen,

, selenium, and sulfur within the ring (and includes oxides of sulfur, selenium and
nitrogen). Such heteroaryl groups can have a single ring (eg., pyridyl, pyrrolyl or N-
oxides thereof or furyl) or multiple condensed rings (eg., indolizinyl, benzoimidazolyl,

coumarinyl, quinolinyl, isoquinolinyl or benzothienyl).
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[0067] "Heterocyclyl" refers to a monovalent saturated or unsaturated group having a
single ring or multiple condensed rings, pfeferably from 1 to 8 carbon atoms and from
l1to 4 héteroatoms selected from nitrogen, sulfur, oxygen, selenium or phosphorous

within the ring. The most preferred heteroatom is nitrogen.

[0068] Examples of heterocyclyl and heteroaryl groups include, but are not limited to,
oxazole, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine,
indolizine_, isoindole, indole, indazole, purine, quinolizine, isoquinoline, quinoline,
phthalazine, naphthylpyridine, quinoxaline, quinazoline, cinnoline, pteridine,
carbazole, carboline, phenanthridine, acridine, phenanthroline, isothiazole, phenazine,
isoxazole, isothiazole, phenoxazine, phenothiazine, imidazolidine, imidazoline, .
piperidine, piperazine, indoline, phthalimide, 1,2,3,4-tetrahydroisoquinoline, 4,5,6,7-
tetrahydrobenzo[b]thiophene, thiazole, thiadiazoles, éxadiazole, oxatriazole, tetrézole,
thiazolidine, thiophene, benzo[b]thiophene, morpholino, piperidinyl, pyrrolidine,

tetrahydrofuranyl, triazole, and the like.

[0069] "Heteroarylene" refers to a divalent heteroaryl group wherein the heteroaryl |

group is as described above.

[0070] "Heterocyclylene" refers to a divalent heterocyclyl group wherein the

heterocyclyl group is as described above.

[0071] "Thio" refers to groups H-S-, alkyl-S-, cycloalkyl-S-, aryl-S-, heteroaryl-S-,
and heterocyclyl-S-, where alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl are as

described herein.

[0072]) "Thioacyl" refers to groups H-C(S)-, alkyl-C(S)-, cycloalkyl-C(S)-, aryl-C(S)-,
heteroaryl-C(S)-, and heterocyclyl-C(S)-, where alkyl, cycloalkyl, aryl, heteroaryl and

heterocyclyl are as described herein.

[0073] "Oxythioacyl" refers to groups HO-C(S)-, alkylO-C(S)-, cycloalkylO-C(S)-,
arylO-C(S)-, heteroarylO-C(S)-, and heterocyclylO-C(S)-, where alkyl, cycloalkyl,

aryl, heteroaryl and heterocyclyl are as described herein.
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[0074] "Oxythioacyloxy" refers to groups HO-C(S)-O-, alkylO-C(S)-O-, cycloalkylO-
C(S)-0-, arylO-C(S)-0-, heteroarylO-C(S)-O-, and heterocyclylO-C(S)-O-, where
alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl are as described herein.

[0075] = "Phosphorylamino” refers to the groups ~-NR*-P(O)(R**)(OR***) where R*
represents H, alkyl, cycloalkyl, alkenyl, or aryl, R** represents OR*** or is hydroxy or
amino and R*** is alkyl, cycloalkyl, aryl or arylalkyl, where alkyl, amino, alkenyl,

aryl, cycloalkyl, and arylalkyl are as described herein.

[0076] "Thioacyloxy" refers to groups H-C(S)-0O-, alkyl-C(S)—O;, cycloalkyl-C(S)-O-,
aryl-C(S)-O-, heteroaryl-C(S)-O-, and heterocyclyl-C(S)-O-, where alkyl, cycloalkyl,

aryl, heteroaryl, and heterocyclyl are as described herein.

[0077] "Sulfinyl” refers to groups H-S(0O)-, alkyl-S(0O)-, cycloalkyl-S(O)-, aryl-S(O)-,
heteroaryl-S(O)-, and heterocyclyl-S(O)-, where alkyl, cycloalkyl, aryl, heteroaryl and

heterocyclyl are as described herein.

[0078] "Sulfonyl" refers to groups H-S(0),-, alkyl-S(O);-, cycloalkyl-S(O),-, aryl-
S(O);-, heteroaryl-S(0O),-, and heterocyclyl-S(O),-, where alkyl, cycloalkyl, aryl,

heteroaryl and heterocyclyl are as described herein.

[0079] "Sulfinylamino" refers to groups H-S(O)-NR*-, alkyl-vS(O)-NR*-, cycloalkyl-
S(O)-NR*-, aryl-S(O)-NR*-, heteroaryl-S(O)-NR*o, and heterocyclyl-S(O)-NR*-,
where R* is independently hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, and
heterocyclyl and where each of alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl is as

described herein.

[0080] "Sulfonylamino” refers to groups H-S(0),-NR*-, alkyl-S(0),-NR*-,
cycloalkyl-S(0),-NR*-, aryl-S(O),-NR*-, heteroaryl-S(0),-NR*-, and heterocyclyl-
S(0),-NR*-, where R* is independently hydrogen, alkyl, cycloalkyl, aryl, heteroaryl,
and heterocyclyl and where each of alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl

is as described herein.
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[0081] "Oxysulfinylamino" refers to groups HO-S(0)-NR*-, alkylO-S(O)-NR*-,
éycloalkle'-S(O)-NR*-,Aarle-S(O)-NR*-, heteroarylO-S(O)-NR*-, and
heterocyclylO-S(O)-NR*-, where R* is independently ’hydrogen, alkyl, cycloalkyl, aryl,
heteroaryl, and heterocyclyl and where each of alkyl, cycloalkyl, aryl, heteroaryl and

heterocyclyl is as described herein.

[0082] "Oxysulfonylamino" refers to groups/I‘-IO-S(O)z-NR*-, alkylO-S(0),-NR*-,
cycloalkylO-S(0);-NR*-, arylO-S(0O),-NR*-, heteroarylO-S(0),-NR*-, and
heterocyclylO-S(0O),-NR*-, where R* is independently hydrogen, alkyl, cycloalkyl,
aryl, heteroaryl, and heterocyclyl and where each of alkyl, cycloalkyl, aryl, heteroaryl

and heterocyclyl is as described herein.

[0083] "Aminothioacyl" refers to groups R*R*N-C(S)-, where each R* is
independently hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclic and where
each of alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl is as described herein.

[0084] "Thioacylamino" refers to groups H-C(S)-NR*-, alkyl-C(S)-NR*-, cycloalkyl-
C(S)-NR*-, aryl-C(S)-NR*-, heteroaryl-C(S)-NR*-, and heterocyclyl-C(S)-NR*-,
where R* is independently hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, and
heterocyclyl and where each of alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl is as

described herein.

[0085] "Aminosulfinyl” refers to groups R*R*N-8(0)-, where each R* is
- independently hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclic and where
each of alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl is as described herein.

[0086] "Aminosulfonyl" refers to groups R*R*N-S(0),-, where each R* is
independently hydrogen, alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclic and where
each of alkyl, cycloalkyl, aryl, heteroaryl and heterocyclyl is as described herein.

{0087] In this specification “optionally substituted"” is taken to grxeah that a group may or
may not be further substituted or fused (so as to form a condensed polycyclic group) with
one or more groups selected from hydroxy, acyl, alkyl, alkoxy, alkenyl, alkenyloxy,

alkynyl, alkynyloxy, amino, aminoacyl, thio, arylalkyl, arylalkoxy, aryl, aryloxy,
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acylamino, cyano, halogen, nitro, sulfo, phosphono, phosphorylamino, phosphinyl,
heteroaryl, he‘teroaryloxy, heterocyclyl, heterocyclyloxy, oxyacyl, oxime, oxime ether,
hydrazone, -NHC(NH)NH,, oxyacylamino, oxysulfonylamino, aminoacyloxy,
trihalomethyl, trialkylsilyl, pentafluoroethyl, trifluoromethoxy, difluoromethoxy,
trifluoromethanethio, tfiﬂuoroethenyl, mono- and di-alkylamino, mono-and di-
(substituted alkyl)amino, mono- and di-arylamino, mono- and di-heteroarylamino,
mono- and di-heterocyclyl amino, and unsymmetric di-substituted amines having
different substitﬁents selected from alkyl, aryl, heteroaryl and heterocyclyl, and the
like.

[0088] An optionally substituted amino group may also include amino acid and peptide

residues.

[0089]) The VDA of formula I, Ia, Ib, or II may be prepared by known methods including
those disclosed in WO 02/060872 and WO 07/087684 which are incorporated herein by

reference.

[0090) In a further preferred embodiment the VDA for use in the present combination

therapy is a compound of formula (III) or a salt, solvate or prodrug thereof

meo, PO
o)
0
N—cH;
H3CO o
| OH

[0091] The compound of formula (III) (2-Methyl-7-hydroxy-3-(3,4,5-trimethoxybenzoyl)-
6-methoxybenzofuran) can be prepared by the synthetic methodology described in
PCT/AU2007/000101 (WO 07/087684).

[0092] The compounds of formula I, Ia, Ib, II or III have been observed to be potent
tubulin polymerisation inhibitors (TPIs). An important aspect of the compounds of

formulae I, Ia, Ib, II and III is the combination of the specific C-6 and C-7 substituents
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together with the C-2 Q-group (especially C-2 methyl) which appears to confer greater
“potency and selectivity when compared to other structurally related TPI compounds. In
these compounds selectivity is not simply reliant on the predisposition of tumour
vasculature towards collapse when challenged with the VDA but on a capacity of the VDA
to distinguish between tumour endothelial cells and normal endothelial cells. Normal ‘
enddthélial cells, found in healthy tissues, are in a “quiescent” state and tumour endothelial
cells are in an “activated” state. Most VDAs do not distinguish between these two states,
for example, Combretastatin A4 (CA4) is equally potent against quiescent and activated |
endothelial cells. However, the compounds of formulae I, Ia, Ib, II and particularly III
show selectivity towards tumor endothelial cells (activated) over normal endothelial cells

(quiescent).

[0093] It will be appreciated that the VDAs of the invention and compounds of formula I,
Ia, Ib, II, or 1II can be administered to a subject as a pharmaceutically acceptable salt
thereof. Suitable pharmaceutically acceptable_\salts include, but are not limited to salts of
pharmaceutically acceptable inorganic acids such as hydrochloric, sulphuric, phosphoric,

" nitric, carbonic, boric, sulfamic, and hydrobromic acids, or salts of pharmaceutically
acceptable organic acids such as acetic, propionic, butyric, tartaric, maleic, hydroxymaleic,
fumaric, maleic, citric, lactic, mucic, gluconic, benzoic, succinic, oxélic, phenylacetic, '
methanesulphonic, toluenesulphonic, benezenesulphonic, salicyclic sulphanilic, aspartic,
glutamic, edetic, stearic, palmitic, oleic, lauric, pantothenic, tannic, ascorbic and valeric

acids.

[0094] Base salts include, but are not limited to, those formed with pharmaceutically
acceptable cations, such as sodium, potassium, lithium, calcium, magnesium, ammonium
and alkylammonium. In particular, the present invention includes within its scope cationic

salts eg sodium or potassium salts, or alkyl esters (eg methyl, ethyl) of the phosphate
group.

[0095] It will also be appreciated that any compound that is a prodrug of a VDA of the
invention or a compound of formula I, Ia, Ib, II, and III are also within the scope and spirit

of the invention. The term "pro-drug" is used in its broadest sense and encompasses those
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derivatives that are converted in vivo to a compound of the invention (for instance, a
compound o‘f formulae I, Ia, Ib, II, and III). Such derivatives would readily occur to those
skilled in the art, and include, for example, compounds where the free hydroxy group (for
instance at C-7 position or R'P) is convert¢d into an ester, such as an acetate or phosphate
ester, or where a free amino group (for instance at C-7 position or R'P) is converted into an
amide (e.g., a-aminoacid amide). Procedures for esterifying, eg. acylating, the compounds
are well known in the art and may include treatment of the compound with an appropriate
carboxylic acid; anhydride or chloride in the presence of a suitable catalyst or base. A
particularly preferred prodrﬁg is a disodium phosphate ester. The disodium phosphate
ester (in partiéular aC-7 disodiurh phosphate ester of a compound of formula III) of the
compound of the invention may be useful in increasing the solubility of the compounds.
This would, for instance, may allow for delivery of the compound in a benign vehicle like
saline. The disodiuni phosphate ester may be prepared in accordanée with the methodology
described in Pettit, G. R., et al, Antiéancer Drug Des., 1995, 10, 299. Other texts which
generally describe prodrugs (and the preparation thereof) include: Design of Prodrugs,
1985, H. Bundgaard (Elsevier); The Practice of Medicinal Chemistry, 1996, Camille G.
Wermuth et al., Chapter 31 (Academic Press); and 4 Textbook of Drug Design and
Development, 1991, Bundgaard et al., Chapter 5, (Hafwood Academic Publishers).

+

. [0096] The compounds of formulae I, Ia, Ib, II, and III (or a salt or prodrug thereof) may
be in crystalline form either as the free compound or as a solvate (e.g. hydrate) and it is
intended that both forms are within the scope of the present invention. Methods of

solvation are generally known within the art.

Combination partner (b); hypoxia targeting agent

~ [0097]  The induction of hypoxia in a tumour results in upregulation of a number of
molecules including CXCL12, MMP-9, Hifla, VEGFA, p-mTOR, PERK, p-¢IF2q,
GLUT!1 and other ﬁypoxia activated agents.

[0098] Accordingly, any agent that inhibits or targets one or more molecules upregulated
by tumour hypoxia is encompassed by the meaning of "hypoxia targeting agent" as used

herein.
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[0099] Suitable hypoxia targeting agents are preferably selected from the group
consisting of Retaspimycin HCl, Geldanamycin derivatives, Sunitib, Pazopanib,
Ridaforolimus, Bortezomib, 2-Deoxyglucose, Lonidamine, Imatinib, TH-302 with or
without Chk1 inhibitors, PR-104, CXCR4-SDF-1 targeting agents, BMS-936564 and

Tirapazamine.

‘ [0100] The suitability of any hypoxia targeting combination partner will often depend on
the mode of delivery, however, particularly preferred agents are Pazopanib and
Bortezomib. The preferred combinations of agents are BNC105 and Pazopé.nib and
BNCIOS and Bortezomib. Typically the BNC105 will be used in the form of a phosphate

salt.

Proliferative Diseases

[0101] As used herein the term "proliferative disease” broadly encompasses any
neoplastic disease including those which are potentially malignant (pre-cancerous) or

malignant (cancerous). The term therefore encompasses the treatment of tumours.

[0102] Accordingly, the term "tumour” is used generally to define any malignant
cancerous or pre-cancerous cell growth, and may include leukaemias and carcinomas such
as x;lelanomas, colon, lung, ovarian, skin, breast, pancreas, pharynx, brain prostate, CNS,

and renal cancers, as well as other cancers.

[0103] In a preferred embodiment the combination may be used in the treatment of
tumours and in particular in the following tumours: breast adenocarcinoma, brain
glioblastoma, colorectal adenocarcinoma, lung carcinoma, ovary adenocarcinoma,
pancreatic adenocarcinoma, prostate carcinoma, renal cell adenocarcinoma, and pharynx

) .
squamous cell carcinoma.

[0104] In a preferred aspect the invention provides a combination of (a) and (b) for the

treatment of renal cancer, and in particular metastatic renal cell carcinoma.
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The combination of (a) and (b)

[0105] Without wishing to be bound to any particular theory it is postulated that VDA’s
induce hypoxia in highly vascularised tumors which can drive angiogenic/survival
responses. Combination partners (b) target various hypoxia response pathWays. Therefore
inhibition using combination partner (b) directed against tumor hypoxia may yield a
beneficial additive or synergistic effect through limiting the induction of the

angiogenic/survival responses when combined with combination partner (a).

[0106] The present invention therefore provides a method of treating tumours comprising
the administration of an effective amount of (a) a VDA in combination with an effective

amount of (b) at least one hypoxia targeting agent.

[0107) An "effective amount” is intended to mean that the amount of each combination
partner, when administered to a mammél‘ (in particular a human) in need of such treatment,
is sufficient to effect treatment for a particular proliferative disease. Thus, for example, a
therapeutically effective amount of a compound of combination partner (a) (or a
pharmaceutically acceptable salt, solvate, or prodrug thereof) is a quantity sufficient to
synergise or potentiate the activity of the hypoxia targeting agent (or vice versa) such that a

targeted disease is reduced or alleviated.

[0108] This may include at least partially attaining the desired effect, or delaying the
onset of, or inhibiting the progression of, or halting or reversing altogether the onset or

progression of the particular disease (e.g., tumour) being treated.

[0109] Clinical studies such as open-label, dose escalation studies in patients with
proliferative diseases may include studies to prove the synergism of the active ingredients
of the combination. The beneficial and/or synergistic effects can be determined directly
through the results of these studies which are known as such to a person skilled in the art.
These studies are also able to compare the effects of a monotherapy using the active
ingredients and a combination of the invention. Preferably, the dose of combination
partner (a) may be escalated until the Maximum Tolerated Dosage (MTD) is reached, and

agent (b) is administered as a fixed dose. Alternatively, combination partner (a) is
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administered in a fixed dose and the dose of agent (b) is escalated. Each patient may
receive doses of agent (a) either daily or intermittent. The efficacy of the treatment can be
determined in such studies, e.g., after 6, 12, 18 or 24 weeks by evaluation of symptom

scores every 9 weeks.

[0110] The administration of the pharmaceutical combination of the present invention
may result not only in a beneficial effect, e.g., an additive or synergistic therapeutic effect,
for instance, with regard to alleviating, delaying progression of or inhibiting the symptbms,*
but also in further surprising beneficial effects. Such other effects may include fewer side
effects, an improved quality of life or a decreased morbidity, compared with a

monotherapy applying only one of the pharmaceutically active ingredients used in the

combination of the present invention.

[0111] A further benefit of the invention is that lower doses of the active ingredients of
the combination can be used. The dosages need not only be smaller but may also be

appliéd less frequently, which may diminish the incidence or severity of side effects.

[0112] The term "administration" relates to the co-administration of the combination
partners to a single patient, and are intended to include treatment regimens in which the
agents are not necessérily administered by the same route of administratidn or at the same
time. Accordingly, combination partners (a) and (b) may be administered together, one
after the other or separately in one combined unit dosage form or in two separate unit
dosage forms. The unit dosage form may also be a fixed combination such as a
pharmaceutical composition which comprises both partner (a) (or a salt, solvate or prodrug

thereof) and partner (b).

[0113] In particular, a therapeutically effective amount of each of the combination
partner of the combination of the invention may be administered simultaneously or
sequentially and in any order, and the components may be administered separately or as a

fixed combination.

[0114] For example, the method of preventing or treating proliferati\}e diseases according

to the invention may comprise: (i) administration of pahner (a) in free or pharmaceutically
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acceptable salt form; and (ii) administration of partner (b) in free or pharmaceutically

- acceptable salt form, simultaneously or sequentially in any order, in jointly therapeutically
effective amounts, preferably in synergistically effective amounts, e.g., in daily or
intermittent dosages corresponding to the amouﬁts described herein. The individual
combination partners of the combination of the invention may be administered separately
at different times during the course of therapy or concurrently in divided or single
combination forms. Furthermore, the term administering also encompasses the use of a
pro-drug of a combination partner that converts in vivo to the combination partner as such.
The present inventién is therefore to be understood as embracing all such regimens of
simultaneous or alternating treatment and the term "administering” is to be interpreted

accordingly.

[0115] As such it will be appreciated that the combination partners may be presented as a
"kit of parts" for use in the treatment of a proliferative disease (e.g., tumour therapy). The
kit may comprise a package where the combination partners are supplied separately for co- -

administration with instructions for use in the particular therapy.

[0116]) The effective dosage of each of the combination partners employed in the
combination of the invention may vary depending on the particular compound or
pharmaceutical composition employed, the mode of administration, the condition being
treated, the severity of the condition being treated. Thus, the dosage regimen of the
combination of the invention is selected in accordance with a variety of factors including
the route of administration and the renal and hepatic function of the patient. A physician of
ordinary skill can readily determine and prescribe the effective amount of the single active

ingredients required to alleviate, counter or arrest the progress of the condition.

[0117] Daily dosages for combination ‘partners (a) and (b) will, of course, vary depending
on a variety of factors, e.g., the compound chosen, the particular condition to be treated
and the desired effect. In general, however, satisfactory results are achieved on
administration of agent (a) at daily dosage rates of about 0.05 to 20 mg/kg per day,
particularly 1 to 20 mg/kg per day, e.g. 0.4 to 16 mg/kg per day, as a éingle dose or in
divided doses. Combination partner (a) and partner (b) may be administered by any |
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conventional route, in particular enterally, e.g., orally, e.g., in the form of tablets, capsules,
drink solutions or parenterally, e.g., in the form of injectable solutions or suspensions.
Suitable unit dosage forms for oral administration comprise from about ,().02 to 50 mg
active ingredient, usually 0.1 to 30 mg and 2 to 25 mg, 4 to 20 mg e.g. combination partner
(@) or (b), together with one or more pharmaceutically acceptable diluents or carriers

therefore.

[0118] Combination partner (b) may be administered to a human in a daily dosage range
of 0.5 to 1000 mg. Suitable unit dosage forms for oral administration comprisé from about
0.1 to 500 mg active ingredient, preferably 5-50 mg/day, more preferably 5-20 mg/day,
and most preferably about 7-12 mg/day, together with one or more pharmaceutically
acceptable diluents or carriers therefore. Methods and administration regimes for delivery

known hypoxia targeting agents would be known to the skilled clinician.

[0119]} For instance, an administration regime may include adding the TPI (e.g.,
compound of formula III) at an assigned dose level by L.V. on days 1 and 8 (of a 21 day
cycle) where the hypoxia targeting agent is given as an oral daily dose (e.g., about 10
mg/day). In this embodiment the compound of formula (11D may be dosed at a level of

between 4 to 16 mg/m>.

[0120] The administration of a pharmaceutical combination of the invention results not
only in a beneficial effect, e.g., an additive or synergistic therapeutic effect, ¢.g., with
regard to inhibiting the growth of tumors, but also in further surprising beneficial effects,
e.g., less side effects, an improved quality of life or a decreased morbidity, compared to a
monotherapy applying only one of the pharmaceutically éctive ingredients used in the

combination of the invention.

[0121] A further benefit is that lower doses of the active ingredients of the combination

of the invention can be used, e.g., that the dosages need not only often be smaller but are
“also applied less frequently, or can be used in order to diminish the incidence of side

effects. This is in accordance with the desires and requirements of the patients to be

treated.
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{0122]) Combinations of partners (a) and (b) may be combined, independently or together,
with one or more pharmaceutically acceptable carriers and, optionally, one or more other
conventional pharmaceutical adjuvants and administered enterally, e.g., orally, in the form
of tablets, capsules, caplets, etc. or parenterally, e.g., intraperitoneally or intravenously, in
the form of sterile injectable solutions or suspensions. The enteral and parenteral

compositions may. be prepared by conventional means.

[0123] - The pharmaceutical compositions for separate administration of combination
partner (a) and partner (b) or for the administration in a fixed combination (i.e.,a
composition), according to the invention may be prepared in a manner known in the art and
are those suitable for enteral, such as oral or rectal, and parenteral administration to
mammals (warm-blooded animals), particularly ixumans, comprising a therapeutically
effective amount of at least one pharmacologically active combination partner alone, e.g.,
as indicated above, or in combination with one or more pharmaceutically acceptable

carriers or diluents, especially suitable for enteral or parenteral application.

[0124] Suitable pharmaceutical compositions contain, e.g., from about 0.1% to about

99.9%, preferably from about 1 % to about 60%, of the active ingredient(s).

[0125] The composition may contain any suitable carriers, diluents or excipients. These
include all conventional solvents, dispersion media, fillers, solid cérriers, coatings,
antifungal and antibacterial agents, dermal penetration agents, surfaétants, isotonic and
absorption agents and the like. It will be understood that the compositions of the invention

may also include other supplementary physiologically active agents.

[0126] The carrier must be pharmaceutically "acceptable” in the sense of béing
compatible with the other ingredients of the composition and not injurious to the subject.
Compositions include those'suitable for oral, rectal, nasal, topical (including buccal and
sublingual), vaginal or parental (including subcutaneous, intramuscular; intravenous and
intradermal) administration. The compositions may conveniently be presented in unit
dosage form and may be prepared by any methods well known in the art of pharmacy.
Such methods include the step of bringing into association the active ingredient with the

carrier which constitutes one or more accessory ingredients. In general, the compositions
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are prepared by uniformly and intimately bringing into association the active ingredient
with liquid carriers or finely divided solid carriers or both, and then if necessary shaping

the product.

[0127] Compositions of the present invention suitable for oral administration may be
presented as discrete units such as capsules, sachets or tablets each containing-a
‘predetermined amount of the active ingredient; as a powder or granules; as a solution or a
suspension in an aqueous or non-aqueous liquid; or as an oil-in-water liquid emulsion or a
water-in-oil liquid emulsion. The active ingredient may also be presented as a bolus,

electuary or paste.

[0128] A tablet may be made by compression or moulding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compréssing in a suitable
machine the active ingredient in a free-flowing form such as a powder or granules,
optionally mixed with a binder (e.g inert diluent, preservative disintegrant (e.g. sodium
starch glycolate, cross-linked polyvinyl pyrrolidone, cross-linked sodium carboxymethyl
cellulose) surface-active or dispersing agent. Moulded tablets may be made by moulding
in a suitable machine a mixture of the powdered compound moistened with an inert liquid
diluent. The tablets may optionally be coated or scored and may be formulated so as to
provide slow or controlled release of the active ingredient therein using, for example, -
hydroxypropylmethyl cellulose in varying proportions to provide the desired release
profile. Tablets may optionally be provided with an enteric coating, to provide release in

parts of the gut other than the stomach.

[0129]) Compositions suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavoured base, usually sucrose and acacia or
tragacanth gum,; pastilles comprising the active ingredient in an inert basis such as gelatine
and glycerin, or sucrose and acacia gum; and mouthwashes comprising the active

ingredient in a suitable liquid carrier.

[0130] Compositions suitable for topical administration to the skin may comprise the
compounds dissolved or suspended in any suitable carrier or base and may be in the form

of lotions, gel, creams, pastes, ointments and the like. Suitable carriers include mineral oil,
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lpropylene glycol, polyoxyethylene, polyo;(yprobylene, emulsifying wax, sorbitan .
monostearate, polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl
alcohol and water. Transdermal patches may also be used to administer the compounds of

the invention.

[0131] Compositions for rectal administration may be presented as a suppository with a
suitable base comprising, for example, cocoa butter, glycerin, gelatine or polyethylene

glycol.

{0132] Compositions suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing in addition to the

active ingredient such carriers as are known in the art to be appropriate.

[0133] Compositions suitable for parenieral administration include aqueous and non-
aqueous isotonic sterile injection solutions which may contain anti-oxidants, buffers,
bactericides and solutes which render the composition isotonic with the blood of the
intended recipient; and aqueous and non-aqueous sterile suspensions which may include
suspending agents and thickening agents. The compositions may be presented in unit-dose
or multi-dose sealed containers, for example, amboules and vials, and may be stored in a
freeze-dried (lyophilised) condition requiring only the addition of the sterile liquid carrier,
for example water for injections, immediately prior to use. Extemporaneous injection
solutions and suspensions may be prepared. from sterile powders, granules and tablets of

the kind previously described.

[0134] Preferred unit dosage compositions are those containing a daily dose or unit, daily
sub-dose, as herein above described, or an appropriate fraction thereof, of the active

ingredient.

[0135] It should be understood that in addition to the active ingredients particularly
mentioned above, the compositions of this invention may include other agents
conventional in the art having regard to the type of composition in question, for example,
those suitable for oral administration may include such further agents as binders,

sweeteners, thickeners, flavouring agents disintegrating agents, coating agents,
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preservatives, lubricants and/or time delay agents. Suitable sweeteners include sucrose,
lactose, glucose, aspartame or saccharine. Suitable disintegrating agents include
cornstarch, methylcellulose, polyﬁnylpyrrolidone, xanthan gum, bentonite, alginic acid or
agar. Suitable flavouring agents include peppermint oil, oil of wintergreen, cherry, orange
or raspberry flavouring. Suitable coating agents include polymers or copolymers of acrylic
acid and/or methacrylic acid and/or their esters, waxes, fatty alcohols, zein, shellac or
gluten; Suitable preservatives include sodium benzoate, vitamin E, alpha-tocopherol,
ascorbic acid, methyl paraben, propyl paraben or sodium bisulphite. Suitable lubricants
include magnesium stearate, stearic acid, sodfum oleate, sodium chloride or talc. Suitable

time delay agents include glyceryl monostearate or glyceryl distearate.

[0136] Those skilled in the art will appreciate that the invention described herein in
susceptible to variations and modifications other than those specifically described. It is to
be understood that the invention includes all such variations and modiﬁc\ations which fall
‘within the spirit and scope. The invention also includes all of the steps, features,
compositions and compounds referred to or indicated in this specification, individually or

collectively, and any and all combinations of any two or more of said steps or features.

[0137] Certain embodiments of the invention will now be described with reference to the
following examples which are intended for the purpose of illustration onl_y.and are not

intended to limit the scope of the generality hereinbefore described.
EXAMPLES
Synthetic Protocols

Preparation of 2-Bromo-7-acetoxy-3-(3,4,5-trimethoxybenzoyl)-6-methoxybenzofuran.

MeO
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Step 1: 2-z-Butyldimethylsilyl-3-(z-butyldimethylsilyloxymethylene)-6-methoxy-7-

isopropoxybenzofuran (Larock coupling).

[0138] A suspension of 2-isopropoxy-3-methoxy-5-iodophenol (4.41 mmol), 1-(tert-
butyldimethylsilyl)-3-(fert-butyldimethylsilyloxy)propyne (1.5 g, 5.28 mmol), lithiyum
chloride (189 mg, 4.45 mmol) and sodium carbonate (2.34 g, 22.68 mmol) in dry
-dimethylformamide (5 mL) at 100 °C was deoxygenated 4 times by evacuation and
backfilling with nitrogen. Palladium acetate (135 mg, 0.60 mmol) was added and the
reaction vessel was degassed twice with nitrogen. The reaction mixture was then stirred at
this temperature for 4 hours (tlc) and the solvent was removed by distillation under
vacuum. The residue was dissolved in ethyl acetate (75 mL), stirred well, filtered and
treated with triethylamine (5 mL). The solution was concentrated onto silica gel (10 g) and
purified by flash chromatography (silica gel, eluent = hexane/diethyl ether/triethylamine;
95:5:1%) to afforded the title compound as a yellow oil (1.45 g, 96 %); '"H NMR (300
MHz, CDCl3) 8 7.24(d, 1H, J = 8.45 Hz), 6.88(d, 1H, J = 8.47 Hz), 4.80(s, 2H, CH,),
4.73(m, 1H), 3.88(s, 3H, OMe), 1.36(d, 6H, J = 6.17 Hz), 0.94(s, 9H), 0.92(s, 9H), 0.35(s,
6H), 0.12(s, 6H).

1

Step 2: 2-t-Butyldimethylsilyl-3-formyl-6-methoxy-7-isopropoxybenzofuran

[0139] To a solution of 2-t-butyldimethylsilyl-3-(t-butyldimethylsilyloxymethylene)-6-
methoxy-7-isopropoxybenzofuran (2.69 mmol) in methanol (100 mL) was added
“concentrated hydrochloric acid (200 pL) and the reaction was stirred for 30 minutes
“(monitored by tlc), quenched with triethylamine (2 mL) and the solvent removed by
distillation under vacuum. The residue was dissolved in dichloromethane (20 mL), washed
with water (10 mL), dried over magnesium sulfate, concentrated under vacuum and co-
distilled with toluene (20 mL). The crude product was dissolved in dry dichloromethane (4 -
mL) and added to a stirred solution of Collin's reagent (chromium trioxide (1.01 g),
pyridine (1.65 mL) in dry dichloromethane (30 mL)). The suspension was stirred for 10
minutes, filtered and the residue washed with diethyl ether (20 mL). The filtrate was
concentrated onto silica (10 g) and purified by flash chromatography (silica gel, eluent =

héxane/diethyl-ether/triethyla.mine (90:9:1) to afford the title compound as a light yellow
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oil (503 mg, 48%); '"H NMR (300 MHz, CDCL3) § 10.25(s, I H, CHO), 7.79(d, 1H, J = 8.45
Hz), 6.98(d, 1H, J = 8.46 Hz), 4.65(m, 1H), 3.89(s, 3H, OMe), 1.35(d, 6H, /= 6.17 Hz),
0.97(s, 9H), 0.45(s, 6H).

Step 3: 2-t-Butyldimethylsilyl-3-(3,4,5-trimethoxybenzoyl)-6-methoxy-7-

isopropoxybenzofuran

[0140) To a stirred solution of 3,4,5-;rimethoxyiodobenzene (377 mg, 1.27 mmol) in dry
tetréhydrofuran (1 ﬁL) at -78 °C under nitrogen was added n-butyllithium (795 pL, 1.59
mmol, 2M solution in cyclohexane) and the reaction mixture was stirred at this temperature
for 40 minutes. After this time a solution of 2-t-butyldimethylsily»l-B-formyl-6-methoxy-7-
isoproxybenzofuran (1.07 mmol) in dry tetrahydrofuran (1 mL) was added to the reaction
dropwise via syringe pipette. The reaction mixture was stirred at -60 °C for 20 minutes
and then allowed to warm to 0°C, stirred for 10 minutes, qlllenched with saturated

- ammonium chloride solution (2 mL) and diluted with ethyl acetate (20 mL). The organic
layer was washed with water (10 mL), dried over magnesium sulfaté and the solvent was
removed under vacuum to give a residue that was co-distilled with toluene. The crude

. product .(908 mg) was dissolved in dry tetrahydrofuran (10 mL) and treated with 2,3-

‘ dichloro-5,6-dicyano-l,4-benzoquinohe (900 mg, 1.59 mmol) was added. The reaction
mixture was stirred at room temperature for 16 hours (monitored by tlc) and then loaded
onto silica (10 g) and purified by flash chrqmatography (silica gel, eluent = hexane/diethyl
ethér/triethyla:ﬁine, 90:9:1) to afford the title compound as a light yellow oil (498 mg,
69%); '"H NMR (300 MHz, CDCl3) & 7.14(s, 2H, benzoyl Hs), 6.81(d, 1H, J = 8.64 Hz),
6.77(d, 1H, J = 8.64 Hz) 4.74(m, 1H), 3.93(s, 3H, OMe), 3.'86(5, 3H, OMe), 3.78(s, 6H, 2 x
OMe), 1.39(d, 6H, J=6.14 Hz), 1.01(s, 9H), 0.26(s, 6H). '

Step 4: 2-(fert-butyldimethylsilyloxy)-7-acetoxy-3-(3,4,5-trimethoxybenzoyl)-6-

‘methoxybenzofuran

[0141] To a stirred solution of 2-(¢-butyldimethylsilyloxy)-7-isopropoxy-3-(3,4,5-
trimethoxybenzoyl)-6-methoxy-benzoﬁaran (160 mg, 0.31 mmol) in dry DCM (2 mL) at
~ room temperature under nitrogen was added solid aluminium trichloride (83 mg, 0.62

mmol) and the reaction mixture was stirred for 15 minutes (monitored by tlc). The
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reaction was quenched with a saturated solution of ammonium chloride, extracted with
dichloromethane and dried over magnesium sulfate. The solvent was removed by
distillation and residue was dried by azeotropic removal of water with toluene. The crude
vproduct was dissolved in pyridine (2 mL), acetic anhydride (1 mL)\was added and reaction
mixture was stirred for 2 hours at room temperature. The solvent was distilled under
vacuum and the residue was loaded onto silica gel (1 g) and purified by column
chfomatography (silica gel, eluent, hexane:diethyl-ether; 80:20) (134 mg, 84%); 'HNMR
(300 MHz, CDCls) & 7.14(s, 2H, benzoyl Hs), 6.98(d, 1H, J= 8.72 Hz), 6.85(d, 1H, J =
8.72 Hz), 3.93(s, 3H, OMe), 3.86(s, 3H, OMe), 3.80(s, 6H, 2 x OMe), 2.41(s, 3H), 0.99(s,

' 9H), 0.25(s, 6H). '

Step 5: 2-Bromo-7-acetoxy-3-(3,4,5-trimethoxybenzoyl)-6-methoxybenzofuran

!

[0142] To a stirred solution of 2-t-butyldifhethylsilyl-7-acetoxy-3 -(3,4,5-
trimethoxybenzoyl)-6-methoxybenzofuran (120 mg, 0.44 mmol) in 1,2-dichloroethane (1
mL) at room temperature under nitrogen was added bromine (12 ul, 0.44 mmol) dropwise
and tl{e reaction mixture was stirred at this temperature for 10 minutes. After this time the
reaction was quenched with saturated sodium thiosulfate solution, extracted with ethyl
acetate (20 mL), dried over magnesium sulfate and the solvent removed by distillation
under vacuum. The crude product was purified by silica gel column chromatography

 (eluent = Hexane:diethyl ether; 8:2 - 7:3) to afford the title compound as a colourless
crystalline solid (91 mg, 81%); 'H NMR (300 MHz, CDCl;) 6 7.40(d, 1H, J = 8.70 Hz),
7.14(s, 2H, benzoyl-Hs), 6.98(d, 1H, J = 8.75 Hz), 3.94(s, 3H, OMe), 3.89(s, 3H, OMe),
3.86(s, 6H, 2 x OMe), 2.43(s, 3H); 13C NMR (75 MHz, CDCl;) 6 187.95(CO), 167.71,
152.75, 149.54, 147.49,.142.59, 131.92, 131.80, 123.91, 121.84, 119.89, 117.72, 109.89,
106.92, 60.69, 56.61, 56.00, 20.09.
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Example 1

Preharation of 2-Methyl-7-hydroxy-3-(3,4,5-trimethoxybenzoyl)-6-methoxybenzofuran
(BNC105)

MeO OMe

MeO O
=0
0
MeO O
OH

Preparation A

[0143] To a stirred solution of 2-Bromo-7-acetoxy-3-(3,4,5-trimethoxybenzoy!)-6-
methoxybenzofuran (20 mg, 0.042 mmol), methyl-boronic acid (40 mg, 0.67 mmol), in 1,4-
dioxane (2 mL) at 90 °C was added tetrakis-triphenylphosphine palladium (11 mg, 0.01
mmol) followed by the addition of a solution of sodium bicarbonate (40 mg, 0.48 mmol) in
distilled water (0.5 mL). The reaction mixfure turnéd red after 5 minutes. "After 2 hours
(tlc) the reaction mixture was brought to room temperature and was added saturated
ammonium‘chloride (2 mL) and diluted with dichloromethane (20 mL). The organic layer
was separated and washed with water, dried over magnesium sulfate and the sol&ent was
removed by distillation under vacuum. The residue was purified by PTLC (eluent =
Dichloromethane/Methanol, 1:1)-to gi\}e the title compound (acetate cleaved during

reaction) as a fluffy white solid; (3 mg, 19%).

Preparation B (Negishi Coupling)

[0144] To a stirred solution of zinc-bromide (592 mg, 2.63 mmol) in dry THF(1.5 mL) at
© 0°C was added the solution of methyl lithium (1.6 M solution in diethyl-ether, 2.6 mL, 4.15

mmol) and the reaction mixture was stirred for 2 hours. Solid 2-bromo-7-acetoxy-3-(3,4,5-

trimethoxybenioyl)-6-methoxy-benzofuran (300 mg, 0.63 mmol) was added and the ether

was removed under vacuum and to the rest suspension was added
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dichlorobis(triphenylphosphine)palladium catalyst (21 mg) and catalytic amount of copper
(I) iodide. The reaction mixture was stirred at room temperature for 36 hours (monitored
by tlc), quenched with saturated ammonium chloride solution and extracted with
dichloromethane (10 mL), dried over magnesium sulfate and solvent distilled under
vacuum and the product was purified by silica gel column (eluent = hexane/ethyl acetate;
8:2). The product was crystallized in methanol (106 mg, 46%); 'H NMR (300 MHz,
CDCl3) 8 7.09(s, 2H, benzoy! Hs), 6.93(d, 1H, J= 8.54 Hz), 6.83(d, 1H, J=8.56 Hz), -
5.70(bs, 1H, OH), 3.93(s, 3H, OMe), 3.92(s, 3H, OMe), 3.83(s, 6H, 2 x OMe), 2.54(s, 3H,
2-Me) | ) ’ '

2

Example 2

Preparation of Disodium 6-methoxy-2-methyl-3-(3,4,5-
trimethoxybenzoyl)benzofuran-7-yl phosphate

MeO OMe

MeO
o
oe
o

O. P,ONa .
1 \ONa
o

MeO

Step 1: Dibenzyl 6-méthoxy-2-methyl-3-(3,4,5-trimethoxybenzoyl)benzofuran-7-yl
phosphate:

[0145] To a mixture of 0.081 g (0.22 mmol) of (7-hydroxy-6-methoxy-2-
methylbenzofuran-3—yl)(3,4,5-tri_metho$(yphenyl)methanone, 0.086 g (0.261 mmol) of
carbori tetrabromide and 0.063 ml (0.283 mmol) of dibenzylphosphite in 2.5 ml of
anhydrous acetonitrile 0.046 ml of anhydrous triethylamine was added dropwise at 0°C
under nitrogen atmosphere. The resulting mixture was stirred for 2h at room temperaturé,
then diluted to 20 ml with ethyl acetate, washed with water brine, dried over anhydroué

magnesium sulfate, filtered off and evaporated to dryness under reduced pressure. The
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residue was buriﬁed by flash column chromatography (dichloromethane/ ethyl acetate, 9:1)
to give the title compound as a colorless lfoam' (0.13g, 94%); "H NMR (CDCl3) 6 2.42 (s,
3H, Me-2); 3.83 (s, 1H, OMe); 3.93 (s, 3H, OMe); 5.33 (m, 4H, CHZPH); 6.89 (d, CH
aromatic, J=8.7 Hz); 7.21 (dd, 1H, CH aromatic, J = 8.72 Hz; J = 1.2 Hz); 7.08 (s,2H,
CH aromatic); 7.29 — 7.43 (m, 10 H, CH aromatic). .-

Step 2: Disodium 6-metho:iy-2-methyl—3‘-(3,4,5-trimethoxybenzoyl)benzofuran-7-yl
phosphate:

- [0146] To a stirred solution of 0.122 g (0.193 mmol) of the product from Step 1 in 1 rril
of anhydrous acetonitrile 0.075 ml (0.58 mmol) of bromotrimethylsilahe was added at —
5°C under nitrogen atmosphere. The resulting mixture was stirred for 1 h at 0°C, then
evaporated to dryness in vacuo. The residue was diluted to 5 ml with anhydrous methanol
and pH of the solution was brought up about 10 by the addition of sodium methoxide.
After evaporation of the resulting mixture under reduced pressure the solid residue was
washed with anhydrous isopropanol (4 x 1.5 ml) and anhydrous ethanol (3 x 1.5 ml) and
dried under vacuum to give 0.062 g (65 % yield) of title compound as an colorless solid;
'H NMR (D,0) 6 2.37 (s, 3H, Me-2); 3.76 (s, 6H, OMe); 3.79 (s, 3H, OMe); 3.82 (s, 3H,

~ OMe); 4.66 (s, H>0); 6,93 (d, 1H, CH aromatic, J = 8.6 Hz); 7.04 (d, 1H, CH aromatic, J
= 8.6 Hz); 7.10 (s, 2H, CH aromatic).

Biological data

[0147] BNCI105P was shown to increase tumour hypoxia by disruption of tumour
vasculature. This effect was demonstrated in a wide range of tumours including
MDA-MB-231 breast carcinoma, Calu-6 lung carcinoma, Colo205 colon carcinoma and
DU-145 'prostate carcinoma. With MDA-MB-231 tumours BNC105P was shown to cause
release of the angiogen_ic growth factor VEGF, destruction of tumour endothelial cells,

damage of blood vessel integrity and an increase in apoptotic cells.

[0148] BNC105 induced vascular shutdown in RENCA renal tumours with an increase
GLUT]1, HIF-1a, PERK, elF2a and VEGF. In vascular shutdown in RENCA renal
tumours induced by BNC105 BNC105 induced hypoxia with an increase in CXCL12 and
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MMP-9 with an inflammatory immuno-response and induced chemotaxis.

[0149] These findings lead to the present inventors to examine combination therapies
involving BNC105 and a range of tumour hypoxia targeting agents. The rationale behind

this approach is summarised in Figure 1.
. Combination therapy of BNC10S with Pazopanib

[0150] Based on investigations on the histological changes caused by BNC105 anti-
tumor action, it was established that >95% of the tumor mass becomes necrotic, while
peripheral regions remain viable. Increased expression of a number of proteins that drive
tumor recovery were observed in the viable regions. Among these is the angiogenesis
growth factor VEGF. The present inventors sought to investigate the potential therapeutic
benefit of combining BNC105 with an inhibitor of the VEGF/VEGFR?2 signalling
pathway. ‘

~

[0151] Pazopanib is a Tyrosine Kinase Inhibitor that suppresses signalling through the
VEGF family receptors and has been approved by the FDA for first line therapy use in
renal cancer. Follovﬁng establishment of a safe treatment regimen, the present inventors

~ examined the anti-cancer effects of co-administering BNC105 and Pazopanib in the
RENCA model involving mice carrying kidney tumors. Mice were treated with one cycle
of BNC105 (16 mg/kg/dose on Day 2 and Day 9 in a 21 day cycle) while receiving daily
oral administrations of Pazopanib (Days 1-21; 30 mg/kg). Treatment was discontihued at
the 21-Day mark and the animals monitored for overall survival. Based on the data
obtained combining BNC105 treatment with Pazopanib resulted in a considerable and

statistically significant increase in animal survival (Figure 2).

[0152] RENCA (VHL wildtype) orthotopic tumour bearing kidneys frdm Balb/c mice
were weighed on Day 10 day of treatment (Pazopanib 30mg/kg, p.o. Daily, BNC105
16mg/kg i.v. Days 2 and 9). Concurrent treatm.ent with BNC105 and Pazopanib resulted in
47% tumour growth inhibition compared to 21 or 19% inhibition with BNC105 or

Pazo_panib treatment alone respectively. These results are shown in Figure 3.

[0153] As is demonstrated by these results treatment of RENCA orthotopic tumours with
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BNC105 + Pazopanib resulted in tumour grovvth inhibition and an overall survival greater
than in animals treated with Pazopanib or BNC105 alone. This shows that the combination
therapy of BNC105 and Pazopanib is much more effective than BNC105 or Pazopanib

monotherapy.
Combination therapy of BNC105 with Bortezomib:

[0154]  Formalin fixed paraffin embedded RENCA (VHL wildtype) orthotopic tumour
sections from tumour bearing Balb/c mice collected 24 hours after a single dose i.v. ,
32mg/kg BNC105P showed upregulation of unfolded protein response markers PERK
(Cell signalling #5683) and phosphorylation of elF2a (Cell Signalling #5324). (Fast Red

detection on hematoxylin)

[0155] RENCA orthotopic tumour bearing kidneys from Balb/c mice were photographed
4 hours after dbsing BNC105 on Day 9 of treatment (Bortezomib O.Smg/kg ivDays 1, 5, 8,
BNC105 32mg/kg iv Days 2 and 9). Formalin fixed and paraffin embedded sections were
stained using a TUNEL assay (Roche) to visualize cell necrosis. Very little tumor necrosis
‘was seen with each of the drugs used as monotherapies. Clearly increased necrosis,
visualised as increased TUNEL staining, was seen in tumors extracted from mice treated

with the combination of Bortezomib+BNC105.

[0156] Treatment of RENCA tumouré with BNC105 + Bortezomib resulted in increased
tumour necrosis compared to animals treated with Bortezomib or BNC105 alone. This
demonstrates a clear advantage in the use of the BNC105 Bortezomib combination therap); |

over BNC105 or Bortezomib monotherapy.
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CLAIMS:

1. A method for treating a proliferative disease comprisihg the step of administering
to a patient in need thereof: a) a vascular disrupting agent and (b) at least one hypoxia

targeting agent.

2. A pharmaceutical combination for treating a proliferative disease comprising: (a)

a vascular disrupting agent and (b) at least one hypoxia targeting agent.

3. The use of: (a) a vascular disrupting agent and (b) at least one hypoxia targeting .

agent, in the manufacture of a medicament for the treatment of a proliferative disease.

4, The use of: (a) a vascular disrupﬁng agent in the manufacture of a medicament for
the treatment of a proliferative disease to be used in combination with (b) at least one

hypoxia targeting agent.

5. The use of: (b) at least one hypoxia targeting agent in the manufacture of a
medicament for the treatment of a proliferative disease to be used in combination with (a) a

vascular disrupting agent.’

6. A phérmaceutical cbmposition comprising (a) a vascular disrupting agent and (b)

at least one hypoxia targeting agent.

7. A combination, method, use or composition according to any one of claims 1 to 6

wherein the VDA is a compound of formula (Ib) or a salt, solvate or prodrug thereof

RIC

wherein;



WO 2013/177633 PCT/AU2013/000581

- 46 -

X represents O, S, SO, SO,, Se, SeO, SeO; or NR where.R is selected from H,
O, optionally substituted acyl, optionally substituted alkenyl, optionally
substituted alkyl, optionally substituted aryl, optionally substituted
cycloalkenyl, optionally substituted cycloalkyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, and optionally substituted
sulfonyl; |

R'C represents C,.3 alkoxy;
R'P represents hydroxy Or amino;

Q represents H, CN, halogen, trialkylsilyl, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally
substituted adyl, optionally substituted oxyacyl, optionally substituted
acylamino, optionally substituted aminoacylamino, OR", SR" or NR"R", where
each R" independently represents, H, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted aryl,
optionally substituted heteroaryl, optionatlly substituted acyl and optionally
substituted oxyacyl, or NR"'NR", where each R™ independently represents H,
A optionally Substituted alkyl, optionally substituted alkenyl, optionally
substituted alk\ynyl, optionally substituted aryl and optionally substituted

heteroaryl.

8. A combination, method, use or composition according to any one of claims 1 to 6

wherein the VDA is a compound of formula (II) or a salt, solvate or prodrug thereof

R2D R2C
R2E- R2B
RIA [ RZA
R!B an
N—q \
RIC 0
RlD

wherein;
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R'* and R'® each independently represents H, carboxy, cyano, dihalomethoxy,
halogen, hydroxy, nitro, pentahaloethyl, phosphorylamino, phosphono,
phosphinyl, sulfo, trihaloethenyl, trihalometltanethio, trihalomethoxy,
trihalomethyl, optionally substituted acyl, optionally substituted acylamino,
optionally substituted acylimino, optionally substituted acyliminoxy, optionally
substituted acyloxy, optionally substituted arylalkyl, optionally substituted
arylalkoxy, optionally substituted alkenyl, optionally substituted alkenyloxy,
optionally substituted alkoxy; optionally substituted alkyl, optionally
substituted alkynyl, optionally substituted alkynyloxy, optionally substituted
amino, optionally substituted aminoacyl, optionally substituted aminoacyloxy,
optionally substituted aminostllfonyl, optionally substituted aminothioacyl,
optionally substituted aryl, optionally substituted aryloxy, optionally substituted
cycloalkenyl, optionally substituted cycloalkyl, optionally substituted |
heteroéryl, optionally substituted heterocyclyl, optionally substituted oxyacyl,
optionally substituted oxyacylamino, optionally substituted oxyacyloxy,
optionally substituted oxyacylimino, optionally substituted oxysulfinylamino,
6ptionally substituted oxysulfonylamino, optionally substituted oxythioacyl,
optionally substituted oxythioacyloxy, optionally substituted sulfinyl, optionally
substituted sulfinylamino, optionally substituted sulfonyl, optionally substituted
sulphonylamino, optionally substituted thio, optionally substituted thioacyl,
optionally substituted thioacylamino, or R'* and R'® together form an
optionally substituted aryl, optionally substituted heterocyclyl, optionally
substituted heteroaryl, optionally substituted cycloalkyl, or optionally ’
substituted cycloalkenyl;

R'C represents C;.3 alkoxy, Cy.3 alkylthio, C).3 alkylamino, or C;.3

dialkylamino;
R'P represents hydroxy or amino;

L represents C=0, O, S, SO, SO,, Se, Se0, Se0,, C=NZ', or NR’' where Z' is H,
optionally substituted alkyl, optionally substituted aryl or optionally substituted
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amino; and where R' is selected from H, O, optionally substituted acyl,
optionally substituted alkenyl, optionally substituted alkyl, optionally
substituted aryl, optionally substituted cycloalkenyl, optionally substituted
cycloalkyl, optionally substituted heteroaryl, optionally substituted
heterocyclyl, or optionally substituted sulfonyl;

R>-R%each independently represents H, carboxy, cyano, dihalomethoxy,
halogen, hydroxy, nitro, pentahaloeihyl, phosphorylamino, phosphono,
phosphinyl, sulfo, trihaloethenyl, trihalomethanethio, trihalomg:thoxy,
trihalomethyl, optionally substituted acyl, optionally substituted acylamino,
optionally substituted acylimino, optionally substituted acyliminoxy, optionally
substituted acyloxy, optionally substituted arylalkyl, optionally substituted
arylalkoxy, optionélly substituted alkenyl, optionally substituted alkenyloxy,
optionally substituted alkoxy, optionally substituted alkyl, optionally
substituted alkynyl, optionallyv substituted alkynyloxy, optionally substituted
‘amino, optionally substituted aminoacyl, optionélly substituted aminoacyloiy,
optionally substituted aminosulfonyl, optionally substituted aminothioacyl,
optionally substituted aryl, optionally substituted aryloxy, optionally substituted
‘cycloalkenyl, optionally substituted cycloalkyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, optionally substituted oXyacyl,
optionally substituted oxyacylamino, optionally substituted oxyacylimino,
optionally substituted oxyacyloxy, optionally substituted oxysulfinylamino,
optionally substituted oxysulfonylamino, optionally substituted oxythioacyl,
optionally substituted oxythioacyloxy, optionally substituted sulfinyl, optionally
substituted sulfinylamino, optionally substituted sulfonyl, optionally substituted
sulphonylamino, optionally substituted thio, optionally substituted thioacyl,
optionally substituted thioacylamino, or optionally substituted thioacyloxy; or
any of R* and R?®, R” and R*®, R%® and R?®, and R*® and R*®, together form
an optionally substituted aryl, optio;lally substituted heterocyclyl, optionally
substituted heteroaryl, optionally substituted cycloalkyl, 6r optionally
substituted cycloalkenyl; and '
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Q represents H, CN, halogen, trialkylsilyl, optionally substituted alkyl,
optionally substituted alkenyl, optionally substituted alkynyl, optionally
substituted acyl, optionally substituted oxyacyl, optionally substituted

" acylamino, optionally substituted aminoacylamino, OR", SR" or NR"R", where
each R" independently represents, H, optionally substituted alkyl, optionally

- substituted alkenyl, optionally substituted alkynyl, optionally substituted
heterocyclyl, optionally substituted aryl, optionally substituted heteroaryl,
optionally substituted acyl and optionally substituted oxyacyl, or NR"NR",
where each R"™ independently represents H, optionally substituted alkyl,
optionally substituted alkex_lyl,v optionally substituted alkynyl, optionally
substituted aryl and optionally substit_pted heteroaryl. |

9. A combination, method, use or composition according to any one of claims 1 to 6

wherein the VDA is a compound of formula (III) or a salt, solvate or prodrug thereof

o, OCHs

H,CO O
\ _ )
LYo
o
OH .

10. A combination, method, use or composition according to claim 9 wherein the

H;CO

compound of formula (II) is a compound of formula

o, OCHs

HCO O

11. A combination, method, use or composition according to any one of claims I to
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10 wherein the hypoxia targeting agent is selected from the group consisting of
Retaspimycin HCI, Geldanamycin derivatives, Sunitib, Pazopanib, Ridaforolimus,
Bortezomib, 2-Deoxyglucose, Lonidamine, Imatinib, TH-302 with or without Chk1
inhibitors, PR-104, CXCR4-SDF-1 targeting agents, BMS-936564 and Tirapazamine.

12. A combination, method, use or composition according to claim 11 wherein the

hypoxia targeting agent is Pazopanib or Bortezomib.

13. A method for treating a proliferative disease comprising the step of administering

to a patient in need thereof a gﬁompound of the following formula

and Pazopanib or Bortezomib.

14. A combination, method, use or composition according to any one of claims 1 to
13 wherein the proliferative disease is selected from renal cancer, ovarian cancer, and lung

cancer.

15. A combination, method, use or composition according to claim 14 wherein the

proliferative disease is renal cancer.
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