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Methods of Treating Eye Diseases Associated with Inflammation and Vascular
Proliferation | | '

‘Field of the Invention

The present invention relates broadly to methodé of treating eye diseases
associated with inflammation ‘én‘d / or vascular proliferation including diabetic
retinopathy. More particularly, the invention relates to a method of treating these
eye diseases with analogues of the anti-fibrotic agent, Tranilast, as well as a kit

for treating these eye diseases.

Background of the Invention |

~ Ocular diseases that involve inflammation and / or vascular proliferation as a

causal element(s) usually, but not always, relate to the anterior- and posterior-
segments of the eye. For example, ocular disorders that have an etiology in .
inflammation and / or vascular proliferation could be corneal edema, anterior
and posterior uveitis, ptefygium-, corneal diseases that are caused by infections
from microbes or microorganisms such as bacteria, viruses, fungi, amoebas
and parasites, dry eye, conjunctivitis, allergy- and laser-induced exudation, non-
age related macular degeneration, macular edema, diabetic retinopathy (DR),
age-related macular degeneration (Kim et al. 2001; A.M. Joussen et al. 2004,
S.C. Pfiugfelder 2004) and ocular von Hippel-Lindau disease whicﬁ is
characterised by fine vascular proliferation in the retina.

One of the ocular diseases mentioned above, DR, is a common complication of

diabetes and remains one of the leading causes of vision loss (Cheung, Fung et

‘al. 2005; Santos, Tschiedel et al. 2005). Vision loss in DR develops by slow and

progressive alterations to the retinal microvasculature (pericytes and endothelial
cells) leading to breakdown of the blood-retinal barrier, pathological
angiogenesis and scarring. Based on the extent of vascular abnormalities, DR
can be broadly categorized into non-proliferative DR (NPDR) and proliferative
DR (PDR) (Klein, Klein et al. 2004). In NPDR, hyperglycaemia induces
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thickening of capillary basement membrane, apoptosis or ‘dropout’ of pericytes,

microaneurysms and vascular leakage. Blockade of retinal capillaries causes
localized hypoxia, which increases the production of angiogenic growth factors.
In some microvessels, endothelial cells become apoptotic resulting in acellular
capillaries (devoid of both pericytes }and endothelial cells), capillary closure and
areas of retinal non-perfusion. Adherent leukocytes may also contribute to the
lesion by causing rétina.l capillary occlusion (Joussen, Poulaki et al. 2004).
Multiple haemorrhages, soft exudates, cotton wool spots, intraretinal
microvascular abnormalities and venous beading and loops develop. Increased
areas of tissue non-perfusion stimulate the production of angiogenic factors
leading to the proliferation of vessels, which is the hallmark feature of PDR.
Retinal angiogeneéis can be accompanied by fibrosis resulting in a
fibrovascular ridge, which extends into the vitreous cavity or on the surface of
the retina. Contraction of the fibrovascular ridge causes retinal detachment and
vision loss and blindness (Watkins 2003).

The pathogenesis of DR is not fully understood. However, metabolic and
biochemical changes, such as increased flux of glucose through the polyol
pathway, activation of protein kinase C, oxidative damage and inci‘easéd
advanced glycation endproduct formations are contributors in the development
of DR (Cheung, Fung et al. 2005). Accumulating evidences indicate that
vascular endothelial growth factor (VEGF) plays a critical role in angiogenesis
(Sarlos, Rizkalla et al. 2003) in DR, while intercellular adhesion molecule
(ICAM-1) mediated leukocytosis resulting in secondary endothelial damage
(Joussen, Poulaki et al. 2002; Khalfaoui, Lizard et al. 2009). Recently, DR has

- also been recognized as a chronic inflammatory disease (Adamis 2002;

Joussen, Poulaki et al. 2004). With this notion, studies demonstrated that anti-
inflammatory therapy prevents classic histopathological features of DR:
acellular capillary formation, retinal haemorrhage development, microaneurysm

progress, and pericyte loss (Adamis 2002; Joussen, Poulaki et al. 2002).

The current treatment for DR is laser photécoagulation, a procedure that
destroys angiogenic vessels and the surrounding hypoxic tissue (Aiello 2003).
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Although beneficial, laser photocoagulatidn can destroy healthy retina, and the
disease continues despite intensive treatment. Therefore, less invasive
therapies are being investigated, with a particular focus on the inhibition of
injurious molecules such as VEGF and ICAM-1 (Arita, Hata et al.; Sarlos,
Rizkalla et al. 2003; Khalfaoui, Lizard et al. 2009). Nevertheless, there remains
a need for further therapies for treating eye diseases associated with
inflammation and / or vascular proliferation such as diabetic retinopathy as well
as corneal edema, anterior and posterior uveitis, pterygium, corneal diseases
that are caused by infections from microbes or microorganiéms such as
bacteria, viruses, fungi, amoebas and parasites, dry eye, conjunctivitis, allergy-
and laser-induced exudation, non-age related macular degeneration, macular
edema, age-related macular degeneration and ocular von Hippel-Lindau
disease. |

The reference to any prior art in this specificétion is not, and should not be

taken as an acknowledgement or any form of suggestion that the referenced

- prior art forms part of the common general knowledge in Australia.

Summanj of the Invention

In a first aspect, the present invention provides a method for treating an eye

disease associated with inflammation and / or vascular proliferatiori in a subject
including administering to the subject a therapeutically effective amount of a
tranilast compound, or a pharmaceutically acceptable salt or solvate thereof.

As used herein, the term “tranilast compound” refers to tranilast per se or a
compound that one of ordinary skill in the art would understand as a deri\)ative
or analogue thereof such as the compounds of formulae 1 to 20 described
below. However, the term is not intended to limit the present invention to
tranilast per se or compounds of formulae 1.to 20 as other derivatives or
analoguéé may also be suitable for use in the present invention.
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However, as with any group of structurally related compounds which possess a
particular utility, certain tranilast compounds may be particularly useful in the

present invention.

In some embodiments of the first aspect of the invention, the tranilast

compouhd is a compbund of Formula 1 o
(Re)n

Formula 1

wherein Ry and Rz, which may be the same or different, are selected from the
group cohsisting of H, NHRgs, NRgR7, ORg, halogen, Cy to C1o alkyl, C3 to Cqo
cycloalkyl, Cs to C{o cycloalkylmethyl, C3 to Cqo alkene, C; to Cyg alkyne, éryl,
Cs to Cx alkaryl, fused Cs to Cz aryl or alkaryl, and a hydrocarbon chain
containing a heterocyclic or fused ring, any of Which may be optionally
substituted; | ” ' . |

Rs is selected from the group consisting of H, C; to Cyo alkyl, C3 to Cyo
cycloalkyl, C3 to Cyo cycloalkylmethyl, C3 to Co alkene, C3 to Cy alkyne, aryl,
Cs to Cy alkaryl, and a hydrocarbon chain containing a heterocyclic or fused
ring, any of which may be optionally substituted; ‘ |

R4 is selected from the gkoup consisting of H, OH, ORs, NHRg and NRgR7; v
Rs is selected from the group consisting of H, NHRgs, NRsR7, ORs, halogen, C4
to Cu; alkyl, C3 to Cqo cycloalkyl; Cs to Cyo cycloalkylmethyl, C3 to C4¢ alkene, Cs
to Cio alkyne, aryl, Cs to Cz alkaryl, fused Cs to Cy aryl or alkaryl, and a
hydrocarbon chain containing a heterocyclic or fused rihg, any of which may be
optionally substituted; ,

Xy and Xz, which may be the same or different, are selected from the group
consisting of a bond, C, O, N and S; |

Xsis CorN;
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T is a single or double bond;

m is the integer Oorf1,

n is an integer between 0 and 4;

Rs and R;, which may be the same or different, are selected from the group
consistihg of H, C; to Cyo alkyl, C3 to Cq cycloalkyl, C3 to C1o cycloa|ky|méthyl,
C; to Cyo alkene, C; to Cyg alkyne, aryl, Cs to Cy alkaryl, and a hydrocarbdn
chain containing a heterocyclic or fused ring, any of which may be optionally
substituted; .

Rs is selected from the group ¢onsisting of H, Cy to Cyp alkyl, C3 to Cqp
cycloalkyl, C3 to C1o cycloalkylmethyl, C3 to'C}o alkene, C; to C@-alkyne, aryl,
Cs to Cx alkaryl, and a hydrocarbon chain containing a heterocyclic or fused -
ring, any of which may be optionally substituted; |

“or derivatives thereof, analogues thereof, pharmaceutically acceptable salts

thereof, or metabolites thereof.

In some embodiments of the first aspect of the invention, the tranilast

compound is a compound of Formula 2

(Rs)n
0 A
X4 \)J\ I
R1/ T. T X
RZ\ R3 /C\
X2 O/ R4
Formula 2

wherein Ry and R, which may be the same or different, are selected from the
group consisting of a Cy to Cy alkyl, C3 to Cyo cycloalkyl, C3 to Cqo
cycloalkylmethyl, C; to C4o alkene, C; to Cyo alkyne and a chain containing a
heterocyclic or fused ring, any of which may be optionally substituted;

X; and X; are the same or different and are selected from the group consisting
of abond, O, N and S; |

T is a single or double bond,;

R3 is selected from the group consisting of H, C; to C4o alkene, Cs to C+o alkyne
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and a chain containing a heterocyclic or fused ring, any of which may be
optionally substituted;
Rs4 is selected from the group consisting of H, OH, ORe¢, NHRg and NRgRy;

 Rs is selected from the group consisting of H, NHRs, NRgR7, ORg, halogen, C; to

Ci1o alkene, C3 to Cyo alkyne and a chain consisting of a heterocyclic or fused

~ring, any of which may be optionally substituted;

" Re and Ry, which may be the same or different, are selected from the group

consisting of H, C1 to C1o alkyl, Cs to C1o cycloalkyl, Cs to Co cycloalkylmethyl,
Cs to Cyo alkene, C; to Cqo alkyne, aryl, Cs to Cy alkaryl, and a hydrocarbon
cljain containing- a heterogyclic or fused ring, any of which may be optionally
substituted; | | '
Rs is selected from the group consisting of H, Cy to Cio alkyl, C3 to Cyo
cycloalkyl, C3 to Cyo cycloalkylmethyl, C; to Co alkene, Cs to Cy alkyne, aryl,
Cs to Cyo alkaryl, and a hydrocarbon chain containing a heterocyclic or fused
ring, any of which may be optionally substituted; and |

n is an integer between 0 and 4,

or derivatives thereof analogues thereof, pharmaceutically acceptable salts
thereof and metabolites thereof.

In another embodiment of the first aspect of the invention, the tranilast

compound is a compound of Formula 3

0

RS X

Rio
\O

Formula 3
wherein Rg or Ry, which may be the same or different, are selected from the

group consisting of H, C1 to C1o alkyl, C3 to Cg terminal or non-terminal alkkyne

or a cyclopentyl, cyclohexyl, cyclohexylmethyl or cyclbpentylmethyl group;
Rs and n are as described above in respect of formulae 1 and 2;
or derivatives thereof, analogues thereof, phamaceutically acceptable salts



WO 2012/068612 PCT/AU2011/001455
. N

thereof, and metabolites thereof.

In some embodiments of the first aspect of the inventioh, the tranilast

- compound is a compound of Formula 4 or Formula 5

_ 5 R
MeO '
e N N
. . H . .
//fj‘o o” C\OH
/ . ‘

5 R P
Formula 4
R e |
WDA\ANQ
p H ,C’\
: MeO 0~ ~OoH
Formula 5
10 |
where p is an integer between 1 and 10; and R is selected from the group
consisting of H and C4 to Cyo alkyl; _ "
or derivatives thereof, analogues thereof, pharmaceutically acceptable salts
thereof, and metabolites thereof.

15
~n yet another embodiment of the first aspect of the invention, the tranilast

compound is a compound of Formula 6 or Formula 7

Formula 6

20
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Formula 7

wherein G is a cyclopentyl ring, a cyclohexyl ring or a 1,4-disubstituted 1,2,3--
5 triazole ring; and :

q is an integer between 0 and 6; _

or derivatives thereof, analogues thereof, pharmaceutically acceptable salts

thereof, and metabolites thereof.

10 Non-limiting examples of suitable tranilast compounds of formulae 1 to 7 as

described above include:

D/\)L COxH D/\)k CO,H
S¥el o
CO,H
CO,H \/ 2
' _ o o}
/\/o:@/\)k N/© \/OD/\)LN/@
H ' H
MeO | COzH MeO COzH
0

MeO

. O of
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ég/”\o NHMe

\J@””? D“Jif

NHMe

MeO

| o o NHMe o

‘MeO NHMe
or derivatives thereof, analogues thereof, pharmaceutlcally acceptable salts
5 thereof, and metabolites thereof.

In a preferred embodiment of the first aspect of the present invention, the
tranilast compound has the formula
o)

. MeOD/\)L”/Q .
CO5H
/\O 2

10 or a pharmaceutically acceptable salt thereof.

In alternate embodiments of the first aspect of the invention, the tramlast

compound has the formuia 8
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| Formula 8

wherein:

" Tis a single bond, a double bond or a triple bond;

R, R% R R* and R® are each independently selected from the group
consisting of: H, halogen,‘ OH, NO2, CN, NH,, optionally substituted C1-C12 alkyl,
optionally substituted C,-Ci» alkenyl, optionally substituted C2-C12 alkynyl,
optionally substituted C4-C1q heteroalkyl, optionally substituted C3-C1. Cycloalkyl,
optionally substituted C3-Ci2 cycloalkenyl, optionally substituted C2-Ci2
heterocycloalkyl, optionally substituted Cz—CQz' heterocycloalkényl, optionally
substituted Cs-Cyg aryl, optionally substituted C;-Cis heteroaryl, optidnally

. substituted C4-C12 alkyloxy, optionally substituted C,-C+, alkenyloxy, optionally

substituted C,-Cy, alkynyloxy, optionally substituted C;-Cio heteroalkyloxy,
optionally substituted C3-Cq2 cycloalkyloxy, optionally substituted C3-Cq2 -
cycloalkenyloxy, optionally substituted C4-Ci, heterocycloalkyloxy, optionally
substituted C4-Cy> heterocycloalkenyloxy,'optionally substituted Cg-C1g aryloxy,
optionally substituted C1-C1g heteroaryloxy, optionally substituted C4-Cqz -
alkylamino, SR, SOsH, SO,NR''R'?>, SO;R", SONR''R™, SOR", COR",

'COOH, COOR!", CONR'"R', NR'COR', NR''COOR', NR''SO,R"

NR"'CONR'"R'3, NR''R'?, and acyl; provided that at least one of R', R?, R®, R*,
and R°® contains a halogen; |

R® and R are present when T is a single bond or a double bond but not when T
is a triple bond,-each R® and R’ being independently selected from the group
consisting of: H, NO,, CN, optionally substituted C;-C4> alkyl, optionally
substituted C»-Cy> alkenyl, optionally substituted C,-Ci2 alkynyi, optionally
substituted C1-C1o heteroalkyl, optionally substituted C3-C, cycloalkyl, optionally
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substituted C3-C+2 cycloalkenyl, optionally substituted C,-C42 heterocycloalkyl,
optionally substituted C»-C4, heterocycloalkenyl, optionally substituted Cg-C1g
aryl, optionally substituted C4-Cis heteroaryl, optionally substituted C;-Ci2
alkyloxy, optionally substituted C,-C12 alkenyloxy, optionally substithted C2-C12

- alkynyloxy, optionally substituted C4-C1o heteroalkyloxy, optionally substituted

Cs-Cq2 cycloalkyloxy, optionally substituted C3-Ci2 cycloalkenyloxy, optionally
substituted C;-Cy2 heterocycloalkyloxy, . optionally substituted C1-Ci2
heterocyéloalkenyloxy, optionally substituted Ce-C1g aryloxy, optionally
substituted C1-C1g heteroaryloxy, optionally substituted C4-C12 alkylamino, SR'',
SO;H, SO.NR''R", SO,R", SONR'"R', SOR'", COR", COOH, COOR",
CONR'R™, NR'COR™, NR"COOR'™, NR'SO,R" NR''CONR'?R"
NR"R’Z, and acyt; | ‘

R® is selected from the group consisting ofﬁ H, a N-protecting group, optionally
substituted C¢-C;> alkyl, optioﬁally substituted C,-C1, alkenyl, optionally
substituted C,-Cy2 alkynyi, optionally substituted C4-C4o heteroalkyl, optionally
substituted C3-Cq2 cycloalkyl, optionally substituted C3-Cy2 cycloalkenyl,
optionally substituted C+-C+2  heterocycloalkyl, optionally substitUte_d KC{-C12
heterocycloalkenyl, optionally substituted Cs-C1s aryl, and optionally substituted
C1-C1g heteroaryl; o

R? is selected from the group consisting of: H, COOR"!, CONR"'R'?, COS R",
OR'',NR''R™?, and SR'";. |

R'® is selected from the group consisting of: H, halogen, OH, NO;, CN, NH;,
optionally substituted C;-Cq2 alkyl, optionally subétituted C§~C12 alkenyl,
optionally sdbstituted C2-C12 alkynyl, optionally substituted C;-C1o heteroalkyl,
optionally substituted C3-Ci; cycloalkyl, optionally substituted Cs-Cy,
cycloalkenyl, optionally ~substituted C»-Ci» heterocycloalkyl, optionally
substituted C,-C2 heterbcycloalkenyl, optionally substituted CG—C15 aryl,

: optionally substituted C1-C1g heteroaryl, optionally substituted C4-C;, alkyloxy,
‘optionally substituted C»-Ci> alkenyloxy, optionally substituted C>-Ci;

alkynyloxy, optionally substituted C;-C1o heteroalkyloxy, optionally substituted
C;-Cy2 cycloalkyloxy, optionally substituted - C3-C1, cycloalkenyloxy, optionally
substituted C;-Ci2  heterocycloalkyloxy, optionally  substituted © C4-Cy3
heterocycloalkenyloxy, optionally substituted Ce-C1g aryloxy, optionally
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substituted C1-C+g heteroaryloxy, optionally substituted C;-Ciz alkylamino, SR,
SOsH, SONR'R™, SOR", SONR'R'™, SOR', COR', COOH, COOR",
CONR'"R™, NR'COR'™, NR'"COOR", NR'SO,R', NR'CONR'R",
NR'"'R', and acyl; |
each R"', R"and R" is independently selected from the group consisting of H,
optionally substituted C4-Cq2 alkyl, ' optionally substituted C,-Cq2 alkenyl,

optionally substituted C,-C+, alkynyl, optionally substituted C4-C1o heteroalkyl,

optionally substituted Ci3-Cq» cycloalkyl, optionally substituted C3-Cy2
cycloalkenyl, optionally substituted | Cq1-Cq2 heterocycloalkyl, optionally
substituted C4-Cq> heterocycloalkenyl, optionally substituted Cg-Cg aryl, and
optionally substituted C1-C+s heteroaryl;

m is an integer selected from the group consisting of 0, 1, 2, 3, and 4;

n is an integer selected'from the group consisting of 1, 2, 3, and 4, and 5; and

m +nis an integer selected from the group consisting of 1, 2, 3, 4, and 5;

or derivatives thereof, analogues thereof, pharmaceutically acceptable salts
thereof, and metabolites thereof. |

In a preferred embodiment of the first aspect of the invention, the tranilast
compound of formula 8 described immediately above has the formula 9

R10)

R' R® o Z m

Formula 9

or derivatives thereof, analogues thereof, pharmaceutically acceptable salts -
thereof, and metabolites thereof. ’

In another preferred embodiment of the first aspect of the invention, the tranilast

compo»und of formula 8 described above has the formula 10
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F,HCO R Ta RO
! :
F,HCO / \ — \< I X E Rm)
¢} /
R4 RS
Formula 10
or derivatives thereof, analogues thereof, pharmaceutically acceptable salts
thereof, and metabolites thereof.
Non-limiting examples of suitable tranilaét compounds of formulae 8 to 10 as -
described above include: ' ' ’
| -——-X
F,HCO
FzHcoD/\x Q _
F,HCO
F,HCO COH . X =Cl, Br

FzHCOD/\)L Q
F,HCO CONH;
F,HCO__~

F,HCO COzH

OCHF,

FZHCO

CO,H
F,HCO 2

| ONHM
FoHCO™ c e

CHFZ

FNCOM CO,H
F,HCO

OCHF, O

F,HCO NN

F,HCO COH

CH30:©/\)\ /©
F,HCO COMH -

FHCO D/\)\ CONHMe
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0
' o) ‘ CH;0 N N
co ~ '
- W N | F,HCO " coM
2
F,HCO o coH - OCHs
. 0 Br
FzHCOD/\/“\n FZHCO ,
FLHCO : COZH. | FHC o CONHMe

0
'F,HCF,CO CozH N COH

‘ MeO

Iz -

F,HCO COH
OMe

or a pharmaceutically acceptable salt thereof.

In a preferred embodiment of the first aspect of the present invention, the
10- tranilast compound has the formula |

.

FZHCOD/\/‘LNQ
£HCO H CopM
ora pharr’naceutically acceptable salt thereof. l

In some embodlments of the first aspect of the invention, the tranilast
15 compound has the formula 11
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wherein; 4

X'(Y2) is C=0, C(F.) or SO;;

X2 is NR' or (CHy)p;

T is a double bond, a triple bond or when T is a single bond, one pair of R® and

R11 R12 .

R’ are fused to form a cyclopropane ring of the formula ;

A is selected from the group consisting of C3 to C42 cycloalkyl, C3 to Cy2

cycloalkenyl, Cq to Cy3 heterocycloalkyl, C1 to C42 heterocycloalkenyl, Cs-C1s

‘aryl and Cg to C43 heteroaryl;

R', R* and R® are each independently selected from the group consisting of: H,

- OH, NOz, CN, NH,, optionally substituted C4-C1, alkyl, optionally substituted C-

C12 alkenyl, optionally substituted C2-C1, alkynyl, optionally substituted C4-C1o
heteroalkyl, optionally substituted C3-C 1, cycloalkyl, optionally substituted C3-C1, -
cycloalkenyl, optionally substituted C4-C12 alkyloxy, optionally substituted Co-C+2 |
alkenyloxy, optiortally substituted C,-C42 alkynyloxy, optionally substituted C-

- Cqo heteroalkyloxy, optionally substituted C3-Cy» cycloalkyloxy, optionally
~substituted  C3-Cy2 cycloalkenyloxy, optionally  substituted C4-Cy;

heterocycloalkyloxy, optionally substituted C4-C42 heterocycloalkenyloxy,
optiénally substituted Cs-C1s aryldxy, optionally substituted C1-C18 hetéroaryloxy,
optionally-substituted C:-C12 alkylamino, SR™, SOs;H, SO,NR"R™, SO,R"™,
SONR™R™, SOR™, COR' COOH, COOR™, CONR“R™ -NR'COR™,
NR'COOR™, NR™SO,R™, NR">*CONR™R", NR"*R", and acyl;
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R? and R®, are each independently selected from the group consisting of: H,
OH, NO2, CN, NH,, optionally substituted C1-C4, alkyl, optionally substituted Cz-
C12 alkenyl, optionally substituted C»-C12 alkynyl, optionally substituted C;-C4
heteroalkyl, optionally substituted C3-C1 cycloalkyl, optionally substituted C3-C1,
cycloalkenyl, optionally substituted C4-Cy2 alkyloxy, optionally substituted C,-C12
alkenyloxy, optionally substituted C,-C1 alkynyloxy, optionally substituted C;-
Cio heteroalkyloxy, optionally substituted C3-C4> cycloalkyloxy, optionajly
substituted C3—C1.2 cycloalkenyloxy, optionally  substituted C;-Cq»
heterocycloalkyloxy, optionally substituted C4-Cq2 heterocycloalkenyloxy,
optionally sUbstituted.Ce-C18 aryloxy, optionally substituted C1-C1g heteroaryloxy,
optionally substituted C4-Ci, alkylamino, SR, SOsH, SONR™R™, SO,R™,
SONR"R™, SOR™, COR'™, COOH, COOR™, CONR“R'", NR"COR",
NR™COOR", NR™*SO,R™, NR"™CONR™R'®, NR"*R' and acyl; or

R? and R*may be fused to form a 5 or 6 membered cycloalkyl, heterocycloalkyl,
aryl or heteroaryl ring each of which may be optionally substituted;

-one pair of R® and R are present when T is a double bond but R® and R” are

not present when T is a triple bond, each R® and R’ being independently
selected from the group consisting of: H, NO;, CN, optionally substituted C4-C12
alkyl, optionally substituted C,-C12 alkenyl, optionally substituted C,-C12 alkynyl,
optionally substituted C4-C4¢ heteroalkyl, optionally substituted C3-C12 cycloalkyl,
optionally substituted C;-Ci2 cycloalkenyl, optionally substituted C,-Ci
heterocycloalkyl, optionally substituted C,-Ciz heterocycldalkenyl, optionally
substituted Cs-C1g aryl, optionally substituted C;-Cqs hetéroaryl, optionally
substituted C1-C1, alkyloxy, optionally substituted C,-C, alkenyloxy, optionally
substituted C3-Cs> alkynyloxy, optionally substituted Ci-Cqo heteroalkyloxy, .
optionally substituted C3-Cs2 cycloalkyloxy, Qp'tionally substituted Cs3-Cq;
cycloalkenyloxy, optionally substituted C¢-Cj; heteroéycloalkyloxy, optionally
substituted C4-C42 heterocycloalkenyloxy, optionally substituted Ce¢-C+s aryloxy,
optionally substituted Ci-Cig heteroaryloxy, optionally substituted C4-Ci
alkylamino, SR'™, SOsH, SO,NR™R™, SO,R", SONR"R™, SOR", COR",

'COOH, COOR"®, CONR™RM™, NR™COR'", NR™COOR'", NR™SO,R",

NRCONR™R', NR®*R", and acyl;
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R® is selected from the group consisting of H, halogen,‘ OH, NO;, CN, NH;,
optionally substituted C;-Cy» alkyl, optionally substituted C»-Cs2 alkenyl,
optionally substituted C»-C,, alkynyl, optionally substituted C+-Cio hetero‘alkkyl,
optionally substituted C3-Ci; cycloalkyl, optionally substituted C3-Cq2
cycloalkenyl, optionally substituted C1-C12 alkyloxy, optionally substituted C,-C12
alkenyloxy, optio'nally substituted C,-C, alkynyloxy, optionally substituted C;-

Cqo heteroalkyloxy, optionally substituted C3-Cq2 cycloalkyloxy, optionally

substituted C;-Cy2  cycloalkenyloxy, optionally  substituted C4-Cy2
heterocycloalkyloxy, optionally substituted C4-Cy2 heterocycloalkenyloxy,
optionally substituted Ce-C+s aryloxy, optionally substituted C1-C1g heteroaryloxy,
optionally substituted C;-Cy> alkylamino, SR'™, SOsH, SO.NR™R™, SOR®,
SONR™R™, SOR™, COR", COOH, COOR®, CONR"R™, NR'“CORY,
NR™*COOR™, NR™¥SO,R™, NR"*CONR™R® and NR"*R"*and acyl;

R® is selected from the group consisting of OH, OR'>, COOR", CONR"R™,
NR'R™, tetrazol-5-yl, SO,R", SO,NR"*R'* and CONHOR'?;

R' is selected from the group consisting of H, a N-protecting group, optionally
substituted C;-Cy2 alkyl, optionally substituted C2-Ci, alkenyl, optionally '
substituted C»-Cy2 alkynyt,. optionally substituted C4-C1 heteroalkyl, optionally_

_sdbstituted Cg—C1gcyt:|oa|kyl, optionally substituted C3-C12 cycloalkenyl, -

optionally substituted C4-C1, heterocycloalkyl, optionally substituted C4-Ci2
heterocycloalkenyl, optionally substituted Ce-C1garyl, and optionally substituted
C-Cygheteroaryl; _

R" and R'" are independently  selected from the group consisting of H,
halogen, OH, NO;, CN, NH,, optionally substituted C4-Cs2 alkyl, optionally
substituted CZ-C12 alkenyl, optionally substituted C,-Cq, alkynyl, optionally

- substituted C4-C1o heteroalkyl, optionally substituted C3-C; cycloalkyl, optionally

substituted C3-C42 cycloalkenyl, optionally substituted C,-C12 heterocycloalkyl,
optionally substituted C»-Cy> heterocycloalkenyl, optionally substituted Cg-Cis
aryl, optionally - substituted C4-Cqs heteroaryl, optionally subétituted Ci-C12
alkyloxy, optionally substituted C>-C12 alkenyloxy, bptipnally substituted C>-C12
alkynyloxy, optionally substituted C1-C1o heteroalkyloxy, optionally substituted
Cs-C12 cycloalkyloxy, optionally substituted C3-C1> cycloalkenyloxy, optionally
substituted  C4-C12 heterocycloatkyloxy, optionally  substituted C1-C12
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heterocycloalkenyloxy, optionally substituted ‘CG-C"_; aryloxy, optionally
substituted C4-C1s heteroaryloxy, optionally substituted C4-C12 alkylémino,'SR"’_,
SOsH, SONR™R™ SO,R™ SONR™R™ SOR'™, COR™, COOH, COOR"®,
CONRPR™, NRCOR™ NR™COOR™, NR™SO;R"™, NR'CONR“R,
NR"R", and acyl; |
each R'3, R™, R are each independently selected from the group consisting of
H, -OH, optionally substituted C4-C12 alkyl, optionally substituted C>-C42 alkenyl,
optionally substituted C,-C1, alkynyl, optionally substituted C4-C1o heterpalky'l,
optionally substituted C3-Cy» cycloalkyl, optionally substituted. C3-Ci2
cycloalkenyl, optionally substituted C4-C42 heterocycloalkyl, optionally
substituted C4-Cq2 heterocycloalkenyl, optionally substituted Ce¢-Cqgaryl, and
optionally substituted C,-C1gheteroaryl; | |
n is an integer selected from the group consisting of 0, 1, 2, 3, and 4;
m is an integer selected from the group consisting of 1, 2, 3‘, and 4,
m+n is' an integer selected from the group consisting of 1, 2, 3, 4, and 5; and
p is an integer selected from the g_rou'p consisting of 0, 1, 2, 3, 4, and 5;
and when X'(YZ) is C(F2) or SO,; or
when T is a cyclopropane ring as defined above; or
when R and R°® are H and T is a double bond; or
when X2 is (CH,)p and p is 0 or 1; or
when A is selected from the group consisting of C3 to Cq2 cYcIoaIkyl, preferably
C4 to Cs cycloalkyl, C4 to Cy2 heterocycloalkenyl, and Cg to C1g heteroaryl;
then R? and R® may also be independently selected from —X*-R" or -X*-R"";

wherein X*> and X* may be the same or different and are selected from the

group consisting of_a bond C, O, N and S; and

R'™ and R' may be the same or different and are selected from the group

consisting of H, NHR'™®, NR®R", OR"™, halogen, C; to Cyo alkyl, Cs to Cio

cyclokalkyl, C3to Cqo cyéloalkylmethyl, C; to Cqo alkene, C; to Cqp alkyne, aryl,
Cs to Cx alkaryl, fused Cs to Cy aryl or alkaryl and a hydrocarbon chain
containing a heterocyclic or fused ring, any of which may be optionally
substituted;

or derivatives thereof, analogues thereof, pharmaceutically acceptable salts
thereof, and metabolites thereof. |
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In a preferred embodiment of the first aspect of the invention, the tranilast

compound of formula 11 described above has the formula 12

Formula 12
or derivatives thereof, analogues thereof, pharmaceutically acceptable salts
thereof, and metabolites thereof. |

in another preferred embodiment of the first aspect of the invention, the tranilast
compound of formula 11 described above has the formula 13

R RC o

Formula 13
or derivatives'thereof, analogues thereof, pharmaceutically acceptable salts

thereof, and metabolites thereof.

In yet another preferred embodiment of the first aspect of the invention, the

tranilast compound of formula 11 described above has the formula 14

Fo_rmula 14
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or derivatives thereof, analogues thereof, phérmaceutically acceptable saits
thereof, and metabolites thereof.

In another embodiment of the first aspect of the invention, tr)e tranilast

compound of formula 11 described above has the formula 15

_Formula 15

wherein Het represents a heterocyclic ring;

or derivatives thereof, analogues thereof, pharmaceutically acceptable salts
thereof, and metabolites thereof.

In some embodiments of the first aspect of the_-invention, the tranilast
compound of formula 11 described above has the formula 16

Formula 16

or derivatives thereof, analogues thereof, pharméceutically acceptable salts
thereof, and metabolites thereof.

Non-limiting examples of suitable tranilast compounds of formulae 11 and 12 as
described above include: '
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Non-limiting examples of suitable tranilast compouhds of formulae 11 and 13 as

described above include:

FZHCFZCOD/V ]@/V
COH  kHer,co COH
SO D” Q
COH ' Fco CO,H

F,HCO

F,HCO

CO,H

j{j/V
sl
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3@~ S %
o e L

= 80,Me, SO,NH,, 5-tetrazolyl R® = NH,, CONH,, CONHMe, CONHOH

H . ComH

Q0
C/o A S\”
> CO,H

0 ‘ OMe o0 O
N\ N
S. T | Meoz©/\/8\u
CO;H MeO CO.H

MeO :

o o\\ /9

F,HCO NG N N
o

F,HCO

or a pharmaceutically acceptable salt thereof.

CO,H
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‘Non-limiting examples of suitable tranilast compounds of formulae ‘11 and 14 as

described above include:
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MeO :

R? = SO,Me, SO,NH,, 5-tetrazoly!

F,c© O X |
F,C.
Lo - COzH

: R F OMe F F
MeOD/\)(N _ - MeO N
. MeO S coM MeO ‘ COH

or a pharmaceutically acceptable salt thereof.
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More non-limiting exémples of suitable tranilast compounds of formulae 11
include: ' _ L
K ' .0 I N\
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ora pha}rmaceutically acceptable salt thereof.

¢
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Non-limiting examples of suitable tranilast compounds of formulae 11 and 16 as
described above include: ’ |

COH
FZHCOE
MeO
/@ , F2HCFZCO /@
(CH2), (CHy),
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: 0
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o Q 1 1;
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R9
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R® = SO,Me, sozNH2 5-tetrazolyl . R® = NH,, CONH2,.CONHMe, CONHOH

| 5.
0 S

’ <CHz>p F2C (CAY,

\ . 'FzC\o COZH

5 whereln pisOor1,;

ora pharmaceutlcally acceptable salt thereof.

In some embodiments of the first aspect of the invention, the tranilast
compound has the formula 17 |

10
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Formula 17 -

- wherein:

10

15

20

25

W is selected from the group consisting of: CR” and N;
A is selected from the group consisting of: -(CR®R%),-(Y)q-(C(0))~(CR"R"").-

and -(CR®R%),-(C(0))~(Y)q-(CR™R™")s-, wherein Y is selected from the group

consisting of: O, S, NR'?, each p and s are an integer independently selected
from the: group consisting of 0, 1, and 2, each q and r are an integer
ihdependently selected from the group consistingof 0 and 1, andp+q+r+sis
an integer selected from the group consisting of 1,2, and 3;

Z'-Z? is selected from the group} consisting of N-C= and C=C;

X' selected from the group consisting of: C=0, CF, or SO,, PO; |

X2 is selected from the group consiéting of: NR' and (CH); wherein t is an
integer selected from the group consisting of: 0 and 1; | .
D is selected from the gr'oup} consisting of: a cycloalkyl, heterocycloalkyl,
cycloalkenyl, heterocycloalkenyl, aryl or heteroaryl ring;

R', R R%, R®, R, R8, R%, R", and R"" are each independently selected from
the group consisting of: H, halogen, OH, NO,, CN, NH;, optionally substituted
C1.—C1'2 alkyl, optionally substituted C,-C4, alkenyl, optionally substituted C,-C1

-alkynyl, optionally substituted C4-C4¢ heteroalkyl, optionally substituted C3-C12

cycloalkyl, optionally substituted C3-C+2 cycloalkenyl, optibnally substituted C,-
C12 heterocycloalkyl, optionally substituted C»-C1, heterocycl_oaikenyl, optionally
substituted ‘CS-C18 aryl, optionally substituted C1-Crs heteroaryl, optionally

substituted C4-C, alkyloxy, optidnally substituted C,-C,, alkenyloxy, optionally

substituted C,-Cs2 alkynyloxy, optionally substituted C-C1o heteroalkyloxy,
optionally substituted Cs-Ci2 cycloalkyloxy, optionally substituted C3-Ci2
cycloalkenyloxy, optionally substituted C-C4, heterocycloalkyloxy, optionally
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substituted C+4-C12 heterocycloalkenyloxy, optionally substituted Ce-C1s aryloXy,
optionally substituted C;-C4s heteroaryloxy, optionally substituted Cs-Ci2
alkylamino, SR™, SOs;H, SO,NR™R'™, SO,R™ SONR'"R', SOR", COR™,
COOH, COOR", CONR™R™, NR™COR™, NR™COOR™, NR'SO;R™,
NR'SCONR™R'®, NR'R®, and acyl; |

R? and R?®, are each independently selected from the group consisting of: H,
OH, NO3, CN, NHa, optionally substituted C4-C1, alkyl, optionally substituted C-
C12 alkenyl, optionally substituted C,-C12 alkynyl, optionally substituted C4-C1o
heteroalkyl, optionally substituted C3-C12 cycloalkyl, optionally substituted C3-Cs2
cycloalkenyl, optionally substituted C,-Ci, heterocycloalkyl, optionally
substituted C,-Cq2 heterocycloalkenyl, optionally substituted Ce-C1g aryl,
optionally substituted C4-C+g heteroaryl, optionally substituted C;-C,2 alkyloxy,
optionally substituted C»-Ci> alkenyloxy, optionally substituted 'C2-C12
alkynyloxy, optionally substituted C4-C1o heteroalkyloxy, optionally substituted
Cs-C12 cycloalkyloxy, optionally substituted C3-Cs2 cycloalkenyloxy, optionally
substituted C1—C12 heterocycloalkyloxy, optionally | substituted C4-Cq2
heterocycloalkenyloxy, - optionally substituted Cg-C1g aryloxy, optionally'
substituted C4-C1s heteroaryloxy, optionally substituted C4-C1, alkylamino, SR™,
SO3H, SO,NR™R'™, SO,R", SONR'™R'™, SOR™, COR'™, COOH, COOR",
CONR™R'®, ' NR'COR™, NR™COOR™, NR™SOR", NR'SCONR™R",
NR'®R'®, and acyl; or R? and R® may be fused to form a 5 or 6 membered
cycloalkyl, heterocycloalkyl, aryl or heteroaryl ring: each of which may be
optionally substituted;

R'2 R, R'S, R', and R" are each independently selected from the group
consisting of: H, an N-protecting group, optionally substituted C-Cy2 alkyl,
optionally substituted C>-Ci, alkenyl, optionally substituted C2-Ci2 alkynyl,

“optionally substituted C1-C+o heteroalkyl, optionally substituted C3-C12 cycloalkyl,

optionally substituted C3-Cs2 cycloalkenyl, optionaily substituted C4-Cq2
heterocycloalkyl, optionally substituted C4-Cq» heterocycloalkenyl, optionally
substituted Cg-C1g aryl, and optionally substituted C4-C1g heteroaryl;

'R™ is selected from the group consisting of H, optionally substituted C1-Ci2

alkyl, optionally substituted C»-C1 alkenyl, optionally substituted C>-C2 alkynyl,

‘optionally substituted C1-C1o heteroalkyl, optionally substituted C3-C+2 cycloalkyl,
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}o‘ptionally substituted C3-Cyocycloalkenyl, optionally substituted C4-C2

heterocycloalkyl, optionally substituted C4-Ci2 heterocycloalkenyl, optionally
substituted C¢-C1g aryl, and optionally substituted C4-C4g heteroaryl;

m is an integer selected from the group consisting of 0, 1, 2, 3, andb4;

n is an integer selected from the group consisiing of1,2,3,4,and 5;

m + n is an integer selected from the group consisting of 1, 2, 3, 4, and 5;

or derivatives thereof, analogues thereof, pharmaceutically acceptable salts

" thereof, and metabolites thereof.

Non-limiting examples of suitable tranilast compounds of formula 17 as

described above include:
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or a pharmaceutically acceptable 'salt or prodrug thereof.

| In another embodiment of the first aspect of the invention, the traﬁilast
5 compound has the formula 18 | '

Formula 18

- A'is selected from the group consisting of: -(CR®R®)p-(Y)g-(C(O))-(CR™R")s-
10 and -(CR°R®),-(C(0))-(Y)e-(CR'™R")s-, wherein Y is selected from the group
consisting of: O, S, and NR', each p and s are an integer independently
selected from the group consisting of: 0, 1, and 2, each q and r are an integer
independently selected frbm the group consistingof: 0O and 1, andp +q+r+s
is an integer sei_ected from the group consisting of: 1, 2, and 3;
15 X'is selected from the group consisting of: C=0, CF,, and SO, Po'z;'
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X? is selected from the group consisting of: NR'® or (CHp); wherein‘t is an
integer selected from the group consisting of: 0 and 1; '
Dis selectéd from the group consisting of: a cycloalkyl, heterocycloalkyl,
cycloalkenyl, heterocycloalkenyl, aryl or heteroaryl ring; ’

R', R?and R®, are each independently selected from the group consisting of: H,
OH, NO_, CN, NH_, optionally substituted C4-C1; alkyl, optionally substituted C,-
Ci2 alkehyl, optionally substituted C,-Cy2 alkynyl, optionally substituted C4-C1o
heteroalkyl, optionally substituted C3-C1 cycloalkyl, optionally substituted C3-C12
cycloalkenyl, . optionally substituted C,-Cy2 heterbcycloalkyl, optionally
substituted Ciz-,Cn heterocycloalkenyl, optionally substituted Ce-Cis aryl,
optionally substituted C4-C1s heteroaryl, optionally substituted C4-C+2 alkyloxy,

- optionally substituted C»-Cq2 alkenyloxy, optionally substituted C2Ci2

alkynyloxy, optionally substituted C4-C1o heteroalky]bxy, optionally substituted
C3—C12'cycloalkquxy, optionally substituted _Ca-le cycloalkenyloxy, optionally
substituted C4-C12 heterocycloalkyloxy, optionally substituted Ci-Ciz
heterocycloalkehyloxy, ‘optionally substituted Cgs-C1s  aryloxy, optiohally |
substituted C+-C1s heteroaryloxy, optionally substituted C4-Ci» alkylamino, SR'*,
SOsH, SO.NR'R™, SO,R'™, SONR"R'™, SOR", COR', COOH, COOR",
CONR'™R'™, NR'COR™, NR"™COOR", NR"SO,R™ NR'’CONR"™R'",
NR'™R' and acyl; or R? and R® may be fused to form a 5 or 6 membered
cycloalkyl; heterocycloalkyl, aryl or heteroaryl ring' each of which may be
optionally substituted; _ _

R* R5 R® R’, R® R R and R'' are each independently selected from the
group consisting of: H, halogen, OH, NO,, CN, NH;, optionally substituted C4--
C12 alkyl, optionally substituted C,-Ci, alkenyl, optionally substituted Co-Cq2
alkynyl, optionally substituted 'C1-C.1o' heteroalkyl, optionally substituted C5-Cr,
cycloalkyl, voptionally substituted C3-C1, cycloalkenyl, optionally substituted C,-
C12 heterocycloalkyl, optionally substituted C,-C,, heterocycloalkenyl, optionally
substituted Ce-Cqg aryl, optionally substituted "C1-Cis héteroaryl,' optionally
substituted C4-C1 alkyloxy, optionally substituted C,-Ci alkenyloxy, optionally
substituted C,-Cq2 alkynyloxy, optionally substituted ’C1-C1q heteroalkyloxy,

~optionally substituted C3-C2 cycloalkyloxy, optionally substituted C3-Ci2

cycloalkenyloxy, optionally substituted C¢-Ci, heterocycloalkyloxy, optionally
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substituted C4-C+2 heterocycloalkenyloxy, optionally substituted Ce-C1g aryloxy, .
optionally substituted C;-Cig heteroaryloxy, optionally substituted C;-Cq
alkylamino, SR™, SO;H, SO,NR'R', SO,R™, SONR'™R'™, SOR™, COR™,
COOH, COOR™, CONR™R'™, NR'COR™, NR“COOR", NR“SOR™,
NR'SCONR™R'’, NR'™R'®, and acyl; | |

- R R™ R, R', and R' are each independently selected from the group

consisting of: H, a N-protecting group, optionally substituted C-Ciz alkyl,
optionally substituted Co-Cq2 alkenyl, optionally substituted C,-Cq» alkynyi,
optionally substituted C,-C1o heteroalkyl, optionally substituted Cs3-C12 cycloalkyl,
optionally substituted C;-Ci2 cycloalkenyl, optionally substituted C;-C12
heterocycloalkyl, optionally substituted C;-Ci2 heterocycloalkenyl,. optionally
substit_uted Ce-Cig aryl, and optionally substituted C4-C1g heteroaryl;

R™ 'is selected from the group consisting of H, optionally substituted C4-Cqo
alkyl, optionally substituted C2>-C12 alkenyl, optionally substituted C,-C1, alkynyl,
optionally substituted C4-C4o heteroalkyl, optionally substituted C3-C+, cycloalkyl,
optionally  substituted C3-C12cycloalkenyl, optionally substituted C4-Cy2
heterocycloalkyl. optionally substituted C4-C42 heterocycloalkenyl, optionally
substituted C¢-C+g aryl, and optionally substituted C4-C1g heteroaryl;

m is an integer selected from the grdup conststing of: 0, 1, 2,3,and 4,

n is an integer selected from the group consisting of: 1, 2, 3, 4, and 5;

m + n is an integer selected from the group consisting of: 1, 2, 3, 4, and 5; _
or derivatives thereof, analogues thereof, pharmaceutically acceptable salts
thereof, and metabolites thereof.

Non-limiting examples of suitable tranilast compounds of formula 18 as
described above.include:
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or a pharmaceutically acceptable salt or prodrug thereof.

In yet another embodiment of the first aspect of the invention, the tranilast

5 compound has the formula 19

ZZ
R! RE 77 N\p
2 *1 . IL;
R T \( e X
X
R” A
R3 RS o .
R4
Formula'19

A is selected from the group consisting of: -(CR°R'%),-(Y)q-(C(0))(CR"'R")s-
and ~(CR°R"°),-(C(0))~(Y)q~(CR''R"?),-, wherein Y is selected from the group
10 consisting of: O, S, NR', each p and s are an integer indépendently selected
from the gfoup consisting of: 0, 1, and 2, each q and r are an integer |
independently selected from the group consisting of: 0 and 1, and p + q + r+s
is an integer selected from the group consisting of: 1; 2,and 3; |
T is selected from the group consisting of: a single bond, a double bond, a triple

R15 16
RS R?
L e
15 bond and / N

X' is selected from the group consisting of: C=0, CF; or SO,, POy;

X2 is selected from the group consisting of: CR'” and N;

Z', 2, Z*, and Z* are each independently selected from the g‘roup consisting of
CR® and N; |
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R', R R% R%, R%, R', R'" R', R' and R are each independently selected
from the group consistin‘g‘of: H, halogen, OH, NO,, CN, NH,, 6ptionally
substituted C4-Cz alkyl, optionélly substituted C>-Cq, alkenyl, optionally
substituted C2-C.2 alkynyl, optionally substituted C4-C1o heteroalkyl, optionally

substituted C3-Ci2 cycloalkyl, optionally substituted Cs-Cq» cycloalkenyl,

optionally substituted C»-Ci» heterocycloalkyl, optionally substituted C,-Ci»
heterocycloalkenyl, optionally substituied Ce-C1s aryl, optionally substituted C;-
C18 heteroaryl, optionally substitdted C1-C42 alkyloxy, optionally substituted C,-
C12 alkenyloxy, optionally substituted C,-C42 alkynyloxy, optionally substituted
C4-C1o heteroalkyloxy, optionally substituted C;-Ci, cycloalkyloxy, optionally
substitufed Cs-Ci2  cycloalkenyloxy, optionally substituted  C4-Cys

heterocycloalkyloxy, optionally substituted C4-Ci2 heterocycloalkenyloxy,

optionally substituted Cg-C1g aryloxy, optionally substituted C4-C4g heteroaryloxy,
optionally substituted C;-Cy, alkylamino, SR'®, SO;H, SO,NR'°R%, SO,R'S,
SONR™R®, SOR'™, COR'™, COOH, COOR'™, CONR™R®, NRCOR'™
NR'®COOR’8, NR'SO,R" NR'°CONRZR?' NR'°R?, and acyl;

R? and R®, are each independently selected from the group consisting of: H,
OH, NO;, CN, NH,, optionally substituted C4-C1, alkyl, optionally substituted C,-

C42 alkenyl, optionally substituted C»-C42 alkynyl, optionally substituted C1-C1o

heteroalkyl, optionally substituted Cs-C42 cycloalkyl, optionally substituted C3-C,
cycloalkenyl, optionally substituted C,-Cy; heterocycloalkyl, optionally

'substituted C,-C12 heterocycloalkenyl, optionally substituted Cg-Cyg aryl,
. optionally substituted C4-C1s heteroaryl, optionally substituted C4-Cy2 alkyloxy,

optionally substituted C»-Cy» alkenyloxy, optionally substituted C,-Cy
alkynyloxy, optionally substituted C4-C1o heteroalkyloxy, optionally substituted
C3-C12 cycloalkyloxy, optionally substituted C3-C412 cycloalkenyloxy, optionally
substituted C4-Ci2 heterocycloalkyloxy, optionally substituted = C;-Cy2
heterocycloalkenyloxy, optionally substituted Cs-C1g aryloxy, optionally -
substituted C1-C1 heteroaryloxy, optionally substituted C1-C12 alkylamino, SR'®,

SOzH, SO:NR™R?, SO,R', SONR'R®, SOR', COR'®, COOH, COOR'",
'CONR™R?®, NR'COR'™, NR'®COOR'™, NR'SO,R", NR"CONR?R?'

NR'®R%, and acyl; or R* and R® may be fused to form a 5 or 6 membered
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cycloalkyl, heterocycloalkyl, aryl or heteroaryl ring, each of which may be
optionally substituted;

R® and R’ are present when T is a single bond, a double bond or
R15 16 ’

R6 ‘ R7
U J\"\ o ‘ . ,
/ but not when T is a triple bond, each R” and R’ being

independently selected from the group consisting of: H, NO;, CN, optionally
substituted C4-Cs alkyl, optionally substituted C»-Ci, alkenyl, optionally

‘substituted C,-Cy2 alkynyl, optionally substituted C4-C1o h'etero'alkyl, optionally

substituted C3-Cq2 cycloalkyl, optionally substituted C3-Cy2 cycloalke‘nyl._
optionally substituted C2-Cr2 heterocycloalkyl, optionally substituted C,-Cy2
heterocycloalkenyl, optionally substituted Cg¢-C13 aryl, option.ally substituted C-

'C18 hetefoaryl, optionélly substituted C4-C12 alkyloxy, optionally substituted C,-

C12 alkenyloxy, optionally substituted Co-C12 alkynyloxy, optionally substituted
C1-C1o heteroalkyloxy, optionally substituted Cs-C12 cycloalkyloxy, optionally
substituted  C3-Cy2  cycloalkenyloxy, ’optionally substituted  C4-Cy2
heterocycloalkyloxy, optionally substituted C4-Cyz heterocycloalkenyloxy,
optionélly substituted Cs-C1 aryloxy, optionally substituted C4-C1g heteroaryloxy,
optionally substituted C4-C4» alkylamino, SR'®, SO;H, SO,NR'R?, SO,R",
SONR™R®, SOR', COR'™ COOH, COOR'™, CONRYR¥®, NR'COR',
NR'®COOR'®, NR™®SO,R"®, NR'*CONR®R?', NR"R?, and acyl;

R'3, R, R? and R?' are each independently selected from the group consisting
of: H: a N-protecting group, optionally substituted C4-Cs2 alkyl, optionally
substitutéd C2-C2 alkenyl, optionally substituted C,-Ci2 alkynyl, optionally
substituted C4-C1o heteroalkyl, dptionally substituted C3-C1 2 cycloalkyl, optionally
substituted C3-C12 cycloalkenyl, optionally substituted C1-C2 heterocycloalkyl,

“optionally substituted C4-C,2 heterocycloalkenyl, optionally substituted Cs-C1g

aryl, and optionally substituted C+-C4g heteroaryl;
R'™ is selected from the group consisting of H, optionally substituted C4-C12
alkyl, optionally substituted C>-C2 alkenyl, optionally substituted C,-C4, alkynyl,

~ optionally substituted C4-C1o heteroalkyl, optionally substituted C3-C1, cycloalkyl,

optionally substituted Cs-Cicycloalkenyl, optionally substituted C4-Cq2
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heterocyclbalkyl, optionally substituted C4-Cy, heterocycloalkenyl, optionally
substituted Cs-C1g aryl, and optionally substituted C4-C1g heterdaryl; |
n is an integer selected from the group consisting of: 0, 1, 2, 3, and 4;
or derivatives thereof, analogues thereof, phamaceutically acceptable salts

5. thereof, and métabolites thereof.

Non-limiting examples' of suitable tranilast compounds of formula 19 as

described above include:
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ora ph_armaéeutically acceptable salt or prodrug thereof.

In. another embodiment of thé first aspect of the invention, the tranilast
5 compound has the formula 20

R3

Formula 20
wherein: v : _
10 Z-X-Y is selected from the group consisting of: N=C-N, N-C=N, O-C=N, S-C=N,
N=C-0, N=C-S, C=C-NH, C=C-0, C=C-S, and C(0O)-C=N; |
A is selected from the group consisting of: a bond, SOZ, C, C=S, C=0, C=NR®,
and NR?;
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T is selected from the group consisting of: a single bond, a double bond, a triple
' R10 1 "
R6 - | R?
D o
bond, and 7 ' N

Z', 7%, Z°, and Z* are each independently selected from the group consisting of
CR®and N; |

R', R R’ R% R'" and R" are each independently selected from the group
consisting of: H, halogen, OH, NO,, CN, NH,, optionally substituted C1-Crzalkyl, -
optionally substituted C,-Cq, alkenyl, optionally substituted C2>-C2 alkynyl,
optionally substituted Q_1-C1§ heteroalkyl, optionally substituted C3-C1, cycloalkyl,

optionally substituted C;-Cy> cycloalkenyl, optionally substituted C,-Cs2
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heterocycloalkyl, optionally substituted C,-Ci» heterocycloalkenyl, optionally
substituted Cg-Cqs aryl, optionally substituted C4-C4g heteroaryl, optionally
substituted C4-C,2 alkyloxy, optionally substitUted C,-C12 alkenyloxy, optionally
substituted Cz-Cu alkynyloxy, optionally substituted C;-Cio heteroalkyloxy,
optionally substituted C;-Ci, cycloalkyloxy, optionally substituted CyC{z
cycloalkenyloxy, optionally substituted C1-C12 heterocycloalkyloxy, optionally
substituted C4-C+2 heterocycloalkenyloxy, optionally substituted C¢-C1s aryloxy,
optionally substituted C4-Cis heterbaryloxy, optionally substituted C4-Ci2
alkylamino, SR', SO3;H, SO,NR™R™, SO,R'?, SONR"R", SOR", COR",
COOH, COOR™, CONR™R™, NR™COR', NR™COOR'", NR%SO,R'"
NR"’CONR™R'®, NR"R", and acyl; ' |

R? and R3, are each independently selected from the group consisting of: H,
OH, NO3, CN, NH, opt’ibnally substituted C4-C12 alkyl, optionally substituted C,-
Ci2 al‘k'_enylv, optionally substituted C,-C1> alkynyl, optionally substituted C4-C1o

‘heteroalkyl, optionally substituted C3-C12 cycloalkyl, optionally substituted C3-C12

cycloalkenyl, optionally substituted C»-Cp2 heterocycloalkyl, optionally
substituted C,-C4; heterocycloalkenyl, optionally substituted - Cs-C1s aryl,
optionally substituted C4-C1g heteroaryl, optionally substituted C4-C4, alkyloxy,

optionally substituted C,-Ci, alkenyloxy, optionally substituted C>-Cq2

alkynyloxy, optionally substituted C4-C1o heteroalkyloxy, optionally substituted

'C3-Cq2 cycloalkyloxy, optionally substituted C3-Ci2 cycloalkenyloxy, optionally
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- substituted C4-Cq2 heterQCycloalkonxy, optionally  substituted C4-Cy;

heterocycloalkenyloxy, 6ptiona|ly substituted Ce-C1g aryloxy, optionally
substituted C4-C1g heteroaryloxy, optionally substituted C+-C, alkylamino, SR,

SO3H, SO,NR™R™, SO,R'?, SONR™R", SOR'", COR'?, COOH, COOR",

CONR™R™, NR'™COR™, ' NR"®COOR"”, NR™SO,R", NR™CONR“R'",
NR™R™, and acyl; or R? and R® may be fused to form a 5 or 6 membered
cyc:'ldalkyl,- héterocycloalkyl, aryl or heteroaryl ring' each of which may be
optionally substituted;

R® and R’ are present when T is a single bond, a double bond or

R10 11
R R’

“L’ J\P . . 6 7 .
/ N\ but not when T is a triple bond, each R® and R’ being

independently selected from the group consisting of: H, NO,, CN, optionally
substituted C4-Cy2 alkyl, optionally substituted C,-Ci, alkenyl, . optionally
substituted C,-C42 alkynyl, optionally substituted C4-C4o heteroalkyl, optionally
substituted C3-Cy2 cycloalkyl, optionally substituted C3-C42 cycloalkenyl,
6ptiona|ly substituted C,-Ci2 heterocycloalkyl, optionally substituted C»-C12
heterocycloalkenyl; optionally substituted Cs-C1g éryl, optionally substituted th
Cis heteroaryl, optionally substituted C4-C4; alkyloxy, optionally substituted C,-
Ci2 alkenyloxy, optionally substituted C,-C, alkynyloxy, optionally substituted

C1-Cqo hetéroalkyloxy,- optionally substituted C3-C42 cycloalkyloxy, optionally

20

25

30

substituted  C3-Cy2 = cycloalkenyloxy, optionally = - substituted . C4-Cq2

- heterocycloalkyloxy, dptionally substituted C4-C12 heterocycloalkenyloxy,

optionally substituted Ce-C1g aryloxy, optionally substituted C1-C1g heteroaryloxy,
optionally substituted C4-Cy alkylamino, SR'2, SOsH, SO,NR™R™ SO,R™,
SONR™R"™, SOR', COR'", .COOH, COOR', CONR"R", NR"COR",
NR'3COOR™, NR™¥SO,R'2, NR*CONR™R'®, NR™R'S, and acyl; -

R, R™, R™, and R are each independently selected from the group consisting
of: H, an N-protecting group, optionally substituted C4-Cs2 alkyl, optionally

"substituted C,-Cy, alkenyl, optionally substituted C,-Ci; alkynyl, optionally

substituted C{—Cw heteroalkyl, optionally substituted C3-Cy2 cycloalkyi, optionally
substituted C3-C12 cycloalkenyl, optionally substituted C4-C1, heterocycloalkyl,
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optionally substituted C¢-C12 heterocycloalkenyl, optionally substituted Cg-Cis
eryl, and optionally substituted C4-C1s heteroaryl; |
R' is selected from the group consistihg of H, optionally substituted C¢-C12
alkyl, optionally substituted C»-C4. alkenyl, optionally substituted C>-C12 alkynyl,
optionally substituted C1-C1o heteroalkyl, optionally substituted C3-C1; cycloalkyl,
optionélly substituted Cs-Cqocycloalkenyl, optionally substituted C4-Cs2
heterocycloalkyl, optionally substituted C1-C12 heterocycloalkenyl, optionally
substituted C¢-C1g aryl, and optionally substituted C1-C4g heteroaryl; '
n is an integer selected from the group consnstlng of: 0,1, 2, 3,and 4;
or derivatives thereof analogues thereof, pharmaceutically acceptable salts

thereof, and metabolites thereof.

Non-limiting examples of suitable tranilast compounds of' formula 20 as

described above include:



WO 2012/068612 PCT/AU2011/001455
‘ P

: . |
| FzHcoD/\)'\N MeO
H , ‘
F,HCO COH "MeO
o .
O
~ MeO N MeO
O .
N

MeO MeO’

F,HCO MeO PN

N . , .
N |
F,HCO c COH MeO” NH,



WO 2012/068612

(8]
: (o) | ~
MeOD/\)\\N N/
///\O o ’

51

PCT/AU2011/001455

P

0
FzHCOD/v\\N P
F,HCO |
| 0

oy
FZHCOD/\/'LN N

H
F,HCO

0

L g
MeO SN~
MeO

0

. N | N
FzHCOD/\)l\N N"N

H
F,HCO o

o]

o] | A
MeOWN_ N
MeO” '

o)

o)‘j©
MQOD/\)\\N »
z o
' 0



WO 2012/068612 PCT/AU2011/001455

10

15

20

25

30

P

52 .
or a pharmaceutically acceptable salt or prodrug thereof.

One of ordinary skill in the art will appreciate that a variety of tranilast

compounds may be used in fhe first aspect of the present invention.

The eye disease associated with inflammation and / or vascular proliferation in

a subject is not intended to be particularly limited. In some embodiments of the
first aspect of the invention, the eye disease may be selected from the group
comprising diabetic retinopathy, corneal edema, anterior and posterior uvéitis,
pterygium, corneal diseases, dry eye, conjuncﬁvitis, allergy- and laser-induced

exudation, non-age related macular degeneration, macular edema, age-related

‘macular degeneration and ocular von Hippel-Lindau disease.

“In a further embodiment of the first aspect of the invention, the corheal disease

is caused by infection from a microbe or microorganism. The microbe or
microorganism may be selected from any of the groups comprising bacteria,
viruses, fungi, amoebas, and parasites. '

Preferably, the eye disease is diabetic retinopathy in the first aspect of the

invention.

As used herein, treating the eye disease includes inhibiting the progression of
the eye disease, preventing the eye disease, and/or ameliorating a symptom of

the eye disease.

In a second aspect, the present invention provides a use of at least one tranilast
compound or a pharmaceutically acceptable salt or solvate thereof in the

preparation of a pharmaceutical composition for treating an eye disease

associated with inflammation and / or vascular proliferation.

In preferred embodiments of the second aspect of the invention, the tranilast

compound is a compound of any one of formulae 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
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12, 13, 14, 15, 16, 17, 18, 19 and 20 as deécribed above in relation to the first

aspect of the invention.

In another Vpreferred embodiment of the second aspect of the invention, the

tranilast compound may be a compound of the non-limiting examples of suitable
tranilast compounds of formulae 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

16, 17, 18, 19 and 20 described above in relation to the first aspect of the

invention.

In a particularly preferred embodiment of the second aspect of the invehtion, the
tranilast compound has the formula
| 0

MeOD/\)LH/@ .
COzH
/O 2

or a pharmaceutically acceptable salt thereof.

In _anbther particularly preferred embodiment of the second aspect of the

present invention, the franilast compound has the formula

P
FzHCOD/\)LN.
. H
F,HCO COH

or a pharmaceutically acceptable salt thereof.

In some embodiments of the second aspect of the invention, the eye disease
may be selected from the group comprising diabetic _retinopathy, corneal
edema, anterior and posterior uveitis, pterygium, corneal diseases, dry eye,
conjunctivitis, allergy—vand.laser—induced exudation, non-age relafed macular
dégeneration, macular edema, age?related macular degeneration and ocular
von Hippel-Lindau disease. - '

In a further embodiment of the second aspect of the invention, the corneal
disease is caused by infection from a microbe or microorganism. The microbe
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or microorganism may be selected from any of the groups comprisihg bacteria,

viruses, fungi, amoebas, and parasites.

Preferably, the eye disease is diabetic retinopathy in the second aspect of the

invention.

In a third aspect, the present invention provides a use of at least one tranilast
compound, or a pharmaceutically acceptable salt or solvate thereof, in the
treatment of an eye disease associated with inflammation and / or vascular

proliferation disease.

In a fourth aspect, the present invention provides a kit for treating an eye
disease associated with inflammation and / or vascular proliferation including:

at least one tranilast compound or a pharmaceuticaily acceptable salt or solvate

‘thereof: and

instructions for administering the tranilast-type compound to a subject in order

to treat the eye disease.

In a fifth aépect, the present invention provides a tranilast compound for treatihg

‘an eye disease associated with inflammation and / or vascular proliferation.

In preferred embodiments of the third, fourth or fifth aspecfs of the invention, the
tranilast compound is a compound of any one of formulae 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 and 20 as described above in relation to |

the first aspect of the invention.

In another preferred embodiment of the third, fourth or fifth aspects of the
inventidn, the tranilast compound may be'a compound of the non-limiting
examples of suitable tranilast compounds of formulae 1, 2, 3, 4, 5, 6, 7 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19 and 20 described above in relation to the first

aspect of the invention.
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In a particularly preferred embodiment of the third: fourth or fifth aspects of the
invention, the tranilast compound has the formula -
o

COzH
/\o ) 2

or a pharmaceutically acceptable salt thereof.

In another particularly preferred embodiment of the third, fourth or fifth asp'ects
of the invention, the tranilast compound has the formula '

0 /@
‘F,HCO N -
FAHC W " CoM
6r a pharmaceutically acceptable salt thereof.

In some embodiments of the third, fourth or fifth aspects of the invention, the
eye disease may be selected from the group comprising diabetic retinopathy,
corneal edema, anterior and posterior uveitis, pterygium, corneal diseases, dry
eye, conjunctivitis, allergy- and laser-induced exudation, macular degeneration,
macular edema, age-related macular degeneration énd ocular von Hippel-

Lindau disease.

In a further embodiment of the third, fourth or fifth aspects of the invention, the
corneal disease is caused by infection from a microbe or microorganism. The

microbe or microorganism may be selected from the group comprising bacteria,

- viruses, fungi, amoebas, and parasites.

. Again, it is preferred the eye disease is 'diabetic retinopathy in the third, fourth or

fifth aspects of the invention.

Detailed Description of the Invention
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~In this specification a number of terms are used which are well known to a

skilled addressee. Névertheléss for the purposes of clarity a number of terms
will be defined. ' ' '

As used herein, the term “unsubstituted” means that there is no substituent or

that the on‘ly substituents are hydrogen.

‘The term "optionally substituted" as used throughout the specification denotes

that the group may or may not be further substituted or fused (so as to form a

condensed polycyclic system), with one or ‘more non-hydrogen substituent

groups. In certain embodiments the substituent groups are one or more groups _

independently selected from the group consisting of halogen, =O, =S, -CN, -

 NO,, -CF3, -OCFs3, alkyl, alkenyl, alkynyl, haloalkyl, haloalkenyl, haloatkynyl,

heteroalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocycloalkenyl, aryl,
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl, heteroarylalkyl, arylalkyl;
cycloalkylalkenyl, heterocycloalkylalkenyl, arylalkenyl,  heteroarylalkenyl,
cycloalkylheteroalkyl, heterocycloaIkylheteroalkyl. arylheteroalkyl,
heteroarylheteroalkyil, hydroxy, hydro'xyalkyl,‘ alkoxy, alkoxyalkyl,
alkoxycycloalkyl,  alkoxyheterocycloalkyl,  -alkoxyaryl, alkotheteroaryI,
alkoxycarbonyl, alkylaminocarbonyl, - alkenyloxy, -alkynyloxy, cycloalkyloxy,
cycloalkenyloxy, heterbcycloalkylbxy, vheterocycloalkenyloxy, aryloxy, phendxy,
benzyloxy, heteroaryloxy, arylalkyloxy,'aryialkyl, heteroarylalkyl, cycloalkylalkyl,
‘heterocycIOaIkylaIkyI, arylalkyloxy, amino, alkylamino, acylamino, aminoalkyl,
arylaminb, sulfonylamino; sulfinylamino, sulfonyl, alkylsulfonyl, arylsulfonyl,

~aminosulfonyl, sulﬁnyl, alkylsulfinyl, arylsulfinyl, aminosulfinylaminoalkyl, -

COOH, -COR", -C(0)OR'"!, CONHR'!, NHCOR'', NHCOOR'"!, NHCONHR"",
C(=NOH)R'' --SH, -SR'", -OR" and acyl, wherein R'"" is H, - optionally
substituted . C1-C12‘alkyl, optionally substituted C,-Cqsalkenyl, optionally
substituted C2-Cq2 alkynyl, optionally substituted C4-C4o heteroalkyl, optionally
substituted _C3-C1p_ cycloalkyl, optionally substituted Cs-Cq2 cycloalkenyl,
optionally substituted C;-Cy2 heterocycloalkyl, optionally substituted C1-Co2
heterocycloalkenyl, optionally substituted Ce-C+g aryl, optionally substituted C;-
C1g heteroaryl, and acyl. ‘ ‘
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"Alkyl" as a group or part of a group refers to a straight or branched aliphatic
hydrocarbon group, preferably a C1—C44 alkyl, more prefefably C4-C1o alkyl,
most preferably C:-Cg unless otherwise noted. Examples of suitable straight
and branched C4-Cg alkyl substituents include methyl, ethyl, n-propyl, 2-propyl,
n-butyl, sec-butyl, t-butyl, hexyl, and the like. The group may be a terminal
group or a bridging group. ‘

"Alkylamino" includes both mono-alkylamino and dialkylamino, unless specified.
"Mono-alkylamino" means a —NH-Alkyl group, in which alkyl is as defined
above. "Dialkylamino" means a —N(alkyl), group, in which each alkyl may be

~ the same or different and are each as defined herein for alkyl. The alkyl group‘

is preferably a C4-Cs alkyl group. The group may be a terminal group or a

bridging group.

"Arylamino" includes both mono-arylamino and di-arylamino unless specified.
~ Mono-arylamino means a group of formula aryINH-, in which aryl is as defined

herein. di-arylamino means a group of formula (aryl);,N- where each aryl may
be the same or different and are each as defined herein for aryl. The group
may be a terminal group or a bridging group.

"Acyl" means an alkyl-CO- group in which the alkyl group is as described
herein. Examples of acyl include acetyl and benzoyl. The alkyl group is

-preferably a C4-Cg alkyl group. The group may be a terminal group or a

bridging group.

“"Alkenyl" as a group or part of a gfoup denotes an aliphatic hydrocarbon group

containing at least one carbon-carbon double bond and which may be straight

- or branched preferably having 2-14 carbon atoms, more preferably 2-12 carbon

atoms, most preferably 2-6 carbon atoms, in the normal chain. The group may
contain a plurality of double bonds in the normal chain and the orientation about

each is independently E or Z. Exemplary alkenyl groups include, but are not
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limited to, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl and

nonenyl. The group may be a terminal grbup or a bridging group.

"Alkoxy" refers to an -O-alkyl group in which alkyl is defined herein. Preferably
the alkoxy is a C1-Cs alkoxy. Examples include, but are not limited to, méthoxy
and ethoxy. The group may be a terminal group or a bridging group.

"Alkenyloxy" refers to an -O- alkenyl group in whiCh élkenyl is as defined herein.
Preferred alkenyloxy groups are C1-Cg alkenyloxy groups. The group may be a
terminal group or a bridging group.

""Alkynyloxy’" refers to an —O-alkynyl group in which alkynyl is as defined herein. |

Preferred alkynyloxy groups are C4-Cs alkynyloxy groups. The group may be a-
terminal group or a bridging group.

"Alkoxycarbonyl" refers to an —C(O)-O-alkyl group in which alkyl is as defined

herein. The alkyl group is preferably a C;-Cs alkyl group. Examples include,

. but not limited to, methoxycarbonyl and ethoxycarbonyl. The group may be a

terminal group or a bridging group.

"Alkylsulfinyl" means a —S(O)-alkyl grbup in which alkyl is as defined above.
The alkyl group is preferably a C1-C6 alkyl group. Exemplary alkylsulfinyl
groups include, but not limited to, methylsulfinYI and ethylsulfinyl. The group
may be a terminal group or a bridging group. . '

"Alkylsulfdnyl" refers to a —S(O),-alkyl group in ‘which alkyl is as defined above.
The alkyl group is preferably a C1-Cg alkyl group. Examples include, but not
limited to methylsulfonyl and ethylsulfonyl. The group may be a terminal group
or a bridging group. ‘

"Alkynyl” as a group or part of a group means an aliphatic hydrocarbon grou‘p
containing a carbon-carbon triple bond and which may be straight or branched
preferably having from 2-14 carbon atoms, more preferably 2-12 carbon atoms,
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more preferably 2-6 carbon atoms in the normal chain. Exemplary structures

.' include, but are not limited to, ethynyl and propynyl. The group may be a

terminal group or a bridging group.

"Alkylaminocarbonyl" refers to an alkylamino-carbonyl group in which
alkylamino is as defined above. The group may be a terminal group or a

bridging group.

- "Cycloalkyl" refers to a saturated or partially saturated, 'monocyclic or fused or

spiro polycyclic, carbocycle preferably containing from 3 to 9 carbons per ring,
such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like, unless

“otherwise specified. It includes monocyclic systems such as cyclopropyl and

cyclohexyl, bicyclic systems such as decalin, and polycyclic systems such as

adamantane. The.group may be a terminal group or a bridging group.

"Cycloalké‘nyl" means a non-aromatic monocyclic or multicyclic ring system
containing at least one carbon-carbon double bond and preferably having from
5-10 carbon atoms per ring. Exemplary monocyclic cycloalkenyl rings include
cyclopentenyl, cyclohexenyl or cycloheptenyl. The cycloalkenyl group may be
substituted by one or more substituent groups. The group may be a terminal
group or a bridging group. "

The above discussion of alkyl and cycloalkyl substituents also applies to the

alkyl portions ‘of other Substituénts, such as without limitation, alkoxy, alkyl

~amines, alkyl ketones, arylalkyl, heteroarylalkyl, aIkylsUIfonyI and alkyl ester
- substituents and the like.

"Cycloélkylalkyl" means a cycloalkyl-alkyl- group in which the cycloalkyl and
alkyl moieties are as previously described. Exemplary monocycloalkylalkyl
groups include cyclopropylmethyl, cyclopentylmethyl, cyclohexylmethyl and
cycloheptyimethyl. The group‘ may be a terrninal group or a bridging group.

"Halogen" represents fluorine, chlorine, bromine or iodine.
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"Heterocycloalkyl" refers to a saturated or pértially saturated monocyclic,
bicyclic, or polycyclic ring containing at least one heteroatom selected from
nitrogen, sulfur, oxygen, preferably from 1 to 3 heteroatoms in at least one ring.
Each ring is preferably from 3 to 10 membered, more preferably 4 to 7
membered. Exarhples of suitable heterocycloalkyl substituents ihclude
pyrrolidyl, tetrahydrofuryl, tetrahydrothiofuranyl, piperidyl,  piperazyl,
tetrahydropyranyl, morphilino, 1,3-diazapane, 1,4-diazapane, 1,4-oxazepane,

and 1,4-oxathiapane. The group may be a terminal group or a bridging group.

"Heterocycloalkenyl" refers to a heterocycloalkyl as described above but
containing at least one double bond. The group may be a terminal group or a

bridging group‘.

"Heterocycloalkylalkyl" refers to a heterocycloalkYI-aIkyI group in Which the
hete}rocycloalkyl and- alkyl ‘moieties are as previously described. Exemplary
heterocycloalkylalkyl groups ~ include (2-tetrahydrofuryl)methyl,
(2-tetrahydrothidfurényl) methyl. The group may be a terminal grdup or a
bridging group. '

"Heteroalkyl" refers to a straight- or branched-chaih alkyl group preférably
having from 2 to 14 carbons, more preferably 2 to 10 carbons in the chain, one
or more of which has been replaced by a heteroatom selected from S, O, P and
N. Exemplary heteroalkyls include alkyl ethers, secondary and tertiary alkyl
amines, amides, alkyl sulfides, and the like. The group may be a terminal group
or a bridging group. As used herein reference to the normal chain when used in
the context of a bridging group refers to the direct chain of atoms linking the two

terminal positiohs of the bridging group.

"Aryl'f as a group or part of a group denotes (i) an optionally substituted
monocyclic, or fused polycyclic, aromatic carbocycle (ring structure having ring
atoms that are all carbon) preferably having from 5 to 12 atoms per ring.

Examples of a}ryl groups include phenyl, naphthyl, and the like; (i) an optionally ”
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substituted partially saturated bicyclic aromatic carbocyclic moiety in which a
phenyl and a Cs7 cycloalkyl or Cs7 cycloalkenyl group are fused together-to
form a cyclic structure, such as tetrahydronaphthyl, indenyl or indanyl. The

group may be a terminal group or a bridging group.

"Arylalkenyl" means an aryl-alkenyl- group in which the aryl and alkenyl are as
previously described. Exemplary arylalkenyl groups include phenylallyl. The
group may be a terminal group or a bridging group.

"'Arylalkyl" means an aryl-alkyl- group in which the aryl and alkyl moieties are as

previously described. Preferred arylalkyl groups contain a Cqs alkyl moiety.
Exemplary arylalkyl groups include benzyl, phenethyl and naphthelenemethy!.
The group may be a terminal group or a bridging group.

"Heteroaryl" either alone or part of a group refers to groups containing an
aromatic ring (preferably a 5 or 6 membered aromatic ring) having one or more
heteroatoms as ring atoms in the aromatic ring with the remainder of the ring
atoms being carbon atoms. Suitable heteroatoms include nitrogen, oxygen and

" sulphur. Examples of heteroaryl include thiophene, benzothiophene,

benzofuran, benzimidazole, benzoxazole, benzothiazole, - benzisothiazole,
naphtho[2,3-b]thiophene, furan, isoindolizine, xantholene, phenoxatine, pyrrole,
imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine, indole, isoindole,

1H-indazole, purine, quinoline, isoquinoline, phthalazine, naphthyridine,

quinoxaline, cinnoline, carbazole, phenanthridine, acridine, phenazine, thiazole,

isothiazole, phenothiazine, oxazole, isooxazole, furazane, phenoxazine, 2-, 3-
or 4- pyridyl, 2-, 3-, 4-, 5-, or 8- quinolyl, 1-, 34, 4-, or 5- isoquinolinyl 1-, 2-, or 3-
indolyl, and 2-, or 3-thienyl. The group may be a terminal group or a bridging
group. | '

"Heteroarylalkyl" means a heteroaryl-alkyl group in which the heteroaryl and
alkyl moieties are as previously described. Preferred heteroarylalkyl groups
contain a lower alkyl moiety. Exemplary heteroarylalkyl groups include
pyridylmethyl. The group may be a ‘terminal group or a bridging group.
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"Lower aikyl" as a group means unless otherwise specified, an aliphatic
hydrocarbon group which may be straight or branched having 1 to 6 carbon
atoms in the chain, more preferably 1 to 4 carbons such as methyl, ethyl, propyl
(n-propyl or isopropyl) or butyl (n-butyl, isobutyl or tertiary-butyl). The group
may be a terminal group or a bridging group.

The compounds may be prepared by any suitable method known to one of
ordinary skill in the art. For instance, suitable methods of preparatibn of the
compounds of formulae 1 to 20 above are disclosed in WO 2008/003141

(formulae 1 to 7), WO 2009/079692 (formulae 8 to 10), WO 2010/144959

(formulae 11 to 16), and WO 2011/047432 (formulae 17 to 20).

It is understood that included in the family of 'compounds of Formulae 1 to 20
are isomeric forms including diastereoisomers, enantiomers, ,tautorriers,- and
geometricél isomers in "E" or "Z" conﬁgurationél isomer or a mixture of E and Z
isomers. It is also understood that some isomeric forms such as diastereomers,
enahtibmers, ‘and geometrical isomers can be separated by physical and/or
chemical methods and by those skilled in the art. |

Some of the compounds as used in the disclosed embodiments may exist as

single stereoisomers, racemates, and/or mixtures of enantiomers and /or

diastereomers. All such single stereoisomers, racemates and mixtures thereof,

are intended to be within the scope of the subject matter described and claimed.

Some of the compounds as used in the disclosed embodiments are substituted
R R

cyclopropanes having the general formula / N . The structure
shown is intended to include isomeric forms of the cyclopropanes including

diastereoisomers and enantiomers.
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- Additionally, Formulae 1 to 20 are intended to cover, where applicable, solvated

.as well as unsolvated forms of the compounds. Thus, each formula includes

compounds having the indicated structure, including the hydrated as well as the

non-hydrated forms.

In addition to compounds of Formulae 1 to 20, tHe compounds of the various
embodiments include pharmaceutically acceptable salts, prodrug's, N-oxides
and active metabolites of such compounds, and pharmaceutically acceptable

salts of such metabolites.

The term "pharmaceutically acceptable salts" refers to salts that retain the
desired biological activity of the above-identified compounds, and include
'pi’larmaceutically acceptable acid addition salts and base addition salts.
Suitable pharmaceutically acceptable acid addition salts of compounds of
Formulae 1 to 20 may be prepared from an inorganic acid or frorh an organfc
acid. Examples of such inorganic acids are hydrochloric, sulfuric, and
phosphoric acid. Appropriate organic acids may be selected from aliphatic,
cycloaliphatic, aromatic, heterocyclic carboxylic and sulfonic classes of organic
acids, examples of which are formic, acetic,” propionic, succinic, glycolic,
gluconic, lactic, malic, tartaric, citric, fumaric, maleic, alkyl sulfonic, arylsulfohic. '
Suitable pharmaceutically acceptablé base addition salts of compounds of
Formulae 1 to 20 include metallic salts made from Iithium, sodium, potassium,

magnesium, calcium, aluminium, and zinc, and organic salts made from organic

-bases such as choline, diethanolamine, morpholine. Other examples of organic

salfs are: ammonium salts, quaternary salts such as tetramethylammonium salt;
amino acid addition salts such as salts with glycine and argininé. Additional
information on pharmaceutically acceptable salts can be found in Remington's
Pharmaceutical Sciences, 19th Edition, Mack Publishing Co., Easton, PA 1995.
In the case of agents that are sblids, it is understood by those skilled in the art
that the inventive compounds, agents and salts may exist in different crystalline
or polymorphic forms, all of which are intended to be within the scope of the

present invention and specified formulae.
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"Prodrug" means a compound which is convertible in-vivo by metabolic means
(e.g. by hydrolysis, reduction or oxidation) to a compound of Formulae 1 to 20.
For example an ester prodrug of a compound of Formulae 1 to 20 containing a
hydroxyl group may be convertible by hydrolysis in vivo to the parent molecule.

Suitable esters of compoUnds of Formulae 1 to 20 containing a hydroxyl group,

~are for example acetates, citrates, lactates, tartrates, malonates, oxalates,

salicylates, pro;;ionates, succinates, fumarates, maleates, methylene-bis-f-
hydroxynaphthoates, gestisates, isethionates, di-p-toluoyltartrates,
methanesulphonates, ethanesulphonates, benzenesulphonates, p-
toluenesulphonates, cyclohexylsulphamates and quinates. As another example
an ester prodrug of a c_ompound of Formulae 1 to ‘20 containing a carb.oxy'
group may be convertible by hydrolysis in vivo to the parent molecule.
(Examples of ester prodrugs are those described by F.J. Lei'nweber, Drug
Metab. Res.,18:379, 1987). o

elimination of a named condition once the condition has been established. The
term “prophylaxis” refers géherally to treatment to prevent the onset of a named
condition or of a process that can lead to the condition ("primary” prdphylaxis),
or the recurrence of symptoms of ‘a condition.

The term "subje‘ct" refers generally to any warm blooded animal such as, but
not limited to, a mouse, guinea pig, dog, horse, or human. In an embodiment,
the subject is human.

The term_"therapeutically effective amount” or "effective aniount" is én amount
sufficient to effect beneficial or desired clinical results. An effective amount can
be administéred in one or more administrations. An effective amount is typically
sufficient to palliate, ameliorate, stabilize, reverse, slow or delay the progression
of the disease state.
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The term "pharmaceutically acceptable" refers generally to a subsfance or
composition that is compatible chemically and/or toxicologically with the other

‘ingredients including a formulation, and/or the subject being treated.

The compounds as utilised in the above five aspects of the present invention
refers generally to compounds, prodrugs thereof, pharmaceutically acceptable
salts of the compouhds and/or prodrugs, and hydrates or solvates of the
compounds, salts, and/or prodrugs, as well as all stereoisomers (including
diastereoisomers and enantiomers), tautomers and isotopically labelled

compounds. The compounds of the‘present invention may exist in unsolvated.

- as well as solvated forms with pharmaceutically acceptable solvents such as

water, ethanol, and the like, and it is intended that the invention embrace both
solvated and unsolvated forms. -

Th'e‘t_erm “de'rivative thereof’ when used in reference to compounds of the
present invention refers generally to prodrugs, pharmaceutically acceptable
salts of the compounds . and/or prodrugs, and hydrates or solvates of the

compounds, salts, and/or 'prodrugs.

Administration of compounds of Formulae 1 to 20 or any composition(s)

comprising same to subjects can be by any of the accepted modes for enteral

- administration such as oral or rectal, or by parenteral administration such as

subcutaneous, intramuscular, intravenous and intradermal routes. Injecfion can
be bolus or via constant or intermittent infusion. - The active compound is
typically included in a phannace'utically acceptable éarrier, excipient and / or
diluent and in an amount sufficient to deliver to the patient a therapeutically

effective dose.

In using the comp'ounds they can be administered in any form or mode which

makes the compound bioava_ilable. - One skilled in the art of preparing
formulations can readily select the proper form and mode of administration
depending upon the particular characteristics of the compc')und'selected, the
condition to be treate'd,"the stage of the condition to be treated and other
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relevant circumstances. - See Remingtons Pharmaceutical Sciences, 19"
edition, Mack Publishing Co. (1995) for further information.

The compounds can be administered alone or in the form of a pharmaceutical
composition in combination with a pharmaceutically‘acceptable carrier, diluent,
adjuvant and / or excipient. The compounds may be administered as the
compouhds themselves or in thé form of their pharmaceutically acceptable salts

or derivatives.

The compounds are, however, typically used in the form of pharmaceutiéal

compositions which are formulated depending on the desired mode of

~ administration. Suitable compositions for use in accordance with the methods

of the present invention may be prepared according to methods and procedures
that are known to those of ordinary skill in the art and accordingly may include a
pharmabeutically acce'ptable carrier, excipient, diluent and / or adjuvant. As
such in a further embodiment the present invention provides a pharmaceutical

' composition including a bompound of Formulae 1 to 20 and a pharmaceutically

acceptable carrier, diluent, adjuvant or excipient.

The ‘invention in other embodiments provides a phannaceutica_l pack or kit
comprising one or more containers filled with one or more of the ingredients of
the pharmaceutical compositions of the invention. In such a pack or kit can be
found a 6ontainer having a unit dosage of the agent(s). The kits can include a
composition .comprising an effective agent either as concentrates (including
lyophilized compositions), which can be diluted further prior to use or they can
bé provided at the concentration of use, where the vials may include one or
more. dosages. Conveniently, in the kits, single dosages can be provided in
sterile vials so that the physician can employ the vials directly, where the vials
will have the desired amount and concentration of agent(s). Associated with |
such container(s) can be various written materials such as instructions for use,
or a notice in the form prescribed by a goVernmentai agency regulating the

- manufacture, use or sale of pharmaceuticals or biological products, which
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notice reflects approval by the agency of manufacture, use or sale for human
administration.

The compounds may be used or administered in combination with one or more
additional drug(s) for the treatment of the disorder/diseases mentioned. The
components can be administered in the same formulation or in separate
formulations or compositions. |f administered in separate formulations or
compositions, the compounds of the invention or the formulations or
compositions comprising same may be administered sequentially or
simultaneously with the other drug(s).

In addition to being able to be administered in combination with one or more
additional drugs, the compounds may be used in a'combination therapy. When
this is done the compounds are typically administered in combination with each
other. Thus one or more of the compounds of the invention may be
administered either simultaneously (as a combined pfeparation) or sequentially
in order to achieve a desired effect. This is especially desirable where the
therapeutic profile of each compound is different such that the combined effect
of the two drugs provides an improved therapeutic result. Administration may

be systemic, regional or local.

Pharmaceutical compositions of the invention may be administered by standard
routes. Iﬁ general, the compositions may be administered by the parenteral
(e.g., intravenous, intraspinal, subcutanedus_ or intramuscular), oral or topical
route. The particular route of administration to be used in any given
circumstance will depend on a number of factors, including the nature of the
condition to be treated, the severity and extent of the condition, the required
dosage of thé particular compound to be delivered and the potential side-effects
of the compound. | )

Pharmaceutical compositions of this invention for parenteral injection comprise
pharmaceutically acceptable sterile aqueous or nonaqueous solutions,
dispersions, suspensions or emulsions as well as sterile powders for
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reconstitution into- sterile injectable solutions or dispersions just prior to use. -
Examples of ‘suitable aqueous and nonaqueous carriers, diluents, solvents or
vehicles include water, 'ethanol,‘ poiyols (such' as glycerol, propylene glycol,
polyethylene glycol, and the like), and suitable mixtures thereof, vegetable oils -
(such as olive oil), and injectable organic esters such as ethyl oleate. Proper
fluidity can be maintained, for example, by the use of coating materials such as
lecithin, by the maintenance of the required pa‘rticle' size in the case of
disperéions, and by the use of surfactants. '

Examples‘of pharmaceutically acceptable carriers or diluents are demineralised
or distilled water; saline solution; vegetable based oils such as peanut oil,
safflower oil, olive oil, cottonseed oil, maize 6i|, sesame oil, arachis oil or
coconut oil; silicone oils, including pélysiloxanes, such as methyl! polysiloxane,
phenyl polysiloxane and methylphenyl polysolpoxane; volatile silicones; mineral
oils such as liquid paraffin, soft paraffin or squalane; cellulose derivatives such
as  methyl cellulose, ethyl cellulose, carboxymethylcellulose, sodium
carboxymethylicellulose or hydroxyp'ropylmethylcelIuI0s'e; lower alkanols, for
example ethanol or iso-propanol; lower aralkanols; lower polyalkylene glycols or
lower alkylene glycols, for example polyethylene glycol, polypropylene glycol,
ethylene glycol, propylene glycol, 1,3-butylene glycol or glycerin; fatty acid
esters such as isopropyl palmitate, isopropyl myristate or ethyl o'I"eate.;

polyvinylpyrridone; agar; carrageenan;, gum tragacanth or gum acacia, and

‘petroleum jelly. Typically, the carrier or carriers will form from 10% to 99.9% by

weight of the compositions.

These ¢Ompositions may also. contain one or more adjuvants such as
preservatives, wetting agents, emuléifyihg ‘agents, and dispersing agents.
Prevention of the action of micro-organisms may be ensured by the inclusion of
various antibacterial and antifungal agents, for example, paraben,
chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to
include isotonic agents such as sugars, sodium chloride, and the like.

Prolonged absorption of the injectable pharmaceutical form may be brought'
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about by thé inclusion of agents that delay absorption such as aluminium
monostearate and gelatin. |
The compositions of the invention may be in a form suitable for administration
by injection, in the form of a formulation suitable for oral ingestion (such as
capsules, tablets, caplets, elixirs, for example), in the form of an ointment,
cream or lotion suitable for topical administration, in a form suitable for delivery

“asan eye drop, in an aerosol form suitable for administration by inhalation, such

as by intranasal inhalation or oral inhalation, in a form suitable for parenteral
administration, that is, subcutaneous, intramuscular or intravenous injection.

For administration ‘as an injectable solution or suspension, non-toxic

parenterally acceptable diluents or carriers can include, Ringer's solution,

~ isotonic saline, phosphate t_n]ffered saline, ethanol and 1,2 propylene glycol.

The injectable solution or suspension can be sterilised, for example, by filtration
through a bacterial-retaining filter, or by incorporating sterilising agents in the
form of sterile solid compositions that can be dissolved or dispersed in sterile

water or other sterile injéctable medium just prior to use.

Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound is

mixed with at least one inert, pharmaceutically acceptable excipient or carrier

such as sodium citrate or dicalcium phosphate and/or a) fillers or extenders

such as starches, lactose, dextrose, sucrose, glucose, sorbitol, mannitol, and
silicic acid, b) binders as acceptable in human and veterinary pharmaceutical
practice such as, fdr example, carboxymethylicellulose, alginates (e.g. sodium
alginate), gelatin, pdlyvinylpyrrolidone, corn starch, sucrose, and acacia, c)
huméctahts such as glycerol, d) disintegrating agents suéh as agar, agar-agar,
calcium carbonate, potato or tapio(:a. starch,  alginic acid, certain silicates,
sodium carbonate, corn starch, methylcellulose, polyvinylpyrrolidone, guar gum,
xanthan gum and bentonite, e) solution retarding agents such as paraffin, f)-
absorption accelerators such as quaternary ammonium compounds, g) wetting
agents such as, for example, cetyl alcohol and glycerol monostearate, h)
absorbents such as kaolin and bentonite clay, and / or i) lubricants such as talc,
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calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl
sulfate, stearic acid, sodium oleate, sodium chloride and mixtures thereof. In the

case of capsules, tablets and pills, the dosage form may also comprise

buffering agents.

Solid compositions of a similar type may also be emp,loyéd as fillers in soft and
hard-filled gelatin capsules using such excipients as lactose or milk sugar as

- well as high molecular weight polyethylene glycols and the like.

The solid dosage forms of tablets, dragees, capsules, piils, and granules can be
prepared with coatings and shells such as enteric coatings and other coatings
well known in the pharmaceutical formulating art. They m'ayo'ptionally" contain
opacifying agents and can also be of a composition that they release the active
ingrédient(s) only, or preferentially, in a certain part of the intestinal tract,
optionally, in a delayed manner. Exampleé of embedding compositiohs which

can be used include polymeric substances and waxes.

The active compounds can also be in microencapsulated form, if appropriate,
with one or more of the above-mentioned excipients.

Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, solutions, suspensions, syrups and elixirs. In addition to the active
compounds, the liquid dosage forms may contain inert diluents commonly used
in the art such as, for example, water'or other solvents, solubilizing agents and -
emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol,
dimethyl formamide, oils (in particular, cottonseed, groundnut, corn, germ, olive,
castor, sunflower, safflower, arachis, coconut | and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols, triglycerides,i fatty acid esters of
sorbitan, lactose, sorbitbl, manhitol, dextrose, kaolin, cellulose, calcium
carbonate, calcium silicate and / or dicalcium phosphate and mixtures thereof.
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Besndes inert dlluents the oral compositions can also include adjuvants such as
wettlng agents osmotlc agents, comfort enhancing agents, emulsifying and
suspending agents, sweeteners, thickening agents, preservatives, bactericides
and / or bacteristatics, buffering agents, time delay agents, flavouring and |
perfuming agents. Suitable sweetenere include sucrose, lactose, glucose,
aspartame or saccharine. Suitable flavouring agents include peppefmint oil, oil
of wintergreen, cherry, orange or raspberry flavouring. Suitable time delay
agents include glyceryl monostearate or glyceryl distearate. Suitable wetting
agents could be selected from the group comprising cellulose derivatives such
as hydroxypropyl methyl cellulose, carboxymethyl cellulose, methyl cellulose,

hydroxyethyl cellulose, dextran, gelatin, polyols, _quuid such as glycerin,

" polyethylene glycol, polyethylene glycol, polysorbate, propylene glycol, polyvinyl

alcohol, povidone (polyvinyl pyrrolidone) and copolymers such as EO/PO block
copolymers. Suitable bactericides and / or bacteristatics include cationic

antibacterial agents- that bind with high affinity to negatively charged cell

membranes of bacteria by displacing divalent cations in the membranes and
causing the loss of essential cellular components (Gilbert and Moore 2005).
Accordingly, cationic substances such as biguanides (i.e. salts of alexidine,
alexidine free base, salt of chlorhexidine, hexamethylene biguanides, and
polymeric biguanides such as - polyhexamethylene biguanide [PHMB]),
quaternary ammoniuni compounds (i.e. polyquaternium-1 [POLYQUAD],
chemical registry number 75345-27-6; and cetylpyridinium chloride [CPC]), and

~ myristamidopropyl dimethylamine [ALDOX]), povidone-iodine, hydrogen -

peroxide; benzyl alcohol, indolicidins, ethoxylated alkyl glucoside, and non-
amine polyethylenoxide are contemplated herein as non-limiting examples of
cationic  antibacterials. Similarly, dimethyldiallylammonium - chloride
homopolymer and strongly basic anionic exchange ammonium resins are also

contemplated hereln as non-limiting examples of antlmlcroblal agents.

For topical applications in the eye, ionic dissociating compounds as surfactants

are contemplated such as lauroylethylenediaminetriacetate, polyethylene glycol

fatty acid ester, an alkanolamide, an amide oxide, an ethoxylated alcohol and

ethoxylated acid.
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Suspensions, in addition to the active compounds, may contain suspending
agents as, for example, ethoxylated _isostearyl alcohols, polyoxyethylene
sorbitol' and sorbitan esters, microcrystalline: cellulose, aluminium

me_tahydfoxide, bentonite, agar-agar, and tragacanth, and mixtures thereof.

Suspensions - may also include dispersing agents such as lecithin,

pplyoxyethyléne esters of fatty acids such as stearic acid, polyoxyethylene

~ sorbitol mono- or di-oleate, -stearate or -laurate, polyoxyethylene sorbitan

mono- or di-oleate, -stearate or -laurate and the like.

The topical compositions of the present invention, comprise an active ingredient
together with one or more acceptable carriers, and optionally any other
therapeutic ingredients. Compositions suitable for topical administration include
liquid or semi-liquid preparations suitable for penetration through the skin to the
site of Where treatment is required, such as liniments, lotions, creams, powders,
patches, = sprays, .inhalers,' ointmenfs or pastes, and -drops suitable for
admi_histration to the eye, ear or nose. The active ingredient is mixed under

sterile conditions with a pharmaceutically acceptable carrier and any needed

‘preservatives, buffers, or propellants which may be required.

Drops according to the present invention may comprise sterile aqueous or oily |

solutions or suspensions. These may be prepared by dissolving the active
ingredient in an aqueous solution of a bactericidal and/or fungicidal agent
and/or any other suitable presérvative’, and optionally including a surfacé active
agent. The resulting solution may then be clafiﬁed by filtration, 'transfefred toa

suitable container and sterilised. Sterilisation may be achieved by: autoclaving

~or maintaining at 90°C-100°C for half an hour, or by filtration, followed by

transfer to a container by an aseptic technique. Examples of bactericidal and
fungicidal agents suitable for inclusion in the drops are phenylmercuric nitrate or
acetatek (0.002%), benzalkonium chloride (0.01%) and chlorhexidine acetate
(0.01%). Suitable solvents for the preparation of an oily solution mclude

glycerol, dﬂuted alcohol and propylene glycol



WO 2012/068612 PCT/AU2011/001455

10

15

20

25

30

P(

73
Lotions according to the present invention include those suitable for application

to the skin or eye. An eye lotion may comprise a sterile aqueous solution

| optionally containing a bactericide and may be prepared by methods similar to

those described above in relation to the preparation of drops. Lotions or

liniments for application to the skin may also include an agent to hasten drying

and to cool the skin, such as an alcohol or acetone, and/or a moisturiser such
as glycerol, or oil such as castor oil or arachis oil.

Creams, ointments of pastes according to the present invention are semi-solid
formulations of the active ingredient for external application. They may be
made by mixing the active ingredient in finely-divided or powdered form, alone
or in solution or suspension in an aqueous or non-aqueous fluid, with a greasy )
or non-greasy basis. The basis may comprise hydrocarbons such as hard, soft
or liquid paraffih, glycerol, beeswax, a metallic soap; a mucilage; an oil of
natural origin such as almond, cbrn. arachis, castor or olive oil; wool fat or its

.derivatives, or a fatty acid such as stearic or oleic acid together with an alcohol

such as propylene glycol or macrogols.

The cbmposition may incorporate any suitable surfactant such as an anionic,
cationic or non-ionic surfactant such as sorbitan esters or polyoxyethylene
derivatives thereof. Suspending agents such as natural gums, cellulose
derivatives or inorganic materials such as silicaceous silicas, and other

lngredlents such as lanolin, may also be included.

Compositions for rectal or vaginal administration are preferably supbositoﬁes
which can be prepared by/ mixing the compounds with suitable non-irriiating
excipients or carriers such as cocoa butter, polyethylene glycol ora suppository
wax which are solid at room température but liquid at body temperature and

therefore melt in the rectum or vaginal cavity and release the active compound.

The amount of compound administered will preferably treat-and reduce or
alleviate the condition. A therapeutically effective amount can be readily
determined by an attending diagnostician by the use of conventional techniques
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and by observing results obtained under analogous circumstances. In

determining the therapeutically effective amount a number of factors are to be

considered including but not limited to, the species of animal, its size, age and

general health, the specific condition involved, the severity of the condition, the
response of the patient to treatment, the particular compound administered, the
mode of administration, the bioavailability of the pfeparation administered, the
dose regime selected, thé use of other medications and other relevant

circumstances.

One skilled in the art would be able, by routine experimentation, to determine an
effective, non-toxic amount of the compound which would be required to treat
applicable diseases and conditions. Generally, a typical and effective dosage is
expected to be in the range of about 0.01 to about 1000 mg per kilogram of
body weight per day, typically of about 0.1 to about 100 mg per kilogram of
body weight per day, even more typically of abbut 1 to about 10 mg per
kilogram of body weight.per day, and further of about 5 mg per kilogram of body
weight per day. Small doses (0.01-1 mg/kg per day) may be‘administered
initially, followed by incréasing doses up tb about 1.000 mg/kg per day. In the
event that the response in a subject is insufficient at such doses, even higher
doses (or effective higher doses by a dif,ferent,' more localised delivery route)
may be employed to‘ the extent patient tolerance permits. A more breferred
dosage will be in the range from 0.1 to 300 mg per kilogram of body weight per
day, more preferably from 0.1 to 100 mg per kilogram of body weight per day.
A suitable dose can be administered in multiple sub-doses per day.

Typiéally, in therapeutic applications, the treatment would be for the duration of

the disease state.

Further, it will be apparent to one of ordinary skill in the art that the optimal
quantity and spacing of individual dosages such as the number of doses of the
composition given per day for a defined number of days'vwill_be determined by

the nature and extent of the disease state being treated, the’form, route and site
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of administration, and the nature of the particular individual being treated. Also,

such optimum conditions can be determined by conventional techniques.

If desired, and for more effective distribution, the compounds can be
incorporated into slow release or targeted delivery systems such as polymer
matrices, liposomes, and microspheres.

Liposomes are generally derived from phospholipids or other lipid éu‘bstances,
and . are formed by mono- or multi-lamellar Hydrated liquid crystals that are
dispersed in an aqueous medium. Any non-toxic, physiologically acceptable
and metabolisable lipid capable of forming liposomes can be used. The
compositions in liposome form may contain stabilisers, preservatives, excipients
and the like. The preferred lipids are the phospholipids and the phosphatidyl

cholines (lecithins), both natural and synthetic. Methods to form liposomes are

known in the art, and in relation to this specific reference is made to: Prescott,
Ed., Methods in Cell Biology, Volume XIV, Academic Press, New York, N.Y.
(1976), p. 33 et seq., the contents of which is incorporated herein by reference.

The compositions may be conjugated to ah array of polyethylene glycol (PEG)
derivatives. The addition of PEG to prbteins (PEGylation) is a well established
rhethdd for decreasing the plasma clearance rates of proteins, thereby
increasing their efficacy (Nucci et al, 1991, Adv. Drug Del.} Rev. 6:133).
Additional benefits of PEGylation may include, greater stability of proteins,
decreased immunogenicity, enhanced solubility and decreased susceptibility to
proteolysis (Sheffield W. 2001, Curr Drug Targets Cardiovasc Haematol Disord.
1:1-22). PEG moleculés contain the basic repeating structure of -(OCH;CHz)n-
OH and are classified into groups according to their molecular weight. PEG
derivatives are conjugated to proteins to incre;se their hydrodynamic radius
and in general, their increase in half-life |s directly related to the size of the PEG
chain attached (Sheffield W. 2001, Curr Drug Targets Cardiovasc Haematol

- Disord. 1:1-22).
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The compositions may also be administered in the form of microparticles.
Biodegradable microparticles formed from polylactide (PLA), polylactide-co-

glycolide (PLGA), and epsilon-caprolactone (¢-caprolactone) have been

extensively used as drug carriers to increase plasma half life and thereby

prolong efficacy (R. Kumar, M., 2000, J Pharm Pharmaceut Sci. 3(2) 234-258).
Microparticles have been formulated for the delivery of a range of drug
candidates including vaccines, antibiotics, and DNA. Moreover, these
formulations have been developed for various delivery routes including .

parenteral subcutaneous injection, intravenous injection and inhalation.

The compositions may incorporate a controlled release matrix that is composed
6f sucrose acetate isobutyrate (SAIB) and organic solvent or organic solvents
mixture. Polymer additives may be added to the vehicle as a release modifier
to further increase the viscosity and slow down the release rate. SA|B is a well -
known food additive. Itis a very hydrophobib, fully esterified sucrose derivative,

at a nominal ratio of six isobutyrate to two acetate groups. As a mixed ester,

~ SAIB does not crystallize but exists as a clear viscous liquid. Mixing SAIB with

a pharmaceutically accepted organic solvent such as ethanol or benzyl alcohol |
decreases the viscosity of the mixture sufficiently to allow for injection. An
active pharmaceutical ingredient may be added to the SAIB delivery vehicle to
form SAIB solution or suspension formulations. When the formulation is
injected subcutaneously, the solvent diffuses from the matrix alIOwing the

SAIB-drug or SAIB-drug-polymer mixtures to set up as an in situ forming depot.

Brief Description of the Figures

Figure 1 is a graph depicting the number of-leukocytes in the retina of control
rats, diabetic rats and diabetic rats treated with FTO11 from the short term
study. Data were expressed mean + SEM. *P<0.05 versus control and #P<0.05

versus diabetes.
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Figure 2 iIIusfrates representative photomicrographs of rhédamine-coupled
Concanavalin A stained for endothelium and adherent leukocytes from retina of
control rats (A), diabetic rats (B) and diabetic rats treated with FT011 (C).

Figure 3 is a graph shoWing changes in retinal ICAM-1 mRNA levels in control

rats, diabetic rats and diabetic rats treated with FT011. Data were expressed

mean + SEM. *P < 0.05 versus control and *P <0.05 versus diabetes.

Figure 4 is é graph illustrating the number of acellular capillaries in PAS stained
retinal sections from control rats, diabetic rats and diabetic rats treated with
100mg/kg/day FTO11 from a long term study. Acellular capillaries were
expressed as number of acellular capillaries' per field. Data were expressed

mean + SEM. *P < 0.05 versus control and *P <0.05 versus diabetes. -

Figure 5 illustrates representative photomicrographs of acellular capillaries from
PAS stained retina of control rats (A), diabetic rats (B) and diabetic rats treated
with 100mg/kg/day FT011 (C). ' '

Figure 6 is a graph depicting the number of Ieukdcytes in the retina of control
rats, diabetic rats and diabetic rats treated with FT061. Data were expressed

mean + SEM. *P<0.05 versus control and #P<0.05 versus untreated diabetes.

Fvigure 7 -illustrates représentative photomicrographs of rhodamirié-coupled
Concanavalin A stained for endothelium and adherent leukocytes from retina of
control rats (A), diabetic rats (B) and diabetic rats treated with FT061 (C).

Figure 8 is a graph showing changes in retinal ICAM-1 mRNA levels in control
rats, diabetic rats and diabetic rats treated with FT061. Data were expressed

mean + SEM. *P < 0.05 versus control and *P <0.05 versus untreated diabetes.

Figure 9 is a graph illustrating changes in retinal VEGF mRNA Iévels in control
rats, diabetic rats and diabetic rats treated with FT061. Data were expressed

mean + SEM‘. #P <0.05 versus control.
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Embodiments of, the'invention will now be discussed in more. detail with
reference to the following examples and figures which are provided for
exemplification only and which should not be considered limiting on the scope

of the invention in any wéy.
EXAMPLES

Animals

The animal studies were conducted with the approval from the Animal Welfare
and Ethics Committee (St Vincent's Hospital and the National Health and
Medical Research Foundation of Australia).. All rats received normal rat chow
(Certified Rodent Diet #5002, LabDiet_, USA) and drinking water ad libitum. All
animals were housed in a stable environment maintained at 22 + 1°C with a 12-
hour light/dark cycle commencing at 6am. ' |

'Example 1 |

Test compound (FT011)

(E)-2-[[3-(3-Methoxy-4-propargyloxy)phenyl)-1-oxo-2-propenyljamino]benzoic
acid (FT011) has the structure: - : - -
o

MeOqu
‘ CO,H

Diabetic Retinopathy Rats v
Ninety, six-week old female, heterozygous (mRen-2)27 rats (St. Vincent's
Hospital Animal House, Melbourne, Australia) were assigned to receive either

i 55 mg/kg of streptozotocin (STZ) (Sigma, St..Louis, USA) diluted in 0.1 M
citrate buffer, pH 4.5 or citrate buffer alone (non-diabetic control) by tail vein

injection following an overnight fast. In short term study, rats were randomly
assigned to receive (n=10/group) treatment with either FT011 (100mg/kg -bid

gavage) or vehicle for 8 weeks. Non-diabetic animals (n=10) served as controls.
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In the long term study, at 16 weeks of STZ diabetes rats were rahdomly
assigned to either treatment (n=15/group) with, FT011 (50mg/kg/day BID),
FT011 (100mg/kg BID) or no treatment for a further 16 weeks. Non-diabetic
animals (n=15) served as controls. Each week, fats were weighed and their
blood glucose levels were measured (Accu-check Advantage Il Blood Glucose
Monitor, Roche Diagnostics, USA) and only STZ-treated animals with blood
glucose >15 mmol/L were considered diabetic. Every 4 weeks, SBP was
determined in preheated conscious rats via tail-cuff plethysmography using a
non-i(nvaSive blood pressure (NIBP) controller and Powerlab (AD instruments,
NSW, Australia). Haemoglobin A1c (HbA1c) was measured by HPLC at the end
of the study in the Department of Pathology, St Vincent's Hospital. Diabetic rats
received a daily injection of insulin (2-4 units iﬁtraperitoneally; Humulin NPH, Eli
Lilly and Co., Indianapolis, IN) to reduce mortality and to promote weight gain.

Leukostasis (short term study)
At the end of the short term 8 week study, rats were anaesthetized with -
Lethobarb (60mg/kg) and the chest cavity was opened. Animals were perfused
via the left ventricle with 6.1M phosphate buffered saline (PBS) to remove non-
adherent blood: ceIIs.'The rats were then' perfused with rhodamine-coupled
Concanavalin A (25mg/kg, Vector Laboratories) to stain endothelium and
adherent leukocytes. Eyes were enucleated and fixed with 4%
paraformaldehyde in 0.1M PBS for 30 minutes. Retinae were dissected and flat
mounted on microscope slides then visualised on an epi-fluorescent

microscope. The total number of leukocytes was counted per retina. The

~investigator was masked to the group.

Real time PCR (short term study) ‘

At the end of the short term 8 week study, rats were anaesthetized with
lethobarb (60mg/kg), eyes were enucleated and retinae dissected and placed in
RNAlater (#R0901, Sigma-Aldrich). Total RNA was extracted with an RNeasy
Mini Kit (#74104, Qiagen) according to manufacturers’ instructions. RNA
concentration was determined on a Nanodrop 3.1.2, after which 1pg of RNA

was DNase treated (DNA-free kit, Ambion) and reverse transcribed (First Strand



WO 2012/068612 PCT/AU2011/001455

10

15

20

P(

. 80 A
cDNA Synthesis Kit for RT-PCR, Roche). Primers, probes (See Table) and
cDNA were mixed with Ta'qman Universal Master Mix (#4304437, Applied
Biosystems) and real-time PCR was conducted using an ABI 7900 HT
Sequence Detection System (Applied Biosystems). mRNA was normalised to
18S rRNA endogenous control and the relative fold difference in expression
calculated using the 2**CT method. '

Primer and probe for ICAM-1

Gene Species Accession | Primers and Tagman probe (MGB,
- number | FAM label)

ICAM1 | rat | NM_012967 | Forward Primer:

| AGTGCTGTACCATGATCAGAATACCT

Probe: TGA TCATTGCGGGCT

Reverse ' ' " Primer:

| TAAATGGACGCCACGATCAC

18S | eukaryote | X03205.1 Applied Biosystems gene expression |

assay — endogenous control — VIC label

Trypsin digest (long term study 32 weeks)

At the end of long term 32 week study, rats were anaesthetised with Lethobarb

(60mg/kg), and then eyes were enucleated and fixed in 2% Carsons Fixative'
overnight. Retinae were dissected and washed in 0.2M Tris Buffer (pH 8.0)'
followed by digestion in 1% Trypein (#T4799, Sigma-Aldrich) in 0.2M Tris buffer

at 37°C for one hour. Retinae were then incubated in 1% Triton X in 0.2M Tris

buffer for approximately one hour. Subsequently, retinae were flat mounted ona |
microscope slide and dried overnight. Slides were stained with Periodic Acid

Schiff’s Stain to observe aCelIuIar capillaries.

Quantification was 'pen‘ormed by scanning the entire retina with a 10x objective
on a Zeiss Observer microscope system. Random 600um x 800 um fields were
placed over the entire retina using Adpbe Photoshop CS2. Acellular capillaries

were counted per field with 10 retinae per group quantitated. Investigators were |
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“masked to the group. Data was analysed as an average of acellular capillaries

Statistics were performed using the Shapiro Wilkinson test for normality. A

Krukal-Wallis test followed by Mann Whitney U test was performed for statistical

significance of nonparametric data.

Results

~ Table 1. Animal characteristics (8 weeks study)

Group | Body Weight (g) | SBP (mmHg) HbA1C (%)
Control 289+ 4 179+ 8 3.7+0.06
Diabetes 274+6 217 + 10* 11+£0.19**
Diabetic+FT011 278 £ 12 190 + 14 8.9 + 0.50%
(200mg/kg/day) |

*P <0.05 and ** P<0.01 versus control; *P <0.05 versus untreated diabetes

15 Table 2. Animal characteristics (32 weeks study)

Group Body Weight (g) | SBP (mmHg) HbA1C (%)
Control 353+ 11 152 +7 54+05
Diabetes | 32447 160 + 8 8.4 +0.29*
Diabetic+FT0O11 | 322+8 176 + 10 7.651%025%
(100mk/kg/day) |

DiabetictFT011 | 313 £ 9 170+ 7 6.58 + 0.37%
(200mk/kg/day) - ‘

*P <0.05 versus control: *P <0.05 versus untreated diabetes
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Figure 1 demonstrates the total number of leukocytes in the retina from the
short term study were significantly less in diabetic rats treated with FT011
compared to untreated diabetic rats.

The representative micrographé in figure 2 show that in diabetic rats (B)'
numerous leukocytes were observed in the capillaries (designated with arrows)

when compared to control (A), and treatment with FT011 signiﬁcantly reduced

leukostasis. (C).

Figure 3 shows there was an increase in ICAM-1 mRNA levels in diabetic rats
when compared to controls. Moreover, treatment with FT011 was associated
with a reduction in ICAM-1 mRNA levels. - '

In figure 4. a quantitative assessment of acellular capillaries was made by
counting the number of capillaries in PAS stained retinal sections from the long
term study. Clearly, there were less acellular capillaries in diabetic rats treated

- with FTO11 compared to untreated diabetic rats.

The representativé micrographs in figure 5 show that In diabetic rats (B)'
acellular capillaries (pericyte ghost) were observed (arrow), while pericyte
ghosts were not apparent in control (A) and diabetic rats treated with FT011 (C).

Example 2

Test compound (FT061)
(E) -2-([3,4- Bls(dlﬂuoromethoxy)phenyl) -1-ox0-2- propenyl]ammo]benzmc acid
(FT061) has the structure:

0O

. FZHCOD/\)\N/@
H
F,HCO CozH__
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Diabetic Retinopathy Rats |

. Sixty, six-week Aold female, heterozygous (mRen-2)27 rats (St. Vincent's -
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Hospital Animal House, Melbourne, Australia) were assigned to receive. either
55 mg/kg of streptozotocin (STZ) (Sigma, St. Louis, USA) diluted in 0.1 M
citrate buffer, pH 4.5 or citrate buffer alone (non-diabetic control) by tail vein
injection following an overnight fast. Rats were randomly assigned to receive
(n=15/group) treatment with either FT061 (100mg/kg/day gavage) or vehicle for
8 weeks. Non-diabetic animals (n=15) served as controls. Each week, rats were.
weighed and their biood glucose levels were measured (Accu-check Advantage
]! Blobd Glucose Monitor, Roche Diagnostics, USA) and only STZ-treated
animals with blood glucose >15 mmol/L were considered diabetic. Every 4

. weeks, SBP was determined in preheated conscious rats via tail-cuff

plethysmography using a non-invasive blood pfessure (NIBP) controller and
Powerlab (AD instruments, NSW, Australia).v Diabetic rats received a daily
injection of insulin (2-4 units intraperitoneally; Humulin NPH, Eli Lilly and Co.,

Indianapolis, IN) to reduce mortality and to promote weight gain.

Leukostasis . , .

At the end of the study, réts were anaesthetized With Lethobarb (60mg/kg) and
the chest c_:avi’ty was opened. Animals were perfused via the left ventricle with
0.1M phosphéte buffered saiine (PBS) to remove non-adherent blood cells. The
rats were then perfused with rhodamine-coupled Concanavalin A (25mg/kg,
Vector Laboratories) to stain endothelium and adherent leukocytes. Eyes were
enucleated and fixed with 4% paraformaldehyde ibn O.1Mv PBS for 30 minutes.
Retinae were dissected and flat mounted on microscope slides then visualised
on an epi-fluorescent microscope. The total number of leukocytes was counted

pér retina. The investigator was masked to the group.

Real time PCR v
At the end of the study, rats were anaesthetized with lethobarb (60mg/kg), eyes
were enucleated and retinae dissected and placed in RNAlater (#R0901,
Sigma—AIdrich). Total RNA was extracted with an RNeasy Mini Kit (#74104,
Qiagen) according to manufacturers’ instructions. RNA concentration was
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determined on a Nanodrop 3.1.2, after which 1ug of RNA was DNase treated
(DNA-free kit, Ambion) and reverse transcribed (First Strand cDNA Synthesis
Kit for RT-PCR, Roche). Primers, probes (See Table) and cDNA were mixed
with Taqman Universal Master Mix (#4304437, Applied Biosystéms) and real-

time PCR was conducted using an ABI 7900 HT Sequence D,etection’System »

(Applied Biosystems). mRNA was normalised to 18S rRNA endogenous control

and the relative fold difference in expression calculated using the 2%4CT

method.

Primer and probe for ICAM-1 and VEGF

Gene Speéies Accession Primers and Tagman probe (MGB,
number FAM label) '
ICAM1 | rat | NM_012967 Forward Primer:
AGTGCTGTACCATGATCAGAATACCT
Probe: TGA TCATTGCGGGCT
Reverse | Primer:
, TAAATGGACGCCACGATCAC
VEGF | rat NM_031836.2 Applied Biosystems gene expression -
NM_001110333.1 | assay ~ FAM label |
NM_001110334.1 ' |
18S euka.ryote X03205.1 Applied' Biosystems gene expression
assay — endogenous control — VIC label
Statistics

Statistics were performed using the Shapiro Wilkinson test for normality. A

Krukal-Wallis test followed by Mann Whitney U test was performed for statistical

significance of nonparametric data.

Results




WO 2012/068612 PCT/AU2011/001455
Pi
| 85
Table 1. Animal characteristics

Group Body Weight (9) SBP (mmHg)

Control 308+8 192+ 6

Diabetes T202+10 20110

Diabetic+FT061 282 + 4# 178 + 4

10

15

.20

25

#P <0.05 versus control

Figure 6 demonstrates the total number of leukocytes in the retina was
significantly less in diabetic rats treated with FT061 compared to untreated
diabetic rats. |

The representative photomicrographs in figure 7 show that in diabetic rats (B) |
numerous Ieukocytés were observed in the capillaries (designated With arrows)
when compared to control (A), and treatment with FT061 significantly reduced
leukostasis (C).

Figure 8 illustrates a quantitative real time PCR asséssmenf of retinal ICAM-1
mRNA levels. Figure 8 shows there was an increase in ICAM-1 mRNA levels in
diabetic rats compared to controls. Moreover, treatment with FT061 was
associated with a reduction in ICAM-1 mRNA levels when compared to controls
and untreated diabetes. '

In figure 9 a quantitative real time PCR assessment of retinal VEGF mRNA

levels showed' treatment with FT061 was associated with a reduction in VEGF

mRNA levels when compared to controls and untreated diabetes.

It will of course be realised that the above has been given only by way of
illustrative example of the invention and that all such modifications and
variations thereto as would be apparent to persons skilled in the art are deemed
to fall within the broad scope and ambit of the invention as herein set forth.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for treating an eye disease associated with inflammation and / or
vascular proliferation in a subject including administering to the subject a

therapeutically effective amount of a compound of Formula 1

(Rs)n

Formula 1

wherein Ry and R, which may be the same or different, are selected from the
group consisting of H, NHRs, NReR7, ORs, halogen, Cs to Cio alkyl, Cs to Cro
cycloalkyl, C3 to C1o cycloalkylmethyl, C3 to Cyo alkene, C3 to Cyo alkyne, aryl,
Cs to Cy alkaryl, fused Cs to Ca aryl or alkaryl, and a hydrocarbon chain
containing a heterocyclic or fused ring, any of which may be optionally
substituted; |

R; is selected from the group consisting of H, Cy to Cyo alkyl, C3 to Cqo
cycloalkyl, C; to C4o cycloalkylmethyl, C3 to C¢o alkene, C; to Cqp alkyne, aryl,
Cs to Cy alkaryl, and a hydrocarbon chain containing a heterocyclic'or fused

ring, any of which may be optionally substituted;
R4 is selected from the group consisting of H, OH, ORg;

Rs is selected from the group consisting of H, NHRs, NR6R7, ORs, halogen, C,
to Cyo alkyl, C3 to Cyo cycioa|kyl, Cs to Cyo cycloalkylmethyl, C3 to Cyo alkene, Cs
to Cio alkyne,’aryl, Cs to Cyo alkaryl, fused Cs to Cy aryl or alkaryl, and a
hydrocarbon chain confaining a heterocyclic or fused ring, any of which may be
optionally substituted;
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X1 and X,, which may be the same or different, are selected from the group
consisting of a bond, C, O, N and S;

- X3is CorN; ' \

T is a single or double bond;

m is the integer 0 or 1;

n is an integer between 0 and 4;

consisting of H, Cy to C4g alkyl, C3 to C4o cycloalkyl, C3 to Cqp cycloalkylmetlhyl,‘
Cs to Cqo alkene, Cs to Cqo alkyne, aryl, Cs to Cyo alkaryl, and a hydrocarbon

chain containing a heterocyclic or fused ring, any of which may be optionally
substituted; |

'~ Rg is selected from the group consisting of H, C{ to Cqo alkyl, C; to Cio
- cycloalkyl, C3 to C4o cycloalkylmethyl, Cs to Cyo alkene, C; to C+g alkyne, aryl,
~ Csto Cyp alkary_l( and a hydrocarbon chain containing a heterocyclic or fused °

ring, any of which may be optionally substituted;
or a pharmaceutically acéeptable salt thereof;
with the proviso that the compound is not tranilast.

2. The metho.d' of claim 1, wherein the compound is a compound of Formula 2

(Rs)n
o AN
X \/lk ’
R1/ T | T ~
X2 0] R4

Formula 2
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wherein Ry and R, which may be the same or different, are selected from the

group consisting of a C; to Cqo alkyl, Cs3 to. Cyg cycloalkyl,'j Cs to Cyg
- cycloalkylmethyl, C3 to C+q alkene, C3 to Cyo alkyne and a' chain containing a
" heterocyclic or fused ring, any of which may be optionally substituted;

X and X; are the same or different and are selected from the group consisting
ofabond, O, Nand S; |

T is a single or double bond;

R3 is selected from the group consisting of H, C3 to C1g alkene, C; to Cqo alkyne
and a‘chain containing a heterocyclic or fused ring, any of which may be"
optionally substituted; |

R4 is selected from the group consisting of H, OH, ORs; )

Rs is selected from the group cbnsisting of H, NHRg, NRSR}, ORg, halogen, Cs to
C1o alkene, C3 to Cyp alkyne and a chain consisting of a_heterocyclic or fused
ring, any of which may be optionally substituted;

Rs and R7, which may be the same or different, are selected_from the group
consisting of H, C4 to C4o alkyl, C3 to C4 cycloalkyl, C3 to Cqo cyclbalkylmethw,
C; to Cyo alkene, C3 to Cyo alkyne, aryl, Cs to Cyp alkaryl, énd a hydrdcarbon
chain containing a heterocyclic or fused ring, any of which may be optionally
substituted;

Rs is selected from the group consisting of H, C4 to Cio alkyl, C3 to Cio .

~ cycloalkyl, C3 to C4g cycloalkylmethyl, C3 to C+o alkene, Cs to Cqo alkyne, aryl,

30

Cs to Cx alkaryl, and a hydrocarbon chain containing a heterocyclic or fused
ring, any of which may be optionally substituted; and

nis an integer between 0 and 4;
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or a pharmaceutically acceptable salt thereof.

3. The method of claim 1 or claim 2, wherein the compound is a compound of

Formula 3
(Rs)n
o Z ) |
o
Re” AN R
H

Rio C

5 ‘ _\O ' O/ \OH

Formula 3
wherein Rg or Rig, which may be the same or different, are selected from the
group consisting of H, Cq to Cq alkyl, C3 to Cg terminal or non-terminal alkyne
or a cyclopentyl, cyclohexyl, cyclohexylmethyl or cyclopentylmethyl group;,
10

.or a pharmaceutically acceptable salt thereof.

4. The method of any 'one of claims 1 to 3, wherein the compound is a
compound of Formula 4 or Formula 5 |

MeO.

' c
/6\)0 o7 on
R
15 P
Fprmula4
. 0
Ry Lo
X N
A H
MeO 0% NoH

Formuia 5
20 ’ |
where p is an integer between 1 and 10; and R is selected from the group

consisting of H and C4 to C4g alkyl;
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or a pharmaceuitically acceptable salt thereof.

5. The method of claim 1 or claim 2, wherein the compound is a compound of

DA*Q

5 Formula 6 or Formula 7

q
Formula 6 ,
, o |
o _
q el
MeO - 0 oH
10 - ' ‘ Formula 7

wherein G is a cyclopentyl ring, a cyclohexyl ring or a 1,4-disubstituted 1 2,3-

triazole ring; and
15 qis an integer between 0 and 6;
or a pharmaceutically acceptable salt thereof.

6. The method of any one of claims 1 to 5, wherein the compound is selected
20 from the group consisting of: v

J@A* Co DN“

COH
H 2
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o A \DA*%
o 9 u %H Me: . HJ%H
go)“ "o

C-MLQZD’\J S ean's
o % mw 2,

s w @ W %.
e Ay ) ,

0]

M

. o .
HOD/\)\{:{/@ MeOD/\v“\”/@
HO COzH - HO - CO.H

10

O :
“°J©M~Q oM ’
Ho L .

MeO

MeO CO.H

0]

MeOD/\)L /©
M
MeO CO,H
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‘ MeO N N
H
MeO
o}
MeOD/\/K
H
PhHN - CO,H
YN o i
O  N=N 0 0
PhHNJ\/N\/\/O N N/Q MeOD/\/LN
| H  CoH / © " cou
| MeO 2 Z .
‘ o ' . |

rd
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0]

, o) ‘ o MeO N NQ
/@/\)\ N 0 " conm
. ’ o)
” v
. COH .
NV\O 2 |

| o A N (0]
N 1 ConM MeO COH
0 - 9 7Y
MeOD/\/U\”/@ Me0:©/\))\”/© :
MeO COMH o - CO,H
_ | o /@\ - 5
: Meojij/\'/”\H NNCoH MeoD/\/‘k /@\
5 ~ MeO ) "~ MeO ,. COH
oC
MeO. Nj@ MeO
eoj©/\/lL "ocoH o COH

0 0o '
_ MeO )
MeOD/\)J\ N e A n
o CO,H : 0 CO.H

. H -
CO,H o~F CO,H

Iz

‘ora pharmaceut\ically acceptable salt thereof.
10
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7. The method of any one of claims 1 to 4, wherein the tranilast compound has
the formula |
| 9

MeOD/\/KH/@
CO,H

or a pharmaceutically acceptable salt thereof.

8. A method for treating an eye disease associated with inflammation and / or

“vascular proliferation in a subject including administering to the subject a

therapeutically effective amount of a compound of formula 8

R1O)

Formula 8

wherein: - .
T is a single bond, a double bond or a triple bond;

R', R%4 R® R*% and R® are each independently selected from the group
consisting of: H, halogen, OH, NO,, CN, NH,, optionally substituted C-C; alkyl,
optionally substituted C2-C1, alkenyl, optionally substituted C-Cq, alkynyl,‘
optionally substituted C4-Cg heteroalkyl,' optionally substituted C3-C1, cycloalkyl,
optionally substituted C3-Cs2 cycloalkenyl, optionally substituted C2-Ci2
heterocycloalkyl, optionally substituted C»-Ci2 heterbcycloélkenyl, optionally
substituted Ce-C1s aryl, optionaily substituted Ci-C4s heteroaryl, optionally
substituted C4-C+2 alkyloxy, optionally substituted C,-C12 alkenyloxy, optionally
substituted C,-Ci2 alkynyloxy, optionally substituted C;-Cio heteroalkyloxy,
optionally substituted C3-C42 cycloalkyloxy, 6ptionally substituted Ca-C12
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cycloalkenyloxy, optionally substituted Ci-C2 heterocycloalkyloxy, optionally
substituted C4-C1> heterocycloalkenyloxy, optionally substituted Cs-C1g aryloxy,
optionally substituted C4-Cyg heteroaryloxy, optionally substituted C;-Ci2
alkylamino, SR'', SOsH, SO,;NR''R'2, SO,R", SONR'R?, SOR", COR",
COOH, COOR', CONR'R'?, NR"COR™, NR'COOR", NR'SOR",
NR''CONR'R™, NR"'R"?, and acyl; provided that at least one of R', R?, R?, R®,

and R°® contains a halogen;

R® and R” are present when T is a single bond or a double bond but not when T
is a triple bond, each R® and R being independently selected from the group
consisting of: H, NO,;, CN, optionally substituted C4-Cq; alkyl, optionally
substituted C»-Cq2 alkenyl, Optidnally | substituted C»-C4> alkynyl, optionally
substituted C4-C1o heteroalkyl, optionally substituted C3-C4, cycloalkyl, optionally
substituted C;-C42 cycloalkenyl, optionally substituted C>-C42 heterocycloalkyl,
optionally substituted C,-C1p heterocycloalkenyl, optionally substituted Cg-C1s
aryl: optionally substituted C;-Cig heteroaryl, optionally substituted Cq-C12
alkyloxy, optionally substituted C,-C12 alkenyloxy, optionally substituted C>-C1
alkynyloxy, optionally substituted 'C1-C1o heteroalkyloxy, optionally substituted
C5-C42 cycloalkyloxy, optionally substituted C3-Cq2> cycloalkenyloxy, optionally
substituted C4-Cq2 heterocycloélkyloxy, optionally substituted C;4-Cq2
heterocycloalkenyloxy, optionally ~substituted Cg-C1s° aryloxy, optionally
substituted C1-C1g heteroaryloxy, optionally substituted C+-Cy2 alkylamino, SR,
SOsH, SO.NR''R'?, SO,R", SONR''R™?, SOR", COR'', COOH, COOR'',
CONR'R™, NR'COR™, NR'COOR™, NR'SO,R™, NR'CONR"R®,

'NR'R", and acyl;

- R%is selected from the group consisting of: H, a N-protecting group, optionally

substituted C;-C42 alkyl, optionally substituted C,-Cy; . alkenyl, optionally
substituted C2-C2 alkynyl, optionally substituted C;-C1o hetéroalkyl, optionally
substituted C3-Cq2 cycloalkyl, optionally substituted C3-C12 cycloalkenyl,
qptionally substituted C4-C42 heterocycloalkyl, optionally substituted C4-Cs2
heterocycloalkenyl, optionally substituted Cg-C1g aryl, and optionally substituted
C1-Cqg heferoaryl; |
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" R? is selected from the group consisting of: COOR'!, COS R', OR", NR''R"?,

and SR

R' is selected from the group consisting of: H, halogen, OH, NO,, CN, NH_,
optionally substituted C4-C42 alkyl, optionally substituted C2-Cs2 alkenyl,
optionally substituted C,-C+> alkynyl, optionally substituted C4-C4o heteroalkyl,
optionally substituted C3-Cq2 cycloalkyl,' optionally ' substituted C3-Cq2
cycloalkenyl, optionally substituted C»-Ci2 heterocycloalkyl, optionally
substituted C-Ci2 heterocycloalkenyl, optionally substituted Cs-C1g aryl,
optionally subétituted C+-C1g heteroaryl, optionally substituted C4-C;2 alkyloxy,
optionally substituted C,-Ci> alkenyloxy, optionally " substituted C2-Cq2
alkynyloxy, optionally substituted C1-C1o heteroalkyloxy, optionally substituted
C3-C.12 Cycloalkyloxy, optionally substituted C3-C12 cycloalkenylioxy, opﬁonally
substituted C+-C12 heterocycloalkyloxy, optionally substituted = C¢-Cy2

- heterocycloalkenyloxy, -optionally substituted Ce-C1g aryloxy, optionally
~ substituted C-Cs heteroaryloxy, optionally substituted C4-C1, alkylamino, SR,

SOsH, SONR''R™2, SOR', SONR'R™, SOR", COR", COOH, COOR",
CONR'R™, NR'"COR™, NR'"COOR™, NR''SOR™, NR'CONR"R",
NR''R™, and acyl;

each R"', R'?and R"® is independently selected from the group consisting of H,
optionally substituted C4-Ci, alkyl, optionally substituted C>-Ci2 alkenyl,
optionally substituted C>-Ci2 alkynyl, optionally substituted C;-C+o heteroalkyl,
optionally substituted C3-Cqz Cycloalkyl, optionally substituted C3-Cq2
cycloalkenyl, optionally substituted C4-C42 heterocycloalkyl, optionally
substituted C4-Cq2 heterocycloalkenyl, optionally substituted 'Cs-Cw‘aryl, and
optionally substituted C4-C1g heteroaryl,

m is an integer selected from the group consisting of 0, 1, 2, 3, and 4,

n is an integer selected from the group consisting of 1, 2, 3, and 4, and 5; and
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m + n is an integer selected from the group consisting of 1, 2, 3, 4, and 5;
ora ph_armace‘utically acceptable salt thereof.
5. 9. The method of claim 8, wherein the compound has the formula 9 '

R10)

m

- Formula 9

ora pharmacéutically acceptable salt thereof.

10 o
10. The method of claim 8, wherein the compound has the formula 10
RS R®
N
—_— / X
—_— \\ l <-R1°)
o] G m
15 : Formula 10

or a pharmaceutically acceptable salt thereof.

11. The method of claim 8, wherein the compound is selected from the group

consisting of:
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- Fahco

FzHco:@/\)‘\ /© ~ F;HCO
N
F,HCO CONH, F,HCO

X=Cl, Br

F,HCO.  OCHF, O /@
\ N

OCHF, F,HCO

FzHcojc(\)‘\ /@ CH40
F,HCO OCHF, COH F,HCO

F,HCO OCHj

.O Br

FzHCO:©/\/U\N/©/
H
F,HCO | COH
| - o - o}
FZHCOD/\)L—N _F,HCO S
N ~

‘ NH

 F,HCO 2 F,HCO

. v o) '

: CH,0. NN

F,HCO : H
Lo F,HCO

> A0
F,HCO y

CO,H -
COH F,HCO 2

CO,H

COH

CO,H

CO,H

CO,H

‘ 0]
D/\A F;«;COIj/\/u\H
- CO,H
F,HCO 2 MeO ~ , COzH

10

o 0
co |
F,HCF,CO | M Eco COH
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- MeO
F,HCO COH
OMe

of a pharmaceutically acceptable salt thereof:

12. The method-of claim 8, wherein the compound has the formula

0O

F2HCO:©/\/U\ ”Q
. H
F,HCO €O,

~ or a pharmaceutically acceptable salt thereof.

13. The method of any one of claims 1 to 12, ‘wherein the eye disease is
selected from the group comprising diabetic retinopathy, corneal edema,
anterior and posterior - uveitis, pterygium, corneal diseases, dry eye,
conjunctivitis, allergy- and laser-induced exudation, non-agé related macular
degeneration, macular edema, age-related macular degeneration and ocular
von Hippel-Lindau disease. ' |

14. The method of claim 13, wherein the coreal disease is caused by infection
from a microbe or microorganism. '

15. The method of claim 14, wherein the microbe or microorganism is selected
from any of the groups comprising bacteria, viruses, fungi, amoeba, and
parasites. |

16. The method of claim 13, wherein the eye disease is diabetic retinopathy.
17. The method of any one of claims 1 to 16, wherein treating the eye disease

includes inhibiting the progressioh of the eye disease, preventing the eye

disease, and/or ameliorating a symptbm of the eye disease.
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18. Use of a compound of formula 1 as defined in claim 1 or a pharmaceutically
acceptable salt or solvate thereof in the preparation of a pharmaceutical
composition for treating an eye disease associated with inflammation and /-or

vascular proliferation.

19. The use of claim-18, wherein the compound is a compound of formula 2 as

_ defined in claim 2.

20. The use of claim 18 or claim 19, wherein the compound is a compound of

formula 3 as defined in claim 3.

21. The use of any one of claims 18 to 20, Whe'rein the compound is a
compound of formula 4 or formula 5 as defined in claim 4.

22. The use of claim 18 or 19, wherein the compound is a compound of formula

6 or formula 7 as defined in claim 5.

23. The use of claim 18, wherein the éompouhd is selected from the group

consisting of the compounds as defined in claim 6.

24. The use of claim 18, wherein the compound has the fdfmula
O .

H
/\O _ CO.z
or a pharmaceutically acceptable salt thereof.

25. Use of a compound of formula 8 as defined in claim 8 or a pharmaceutically
acceptable salt or solvate thereof in the preparation of a pharmaceutical
composition for treating an eye disease associated' with inflammation and / or

vascular proliferation.

26. The use of claim 25, wherein the compound has the formula 9 as defined in

claim 9.
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27. The use of claim 25, wherein the compound has the formula 10 as defined
in claim 10. -

28. The use of claim 25, wherein the compound is selected from the group

consisting of the compounds as defined in claim 11.

29. The use of claim 25, wherein the compound has the formula

o)

FzHCOD/\\/l‘\ HQ
F,HCO o COH

or a pharmaceutically acceptable salt thereof.

_30. The use of any one of claims 18 to 29, wherein the eye disease is selected

from the group comprising diabetic retinopathy, corneal edema, anterior and

- posterior uveitis, pterygium, corneal diseases, dry eye, conjunctivitis, allergy-

and laser-induced exudation, non-age related macular degeneration, macular
edema, age-related macular degeneration and ocular von Hippel-Lindau

disease.

31. The use of claim 30, wherein the corneal disease is caused by infection

from a microbe or microorganism.

32. The use of claim 31, wherein the microbe or microorganism is selected from

any of the groups comprising bacteria, viruses, fungi, amoeba, and parasites.

33. The use of any one of claims 18 to 30, wherein the eye disease is diabetic
retinopathy. '

‘ 34. A kit for treating an eye disease associated with inflammation and / or

vascular proliferation including:
at least one compound of formula 1.as defined in claim 1 ora pharmaceutically
acceptable salt or solvate thereof; and
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instructions for adminiétering the comporund to a subject in order to treat the eye

disease.

35. The kit of claim 34, wherein the compound has the formula

’ O
COH
/\O 2

or a pharmaceutically acceptable salt thereof.

36. A kit for treating an eye disease ass?‘ciated with inflammation and / or
vascular pro‘lifera,tion including: |

at least one compound of formula 8 as defined in claim 8 or a pharmaceutically

. acceptable salt or solvate thereof; and

15

20

25

instructions for administering the compound to a subject in order to treat the eye

disease.

37. The kit of claim 36, wherein the compound has the formula

O

. FzHCOW ”/©
F,HCO COH

or a pharmaceutically acceptable salt thereof.

38. The kit of any one of claims 34 to 37, wherein the eye disease is selected
from the group comprising diabetic retihbpathy, corneal edema, anterior and
posterior uveitis, pterygium, corneal diseases, dry eye, conjunctivitis, allergy-
and laser-induced exudation, macular degeneration, macular edema, age-

related macular degeneration and ocular von Hippel-Lindau disease.

39. The kit of claim 38, wherein the corneal disease comprises infection from a

microbe or microorganism.

v A40.' The kit of claim 40, wherein the microbe or microorganism is selécted from

any of the groups comprising bacteria, viruses, fungi, amoeba, and parasitésg _
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41. The kit of any one of claims 34 to 3'8, wherein the eye disease is diabetic
retinopathy. | '



