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HALOALLYLAMINE INHIBITORS OF SSAO/VAP-1
AND USES THEREFOR

FIELD OF THE INVENTION
[0001] The present invention relates to novel compounds which are capable of
inhibiting certain amine oxidase enzymes. Invention compounds are useful for
treatment of a variety of indications, €.g., the symptoms ot inflammation in human
subjects as well as in pets and livestock, the treatment of psychological diseases,
neurodegenerative disorders, and the like. In addition, the present invention relates to

pharmaceutical compositions containing these compounds, as well as various uses

therefor.

BACKGROUND OF THE INVENTION
[0002] Semicarbazide-sensitive amine oxidase (SSAQO), also known as plasma
amine oxidase and benzylamine oxidase, is identical in structure to vascular adhesion
protein-1 (VAP-1). In the following discussion, SSAO/VAP-1 1s used to describe this
protein. The role of this protein in inflammatory diseases has been reviewed (see, for
example, Smith D.J. and Vaino P.J., Targeting Vascular Adhesion Protein-1 to Treat
Autoimmune and Inflammatory Diseases. Ann. N.Y. Acad. Sci. 2007, Vol 1110,
pages 382-388; and McDonald L. A. et al., Semicarbazide Sensitive Amine Oxidase
and Vascular Adhesion Protein-1: One Protein Being Validated as a Therapeutic

Target for Inflammatory Diseases. Annual Reports in Medicinal Chemistry, 2008,
Vol 43).

[0003] In most organisms, including humans, two families of mammalian amine
oxidases metabolize various mono-, di-, and polyamines produced endogenously or
absorbed from exogenous sources. These include the monoamine oxidases (MAO-A
and MAO-B) which are present in the mitochondria of most cell types and use
covalently bound flavin adenine dinucleotide (FAD) as the cofactor. Polyamine
oxidase 1s another FAD-dependent amine oxidase which oxidatively deaminates
spermine and spermidine. SSAO/VAP-1 belongs to the second family which 1s
dependent on copper and uses other co-factors apart from FAD, such as an oxidized

tyrosine residue (abbreviated as TPQ). MAO and SSAO/VAP-1 oxidatively

CONFIRMATION COPY
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deaminate some common substrates which includes the monoamines such dopamine,

tyramine and benzylamine.

[0004] Some of these enzymes were originally defined by the ability of certain
compounds to inhibit the enzymatic activity thereof. For example MAO-A 1is
selectively inhibited by clorgyline, MAO-B by L-deprenyl, while neither clorgyline
nor L-deprenyl can inhibit the amine oxidase activity of SSAO/VAP-1. SSAO/VAP-

1 can be inhibited by semicarbazide, hence the name semicarbazide sensitive amine

oxidase.

[0005] SSAO/VAP-1 is an ectoenzyme containing a very short cytoplasmic tail, a
single transmembrane domain, and a large, highly glycosylated extracellular domain
which contains the active center for the amine oxidase activity. SSAO/VAP-1 1s also
present in a soluble form circulating in the plasma of some animals. It has been
shown that this form 1s a cleaved product of membrane-bound SSAO/VAP-1. Itis

currently unclear if there are distinct functions for the membrane and soluble form of

SSAO/VAP-1.

[0006] SSAO/VAP-1 appears to have two physiological functions: the first 1s the
amine oxidase activity mentioned above and the second is cell adhesion activity.

Both activities are associated with inflammatory processes. SSAO/VAP-1 was shown
to play an important role in extravasation of inflammatory cells from the circulation to
sites of inflammation (Salmi M. and Jalkanen S., VAP-1: an adhesin and an enzyme.
Trends Immunol 2001, 22, 211-216). VAP-1 antibodies havé been demonstrated to
attenuate inflammatory processes by blocking the adhesion site of the SSAO/VAP-1
protein, and, together with a substantial body of evidence of in vitro and in vivo
knockouts, it is now clear that SSAO/VAP-1 1s an important cellular mediator of
inflammation. Transgenic mice lacking SSAO/VAP-1 show reduced adhesion of
leukocytes to endothelial cells, reduced lymphocyte homing to the lymph nodes and a
concomitant attenuated inflammatory response in a peritonitis model. These animals
were otherwise healthy, grew normally, were fertile, and examination of various
organs and tissues showed the normal phenotype. Furthermore, inhibitors of the
amine oxidase activity of SSAO/VAP-1 have been found to intertere with leukocyte
rolling, adhesion and extravasation and, similar to SSAO/VAP-1 antibodies, exhibit

anti-inflammatory properties.
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[0007] Inflammation is the first response of the immune system to infection or
irritation. The migration of leukocytes from the circulation into tissues 1s essential for
this process. Inappropriate inflammatory responses can result in local inflammation
of otherwise healthy tissue which can lead to disorders such as rheumatoid arthritis,
inflammatory bowel disease, multiple sclerosis and respiratory diseases. Leukocytes
first adhere to the endothelium via binding to adhesion molecules before they can start
the process of passing through the walls of the blood vessels. Membrane bound
SSAO/VAP-1 i1s abundantly expressed in vascular endothelial cells such as high
venule endothelial cells (HVE) of lymphatic organs and is also expressed in hepatic
sinusoidal endothelial cells (HSEC), smooth muscle cells and adipocytes. The
expression of SSAO/VAP-1 on the cell surface of endothelial cells 1s tightly regulated

and is increased during inflammation. In the presence of an SSAO/VAP-1 substrate

(benzylamine), NFxB was activated in HSECs together with up regulation of other
adhesion molecules, E-selectin and chemokine CXCLS8 (IL-8) in vitro. A recent study

confirms this result by showing by mutagenesis that the transcription and translation
of E-selectin and P-selectin is induced by the enzyme activity of SSAO/VAP-1.
These results suggest an important role of the amine oxidase activity of SSAO/VAP-1
in the inflammatory response. It has been reported that the oxidase activity of
SSAO/VAP-1 induces endothelial E- and P-selectins and leukocyte binding (Jalkanen

S, et al., The oxidase activity of vascular adhesion protein-1 (VAP-1) induces

endothelial E- and P-selectins and leukocyte binding. Blood 2007, 110, 1864-1870).

[0008] Excessive and chronic inflammatory responses have been associated with
the symptoms of many chronic diseases, such as rheumatoid arthritis, multiple
sclerosis, asthma, bronchitis and chronic obstructive pulmonary disease (COPD).
Patients suffering from either atopic eczema or psonasis (both chronic inflammatory

skin disorders) have higher levels of SSAO/VAP-1 positive cells in their skin

compared to skin from healthy controls.

[0009] SSAO/VAP-1 1s also highly expressed in adipocytes where 1t plays a role
in glucose transport independent of the presence of insulin. It has been observed that
levels of plasma SSAO/VAP-1 are increased in patients suffering from diabetes.
Elevated levels of plasma SSAO/VAP-1 have been found 1n patients suffering from

other 1llnesses, such as congestive heart failure and liver cirrhosis. It 1s believed that
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SSAO/V AP-1 is associated with most, if not all, inflammatory diseases whether the
inflammation is in response to an immune response or subsequent to other events such

as occlusion and reperfusion of blood vessels.

[0010] It has been reported that inhibition of vascular adhesion protein-1
(VAP-1) suppresses endotoxin-induced uveitis (EIU). In the retina, SSAO/VAP-1 1s
exclusively expressed in the vasculature, and its expression level was found to be
elevated during EIU. SSAO/VAP-1 inhibition in animal models of EIU significantly
suppressed leukocyte recruitment to the anterior chamber, vitreous, and retina. The
data suggest an important role for SSAO/VAP-1 1n the recruitment of leukocytes to
the immune-privileged ocular tissues during acute inflammation (see, for example,
Noda K. et al., Inhibition of vascular adhesion protein-1 suppresses endotoxin-
induced uveitis. Faseb J 22, 1094-1103 (2008)) and Noda K. et al., A Vascular

adhesion protein-1 blockade suppresses choroidal neovascularization. Faseb J

(2008)).

[0011] In a mouse overexpressing human SSAO/VAP-1, the SSAO inhibitor
Mofegiline significantly attentuates the LPS-induced increase in TNF-a. This
inhibitor also significantly reduces BAL cell counts. These results demonstrate that
SSAO/VAP-1 1s involved in LPS-induced pulmonary inflammation (see, for example,
P. Yu et al American Journal of Pathology, 168, 718-726 (2006)). Acute lung injury
(ALI) and acute respiratory distress syndrome (ARDS) are serious inflammatory
disorders of the lung. These disorders are thought to develop when pulmonary or
systemic inflammation leads to systemic release of cytokines and other
proinflammatory molecules, which recruit neutrophils to the lungs, which in turmn
release leukotrienes, oxidants, platelet-activating factor, and proteases (see, for
example, the Merck Manuals Online Medical Library on the World Wide Web at
merck.com/mmpe/sec06/ch066/ch066a.html).

[0012] SSAO/VAP-1 1s upregulated in the liver and serum of patients with
inflammatory liver disease; inhibition of SSAO/VAP-1 activity decreases migration
of normal lymphocytes across hepatic sinusoidal endothelial cells and has significant
eftects on the migration of peripheral blood lymphocytes. It has been suggested that
the restricted expression of SSAO/VAP-1 and increased production of secreted
SSAO/VAP-1 1n inflammatory liver disease indicates utility of this protein as a
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therapeutic target for diseases associated with liver inflammation (see, for example, P.

Lalor et al., Ann. N.Y. Acad. Sci. 1110: 485-496 (2007)).

[0013] During the SSAO/VAP-1 amine oxidase catalytic cycle, the covalently
bound cofactor, TPQ, is first reduced, and then re-oxidized by oxygen in the presence
of copper with the generation of hydrogen peroxide as a by-product. It has been
speculated that excessive amounts of hydrogen peroxide concentrations can be
deleterious and may contribute to the pathology of various inflammatory and
neurodegenerative processes (Gotz M.E., et al., Oxidative stress: free radical

production in neural degeneration. Pharmacol Ther 1994; 63: 37-122).

[0014] Monoamine oxidase inhibitors have been used as therapeutic agents for
many years (see Tipton, K.F. et al., Monoamine Oxidase and Disease, Academic
Press, 1984). Monoamine oxidase-B (MAO-B) is an enzyme present on outer
mitochondrial membranes. In man MAO-B oxidatively deaminates dopamine, N-
methylhistamine and some trace amines. Monoamine oxidase inhibitors have been
known for many years and some are clinically prescribed medications for the
treatment of Parkinson’s disease and more recently for the treatment of CNS disorders
such as bipolar depression and attention deficit hyperactivity disorder (ADHD), where
dopamine 1s likely to play an important role in the pathophysiology. The most well
known MAO-B 1nhibitor 1s Selegiline (L-deprenyl, Eldepryl® or Anipryl® for
veterinary use) which 1s used to treat Parkinson’s disease and senile dementia. A
transdermal patch formulation of Selegiline (Emsam Patch) has been shown to be
effective treatment for major depression (Bodkin, J.A. and Amsterdam, J.D.,
Transdermal Selegiline in Major Depression: A Double-Blind, Placebo-Controlled,
Parallel-Group Study in Outpatients. Am J Psychiatry 2002; 159:1869-1875), and is
currently being evaluated in ADHD patients. The drug is also being evaluated to help

people stop smoking tobacco and marijuana.

[0015] Intflammation is believed to be an important feature of neurodegenerative
diseases such as Parkinson’s disease, Alzheimer’s disease and multiple sclerosis, and
similarly 1s a feature of the pathophysiology that occurs after a cerebral
occlusion/reperfusion event (Aktas, O. et al., Neuronal damage in brain inflammation.

Arch Neurol 2007, 64:185-9). Excessive activity of MAO-B and SSAO/VAP-1 has

been independently implicated in these processes (Xu, H-L. et al., Vascular Adhesion
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Protein-1 plays an important role in postischemic inflammation and neuropathology 1n
diabetic, estrogen-treated ovariectomized female rats subjected to transient forebrain
ischemia. Journal Pharmacology and Experimental Therapeutics, 2006, 317: 19-26
and Youdim, M.B., Buccafusco, J.J., Multi-functional drugs for various CNS targets

in the treatment of neurodegenerative disorders. Trends Pharmacol Sci, 2005 26:27-

35).

[0016] Some known MAO inhibitors also inhibit SSAO/VAP-1 (e.g., the
MAO-B inhibitor Mofegiline illustrated below). Mofegiline has been reported to
inhibit experimental autoimmune encephalomyelitis (US 2006/0025438 A1). This
inhibitor is a member of the haloallylamine family of MAO inhibitors; the halogen 1n
Mofegiline is fluorine. Fluorallylamine inhibitors are described in Bey P., US Patent
No. 4,454,158 (Allyl amine MAO inhibitors). There have been reports of a
chloroallylamine, MDL72274 (illustrated below), selectively inhibiting rat
SSAO/VAP-1 compared to MAO-A and MAO-B.

F _H Cl H
/@/\JT\/NHZ (j\ll/ NH,
F

Mofegiline MDL72274
Other examples structurally related to Mofegiline can be found in LJPC WO
2007/120528 A2.

[0017] References to the following examples of SSAO/VAP-1 inhibitors, and to
the effects of such inhibitors in various animal models of disease, can be found in the
review publication by McDonald I.A. et al., Semicarbazide Sensitive Amine Oxidase
and Vascular Adhesion Protein-1: One Protein Being Validated as a Therapeutic
Target for Inflammatory Diseases. Annual Reports in Medicinal Chemistry, 2008,
Vol 43.

[0018] A family of modestly potent propargylamine compounds was reported to
inhibit SSAO/VAP-1 from a number of diverse species (O’Connell, K.M. et al.,
Differential inhibition of six copper amine oxidases by a family of 4-(aryloxy)-2-

butynamines: Evidence for a new mode of inactivation. Biochemistry 2004, 43,

10965-10978 and WO2007/005737) with activity in the micromolar range. Other
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SSAO/VAP-1 inhibitors have appeared in the patent literature in recent times. Many
of these compounds, like semicarbazide, rely upon a hydrazine functional group to
form a covalent imine bond with the TPQ cofactor. Two examples are presented
below and can be found in the patent publications from La Jolla Pharmaceutical
Company (LJPC, WO 2006/094201) and Biotie Therapies Corporation (US Patent
No. 6,624,202). Examples from these series of inhibitors were shown to be effective
in a number of in vivo inflammation models, such as mouse ulcerative colitis, mouse
LPS-induced septic shock, rat carrageenan foot models, in a mouse model that
resembles human multiple sclerosis, in various rodent models of arthritis, and 1n a
transient forebrain ischemia model in estrogen-treated ovanectomized female rats.
Some of these hydrazine-based inhibitors were reported to show selective inhibition
of SSAO/VAP-1 compared to MAO. However, these compounds are not necessarily
desirable therapeutic compounds since the hydrazine functional group is frequently

associated with undesirable side ettects.

Fe_H
CH
OLNHNHZ (:[? N2
NH,
OH

LJPC Example BioTie Example

[0019] Other families of SSAO/VAP-1 inhibitors have appeared recently in the
scientific and patent literature and these are also described in the review cited
previously (McDonald I. A. et al.). Some of these compounds, such as the thiazole
heterocylic series from Astellas, are reported to be very potent against the rat and
human enzyme. One example is shown below. It is reported that these did not inhibit
MAO. Another compound was claimed to inhibit damage to vascular permeability in

the eyes of streptozotocin-induced diabetic rats.

H

\[rN =N 0. _NH,
O . A

N I 8 NH

Astellas Example
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0020] Haloallylamine compounds that differ from Mofegiline in core structure
have been synthesized and were shown to inhibit the amine oxidase activity from
copper-dependent amine oxidases from a number of species (see Kim J. et al.,
Inactivation of bovine plasma amine oxidase by haloallylamines. Bioorg Med Chem
2006, 14, 1444-1453). These compounds have been included in a patent application
(Sayre, L. WO 2007/005737).

Ci - Cl
’ l NH, H,N | ’
New haloallylamines
[0021] A number of publications discuss these and other amine oxidase

inhibitors, but none of these inhibitors were tested as inhibitors of human
SSAO/VAP-1 (see Lee Y et al., 3-Pyrrolines are mechanism-based inactivators of the
quinone-dependent amine oxidases but only substrates of the tflavin-dependent amine
oxidases. J Am Chem Soc 2002, 124, 12135- 12143; Zhang Y. et al., Highly potent 3-
pyrroline mechanism-based inhibitors of bovine plasma amine oxidase and mass

spectrometric confirmation of cofactor derivatization. Bioorg Med Chem 2007, 15,

1868-1877).

[0022] 2-Halo-substituted-4-amino-2-butenoic acid and ester derivatives are
known 1n the Iiterature (see, for example, Chebib M., et al., Analogs of y-

aminobutyric acid (GABA) and trans-4-aminocrotonic acid (TACA) substituted in the
2 position as GABAC receptor antagonists. Brit J Pharmacol, 1997, 122, 1551-1560;

Silverman R.B. and George C., Inactivation of y-aminobutyric acid
aminotransaminase by (Z)-4-amino-2-fluorobut-2-enoic acid. Biochemistry, 1988, 27,
3285-3289). These compounds are described 1n the patent application
WO02007/005737 (Amine oxidase inhibitors) where they are claimed to inhibit
copper-dependent amine oxidases and methods of using such inhibitors for
therapeutic applications. There was no recognition, however, of the inhibitory effects

of these compounds against human SSAO/VAP-1.
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FIszH Cl~_ _CO,R
| NH I/NH

H ? H :

[0023] 3-Adamantyl-substituted 3-chloroallyamine has been reported in the
literature, but there 1s no indication, however, of whether this compound inhibaits
SSAO/VAP-1 or any other amine oxidase enzyme (Vashkevich E.V. et al., Synthesis
of trichloronitrodienamino adamantine denivatives. Russian J Applied Chem, 1999,

35, 1773-1776; Vashkevich E.V. et al., Synthesis of surfactants derived from
adamantane. Russian J Applied Chem, 2001, 74, 1892-1989).

SUMMARY OF THE INVENTION
[0024] In one aspect, the present invention provides substituted haloallylamine
compounds that inhibit SSAO/VAP-1. Surprisingly, modification of 3-substituted-3-
haloallylamine structures described in the prior art has led to the discovery of novel
compounds that are potent inhibitors of the human SSAO/VAP-1 enzyme.

Furthermore, certain of these novel compounds are also inhibitors of MAO-B.

[0025] Invention compounds are useful for a variety of applications, e.g., for the
treatment of the symptoms of inflammation in human subjects as well as in pets and
livestock. Human inflammatory diseases include arthritis, Crohn’s disease, irritable
bowel disease, psoriasis, asthma, chronic pulmonary obstructive disease,
bronchiectasis, artherosclerosis, inflammation due to diabetes, and inflammatory cell-
mediated tissue destruction following stroke. Another aspect of the present invention
provides substituted haloallylamine compounds that inhibit SSAO/VAP-1 and MAO-
B with similar efficacy. Certain of these SSAO/VAP-1/MAOQO-B inhibitors are useful
for the treatment of psychological diseases (such as major depression, bipolar
depression, and attention deficit hyperactivity disorder), neurodegenerative disorders

(such as Parkinson’s disease and Alzheimer’s disease), and the like.

[0026] In another aspect, the present invention describes the synthesis and use of
compounds which 1inhibit the amine oxidase activity of SSAO/VAP-1, and describes

the use of such inhibitors to treat patients sutfering inflammatory diseases.
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[0027] = In another aspect, the present invention describes the synthesis and use of
compounds which inhibit both MAO-B and SSAO/VAP-1 at the same time, and
describes the use of such inhibitors to treat patients suffering from neurodegenerative

processes.

DETAILED DESCRIPTION OF THE INVENTION

[0028] In accordance with the present invention, there are provided compounds

having the structure (Formula I):

R4 R3
R2
N
H/ \R1
Formula |

or stereoisomers, enantiomers, diastereoisomers, polymorphic forms, or

pharmaceutically acceptable derivatives thereof; wherein:
R' is hydrogen or lower alkyl;

R*is hydrogen, substituted or unsubstituted lower alkyl, bromine, chlorine or

fluorine;

R® and R* are independently hydrogen, bromine, chlorine, fluorine, substituted or
unsubstituted -alkyl-B-R’-R°®, substituted or unsubstituted -alkenyl-B-R’-R°,
substituted or unsubstituted -alkynyl-B-R’-R°, substituted or unsubstituted
-cycloalkyl-B-R°-R°, substituted or unsubstituted -cycloalkenyl-B-R’-R°®, or
substituted or unsubstituted -heterocyclyl-B-R°-R®;

provided, however, that one of R’ and R* is bromine, chlorine or fluorine, but

both R’ and R* are not bromine, chlorine or fluorine at the same time:

10
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B is selected from oxygen, sulfur, -S(O),-, -S(O)NH-, -S(O);NH- or
-NHC(O)NH-,

R’ is substituted or unsubstituted alkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted cycloalkenyl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted alkylaryl, substituted or
unsubstituted alkylheteroaryl, substituted or unsubstituted alkenylaryl,
substituted or unsubstituted alkenylheteroaryl, substituted or unsubstituted
alkynylaryl, or substituted or unsubstituted alkynylheteroaryl; and

R° is hydrogen or a functional group which improves the performance properties
of the resulting compounds, e.g., potency, selectivity against MAOB, as well

as the solubility and/or drug-like properties of said compound.

[0029] Functional groups which improve the performance properties of the
resulting compounds, e.g., potency, selectivity against MAOB, as well as the
solubility and/or drug-like properties of invention compounds include radicals bearing
such functionalities as morpholines, piperidines, sulfones, sulfonamides,

carboxamides, and the like. Examples of R® include:

11
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$ 0 O 0 O
KL./\N/\‘ \/\N/\‘ \\S// ;‘ \\S//
NH %N U
K/ K/NH I\/:I\IH K/NH
S
% N SN AXs
0
s 0 O
>N 0N P \\ ¥/
)
O, 0O O 0
\/ ﬁ \/ .

“(\/\NQ g\/tr\ll) :‘(\/\LKI) 3
N kS N .

wherein:
each of R’ and R°® are independently hydrogen, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or unsubstituted
heterocyclyl, substituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted alkenyl, substituted or unsubstituted
cycloalkenyl, substituted or unsubstituted alkynyl, substituted or unsubstituted
alkylaryl, or substituted or unsubstituted alkylheteroaryl; or

12
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R’ and R® may cooperate to form a substituted or unsubstituted cycloalkyl,

cycloalkenyl, heterocycloalkyl, or heterocycloalkenyl ring system,;

R’ is hydrogen, amido, carboximido, lower alkylamido, cycloalkylamido, lower

alkylcarboximido, or cycloalkylcarboximido;

each of R'”and R'' are independently hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted alkenyl, or substituted or unsubstituted alkynyl;

and

R'%is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
alkenyl, substituted or unsubstituted alkynyl, substituted or unsubstituted
alkylaryl, alkylheteroaryl, substituted or unsubstituted alkylheteroaryl, amido,
carboximido, lower alkylamido, cycloalkylamido, lower alkylcarboximido, or

cycloalkylcarboximido.

[0030] Presently preferred examples of R® include:

/\\s// R’ /(IsT R’ O/\\s//\o R’ ‘ /@\ _R
Y e e E W W

RO R
>< ‘ | |
S RS O R8
ii R12 777‘/ ﬁ/ i{
R® R

wherein R’ R®, R”, R!®. R'! and R'? are as defined above.

[0031] In the above structural formulae and throughout the present specification,

the following terms have the indicated meaning:

[0032] “Lower alkyl” alone or in combination means an alkane-derived radical
containing from 1 to 6 carbon atoms (unless specifically defined) that includes a

straight chain alkyl or branched alkyl. The straight chain or branched alkyl group 1s
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attached at any available point to produce a stable compound. In many embodiments,
a lower alkyl is a straight or branched alkyl group containing from 1-6, 1-4, or 1-2,
carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, t-butyl, and the like.
"Optionally substituted lower alkyl" denotes lower alkyl that 1s independently
substituted, with one or more, preferably 1, 2, 3, 4 or '5, also 1, 2, or 3 substituents,
attached at any available atom to produce a stable compound. For example “fluoro
substituted lower alkyl” denotes a lower alkyl group substituted with one or more
fluoro atoms, such as perfluoroalkyl, where preferably the lower alkyl is substituted
with 1, 2, 3, 4 or 5 fluoro atoms, also 1, 2, or 3 fluoro atoms. While it is understood
that substitutions are attached at any available atom to produce a stable compound,
when optionally substituted alkyl is an R group of a moiety such as -OR, -NHR,
-C(O)NHR, and the like, substitution of the alkyl R group is such that substitution of
the alkyl carbon bound to any -O-, -S-, or -N- of the moiety (except where -N-1s a
heteroaryl ring atom) excludes substituents that would result in any -O-, -S-, or -N- of
the substituent (except where -N- 1s a heteroaryl ring atom) being bound to the alkyl

carbon bound to any -O-, -S-, or -N- of the moiety.

[0033] In general, “substituted” refers to an organic group as defined herein (e.g.,
an alkyl group) in which one or more bonds to a hydrogen atom contained therein are
replaced by a bond to non-hydrogen or non-carbon atoms. Substituted groups also
include groups in which one or more bonds to a carbon(s) or hydrogen(s) atom are
replaced by one or more bonds, including double or triple bonds, to a heteroatom.
Thus, a substituted group will be substituted with one or more substituents, unless
otherwise specified. In some embodiments, a substituted group 1s substituted with 1,
2, 3,4, 5, or 6 substituents. Examples of substituent groups include halogens (1.e., F,
Cl, Br, and I); hydroxyls; alkoxy, alkenoxy, alkynoxy, aryloxy, aralkyloxy,
heterocyclyloxy, and heterocyclylalkoxy groups; carbonyls (0x0); carboxyls; esters;
urethanes; oximes; hydroxylamines; alkoxyamines; aralkoxyamines; thiols; sufides;
sulfoxides; sulfones; sulfonyls; sulfonamides; amines; N-oxides; hydrazines;
hydrazides; hydrazones; azides; amides; ureas; amidines; guanidines; enamines;
imides; isocyanates; isothiocyanates; cyanates; thiocyanates; imines; nitriles (1.e. CN);

and the like.
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[0034] Substituted ring groups such as substituted cycloalkyl, aryl, heterocyclyl
and heteroaryl groups also include rings and fused ring systems in which a bond to a
hydrogen atom is replaced with a bond to a carbon atom. Therefore, substituted
cycloalkyl, aryl, heterocyclyl and heteroaryl groups may also be substituted with
substituted or unsubstituted alkyl, alkenyl, and alkynyl groups as defined herein.

[0035] The phrase “alkyl” refers to hydrocarbyl chains comprnising from 1 to 20
carbon atoms. The phrase “alkyl” includes straight chain alkyl groups, such as
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl,
dodecyl, and the like. The phrase also includes branched chain 1somers of straight
chain alkyl groups, including but not limited to, the following which are provided by
way of example: -CH(CH3),, -CH(CH3)(CH,CH3), -CH(CH;CH3),, -C(CHas)s,
-C(CH,CH3;)3, -CH,CH(CH3),, -CH,CH(CH3)(CH,CH3), -CH,CH(CH,CH3)5,
-CH,C(CH,3);, -CH,C(CH,CH3)3, -CH(CH3)CH(CHj3)(CH,CH3), -CH,CH,CH(CH3)s,
-CH,CH,CH(CH;)(CH, CH3;), -CH,CH,CH(CH,CH3),, -CH,CH,C(CH3)s,
-CH,CH,C(CH,CH;);, -CH(CH;)CH, CH(CH3),, -CH(CH;)CH(CH3)CH(CHj3),, and
-CH(CH,CH5)CH(CH;3)CH(CH3)(CH,CH3). Thus, alkyl groups include primary alkyl
éroups, secondary alkyl groups, and tertiary alkyl groups. Preferred alkyl groups
include alkyl groups having from 1 to 16 carbon atoms, or from 1 to 3 carbon atoms,

such as methyl, ethyl, propyl, and -CH(CH3);.

[0036] The phrase “alkenyl” refers to hydrocarbyl chains comprising from 2 to
20 carbon atoms and comprising at least one carbon-carbon double bond (—C=C-).
The phrase “alkenyl” includes straight chain alkenyl groups, as well as branched
chain isomers of straight chain alkenyl groups. Preferably, alkenyl groups comprise

from 1 to 8 double bond(s). The phrase "substituted alkenyl" refers to an alkenyl
group that is substituted according to the definition provided above.

[0037] The phrase “alkynyl” refers to hydrocarbyl chains comprising from 2 to
20 carbon atoms and comprising at least one carbon-carbon triple bond (—C =-). The
phrase “alkynyl” includes straight chain alkynyl groups, as well as branched chain
isomers of straight chain alkynyl groups. Preferably, alkynyl groups comprise from 1
to 8 triple bond(s). The phrase "substituted alkynyl" refers to an alkynyl group that 1s

substituted according to the definition provided above.
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[0038] “Aryl” alone or in combination refers to a monocyclic or bicyclic ring
system containing aromatic hydrocarbons such as phenyl or naphthyl, which may be
optionally fused with a cycloalkyl of preferably 5-7, more preferably 5-6, ring
members. A "substituted aryl” is an aryl that is independently substituted, with one

or more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3 substituents, attached at any available

atom to produce a stable compound.

[0039] “Heteroaryl” alone or in combination refers to a monocyclic aromatic ring
structure containing 5 or 6 ring atoms, or a bicyclic aromatic group having 8 to 10
atoms, or a tricyclic aromatic group having 13-15 atoms, wherein heteroaryl contains
one or more, preferably 1-4, more preferably 1-3, even more preterably 1-2,
heteroatoms independently selected from the group consisting of O, S, and N.
Heteroaryl 1s also inteﬁded to include oxidized S or N, such as sulfinyl, sultfonyl and
N-oxide of a tertiary ring nitrogen. A carbon or nitrogen atom is the point of
attachment of the heteroaryl ring structure such that a stable compound is produced.
Examples of heteroaryl groups include, but are not limited to, pyridinyl, pyridazinyl,
pyrazinyl, quinaoxalyl, indolizinyl, benzo[b]thienyl, benzothiazole, quinazolinyl,
purinyl, indolyl, quinolinyl, pyrimidinyl, pyrrolyl, oxazolyl, thiazolyl, thienyl,
isoxazolyl, oxathiadiazolyl, isothiazolyl, tetrazolyl, imidazolyl, triazinyl, furanyl,
benzofuryl, and indolyl. “Nitrogen containing heteroaryl” refers to heteroaryl
wherein any heteroatoms are N. A "substituted heteroaryl” 1s a heteroaryl that 1s
independently substituted, with one or more, preferably 1, 2, 3,4 or 5, also 1, 2, or 3

substituents, attached at any available atom to produce a stable compound.

[0040] | “Alkylaryl” alone or 1n combination refers to an alkyl moiety as defined
herein, bearing an aryl substituent (as defined herein) appended thereto, and a
“substituted alkylaryl” i1s an alkylaryl that i1s independently substituted, with one or
more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3 substituents, attached at any available

atom to produce a stable compound.

[0041] “Alkylheteroaryl’” alone or in combination refers to an alkyl moiety as
defined herein, bearing a heteroaryl substituent (as defined herein) appended thereto,
and a “substituted alkylheteroaryl” is an alkylheteroaryl that is independently
substituted, with one or more, preferably 1, 2, 3, 4 or §, also 1, 2, or 3 substituents,

attached at any available atom to produce a stable compound.
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[0042] ”Alkenylaryl” alone or in combination refers to an alkenyl moiety as
defined herein, bearing an aryl substituent (as defined herein) appended thereto, and a
“substituted alkenylaryl” is an alkenylaryl that is independently substituted, with one

or more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3 substituents, attached at any available

atom to produce a stable compound.

[0043] ” Alkenyheteroaryl” alone or in combination refers to an alkenyl moiety as
defined herein, bearing a heteroaryl substituent (as defined herein) appended thereto,
and a “substituted alkenylheteroaryl” is an alkenylheteroaryl that 1s independently
substituted, with one or more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3 substituents,

attached at any available atom to produce a stable compound.

[0044] ”Alkynylaryl” alone or in combination refers to an alkynyl moiety as
defined herein, bearing an aryl substituent (as defined herein) appended thereto, and a
“substituted alkynylaryl” is an alkynylaryl that 1s independently substituted, with one

or more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3 substituents, attached at any available

atom to produce a stable compound.

[0045] ”Alkynylheteroaryl” alone or in combination refers to an alkynyl moiety
as defined herein, bearing a heteroaryl substituent (as defined herein) appended
thereto, and “‘substituted alkynylheteroaryl” is an alkynylheteroaryl that 1s
independently substituted, with one or more, preferably 1, 2, 3,4 or 5, also 1, 2, or 3

substituents, attached at any available atom to produce a stable compound.

[0046] "Cycloalkyl" refers to saturated, non-aromatic monocyclic, bicyclic or
tricyclic carbon ring systems of 3-10, also 3-8, more preterably 3-6, ring members per
ring, such as cyclopropyl, cyclopentyl, cyclohexyl, adamantyl, and the like. A
"substituted cycloalkyl" 1s a cycloalkyl that 1s independently substituted, with one or
more, preferably 1, 2, 3, 4 or §, also 1, 2, or 3 substituents, attached at any available

atom to produce a stable compound.

[0047] ”’Cycloalkenyl” refers to unsaturated, non-aromatic monocyclic, bicyclic
or tricyclic carbon ring systems of 3-10, also 3-8, more preferably 3-6, ring members
per ring, and comprising at least one carbon-carbon double bond (—C=C-). Examples

of cycloalkenyl groups include cyclopropenyl, cyclopentenyl, cyclohexenyl,
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adamantenyl, and the like. A "substituted cycloalkenyl" is a cycloalkenyl that is
independently substituted, with one or more, preferably 1, 2, 3,4 or 5, also 1, 2, or 3

substituents, attached at any available atom to produce a stable compound.

[0048] "Heterocyclyl" refers to saturated, or unsaturated, but non-aromatic
monocyclic, bicyclic or tricyclic carbon ring systems of 3-10, also 3-8, more
preferably 3-6, ring members per ring, wherein one or more of the ring members,
preferably 1-4, more preferably 1-3, even more preferably 1-2, are heteroatoms
independently selected from the group consisting of O, S, and N. When the ring
system is saturated, “heterocyclyl” may also be referred to as “cycloheteroalkyl”, and
when the ring system is unsaturated, “heterocyclyl” may also be referred to as
“cycloheteroalkenyl” or “cycloheteroalkadienyl”, depending on the presence of one or

more sites of unsaturation in the ring.

[0049] A "substituted heterocyclyl" is a heterocyclyl that 1s independently
substituted, with one or more, preferably 1, 2, 3, 4 or §, also 1, 2, or 3 substituents,

attached at any available atom to produce a stable compound.

[0050] ”Alkylheterocyclyl” refers to an alkyl moiety as defined herein, bearing a
heterocyclyl substituent (as defined herein) appended thereto, and a"substituted
alkylheterocyclyl" is an alkylheterocyclyl that is independently substituted, with one
or more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3 substituents, attached at any available

atom to produce a stable compound.

[0051] ”Alkenylheterocyclyl” refers to an alkenyl moiety as defined herein,
bearing a heterocyclyl substituent (as defined herein) appended thereto, and
a"substituted alkenylheterocyclyl” is an alkenylheterocyclyl that is independently
substituted, with one or more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3 substituents,

attached at any available atom to produce a stable compound.

[0052] “Alkynylheterocyclyl” refers to an alkynyl moiety as defined herein,
bearing a heterocyclyl substituent (as defined herein) appended thereto, and
a"substituted alkynylheterocyclyl” is an alkynylheterocyclyl that is independently
substituted, with one or more, preferably 1, 2, 3, 4 or 5, also 1, 2, or 3 substituents,

attached at any available atom to produce a stable compound.
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[0053] In a particular embodiment of the present invention, there are provided

compounds of Formula (Ia):

R4 R3
R,
N
v g
Formula Ia

or pharmaceutically acceptable derivatives thereof, wherein:

R' is hydrogen,

R? is hydro gen, substituted or unsubstituted lower alkyl, bromine, chlorine or
fluorine;

R’ is bromine, chlorine or fluorine; -

R* is substituted or unsubstituted -alkyl-B-R’-R°, substituted or unsubstituted
-alkenyl-B-R’-R°, substituted or unsubstituted -alkynyl-B-R’-R®, substituted or
unsubstituted -cycloalkyl-B-R°-R°, substituted or unsubstituted
-cycloalkenyl-B-R°-R°®, or substituted or unsubstituted -heterocyclyl-B-R>-R°:

B 1s oxygen, sulfur, -S(O,)-, -S(O)NH-, -S(O,)NH- or -NHC(O)NH-;

R’ is substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted cycloalkyl, substituted or unsubstituted
cycloalkenyl, substituted or unsubstituted heterocyclyl, substituted or
unsubstit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>