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COMPOUNDS FOR INFLAMMATION AND IMMUNE-RELATED USES

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application No.
60/642,179, filed on January 7, 2005 and U.S. Provisional Patent Application No.
60/707,845, filed on August 12, 2005. The entire teachings of each of these

applications are incorporated herein by reference.

FIELD OF THE INVENTION

This invention relates to biologically active chemical compounds, namely biphenyl
and pyridylphenyl derivatives that may be used for immunosuppression or to treat or

prevent inflammatory conditions, immune disorders, and allergic disorders.

BACKGROUND OF THE INVENTION

Inflammation is a mechanism that protects mammals from invading pathogens.
However, while transient inflammation is necessary to protect a mammal from
infection, uncontrolled inflammation causes tissue damage and is the underlying
cause of many ilinesses. Inflammation is typically initiated by binding of an antigen to
T-cell antigen receptor. Antigen binding by a T-cell initiates calcium influx into the cell
via calcium ion channels, such as Ca“'-release-activated Ca®" channels (CRACQC).
Calcium ion influx in turn initiates a signaling cascade that leads to activation of these

cells and an inflammatory response characterized by cytokine production.

Interleukin 2 (IL-2) is a cytokine that is secreted by T cells in response to calcium ion
influx into the cell. IL-2 modulates immunological effects on many cells of the
immune system. For example, it is a potent T cell mitogen that is required for the T
cell proliferation, promoting their progression from G1 to S phase of the cell cycle; it

stimulates the growth of NK cells; and it acts as a growth factor to B cells and

stimulates antibody synthesis.

IL-2, although useful in the immune response, can cause a variety of problems. IL-2

damages the blood-brain barrier and the endothelium of brain vessels. These effects
-1 -
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may be the underlying causes of neuropsychiatric side effects observed under |L-2
therapy, e.g. fatigue, disorientation and depression. It also alters the

electrophysiological behaviour of neurons.

Due to its effects on both T and B cells, IL-2 is a major central regulator of immune
responses. It plays a role in inflammatory reactions, tumour surveillance, and
hematopoiesis. It also affects the production of other cytokines, inducing IL-1, TNF-a
and TNF-8 secretion, as well as stimulating the synthesis of IFN-y in peripheral

leukocytes.

T cells that are unable to produce |IL-2 become inactive (anergic). This renders them
potentially inert to any antigenic stimulation they might receive in the future. As a
result, agents which inhibit IL-2 production can be used for immunosupression or to
treat or prevent inflammation and immune disorders. This approach has been
clinically validated with immunosuppressive drugs such as cyclosporin, FK506, and
RS61443. Despite this proof of concept, agents that inhibit IL-2 production remain
far from ideal. Among other problems, efficacy limitations and unwanted side effects

(including dose-dependant nephrotoxicity and hypertension) hinder their use.

Over production of proinflammatory cytokines other than IL-2 has also been
implicated in many autoimmune diseases. For example, Interleukin 5 (IL-5), a
cytokine that increases the production of eosinophils, is increased in asthma.
Overproduction of IL-5 is associated with accumulation of eosinophils in the
asthmatic bronchial mucosa, a hall mark of allergic inflammation. Thus, patients with
asthma and other inflammatory disorders involving the accumulation of eosinophils

would benefit from the development of new drugs that inhibit the production of IL-5.

Interleukin 4 (IL-4) and interleukin 13 (IL-13) have been identified as mediators of the
hypercontractility of smooth muscle found in inflammatory bowel disease and
asthma. Thus, patients with athsma and inflammatory bowel disease would benefit
from the development of new dr:ugs that inhibit IL-4 and 1L-13 production.
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Granulocyte macrophage-colony stimulating factor (GM-CSF) is a reqgulator of
maturation of granulocyte and macrophage lineage population and has been
implicated as a key factor in inflammatory and autoimmune diseases. Anti-GM-CSE
antibody blockade has been shown to ameliorate autoimmune disease. Thus,
development of new drugs that inhibit the production of GM-CSF would be beneficial

to patients with an inflammatory or autoimmune disease.

There is therefore a continuing need for new drugs which overcome one or more of
the shortcomings of drugs currently used for immunosuppression or in the treatment
or prevention of inflammatory disorders, allergic disorders and autoimmune
disorders. Desirable properties of new drugs include efficacy against diseases or
disorders that are currently untreatable or poorly treatable, new mechanism of action,
oral bioavailability and/or reduced side effects.

SUMMARY OF THE INVENTION

This invention meets the above-mentioned needs by providing certain biphenyl and
phenylpyridyl derivatives that inhibit the activity of CRAC ion channels and inhibit the
production of IL-2, [L-4, IL-5, IL-13, GM-CSF, TNF-q, and IFNy. These compounds

are particularly useful for immunosuppression and/or to treat or prevent inflammatory

conditions and immune disorders.

One embodiment of the invention relates to compounds of formula (1):

()

y X N

N X P
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or a pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof,
wherein:

L is a linker selected from the group consisting of a covalent bond, -NRCH.-,
-CH2NR-, —C(O)-, -NR-C(0)-, -C(O)-NR-, -OC(0)-, -C(0)0O-, -C(S)-, -NR-C(S)-,
-C(S)-NR-;

X4 and Xz are each, independently, CH or N:

X218 CH, CRig or N;

each Z is independently selected from the group consisting of a lower alkyl, a
lower haloalkyl, a halo, a lower alkoxy, a lower alkyl sufanyl, cyano, nitro, or lower
haloalkoxy;

R, for each occurrence is independently selected from -H, an alkyl, -C(O)Rs,
or -C(O)ORs;

R+ and R, are each, independently, a halo, a haloalkyl, a lower alkyl, a lower
alkoxy, or a haloalkoxy;

Rs Is an alkyl, a haloalkyl, a halo, a haloalkoxy, -ORs, -SRs, or -NRgR:

R1g Is @ halo, cyano, nitro, -C(O)Rs, -C(O)ORs, -C(0)SRs, -C(O)NRgR5,
-C(S)Rs, -C(S)ORs, -C(S)SRs, -C(S)NRgR7, -C(NRs)Rs, -C(NRg)OR, -C(NRg)SRs,
-C(NRg)NRgR7, -S(O)pRs, -S(O),NRs, -S(0),0Rs, -P(0O)(ORs)2, -OP(O)(ORs)s,
-P(O)(Rs)2, a five or six membered optionally substituted heterocycloalkyl, a five or
six membered optionally substituted heterocyclyl, or a five or six membered
optionally substituted heteroaryl;

Rs, for each occurrence, is independently, H, an optionally substituted alkyl,
an optionally substituted alkenyl, an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted cycloalkenyl, an optionally
substituted heterocyclyl, an optionally substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, or an optionally substituted heteraralkyl;

Re and Ry, for each occurrence are, independently, H, an optionally
substituted alkyl, an optionally substituted alkenyl, an optionally substituted alkynyl,
an optionally substituted cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclyl, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted araikyl, or an optionally substituted

-4 -
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heteraralkyl; or Rs and Ry taken together with the nitrogen to which they are attached
are an optionally substituted heterocyclyl or optionally substituted heteroary!;

Rg, for each occurrence, is independently —H, a halo, an alkyl, -ORs, -NRgR>,
-C(O)Rs, -C(O)ORs, or -C(O)NRsR;

5 Rio Is a lower alkyl, a lower alkoxy, a halo, a lower haloalkyl, a lower
haloalkoxy, a cyano, nitro, -C(O)Rs, -C(O)ORs, -C(O)SRs, -C(O)NRgR-, -C(S)Rs,
-C(S)ORs, -C(S)SRs, -C(S)NRsR7, -C(NRg)Rs, -C(NRg)ORs, -C(NRg)SRs,
-C(NRg)NRsR7, -S(O);Rs, -P(O)(ORs)2, -OP(O)(ORs), or -P(O)(Rs)2;n is zero or
an integer from 1 to 4; and

10 p, for each occurrence, is independently 1 or 2.

In one embodiment, the invention relates to compounds of formula (11):

(L)n

- X I N

X3
)|<I‘ N X g P
Xo /
Ry
()
15 or a pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof,

wherein:

L, X1, X2, X3, Z, R1, Rz, Rz and n are defined as for formula (1); and
R4 1s a halo, cyano, nitro, -C(O)Rs, -C(O)ORs, -C(O)SRs, -C(O)NRgR;,
-C(S)Rs, -C(S)ORs, -C(S)SRs, -C(S)NRsR7, -C(NRg)Rs, -C(NRg)ORs,
20 -C(NRg)SRs, -C(NRg)NRsR7, -S(O),Rs, -S(0),NRs, -S(0),0Rs, -P(O)(ORs),,
-OP(O)(ORs)2, -P(O)(Rs)., or an ester, amide or carboxylic acid bioisostere.

In another embodiment, the invention relates to compounds of formula (VII):
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(VII)

or a pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof,
wherein:

X1, L, Z, Ry, R3, Ryg and n are defined as for formula (1).

In another embodiment, the invention relates to compounds represented by formula
(VIII):

(VIIN)

or a pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof,
wherein L, X, Z, Ry, Rs, R4, and n are defined as for formula (1).

In another embodiment, the invention relates to compounds of formula (XI):
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R1g
(XI)

or a pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof,
wherein:

Z, Rs, Rig and n are defined as for formula (1); and

Y is an optionally substituted 5- or 6-membered heteroaryl.

In another embodiment, the invention relates to compounds of formula (XII):
| ()

R /\/ L S\
J Y

R1g
(XI)

or a pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof,
wherein:

Z, R3, Rig and n are defined as for formula (1); and

R1g Is H, @ halo, an optionally substituted alkyl, an optionally substituted
alkoxy, or an optionally substituted alkyl sulfanyl.

A compound of the invention or a pharmaceutically acceptable salt, solvate,

clathrate, or prodrug thereof is particularly useful Inhibiting immune cell (e.g., T-cells,

B-cells and/or mast cells) activation (e.g., activation in response to an antigen). In
-7 -
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particular, a compound of the invention or a pharmaceutically acceptable salit,
solvate, clathrate, or prodrug thereof can inhibit the production of certain cytokines
that regulate immune cell activation. For example, a compound of the invention or
a pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof can inhibit
the production of IL-2, IL-4, IL-5, IL-13, GM-CSF, TNF-a, INF-y or combinations
thereof. Moreover, a compound of the invention or a pharmaceutically acceptable
salt, solvate, clathrate, or prodrug thereof can modulate the activity of one or more

lon channel involved in activation of immune cells, such as CRAC ion channels.

A compound of the invention or a pharmaceutically acceptable salt, solvate,
clathrate, or prodrug thereof is particularly useful for immunosuppression or for
treating or preventing inflammatory conditions, allergic disorders, and immune

disorders.

The invention also encompasses pharmaceutical compositions comprising a
compound of the invention or a pharmaceutically acceptable salt, solvate, clathrate,
or prodrug thereof; and a pharmaceutically acceptable carrier or vehicle. These
compositions may further comprise additional agents. These compositions are
useful for immunosuppression and treating or preventing inflammatory conditions,

allergic disorders and immune disorders.

The invention further encompasses methods for treating or preventing inflammatory
conditions, allergic disorders, and immune disorders, comprising administering to a
subject in need thereof an effective amount of a compound of the invention or a
pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof, or a
pharmaceutical composition comprising a compound of the invention or a
pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof. These
methods may also comprise administering to the subject an additional agent
separately or in a combination composition with the compound of the invention or a

pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof.
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The invention further encompasses methods for suppressing the immune system of
a subject in need thereof, comprising administering to a subject in need thereof an
effective amount of a compound of the invention or a pharmaceutically acceptable
salt, solvate, clathrate, or prodrug thereof, or a pharmaceutical composition
comprising a compound of the invention or a pharmaceutically acceptable salt,
solvate, clathrate, or prodrug thereof. In one embodiment, the subject in need of
Immune system suppression is an organ transplant recipient, such as a recipient of
a heart, kidney, lung, liver, skin graft, islet of Langerhans, and the like. These
methods may also comprise administering to the subject an additional agent
separately or in a combination composition with the compound of the invention or a

pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof.

The invention further encompasses methods for Inhibiting immune cell activation,
Including inhibiting proliferation of T cells and/or B cells, in vivo or in vitro comprising
administering to the cell an effective amount of a compound of the invention or a
pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof or a
pharmaceutical composition comprising a compound of the invention or a

pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof.

The invention further encompasses methods for inhibiting mast cell degranulation, in
Vivo or in vifro comprising administering to the cell an effective amount of a
compound of the invention or a pharmaceutically acceptable salt, solvate. clathrate,
or prodrug thereof or a pharmaceutical composition comprising a compound of the

invention or a pharmaceutically acceptable salt, solvate, clathrate, or prodrug
thereof.

The invention further encompasses methods for inhibiting cytokine production in a
cell, (e.g., IL-2, IL-4, IL-5, IL-13, GM-CSF, TNF-a, and/or INF-y production) in vivo or
in vitro comprising administering to a cell an effective amount of 3 compound of the

invention or a pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof

-0 -
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or a pharmaceutical composition comprising a compound of the invention or a

pharmaceutically acceptable salt, solvate, clathrate, or prodrug thereof.

The invention further encompasses methods for modulating ion channel activity (e.g.,
CRAC) in vivo or in vitro comprising administering an effective amount of a
compound of the invention or a pharmaceutically acceptable salt, solvate, clathrate,
or prodrug thereof or a pharmaceutical composition comprising a compound of the

invention or a pharmaceutically acceptable salt, solvate, clathrate, or prodrug
thereof.

All of the methods of this invention may be practice with a compound of the invention
alone, or in combination with other agents, such as other immunosuppressive
agents, anti-inflammatory agents, agents for the treatment of allergic disorders or

agents for the treatment of immune disorders.

Description of the Drawing

Figure 1 is a graph showing the inhibition of chemotaxis in human and mini pig T cells

after exposure to Compound 1.

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS

Unless otherwise specified, the below terms used herein are defined as follows:

As used herein, the term an “aromatic ring” or “aryl” means a monocyclic or
polycyclic-aromatic ring or ring radical comprising carbon and hydrogen atoms.
Examples of suitable aryl groups include, but are not limited to, phenyl, tolyl,
anthacenyl, fluorenyl, indenyl, azulenyl, and naphthyl, as well as benzo-fused
carbocyclic moieties such as 5,6,7,8-tetrahydronaphthyl. An aryl group can be
unsubstituted or substituted with one or more substituents (including without
limitation alkyl (preferably, lower alkyl or alkyl substituted with one or more halo),

-10 -
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hydroxy, alkoxy (preferably, lower alkoxy), alkyithio, cyano, halo, amino, and nitro. In
certain embodiments, the aryl group is a monocyclic ring, wherein the ring comprises

o6 carbon atoms.

As used herein, the term “alkyl” means a saturated straight chain or branched
non-cyclic hydrocarbon typically having from 1 to 10 carbon atoms. Representative
saturated straight chain alkyls include methyl, ethyl, n-propyl, n-butyl, n-pentyl,
n-hexyl, n-heptyl, n-octyl, n-nonyl and n-decyl; while saturated branched alkyls
include isopropyl, sec-butyl, isobutyl, ferf-butyl, isopentyl, 2-methylbutyl,
3-methylbutyl, 2-methylpentyl, 3-methylpentyl, 4-methylpentyl, 2-methylhexyl,
3-methylhexyl, 4-methylhexyl, 5-methylhexyl, 2,3-dimethylbutyl, 2,3-dimethylpentyl,
2,4-dimethylpentyl, 2,3-dimethylhexyl, 2,4-dimethylhexyl, 2,5-dimethylhexyl,
2,2-dimethylpentyl, 2,2-dimethylhexyl, 3,3-dimtheylpentyl, 3,3-dimethylhexyl,
4 ,4-dimethylhexyl, 2-ethylpentyl, 3-ethylpentyl, 2-ethylhexyl, 3-ethylhexyl,
4-ethylhexyl, 2-methyl-2-ethylpentyl, 2-methyl-3-ethylpentyl, 2-methyi-4-ethylpentyl,
2-methyl-2-ethylhexyl, 2-methyl-3-ethylhexyl, 2-methyl-4-ethylhexyl,
2,2-diethylpentyl, 3,3-diethylhexyl, 2,2-diethylhexyl, 3,3-diethylhexyl and the like.
Alkyl groups included in compounds of this invention may be optionally substituted
with one or more substituents, such as amino, alkylamino, alkoxy, alkylthio, oxo, halo,
acyl, nitro, hydroxyl, cyano, aryl, alkylaryl, aryloxy, arylthio, arylamino, carbocyclyl,
carbocyclyloxy, carbocyclylthio, carbocyclylamino, heterocyclyl, heterocyclyloxy,
heterocyclylamino, heterocyclylthio, and the like. In addition, any carbon in the alkyl
segment may be substituted with oxygen (=0), sulfur (=S), or nitrogen (=NR*,
wherein R* is —H, an alkyl, acetyl, or aralkyl). Lower alkyls are typically preferred for

the compounds of this invention.

The term alkylene refers to an alkyl group that has two points of attachment to two
moieties (e.qg., {~-CHx-}, -{CH,CH>-},

- 11 -
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/TH;/ \
’ \ , etc., wherein the brackets

Indicate the points of attachement). Alkylene groups may be substituted or
unsubstituted.

An aralkyl group refers to an aryl group that is attached to another moiety via an

alkylene linker. Aralkyl groups can be substituted or unsubstituted.

The term “alkoxy,” as used herein, refers to an alkyl group which is linked to another

moiety though an oxygen atom. Alkoxy groups can be substituted or unsubstituted.

The term “alkoxyalkoxy,” as used herein, refers to an alkoxy group in which the alkyl
portion is substituted with another alkoxy group.

The term "alkyl sulfanyl,” as used herein, refers to an alkyl group which is linked to

another moiety though a divalent sulfur atom. Alkyl sulfanyl groups can be
substituted or unsubstituted.

The term “alkylamino,” as used herein, refers to an amino group in which one
hydrogen atom attached to the nitrogen has been replaced by an alkyl group. The
term “dialkylamino,” as used herein, refers to an amino group in which two hydrogen
atoms attached to the nitrogen have been replaced by alkyl groups, in which the alky!

groups can be the same or different. Alkylamino groups and dialkylamino groups can
be substituted or unsubstituted.

As used herein, the term “alkenyl” means a straight chain or branched, hydrocarbon

radical typically having from 2 to 10 carbon atoms and having at least one

carbon-carbon double bond. Representative straight chain and branched alkenyls

include vinyl, allyl, 1-butenyl, 2-butenyl, isobutylenyl, 1-pentenyl, 2-pentenyi,
-192 .
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S-methyl-1-butenyl,  1-methyl-2-butenyl,  2,3-dimethyl-2-butenyl,  1-hexenyl,
2-hexenyl, 3-hexenyl, 1-heptenyl, 2-heptenyl, 3-heptenyl, 1-octenyl, 2-octenyi,
3-octenyl, 1-nonenyl, 2-nonenyl, 3-nonenyl, 1-decenyl, 2-decenyl, 3-decenyl! and the

like. Alkenyl groups can be substituted or unsubstituted.

As used herein, the term “alkynyl” means a straight chain or branched,
hydrocarbonon radical typically having from 2 to 10 carbon atoms and having at lease
one carbon-carbon triple bond. Representative straight chain and branched alkynyls
include acetylenyl, propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-pentynyl,
3-methyl-1-butynyl, 4-pentynyl,-1-hexynyl, 2-hexynyl, 5-hexynyl, 1-heptynyl,
2-heptynyl, 6-heptynyl, 1-octynyl, 2-octynyl, 7-octynyl, 1-nonynyl, 2-nonynyl,
8-nonynyl, 1-decynyl, 2-decynyl, 9-decynyl and the like. Alkynyl groups can be
substituted or unsubstituted.

As used herein, the term “cycloalkyl” means a saturated, mono- or polycyclic alkyl
radical typically having from 3 to 10 carbon atoms. Representative cycloalkyls
include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl,
cyclononyl, cyclodecyl, adamantly, decahydronaphthyl, octahydropentalene,

bicycle[1.1.1]pentanyl, and the like. Cycloalkyl groups can be substituted or
unsubstituted.

As used herein, the term “cycloalkenyl” means a cyclic non-aromatic alkeny! radical
having at least one carbon-carbon double bond in the cyclic system and typically
having from 5 to 10 carbon atoms. Representative cycloalkenyls include
cyclopentenyl, cyclopentadienyl, cyclohexenyl, cyclohexadienyl, cycloheptenyl,
cycloheptadienyl, cycloheptatrienyl, cyclooctenyl, cyclooctadienyl, cyclooctatrienyl,
cyclooctatetraenyl, cyclononenyl, cyclononadienyl, cyclodecenyl, cyclodecadienyl

and the like. Cycloalkenyl groups can be substituted or unsubstituted.

As used herein, the term "heterocycle" or “heterocyclyl” means a monocyclic or
polycyclic heterocyclic ring (typically having 3- to 14-members) which is either a

saturated ring or a unsaturated non-aromatic ring. A 3-membered heterocycle can
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contain up to 3 heteroatoms, and a 4- to 14-membered heterocycle can contain from
1 to about 8 heteroatoms. Each heteroatom is independently selected from nitrogen,
which can be quaternized; oxygen; and sulfur, including sulfoxide and sulfone. The
heterocycle may be attached via any heteroatom or carbon atom. Representative
heterocycles include morpholinyl, thiomorpholinyl, pyrrolidinonyl, pyrrolidinyl,
piperidinyl,  piperazinyl, hydantoinyl, valerolactamyl, oxiranyl, oxetanyl,
tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyrindinyl, tetrahydropyrimidinyl,
tetrahydrothiophenyl, tetrahydrothiopyranyl, and the like. A heteroatom may be
substituted with a protecting group known to those of ordinary skill in the art, for
example, the hydrogen on a nitrogen may be substituted with a tert-butoxycarbonyil
group. Furthermore, the heterocyclyl may be optionally substituted with one or more
substituents (including without limitation a halogen atom, an alkyl radical, or aryl
radical). Only stable isomers of such substituted heterocyclic groups are

contemplated in this definition. Heterocyclyl groups can be substituted or

unsubstituted.

As used herein, the term "heteroaromatic” or "heteroaryl” means a monocyclic or
polycyclic heteroaromatic ring (or radical thereof) comprising carbon atom ring
members and one or more heteroatom ring members (such as, for example, oxygen,
sulfur or nitrogen). Typically, the heteroaromatic ring has from 5 to about 14 ring
members in which at least 1 ring member is a heteroatom selected from oxygen,
sulfur and nitrogen. In another embodiment, the heteroaromatic rnng isa 5 or 6
membered ring and may contain from 1 to about 4 heteroatoms. In another
embodiment, the heteroaromatic ring system has a 7 to 14 ring members and may
contain from 1 to about 7 heteroatoms. Representative heteroaryls include pyridyl,
furyl, thienyl, pyrrolyl, oxazolyl, Imidazolyl, indolizinyl, thiazolyl, isoxazolyl, pyrazolyl,
Isothiazolyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, triazolyl, pyridinyl,
thiadiazolyl, pyrazinyl, quinolyl, isoquniolyl, indazolyl, benzoxazolyl, benzofuryl,
benzothiazolyl, indolizinyl, imidazopyridinyl, Isothiazolyl, tetrazolyl, benzimidazolyl,
benzoxazolyl, benzothiazolyl, benzothiadiazolyl, benzoxadiazolyl, indolyl,

tetrahydroindolyi, azaindolyl, imidazopyridyl, qunizaolinyl, purinvyil,
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pyrrolo[2,3]pyrimidyl, -pyrazolo[3,4]pyrimidyl or benzo(b)thienyl and the like. These

heteroaryl groups may be optionally substituted with one or more substituents

A heteroaralkyl group refers to a heteroaryl group that is attached to another moiety

via an alkylene linker. Heteroaralkyl groups can be substituted or unsubstituted.
As used herein, the term "halogen" or “halo” means -F, -Cl, -Br or -I.

As used herein, the term “haloalkyl” means an alkyl group in which one or more —H is
replaced with a halo group. Examples of haloalkyl groups include -CFs. -CHF»,
-CCl;, -CH2CH2Br, -CH,CH(CH,CH,Br)CHs, -CHICH,, and the like.

As used herein, the term “haloalkoxy” means an alkoxy group in which one or more

—H Is replaced with a halo group. Examples of haloalkoxy groups include -OCF; and
—OCHF-.

The terms “bioisostere” and “bioisosteric replacement” have the same meanings as
those generally recognized in the art. Bioisosteres are atoms, lons, or molecules in
which the peripheral layers of electrons can be considered substantially identical.
The term bioisostere is usually used to mean a portion of an overall molecule, as
opposed to the entire molecule itself. Bioisosteric replacement involves using one
bioisostere to replace another with the expectation of maintaining or slightly
modifying the biological activity of the first bioisostere. The bioisosteres in this case
are thus atoms or groups of atoms having similar size, shape and electron density.
Preferred bioisosteres of esters, amides or carboxylic acids are compounds
containing two sites for hydrogen bond acceptance. In one embodiment, the ester,
amide or carboxylic acid bioisostere is a 5-membered monocyclic heteroaryl ring,
such as an optionally substituted 1H-imidazolyl, an optionally substituted oxazolyl, an
optionally substituted thiazolyl, 1H-tetrazolyl, [1,2,4]triazolyl, or an optionally
substituted [1,2,4]oxadiazoly!.
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As used herein, the terms “subject”, “patient” and “animal”, are used interchangeably
and include, but are not limited to, a cow, monkey, horse, sheep, pig, chicken, turkey,
quail, cat, dog, mouse, rat, rabbit, guinea pig and human. The preferred subject,

patient or animal is a human.

As used herein, the term “lower” refers to a group having up to four carbon atoms.
Forexample, a “lower alkyl” refers to an alkyl radical having from 1 to 4 carbon atoms,
and a “lower alkeny!” or “lower alkynyl” refers to an alkenyl or alkynyl radical having
from 2 to 4 carbon atoms, respectively. A lower alkoxy or a lower alkyl sulfanyl refers

to an alkoxy or a alkyl sulfanyl having from 1 to 4 carbon atoms. Lower substituents

are typically preferred.

Where a particular substituent, such as an alkyl substituent, occurs muitiple times in
a given structure or moeity, the identity of the substitutent is independent in each
case and may be the same as or different from other occurrences of that substituent
In the structure or moiety. Furthermore, individual substituents in the specific
embodiments and exemplary compounds of this invention are preferred in
combination with other such substituents in the compounds of this Invention, even if
such individual substituents are not expressly noted as being preferred or not

expressly shown in combination with other substituents.

The compounds of the invention are defined herein by their chemical structures
and/or chemical names. Where a compound is referred to by both a chemical
structure and a chemical name, and the chemical structure and chemical name

contlict, the chemical structure is determinative of the compound’s identity.

Suitable substituents for an alkyl, alkoxy, alkyl sulfanyl, alkylamino, dialkylamino,
alkylene, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclyl, aryl, aralkyl,
heteroaryl, and heteroarylalkyl groups include any substituent which will form a stable
compound of the invention. Examples of substituents for an alkyl, alkoxy,
alkylsulfanyl, alkylamino, dialkylamino, alkylene, alkenyl, alkynyl, cycloalkyl,

cycloalkenyl, heterocyclyl, aryl, aralkyl, heteroaryl, and heteroarylalkyl include an
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alkyl, alkoxy, alkyl sulfanyl, alkylamino, dialkylamino, an alkenyl, an alkynyl, an
cycloalkyl, an cycloalkenyl, an heterocyclyl, an aryl, an heteroaryl, an aralkyl, an
heteraralkyl, a haloalkyl, ~-C(O)NR13R 14, -NR15C(O)Rs, halo, -OR;s, cyano, nitro,
haloalkoxy, -C(O)Rys, -NR13R14, -SR¢s5, ~C(O)OR;5, -OC(O)OR;s, -OC(O)Rys,
-NR15C(O)NR13R14, -NR15C(NR1)NR13R 14, -OC(O)NR13R 1., -NR15C(O)OR1s,
-S(O)pRi5, , -NR16S(0)pR15, or -S(0),NR13R14, wherein R43 and R4, for each
occurrence are, independently, H, an optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted alkynyl, an optionally substituted
cycloalkyl, an optionally substituted cycloalkenyl, an optionally substituted
heterocyclyl, an optionally substituted aryl, an optionally substituted heteroaryl, an
optionally substituted aralkyl, or an optionally substituted heteraralkyl; or Ri3 and Rq4
taken together with the nitrogen to which they are attached is optionally substituted
heterocyclyl or optionally substituted heteroaryl; and Rys and R+s for each occurrence
are, Independently, H, an optionally substituted alkyl, an optionally substituted
alkenyl, an optionally substituted alkynyl, an optionally substituted cycloalkyl, an
optionally substituted cycloalkenyl, an optionally substituted heterocyclyl, an
optionally substituted aryl, an optionally substituted heteroaryl, an optionally
substituted aralkyl, or an optionally substituted heteraralky!.

In addition, alkyl, cycloalkyl, alkylene, a heterocyclyl, and any saturated portion of a
alkenyl, cycloalkenyl, alkynyl, aralkyl, and heteroaralkyl groups, may also be
supstituted with =0, =S, =N-R4s.

When a heterocyclyl, heteroaryl, or heteroaralkyi group contains a nitrogen atom, it
may be substituted or unsubstituted. When a nitrogen atom in the aromatic ring of

a heteroaryl group has a substituent the nitrogen may be a quaternary nitrogen.

Choices and combinations of substituents and variables envisioned by this invention
are only those that result in the formation of stable compounds. The term "stable".
as used herein, refers to compounds which possess stability sufficient to allow
manufacture and which maintains the integrity of the compound for a sufficient period

of time to be useful for the purposes detailed herein (e.qg., therapeutic or prophylactic
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administration to a subject). Typically, such compounds are stable at a temperature
of 40°C or less, in the absence of excessive moisture, for at least one week. Such
choices and combinations will be apparent to those of ordinary skill in the art and may

be determined without undue experimentation.

Unless indicated otherwise, the compounds of the invention containing reactive
functional groups (such as, without limitation, carboxy, hydroxy, and amino moieties)
also include protected derivatives thereof. “Protected derivatives” are those
compounds in which a reactive site or sites are blocked with one ore more protecting
groups. Suitable protecting groups for carboxy moieties include benzyl, tert-butyl,
and the like. Suitable protecting groups for amino and amido groups include acetyl,
tert-butoxycarbonyl, benzyloxycarbonyl, and the like. Suitable proetecting groups for
hydroxy include benzyl and the like. Other suitable protecting groups are well known
to those of ordinary skill in the art and include those found in T. W. Greene,
Protecting Groups in Organic Synthesis, John Wiley & Sons, Inc. 1981, the entire

teachings of which are incorporated herein by reference.

As used herein, the term “compound(s) of this invention” and similar terms refers to
a compound of any one of'formulas (1) through (XIl), or Table 1, or a pharmaceutically

acceptable salt, solvate, clathrate, or prodrug thereof and also include protected

derivatives thereof.

As used herein and unless otherwise indicated, the term “prodrug” means a
derivative of a compound that can hydrolyze, oxidize, or otherwise react under
biological conditions (in vitro or in vivo) to provide a compound of this invention.
Prodrugs may only become active upon such reaction under biological conditions,
but they may have activity in their unreacted forms. Examples of prodrugs
contemplated in this invention include, but are not limited to, analogs or derivatives
of compounds of any one of formulas (I) through (XII), or Table 1 that comprise
biohydrolyzable moieties such as biohydrolyzable amides, biohydrolyzable esters,
biohydrolyzable carbamates, biohydrolyzable carbonates, biohydrolyzable ureides,

and biohydrolyzable phosphate analogues. Other examples of prodrugs include
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derivatives of compounds of any one of formulas (I) through (XI1), or of Table 1 that
comprise -NO, -NO,, -ONO, or -ONO, moieties. Prodrugs can typically be prepared
using well-known methods, such as those described by 1 BURGER'S MEDICINAL
CHEMISTRY AND DRUG DISCOVERY (1995) 172-1 78, 949-982 (Manfred E. Wolff ed., 5

ed), the entire teachings of which are Incorporated herein by reference.

As used herein and unless otherwise indicated, the terms “biohydrolyzable amide”.
“biohydrolyzable ester”, “biohydrolyzable carbamate”, “biohydrolyzable carbonate”,
"biohydrolyzable ureide” and "biohydrolyzable phosphate analogue” mean an amide,
ester, carbamate, carbonate, ureide, or phosphate analogue, respectively, that
either: 1) does not destroy the biological activity of the compound and confers upon
that compound advantageous properties in vivo, such as uptake, duration of action,
or onset of action; or 2) is itself biologically inactive but is converted in vivo to a
biologically active compound. Examples of biohydrolyzable amides include, but are
not limited to, lower alkyl amides, a-amino acid amides, alkoxyacyl amides, and
alkylaminoalkylcarbonyl amides. Examples of biohydrolyzable esters include, but
are not limited to, lower alkyl esters, alkoxyacyloxy esters, alkyl acylamino alkyl
esters, and choline esters. Examples of biohydrolyzable carbamates include, but are
not limited to, lower alkylamines, substituted ethylenediamines, aminoacids,

hydroxyalkylamines, heterocyclic and heteroaromatic amines, and polyether amines.

As used herein, the term "pharmaceutically acceptable salt," is a salt formed from an
acid and a basic group of one of the compounds of any one of formulas (1) through
(XIl) or of Table 1. lllustrative salts include, but are not limited, to sulfate. Citrate,
acetate, oxalate, chloride, bromide, lodide, nitrate, bisulfate, phosphate, acid
phosphate, isonicotinate, lactate, salicylate, acid citrate, tartrate, oleate, tannate,
pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate,
gluconate, glucaronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate, and
pamoate (ie., 1,1'-methylene-bis-(z-hydroxy-3-naphthoate)) salts. The term
"pharmaceutically acceptable salt" also refers to a salt prepared from a compound of
any one of formulas () through (XIl) or Table 1 having an acidic functional group,
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such as a carboxylic acid functional group, and a pharmaceutically acceptable
inorganic or organic base. Suitable bases include, but are not limited to, hydroxides
of alkali metals such as sodium, potassium, and lithium; hydroxides of alkaline earth
metal such as calcium and magnesium; hydroxides of other metals, such as
aluminum and zinc; ammonia, and organic amines, such as unsubstituted or
hydroxy-substituted mono-, di-, or trialkylamines: dicyclohexylamine; tributyl amine;
pyridine; N-methyl,N-ethylamine; diethylamine: triethylamine; mono-, bis-, or
tris-(2-hydroxy-lower alkyl amines), such as mono-, bis-, or tris-(2-hydroxyethyl)-
amine, 2-hydroxy-tert-butylamine, or tris-(hydroxymethyl)methylamine, N, N,-di-lower
alkyl-N-(hydroxy lower alkyl)-amines, such as N,N-dimethyl-N-(2-hydroxyethy!)-
amine, or tri-(2-hydroxyethyl)amine:; N-methyl-D-glucamine; and amino acids such as
arginine, lysine, and the like. The term "pharmaceutically acceptable salt" also refers
to a salt prepared from a compound of any one of formulas (1) through (XI) or Table
1 having a basic functional group, such as an amino functional group, and a
pharmaceutically acceptable inorganic or organic acid. Suitable acids include, but
are not limited to, hydrogen sulfate, citric acid, acetic acid, oxalic acid, hydrochloric
acld, hydrogen bromide, hydrogen iodide, nitric acid, phosphoric acid, isonicotinic
acld, lactic acid, salicylic acid, tartaric acid, ascorbic acid, succinic acid, maleic acid,
oesylic acid, fumaric acid, gluconic acid, glucaronic acid, saccharic acid, formic acid,
benzoic acid, glutamic acid, methanesulfonic acid, ethanesulfonic acid,

benzenesulfonic acid,and p-toluenesulfonic acid.

As used herein, the term "pharmaceutically acceptable solvate," is a solvate formed
from the association of one or more solvent molecules to one or more molecules of
a compound of any one of formulas () through (XII) or Table 1. The term solvate

includes hydrates (e.g., hemi-hydrate, mono-hydrate, dihydrate, trihydrate,
tetrahydrate, and the like).

As used herein, the term “clathrate” means a compound of the present invention or
a salt thereof in the form of a crystal lattice that contains spaces (e.g., channels) that

have a guest molecule (e.g., a solvent or water) trapped within.
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As used herein, the term “asthma” means a pulmonary disease, disorder or condition
characterized by reversible airway obstruction, alrway inflammation, and increased

airway responsiveness to a variety of stimuli.

“Immunosuppression” refers to impairment of any component of the immune system
resulting in decreased immune function. This Impairment may be measured by any
conventional means including whole blood assays of lymphocyte function, detection

of lymphocyte proliferation and assessment of the expression of T cell surface

other methods are described in Luster, M.1., Portier, C., Pait, D.G., White, K.L., Jr.,
Gennings, C., Munson, A.E., and Rosenthal, G.J. (1992). “Risk Assessment in
Immunotoxicology I: Sensitivity and Predictability of Immune Tests.” Fundam. Appl.
Toxicol., 18, 200-210. Measuring the immune response to a T-cell dependent
Immunogen is another particularly useful assay (Dean, J.H., House, R.V., and Luster,
M.l. (2001). “Immunotoxicology: Effects of, and Responses to, Drugs and
Chemicals.” In Principles and Methods of Toxicology: Fourth Edition (A.W. Hayes,
Ed.), pp. 1415-1450, Taylor & Francis, Philadelphia, Pennsylvania).

A subject in need of immune system suppression, as used herein, is a subject that is
about to undergo or has had an organ transplant or a subject that has an
inflammatory disorder, an immune disorder or an allergic disorder or is at risk of the
reoccurrence of inflammatory disorder, an immune disorder or an allergic disorder.
In one embodiment, a subject in need of immune system suppression is at risk of
aquiring or developing an inflammatory disorder, an immune disorder or an allergic
disorder based on, for example, the subject’'s medical history or genetic background.
The risk of the reoccurrence of or of aquiring or developing an iInflammatory disorder,

an Immune disorder or an allergic disorder is within the judgement of a physician
skilled in the art.

The compounds of this invention can be used to treat subjects with immune

disorders. As used herein, the term “immune disorder” and like terms means a
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disease, disorder or condition caused by the immune system of an animal, including
autoimmune disorders. Immune disorders include those diseases, disorders or
conditions that have an immune component and those that are substantially or
entirely immune system-mediated. Autoimmune disorders are those wherein the
animal’s own immune system mistakenly attacks itself, thereby targeting the cells,
tissues, and/or organs of the animal’s own body. For exampie, the autoimmune
reaction is directed against the nervous system in multiple sclerosis and the gut in
Crohn's disease. In other autoimmune disorders such as systemic lupus
erythematosus (lupus), affected tissues and organs may vary among individuals with
the same disease. One person with lupus may have affected skin and joints whereas
another may have affected skin, kidney, and lungs. Ultimately, damage to certain
tissues by the immune system may be permanent, as with destruction of
Insulin-producing cells of the pancreas in Type 1 diabetes mellitus. Specific
autoimmune disorders that may be ameliorated using the compounds and methods
of this invention include without limitation, autoimmune disorders of the nervous
system (e.g., multiple sclerosis, myasthenia gravis, autoimmune neuropathies such
as Guillain-Barré, and autoimmune uveltis), autoimmune disorders of the blood (e.q.,
autoimmune  hemolytic anemia, pernicious anemia, and autoimmune
thrombocytopenia), autoimmune disorders of the blood vessels (e.g., temporal
arteritis, anti-phospholipid syndrome, vasculitides such as Wegener's
granulomatosis, and Behcet's disease), autoimmune disorders of the skin (e.g.,
psoriasis, dermatitis herpetiformis, pemphigus vulgaris, and vitiligo), autoimmune
disorders of the gastrointestinal system (e.g., Crohn's disease, ulcerative colitis.
primary biliary cirrhosis, and autoimmune hepatitis), autoimmune disorders of the
endocrine glands (e.g., Type 1 or immune-mediated diabetes mellitus, Grave's
disease. Hashimoto's thyroiditis, autoimmune oophoritis and orchitis, and
autoimmune disorder of the adrenal gland); and autoimmune disorders of multiple
organs (including connective tissue and musculoskeletal system diseases) (e.g.,
rheumatoid arthritis, systemic lupus erythematosus, scleroderma, polymyositis,
dermatomyositis, spondyloarthropathies such as ankylosing spondylitis, and
Sjogren's syndrome). In addition, other immune sysiem mediated diseases, such as

graft-versus-host disease and allergic disorders, are aiso included in the definition of
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