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S1P1 RECEPTOR AGONISTS AND USE THEREOF

CROSS-REFERENCE

This application claims priority under 35 U.S.C. 119(e) to US provisional application
No. 61/074,476 filed on June 20, 2008, the disclosures of which are incorporated herein by
reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to compounds that are have activify as S1P receptor
modulating agents, more specifically to specifically compounds that are S1P1 receptor
agonists. The invention also related to the use of such compounds to treat diseases associated
with inappropriate S1P1 receptor activity such as autoimmune diseases.

BACKGROUND

Sphingosine-1-phosphate (S1P) has been demonstrated to induce many cellular eftfects,
including those that result in platelet aggregation, cell proliferation, cell morphology changes,
tumor cell invasion, endothelial cell chemotaxis and endothelial cell in vitro angiogenesis.
S1P receptors are therefore good targets for therapeutic applications such as wound healing
and tumor growth inhibition. S1P signals cells in part via a set of G protein-coupled receptors
named S1P1, S1P2, S1P3, S1P4, and S1P5 (formerly called EDG-1, EDG-5, EDG-3, EDG-6,
and EDG-8, respectively). These receptors share 50-55% amino acid and cluster identity with
three other receptors (LPA1, LPA2, and LPA3 (formerly EDG-2, EDG-4 and EDG-7)) for the
structurally-related lysophosphatidic acid (LPA).

A conformational shift is induced in the G-Protein Coupled Receptor (GPCR) when
the ligand binds to that receptor, causing GDP to be replaced by GTP on the a-subunit of the
associated G-proteins and subsequent release of the G-proteins into the cytoplasm. The a-
subunit then dissociates from the By-subunit, and each subunit can then associate with effector
proteins, which activate second messengers leading to a cellular response. Eventually the GTP
on the G-proteins is hydrolyzed to GDP, and the subunits of the G-proteins re-associate with
each other and then with the receptor. Amplification plays a major role in the general GPCR
pathway. The binding of one ligand to one receptor leads to the activation of many G-
proteins, each capable of associating with many effector proteins, leading to an amplified

cellular response.
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S1P receptors make good drug targets, because individual receptors are both tissue-
and response-specific. Tissue specificity of the S1P receptors is important, because
development of an agonist or antagonist selective for one receptor localizes the cellular
response to tissues containing that receptor, limiting unwanted side effects. Response
specificity of the S1P receptors is also important because it allows for development of agonists
or antagonists that initiate or suppress certain cellular responses without affecting other things.
For example, the S1P1 receptor subtype plays a key role in lymphocyte trafficking, and it 1s
well established that synthetic small molecule S1P1 receptor agonists can suppress the |
peripheral immune response by inducing lymphocyte sequestration in secondary lymph organs
(Cooke, N.; Zecri, F. Sphingosine 1-phosphate type 1 receptor modulators: recent advances
and therapeutic potential. Ann. Reports Med. Chem. 2007;42: 245-263).

Identification of the importance of this axis in modulating immune function was
primarily accomplished via reverse pharmacology with the small molecule FTY720
(fingolimod). FTY720 is a prodrug that is phosphorylated in vivo to generate FTY720-P, an
agonist of all known S1P receptors with the exception of S1P, (Mandala S, Hajdu R,
Bergstrom J, et al. Alteration of lymphocyte trafficking by sphingosine-1-phosphate receptor
agonists. Science. 2002;296:346-349). Preclinical studies established that FTY 720
administration resulted in peripheral lymphopenia that was associated with beneficial
outcomes in animal models of transplantation (Brinkmann V and Lynch KR. FTY720:
targeting G-protein-coupled receptors for spingosine-1-phosphate in transplantation and
autoimmunity. Curr. Op. Immunol. 2002; 14:569-575 and references therein) and autoimmune
diseases (e.g. arthritis; Matsuura M, Imayoshi T and Okumoto T. Effect of FTY720, a novel
immunosuppressant, on adjuvant-and collagen-induced arthritis in rats. Int. J of
Immunopharm. 2000;22:323-331), including experimental autoimmune encephalomyelitis
(EAE), an animal model of multiple sclerosis (MS); (Kataoka H, Sugahara K, Shimano K, et
al. FTY720, sphingosine 1-phosphate receptor modulator, ameliorates experimental
autoimmune encephalomyelitis by inhibition of T cell infiltration. Cell. and Mol. Immunol.
2005; 2(6):439-448; MRL-Ipr/lpr mice, an animal model of systemic lupus erythematosus
(SLE) (Okazaki H, Hirata D, Kamimura T et al. Effects of FTY 720 in MRL-Ipr/lpr Mice:
Therapeutic Potential in Systemic Lupus Erythematosus. J. Rheumatol. 2002; 29:707-716) and
development of diabetes in NOD mice (Yang Z., Chen M. Fialkow LB et al. Inmune

modulator FTY 720 prevents autoimmune diabetes in non obese diabetic mice. Clin Imunol.
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2003; 107:30-35). In addition, results from a recently completed clinical trial of FTY720
(Phase 2) in MS patients highlight the potential of S1P receptor agonism as an effective
therapeutic approach for treating human autoimmune diseases (Kappos L, Antel J, Comi G, et
al. Oral fingolimod (FTY720) for relapsing multiple sclerosis. N Engl. J. Med. 2006;
355(11):1124-1140).

The current therapies for the treatment of immune diseases usually suppress the whole
immune system of the patient and hence the body's ability to react to infections is also severely
compromised. Typical drugs in this class include azathioprine, chlorambucil,
cyclophosphamide, cyclosporin, or methotrexate. Corticosteroids which reduce inflammation
and suppress the immune response, cause side eftects when used in long term treatment.
Nonsteroidal anti-inflammatory drugs (NSAIDs) can reduce pain and inflammation, however,
they exhibit considerable side effects such as gastrointestinal bleeding. Accordingly, there 1s a

need for treatments that do not suffer from these side effects. The present invention fulfills

this and related needs.

SUMMARY
In one aspect, provided are a compound of Formula (I):
2
UM

wherein:

misO0, 1, 2 or3;

nis0, 1,2 or3;

01s0, 1, 2 or 3;

A is a phenyl, heterocyclyl, three to six membered cycloalkyl, or a five or six
membered heteroaryl ring;

L is a saturated 3, 4, 5, 6 or 7-member ring containing 0, 1 or 2 atoms selected from N,
O and S and optionally containing a double bond, the ring being substituted by 0, 1 or 2 groups
selected from F, Cl, C,4alkyl, C,shaloalkyl, OH, -OC,4alkyl, and -OC,_shaloalkyl;

X' is N or CH;
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X*is N or CH;
X’ is N or CH;
o "5’: %/N\: o “\: oS
. :, S s p s o S / 2
X is selected from = O : s , N ,
R10 ‘2/0 R1O %/s
2 2
5 S/ 5 s/
\_, \
<S\ R10 ‘S \S and R10 :

R! is selected from F, Cl, Cy4alkyl, C,4haloalkyl, OH, -OC,_4alkyl, and -
OC,shaloalkyl,;

R is selected from F, Cl, C,4alkyl, Ci4haloalkyl, OH, -OC,;4alkyl, and -
OC, shaloalkyl;

R3 is selected from F, Cl, Cj4alkyl, C;shaloalkyl, OH, -OC,4alkyl, amino, and -
OC,shaloalkyl;
Z 1s:

(i) a cycloalkyl substituted with amino, monoalkylamino or dialkylamino group; a
cycloalkylalkyl substituted with one or two carboxy groups; a monosubstituted amino,
disubstituted amino, carboxyalkylamino, hydroxyalkyl, substituted hydroxyalkyl,
hydroxyalkoxy, substituted hydroxyalkoxy, aminoalkyl, aminoalkoxy, carboxyalky],
substituted carboxyalkyl, carboxyalkyloxy, substituted carboxyalkyloxy, carboxyalkoxyalkyl,
substituted carboxyalkoxyalkyl, aminocarbonyl, acylamino, aminosulfonyl, sulfonylamino,
heterocycloamino, heterocycloaminoalkyl, heterocycloaminocarbonyl, heterocycloaminooxy,
or heteroaralkyl group;

(11) a group of formula (b):

R CO,H
R’ RY
R6_ \
\N 10
' R
—E% R10
.R4 R5 g
(b)

where:
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qis 0, 1 or 2;

R* is selected from H, C,.shaloalkyl, and C,.¢alkyl;

R’ is selected from H, Ci-shaloalkyl, and C;4alkyl; or

R*and R’ together with the carbon atom to which they are attached forma 3, 4, 5, 6 or

7-member carbocyclic ring substituted by 0, 1 or 2 groups selected from F, Cl,

Ci4alkyl, Cshaloalkyl, OH, -OC, 4alkyl, and -OC,4haloalkyl;

R® is a lone pair of electrons or O;

R’ is H or C.salkyl;

R® is selected from H, F, Cl, C,4alkyl, C;shaloalkyl, OH, -OC,4alkyl, and -
OC,shaloalkyl; or

R’ and R®, when taken together, form a group that is selected from -(CR'ORIO)-,
(CRR'90-, -O(CR'°R'?)-, _(CRIORIO)(CRIORIO)_, and -(CR'°R'%);-:

R’ is selected from H, F, C,.shaloalkyl, C;4alkyl, OH and OC,_alkyl; or R® and R’
together with the carbon atom to which they are attached from cycloalkyl; and

R'? is independently in each instance selected from H, F, Cl, C,4alkyl, C,shaloalkyl,
OH, -OC, 4alkyl, and -OC,_4haloalkyl; or

(iii) when R’ is on a carbon atom of the phenyl ring that is adjacent to the carbon of
the phenyl ring that i1s bonded to Z, then R® and Z can combine to form -CH=CH-NR''-, -
(CH,),NR''-, —CH,NR!'CH,-, -(CH;);NR''CH;-, -N=CR''-NH-, or -N=CH-NR''-, where
R'! is selected from hydrogen, hydroxyalkyl, aminoalkyl, carboxyalkyl, substituted
hydroxyalkyl, substituted carboxyalkyl, or aminocarbonyl; or

o X\

»—s

\x4

a pharmaceutically acceptable thereof; provided that when is selected from

10

R0 6—O R 65—
o 0
é\o | R 0 é\ or R1o

‘ S

)

, then at least one of X‘, X? and

X’ 1s N.

In one embodiment, the compound of Formula (I) has the Formula (Ia):
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R CO5H
R? R®
3 \N
\ - \\ 10
' Warits |
‘ 5
X4 | R4 R q
(R),
(Ia)
where:
X' is N or CH;
5 X% is N or CH;
3
<2/x\ %/N\ %/N\ 5 —S
e )t )T s )
X is selected from . O , 8 SO ,
R10 ‘2/0 R10 %/S
2 2
N\ .~ T\ s
o o
°~0 RO ©s and  R®

L is a saturated 3, 4, 5, 6 or 7-member ring containing 0, 1 or 2 atoms selected from N,
O and S, the ring being substituted by 0, 1 or 2 groups selected from F, Cl, C, 4alkyl,
10 C,4haloalkyl, OH, -OC, 4alkyl, and -OC,_shaloalkyl;
misQ, 1,2 or 3;
nis0, 1,2 or3;
0i1s 0, 1, 2 or 3;
qis 1 or2;
15 R! is selected from F, Cl, C,4alkyl, C,4haloalkyl, OH, OC,4alkyl, and -
OC,shaloalkyl;
R? is selected from F, Cl, C,4alkyl, C,shaloalkyl, OH, -OC,4alkyl, and -
OC,shaloalkyl; |
R’ is selected from F, Cl, C,4alkyl, Cshaloalkyl, OH, -OC,4alkyl, and -
20 OC,4haloalkyl;
R* is selected from H, C,.shaloalkyl, and C,_¢alkyl;
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R’ is selected from H, Ci-shaloalkyl, and C4alkyi; or R* and R’ together with the
carbon atom to which they are attached form a 3, 4, 5, 6 or 7-member carbocyclic ring
substituted by 0, 1 or 2 groups selected from F, Cl, C;4alkyl, C,4haloalkyl, OH, -OC,4alkyl,
and -OC,_4haloalkyl;

R® is a lone pair of electrons or O;

R’ is H or Ci-salkyl;

R® is selected from H, F, CI, C,.alkyl, C,.shaloalkyl, OH, OC,_alkyl, and
OC,4haloalkyl; or

R’ and R®, when taken together, form a group that is selected from -(CR'"'R'%)-,
(CR'®R'%)0-, -O(CR'R'%)- and (CR'"R'%(CR!°R'9)-;

R’ is selected from H, F, C;.shaloalkyl, C,;4alkyl, OH and OC,4alkyl; and

R'? is independently in each instance selected from H, F, Cl, C_alkyl, C,4haloalkyl,
OH, -OC,4alkyl, and -OC,_shaloalkyl; and

R'"Yis independently in each instance selected from H, F, Cl, C,4alkyl, C,4haloalkyl,
OH, -OC,4alkyl, and -OC,_4shaloalkyl; or

o X

»—s

a pharmaceutically-acceptable salt thereof; provided that when X i1s selected from

R10 ‘2/0 R10 (2/8

2 o
9 S/ 5 4
A A
‘S\o R10 é\s or R10

1S N.

, then at least one of X! and X?

In a second aspect, the present invention provides a method for treating an S1P1
receptor mediated condition in a patient. In such a method, an amount of a compound of
Formula (I) or (Ia) effective to modulate an S1P1 receptor-mediated biological activity 1s
administered to the patient. The S1P1 receptor mediated condition may be, e.g., transplant
rejection (solid organ transplant and islet cells); transplant rejection (tissue), cancer,
autoimmune/inflammatory diseases; rheumatoid arthritis; lupus; insulin dependent diabetes
(Type I); non-insulin dependent diabetes (Type II); multiple sclerosis; psonasis; ulcerative
colitis; inflammatory bowel disease; Crohn’s disease; acute and chronic lymphocytic

leukemias and lymphomas.
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In a third aspect, the present invention provides methods for modulating S1P1 receptor
mediated biological activity. The present invention also provides methods for using S1P1
modulators (i.e., agonists) of Formula (I) or (Ia) in treating or preventing diseases such as
ovarian cancer, peritoneal cancer, endometrial cancer, cervical cancer, breast cancer, colorectal
cancer, uterine cancer, stomach cancer, small intestine cancer, thyroid cancer, lung cancer,
kidney cancer, pancreas cancer and prostrate cancer; acute lung diseases, adult respiratory
distress syndrome (“ARDS”), acute inflammatory exacerbation of chronic lung diseases such
as asthma, surface epithelial cell injury such as transcorneal freezing or cutaneous burns, and
cardiovascular diseases such as ischemia in a patient in need of such treatment or prevention.

In a fourth aspect, the invention provides methods for using S1P1 modulators of
Formula (I) or (Ia) in treating disorders such as, but not limited to, vasoconstriction in cerebral
arteries, autoimmune and related immune disorders including systemic lupus erythematosus,
inflammatory bowel diseases such as Crohn’s disease and ulcerative colitis, type I diabetes,
uveitis, psoriasis, myasthenia gravis, rheumatoid arthritis, non-glomerular nephrosis, hepatitis,
Behget’s disease, glomerulonephritis, chronic thrombocytopenic purpura, hemolytic anemia,

hepatitis and Wegner’s granuloma.

In a fifth aspect, the invention provides methods for using S1P1 modulators of Formula
(I) or (Ia) to treat a disease or disorder in a patient, comprising administering to a subject in
need of such treatment a therapeutically effective amount of an S1P-1 modulator, e.g., an
agonist, of Formula (I) or (Ia) that stimulates the immune system. In certain embodiments, the
patient is afflicted by an infectious agent. In other embodiments, the subject 1s
immunocompromised.

In a sixth aspect, the invention provides a pharmaceutical composition compnsing a
compound of Formula (I) or (Ia) and a pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable excipient.

In a seventh aspect, this invention provides compounds of Formula (I) for use as
medicament. In one embodiment, the use 1s multiple sclerosis.

In an eighth aspect, this invention is directed to the use of compounds of Formula (I)
for the manufacture of medicament for use in the treatment of multiple sclerosis.

In a ninth aspect, this invention is directed to an intermediate of Formula (II):
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X3 =
P Z
W
(R%)
(I

where Z’ is hydroxy, amino, acyl, cyano, carboxy, 1,3-dioxan-2-yl, haloalkyl, or halo;
and other groups are as defined for the compounds of Formula (I) above. In one embodiment,
5 L is cyclopropyl, cyclopentyl or cyclohexyl. Within this group in one group of compounds, X!
1S —N-, X% is CH. Within this group in another group of compounds, X'is -N-, X*is CH, A is
phenyl. Within this group in another group of compounds, X'is —N-, X* is CH, A is phenyl,
m and n are 0, n is 1, and R” is halo or alkyl.

In a ninth aspect, this invention is directed to an intermediate of Formula (III):

| z
v /L X1/ X4 \ ‘ /

10
(1)

Where Y’ is halo, preferably chloro, or trialkyltin and other groups are as defined for
compounds of formula (i) above. Within this group in one group of compounds, X' is -N-, X*
is CH. Within this group in another group of compounds, X! is -N-, X* is CH, A is phenyl.
15  Within this group in another group of compounds, X! is -N-, X? is CH, A is phenyl, m and n

are 0, n is 1, and R’ is halo or alkyl.

DETAILED DESCRIPTION
Definitions
Unless otherwise stated, the following terms used in the specification and claims are
20 defined for the purposes of this Application and have the following meaning;:
“Cq-palkyl” means an alkyl group comprising a minimum of a and a maximum of 3

carbon atoms in a branched, cyclical or linear relationship or any combination of the three,

wherein o and B represent whole numbers. The alkyl groups described 1n this section may
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also contain one or two double or triple bonds. Examples of C;_salkyl include, but are not

limited to the following:
RN }37)\ Y,

“-OC,-palkyl” means a radical where C,-palkyl 1s as defined above.

"Alkyl" means a linear saturated monovalent hydrocarbon radical of one to six carbon
atoms or a branched saturated monovalent hydrocarbon radical of three to stx carbon atoms,
unless otherwise stated, e.g., methyl, ethyl, propyl, 2-propyl, butyl, and the like. Alkyl is
independent of “C,_galkyl” group defined above and 1s referred to when the alkyl group 1s not

written in C,_palkyl format.

"Alkylene" means a linear saturated divalent hydrocarbon radical of one to six carbon
atoms or a branched saturated divalent hydrocarbon radical of three to six carbon atoms unless
otherwise stated e.g., methylene, ethylene, propylene, 1-methylpropylene, 2-methylpropylene,
butylene, pentylene, and the like.

"Amino" means a -NHo.

"Alkylcarbonyl" means a -COR radical where R is alkyl as defined above e.g.,
methylcarbonyl, and the like.

"Alkylsulfonyl" means a —SO5R radical where R 1s alkyl as detined above e.g.,
methylsulfonyl, and the like.

"Alkoxyalkyl" means a linear saturated hydrocarbon radical of one to six carbon atoms
or a branched saturated monovalent hydrocarbon radical of three to six carbons substituted
with one or two -OR groups where R is alkyl as defined above, e.g., 2-methoxyethyl, 1-; 2-; or
3-methoxypropyl, 2-ethoxyethyl, and the like.

"Aminoalkyl" means a linear saturated monovalent hydrocarbon radical of one to six
carbon atoms or a branched saturated monovalent hydrocarbon radical of three to six carbons
substituted with one or two, -NRR' where R is hydrogen or alkyl and R' is selected from
hydrogen, alkyl, carboxyalkyl, substituted carboxyalkyl, hydroxyalkyl, substituted
hydroxyalkyl, aralkyl, heterocycloaminoalkyl, alkylcarbonyl, alkylsultonyl, or -C(O)COOH
and/or one to three fluoro, each as defined herein, e.g., aminomethyl, methylaminoethyl, 2-

ethylamino-2-methylethyl, 1,3-diaminopropyl, acetylaminopropyl, and the like; provided that

10
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when the Z group in section (1) of Claim 1 is aminoalkyl then the aminoalkyl group 1s not -
CR?R°-NRR’ where each R, R? and R” is independently H or alkyl and R’ is carboxyalkyl.

"Aminoalkoxy" means a -OR radical where R is a linear saturated monovalent
hydrocarbon radical of one to six carbon atoms or a branched monovalent saturated
hydrocarbon radical of three to six carbons substituted with one or two, -NRR' where R 1s
hydrogen or alkyl and R’ is selected from hydrogen, alkyl, carboxyalkyl, substituted
carboxyalkyl, hydroxyalkyl, substituted hydroxyalkyl, alkylcarbonyl, aralkyl,
heterocycloaminoalkyl, alkylsulfonyl, or -C(O)COOQOH, each as defined herein, e.g., 2-
aminoethoxy, 2-dimethylaminopropoxy, and the like.

"Aminocarbonyl" means a -CONRR’ radical where R is hydrogen or alkyl and R’ is
hydrogen, alkyl, hydroxyalkyl, carboxyalkyl, alkoxyalkyl or cycloalkyl, each as defined
herein, e.g., -CONH-(3-hydroxypropyl), cyclopropylaminocarbonyl, and the like.

"Aminosulfonyl" means a —-SO,NRR’ radical where R is hydrogen or alkyl and R’ 1s
hydrogen, alkyl, hydroxyalkyl, carboxyalkyl, alkoxyalkyl or cycloalkyl, each as defined
herein, e.g., -SO,NH-(3-hydroxypropyl), cyclopropylaminosulfonyl, and the like.

"Acyl" means a -COR radical where R is alkyl or haloalkyl as defined herein.

"Acylamino" means a -NHCOR radical where R is haloalkyl, alkoxy, hydroxyalkyl,
substituted hydroxyalkyl, carboxyalkyl, or substituted carboxyalkyl, each as defined herein,
e.g., 2,2,2-trifluoroethylcarbonylamino, 3-carboxypropionylamino, -NHCO-
CH(NH,)CH,COOH, and the like.

"Alkoxy" means a -OR radical where R is alkyl as defined above. Alkoxy is
independent of “-OC,-_palkyl” group defined above and is referred to when the alkyl group 1s

not written in C,_palkyl format.

"Aralkyl" means a —(alkylene)-R radical where R is phenyl.

"Carbocyclic" means a cyclic ring that has only carbon ring atoms.

"Cycloalkyl" means a cyclic saturated monovalent hydrocarbon radical of three to ten
carbon atoms, unless otherwise stated e.g., cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl,
and the like. The cycloalkyl group is optionally substituted with amino, alkylamino,
dialkylamino or carboxy unless otherwise stated.

"Cycloalkylalkyl" means —(alkylene)-R radical where R is cycloalkyl as defined above.

"Carboxy" means —COOH.
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"Carboxyalkyl" means a linear saturated monovalent hydrocarbon radical of one to six
carbon atoms or a branched saturated monovalent hydrocarbon radical of three to six carbons
substituted with a carboxy group e.g., 2-carboxyethyl, carboxymethyl, and the like.

"Substituted carboxyalkyl" means carboxyalkyl as defined above which is substituted
with one or two amino.

"Carboxyalkyloxy" means —O-R radical where R is carboxyalkyl as defined above.

"Substituted carboxyalkyloxy" means —O-R radical where R is substituted carboxyalkyl
as defined above.

"Carboxyalkoxyalkyl" means —(alkylene)-O-R radical where R is carboxyalkyl as
defined above.

"Substituted carboxyalkoxyalkyl" means —(alkylene)-O-R radical where R 1s
substituted carboxyalkyl as defined above.

"Carboxyalkylamino" means —-NHR where R is carboxyalkyl group as defined above.

"Disubstituted amino" means a -NRR’ radical where R and R’ are independently alkyl
or alkylsulfonyl, each as defined herein, e.g., dimethylamino, methylethylamino, and the like.

When R and R’ are alkyl, it is also referred to herein as dialkylamino.

“Halo” or “halogen” means a halogen atom selected from F, Cl, Br and I.

“Cy.whaloalkyl” means an alkyl group comprising a minimum of v and a maximum of
w carbon atoms in a branched, cyclical or linear relationship or any combination of the three,
wherein v and w represent whole numbers. The alkyl groups described in this section may
also contain one or two double or triple bonds and wherein any number, at least one, of the
hydrogen atoms attached to the alkyl chain is replaced by F, Cl, Br or I.

“-OCv.whaloalkyl” means a radical where Cy.whaloalkyl is as defined above.

“Hydroxy’ means —OH.

"Haloalkyl" means a linear saturated monovalent hydrocarbon radical of one to six
carbon atoms or a branched saturated monovalent hydrocarbon radical of three to six carbon
atoms, unless otherwise stated, that has one to three hydrogen atoms replaced by a halo group
e.g., trifluoromethyl, and the like. Haloalkyl is independent of “Cy.whaloalkyl” group defined
above and is referred to when the alkyl group is not written in Cy.whaloalkyl format.

"Hydroxyalkyl" means a linear saturated monovalent hydrocarbon radical of one to six
carbon atoms or a branched saturated monovalent hydrocarbon radical of three to six carbons

substituted with one or two hydroxy groups, provided that if two hydroxy groups are present
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they are not both on the same carbon atom. Representative examples include, but are not
limited to, hydroxymethyl, 2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl, 1-
(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl, 3-hydroxybutyl, 4-hydroxybutyl, 2,3-
dihydroxypropyl, 1-(hydroxymethyl)-2-hydroxyethyl, 2,3-dihydroxybutyl, 3,4-dihydroxybutyl
and 2-(hydroxymethyl)-3-hydroxypropyl, preferably 2-hydroxyethyl, 2,3-dihydroxypropyl, and
1-(hydroxymethyl)-2-hydroxyethyl.

"Hydroxyalkoxy” or “hydroxyalkyloxy” means a —OR radical where R is hydroxyalkyl
as defined above.

"Substituted hydroxyalkyl" means hydroxyalkyl as defined above that is substituted
with one or two substituents independently selected from amino, mono or disubstituted amino,
carboxyalkylamino, carboxy, or -P(O)(OR); where R is hydrogen or alkyl; and/or one to three
fluoro; provided that when the Z group in section (1) of Claim 1 is aminoalkyl then the
aminoalkyl group is not -CR?R®-NRR’ where each R, R?* and R" is independently H or alkyl
and R’ is substituted hydroxyalkyl where the hydroxyalkyl is substituted with carboxy and/or

fluoro.

"Substituted hydroxyalkyloxy" means —O-R where R is substituted hydroxyalkyl as
defined above.

"Five or six membered heteroaryl" means a monovalent monocyclic aromatic radical of
5 or 6 ring atoms where one, two, or three, ring atoms are heteroatom(s) independently
selected from N, O, or S, the remaining ring atoms being carbon. Representative examples
include, but are not limited to, pyrrolyl, thienyl, thiazolyl, imidazolyl, furanyl, oxazolyl,
isoxazolyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazolyl, and the like.

"Heteroaralkyl" means —(alkylene)-R where R is a heteroaryl ring which 1s a
monovalent monocyclic aromatic radical of 5 or 6 ring atoms where one, two, or three, ring
atoms are heteroatom independently selected from N, O, or S, the remaining ring atoms being
carbon provided that at least one ring atom is N. The heteroaryl ring can be optionally
substituted with carboxy.

"Heterocyclyl" means a saturated monovalent monocyclic group of 5 to 8 ring atoms 1n
which one or two ring atoms are heteroatom(s) independently selected from N, O, or S(O),,
where n is an integer from 0 to 2, the remaining ring atoms being C.

"Heterocycloamino" means a saturated monovalent monocyclic group of S to 8 ring

atoms in which one or two ring atoms are heteroatom independently selected from N, O,

13



10

15

20

25

30

CA 02728046 2010-12-14
WO 2009/154775 PCT/US2009/003666

S(O),, or C(O) where n is an integer from 0 to 2, the remaining ring atoms being C provided at
least one ring atom is nitrogen e.g., pyrrolidinyl, piperidinyl, azetidinyl, aziridinyl, and the
like. The heterocycloamino group can optionally be substituted with one to two substituents
independently selected from hydroxyl, carboxy, fluoro, carboxyalkyl, or alkyl.

"Heterocycloaminocarbonyl" means a —C(O)-R radical where R is heterocycloamino
group as defined above e.g., pyrrolidinylcarbonyl, azetidinylcarbonyl, and the hke.

"Heterocycloaminooxy" means a —O-R radical where R is heterocycloamino group as
defined above e.g., pyrrolidinyloxy, azetidinyloxy, and the like.

"Heterocycloaminoalkyl" means a -alkylene-R radical where R is heterocycloamino
group as defined above e.g., pyrrolidinylethyl, azetidinylpropyl, and the like; provided that
when the Z group in section (i) of Claim 1 is heterocycloaminoalkyl group where the |
heterocycloalkylamino group is substituted with a (one) carboxy group and optionally
substituted with hydroxyl, carboxy, fluoro, or alkyl, then the alkylene chain 1s not —CR®R"-
where R? and R° are independently H or alkyl.

"Monosubstituted amino" means a ~NHR radical where R is alkyl or cycloalkyl
substituted with carboxy, each as defined herein, e.g., methylamino, cyclopropylamino, 2-
carboxycyclobutylamino, and the like. When R is alkyl, it is also referred to herein as
monoalkylamino.

The terms “o0x0” and ‘“‘thioxo” represent the groups =0 (as in carbonyl) and =S (as 1n
thiocarbonyl), respectively.

“Halo” or “halogen” means a halogen atoms selected from F, Cl, Br and I.

"Sulfonylamino" means a -NHSO;R radical where R is alkyl or carboxalkyl, each as
defined herein. When R is alkyl it is also referred to herein as alkylsulfonyl.

The specification and claims contain listing of species using the language “selected

from...and...” and “is...or...” (sometimes referred to as Markush groups). When this
language is used in this application, unless otherwise stated it 1s meant to include the group as
a whole, or any single members thereof, or any subgroups thereof. The use of this language 1s
merely for shorthand purposes and is not meant in any way to limit the removal of individual

elements or subgroups as needed.

“Treating” and “Treatment”, includes any effect, e.g., lessening, reducing, modulating,
or eliminating, that results in the improvement of the condition, disease, disorder, etc. and

includes preventative and reactive treatment.
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"Pharmaceutically-acceptable salt" means a salt prepared by conventional means, and
are well known by those skilled in the art. The "pharmaceutically acceptable salts" include
basic salts of inorganic and organic acids, including but not limited to hydrochlonc acid,
hydrobromic acid, sulfuric acid, phosphoric acid, methanesulfonic acid, ethanesulfonic acid,
malic acid, acetic acid, oxalic acid, tartaric acid, citric acid, lactic acid, fumaric acid, succinic
acid, maleic acid, salicylic acid, benzoic acid, phenylacetic acid, mandelic acid and the like.
When compounds of the invention include an acidic function such as a carboxy group, then
suitable pharmaceutically acceptable cation pairs for the carboxy group are well known to
those skilled in the art and include alkaline, alkaline earth, ammonium, quaternary ammonium
cations and the like. For additional examples of "pharmacologically acceptable salts,” see
infra and Berge et al., J. Pharm. Sci. 66:1 (1977).

It will be noted that the structure of some of the compounds of the invention includes
asymmetric carbon atoms. It is to be understood accordingly that the isomers arising from
such asymmetry (e.g., all enantiomers and diastereomers) are included within the scope of the
invention, unless indicated otherwise. Such isomers can be obtained in substantially pure
form by classical separation techniques and by stereochemically controlled synthesis. Alkenes
can include either the E- or Z-geometry, where appropnate.

It should be noted that compounds of the invention may contain groups that may exist

in tautomeric forms, such as heteroatom substituted heterocycloamino groups (Y' = O, S, NR),

and the like, which are illustrated in the following examples:
Y’
Yl

Y' Y'-H
Y' Y'H
=0 & =2 =0
P P ~ \ .
OH O O O O OH

RMR' - R/u\/u\R' o R/u\R'

and though one form is named, described, displayed and/or claimed herein, all the

tautomeric forms are intended to be inherently included in such name, description, display
and/or claim.

Prodrugs of the compounds of this invention are also contemplated by this invention.
A prodrug is an active or inactive compound that is modified chemically through 1n vivo
physiological action, such as hydrolysis, metabolism and the like, into a compound of this

invention following administration of the prodrug to a patient. The suitability and techniques
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involved in making and using prodrugs are well known by those skilled in the art. For a
general discussion of prodrugs involving esters see Svensson and Tunek Drug Metabolism
Reviews 165 (1988) and Bundgaard Design of Prodrugs, Elsevier (1985). Examples of a
masked carboxylate anion include a variety of esters, such as alkyl (for example, methyl,
ethyl), cycloalkyl (for example, cyclohexyl), aralkyl (for example, benzyl, p-methoxybenzyl),
and alkylcarbonyl-oxyalkyl (for example, pivaloyloxymethyl). Amines have been masked as
arylcarbonyloxymethyl substituted derivatives, which are cleaved by esterases in vivo
releasing the free drug and formaldehyde (Bungaard J. Med. Chem. 2503 (1989)). Also, drugs
containing an acidic NH group, such as imidazole, imide, indole and the like, have been
masked with N-acyloxymethyl groups (Bundgaard Design of Prodrugs, Elsevier (1985)).
Hydroxy groups have been masked as esters and ethers. EP 039,051 (Sloan and Little,
4/11/81) discloses Mannich-base hydroxamic acid prodrugs, their preparation and use.

“ECso of an agent” included that concentration of an agent at which a given activity,
including binding of sphingosine or other ligand of an S1P receptor and/or a functional activity
of a S1P receptor (e.g., a signaling activity), is 50% maximal for that S1P receptor. Stated
differently, the ECsg is the concentration of agent that gives 50% activation, when 100%

activation is set at the amount of activity of the S1P receptor which does not increase with the

addition of more ligand/agonist and 0% activation is set at the amount of activity in the assay

in the absence of added ligand/agonist.

“Purified” and like terms relate to the isolation of a molecule or compound in a form
that is substantially free of contaminants normally associated with the molecule or compound

in a native or natural environment.
“Immunomodulation” includes effects on the functioning of the immune system, and

includes both the enhancement of an immune response as well as suppression of the immune

response.

An “effective amount” includes an amount sufficient to produce a selected ettect. For
example, an effective amount of an S1P1 receptor agonist is an amount that decreases the cell

signaling activity of the S1P1 receptor.

“Pharmaceutically acceptable” include molecular entities and compositions that do not

produce an adverse, allergic or other untoward reaction when administered to an animal, or a

human, as appropriate.
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“Pharmaceutically acceptable carrier” includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents and the
like. The use of such media and agents for pharmaceutical active substances is well known in
the art. Except insofar as any conventional media or agent is incompatible with the active
ingredient, its use in the therapeutic compositions is contemplated. Supplementary active
ingredients can also be incorporated into the compositions.

The term “L 1s a saturated 3, 4, 5, 6 or 7-member ring containing 0, 1 or 2 atoms
selected from N, O and S” means that L is saturated carbocyclic ring (ring with only carbon
ring atoms) having 3, 4, 5, 6 or 7 carbon atoms wherein 0, 1, or 2 carbon ring atoms can be

replaced by N, O, or S.

Embodiments
(I) In one embodiment, the compounds of Formula (I) are those wherein:
X3 N N N
— N — — —
sl ¢ sy ° s 5
X is O or S , preferably S . Within

this group, in one group of compounds X! is N and X* and X’ are CH. Within this group,
another group of compounds 1s that X' and X* are CH and X’ is N. Within group (I) and
groups contained therein, in one group of compounds n is 0. Within group (I) and groups
contained therein, in one group of compounds m1s 0 and o 1s 1 or 2.

(a) Within the above embodiment (I) and groups contained therein, in one group of
compounds L is a saturated 3, 4, 5, 6 or 7-member ring, preferably 3, 4, or S-member ring, the
ring being substituted by 0, 1 or 2 groups selected from F, Cl, C 4alkyl, C,shaloalkyl, OH, -
OC,4alkyl, and -OC,4haloalkyl. Within this group, in one group of compounds, L 1s
cyclopropyl, cyclopentyl, or cyclohexyl, preferably cyclopropyl. Within this group, in one
group of compounds, R' is methyl, fluoro, hydroxyl, trifluoromethyl, methoxy or
trifluoromethoxy.

(b) Within the above embodiment (I) and groups contained therein, in another
group of compounds L is a saturated 3, 4, 5, 6 or 7-member ring containing 1 or 2 atoms
selected from N, O, or S and the ring being substituted by 0, 1 or 2 groups selected from F, Cl,
Ci4alkyl, C,4haloalkyl, OH, -OC, 4alkyl, and -OC, shaloalkyl. Within this group, in one
group of compounds, L is piperidinyl, tetrahydropyranyl or oxetanyl. Within this group, in
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one group of compounds, R' is methyl, fluoro, hydroxyl, trifluoromethyl, methoxy or
trifluoromethoxy.

(I)  In another embodiment, the compounds of Formula (I) are those wherein L 1s a
saturated 3, 4, 5, 6 or 7-member ring the ring being substituted by 0, 1 or 2 groups selected
from F, Cl, C,4alkyl, C,4haloalkyl, OH, -OC,4alkyl, and -OC,_shaloalkyl. Within this group,
in one group of compounds, L is cyclopropyl, cyclopentyl, or cyclohexyl, preferably
cyclopropyl. Within this group, in one group of compounds, R' is methyl, fluoro, hydroxyl,
trifluoromethyl, methoxy or trifluoromethoxy. Within this group, and groups contained
therein, in one group of compounds, R’ is F, Cl, amino or C;_salkyl where alkyl 1s linear or
branched and saturated, preferably R” is fluoro, amino, methyl.

(1) Within embodiments I, I(a), I(b), and II, and groups contained therein, in one
embodiment, A is phenyl substituted with R' group as defined in the Summary. Within these
groups, in another group of compounds R' is selected from F, Cl, C,4alkyl, C,4haloalkyl,
OH, -OC,4alkyl, and -OC, shaloalkyl where the alkyl group is above listed groups 1s linear or
branched and saturated. Preferably, R!is methyl, fluoro, hydroxyl, trifluoromethyl, methoxy
or trifluoromethoxy. Preferably, A is phenyl or phenyl substituted at the 2 position with
fluoro, or phenyl substituted at the 4-position with fluoro or hydroxyl, the carbon atom of the
phenyl ring attached to L being the 1-position. Within this group, and groups contained
therein, in one group of compounds, R’ is F, Cl, amino or C;4alkyl where alkyl 1s linear or
branched and saturated, preferably R is fluoro, amino, methyl.

(1))  Within embodiments I, I(a), I(b), and II, and groups contained therein, in
another embodiment, the compounds of Formula (I) are those wherein A is cycloalkyl
substituted with R' group as defined in the Summary. Within these groups, in one group of
compounds, A is cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl and R' is selected from F,
Cl, C,4alkyl, C,4haloalkyl, OH, -OC,4alkyl, and -OC;shaloalkyl where the alkyl group 1s
above groups is linear or branched and saturated, preferably fluoro if R' is present.. Preferably
R' is methyl, fluoro, trifluoromethyl, hydroxyl, methoxy or trifluoromethoxy. Preferably, A is
cyclopropyl, cyclohexyl disubstituted at the 4 position with two fluorine atoms, or cyclopentyl
disubstituted at the 3-position with two fluorine atoms, the carbon atom attached to L being
the 1-position. Within this group, and groups contained therein, in one group of compounds,
R is F, Cl, amino or C;4alkyl where alkyl is linear or branched and saturated, preferably R?is

fluoro, amino, methyl.
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(111))  Within embodiments I, I(a), I(b), and II, and groups contained therein, in
another group of compounds, A is five or six membered heterocyclyl, preterably, A 1s
tetrahydropyranyl, piperidinyl, tetrahydrofuranyl, substituted with R' group as defined in the
Summary. Within this group in one group of compounds R! is selected from F, Cl, C;4alkyl,
Cshaloalkyl, OH, -OC, 4alkyl, and -OC,;_shaloalkyl where the alkyl group is above groups is
linear or branched and saturated. Preferably R' is methyl, fluoro, trifluoromethyl, hydroxyl,
methoxy or trifluoromethoxy. Preferably, A is tetrahydropyranyl, piperidinyl,
tetrahydrofuranyl and m is 0. Within this group, and groups contained therein, in one group of
compounds, R’ is F, Cl, amino or C;4alkyl where alkyl is linear or branched and saturated,
preferably R is fluoro, amino, methyl.

(iv)  Within embodiments I, I(a), I(b), and II, and groups contained therein, 1n
another group of compounds, A is five or six membered heteroaryl, preferably, A 1s pyndinyl,
thienyl, pyrimidinyl, furanyl, or pyrrolyl, substituted with R' group as defined in the
Summary. Within this group, in one group of compounds R'! is selected from F, Cl, C;alkyl,
C,4haloalkyl, OH, -OC,4alkyl, and -OC, shaloalkyl where the alkyl group i1s above groups 1s
linear or branched and saturated. Preferably R' is methyl, fluoro, trifluoromethyl, hydroxyl,
methoxy or trifluoromethoxy. Preferably, A is pyridinyl, thienyl, pyrimidinyl, furanyl, or
pyrrolyl, and m is 0. Within this group, and groups contained therein, in one group of

compounds, R’ is F, Cl, amino or C;4alkyl where alkyl is linear or branched and saturated,

preferably R’ is fluoro, amino, methyl. _
(A)  Within embodiments I, I(a), I(b), I(a)(1), I(a)(i1), I(a)(1i1), I(a)(1v), I(b)(1),
[(b)(i1), I(b)(ii1), I(b)(v), II, I1(2), I(i1), I(ii1), I(iv), II(1), II(ii), I1(ii1), and II(1v), and groups

2___3
| 4
./
s
contained therein, 1n one group of compounds, 1n group (R%)o , Z 1s cycloalkyl

substituted with amino, monoalkylamino or dialkylamino; or cycloalkylalkyl substituted with
one or two carboxy, preferably Z is 1-aminocycloprop-1-yl, 1-methylaminocycloprop-1-yl, 4-
carboxycyclobutylmethyl, (cis)-3-carboxycyclobutylmethyl, (trans)-3-carboxycyclobutyl-
methyl, or 3,3-dicarboxycyclobutylmethyl. Within this group, in one group of compounds n
is 0 and R? is fluoro, amino, or methyl and o is 1 or 2, preferably o is 1, and R’ is fluoro and

attached to the 2-position of the phenyl ring.
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(B)  Within embodiments I, I(a), I(b), I(a)(1), I(a)(i1), I(a)(111), I(a)(1v), I(b)(1),
I(b)(i1), I(b)(i11), I(b)(av), 11, I(1), I(11), I(i11), I(iv), II(1), II(i1), II(i11), and II(t1v), and groups

2__3
] 4,
-\ I /
6 \ 5
contained therein, in another group of compounds, in group (R%)o , Z 18

monosubstituted amino, disubstituted amino, or sulfonylamino. Within this group, in one
group of compounds n is 0 and R” is fluoro, amino, or methyl and o is 1 or 2, preferably o is 1
and R’ is fluoro and attached to the 2-position of the phenyl ring.

(C)  Within embodiments I, I(a), I(b), I(a)(1), I(a)(11), I(a)(111), I(a)(1v), I(b)(1),
[(b)(i1), I(b)(1i1), I(b)(iv), 11, I(1), I(11), I(a11), I(iv), II(1), II(11), II(i11), and II(iv), and groups

2___3
] : 5
|
i \ I /
6 \ 5
contained therein, in another group of compounds, in group (R%)o , 2. 18

heterocycloamino, heterocycloaminoalkyl, heterocycloaminocarbonyl, heterocycloaminooxy,
or heteroaralkyl. Within this group in one group of compounds, the heterocycloamino ring in
the above listed groups is pyrrolidinyl, piperidinyl, morpholinyl, or azetidinyl, each ring
substituted as defined in the definition section. Preferably, Z 1s 1-(3-carboxyazetidin-1-yl)-
ethyl, R-1-(3-carboxyazetidin-1-yl)ethyl, S-1-(3-carboxyazetidin-1-yl)-ethyl, (2S,4R)-2-
carboxy-4-hydroxypyrrolidin-4-yl, (2R,4R)-2-carboxypyrrolidin-4-yl, (2S,4R)-2-carboxy-1-
methylpyrrolidin-4-yl, (2S,4R)-2-carboxypyrrolidin-4-yl, 4-carboxyimidazol-1-ylmethyl,
(2S,4R)-2-carboxypyrrolidin-4-yloxy, 3-hydroxyazetidin-1-ylmethyl, 3-carboxy-
methylazetidin-1-ylmethyl, 3-fluoroazetidin-1-ylmethyl, azetidin-1-ylmethyl, 2-oxopyrrolidin-
1-yl, 3,3-difluoroazetidin-1-ylmethyl, 3-carboxypyrazol-1-ylmethyl, 4-carboxypyrazol-1-
ylmethyl, 5-carboxypyrazol-1-yl-methyl, azetidin-1-ylcarbonyl, 3-carboxyazetidin-1-
ylcarbonyl, morpholin-4-ylcarbonyl, (2S,4S)-2-hydroxymethylpyrrolidin-4-yl; 3R-
carboxypyrrolidin-1-ylcarbonyl, 3R-carboxypiperidin-1-ylcarbonyl, or 5-carboxyimidazol-1-
methyl. Within this group, and group contained therein, in one group of compounds, nis O
and R? is fluoro, amino, or methyl and o is 1 or 2, preferably o is 1 and R’ is fluoro and

attached to the 2-position of the phenyl nng.
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(D)  Within embodiments I, I(a), I(b), I(a)(i), I(a)(i1), I(a)(iii), I(a)(iv), I(b)(i),
I(b)(i1), I(b)(111), I(b)(1v), I, I(1), I(i1), I(a11), I(1v), II(3), II(i1), II(a11), and II(iv), and groups

2__3
| 4
N\
6 . 5
contained therein, in another group of compounds, in group (R%o , 218

carboxyalkylamino, hydroxyalkyl, substituted hydroxyalkyl, hydroxyalkoxy, substituted
hydroxyalkoxy, aminoalkyl, aminoalkoxy, carboxyalkyl, substituted carboxyalkyl,
carboxyalkoxyalkyl, substituted carboxyalkoxyalkyl, aminocarbonyl or acylamino. Within
this group, in one group of compounds R’ is fluoro, amino, methyl and o is 1 or 2. Within
this group, and group contained therein, in one group of compounds, Z 1s
carboxymethyINHCO-, 2-carboxyethyINHCO-, 3-carboxypropylINHCO-, 2-
carboxyethyINHCHj;. 1-(2-carboxyethylNH)ethyl, 1R-(2-carboxyethylNH)ethyl, 1S5-(2-
carboxyethylNH)ethyl, R-3-amino-3-carboxybutyl, 3-amino-3-CH;OP(O)(OH);-4-
hydroxybutyl, S-2-carboxy-2-hydroxyethylCONH-, R-1-amino-2-carboxyethylCONH-, S-1-
amino-2-carboxyethylCONH-, R-2-hydroxy-2-carboxyethyl CONH-, R-1-hydroxy-2-
carboxyethyl CONH-, 3-amino-3-carboxypropyl, R-2-amino-2-carboxyethyl CONH-, S-2-
amino-2-carboxyethylCONH-, 2-(carboxymethylamino)ethyl, S-1-hydroxy-2-carboxyethyl-
CONH-, S-3-amino-3-carboxybutyl, 2-HOC(O)C(O)NH-ethyl, 3-carboxypropylamino, 2-
carboxyethylamino, R-1-aminoethyl, 3-carboxypropyl, 3R-glyceryloxy, 3S-glyceryloxy, 2-
amino-3-hydroxypropyl, 2-amino-2-hydroxymethyl-3-hydroxypropyl, 2-acetylaminoethyl, 2-
hydroxyethyl, hydroxymethyl, 2-hydroxyethyINHCO-, S-1-hydroxy-2,2,2-trifluoroethyl,
trifluoromethyl CONH-, 2-hydroxymethyl-3-hydroxypropyl, 2-methoxyethyINHCO-, 2-
aminoethyl, cyclopropyINHCO-, 1-hydroxy-2,2,2-trifluoroethyl, R-1-hydroxy-2,2,2-
trifluoroethyl, 2-dimethylaminoethyl, 1-amino-1-methylethyl, 2-hydroxyethyIN(CH3)CO-, 2-
methylsulfonylaminoethyl, 2-methoxyethylN(CH3;)CO-, 1-amino-2,2,2-trifluoroethyl, R-3-
amino-3-carboxypropyl-, S-3-amino-3-carboxypropyl, 2-carboxyethyl, (S)-1-aminoethyl, 3-
amino-3-hydroxymethyl-4-hydroxybutyl, 3-carboxypropylaminomethyl, 2-amino-2-
carboxyethyl, 3-(azetidin-1-yl)propylaminomethyl, S-CH,NHCH(CH;)CO,H, R-
CH,NHCH(CH3)CO,H, (1-carboxycyclopropyl)aminomethyl, -CH,NHC(CHj3),CO;H,
carboxymethyloxymethyl, 1-hydroxyethyl, -CH,NHC(CHj3), CH,CO2H, -
CH,NHCH(CH;)CH,CO,H, -CH(CH3;)NHCH(CH3) CH,CO,H, S-CH,NHCH(CH3)-
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CH,CO;H, R-CH,NHCH(CH3)CH,CO;H, (3S,1R)-CH(CH3;)NHCH(CH3)CH,CO;H, (3R,15)-
CH(CH3;)NHCH(CH;3)CH,CO,H, CH,CH(NH,)CO,H, S-CH,CH(NH;)CO;H, R-
CH,CH(NH;)CO,H, S-(CH;),CH(NH,)CO,H, -CONHC(CH3),CH,COOH, -CON(CH3)-
(CH,),COOH, -CONHCH(CH;)CH,COOH, -NHCO(CH,),COOH, -CH,NHCH,;COOH, or -
CONHCH(CH;)CH,COOH. Within this group, and group contained therein, in one group of
compounds, n 1s 0 and R’ is fluoro, amino, or methyl and o is 1 or 2, preferably o is 1 and R’
is fluoro and attached to the 2-position of the phenyl ring.

(E)  Within embodiments I, I(a), I(b), I(a)(i), I(a)(i1), I(a)(i11), I(a)(1v), I(b)(1),
I(b)(i1), I(b)(iii), I(b)(iv), II, I(i), I(ii), I(iii), I(iv), II(i), I(i1), II(ii1), and 1I(iv), and groups

23
1] 4
\/
s
contained therein, in another group of compounds, in group (R%)o , Z 1S a group
of formula (b):
RY _CO.H
R7 R9
6
R \>\1
; R10
G l
' R4 RS q
(b)
where:

qis 0, 1 or 2;

R* is selected from H, C,.shaloalkyl, Cy.salkyl; preferably H or linear or branched
C,.¢alkyl; preferably R%is H or methyl; '

R’ is selected from H, C,_shaloalkyl, C,4alkyl; preferably H or linear or branched
C,.¢alkyl; preferably R’ is H or methyl; or

R* and R’ together form a 3, 4, 5, 6 or 7-member carbocyclic ring substituted by 0, 1 or
2 groups selected from F, Cl, C)4alkyl, C;4haloalkyl, OH, -OC,_4alkyl, and -OC,_shaloalkyl;
preferably R* and R° together form cyclopropyl;

R® is a lone pair of electrons or O;

R’ is H or C,alkyl; preferably H or linear or branched C;.salkyl; preferably R’ is H or
methyl;
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R® is selected from H, F, Cl, C,4alkyl, C,4haloalkyl, OH, -OC, 4alkyl, and -
OC,haloalkyl; preferably H or linear or branched C.alkyl; preferably R® is H or methyl; or

R’ and R® together is selected from -(CR'’R'")-, -(CR'°R'%)0O-, -O(CR'"R %),
-(CR'’R')(CR!'’R'%)., and -(CR'’R!®);-; preferably R’ and R® together is —CH,-, -(CH3),- or —
(CHz)s-;

R’ is selected from H, F, C,shaloalkyl, C,4alkyl, OH and OC,4alkyl; or R® and R’
together with the carbon atom to which they are attached form cycloalkyl; preferably R’ is H;

and

each R'’ is independently in each instance selected from H, F, Cl, C,4alkyl,
C4haloalkyl, OH, -OC, 4alkyl, and -OC, shaloalkyl.; preterably H or linear or branched
C,.¢alkyl; preferably R' is H or methyl.

Within this group of compounds, in one group of compounds:

qi1s 0, 1 or 2;

R* is selected from H, C,.shaloalkyl, C;.salkyl; preferably or linear or branched
C,.¢alkyl; preferably R* is H or methyl;

R’ is selected from H, C,.shaloalkyl, C;4alkyl; preferably or linear or branched
C,.¢alkyl; preferably R’ is H or methyl;

R® is a lone pair of electrons or O;

R’ is H or C;alkyl; preferably or linear or branched C,.galkyl; preferably R’is H or
methyl;

R® is selected from H, F, Cl, C,4alkyl, C,4haloalkyl, OH, -OC,4alkyl, and -
OC,4haloalkyl; preferably or linear or branched C,_galkyl; preferably R® is H or methyl;

R’ is selected from H, F, C,_shaloalkyl, C,4alkyl, OH and OC,4alkyl; preferably or
linear or branched C,_galkyl; preferably R’ is H or methyl; and

each R'’ is independently in each instance selected from H, F, Cl, C,4alkyl,
C,shaloalkyl, OH, -OC, 4alkyl, and -OC,_shaloalkyl; preferably or linear or branched
C,.salkyl; preferably R'? is H or methyl.

Within this group of compounds, in another group of compounds:

qi1s 0, 1 or 2;

R* and R’ together form a 3, 4, 5, 6 or 7-member carbocyclic ring substituted by 0, 1 or
2 groups selected from F, Cl, C,jalkyl, C,shaloalkyl, OH, -OC, 4alkyl, and -OC, 4haloalkyl;
preferably R* and R° together form cyclopropyl;
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R® is a lone pair of electrons or O;

R’ is H or C;alkyl; preferably or linear or branched C.salkyl; preferably R’ is H or
methyl;

R8 is selected from H, F, Cl, C;4alkyl, C,4haloalkyl, OH, -OC,alkyl, and -
OC,4haloalkyl; preferably or linear or branched C,.¢alkyl; preferably R® is H or methyl;

R’ is selected from H, F, C,_shaloalkyl, C;4alkyl, OH and OC,4alkyl; preferably or
linear or branched C,.¢alkyl; preferably R’ is H or methyl; and

each R'Y is independently in each instance selected from H, F, Cl, C;4alkyl,
C,4haloalkyl, OH, -OC, _4alkyl, and -OC,_shaloalkyl; preferably or linear or branched
C,.salkyl; preferably R'" is H or methyl.

Within this group of compounds, in yet another group of compounds:

qi1s 0,1 or 2;

R? is selected from H, C,.shaloalkyl, C,.¢alkyl; preferably or linear or branched
C,.calkyl; preferably R* is H or methyl;

R’ is selected from H, C,.shaloalkyl, C,4alkyl; preferably or linear or branched
C,.salkyl; preferably R’ is H or methyl;

R® is a lone pair of electrons or O;

R’ and R® together is selected from -(CR'’R'%)-, -(CR'°R'%)O-, -O(CR'’R"%)-,
-(CR'"R'®)(CR'"R"®)-, and -(CR'’R'*);-; preferably R’ and R® together is —CH,-, ~(CHa),- or —
(CHz)3-;

R’ is selected from H, F, C,.shaloalkyl, C;4alkyl, OH and OC,salkyl; preferably or
linear or branched C,¢alkyl; preferably R’ is H or methyl; and

each R' is independently in each instance selected from H, F, Cl, C, 4alkyl,
Ci4shaloalkyl, OH, -OC, salkyl, and -OC,_shaloalkyl; preferably or linear or branched
C,alkyl; preferably R'° is H or methyl.

Within this group, and groups contained therein, in one group of compounds, n 1s 0
and R’ is fluoro, amino, or methyl and o is 1 or 2 and Z is 3-carboxyazetidin-1-ylmethyl, 3-
carboxy-3-hydroxyazetidin-1-ylmethyl, 3-carboxy-3-fluoroazetidin-1-ylmethyl, 3-
carboxypyrrolidin-1-ylmethyl, R-3-carboxypyrrolidin-1-ylmethyl, S-3-carboxypyrrolidin-1-
ylmethyl, 1R,3S-3-carboxy-N-oxoazetidin-1-ylmethyl, 1S,3R-3-carboxy-N-oxoazetidin-1-
ylmethyl, R-1-(3-carboxyazetidin-1-yl)-ethyl, S-1-(3-carboxyazetidin-1-yl)-ethyl, 1-(2-
carboxyethylamino)-1-methylethyl, (2S,4R)-2-carboxy-4-hydroxypyrrolidin-4-yl, R-2-
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carboxyazetidin-1-ylmethyl, S-2-carboxyazetidin-1-ylmethyl, R-2-carboxypyrrolidin-1-
ylmethyl, or S-2-carboxypyrrolidin-1-ylmethyl. Within this group, and group contained
therein, in one group of compounds, preferably o is 1 and R’ is fluoro and attached to the 2-
position of the phenyl ring and Z is 3-carboxyazetidin-1-ylmethyl, 3-carboxypyrrolidin-1-
ylmethyl, R-3-carboxypyrrolidin-1-ylmethyl, or S-3-carboxypyrrolidin-1-ylmethyl.

(F)  Within embodiments I, I(a), I(b), I(a)(1), I(a)(i1), I(a)(ii1), I(a)(1v), I(b)(1),
I(b)(i1), I(b)(ii1), I(b)(iv), I, 1(2), I(11), I(ii1), I(iv), II(1), II(i1), II(iii), and II(iv), and groups

2__3
] 4
T\
6 ; 5
contained therein, in another group of compounds, 1n group (R%)o . Z is where R’

is on carbon atom on the phenyl ring that is adjacent to carbon carrying Z, and R’ and Z can
combine to form -CH=CH-NR'!-, -(CH,),NR''-, -CH,NR''CH,-, (CH;),NR''CH,-, -
N=CR'!-NH-, or -N=CH-NR''-, where R'' is selected from hydrogen, hydroxyalkyl,
aminoalkyl, carboxyalkyl, substituted hydroxyalkyl or substituted carboxyalkyl; or
aminocarbonyl. Within this group, in one group of compounds R’ is fluoro, amino, methyl

and o is 1 or 2. Within this group, and group contained therein, in one group of compounds,

2__3
v 4
T\ ./
6 I3 5
(R%)o is 2-carboxyethylindol-5-yl, indol-5-yl, 3-carboxypropylindol-5-yl,

1,2,3,4-tetrahydroisoquinolin-6-yl, 1-carboxymethylindol-5-yl, 2-(2-carboxyethyl)-3,4-
dihydro-2-(1H)-isoquinolin-6-yl, 2-(carboxymethyl)- 3,4-dihydro-2-(1H)-isoquinolin-6-yl, 2-
(2-carboxyethyl)-1,3-dihydro-2-(1H)-indol-5-yl, 2-(carboxymethyl)-1,3-dihydro-2-(1H)-1ndol-
5-yl,, 1-(2-carboxyethyl)-benzimidazol-6-yl, or 1-(2-carboxyethyl)-benzimidazol-5-yl. Within
this group, and group contained therein, in one group of compounds, n 1s 0 and R’ is fluoro,
amino, or methyl and o is 1 or 2, preferably o is 1 and R” is fluoro and attached to the 2-
position of the phenyl ring.

(G) Within embodiments I, I(a), I(b), I(a)(1), I(a)(11), I(a)(111), I(a)(1v), I(b)(1),
I(b)(i1), I(b)(111), I(b)(iv), II, I(1), I(11), I(i11), I(iv), II(1), II(i1), II(111), and II(1v), and groups

25



10

15

20

25

CA 02728046 2010-12-14

WO 2009/154775 PCT/US2009/003666
2 3
1 ? .
|
-\ |/
6 l . 5
contained therein, in another group of compounds, in group (R%)o 1s 2-fluoro-4-

(3-carboxyazetidin-1-ylmethyl)phenyl; 2-fluoro-4-(3-carboxy-3-hydroxyazetidin-1-
ylmethyl)phenyl; 2-fluoro-4-(3-carboxy-3-fluoroazetidin-1-ylmethyl)phenyl; 2-fluoro-4-(3-
carboxypyrrolidin-1-ylmethyl)phenyl; 2-fluoro-4-(R-3-carboxypyrrolidin-1-ylmethyl)phenyl;
2-fluoro-4-(carboxymethyINHCO-)phenyl; 2-fluoro-4-(2-carboxyethyINHCO-)phenyl; 2-
fluoro-4-(3-carboxypropylINHCO-)phenyl; 2-fluoro-4-(S-3-carboxypyrrolidin-1-
ylmethyl)phenyl; 2-fluoro-4-(2-carboxyethyINHCH;.)phenyl; 2-fluoro-4-(1R,3S-3-carboxy-N-
oxoazetidin-1-ylmethyl)phenyl; 2-fluoro-4-(1S,3R-3-carboxy-N-oxoazetidin-1-
ylmethyl)phenyl; 2-fluoro-4-[R-1-(3-carboxyazetidin-1-yl)-ethyl)phenyl; 2-fluoro-4-[S-1-(3-
carboxyazetidin-1-yl)-ethyl)phenyl; 2-fluoro-4-(R-2-amino-2-carboxyethylCONH-)phenyl; 2-
fluoro-4-(S-2-amino-2-carboxyethyl CONH-)phenyl; 2-fluoro-4-(2-
(carboxymethylaminoethyl)phenyl; 2-fluoro-4-[(2R,4R)-2-carboxypyrrolidin-4-yl]phenyl; 2-
fluoro-4-(S-1-hydroxy-2-carboxyethyl CONH-)phenyl; 2-fluoro-4-[(2S,4R)-2-carboxy-1-
methylpyrrolidin-4-yl]phenyl; 2-fluoro-4-(S-3-amino-3-carboxybutyl)phenyl; 2-fluoro-4-(R-3-
amino-3-carboxybutyl)phenyl; 2-fluoro-4-(3-amino-3-CH,OP(O)(OH),-4- '
hydroxybutyl)phenyl; 2-fluoro-4-(S-2-carboxy-2-hydroxyethyl CONH-)phenyl, 2-fluoro-4-(S-
1-amino-2-carboxyethylCONH-)phenyl, 2-fluoro-4-(R-1-amino-2-carboxyethyl CONH-
)phenyl, 2-fluoro-4-(R-2-hydroxy-2-carboxyethyl CONH-)phenyl, 2-fluoro-4-(R-1-hydroxy-2-
carboxyethyl CONH-)phenyl, 2-fluoro-4-[(2S,4R)-2-carboxy-4-hydroxypyrrolidin-4-yl]phenyl,
2-fluoro-4-[(2S,4R)-2-carboxypyrrolidin-4-yl]phenyl; 1-(2-carboxyethyl-1,2,3 4-
tetrahydroisoquinolin-6-yl; 2-fluoro-4-(4-carboxyimidazol-1-ylmethyl)phenyl; 2-fluoro-4-(cis-
3-carboxycyclopropylamino]-phenyl; 4-(2-carboxyethylamino)-phenyl; 2-tluoro-4-(3-
hydroxyazetidin-1-ylmethyl)phenyl; 2-fluoro-4-(trans-3-carboxycyclopropylamino]-phenyl; 2-
fluoro-4-(2-HOC(O)C(O)NH-ethyl)-phenyl; 2-fluoro-4-(3-carboxypropyl-amino)-phenyl; 2-
fluoro-4-(3-carboxymethylazetidin-1-ylmethyl)phenyl; 2-fluoro-4-(2-carboxyethylamino)-
phenyl; 2-fluoro-4-(4-carboxypyrazol-1-ylmethyl)-phenyl; 2-fluoro-4-[(2S,4R)-2-
carboxypyrrolidin-4-yloxy]phenyl; 2-fluoro-4-(R-2-carboxyazetidin-1-ylmethyl)phenyl; 2-
fluoro-4-(S-2-carboxyazetidin-1-ylmethyl)phenyl; 2-fluoro-4-(R-1-aminoethyl)phenyl; 2-
fluoro-4-(3-carboxypropyl)phenyl; 1-(2-carboxyethyl)indol-5-yl; 3,5-dimethyl-4-(3R-
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glyceryloxy)phenyl; 2-fluoro-4-(R-2-carboxypyrrolidin-1-ylmethyl)-phenyl; 2-fluoro-4-(2-
dimethylaminoethyl)-phenyl; 2-fluoro-4-(3-fluoroazetidin-1-ylmethyl)phenyl; 2-tfluoro-4-(S-2-
carboxypyrrolidin-1-ylmethyl)phenyl; 3-carboxypropylindol-5-yl; 3,5-dimethyl-4-(35-
glyceryloxy)phenyl; 2-fluoro-4-(1-methylaminocycloprop-1-yl)phenyl; 3,5-dimethyl-4-
(azetidin-1-ylmethyl)phenyl; 2-fluoro-4-(2-amino-3-hydroxypropyl)phenyl; 2-fluoro-4-(2-
amino-2-hydroxymethyl-3-hydroxypropyl)phenyl; 2-fluoro-4-(2-acetylaminoethyl)phenyl;
indol-5-yl; 3,5-dimethyl-4-[(3-azetidin-1-ylpropyl)aminomethyl]-phenyl; 4-(hydroxymethyl)-
3-methylphenyl; 2-fluoro-4-(2-hydroxyethyl)phenyl; 3,5-dimethyl-4-(hydroxymethyl)phenyl;
2-fluoro-4-(2-hydroxyethyINHCO-)-phenyl; 2-fluoro-4-(N,N-bis-
methylsulfonylamino)phenyl; 2-fluoro-4-(2-oxopyrrolidin-1-yl)phenyl; 2-tfluoro-4-(1-hydroxy-
2.2, 2-trifluoroethyl)-phenyl; 3-methyl-4-(3-carboxyazetidin-1-ylmethyl)phenyl, 3,5-dimethyl-
4-(3-carboxyazetidin-1-ylmethyl)phenyl, 2-methyl-4-(3-carboxyazetidin-1-ylmethyl)phenyl, 2-
fluoro-4-(azetidin-1-ylmethyl)phenyl, 2-fluoro-4-(1-amino-1-methylethyl)phenyl, 2-fluoro-4-
[1-(2-carboxyethylamino)-1-methylethyl]-phenyl, 2-fluoro-4-[R-1-(3-carboxyazetidin-1-
yDpropyl]phenyl , 2-fluoro-4-[S-1-(3-carboxyazetidin-1-yl)propyl]phenyl, 2-fluoro-4-(S-1-
hydroxy-2,2,2-trifluoroethyl)-phenyl; 2-fluoro-4-(trifluoromethyl-CONH-)-phenyl; 2-fluoro-4-
(2-hydroxymethyl-3-hydroxypropyl)phenyl; 2-fluoro-4-(2-methoxyethyINHCO-)phenyl; 4-
hydroxymethyl-2-methylphenyl; 2-fluoro-4-(3,3-difluoroazetidin-1-ylmethyl)phenyl; 2-tluoro-
4-(2-aminoethyl)phenyl; 2-fluoro-4-(3-carboxypyrazol-1-ylmethyl)phenyl; 4-hydroxymethyl-
phenyl; 1,2,3,4-tetrahydroisoquinolin-6-yl; 2-fluoro-4-(4-carboxycyclobutylmethyl)-phenyl; 2-
fluoro-4-(cyclopropyINHCO-)phenyl; 2-fluoro-4-(2-carboxyethylSO,NH)-phenyl; 2-fluoro-4-
(5-carboxypyrazol-1-yl-methyl)phenyl; 2-fluoro-4-(cis)-3-carboxycyclobutylmethyl]phenyl; 2-
fluoro-4-(R-1-hydroxy-2,2,2-trifluoroethyl)phenyl; 1-carboxymethylindol-5-yl; 2-tfluoro-4-(2-
hydroxyethyIN(CH;)CO-)-phenyl; 2-fluoro-4-(trans)-3-carboxycyclobutylmethyl]phenyl; 2-
fluoro-4-(2-methylsulfonylaminoethyl)-phenyl; 2-fluoro-4-(3,3-dicarboxycyclobutyl-methyl)p-
ethyIN(CH;)CO-)-phenyl; 2-fluoro-4-(morpholin-4-ylcarbonyl)phenyl; 2-fluoro-4-(1-amino-
2,2.2-trifluoroethyl)phenyl; 2-fluoro-4-(R-3-amino-3-carboxypropyl-)-phenyl; 2-fluoro-4-(S-3-
amino-3-carboxypropyl)-phenyl; 2-fluoro-4-hydroxymethylphenyl; 2-fluoro-4-(1R-(2-
carboxyethylINH)ethyl)phenyl, 2-fluoro-4-(1S-(2-carboxyethylNH)ethyl)phenyl, 2-fluoro-4-(1-
(2-carboxyethylNH)ethyl)-phenyl, 1S-(2-carboxyethylNH)ethyl,, 2-fluoro-2-carboxyethyi-
phenyl; 4-[(S)-1-aminoethyl]-2-fluorophenyl; 2-fluoro-4-(3-amino-3-hydroxymethyl-4-
hydroxybutyl)phenyl; 2-fluoro-4-[(2S,4S)-2-hydroxymethylpyrrolidin-4-yl}-phenyl; 4-(3-
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carboxyazetidin-1-yl-methyl)phenyl; 2-fluoro-4-(S-CH,NHCH(CH3)CO,H)-phenyl; 2-fluoro-
4-(R-CH,NHCH(CH3)CO,H)-phenyl; 2-fluoro-4-[(1-carboxycyclopropyl)-aminomethyl]-
phenyl; 2-fluoro-4-(-CH,NHC(CH3),CO,H))-phenyl; 2-(2-carboxyethyl)-3,4-dihydro-2-(1H)-
isoquinolin-6-yl; 2-(carboxymethyl)-3,4-dihydro-2-(1H)-isoquinolin-6-yl; 2-fluoro-4-
(carboxymethyloxymethyl)-phenyl; 2-fluoro-4-(1-hydroxyethyl)phenyl; 2-fluoro-4-(-
CH,NHC(CH3;), CH,CO,H)-phenyl; 2-fluoro-4-(-CH,NHC(CH,);CO,H)-phenyl; 2-fluoro-4-(-
CH,NHCH(CH;)CH,CO,H)-phenyl; 2-fluoro-4-(-CH(CH;)NHCH(CH3) CH,CO,H)-phenyl;
2-fluoro-4-(S-CH,NHCH(CH3)CH;CO,H)-phenyl; 2-fluoro-4-(R-
CH,NHCH(CH;)CH,CO;H)-phenyl; 2-fluoro-4-[(3S,1R)-CH(CH3;)NHCH(CH;)CH,CO,H]-
phenyl; 2-fluoro-4-[(3R, 15)-CH(CH3;)NHCH(CH;)CH,CO;H]-phenyl; 2-fluoro-4-
[CH,CH(NH,)CO,H]-phenyl; 2-fluoro-4-[S-CH,CH(NH;)CO,H]-phenyl, 2-fluoro-4-[R-
CH,CH(NH;)CO,H]-phenyl; 2-fluoro-4-[(S-(CH;),CH(NH,)CO,H]-phenyl; 2-fluoro-4-(3R-
carboxypyrrolidin-1-yl-carbonyl)phenyl; 2-fluoro-4-(3R-carboxypiperidin-1-ylcarbonyl)-
phenyl; 2-fluoro-4-(3-carboxyazetidin-1-ylcarbonyl)phenyl; 2-fluoro-4-(-CONHC(CH;).CH>-
COOH)-phenyl; 2-fluoro-4-[-CON(CH3)(CH,),COOH]-phenyl; 2-fluoro-4-(-CONHCH(CH3)-
CH,COOH)-phenyl; 2-fluoro-4-(-NHCO(CH,),COOH)-phenyl; 2-fluoro-4-(-
CH,NHCH,COOH)-phenyl; benzimidazol-5-yl; 2-(2-carboxyethyl)-1,3-dihydro-2-(1H)-
isoindol-5-yl; 2-(carboxymethyl)-1,3-dihydro-2-(1H)-isoindol-5-yl; 1-(2-carboxyethyl)-
benzimidazol-6-yl; 1-(2-carboxyethyl)-benzimidazol-5-yl; or 2-fluoro-4-(-CONHCH(CH3)-
CH,COOH)-phenyl. Preferably, 2-fluoro-4-(3-carboxyazetidin-1-ylmethyl)phenyl; 4-(3-
carboxyazetidin-1-ylmethyl)phenyl, 3-methyl-4-(3-carboxyazetidin-1-ylmethyl)phenyl, 2-
methyl-4-(3-carboxyazetidin-1-ylmethyl)phenyl, 2-amino-4-(3-carboxyazetidin-1-
ylmethyl)phenyl, 2-fluoro-4-[R-1-(3-carboxyazetidin-1-yl)- ethyl)phenyl, 2-fluoro-4-[S-1-(3-
carboxyazetidin-1-yl)- ethyl)phenyl, 2-fluoro-4-(R-3-carboxypyrrolidin-1-ylmethyl)phenyl, 2-
fluoro-4-(S-3-carboxypyrrolidin-1-ylmethyl)phenyl, 2-fluoro-4-(2-carboxyethyINHCH..
)phenyl, 2-fluoro-4-[(2S,4R)-2-carboxy-1-methylpyrrolidin-4-yl]phenyl, 2-fluoro-4-[(2S,4R)-
2-carboxypyrrolidin-4-yl]phenyl, 2-fluoro-4-(S-3-amino-3-carboxybutyl)-phenyl, 2-fluoro-4-
(R-3-amino-3-carboxybutyl)-phenyl, 2-fluoro-4-[(S-(CH,),CH(NH;)CO,H]-phenyl, 2-fluoro-
4-[(R-(CH,),CH(NH,)CO,H]-phenyl, 2-fluoro-4-[(1-carboxy)aminomethyl]-phenyl, 2-fluoro-
4-(-NHCO(CH;),COOH)-phenyl, 2-fluoro-4-(S-2-carboxy-2-hydroxyethyl CONH-)phenyl, or
2-fluoro-4-(S-1-amino-2-carboxyethyl CONH-)phenyl. Within this group, and group contained

therein, in one group of compounds, n 1s 0 and R’ is fluoro, amino, or methyl and o is 1 or 2.
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(IV). Within compounds of Formula (Ia):

In one embodiment, in conjunction with any above or below embodiments,

X N il
s ) s > s )t
XA is selected from O and = S .

In another embodiment, in conjunction with any above or below embodiments,
X 7N
e >
: T
iS S .

In another embodiment, in conjunction with any above or below embodiments,

0— X3>_ o—N o—N o—0
s Mt . Yt . )
é\x4 is selected from (S\O : ‘S\S , ‘S\N and
G
S
s/

In another embodiment, in conjunction with any above or below embodiments, X'is
N: and X* is CH.

In another embodiment, in conjunction with any above or below embodiments, X' is
N: and X% is N.

In another embodiment, in conjunction with any above or below embodiments, X' is
CH; and X° is N.

In another embodiment, in conjunction with any above or below embodiments, L 1s a
saturated 3, 4 or S-member ring substituted by 0, 1 or 2 groups selected from F, Cl, C;4alkyl,
C,4haloalkyl, OH, OC,4alkyl, and OC,_shaloalkyl.

In another embodiment, in conjunction with any above or below embodiments, L 1s an
unsubstituted saturated 3, 4 or S-member ring.

In another embodiment, in conjunction with any above or below embodiments, L 1s a
saturated 3, 4 or S-member ring substituted by 1 or 2 groups selected from F, Cl, C,4alkyl,
C,4haloalkyl, OH, OC,4alkyl, and OC, shaloalkyl.

In another embodiment, in conjunction with any above or below embodiments, L 1s
cyclopropyl substituted by 1 or 2 groups selected from F, Cl, C;4alkyl, C,4haloalkyl, OH,
OC,4alkyl, and OC,_shaloalkyl.
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In another embodiment, in conjunction with any above or below embodiments, L is
cyclopropyl.

In another embodiment, in conjunction with any above or below cmbodiments, mis 0
orl;nisOorl;andois 1 or 2.

In another embodiment, in conjunction with any above or below embodiments, m 1s 0.

In another embodiment, in conjunction with any above or below embodiments, n 1s 0.

In another embodiment, in conjunction with any above or below embodiments, o 1s 1
or 2.

In another embodiment, in conjunction with any above or below embodiments, R’ and
R® . when taken together, form a group that is selected from -(CR"R')-, -(CR"R')0-,
.O(CR''R'%- and -(CR"R'*))(CR'’R'))-

In another embodiment, in conjunction with any above or below embodiments, R’ and
R®, when taken together, form a group that is selected from -(CR"R")- and
(CR'R'%(CR°R'%)..

In another embodiment, in conjunction with any above or below embodiments, R’ and
R® . when taken together, form a group that is -(CR'"R")-.

In another embodiment, in conjunction with any above or below embodiments, R’ and
R°® , when taken together, form a group that 1s CHj; q 1s 1; R’ is H; and R' is H.

In another embodiment, in conjunction with any above or below embodiments, R is
selected from F, Cl, C,4alkyl, C,4haloalkyl, OH, -OC, 4alkyl, and -OC,_4haloalkyl where the
alkyl group is above groups is linear or branched and saturated. Preferably R! is methyl,
fluoro, trifluoromethyl, hydroxyl, methoxy or trifluoromethoxy.

In another embodiment, in conjunction with any above or below embodiments, R'isF;
R?is F; R’ is F; R*is H; R’ is H; and R® is a lone pair of electrons.

In another embodiment, in conjunction with any above or below embodiments, R'isF;

and mis 1.

In another embodiment, in conjunction with any above or below embodiments, R’ is F:

andnis 1.

In another embodiment, in conjunction with any above or below embodiments, R’ is F;

and o1s 1.

In another embodiment, in conjunction with any above or below embodiments, R is

selected from C.3haloalkyl and C,4alkyl; and R’ is H.
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In another embodiment, in conjunction with any above or below embodiments, R* and
R’ together form a 3, 4, 5, 6 or 7-member carbocyclic ring substituted by 0, 1 or 2 groups
selected from F, Cl, C,4alkyl, C,shaloalkyl, OH, OC,4alkyl, and OC,_shaloalkyl.

In another embodiment, in conjunction with any above or below embodiments, R* and
R’ together form a 3-member carbocyclic ring substituted by 0, 1 or 2 groups selected from F,
Cl, C,4alkyl, C,4haloalkyl, OH, OC,4alkyl, and OC,.shaloalkyl.

In another embodiment, in conjunction with any above or below embodiments, R* and
R’ together form cyclopropyl.

In another embodiment, in conjunction with any above or below embodiments, R° is a

lone pair of electrons.

In another embodiment, 1n conjunction with any above or below embodiments, R is O.
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