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(87) Abstract: Adrenergic receptor modulating compounds and methods of using
the same are provided. Also provided are methods of treating a subject for a disease
or condition associated with an adrenergic receptor including administering a ther-
apeutically effective amount of the subject compound. Aspects of the disclosure
include a method of modulating an inflammatory pathway in a cell, such as the
production of TNF-alpha in the cell. The method can include contacting a cell with
a Pl-selective adrenergic receptor modulating compound to selectively activate a
cAMP pathway over a beta-arrestin pathway in the cell. Pharmaceutical composi-
tions and kits which include the subject compounds are provided.
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ADRENERGIC RECEPTOR MODULATING COMPOUNDS AND METHODS OF USING

THE SAME

CROSS-REFERENCE
This application claims the benefit of U.S. Provisional Patent Application No. 62/336,370,

filed May 13, 2016, which application is incorporated herein by reference in its entirety.

STATEMENT OF GOVERNMENTAL SUPPORT
This invention was made with Government support under contract TR001085 awarded

by the National Institutes of Health. The Government has certain rights in the invention.

INTRODUCTION

Adrenargic receptors (ADRS) are G-protein coupled receptors (GPUR) that are widely
axpressad throughout the body and play an imporiant role in reguiating mulliple physiciogical
processas inciuding cognition, stress-reiated benavior, inflammation, and smoeoth muscie
contraction/dilation, cardiac muscle contraction, airway reactivity and cognition. In agqition,
adrenergic recepiors are associated with a numbper of diseases. | nere exist mulliple subtypes.
Hecause these sublypeas are expressad in distinct patterns and involved in different
physigiogical processas, igands that can selectively target one subiype have therapeutic
potential for multiple diseases. However, discovery of subtype-selective ligands has been
challenging due (o a nigh ievel of seqguence homology shared by these subtypes. As a class of
(s-protein coupled receptor, adrenergic receptors signal via G profein- and beta-arrestin-
dependent pathways. (5 protain- or bela-arrastin signaling can mediate different physiological
r8sSponses.

Adrenergic recepiors mediate the central and penpheral effects of noradrenaling (NA)
and adrenaline. Multiple subtypes of ADRs exist. Each sublype is expressad in distinct pattemns
and invoived in different physiciogical processeas. Therefore, ligandas that saeiectively target one
siibtype are vaiuable both as research {0ois 1o identify the roles of different ADK subtypes and
as therapeutlic agents for muitipie diseases related {0 dystunction of the NA and agrenaiine

3ystems.
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SUMMARY
Adrenergic receptor modulating compounds and methods of using the same are
provided. AlSC provided are methods of treating a subject for a disease or condition associated
with an adrenergic receptor including administering a therapeutically effective amount of the
subject compound. Aspects of the disclosure include a method of modulating an inflammatory

pathway in a cell, such as the production of TNF-alpha in the cell. The method can include
contacting a cell with a 31-selective adrenergic receptor modulating compound to selectively

activate a cCAMP pathway over a beta-arrestin pathway in the cell. Pharmaceutical compositions

and kils which inciude the subject compounds are proviged.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description when read In
conjunction with the accompanying drawings. The patent or application file contains at least one
drawing executed in color. It iIs emphasized that, according to common practice, the various
features of the drawings are not to-scale. On the contrary, the dimensions of the various
features are arbitrarily expanded or reduced for clarity. Included in the drawings are the
following figures.

FIG. 1 illustrates the control compound isoproterenol activates both cAMP and B-arrestin
pathways in a cell.

FIGs. 2A-2C illustrate the activity of compounds of interest on the cAMP and beta-
arrestin pathways, relative to isoproterenol.

FIGs. 3A-3F illustrate the efficacy of exemplary compounds of interest for activation of
cAMP pathway over B-arrestin pathway, relative to i1soproterenaol.

FIGs. 4A-4C show graphs of data for exemplary compounds of interest which
demonstrate the compounds have subtype selectivity for adrenergic receptor beta 1 (ADRB1)
over adrenergic receptor beta 2 (ADRB2).

FIGs. SA-5F show graphs of data for exemplary compounds of interest which
demonstrate the compounds have subtype selectivity for adrenergic receptor beta 1 (ADRB1)
over adrenergic receptor beta 2 (ADRB2).

FIGs. 6A-6C show graphs of data for exemplary compounds of interest which
demonstrate the compounds have subtype selectivity for adrenergic receptor beta 1 (ADRB1)

over adrenergic receptor beta 3 (ADRB3).
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FIGs. 7A-7F show graphs of data for exemplary compounds of interest which
demonstrate the compounds have subtype selectivity for adrenergic receptor beta 1 (ADRB1)
over adrenergic receptor beta 3 (ADRB3).

FIG. 8, panels A-C, shows data for selected compounds illustrating concentration in
plasma (panel A) versus concentration in brain (panel B) after administration in a mouse. Panel
C shows the ratio of brain to plasma concentration demonstrating that compound compound 43
has higher brain exposure with up to 5 times more brain concentration.

FIG. 9 illustrates the effect of exemplary compounds on average heart rate in a rat in
comparison with reference compounds isoprenaline and [Cl 118,551.

FIG. 10 illustrates the effect of exemplary compounds on blood pressure in a rat in
comparison with reference compounds isoprenaline and [Cl 118,551.

FIG. 11 illustrates the inhibitory effect of exemplary compounds on Tumor necrosis
factor (TNFa) production and inflammatory response to lipopolysaccharide (LPS).

FIG. 12 shows concentration-response effects of (S) and (R)-xamoterol on the cAMP
pathway via ADRB1. Data are expressed as a percentage of maximum efficacy obtained with
the full agonist isoproterenol. Values represents means = S.E.M.s (1- 2 experiments with n="1-
2).

FIG. 13 shows concentration-response effects of compounds on the B-arrestin pathway
via ADRB1. Data are expressed as a percentage of maximum efficacy obtained with the full
agonist isoproterenol. Values represents means £ S.E.M.s (1- 2 experiments with n=1-2).

FIG 14. shows inhibitory effects of ADRB1 ligands on LPS-induced TNF-a response in
primary microglia. Data are represented as mean = S.E.M.s of two independent experiments
(one-way ANOVA followed by Dunnett’'s multiple comparison against LPS exposure along).

FIG. 15, panels A-B, shows inhibitory effects of ADRB1 ligands on LPS induced plasma
TNF-a response In mice. (Panel A) Plasma TNFa concentrations in control animals and animals
pretreated with xamoterol or compound 43 90 min after LPS injection. (Panel B) TNFa, L1,
and [L6 mRNA expression in homogenized cortial tissue from control mice and animals
pretreated with xamoterol or compound 43 90 min after LPS injection. Data are represented as
mean £ S.E.M.s of three independent experiments. (##H p < 0.001 versus no LPS control. * p <
0.05 and *** p < 0.001 versus LPS alone, one-way ANOVA followed by Dunnett's multiple
comparison).

FIG. 16, panels A-C, shows metabolic stability in mouse and human microsomes.
Compound 43 and two reference compounds verapamil and propranolol were incubated at 0.1

uM in mouse (Panel A), rat (Panel B), or human (Panel C) liver microsomes. Serial samples

3
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were removed up until 60 min. All experiments were performed in duplicate, and data are
represented as mean £ S.E.M.

FIG. 17, panels A-B, show pharmacokinetics of compound 43 in comparison to
xamoterol. Systemic (Panel A) and portal vein (Panel B) plasma concentrations of xamoterol
and compound 43 as a function of time after a single injection of xamoterol (10 mg/kg) or
compound 43 (10 mg/kQ) via intravenous (lV), intraperitoneal (IP) and oral (PO) administration.

FIG. 18, panels A-B, show plasma and brain concentrations of xamoterol and compound
43 In rats collected 20 min after a single injection of xamoterol or compound (10 mg/kg) via |V,
IP, and PO administration. Data are represented as mean + SEM (N= 3 per route).

FIG. 19, panels A-H, illustrates the anti-inflammatory effects of xamoterol shown in
5XFAD mouse model of Alzheimer's disease. All genes (Iba1, TNFa, IL1b, CD14, CD74, TGFb,
and CD68) with the exception of IL6, were elevated in 5XFAD-vehicle treated mice relative to
wildtype-vehicle. Chronic treatment with xamoterol attenuated elevated expression of |ba1,
CD74, CD14 and TGFb.

FIG. 20 shows data illustrating that administration of exemplary compound 92 in mice
does not cause general toxicity, as measured by changes in body weight.

FIG. 21 shows data demonstrating that compound 92 produces cognitive enhancing
effects in morris water maze test. Transgenic mice treated with 92 took less time to find the
virtual platform compared to the transgenic mice treated with vehicle. WT, wild-type; Tg,
transgenic.

FIG. 22, panels A-C, illustrate that G-protein biased agonists of ADRB1 (antagonists for
B-arrestin signaling) can be used for diseases associated with fibrosis by antagonizing p-
arrestin signaling. Panel A shows data illustrating that unbiased agonist isoproterenol induces
fibrotic changes in lung and increases lung weight following 24 days of administration. G-protein
biased agonists (exemplary compounds 75 and 92) did not induce these changes. Panel B
shows data illustrating that unbiased agonist isoproterenol induces fibrotic changes in heart and
iIncreases heart weight following 24 days of administration. G-protein biased agonists
(exemplary compounds 75 and 92) did not induce these changes. Panel C demonstrated that
chronic administration of the unbiased agonist isoproterenol produces morphological changes in
heart. The G-protein biased agonists, exemplary compounds 75 and 92, did not induce these
changes.

FIG. 23, panels A and B, illustrates that xamoterol (3mg/kg) reduces infarction volume in

transient middle cerebral artery occlusion ({MCAQO) model of stroke in rat.
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FIG. 24, panels A and B, illustrates that xamoterol improves sensorimotor function in
tMCAO rat model of stroke.

FIG. 25 shows effects of xamoterol and amyloid beta (1-42) on Short-Term Potentiation
(STP) and Long-Term Potentiation (LTP).

FIG. 26. panels A-C, illustrates that the G-protein biased partial agonist of ADRB1
(xamoterol) Increases neurogenesis in mice. Neuroblast counts were elevated in dentate gyrus
of the hippocampus of xamoterol-treated mice relative to vehicle treatment. (*p<.05; t-test). DG,

dentate gyrus.

DEFINITIONS

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as I1s commonly understood by one of skill in the art to which this invention belongs. All
patents and publications referred to herein are incorporated by reference. As used In the
specification and claims, the singular form "a", "an" and "the" include plural references unless
the context clearly dictates otherwise.

“Alkyl” refers to monovalent saturated aliphatic hydrocarbyl groups having from 1 to 10
carbon atoms and such as 1 to 6 carbon atoms, or 1to 5, or1t0 4, or 1 to 3 carbon atoms.
This term includes, by way of example, linear and branched hydrocarbyl groups such as methyl
(CHas-), ethyl (CH,CH2-), n-propyl (CH:CH>CH2-), isopropyl ((CH3).CH-), n-butyl
(CH3CH,CH,CH>-), isobutyl ((CH3).CHCH,-), sec-butyl ((CH3)(CH3CH,)CH-), t-butyl ((CH3)3C-),
n-pentyl (CH;CH,CH.CH,CH>-), and neopentyl ((CH3);CCH>-).

The term “substituted alkyl® refers to an alkyl group as defined herein wherein one or

more carbon atoms In the alkyl chain have been optionally replaced with a heteroatom such
as -O-, -N-, -S-, -S(O),- (where nis 0 to 2), -NR- (where R is hydrogen or alkyl) and having from
1 to 5 substituents selected from the group consisting of alkoxy, substituted alkoxy, cycloalkyl,
substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino,
aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, oxo, thioketo,
carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy,
substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclyl, heterocyclooxy,
hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-aryl, -SO-heteroaryl, -SO,-alkyl, -SO--

aryl, -SO,-heteroaryl, and -NR?R”, wherein R and R may be the same or different and are
chosen from hydrogen, optionally substituted alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
aryl, heteroaryl and heterocyclic.

"Alkylene” refers to divalent aliphatic hydrocarbyl groups preferably having from 110 6

S



10

15

20

25

30

CA 03023763 2018-11-08

WO 2017/197324 PCT/US2017/032503

and more preferably 1 to 3 carbon atoms that are either straight-chained or branched, and
which are optionally interrupted with one or more groups selected from -O-, -NR'°-, -NR'°C(O)-,
-C(O)NR™- and the like. This term includes, by way of example, methylene (-CH,-), ethylene
(-CH>CH»-), n-propylene (-CH.CH,CH,-), iso-propylene (-CH,CH(CHjs)-), (-C(CH3),CH>CH»-),
(-C(CH,),CH>C(0O)-), (-C(CH3),CH.C(O)NH-), (-CH(CH3;)CH>-), and the like.

“‘Substituted alkylene” refers to an alkylene group having from 1 to 3 hydrogens replaced
with substituents as described for carbons in the definition of “substituted” below.

The term "alkane” refers to alkyl group and alkylene group, as defined herein.

b 14

The term "alkylaminoalkyl”, "alkylaminoalkenyl” and “alkylaminoalkynyl” refers to the

groups RNHR - where R is alkyl group as defined herein and R is alkylene, alkenylene or
alkynylene group as defined herein.

The term “alkaryl” or "aralkyl” refers to the groups -alkylene-aryl and -substituted
alkylene-aryl where alkylene, substituted alkylene and aryl are defined herein.

“Alkoxy” refers to the group —O-alkyl, wherein alkyl is as defined herein. Alkoxy
Includes, by way of example, methoxy, ethoxy, n-propoxy, 1sopropoxy, n-butoxy, t-butoxy, sec-
butoxy, n-pentoxy, and the like. The term “alkoxy” also refers to the groups alkenyl-O-,
cycloalkyl-O-, cycloalkenyl-O-, and alkynyl-O-, where alkenyl, cycloalkyl, cycloalkenyl, and
alkynyl are as defined herein.

The term “substituted alkoxy” refers to the groups substituted alkyl-O-, substituted
alkenyl-O-, substituted cycloalkyl-O-, substituted cycloalkenyl-O-, and substituted alkynyl-O-
where substituted alkyl, substituted alkenyl, substituted cycloalkyl, substituted cycloalkenyl and
substituted alkynyl are as defined herein.

The term "alkoxyamino” refers to the group —NH-alkoxy, wherein alkoxy is defined
herein.

The term "haloalkoxy” refers to the groups alkyl-O- wherein one or more hydrogen atoms
on the alkyl group have been substituted with a halo group and include, by way of examples,
groups such as trifluoromethoxy, and the like.

The term “haloalkyl” refers to a substituted alkyl group as described above, wherein one
or more hydrogen atoms on the alkyl group have been substituted with a halo group. Examples
of such groups include, without limitation, fluoroalkyl groups, such as trifluoromethyl,
diffuoromethyl, trifluoroethyl and the like.

The term “alkylalkoxy” refers to the groups -alkylene-O-alkyl, alkylene-O-substituted
alkyl, substituted alkylene-O-alkyl, and substituted alkylene-O-substituted alkyl wherein alkyil,

supstituted alkyl, alkylene and substituted alkylene are as defined herein.

6
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The term “alkylthioalkoxy” refers to the group -alkylene-S-alkyl, alkylene-S-substituted
alkyl, substituted alkylene-S-alkyl and substituted alkylene-S-substituted alkyl wherein alkyl,
supstituted alkyl, alkylene and substituted alkylene are as defined herein.

“Alkenyl” refers to straight chain or branched hydrocarbyl groups having from 2 to 6
carbon atoms and preferably 2 to 4 carbon atoms and having at least 1 and preferably from 1 to
2 sites of double bond unsaturation. This term includes, by way of example, bi-vinyl, allyl, and
but-3-en-1-yl. Included within this term are the cis and trans isomers or mixtures of these
Isomers.

The term “substituted alkenyl” refers to an alkenyl group as defined herein having from 1
to 5 substituents, or from 1 to 3 substituents, selected from alkoxy, substituted alkoxy,
cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino,
acyloxy, amino, substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano,
halogen, hydroxyl, oxo, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy,
thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl,
heteroaryloxy, heterocyclyl, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-
substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO2-alkyl, -SO,-substituted alkyl, -SO,-aryl and -
SO,-heteroaryl.

"Alkynyl” refers to straight or branched monovalent hydrocarbyl groups having from 2 to
6 carbon atoms and preferably 2 to 3 carbon atoms and having at least 1 and preferably from 1
to 2 sites of triple bond unsaturation. Examples of such alkynyl groups include acetylenyl
(-C=CH), and propargy! (-CH,C=CH).

The term “substituted alkynyl” refers to an alkynyl group as defined herein having from 1
to 5 substituents, or from 1 to 3 substituents, selected from alkoxy, substituted alkoxy,
cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino,
acyloxy, amino, substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano,
halogen, hydroxyl, oxo, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy,
thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl,
heteroaryloxy, heterocyclyl, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-
substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO,-alkyl, -SO,-substituted alkyl, -SO»-aryl, and -
SO,-heteroaryl.

“‘Alkynyloxy” refers to the group —O-alkynyl, wherein alkynyl is as defined herein.
Alkynyloxy includes, by way of example, ethynyloxy, propynyloxy, and the like.

“Acyl” refers to the groups H-C(O)-, alkyl-C(O)-, substituted alkyl-C(O)-, alkenyl-C(O)-,
substituted alkenyl-C(O)-, alkynyl-C(O)-, substituted alkynyl-C(O)-, cycloalkyl-C(O)-, substituted

v
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cycloalkyl-C(Q)-, cycloalkenyl-C(Q)-, substituted cycloalkenyl-C(O)-, aryl-C(O)-, substituted
aryl-C(O)-, heteroaryl-C(O)-, substituted heteroaryl-C(O)-, heterocyclyl-C(O)-, and substituted
heterocyclyl-C(O)-, wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
supstituted alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryil,
supbstituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic are
as defined herein. For example, acyl includes the “acetyl” group CH;C(O)-

“‘Acylamino” refers to the groups —NR*’C(O)alkyl, -NR*°C(O)substituted alkyl, N
R#°C(O)cycloalkyl, -NR*’C(O)substituted cycloalkyl, -

NR*°C(O)cycloalkenyl, -NR*°C(O)substituted cycloalkenyl, -NR*°C(O)alkenyl, -
NR?°C(O)substituted alkenyl, -NR*°C(O)alkynyl, -NR*’C(O)substituted

alkynyl, -NR?°C(O)aryl, -NR*C(O)substituted aryl, -NR*°C(O)heteroaryl, -NR*°C(O)substituted
heteroaryl, -NR*°C(O)heterocyclic, and -NR*°C(O)substituted heterocyclic, wherein R% is
hydrogen or alkyl and wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic are
as defined herein.

‘“Aminocarbonyl” or the term “aminoacyl’ refers to the group -C(O)NR?'R?**, wherein R*
and R* independently are selected from the group consisting of hydrogen, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, cycloalkyl,
supbstituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic and where R*' and R* are optionally joined together
with the nitrogen bound thereto to form a heterocyclic or substituted heterocyclic group, and
wherein alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyil,
cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclic, and substituted heterocyclic are as defined
herein.

‘“Aminocarbonylamino” refers to the group —-NR*'C(O)NR*R*° where R*', R*, and R*
are independently selected from hydrogen, alkyl, aryl or cycloalkyl, or where two R groups are
Jjoined to form a heterocyclyl group.

The term “alkoxycarbonylamino” refers to the group -NRC(O)OR where each R is
Independently hydrogen, alkyl, substituted alkyl, aryl, heteroaryl, or heterocyclyl wherein alkyl,
supbstituted alkyl, aryl, heteroaryl, and heterocyclyl are as defined herein.

The term “acyloxy” refers to the groups alkyl-C(O)O-, substituted alkyl-C(O)O-,
cycloalkyl-C(O)0O-, substituted cycloalkyl-C(O)O-, aryl-C(O)O-, heteroaryl-C(O)O-, and
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heterocyclyl-C(O)O- wherein alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
heteroaryl, and heterocyclyl are as defined herein.

“Aminosulfonyl’ refers to the group —SO,NR*'R*, wherein R*' and R* independently are
selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic and where R*' and R* are optionally joined together with the nitrogen
bound thereto to form a heterocyclic or substituted heterocyclic group and alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted heteroary!,
heterocyclic and substituted heterocyclic are as defined herein.

“‘Sulfonylamino” refers to the group -NR?'SO,R**, wherein R*' and R* independently are
selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl. substituted alkynyl. aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic and where R?' and R* are optionally joined together with the atoms
bound thereto to form a heterocyclic or substituted heterocyclic group, and wherein alkyl,
supstituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclic, and substituted heterocyclic are as defined herein.

“Aryl” or “Ar” refers to a monovalent aromatic carbocyclic group of from 6 to 18 carbon
atoms having a single ring (such as is present in a phenyl group) or a ring system having
multiple condensed rings (examples of such aromatic ring systems include naphthyl, anthryl
and indanyl) which condensed rings may or may not be aromatic, provided that the point of
attachment is through an atom of an aromatic ring. This term includes, by way of example,
phenyl and naphthyl. Unless otherwise constrained by the definition for the aryl substituent,
such aryl groups can optionally be substituted with from 1 to 5 substituents, or from 1 to 3
supbstituents, selected from acyloxy, hydroxy, thiol, acyl, alkyl, alkoxy, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, substituted alkyl, substituted alkoxy, substituted alkenyl, substituted
alkynyl, substituted cycloalkyl, substituted cycloalkenyl, amino, substituted amino, aminoacyl,
acylamino, alkaryl, aryl, aryloxy, azido, carboxyl, carboxylalkyl, cyano, halogen, nitro, heteroaryl,
heteroaryloxy, heterocyclyl, heterocyclooxy, aminoacyloxy, oxyacylamino, thioalkoxy,
substituted thioalkoxy, thioaryloxy, thioheteroaryloxy, -SO-alkyl, -SO-substituted alkyl, -SO-aryl,
-SO-heteroaryl, -SO,-alkyl, -SO,-substituted alkyl, -SO.-aryl, -SO,-heteroaryl and trinalomethyl.
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“Aryloxy” refers to the group —O-aryl, wherein aryl is as defined herein, including, by way
of example, phenoxy, naphthoxy, and the like, including optionally substituted aryl groups as
also defined herein.

"Amino” refers to the group —NH-.

The term “substituted amino” refers to the group -NRR where each R is independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, alkenyl, substituted alkenyl, cycloalkenyl, substituted cycloalkenyl, alkynyl,
substituted alkynyl, aryl, heteroaryl, and heterocyclyl provided that at least one R Is not
hydrogen.

The term "azido” refers to the group —N,.

‘Carboxyl,” “carboxy” or “carboxylate” refers to —CO,H or salts thereof.

“‘Carboxyl ester” or “carboxy ester’ or the terms “carboxyalkyl” or “carboxylalkyl” refers to
the groups -C(O)O-alkyl, -C(O)O-substituted alkyl, -C(O)O-alkenyl, -C(O)O-substituted
alkenyl, -C(O)O-alkynyl, -C(O)O-substituted alkynyl, -C(O)O-aryl, -C(O)O-substituted
aryl, -C(O)O-cycloalkyl, -C(O)O-substituted cycloalkyl, -C(O)O-cycloalkenyl, -C(O)O-substituted
cycloalkenyl, -C(O)O-heteroaryl, -C(O)O-substituted heteroaryl, -C(O)O-heterocyclic,
and -C(O)0O-substituted heterocyclic, wherein alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic are as defined herein.

“(Carboxyl ester)oxy” or “carbonate” refers to the groups —O-C(O)O-
alkyl, -O-C(O)O-substituted alkyl, -O-C(O)O-alkenyl, -O-C(O)O-substituted alkenyl, -O-C(O)O-
alkynyl, -O-C(O)O-substituted alkynyl, -O-C(O)O-aryl, -O-C(O)O-substituted aryl, -O-C(O)O-
cycloalkyl, -O-C(O)0O-substituted cycloalkyl, -O-C(O)0O-cycloalkenyl, -O-C(O)O-substituted
cycloalkenyl, -O-C(O)O-heteroaryl, -O-C(O)O-substituted heteroaryl, -O-C(O)O-heterocyclic,
and -O-C(O)0O-substituted heterocyclic, wherein alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocyclic, and
substituted heterocyclic are as defined herein.

“Cyano” or “nitrile” refers to the group —CN.

‘Cycloalkyl” refers to cyclic alkyl groups of from 3 to 10 carbon atoms having single or
mulltiple cyclic rings including fused, bridged, and spiro ring systems. Examples of suitable
cycloalkyl groups Include, for instance, adamantyl, cyclopropyl, cyclobutyl, cyclopentyl,

cyclooctyl and the like. Such cycloalkyl groups include, by way of example, single ring
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structures such as cyclopropyl, cyclobutyl, cyclopentyl, cyclooctyl, and the like, or multiple ring
structures such as adamantanyl, and the like.

The term “substituted cycloalkyl” refers to cycloalkyl groups having from 1 to 5
supstituents, or from 1 to 3 substituents, selected from alkyl, substituted alkyl, alkoxy,
supstituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl,
acylamino, acyloxy, amino, substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido,
cyano, halogen, hydroxyl, oxo, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy,
thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl,
heteroaryloxy, heterocyclyl, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-
substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO,-alkyl, -SO,-substituted alkyl, -SO5-aryl and -
SO,-heteroaryl.

“‘Cycloalkenyl” refers to non-aromatic cyclic alkyl groups of from 3 to 10 carbon atoms
having single or multiple rings and having at least one double bond and preferably from 1 to 2
double bonds.

The term “substituted cycloalkenyl” refers to cycloalkenyl groups having from 1 to 5
supstituents, or from 1 to 3 substituents, selected from alkoxy, substituted alkoxy, cycloalkyil,
substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino,
supstituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyil,
keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol,
thioalkoxy, substituted thicalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclvl,
heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -
SO-heteroaryl, -SO»,-alkyl, -SO.-substituted alkyl, -SO»-aryl and -SO»>-heteroaryl.

“‘Cycloalkynyl” refers to non-aromatic cycloalkyl groups of from 5 to 10 carbon atoms
having single or multiple rings and having at least one triple bond.

“‘Cycloalkoxy” refers to —O-cycloalkyl.

‘Cycloalkenyloxy” refers to —O-cycloalkenyl.

"Halo” or "halogen” refers to fluoro, chloro, bromo, and iodo.

‘Hydroxy” or “hydroxyl” refers to the group —OH.

"Heteroaryl” refers to an aromatic group of from 1 to 15 carbon atoms, such as from 1 to
10 carbon atoms and 1 to 10 heteroatoms selected from the group consisting of oxygen,
nitrogen, and sulfur within the ring. Such heteroaryl groups can have a single ring (such as,
pyridinyl, imidazolyl or furyl) or multiple condensed rings in a ring system (for example as In
groups such as, indolizinyl, quinolinyl, benzofuran, benzimidazolyl or benzothienyl), wherein at

least one ring within the ring system is aromatic and at least one ring within the ring system is
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aromatic , provided that the point of attachment is through an atom of an aromatic ring. In
certain embodiments, the nitrogen and/or sulfur ring atom(s) of the heteroaryl group are
optionally oxidized to provide for the N-oxide (N—Q), sulfinyl, or sulfonyl moieties. This term
Includes, by way of example, pyridinyl, pyrrolyl, indolyl, thiophenyl, and furanyl. Unless
otherwise constrained by the definition for the heteroaryl substituent, such heteroaryl groups
can be optionally substituted with 1 to 5 substituents, or from 1 to 3 substituents, selected from
acyloxy, hydroxy, thiol, acyl, alkyl, alkoxy, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, substituted
alkyl, substituted alkoxy, substituted alkenyl, substituted alkynyl, substituted cycloalkyl,
substituted cycloalkenyl, amino, substituted amino, aminoacyl, acylamino, alkaryl, aryl, aryloxy,
azido, carboxyl, carboxylalkyl, cyano, halogen, nitro, heteroaryl, heteroaryloxy, heterocyclyl,
heterocyclooxy, aminoacyloxy, oxyacylamino, thioalkoxy, substituted thioalkoxy, thioaryloxy,
thioheteroaryloxy, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO-alkyl, -SO,-
substituted alkyl, -SO»-aryl and -SO.-heteroaryl, and trihalomethyl.

The term "heteroaralkyl” refers to the groups -alkylene-heteroaryl where alkylene and
heteroaryl are defined herein. This term includes, by way of example, pyridylmethyl, pyridylethyl,
Indolylmethyl, and the like.

“‘Heteroaryloxy” refers to —O-heteroaryl.

‘Heterocycle,” “heterocyclic,” “heterocycloalkyl,” and “heterocyclyl” refer to a saturated or
unsaturated group having a single ring or multiple condensed rings, including fused bridged and
spiro ring systems, and having from 3 to 20 ring atoms, including 1 to 10 hetero atoms. These
ring atoms are selected from the group consisting of nitrogen, sulfur, or oxygen, wherein, In
fused ring systems, one or more of the rings can be cycloalkyl, aryl, or heteroaryl, provided that
the point of attachment is through the non-aromatic ring. In certain embodiments, the nitrogen
and/or sulfur atom(s) of the heterocyclic group are optionally oxidized to provide for the N-oxide,
-S(0)-, or —=50,- moieties.

Examples of heterocycles and heteroaryls include, but are not limited to, azetidine,
pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidineg, pyridazine, indolizine, isoindole,
Indole, dihydroindole, indazole, purine, quinolizing, iIsoquinoline, quinoline, phthalazine,
naphthylpyridine, quinoxaline, quinazoline, cinnoline, pteridine, carbazole, carpoline,
phenanthridine, acridine, phenanthroline, isothiazole, phenazine, isoxazole, phenoxazine,
phenothiazine, imidazolidine, imidazoline, piperidine, piperazine, indoline, phthalimide, 1,2,3,4-
tetrahydroisoquinoline, 4,5,6,7-tetrahydrobenzo[b]thiophene, thiazole, thiazolidine, thiophene,
benzol[blthiophene, morpholinyl, thiomorpholinyl (also referred to as thiamorpholinyl), 1,1-

dioxothiomorpholinyl, piperidinyl, pyrrolidine, tetrahydrofuranyl, and the like.
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Unless otherwise constrained by the definition for the heterocyclic substituent, such
heterocyclic groups can be optionally substituted with 1 to 5, or from 1 to 3 substituents,
selected from alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl,
supstituted cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl,
aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, oxo, thioketo, carboxyil,
carboxylalkyl, thioaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol, thicalkoxy, substituted
thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclyl, heterocyclooxy, hydroxyamino,
alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO,-alkyl, -SO,-
substituted alkyl, -SO.-aryl, -SO,-heteroaryl, and fused heterocycle.

“Heterocyclyloxy” refers to the group —O-heterocyclyl.

The term “heterocyclylthio” refers to the group heterocyclic-S-.

The term “heterocyclene” refers to the diradical group formed from a heterocycle, as
defined herein.

The term “hydroxyamino” refers to the group -NHOH.

“‘Nitro” refers to the group —NO:..

‘Ox0” refers to the atom (=0).

“‘Sulfonyl” refers to the group SO-.-alkyl, SO»>-substituted alkyl, SO»-alkenyl, SO--
substituted alkenyl, SO,-cycloalkyl, SO,-substituted cylcoalkyl, SO.-cycloalkenyl, SO,-
substituted cylcoalkenyl, SO,-aryl, SO,-substituted aryl, SO.-heteroaryl, SO--substituted
heteroaryl, SO,-heterocyclic, and SO»-substituted heterocyclic, wherein alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyil,
cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted heteroary!,
heterocyclic, and substituted heterocyclic are as defined herein. Sulfonyl includes, by way of
example, methyl-SO,-, phenyl-SO,-, and 4-methylphenyl-SO.-.

“Sulfonyloxy” refers to the group —OS0,-alkyl, OSO,-substituted alkyl, OSO,-alkenyl,
OS0.-substituted alkenyl, OSO,-cycloalkyl, OSO,-substituted cylcoalkyl, OS0O.-cycloalkenyl,
0OS0,-substituted cylcoalkenyl, OS0,-aryl, OS0O,-substituted aryl, OSO,-heteroaryl, OSO,-
substituted heteroaryl, OSO,-heterocyclic, and OSO, substituted heterocyclic, wherein alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, heterocyclic, and substituted heterocyclic are as defined herein.

The term “aminocarbonyloxy” refers to the group -OC(O)NRR where each R is
Independently hydrogen, alkyl, substituted alkyl, aryl, heteroaryl, or heterocyclic wherein alkyl,

supstituted alkyl, aryl, heteroaryl and heterocyclic are as defined herein.
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“Thiol” refers to the group -SH.

“Thioxo” or the term “thioketo” refers to the atom (=3).

“‘Alkylthio” or the term “thioalkoxy” refers to the group -S-alkyl, wherein alkyl is as defined
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