Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2634456 A1 200//07/05

(21) 2 634 456

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

(86) Date de déepot PCT/PCT Filing Date: 2006/12/22

(87) Date publication PCT/PCT Publication Date: 200//07/05
(85) Entree phase nationale/National Entry: 2008/06/19

(86) N° demande PCT/PCT Application No.: US 2006/049141
(87) N° publication PCT/PCT Publication No.: 200//0/6070
(30) Priorité/Priority: 2005/12/22 (US60/753,187)

(51) Cl.Int./Int.Cl. A67K 371/435(2006.01),
A6TK 31/438(2006.01), A6TK 371/4545 (2006.01),
A6TK 31/46 (2006.01), A6TK 31/497(2006.01),
A6TK 31/498(2006.01), A67TK 371/507 (2006.01),
A6TK 31/506 (2006.01), A67TF 25/00(2006.01),
A61P 43/00(2006.01), COrD 471/00(2006.01),
COrD 471/70(2006.01)

(71) Demandeur/Applicant:
VERTEX PHARMACEUTICALS INCORPORAT

(72) Inventeurs/Inventors:
MAKINGS, LEWIS R., US;
GARCIA-GUZMAN BLANCO, MIGUEL, US;
HURLEY, DENNIS J., US; ...

D, US

(54) Titre : MODULATEURS DE RECEPTEURS MUSCARINIQUES

(54) Title: MODULATORS OF MUSCARINIC RECEPTORS

(57) Abregé/Abstract:

The present invention relates to modulators of muscarinic receptors. The present invention also provides compositions comprising
such modulators, and methods therewith for treating muscarinic receptor mediated diseases.

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

SN 4

I*I ] . Prven, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 @igmr -~

OPIC - CIPO 191

“y 3Ty d A, . S S \
L RSN
4
3




CA 2634456 A1 200//07/05

en 2 634 456
13) A1

(72) Inventeurs(suite)/Inventors(continued): DRUTU, [OANA, US; RAFFAI, GABRIEL, US; BERGERON, DANIELE M., US;
NAKATANI, AKIKO, US; TERMIN, ANDREAS P., US; SILINA, ALINA, US

(74) Agent: GOWLING LAFLEUR HENDERSON LLP




wO 2007/076070 A3 I D00 DAY 00 0 D O R0

CA 02634456 2008-06-19

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
S July 2007 (05.07.2007)

(51) International Patent Classification:

AGIK 31/435 (2006.01)  AGIK 31/46 (2006.01)
AGIK 31/438 (2006.01)  AGIK 31/497 (2006.01)
AGIP 43/00 (2006.01) AGIK 31/498 (2006.01)
AGIP 25/00 (2006.01) AGIK 31/501 (2006.01)
CO7D 471/00 (2006.01)  A6IK 31/506 (2006.01)
AGIK 31/4545 (2006.01)  CO7D 471/10 (2006.01)

(21) International Application Number:
PCT/US2006/049141

(22) International Filing Date:
22 December 2006 (22.12.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/753,187 22 December 2005 (22.12.2005) US

(71) Applicant (for all designated States except US): VERTEX
PHARMACEUTICALS INCORPORATED [US/US];
130 Waverly Street, Cambridge, MA 02139-4242 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MAKINGS, Lewis,
R. [US/US]; 337 Cerro Street, Encintas, CA 92024 (US).
GARCIA-GUZMAN BLANCO, Miguel [ES/US]; 4076
Carmel Springs Way, San Diego, CA 92130 (US). HUR-
LEY, Dennis, J. [US/US]; 1513 Black Walnut Drive, San
Marcos, CA 92078 (US). DRUTU, Ioana [RO/US]J; 328
Rosemont Street, La Jolla, CA 92037 (US). RAFFAI,
Gabriel [US/US]; 40280 Bellevue Drive, Temecula, CA
92591 (US). BERGERON, Daniele, M. [US/US]; 7050
Stanford Avenue, La Mesa, CA 91941 (US). NAKATANI,
AKkiko [JP/US]; 10726 Dabney Drive #72, San Diego,
CA 92126 (US). TERMIN, Andreas, P. [DE/US]; 2080

(54) Title: MODULATORS OF MUSCARINIC RECEPTORS

(10) International Publication Number

WO 2007/076070 A3

Wandering Road, Encinitas, CA 92024 (US). SILINA,
Alina [UA/US]; 7160 Shoreline Drive #4308, San Diego,
CA 92122 (US).

(74) Agent: O’BRIEN, Jonathan, P.; MILLER, CANFIELD,
PADDOCK AND STONE, 444 West Michigan Avenue,
Kalamazoo, MI 49007 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CFE, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(88) Date of publication of the international search report:
25 October 2007

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(57) Abstract: The present invention relates to modulators of muscarinic receptors. The present invention also provides composi-
tions comprising such modulators, and methods therewith for treating muscarinic receptor mediated diseases.



CA 02634456 2008-06-19
WO 2007/076070 PCT/US2006/049141

MODULATORS OF MUSCARINIC RECEPTORS

CLAIM OF PRIORITY
[0001] This patent application claims the benefit of U.S. Provisional Patent Application

Serial No. 60/753,187, filed on December 22, 2005, which is hereby incorporated by

reference.

TECHNICAL FIELD OF THE INVENTION
[0002] The present invention relates to modulators of muscarinic receptors. The

present invention also provides compositions comprising such modulators, and

methods therewith for treating muscarinic receptor mediated diseases.
BACKGROUND OF THE INVENTION

[0003] The neurotransmitter acetylcholine binds to two types of cholinergic receptors: the

1lonotropic family of nicotinic receptors and the metabotropic family of muscarinic receptors.
Muscarinic receptors belong to the large superfamily of plasma membrane-bound G protein
coupled receptors (GPCRs). To date, five 'subtypes of muscarinic receptors (M;-Mjs) have
been cloned and sequenced from a variety of species, and show a remarkably high degree of
homology across species and receptor subtype. These M,;-M; muscarinic receptors are
predominantly expressed within the parasympathetic nervous system which exerts excitatory
and inhibitory control over the central and peripheral tissues and participate in a number of
physiologic functions, including heart rate, arousal, cognition, sensory processing, and motor
control.

|0004] Muscarinic agonists such as muscarine and pilocarpine, and antagonists, such as

atropine have been known for over a century, but little progress has been made in the
discovery of receptor subtype-selective compounds, thereby making it difficult to assign

specific functions to the individual receptors. See, e.g., DeLapp, N. et al., "Therapeutic
Opportunities for Muscarinic Receptors in the Central Nervous System," J. Med. Chem.,
43(23), pp. 4333-4353 (2000); Hulme, E. C. et al., "Muscarinic Receptor Subtypes,” Ann.
Rev. Pharmacol. Toxicol., 30, pp. 633-673 (1990); Caulfield, M. P. et al., "Muscarinic
Receptors—Characterization, Coupling, and Function," Pharmacol. Ther., 58, pp. 319-379
(1993); Caulfield, M. P. et al., International Union of Pharmacology. XVII. Classification of
Muscarinic Acetylcholine Receptors," Pharmacol. Rev., 50, pp. 279-290 (1998), the
disclosures of which are incorporated herein by reference. |

[0005] The Muscarinic family of receptors is the target of a large number of pharmacological

agents used for various diseases, including leading drugs for COPD, asthma, urinary
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incontinence, glaucoma, Alzheimer’s (AchE inhibitors). Despite the large therapeutic value
of this family, cholinergic drugs are limited by the lack of selectivity of these agents, with
significant activation of the parasympathetic autonomous system and elevated incidence of
adverse effects. The molecular cloning of the muscarinic receptors and the identification of
the physiological role of specific isoforms using knock-out mice, has recently delineated
novel opportunities for selective muscarinic ligands, and has helped to define the selectivity

profile that is required for enhanced efficacy and reduced side effects.
[0006] There is a need for modulators of muscarinic receptors M;-Ms. There is also a need
for methods for treating muscarinic receptor-mediated diseases.

[0007] There is also a need for modulators of muscarinic receptors that are selective as to
Subtypes M,-Ms.

SUMMARY OF THE INVENTION
[0008] The present invention provides compounds of formula XX and methods of

modulating activity of a muscarinic receptor with a compound of the formula XX

A
(R
: n(HZC) (C HZ)m

N/

Lo—| —G
(XX)

or pharmaceutically acceptable salts thereof, wherein

Each of Ry, Rz, R3 is independently Q; or Q,, or R, and R3 together form oxo:

Z 18 -C(Qi)2-, -C(H)(Q1)-, -C(H)(Qs5)-, -C(O)-, -CHz~, -N(Q1)-, -N(Q2)-, or O;

Zo 18 N;

L 1s a bond, an aliphatic group, C3-Cs cycloaliphatic, -O-, -S(0),-, -S(0),-(C;-
Cs)alkyl-,
-C(O)N(Q2)-, or ~S(0), N(Q2)-, in which the aliphatic group is optionally substituted with 1-3
of oxo, Qi, or Q;

G 1s a monocycloaliphatic, a monocycloheteroaliphatic group, adamantyl, or a

bicyclic or a tricyclic group of the formula (XXIII)
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(XXIII)

in which the monocycloaliphatic group, the monocycloheteroalipahtic group, the

adamantyl, and the bicyclic or tricyclic group are connected to L via any ring atom including
those in X; and ring B, and the monocycloaliphatic, the monocycloheteroaliphatic, the
bicyclic, and the tricyclic groups are substituted with aryl or heteroaryl in which the aryl and
heteroaryl are optionally substituted with 1-3 substituents independently selected from Q; and
Qs;

Bond r 1is a single or double bond and when ring B is present, bond r is fused with B;

Ring B, when present, is a 5-6 membered cycloaliphatic or heterocycloaliphatic ring,
and is optionally substituted with 1-3 of oxo, Q1, or Qy;

X1 18 -(CH2);-, -O-, or -S-, or X is -N- and the nitrogen atom is bound to the aryl or
the heteroaryl substituted on G;

Each Q is independently halo, -CN, -NO,, -OQ;, -5(0)2Q2, -S(0).N(Q2)2, -N(Q2)2,
-C(0)OQy, -C(0)-Qz, -C(OIN(Q2)2, -C(OIN(Q2)(0Q2), -N(Q2)C(0)-Q2, -N(Q2)C(O)N(Qo)s,
-N(Q2)C(0O)0O-Qz, -N(Q2)S(0).~Q> or aliphatic optionally including 1-3 substituents
independently selected from Q, or Qjs;

Each Q; 1s independently H, aliphatic, cycloaliphatic, aryl, arylalkyl, heterocyclic, or
heteroaryl ring, each optionally including 1-3 substituents independently selected from Qj;

Each Q; is halo, oxo, -CN, -NO,, -CF3, -OCF3, -OH, -5(0)2Q4, -N(Q4)2, -CO0Q,,
-C(0)Q4, -OQy4, or C,4 alkyl optionally substituted with halo, oxo, -CN, -NO,, -CF3, -OCF;, -
OH,

-SH, -S(O).H, -NH>, or -COOH;

Each Q, is aliphatic, cycloaliphatic, aryl, aralkyl, heterocycloaliphatic, heteroaralky,
or heteroaryl, each optionally including 1-3 substituents selected from halo, oxo, -CN, -NO,,
-CF3,

-OCF;, -OH, -SH, -S(0),H, -NH,, or -COOH;
Each Qs 1s a heterocyclic ring optionally including 1-3 substituents selected from

halo,

Ci4alkyl, oxo, -CN, -NO,, -CF3, -OCF3, -OH, -SH, -S(0),H, -NH,, -COOH:
3
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Each i is independently 1, 2, or 3;

Each m and n is independently 1, 2, 3, or 4 provided that m + n is at least 4:

EachpisOor1;

Each y is independently O or 1;

Eachtis 1 to 4; and

Each z i1s independently 0, 1, or 2.
[0009] Additional aspects of the present invention provide compounds as described herein,
pharmaceutical compositions that are useful modulators of muscarinic receptors, and methods
of treating muscarinic receptor mediated diseases using compounds described herein.
[0010] Advantageously, the compounds of the invention are generally selective for M; and
M4 muscarinic receptors. Unexpectedly, the compounds of the invention exhibit increased

- activity and/or efficacy for M; and/or M; muscarinic receptors relative to other muscarinic

receptors.

DETAILED DESCRIPTION OF THE INVENTION

[0011]} As used herein, the follm}ving definitions shall apply unless otherwise indicated.
L. DEFINITIONS

[0012] For purposes of this invention, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and Physics,
75th Ed. Additionally, general principles of organic chemistry are described in "Organic

Chemistry"”, Thomas Sorrell, University Science Books, Sausalito: 1999, and "March’s
Advanced Organic Chemistry", 5th Ed., Ed.: Smith, M.B. and March, J., John Wiley & Sons,
New York: 2001, the entire contents of which are hereby incorporated by reference.

[0013] The term "muscarinic receptor," without a prefix specifying the receptor subtype,

refers to one or more of the five receptor subtypes M;-M:s.
[0014] The term "modulating” as used herein means Increasing or decreasing, e.g. activity,

by a measurable ambunt. Compounds that modulate muscarinic activity by increasing the
activity of the muscarinic receptors are called agonists. Compounds that modulate
muscarinic activity by decreasing the activity of the muscarinic receptors are called
antagonists. An agonist interacts with a muscarinic receptor to increase the ability of the
receptor to transduce an intré.cellular signal in response to endogenous ligand binding. An
antagonist interacts with a muscarinic receptor and competes with the endogenous ligand(s)
or substrate(s) for binding site(s) on the receptor to decrease the ability of the receptor to
transduce an intracellular signal in response to endogenous li gand binding.

[0015] The phrase "treating or reducing the severity of a muscarinic receptor mediated

4



CA 02634456 2008-06-19
WO 2007/076070 PCT/US2006/049141

disease" refers both to treatments for diseases that are directly caused by muscarinic activities
and alleviation of symptoms of diseases not directly caused by muscarinic activities.
Examples of diseases whose symptoms may be affected by muscarinic activity include, but
are not limited to, CNS derived pathologies including cognitive disorders, Attention Deficit
Hyperactivity Disorder (ADHD), obesity, Alzheimer’s disease, various dementias such as
vascular dementia, psychosis including schizophrenia, mania, bipolar disorders, pain
conditions including acute and chronic syndromes, Huntington's Chorea, Friederich's ataxia,
Gilles de la Tourette's Syndrome, Downs Syndrome, Pick disease, clinical depression,
Parkinson’s disease, peripheral disorders such as ‘reduction of intra ocular pressure in
Glaucoma and treatment of dry eyes and dry mouth including Sjogren’s Syndrome,
bradhycardia, gastric acid secretion, asthma, GI disturbances and wound healing.

[0016] As described herein, compounds of the invention may optionally be substituted with
one or more substituents, such as are illustrated or as exemplified by particular classes,
subclasses, and species of the invention described herein.

[0017] As used herein the term "aliphatic" encompasses the terms alkyl, alkenyl, alkynyl. An
aliphatic group can be optionally substituted with one or more of halo, hydroxy, cyano, nitro,
cycloaliphatic, heterocycloaliphatic, aryl, heteroaryl, alkylcarbonyl, alkoxy, alkylsulfonyl,
alkylsultanyl, alkylsulfinyl, amino, alkylamino, alkoxycarbonyl, alkylaminocarbonyl,

combinations thereof, or the like.

[0018] As used herein, an "alkyl" group refers to a saturated aliphatic hydrocarbon group
containing 1-8 (e.g., 1-6 or 1-4) carbon atoms. An alkyl group can be straight or branched.
Examples of alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, isobutyl, n-pentyl, n-heptyl, or 2-ethylhexyl. An alkyl group can be
optionally substituted with one or more substituents as described above.

[0019] As used herein, an "alkenyl" group refers to an aliphatic carbon group that contains 2-
10 (e.g., 2,3,4,5,6,7,8, 9 or 10) carbon atoms and at least one double bond. Like an alkyl
group, an alkenyl group can be straight or branched. Examples of an alkenyl group include,
but are not limited to, allyl, isoprenyl, 2-butenyl, and 2-hexenyl. An alkenyl group can be
optionally substituted with one or more substituents as described above.

[0020] As used herein, an "alkynyl" group refers to an aliphatic carbon group that contains

2-8 (e.g., 2-6 or 2-4) carbon atoms and at least one triple bond. Like an alkyl group, an
alkynyl group can be straight or branched. An alkynyl group can be optionally substituted

with one or more substituents as described above.

[0021] As used herein, an "amino" group refers to -NR*R" wherein each of R* and RY is

3
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independently hydrogen, alkyl, cycloalkyl, sulfonyl, (cycloalkyl)alkyl, aryl, aralkyl,
heterocycloalkyl, (heterocycloalkyl)alkyl, heteroaryl, or heteroaralkyl each of which are
defined herein and are optionally substituted. When the term "amino"” is not the terminal
group (e.g., alkylcarbonylamino), it is represented by -NR*-. R* has the same meaning as
defined above.

[0022] As used herein, an "aryl" group used alone or as part of a larger moiety as in
"aralkyl", "aralkoxy", or "aryloxyalkyl" refers to monocyclic (e.g., phenyl); bicyclic (e.g.,
indenyl, naphthalenyl, tetrahydronaphthyl, tetrahydroindenyl); tricyclic (e.g., fluorenyl,
tetrahydrofluorenyl, anthracenyl, or tetrahydroanthracenyl); or a benzofused group having 3
rings. For example, a benzofused group includes phenyl fused with two or more Ca.g
carbocyclic moieties. An aryl can be optionally substituted with one or more substituents.
Without limitation, an aryl can be optionally substituted with halo, hydroxy, cyano, nitro,
aliphatic, cycloaliphatic, aryl, heterocycloaliphatic, heteroaryl, alkylsulfonyl,
aliphaticaminocarbonyl, alkoxy, aminocarbonyl, alkoxycarbonyl, heteroarylcarbonyl,
(heterocycloaliphatic)carbonyl, (heteroarylamino)carbonyl, cycloalkylcarbonyil,
alkylcarbonylamino, cycloaliphaticsulfonyl, heterocycloaliphaticsulfonyl, alkylsulfanyl,
alkylsulfonyl, (alkoxyalkyl)aminocarbony, combinations thereof, or the like.

[0023] As used herein, an "araliphatic" group refers to an aliphatic group (e.g., a Ci.4 alkyl
group, a C;4 alkenyl group, or a C,_4 alkynyl group) that is substituted with an aryl group.
Both "aliphatic" and "aryl" have been defined above.

- [0024] As used herein, an "aralkyl" group refers to an alkyl group (e.g., a C 4
alkyl group) that is substituted with an aryl group. Both "alkyl" and "aryl" are defined herein.
An example of an aralkyl group is benzyl.

[0023] As used herein, a "bicyclic ring system" includes 5-12 (e.g., 7, 8, 9, 10, or 1 1)
membered structures that form two rings, wherein the two rings have at least one atom in
common (€.g., 2 atoms in common). Bicyclic ring structures include bicycloaliphatics (e.g.,
bicycloalkyl or bicycloalkenyl), bicycloheteroaliphatics (e.g., bicycloheteroalkyl or
bicycloheteroalkenyl), bicyclic aryls, and bicyclic heteroaryls. Bicyclic ring systems also
Include bridged bicyclic rings and fused bicyclic rings (e.g., benzo fused).

[0026] The term "cycloaliphatic" means a saturated or partially unsaturated
monocyclic, bicyclic, or tricyclic hydrocarbon ring that has a single point of attachment to the
rest of the molecule. Cycloaliphatic rings are 3-8 membered monocyclic rings (e.g., 3-6
membered rings). Cycloaliphatic rings also include 5-12 membered bicyclic rings. Bicyclic

cycloaliphatic (i.e., bicycloaliphatic rings) include bridged bicyclic cycloaliphatic rings and

6
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cycloaliphatic fused bicyclic rings. A cycloaliphatic group also encompasses a "cycloalkyl"
group and a "cycloalkenyl" group.

[0027] Examples of substituents on a cycloaliphatic group include, without
limitation, halo, hydroxy, cyano, nitro, aliphatic, alkoxy, alkoxyimino, alkoxyamino, oxo,
aryloxyimmino,

[0028] As used herein, a "cycloalkyl" group refers to a saturated carbocyclic mono-, bi-, or
tr1-, or multicyclic (fused or bridged) ring of 3-10 (e.g., 5-10) carbon atoms. Without
limitation, examples of monocyclic cycloalkyl groups include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, or the like. Examples of bicyclic cycloalkyl groups
include bridged bicyclic cycloalkyls and fused bicyclic cycloalkyls. Without limitation,
bicyclic cycloalkyls include octahydro-indenyl, decahydro-naphthyl, bicyclo[3.2.1]octyl,
bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl, bicyclo[3.3.2.]decyl, bicyclo[2.2.2]octyl,
bicycle{2.2.1]heptanyl, bicycle[3.1.1]heptanyl, or the like. Without limitation, multicyclic
groups include adamantyl, cubyl, norbornyl, or the like. Cycloalkyl rings can be optionally
substituted at any chemically viable ring position.

(0029] As used herein, a "cycloalkenyl" group refers to a partially unsaturated
carbocyclic mono-, bi-, or tri-, or multicyclic (fused or bridged) ring of 3-10 (e.g., 5-10)
carbon atoms. Without limitation, examples of monocyclic cycloalkenyl groups include
cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl, or the like.
Without limitation, bicyclic cycloalkenyl groups include, for example, bicyclo[3.2.1]octenyl,
bicyclo[2.2.2]octenyl, bicyclo[3.3.1]nonenyl, bicyclo[3.3.2.]decenyl, bicycle[2.2.1]heptenyl,
or bicycle[3.1.1}heptenyl.

[0030]: As used herein, the term "heterocycloaliphatic" and "heterocyclic”
encompasses a heterocycloalkyl group and a heterocycloalkenyl group. Heterocycloaliphatic
groups include 3-10 membered monocyclic ring structures having 1-3 heteroatoms.
Heterocycloaliphatic groups also include 5-10 membered bicyclic heterocycloaliphatics (i.e.,
bicycloheterocycloaliphatics). Bicycloheteroaliphatic groups include bridged bicyclic
structures, and fused bicyclic structures. Fused bicyclic structures can include a monocyeclic
heterocycloaliphatic fused to a monocyclic cycloaliphatic ring or a monocyclic
heterocycloaliphatic ring.

[0031] As used herein, a "heterocycloalkyl” group refers to a 3-10 membered
mono or bicyclic (fused or bridged) (e.g., 5 to 10 membered mono or bicyclic) saturated ring

structure, 1n which one or more of the ring atoms is a heteroatom (e.g., N, O, S, or

combinations thereof). Bicyclic heterocycloalkyls include bridged and fused bicyclic

7
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heterocycloalkyls. Non-limiting examples of heterocycloalkyls include optionally substituted
piperidinyl, piperazinyl, tetrahydropyranyl, tetrahydrofuranyl, 1,4-dioxolanyl, 1,4-dithianyl,
1,3-droxolanyl, oxazolidyl, isoxazolidyl, morpholinyl, thiomorpholinyl, octahydro-
benzofuranyl, octahydro-chromenyl, octahydro-thiochromenyl, octahydro-indolyl, octahydro-
pyrindinyl, decahydro-quinolinyl, octahydro-benzo[b]thiopheneyl, 2-0xa-bicyclo[2.2.2]octyl,
I-aza-bicyclo[2.2.2]octyl, 3-aza-bicyclo[3 .2.1]octanyl, 2,6-dioxa-tricyclo[3.3.1.0° “Inonyl, or
tropane. A monocyclic heterocycloalkyl group may be fused with a phenyl moiety such as
tetrahydroisoquinoline. Heterocycloalkyl ring structures can be optionally substituted at any
chemically viable position on the ring or rings.

[0032] A heterocycloalkyl group can be substituted at any chemically feasible
position. Heterocycloalkyl substituents, without limitation, include halo, hydroxy, cyano,
alkoxy, alkoxycarbonyl, aliphatic (e.g., alkyl, alkenyl, or alkynyl), cycloaliphatic,
heterocycloaliphatic, aryl, heteroaryl, heterocycloaliphatic, arylcarbonyl, combinations
thereof, or the like.

[0033] A "heterocycloalkenyl” group, as used herein, refers to a mono- or bicyclic (e.g., 5- to
10-membered mono- or bicyclic) non-aromatic ring structure having one or more double
bonds, and wherein one or more of the ring atoms is a heteroatom (e.g., N, O, or S). Bicyclic
heterocycloalkenyls include bridged and fused bicyclic heterocycloalkenyls. Examples of
heterocycloalkenyls include 2-pyrrolyl, 3-pyrrolyl, 2-imidazolyl, or 2-pyrazolyl. Monocyclic
heterocycloaliphatics are numbered according to standard chemical nomenclature.
Heterocycloalkenyl substituents, without limitation, include halo, hydroxy, cyano, alkoxy,
alkoxycarbonyl, aliphatic (e.g., alkyl, alkenyl, or alkynyl), cycloaliphatic,
heterocycloaliphatic, aryl, heteroaryl, heterocycloaliphatic, arylcarbonyl, combinations
thereof, or the like. |

[0034] A "heteroaryl” group, as used herein, refers to a monocyclic, bicyclic, or tricyclic ring
systems having 4 to 15 ring atoms wherein one or more of the ring atoms is a heteroatom

(e.g., N, O, S, or combinations thereof) and wherein one or more rings of the bicyclic or

Ca.s heterocyclic moieties (e.g., indolizyl, indolyl, 1soindolyl, 3H-indolyl, indolinyl,
benzo[b]furyl, benzo[b]thiopheneyl, quinolinyl, or isoquinolinyl). Some examples of
heteroaryl are azetidinyl, pyridinyl, 1H-indazolyl, furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl,
imidazolyl, tetrazolyl, benzofuryl, isoquinolinyl, benzthiazolyl, xanthene, thioxanthene,
phenothiazine, dihydroindole, benzo[1,3]dioxole, benzo[b]furyl, benzo[b]thiopheneyl,

8



CA 02634456 2008-06-19
WO 2007/076070 PCT/US2006/049141

indazolyl, benzimidazolyl, benzthiazolyl, puryl, cinnolinyl, quinolinyl, cinnolinyl,
phthalazyl, quinazolinyl, quinoxalinyl, isoquinolinyl, 4H-quinolizyl, benzo-1,2,5-
thiadiazolyl, or 1,8-naphthyridyl. A heteroaryl can be optionally substituted at any
chemically feasible position.

[0035] Without limitation, monocyclic heteroaryls include furyl, thiopheneyl, 2H-pyrrolyl,
pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, 1sothiazolyl, 1,3,4-
thiadiazolyl, 2H-pyranyl, 4-H-pyranyl, pyridinyl, pyridazinyl, pyrimidyl, pyrazolyl, pyrazyl,
or 1,3,5-triazyl.

[0036] Without limitation, bicyclic heteroaryls include indolizyl, indolyl, isoindolyl, 3H-
indolyl, indolinyl, benzo[5]furyl, benzo[b]thiopheneyl, quinolinyl, isoquinolinyl, indolizyl,
isoindolyl, indazolyl, benzimidazolyl, benzthiazolyl, purinyl, 4H-quinolizyl, quinolinyl,
1Isoquinolinyl, cinnolinyl, phthalazyl, quinazolinyl, quinoxalinyl, 1,8-naphthyridyl, or
pteridyl. |

[0037] Without limitation, a heteroaryl can be substituted with halo, hydroxy, cyano,
aliphatic, cycloaliphatic, heterocycloaliphatic, aryl, heteroaryl, arylcarbonyl,
arylcarbonylamino, aliphaticaminocarbonyl, alkoxy, combinations thereof, or the like.
[0038] A "heteroaraliphatic" group, as used herein, refers to an aliphatic group (e.g., Ci4
alkyl group, C,4 alkenyl group, or C;4 alkynyl group) that is substituted with a heteroaryl
group. Both "aliphatic" and "heteroaryl” have been defined above.

[0039] A "heteroaralkyl” group, as used herein, refers to an alkyl group (e.g., a C;4 alkyl
group) that is substituted with a heteroaryl group. Both “alkyl” and “heteroaryl” have been
defined above.

[0040] As used herein, "cyclic group" includes mono-, bi-, and tri-cyclic structures including
cycloaliphatic, heterocycloaliphatic, aryl, or heteroaryl, each of which has been previously

defined.

[0041] As used herein, an "acyl" group refers to a tormyl group or alkyl-C(=0)- (also
reterred to as "alkylcarbonyl") where "alkyl" has been defined previously. Acetyl and

pivaloyl are examples of acyl groups.

[0042] As used herein, a "carbonyl" group, when used alone or as part of another structure
refers to the structure -C(O)-.

[0043] As used herein, a "carbamoyl" group refers to a group having the structure -O-CO-
NR”RY or -NR*-CO-O-R? wherein R* and RY have been defined above and R% can be alkyl,

aryl, aralkyl, cycloalkyl, heterocycloalkyl, heteroaryl, or heteroaralkyl.
[0044] As used herein, a "carboxy" and a "sulfo" group refer to ~-C(O)OH or -C(O)OR™ and
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-SOsH or -SOsR™, respectively.

[0045] As used herein, an "alkoxy" group refers to an alkyl-O- group where "alkyl" has
been defined previously. Moreover an alkoxy group includes structures comprising two
alkoxy groups on the same atom or adjacent atoms that form a ring together with the atom(s)
to which they are bound.

10046] As used herein, an "alkoxycarbonyl" group refers to the structure -C(O)O-alkyl.
[0047] As used herein, a "nitro" group refers to -N*(0)O.

[0048] As used herein, a "sulfoxy" group refers to -0-SO-R* or -SO-O-R*, where R™ has
been defined above.

[0049} As used herein, a "mercapto” group refers to -SH.

[0050] As used herein, a "sulfonyl" group refers to -S(O),-.

[0051] As used herein a "sulfinyl" group refers to -S(O)-.

[0052] As used herein a "sulfanyl” g;oup refers to -S-.

[0053] As used herein, a "halogen" or "halo" group refers to fluorine, chlorine, bromine or
1odine.

[0054] As used herein, a "haloaliphatic" group refers to an aliphatic group substituted with
1-3 halogen. For instance, the term haloalkyl includes the group -CF3.

[0055] As used herein, a "sulfamoyl" group refers to the structure -S(0)>-NR*RY or
-NR*-8(0),-R? wherein R*, RY, and R have been defined above.

"[0056] As used herein, a "sulfamide"” group refers to the structure -NR*X -S(O);;--NRYRZ

wherein R*, RY, and RZ have been defined above.

[0057] As used herein, a "carbonylamino” group used alone or in connection with another

group refers to an amido group such as RX-C(O)-NR”-. For instance an alkylcarbonylamino
includes alkyl-C(O)-NR”-, wherein R” has been defined above.

[0058] As used herein, a "aminocarbonyl" group used alone or in connection with another
group refers to an amido group such as N(R™),-C(O)-.

[0059] As used herein, an "alkoxycarbonyl" used alone or in connection with another group
refers to a carbonyl group such as alkyl-O-C(O)-.

[0060] As used herein, an "alkoxyalkyl" refers to an alkyl group such as alkyl-O-alkyl-,
wherein alkyl has been defined above.

[0061] As used herein, an "aminocarbonyl" refers to an amido group such as -NR*-C(O)-,
wherein R” has been defined above.

[0062] As used herein, an "aminosulfonyl” refers to the structure -N(R™),-S(0);-, wherein

R”™ has been defined above.
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[0063] As used herein, an "oxo" refers to =O.

[0064] As used herein, an "aminoalkyl" refers to the structure N(Rx)g-alkyl-.

[0065] As used herein, a "cyanoalkyl” refers to the structure (CN)-alkyl-.

[0066] As used herein, an "alkylsulfonyl” group refers to the structure alkyl-S(O),-.

[0067] As used herein, a "sulfonylamino" group refers to the structure RX-S(O)z-N(RX)z-,
wherein R* has been defined above.

[0068] As used herein, an "imino" group refers to the functional group =N- and covers the
structure =N-R”™ and oximes having the structure =N-OR”™ wherein R* is defined above.
[0069] As used herein, a "hydroxy" group refers to the structure ~-OH.

{0070] As used herein, a "guanidinyl” group refers to the structure NH,C(NH)NH-.

[0071] As used herein, an "aliphatic chain" refers to a branched or strai ght aliphatic group
(¢.g., alkyl groups, alkenyl groups, or alkynyl groups). A straight aliphatic chain has the
structure

-lCHz]v~, where v is 1-6. A branched aliphatic chain is a straight aliphatic chain that is
substituted with one or more aliphatic groups. A branched aliphatic chain has the structure -
[CHQ]y- where Q is hydrogen or an aliphatic group; howe\./er, Q shall be an aliphatic group

In at least one instance. The term aliphatic chain includes alkyl chains, alkenyl chains, and

alkynyl chains, where alkyl, alkenyl, and alkynyl are defined above.
[0072] As used herein, a "urea" group refers to the structure -NR*-CO-NRYR? and a
"thiourea" group refers to the structure -NR*-CS-NRYRZ, R*, RY, and R have been defined

above.

[0073] In general, the term "vicinal" refers to the placement of substituents on a group that

[0074] In general, the term "geminal" refers to the placement of substituents on a group that

includes two or more carbon atoms, wherein the substituents are attached to the same carbon

atom.

[0075] In general, the term "substituted," whether preceded by the term "optionally" or not,
refers to the replacement of hydrogen radicals in a given structure with the radical of a
specitied substituent. Specific substituents are described above in the definitions and below
in the description of compounds and examples thereof. Unless otherwise indicated, an
optionally substituted group may have a substituent at each substitutable position of the

group, and when more than one position in any given structure may be substituted with more

than one substituent selected from a specified group, the substituent may be either the same
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or different at every position. A ring substituent, such as a heterocycloalkyl, m’ay be bound to
another ring, such as a cycloalkyl, to form a spiro-bicyclic ring system, e.g., both rings share
one common atom. As one of ordinary skill in the art will recognize, combinations of
substituents envisioned by this invention are those combinations that result in the formation
of stable or chemically feasible compounds.

[0076] The phrase: "stable or chemically feasible," as used herein, refers to compounds that
are not substantially altered when subjected to conditions to allow for their p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>