WO 2006/088919 PCT/O0S2006/005265 PYRIDYL AND PHENYL SUBSTITUTED
PIPERAZINE-PIPERIDINES WITH CXCR3 ANTAGONIST ACTIVITY Field of the Invention The
present invention relates to novel pyridyl and phenyl substituted piperazine-piperidines with CXCR3
antagonist actWib20pée8#pceutical compositions containing one or more YIHUIRASEHISES, one or
more such antagonists in combination with other compounds with chemokine activity, s one or more

such antagonists in combinpiyRIDYEKBND! pﬂwwwlﬁm non-limiting example(s)
include Methotrexate, interf , CyCIOSpOTIn, ds of preparing such
antagonists and nBlP&RAZlNEﬂREMNJ HGXERT ABNTAGONISThIs invention also

discloses methods of using such CXCR3 anwme treatment 10 (non-limiting examples
include palliative, curative and prophylactic t diseases and conditions where CXCR3 has

been implicated. Diseases and conditiops whepe CXCR3 has been implicated include but are not
limited to inflammatory conditions (psor bowel disease), autoimmune disease
(multiple sclerosis, rheumatoid arthritis), fixed drug is eruptions, cutaneous delayed-type

hypersensitivity responses, type | diabetes, viral meningitis and tuberculoid lepro égCXCRB
antagonist activity Heepeseatinvemiondelates anys) pyridyhrncpbROYIRSIYSsn as well as graft

rejection (alIoera&@iiﬁezﬁgﬂmﬁégmﬁmcfwaeaﬁaﬁﬁﬁ}st%ﬁm? REAMNRCRITAIE INVENTION 20
amil

Chemokines constitute of small cytokines that are produced in Inflammation and regulate

leukocyte recRATMROSIIENGERAMAINIDD B OWAETe FHH ABIagRNFIS 1988 Po T &M Yer, T. A, Annu.

Rev. Physic., &tagonists in combination with other compounds with chemokine activity,

5 one or more such antagonists in combination with known immunosuppressive
agents, non-limiting example(s) include Methotrexate, interferon, cyclosporin,
FK-506 and FTY720, methods of preparing such antagonists and methods of
using such antagonists to modulate CXCR3 activity. This invention also
discloses methods of using such CXCR3 antagonists for the treatment

10 (non-limiting examples inc|udAe paliiative, curative and prophylactic therapies)
of diseases and conditions where CXCR3 has been implicated. Diseases ahd
conditions where CXCRS3 has been implicated include but are not limited to
inflammatory conditions (psoriasis and inflammatory bowel disease),
autoimmune disease (multiple sclerosis, rheumatoid arthritis), fixed drug

15  eruptions, cutaneous delayed-type hypersensitivity responses, type |
diabetes, viral meningitis and tuberculoid leprosy. CXCR3 antagonist activity
has also been indicated as a therapy for tumor growth suppression as well as
graft rejection (allograft and zenograft rejections for example).

BACKGROUND OF THE INVENTION

20 Chemokines constitute a family of small cytokines that are produced in
inflammation and regulate leukocyte recruitment (Baggiolini, M. et al., Adv.
Immunol., 55 : 97-179 {1994); Springer, T. A., Annu. Rev. Physio., 57 :
827-872 (1995); and Schall, T. J. and K. B. Bacon, Curr. Opin. Immunol, 6:
865-873 (1994)). Chemokines are capable of selectively inducing chemotaxis

25 of the formed elements of the blood (other than red blood cells), including
leukocytes such as neutrophils, monocytes, macrophages, eosinophils,
basophils, mast cells, and lymphocytes, such as T cells and B cells. in



827-872 (1995); and Schell, T. J. and K. B. Bacon, Cur. Opin. Immunol, 6: 865-873 (1994)).
Chemokines are capable of selectively inducing chemotaxis 25 of the formed elements of the blood
(other than red blood cells), including leukocytes such as neutrophils, monocytes, macrophages,

eosinophils, basophiémsseast cells, and lymphocytes, such as T cells and BggHgsdcloyides
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inflammatory mediator release, chemotaxis and extravasation to sites "of infection or inflammation.

The chemokinB¥adasif irdadri wpspgwaticn, formatien sfbigastivelipide (R @eysteines, which form

disulfide bgndsei@eRehdBy Bl FeapRBesHEBLRYSERISS AR Wik l@iﬂ&ﬁﬁé%b@dﬂdﬁed into distinct
branches, including the C-X-C ,chemokine? (ia;chemo?{]es%]' which the first two conserved cysteines
are separated Hjusn hReFemAknEs AR s lytriggers el iip %W%@Wﬁﬁ?oﬁ?&ﬂ& GCP-2, GROa,
GROS, GROSzaWs R intidindatarpdribgidtofréteaBeubidnradtdschnd oitranakationichitée first two
conserved cyst?in?ﬁ}?re agaﬁent reﬁidues (e. g., MIP-1a, MIP-1i3, RANTES, MCP-1, MCP-2, MCP-3,
1-309) (Baggicﬂd ORPHY HOERE A Immunology Today, 15: 127-133 (1994)). Most
CXC-chemokines attiie oeeoRinetearomitted fivparampirudhadCadad-sharadéures interleukin 8

(L-6), GRO alpha (GRQa), 204 20 DeMoRhi- ARRIEBESRIB A LVABER e 2588
cysteine motif, the family can be divided into distinct branches, including the
C-X-C chemokines (a-chemokines) in which the first two conserved cysteines
are separated by an intervening residue (e. g., IL-8, IP-10, Mig, [-TAC, PF4,
ENA-78, GCP-2, GROq, GROR, GROS, NAP-2, NAP-4), and the C-C

15 chemokines (B-chemokines), in which the first two conserved cysteines are
adjacent residues (e. g., MIP-1a, MIP-18, RANTES, MCP-1, MCP-2, MCP-3,
1-309) (Baggiolini, M. and Dahinden, C. A., Immunology Today, 15 : 127-133
(1994)). Most CXC-chemokines atiract neutrophil leukocytes. For example,
the CXC-chemokines interleukin 8 (IL-8), GRO alpha (GROw), and

io neutrophil-activating peptide 2 (NAP-2) are potent chemoattractants and
activators of neutrophils. The CXC-chemokines designated Mig (monokine
induced by gamma interferon) and IP-10 (interferon-gamma inducible 10 kDa
protein) are particularly active in inducing chemotaxis of activated peripheral
blood lymphocytes. CC-chemokines are generally less selective and can

25  attract a variety of leukocyte cell types, including monocytes, eosinophils,
basophils, T lymphocytes and natural killer cells. CC-chemokines such as
human monocyte chemotactic proteins 1-3 (MCP-1, MCP-2 and MCP-3},
RANTES (Regulated on Activation, Normal T Expressed and Secreted), and
the macrophage inflammatory proteins 1 and 18 (MIP-1a and MIP-1B) have

30  been characterized as chemoattractants and activators of monocytes or
lymphocytes, but do not appear to be chemoattractants for neutrophils.

A chemokine receptor that binds the CXC-chemokines IP-10 and Mig
has been cloned and characterized (Loetscher, M. ef al., J. Exp. Med., 184 :



activators of neutrophils. The CXC-chemokines designated Mig (monokine induced by gamma
interferon) and IP-10 (interferon-gamma inducible 10 We protein) are particularly active In inducing
chemotaxis of activated peripheral blood lymphocytes. CC-chemokines are generally less selective
and can 25 atiWAX2M6/88%%Y of leukocyte cell types, including monocytes, &SRB EXophils, T
lymphocytes and natural killer cells. CC-chemokines such as human monocyte chemotactic proteins

1-3 (MCP-1, MG#3-260 ¢h5eh). 30 XRMNI TES CReotdhiedisiciactiney MaisaldnExpressed and
Secreted), and, the macrophage inflammatory protejns la and 1p (MIP-1a and MIP-1p) have 30 been
characterized %Bﬁ%%&%ﬁ&@%@%ﬁ%sag#%%%m§Bﬁ(”f§/m;lh%ﬁ?/§&?!tgﬁj!%o not appear to
be chemoattraeeestadiauctivatied A celisnpieferentiaibtdnimantihd ciis. CAL bihdingkines IP-10 and
Mig has been gloned and.chagacteri cher. M. etal.. J. Exp. Med, . 184 20061088919
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cells, preferent@h{ilﬁwn%sncgﬁlhﬂ& On binding of the appropriate ligand, chemokine receptors
transduce an intracellular signal 5 through the associated G-protein resulting in a rapid increase in

intracellular calcium Jmatw'ﬂmﬂbﬁ%%@p%(mmﬁ@@m&mﬁmmpmt@&iﬁon and
chemotaxis in fﬁm&mﬂQ@ﬁﬂd\ﬂﬁb.@%ﬁ%%@§§lﬂg 8IS st TP sHpftigant response to

the CXC-chemokines IL-8, GROa, NAP-27 GCP-2 (granulocyle to chemotactic protein-2), ENA78
(epithelial-derivesnansedpiihagietehemelings ke, BROmI NARZEEPH (eransledptehemokines

';('CP-L MfoP- ZeHdmbratti & orBéin )P ERAYSRebith el fvad milRrdp B0 LN PRpiRfIN. Moreover,
78), PF4 (platelet factor 4), or the CC-chemokines MCP-1, MCP-2, MCP-3,
MCP-4, MIP-la, MIP-1R, RANTES, 1309, eotaxin or lymphotactin. Moreover, a
third ligand for CXCR3, I-TAC (Interferon-inducible T cell Alpha
Chemoattractant), has also been found to bind to the receptor with high

15 _ affinity and mediate functional responses (Cole, K. E. ef al., J. Exp. Med., 187:
2009-2021 (1998)).

The restricted expression of human CXCR3 in activated T lymphocytes
and the ligand selectivity of CXCR3 are noteworthy. The human receptor is
highly expressed in IL-2 activated T lymphocytes, but was not detected in

20 resting T lymphocytes, monocytes or granulocytes (Qin, S. et al., J. Clin.
Invest., 101: 746-754 (1998)). Additional studies of receptor distribution
indicate that it is mostly CD3" cells that express CXCR3, including cells which
are CD95*, CD45R0O", and CD45RA'™, a phenotype consistent with previous
activation, although a proportion of CD20" (B) cells and CD56" (NK) cells also

25 express this receptor. The selective expression in activated T lymphocytes is
of interest, because other receptors for chemokines which have been reported
to attract lymphocytes (e. g., MCP-1, MCP-2, MCP-3, MIP-1a,, MIP-1B,
RANTES) are also expressed by granulocytes, such as neutrophils,
eosinophils, and basophils, as well as monocytes. These results suggest that

30 the CXCR3 receptor is involved in the selective recruitment of effector T cells.

CXCR3 recognizes unusual CXC-chemokines, designated IP-10, Mig
and }-TAC. Although these belong to the CXC-subfamily, in contrast to IL-8
and other CXC-chemokines which are potent chemoattractants for



third ligand for CXCR3, I-TAC (Interferon-inducible T cell Alpha Chemoattractant), has also been
found to bind to the receptor with high 15 . affinity and mediate functional responses (Cole, K. E. et at.,
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neutrophils, the primary targets I-TA ocytes, partlcularliseffector cells

such as activatifding &piteactn thesedbstyehemelinastthat rifisienti jrdweeMautsophiD . et at, J Exp.
Med., 177518Qrhldki (@k-Taw, P-d? af! A Blol ReMObe&503 $EELFRRP ((HAG): Cole, K. E. et

Hebert, C. A. et al,, J. Biol. Chem., 266 : 18989-18994 (1991); and
Clark-Lewis, 1. et al., Proc. Natl. Acad. Sci. USA, 90 : 3574-3577 (1993)). In
addition, both recombinant human Mig and recombinant human IP-10 have
been reported to induce calcium flux in tumor infiltrating lymphocytes (TIL)

15 (Liao, F. et al., J Exp. Med, 182: 1301-1314 (1995)). While IP-10 has been
reported to induce chemotaxis of monocytes in vitro (Taub, D. D. et al., J.
Exp. Med., 177: 1809-1814 (1993), the receptor responsible has not been
identified), human Mig and |-TAC appear highly selective, and do not show
such an effect (Liao, F. et al., J. Exp. Med., 182: 1301-1314 (1995); Cole, K.

20 E.etal, J Exp. Med., 187: 2009-2021 (1998)). IP-10 expression is induced
in a variety of tissues in inflammatory conditions such as psoriasis, fixed drug
eruptions, cutaneous delayed-type hypersensitivity responses and tuberculoid
leprosy as well as tumors and in animal model studies, for example,
experimental glomerulonephritis, and experimental allergic encephalomyelitis.

25 IP-10 has a potent in vivo antitumor effect that is T cell dependent, is reported
to be an inhibitor of angiogenesis /n vivo and can induce chemotaxis and
degranulation of NK cells in vitro, suggesting a role as a mediator of NK cell
recruitment and degranulation (in tumor cell destruction, for example) (Luster,
A.D. and P. Leder, J. Exp. Med., 178: 1057-1065 (1993); Luster, A. D. et al,,

30 J Exp. Med. 182: 219-231 (1995); Angiolillo, A. L. et al., J. Exp. Med., 182:
155-162 (1995); Taub, D. D. et al., J. Immunol., 155: 3877-3888 (1995)). The
expression patterns of IP-10, Mig and I-TAC are also distinct from that of
other CXC chemokines in that expression of each is induced by
interferon-gamma (IFN&), while the expression of L-8 is down-regulated by

4



5 at, J. Exp. Med., 187: 2009-2021 (1998)). (NK cells are large granular lymphocytes, which lack a
specific T cell receptor for antigen recognition, but possess cytolytic activity against cells such as
tumor cells and virally infected cells.) Consistently, IP-10, Mig and I-TAC lack the ELR motif, an
essential bindWig)20p6teR881I those CXC-chemokines that efficiently inducePGa(HF3YI4IPE826hemotaxis
(Clark-Lewis, I. et al., J. Biol. Chem. 266: 23128-23134 (1991); Hebert, C. A. et at, J. Biot Chem., 266:
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Immunol, Today, 15 : 127-133 (1994)). The situation is different for IP-10, Mig
and I-TAC, which are selective in their action on lymphocytes, including
activated T lymphocytes and NK cells, and which bind CXCR3, a receptor

15 which does not recognize numerous other chemokines and which displays a
selective pattern of expression.

In view of these observations, it is reasonable to conclude that the
formation of the characteristic infiltrates in inflammatory lesions, such as, for
example, delayed-type hypersensitivity lesions, sites of viral infection and

20 certain tumors is a process mediated via CXCR3 and regulated by CXCR3
expression. Lymphocytes, particularly T lymphocytes, bearing a CXCR3
receptor as a result of activation can be recruited into inflammatory lesions,
sites of infection and/or tumors by I1P-10, Mig and/or I-TAC, which can be
induced locally by interferon-gamma. Thus, CXCR3 plays a role in the

25  selective recruitment of lymphocytes, particularly effector cells such as
activated or stimulated T lymphocytes. Accordingly, activated and effector T
cells have been implicated in a number of disease states such as
graft-rejection, inflammation, rheumatoid arthritis, multiple sclerosis,
inflammatory bowel disease and psoriasis. Thus, CXCR3 represents a

30 promising target for the development of novel compounds having valuable
pharmacological properties.

Reference is made to PCT Publication No, WO 93/10091 (Applicant;
Glaxo Group Limited, Published May 27, 1993) which discloses piperidine



expression patterns of IP-10, Mig and I-TAC are also distinct from that of other CXC chemokines In
that expression of each is induced by interferon-gamma (IFN6), while the expression of IL-8 is
down-regulated by 4 WO 2006/088919 PCT/US2006/005265 IFNJ (Luster, A. D. at a/., Nature, 315 :
672-676 (1983YOR&MHEIBVIM., Proc. Natl. Acad. Sci. USA, 87 : 5238-5242¢TI5390¢H e} J. M.,
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Reference is also made to PCT Publication No. WO 9/20606
(Applicant: J. Uriach & CIA. S.A., Published Aprit 29, 1999) which discloses
piperazines as platelet aggregation inhibitors having the formula:

Xs B
X,‘/ X A/ \D
R1+
o F
10 Xa

Reference is also made to US Patent Application No. US
2002/0018776 A1 (Applicant: Hancock, et al. Published February 14, 2002)
which discloses methods of treating graft rejection.

Reference is also made to PCT Publication No. WO 03/098185 A2
15 (Applicant: Renovar, Inc., Published November 27, 2003) which discloses
methods of diagnosing and predicting organ transplant rejection by detection
of chemokines, for example, CXCR3 and CCL chemokines in urine.

Reference is also made to PCT Publication No. WO 03/082335 A1
(Applicant: Sumitomo Pharmaceuticals Co. Ltd., Published October 8, 2003)
20  which discloses methods of screening a CXCRS3 ligand and methods of
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sites of infection and/or tumors by IP-10, Mig and/or I-TAC, which can be induced locally by
interferon-gamma. Thus, CXCR3 plays a role in the 25 selective recruitment of lymphocytes,
particularly effector cells such as activated or stimulated T lymphocytes. Accordingly, activated and
effector T celwOa0@mes8tPimplicated in a number of disease states such BETHSIMEAERG0N,
inflammation, rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease and psoriasis. Thus,
CXCR3 represgié@,aﬁﬂm’glglagagg’@gtﬁyrdmamm bediBR\wisOBIRPEXER3aving valuable
pharmacologlc% pertlgfs Reference | made to PCT Publlcatlon No. WO 93/10091 (Applicant:
Glaxo Group L iR %Iﬁglfﬂ}lgtﬁrﬂ'? e1993) which discloses piperidine 5 WO 2006/088919

PCTIUS2006/005265 acetic acid derivatives as inhibitors of fibrinogen- dg}oendent blood platelet
aggregation having trieeferanag iRasednadefpRGKPublicationNoZWe19/88688M illustrative

compound of thAbSREias: 'Ml"@ﬁIWHMa&b(&HBh@HE@H@BﬁJ&@B&%@G"#%@’Qe to PCT
Publication No. WO 9/20606 (Applicant; J. Uriach & CIA. S.A., Published April 29, 1999) which
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An illustrative compound of that series is:

sgobin e

10 Reference is also made to PCT Publication No. WO 03/101970
(Applicant: SmithKline Beecham Corporation, Published December 11, 2003)
which discloses imidazolium compounds and their use as CXCR3 antagonists
having the formula:



X21,~cc X4 10 X3 Reference is also made to US Patent Application No. US 2002/0018776 Al
(Applicant: Hancock, at al. Published February 14, 2002) which discloses methods of treating graft
rejection. Reference is also made to PCT Publication No. WO 03/098185 A2 15 (Applicant: Renovar,
Inc., Publish@d hinyesaber 27, 2003) which discloses methods of diagnRFTLEHVIEAEtINng organ
transplant rejection by detection of chemokines, for example, CXCR3 and CCL chemokines in urine.
Reference is also made to PCT Publiggtion No. WO 03/082335 Al (Applicant: Sumitomo
Pharmaceuticals Co. Ltd., Published Qctober 9, 2003) 20 which discloses methods of screening a
CXCRa3 ligand and mgethods g6 WO,2006/088919 PCTll-\LbJSZOOG/005265 diagnosing type 2 diabetes
by detecting the expressio’dos a Il h a biological sample. Reference is also made
to PCT Publication No. WO 02/08%861 (Applicant: Millennium Pharmaceuticals, Inc. Published
October 31, 2002) 5 which disclosgstmidlazolidine compounds and their use as CXCR3 antagonists
having the formula: a Rtt ROR1 B5a R 4R~ -1l '4HW CZT1 NI I N-Y-R' Rttb, m R7 leb 1156 b Re
R AR n R4 Rea R, R,

An illustrative example of that series Is:
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Reference is also made to US Patent Application No. US
5 2003/0055054 A1 (Applicant: Medina et al, Published March 20, 2003) which
discloses compounds having the formula:
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An illustrative compound of that series is:

10 Reference is also made to US Patent No. 6,124,319 (Applicant:
MacCoss et al., issued September 6, 2000) which discloses compounds
useful as chemokine receptor modulators having the formula:



R R3aHR7b P QeR12b An illustrative compound of that series is: NC CN 1 fl O GN NIJ 10
Reference is also made to PCT Publication No. WO 03/101970 (Applicant: SmithKline Beecham
Corporation, Published December 11, 2003) which discloses imidazolium compounds and their use
as CXCRS3 anwganesi#ssielving the formula: 7 WO 20061088919 PCT/USPOUHINIOBAGS6R R4\ Rs X
N NY R2 R3 An illustrative example of that series is: C1 Cl /" 6rv O O Reference is also made to US
Patent Application No. US 5 2003/0055054 Al (Applicant: M¢dina egat. Published March 20, 2003)
which discloses compounds having the formula: X\ /ﬁ\

Reference is also made to PCT Publication WO 03/070242 A1
(Applicant: CELLTECH R& D limited, Published August28, 2003) which
discloses compounds useful as “chemokine receptor inhibitors for the

5 treatment of inflammatory diseases” having the formula:

)k Y
D—T T N—Alk3—E
R4 Ry m

There is a need for compounds that are capable of modulating CXCR3
activity. For example, there is a need for new treatments and therapies for
diseases and conditions associated with CXCR3 such as inflammatory

10  conditions (psoriasis and inflammatory bowel disease), autoimmune disease
(multiple sclerosis, rheumatoid arthritis) and graft rejection (allograft and
zenograft rejections for example).

There is a need for methods of treatment or prevention or amelioration
of one or more symptoms of diseases and conditions associated with CXCR3.
15 There is a need for methods for modulating CXCRS3 activity using the
compounds provided herein.

SUMMARY OF THE INVENTION

In its many embodiments, the invention provides novel compounds of
20 the Formula 1:



[Y'Y"IR -1 'l-y3R2 N An illustrative compound of that seriesis: CF, O/INN\ NN\N 0 FeC 10
Reference is also made to US Patent No. 6,124,319 (Applicant MacCoss et at, issued September 6,
2000) which discloses compounds useful as chemokine receptor modulators having the formula: 8
WO 20061088919 PCT1US20061005265 Y z N~( R n\X /~N Ar Referepﬁs]a/é%ﬁjl@&’ﬁgﬂge to PCT
Publication WORS§/P884% Al (Applicant: CELLTECH R& D limited, Published August28, 2003) which
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Formula 1
or pharmaceutically acceptable salts, solvates or esters thereof wherein:

Zis N, C(R%), NO or NOH;

Xis N, O, alkyl, cycloalkyl, heteroaryl, heterocyclyl or heterocyclenyl;

5 R! and R? are independently absent or present, and if present each is
independently selected from the group consisting of H, alkyl, alkoxy, alkenyl,
carbonyl, cycloalkyi, cycloalkenyl, alkylaryl, arylalkyl, aryl, amino, alkylamino,
amidinyl, carboxamido, cyano, hydroxyl, urea, -N=CH, =NCN, -(CHz),OH,
~(CHZ)qOR, <(CH2)qNHz, ~(CH2)qNHR', -(CH2)qN(R%"),, -(CH2){C(=Q)NHRY,

10 ~(CH2)qSOzRY, -(CH2)qNHSOR?!, -(CH),SO:NHR*', -C(=S)N(H)alky,
-N(H)-S(O)z-alkyl, -N(H)C(=O)N(H)}-alkyl, -S(O).alkyl, -S(O).N(H)alkyl,
-S(0)2N(alkyl)z, -S(O)zaryl, -C(=S)N(H)cycloalkyl, -C(=O)N(H)NH,
-C(=0)alkyl, -heteroaryl, heterocyciyl, and heterocyclenyl; or alternatively
when X is N, the N taken together with the R' and R? forms a heterocycyl,

15 heteroaryl or -N=C(NHz)z;

R?, R* R® and R? moisties can be the same or different, each being
independently selected from the group consisting of H, alkyl, atkylaryl, aralkyl,
-CN, CF3, haloalkyl, cycloalkyl, halogen, hydroxyatkyl, -N=CH-(R®"),
-C(=0)N(R*), -N(R*"),, -OR¥, -S0,(R*"), -N(R**)C(=0)N(R**), and

20 -NR¥)C(=0)R*; ,

R’ and R® are the same or different, each being independently selected
from the group consisting of H, alkyl, alkylaryl, heteroaryi, hydroxyl, -CN,
alkoxy, alkylamino, -N(H)S(O).alkyl, -N(H)C(=O)N(H)alkyl, <(CH2),OH,
~(CHz)qOalkyl, -(CHz)qN(H)-alkyl, -(CH2)qN(H)-S(O)zalkyl, and

25 -(CHa)gN(H)}-CO-N(H)alkyl; or alternatively R” and R® taken together is =0,
=8, =NH, =N(alkyl), =N(Oalkyl), =N(OH) or cycloalkyl;

the R™ moieties can be the same or different, each being
independently selected from the group consisting of H, alkyl, cycloalkyl, aryl,
heteroaryl, heterocyclenyl, heterocyclyl, alkylaryl, arylalkyl, -COZH,

1¢



discloses compounds useful as "chemokine receptor inhibitors for the s treatment of inflammatory
diseases" having the formula: 0 n D-N N-PJk3-E M | R, RZ There is a need for compounds that are
capable of modulating CXCR3 activity. For example, there is a need for new treatments and therapies
for diseases a@I2W06e#RIAS associated with CXCR3 such as inflammator§qglggﬂ%(ﬁ%5r%gs(psoriasis
and inflammatory bowel disease), autgimmune disease (multiple sclerosis, rheumatoid arthritis) and

graft rejection {itgraalisyld-CEHOMER T iedfinudoHexSHp)ePR A eE e )aMdB for methods of

treatment or i IQRSHA IS HEPaHA b IR BOOE ARG (S )ms of diseases and conditions
associated Witf%q)?éRE i% g@‘ ( W

compounds providedthgr%in.@%%&ieﬁiqasg : ﬁ%@%ﬁf@%&ﬁ%ﬁﬁ%%ﬁ%ﬁéu frlre]g:rw:ntion
provides novelindependedtyoseketed framibeagrogpoomgieting 0880 kiACIyTleskgh&hs5265 RT RS R
R3 RaRIX/ | %%Ha}ﬁ, heterocyclyl, heterocyclenyl, alkylaryl, arylalkyl, hydroxyalkyl,

carboxamide, COzH, ~(CHz)qOH, (CHZ)OR*, (CH2)NHR?! -(CHz)N(R*"),,

-OR¥, halogen, = O, and -C(=0)R*";

the R'moieties can be the same or different, each being
independently selected from the group consisting of H, alkyl, -CN,

10 -C(=O)N(R¥)p, -(CHz2)qOH, (CH2)qOR*, -(CH2);NHR®' -(CH2){N(R*")2, and
-5(02)R¥;

D is a five to nine membered cycloalkyl, cycloalkenyl, aryl, heteroaryl,
heterocyclenyl or heterocyclyl ring having 0-4 heteroatoms independently
selected from O, S or N, wherein ring D is unsubstituted or optionally

15 substituted with 1-5 independently selected RZ moieties;

the R?® moieties can be the same or different, each being
independently selected from the group consisting of H, alkyl, alkenyl, alkylaryl,
alkynyl, alkoxy, alkylamino, alkylthiocarboxy, alkylheteroaryl, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkoxycarbonyl, aminoalkyl, amidinyl, aralkyl,

20  aralkenyl, aralkoxy, aralkoxycarbonyl, aralkylithio, aryl, aroyl, aryloxy, cyano,
cycloalkyl, cycloalkenyl, formyl, guanidinyl, halogen, haloalkyl, heteroalkyl,
heteroaryl, heterocyclyl, heterocyclenyl, hydroxyalkyl, hydroxamate, nitro,
trifluoromethoxy, -(CH2)qOH, -(CH2)qOR?!, (CH2){NHz, -(CH2);NHR",
~(CH2)N(R*)2, -(CH2)qC(=O)NHR®', -(CH2)¢S02R*', -(CH2),NHSO,R*, -

25 (CHz)qSOzNHR¥, -alkynylC(R*),0R*, -C(=0)R¥, -C(=0)N(R¥),,
-C(=NR3)NHR¥, -C(=NOH)N(R*’);, -C(=NOR¥*')N(R¥*®),, -C(=0)OR®°,
-N(R*)z, -N(R¥)C(=0)R*!, -NHC(=0)N(R*"),, -N(R¥)C(=0)OR®!,
N(R¥*)C(=NCN)N(R®),, -N(R*)C(=0)N(R¥)SO,(R?), -N(R¥)C(=OIN(R**)z,
N(R¥)S0,(R), -N(R*)S(O)N(R*),, -OR?®, -OC(=0IN(R*),, -SR*,

30 -SON(R*™), -80(R™), -0S0,(R*), and -0Si(R*)s; or alternatively two R
moieties are linked together to form a five or six membered aryl, cycloalkyl,
heterocyclyl, heterocyclenyl, or heteroaryl ring wherein said five or six
membered aryl, cycloalkyl, heterocyclyl, heterocyclenyl, or heteroaryl ring is

11



(Rt3)I (RIn Y Formula | or pharmaceutically acceptable salts, solvates or esters thereof wherein: Z is
N, C(R29), NO or NOH; X is N, 0, alkyl, cycloalkyl, heteroaryl, heterocyclyl or heterocyclenyl; 5 R' and
R2 are independently absent or present, and if present each is independently selected from the group
consisting of FVQRAPEEERIRyY, alkenyl, carbonyl, cycloalkyl, cycloalkeny!, aREASHRHWANRSI, aryl,
amino, alkylamino, amidinyl, carboxamido, cyano, hydroxyl, urea, -N CH, =NCN, -(CH2)qOH,

-(CH2)gOR31fuéetiDINGID atiaHR, lliseBing(SkiplahaR3dbstiiGiaa (T REIR31, io
-(CH2)gSO2R31 .-&CH_Z)gNHSOZRSl, -(CH2)gSO2NHR31, -C(=S)N(H)alkyl, -N(H)-S(0)2-alkyl,
-N(H)C(:O)N(ﬁﬁq%ﬂ §F’-S(0)2alkyl, -S(0)2N(H)alkyl, -S(0)2N(alkyl)2, -S(0)2aryl,
-C(=S)N(H)cycloalkythe RZOpisigties¢2n be(the) stayle dradiffexent, éathrbeindyl, and heterocyclenyl; or

or NeCH ety SOOI ORGSR ST AR enty
selected from aikygyalkenysaliyipming, alkylthidodehokyaaikyhetearoargi-alikyihdadkyl, cycloalkyl,
hNaz%%E(})r;CTZg%@%EﬁQ%éW@%%F%%W'gﬁﬁ%ﬁéﬁﬁas%mg%%f(%éknt each being
independently &alkemyd, &aloxs graligacachamd, eralkiiiria, andsiargylhatd@ryl, hydroxyl, -CN,
alkoxy, alkylargigipodythide(yanbs MﬁﬁQM@HﬁJ fofriye Mlfahidirfthalegadkyl.
. iroal PAGd heercyc: Ry syl e 7 e
ge ,
10 hydroxamate, nitro, trifluoromethoxy, -(CHz2)qOH, ~(CH2)qOR®', -(CH2)qNH_, -
(CH2)gNHR®', {(CH2)qN(R*")a, ~(CH2)qC(=0)NHR?', -(CH,),SO-R?, -
(CH2)eNSO2RY!, -(CH2)qS0.NHR®', -alkynylC(R*');OR®', -C(=0)R¥, -
C(=0)N(R¥),, -C(=NR¥*)NHR¥, -C(=NOH)N(R¥),, -C(=NOR*)N(R*),,
-C(=0)OR¥, -N(R*),, -N(R¥)C(=0)R®!, -NHC(=O)N(R®),
15 ~-N(R®IC(=0)OR®, -N(R¥)C(=NCN)N(R®),, -N(R¥)C(=0)N(R¥)SO(R*),
N(R¥®)C(=0)N(R*),, -N(R*)SO2(RY), -N(R¥)S(0):N(R*),, -OR¥,
~OC(=0)N(R¥®),, -SR¥, -SO:N(R*),, -S0,(R*"), ~0S0,(R*"), and -OSi(R*)s;
Y is selected from the group consisting of -{CR'*R®), -, -<CHR"*C(=0)-,
-(CHR'™),0-, (CHR"),N(R®)-, -C(=0)-, -C(=NR*®)-, -C{=N-OR*)-,
20 -CH(C(=O)NHR¥)-, CH-heteroaryl-, -C(R™*R"),C(R'*)=C(R"®)-,
-(CHR®™),C(=0)- and -(CHR™),N(H)C(=0)-; or alternatively Y is cycloalkyl,
heterocyclenyl, or heterocyclyl wherein the cycloalkyl, heterocyclenyt, or
heterocyclyl is fused with ring D;
the R'® moieties can be the same or different, each being independently
25  selected from the group consisting of H, alkyl, alkylary!, cycloalkyl, alkoxy, aryi,
heteroaryl, heterocyclenyl, heterocyclyl, spiroalkyl, -CN, -COzH, -C(=0)R*,
-C(=0)N(R¥),, -(CHR¥)q0H, ~(CHR¥);0R¥, -(CHR*’)qNH3, -(CH R¥);NHR™!, -
(CH2)C(=0)NHR?, -(CH2)qSO02R*, -(CH2)qNSO;R*, -(CH2)qS0zNHR®', -NH,,
N(R¥)3, -N(R¥*)C(=0)N(R*),, -N(R¥)SO,(R*), -OH, OR*, -SO.N(R*),, and
30 -SOx(R™),
the R* moieties can be the same or different, each being
independently selected from the group consisting of H, alkyl, alkylaryl, aryl,
aralkyl, cycloalkyl, CN, ~(CH,)qOH, -(CHz)qOalkyl, -(CH.)qOalkylaryl, -
(CHz)qOaryl, -(CHz)qOaralkyl, -(CH2),Ocycloalkyl, -(CH2)qNHz, ~(CH2)qNHalky,
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=S, =NH, =N(alkyl), =N(Oalkyl), =N(OH) or cycloalkyl; the R10 moieties can be the same or different,
each being independently selected from the group consisting of H, alkyl, cycloalkyl, aryl, heteroaryl,
heterocyclenyl, heterocyclyl, alkylaryl, arylalkyl, -CO2H, 10 WO 2006/088919 PCTIUS20061005265
hydroxyalkyl, -®0-)5¢#880)2, -(CH2)gOH, -(Cl12)gOR37,-(CH2)gNHR31 - ¢CEiE3gdiémastsr,-OR30,
halogen, =0, and -C(=0O)R31,; the R11 moieties can be the same or different, each being

independently thy pnqgrk?@ng' i Brgy, | iRyneteroaryl,

heterocyclyl, h?@%cﬂmzélﬁj% rylalk: l_}/-%gzg/@ugilr% f oxarﬂ\igg%(ﬁ)ygﬂ -(CH2)gOH,

4CH2)gOR31,(Gd bhwky{dé% §‘§)&5P go? ?Eé%ﬁ@“&aﬁw&zazomm; the R 12
a@)n[-ﬁﬂ 2, E(@ﬂb)aei(@mﬁﬁﬁﬁﬂqaﬂb)qﬁlﬁ@%gﬁmme group consisting of

moieties can b GiE

L Che BN RS RERIOMDR  imsconor
heterocyclyl rimgmgmarﬂ,hmﬂ%miatﬂgbwwoimﬂ(ﬁpﬂﬂkl&ms&w!ky_krein ring D is
moeties can B TR REUURGAE S ot SEPUEA alhiad from the group consising of
H, alkyl, alkenfCladigNS O codlyalily] atCkiz )Rk Hiatiy) i tb)sBQubingikylapheteroaryl, alkylthio,
halogen, halodiejéroeyelerigheterocyclyl, and heteroaryl;

10 the R3' moieties can be the same or different, each being
independently selected from the group consisting of alkyl, alkylaryl, aryl,
aralkyl, cycloalkyl, -(CH2)qOH, {(CHz)qOalkyl, -(CHz)qOalkylari, -(CHz)Oaryl,
-(CHg)qOaralkyl, -(CHz)qOcycloalky!, -(CHz)qNH2, -(CHz){NHalky}, -

(CH2)qN{alkyl), -(CH2)qNHalkylaryt, -(CHz);NHaryl, -(CHz)(NHaralkyl, -

15 (CHg)qNHcycloalkyl, -(CH2)qC(=0)NHalkyl, -(CH2)C(=0)N(alky!l)z, -
(CH2)C(=0O)NHalkylaryl, -(CH2)C(=O)NHaryl, (CH2),C(=0)NHaralkyl, -
(CH2){C(=O)NHcycloalkyl, -(CH2)qS Ozalkyl, -(CHz)SO.alkylaryl, -

(CH2)qS0:aryl, ~(CH2)qS0.aralkyl, -(CHz)SOzcycloalkyl, <(CH2);NSO-alkyl, -
(CH2)NSOzalkylaryl, ~(CHz)qNSO.aryl, {(CH2)qNSOzaralkyl, -

20  {CH2)gNSO,cycloalkyl, -(CHz2)¢SOzNHalkyl, -(CH2);SO2NHalkylary!, -
{(CH2)¢SO,NHaryl, -(CH2),SO.NHaralkyl, -(CH2);SO.NHcycloalkyl,
heterocyclenyl, heterocyclyl, and heteroaryl;

mis 0 to 4;
nis 0to 4,

25 each q can be the same or different, each being independently

selected from 1 to 5; and

ris 1to4;

with the proviso that there are no two adjacent double bonds in any
ring, and that when a nitrogen is substituted by two alkyl groups, said two

30  alkyl groups may be optionally joined to each other to form a ring.

A further feature of the invention is a pharmaceutical composition
containing as active ingredient at least one compound of Formula 1 together
with at least one pharmaceutically acceptable carrier or excipient.
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heteroaryl, heterocyclyl, heterocyclenyl, hydroxyalkyl, hydroxamate, nitro, trifluoromethoxy,
-(CH2)gOH, -(CH2)gOR31, -(CH2)gNH2, -(CH2)gNHR31, -(CH2)gN(R31)2, -(CH2)gC(=0O)NHR31,
-(CH2)gS02R37, -(CH2)gNHS02R37, 25 (CH2)gSO2NHR31, -alkynylC R3%20R37 -C(=0O)R30,
-C(=O)N(R3MY2, 205 (888i¥B0)NHR 311, -C(=NOH)N(R30)2, -C(:NOR31)N(R ﬁ?q@(jzs OR30,
-N(R30)2, -N(R31)C(=0)R31, -NHC(=O)N(R30)2, -N(R3)C(=0)0R31, -N(R3)C(=NCN)N(R30)2,
-N(R30)C(=0)N(R30}dayration-prevBBorathddRei)epari(3mapauras - ReRadyst0) 2N (R30)2,
-OR30 -OC(= - =S0: (ﬁﬁ%) < -0 -OSi(R30)3; or
alternatively t%%%@(@n%?&@%ﬁ%ﬁ%& yoget egre tsc') o?rrgn)?t g [ Iee bﬁgﬁ%ﬁrﬂ%%ga aryl, cycloalkyl,

heterocyclyl, ialiativgdhergpvbrawsativaatierary repbitasiicithecapy f eadaindisaasss, cycloalkyl,
heterocyclyl, %m%le%"qm%mgfg}g jﬁsgés\élgég);@%g@ ;%,F;QI'QH,%QQ?/OOSZGS fused to
m

ring D and the fused ring is optionally substituted with 0-4 oieties; the R21 moieties can be the

same or differapwel fiseaeRlganioiyaNpe diseases(8agrohawRaiRid RS FYUR® . alkyl, alkenyl,
alkylaryl, s allgrbsoupaetdatunqeatky BhigsambeRctskyRaiagamteplbh)o. alkylsuiny,

alkylsulfonyl, alkoxycarbonyl, aminoalkyl, amidinyl, aralkyl, aralkenyl, aralkox lkoxycarbonyl,

aralkylthio, arfiPRRAIMiGRBRINMakpR rﬂm@y@ydﬁf?cwaﬁgfﬁﬁﬁé@m%or W guanidinyl,
halogen, haldalgdtibeisieides, aisteedyds Breiting woX CREEheyatkineg, ingdiatedalkyl, 10

B L ) o 1 e
-alkynylQ@R 3" 4tie8t atHe@ildically-iipdtiR8 @R out{ oN& IeabiHIR8 GorGoi@fN (R30)2,
CFNOR&)W&%% 1, or a pharmaceutically acceptable salt, solvate or ester thereof.
The invention provides methods of treating diseases, for example,
treatment (e. g., palliative therapy, curative therapy, prophylactic therapy) of
certain diseases and conditions such as inflammatory diseases (e. g.,

15  psoriasis, inflammatory bowel disease), autoimmune diseases (e. g.,
rheumatoid arthritis, muitiple sclerosis), graft rejection (e. g., allograft
rejection, xenograft rejection), infectious diseases as well as cancers and
tumors, fixed drug eruptions, cutaneous delayed-type hypersensitivity
responses, ophthalmic inflammation or dry eye, type | diabetes, viral

20  meningitis and tuberculoid leprosy comprising administering: (a) a
therapeutically effective amount of at least one compound according to
Formula 1, or a pharmaceutically acceptable salt, solvate or ester thereof
concurrently or sequentially with (b) at least one medicament selected from
the group consisting of: disease modifying antirheumatic drugs; nonsteroidal

25  anti-inflammatory drugs; COX-2 selective inhibitors; COX-1 inhibitors;
immunosuppressives (such as cyclosporins and methotrexate); steroids
(including corticosteroids such as glucorticoids); PDE [V inhibitors, anti-TNF-a
compounds, TNF-a-convertase (TACE) inhibitors, MMP inhibitors, cytokine
inhibitors, glucocerticoids, other chemokine inhibitors such as CCR2 and

30 CCRS5, CB2-selective inhibitors, p38 inhibitors, biological response modifiers;
anti-inflammatory agents and therapeutics.

The invention also provides a method of modulating (inhibiting or
promoting) an inflammatory response in an individual in need of such therapy.
The method comprises administering a therapeutically effective amount of a

14



-C(=0)OR30, -N(R30)2, -N(R30)C(=0)R31, -NHC(=0O)N(R30)2, 15 -N(R30)C(=0)OR31,
-N(R30)C(=NCN)N(R3()2, -N(R30)C(=0O)N(R30)SO2(R31), -N(R30)C(=0O)N(R30)2, -N(R3)S02(R31),
-N(R31)S(0)2N(R31)2, -OR30, -OC(=0)N(R30)2, -SR30, -SO2N(R30)2,-SO2(R31), -OS02(R31), and
-OSi(R31)3; Womstesssd from the group consisting of -(CR13R13) -, -CERH BN CcHR13),0-,
-(CHR13) N(R3)-, -C(=0)-, -C(=NR30)-, -C(=N-OR30)-, 20 -CH(C(=O)NHR30)-, CH-heteroaryl-,
-C(R13R13)rE{Ripamtd Ry, sttt Rigni(ro)ecuie) WhidR khibite-HCireMetes alternatively Y is
cycloalkyl, heterocyclen t I heterogycle eterocyclyl is
fused with ringr;n é%{ﬁglﬁ'fy’ob )nggﬁa%éﬁ'smgr? %Lﬂﬁ@%@??ﬁg%@#hg%ﬁ{bﬁ% in lglgéﬁgently 25

Eelected f[omiSthg&ihptbmfrw' isitoitip gfqnpmnymglm&meqiammgmmmagygbr;g&e?gdﬂgb) o
eterocycleny, { s iR, AT s\ b y T g )
-(CHR30)go£e%?-§é%%§%§%%§,ﬁ%%@ é&?%%@?%”ﬁ@%&ﬁ%@%m, -(CH2)gSO02R31,
-(C12)gNS02RBerapemizalls effegtivesamoynbo nmmng(_mw@)mgkao)z, -N(R30)S02(R31),
-OH, OR30 , {{aghU B icalfnsbcidratiie G3ft) s a3} Bk iRsregR Pe the same or different, each

being independently selected from the group consisting of H, alkyl, alkylaryl, aryl, aralkyl, cycloalkyl,

CN, 4CH2)gOH, -(CAlsydissigaed i omesand Al ratinariniammstorydawr) dlaearg!,

-(CH2)gOcyclpaikl Crénrd)aiekse;(HEehaiVE abiitls \iR ¥SaHEHRGA PRIVIS Bieh/ tisstRp005265
-(CH2)gN(alkyl)2, -(.C.HZ),NHaI.IgtI:frtryl, -(CHz)gNHar%/I, -( H2)§;NHaraIkyI - (CH2)gNHcycloalkyl,

-(CH2)gC(=0) RHPRRING ErmIREtErBae:iRG RRtlert A g erasficriiefiarive @R GEto NHary,

-(CH2)gG(=0)dktstrefte/bompound of Formula 1, or a pharmaceutically acceptable salt,
solvate or ester thereof.
Also disclosed is a method of treating inflammatory bowel disease in a
patient in need of such treatment comprising administering to the patient a
therapeutically effective amount of: (a) at least one compound of Formula 1,

15 or a pharmaceutically acceptable sait, solvate or ester thereof concurrently or
sequentially with (b) at least one compound selected from the group
consisting of: sulfasalazine, 5-aminosalicylic acid, sulfapyridine, anti-TNF
compounds, anti-IL-12 compounds, corticosteroids, glucocorticoids, T-cell
receptor directed therapies (such as anti-CD3 antibodies),

20  immunosuppresives, methotrexate, azathioprine, and 6-mercaptopurines.

Also disclosed is a method of treating graft rejection in a patient in
need of such treatment comprising administering to the patient a
therapeutically effective amount of at least one compound of Formula 1, or a
pharmaceutically acceptable salt, solvate or ester thereof.

25 Also disclosed is a method of treating graft rejection in a patient in
need of such treatment comprising administering to the patient a
therapeutically effective amount of: (a) at least one compound of Formula 1,
or a pharmaceutically acceptable salt, solvate or ester thereof concurrently or
sequentially with (b) at least one compound selected from the group

30 consisting of: cyclosporine A, FK-506, FTY720, beta-interferon, rapamycin,
mycophenolate, prednisolone, azathioprine, cyclophosphamide and an
antilymphocyte globulin.

Also disclosed is a method of treating multiple sclerosis in a patient in
need of such treatment the method comprising administering to the patient a
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(CH2)gC(=0O)NHcycloalkyl, -(CH2)gS02alkyl, -(CH2)gSOzalkylaryl, 5 (CH2)gSO2aryl,
-(CH2)gSO2aralkyl, -(CH2)gSO2cycloalkyl, -(CH2)gNSO2alkyl, - (CH2)gNSO2alkylaryl,
-(CH2)gNSO2aryl, -(CH2)gNSO?2aralkyl, - (CH2)gNS02cycloalkyl, -(CH2)gSO2NHalkyl,
-(CHZ)gSO2NEARMIBAO 1 CH2961SO2NHaryl, -(CHz)gSO2NHaralkyl, -( %%N%%@cloalkyl,
heterocyclenyl, heterocyclyl, and heteroaryl; to the R31 moieties can be the same or different, each
being indepdhgeansuticalinelierivpiAmewdt picinadheirpeuticaliy rifestiveamountaiat cycloalkyl,

-(CH2)qOH, 1&el5aRL alirbolinbl SFFtaatna | or(& prRasRAsliticiy 2ieeinEdieysaifCH2)gOcycloalkyl,
-(CH2)gNH2, -(CH2)gNHalkyl, - (CH2)gN(alkyl)z, - CH2)gNHaIkyIareéIé:|-a&éHZigNHaryI,

-(CH2)gNHarSRlate10r gstes \HRTSC) CRRRITeTY 95 RRSLEDYIRIL WD SREVOBAN (alkyl)2, -

TR T i v e S i

- g alkyl, - gSOzalkylaryl, - aryl, - g aralkyl, - gSOzcycloalkyl,

-(CHz)glesoé'ﬁﬁ&ﬁt,ga E@&fﬁ?@%‘iﬁa@iﬁ&?\%‘?ﬂﬂ ' JN%%’)F%?&%’,‘Q(%P} aralkyl, 20

(CH2)gNSO2 eyittnaitrbné-VMeS PRIBHEHKYE TCRE JasttIRN B atiitatots - 46dH2)gSO2NHaryl,

-(CH2)gS02 alkyl, -(CH O2NHcycloalkyl, heterocyclenyl, heterocyclyl, and heteroaryl; mis 0
ks kP

to4; nisOto % e same or different, each being independently selected from I to
5; and r is 1 to 4; wikisbeisalossd tisa thetteodref treatingadjdtiplet stietnlsihional patientyinring, and that

when & rogetL i GRS B S BarPEAY B ARG RS b gpionaly foined

to each otherto formari
10 therapeutically effective amount of: (a) a therapeutically effective amount of at

least one compound of Formula 1, or a pharmaceutically acceptable salt,
solvate or ester thereof concurrently or sequentially with (b) at least one
compound selected from the group consisting of: methotrexate, cyclosporin,
leflunomide, sulfasalazine, corticosteroids, S-methasone, g-interferon,
15 glatiramer acetate, prednisone, etonercept, and infliximab.
Also disclosed is a method of treating rheumatoid arthritis in a patient
in need of such treatment the method comprising administering to the patient
a therapeutically effective amount of: (a}) at least one compound of Formula 1,
or a pharmaceutically acceptable salt, solvate or ester thereof concurrently or
20  sequentially with (b) at least one compound seiected from the group
consisting of: non-steroidal anti-inflammatory agents, COX-2 inhibitors,
COX-1 inhibitors, immunosuppressives, cyclosporine, methotrexate, steroids,
PDE IV inhibitors, anti-TNF-a compounds, MMP inhibitors, corticosteroids,
glucocorticoids, chemokine inhibitors, CB2-selective inhibitors, caspase (ICE)
25 inhibitors and other classes of compounds indicated for the treatment of
rheumatoid arthritis.
Also disclosed is a method of treating psoriasis in a patient in need of
such treatment the method comprising administering to the patient a
therapeutically effective amount of: a) at least one compound of Formula 1, or
30 a pharmaceutically acceptable salt, solvate or ester thereof concurrently or
sequentially with (b) at least one compound selected from the group
consisting of: immunosuppressives, cyclosporins, methotrexate, steroids,
corticosteroids, anti-TNF-a compounds, anti-IL compounds, anti~IL-23

compounds, vitamin A and D compounds and fumarates.
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A further feature of the invention is a pharmaceutical composition containing as active ingredient at
least one compound of Formula | together with at least one pharmaceutically acceptable carrier or

excipient. 13 WO 2006/088919 PCTIUS2006/005265 The invention provilgeTs mzeﬂtrgl%doszgsf preparing
compounds oV EIMIERYY? as well as methods for treating diseases, for exgrﬁg?e,?reﬁment (e.g.,

palliative therapy, curative therapy, prophylactic therapy) of certain diseases and conditions e. g.,

inflammatory diseaséés@digclipsedisia methadphiteging oringisaigdaflammatiofune diseases (e. g.,
rheumatoid arfiu#igyify: Y @. §CIGVeRIS) puatBrsi aeipnetit iftr=Ale MR IhfRIRRIaorkenograft rejection),

ophthalmic inflammatidon or dry eye, infectious diseases and tumors. The invention provides a method

of treating a Cmsf&ém%%%%éﬁy‘ai%gétfﬁrﬁ ipeed of seelh weatment 8 ment comprising
administering fadifRd edipiRsihg Brtametsinyioefe patRpracheraiaiteans efiectiospound of Formula

1, or a pharmaceutically acceptable salt, solvate or est(e;ﬁthir(;'gf. T\I‘]e Hﬂvention provides methods of
treating dideaSHBOHN BkAhFldeqstant APEPYNA ARSAING O SRR fiveRerapy, prophylactic
therapy) of ceptaimtiseatiesligrateopiaibiersalt shivetd diastanthsycdbeasamientty ot 5 psoriasis,
inflammatory bowel disease oimmune diseases (e. g.., rheymatoig arthritis, multiple sclerosis),
graft rejection fggﬁﬁnc}i'ﬁ’ﬁﬁr tih?éiéﬂl"fﬁ%ﬁé’ﬁ‘&g?%‘i‘??&ec‘li%%‘?cﬂﬁg? BHIGLEEEs as well as cancers
and tumors, fiemusiting efijmonmasuppressives) ayekiapprnsy pestioteiaty, K ses, ophthalmic
inflammation labetes, viral.20 meningiti tuberculoid leprosy comprising
administering:cg(’té%rr %fﬁvﬁic?%%%#gﬁiﬁfér& |v£21|t!am5?%tb%e%@€%ne compound according to Formula
1, or a phrmaceuticAlgpatiselosgsdssalmetiiodef tieating adirease selected from the

group consisting of: inflammatory disease, rheumatoid arthritis, multiple
sclerosis, inflammatory bowel disease, graft rejection, psoriasis, fixed drug
eruptions, cutaneous delayed-type hypersensitivity responses, ophthalmic
inflammation (including e.g., uveitis, posterior segment intraocular

15 inflammation, and Sjogren's syndrome), tuberculoid leprosy and cancer in a
patient in need of such treatment, such method comprising administering to
the patient an effective amount of at least one compound according to
Formula 1, or a pharmaceutically acceptable salt, solvate or ester thereof.

The invention also provides a method of treating a disease selected

20 from the group consisting of: inflammatory disease, rheumatoid arthritis,
multiple sclerosis, inflammatory bowel disease, graft rejection, psoriasis, fixed
drug eruptions, cutaneous delayed-type hypersensitivity responses and
tuberculoid leprosy, ophthalmic inflammation, type | diabetes, viral meningitis
and cancer in a patient in need of such treatment, such method comprising

25 administering to the patient an effective amount of (a) at least one compound
according to Formula 1, or a pharmaceutically acceptable salt, solvate or
ester thereof concurrently or sequentially with (b) at least one medicament
selected from the group consisting of: disease maodifying antirheumatic drugs;
nonsteroidal antiinflammatory drugs; COX-2 selective inhibitors; COX-1

30 inhibitors; immunosuppressives; steroids; PDE IV inhibitors, anti-TNF-a
compounds, MMP inhibitors, corticosteroids, glucocorticoids, chemokine
inhibitors, CB2-selective inhibitors, biological response modifiers;

anti-inflammatory agents and therapeutics.
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concurrently or sequentially with (b) at least one medicament selected from the group consisting of.
disease modifying antirheumatic drugs; nonsteroidal 25 anti-Inflammatory drugs; COX-2 selective
inhibitors; COX-1 inhibitors; immunosuppressives (such as cyclosporins and methotrexate); steroids
(including cortR@stet@M89such as glucorticoids); PDE IV inhibitors, anti-TNECE USRS,
TNF-a-convertase (TACE) inhibitors, MMP inhibitors, cytokine inhibitors, glucocorticoids, other

chemokine inhibitors such apEEAIR EDDOESERPTICIE O AEINGVENTION. P38 inhibitors, biological

response modifiers; anti-inflammat agﬂpents angd therapeutics. The invention also Provi es a method
of modulating (inhibitmfé?r%m?ﬁg?r AR I RIdaangmeaning AR DR MENRESY of such
therapy. The mgihagraipimtRpeddenisiceachvtarmtidigriseffcuiyenaiastaiding4 WO

20061088919 PCT/US2006/005265 compound (e. a.,,.small oyganic molecule) which inhibits or
promotes marﬂﬂqa‘ﬁﬁ%e? ?fﬁzﬁgﬁgﬁfﬁ%w 'ﬁ?di&?f&%%@r‘f’ﬁ@eﬁﬁﬁ@&ﬁ AP 85%&8” is a method of
inhibiting @ bldiskispetificdtiore drdadaime mGlesntical namtsntommeachaes; ateatment comprising
administering tq the.patien ther ticall ' mount of a ¢ f Formula 1 or a
pharmaceuticaﬁ}g%ggip%%ﬁ%%%%g g‘c%@g)ttée &ogeegsféqee{%%%@gaﬁaﬂgg%ls% ggcl% %ﬁ%%r%e Rod of treating
inflammatory beimuetutise These defirdtions applyaagerdlass afivhethizicd lerngatitsedbyieed of such

weatment comaiag AdRRISICHNA WieharRILa UnjaceLiralyeabaa pa g at o least one

compound of Formula 1, or a pharmaceutically accepta vate or ester thereof. Also

disclosed is a thetdefindianceltiraliifi apptiesds, Blivie agiweallesithe "aHoéRaitieas ®bf such treatment
comprising, admypRe Ak IaRSEIRP e alkoxy,” etc.

As used above, and throughout the specification, the following terms,
unless otherwise indicated, shall be understood to have the following
meanings: )

"Alkenyl" means an aliphatic hydrocarbon group containing at least one

15 carbon-carbon double bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the chain. Preferred alkenyl
groups have about 2 to about 12 carbon atoms in the chain; and more
preferably about 2 to about 6 carbon atoms in the chain. Branched means
that one or more lower alkyl groups such as methyl, ethyl or propyl, are

20 attached to a linear alkenyl chain. "Lower alkenyl” means about 2 to about 6
carbon atoms in the chain which may be straight or branched. The alkenyl
group may be substituted by one or more substituents which may be the
same or different, each substituent being independently selected from the
group consisting of alkyl, alkenyl, alkynyl, alkoxyl, aryl, aryloxy, cycloalkyl,

25  cycloalkenyl, cyano, heteroaryl, heterocyclyl, heterocyclenyl, amino,
aminosulfonyl, halo, carboxyl, carboxyalky! (non-limiting example(s) include
ester), alkoxycarbonyl, hydroxyalkyi, carbonyl (non-limiting exampie(s) include
ketone), -C(=0)heterocyclyl, formyl (non-limiting example(s) include
aldehyde), carboxamido (i.e. amido, -C(=0)NHz), -C(=O)N(alkyl),,

30 -C(=O)NH(alkyl), -C(=O)N(cycloalkyl), -C(=O)NH(cycloalkyl), -NHC(=0)alkyl,
urea (e.g. -NH(C=0O)NHa, -NH(C=0)NH({alkyl), -NH(C=0)NH(alkyl)s,
-NH(C=0)NH(heteroary!), -NH(C=0)NH(hetsrocyclyl)}, guanidinyl,
-NHC(=NCN)NHz, -NHC(=NCN)N(alkyl);, carbamoyl (i.e. -CONH,),
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therapeutically effective amount of. (a) at least one compound of Formula 1, is or a pharmaceutically
acceptable salt, solvate or ester thereof concurrently or sequentially with (b) at least one compound
selected from the group consisting of. sulfasalazine, 5-aminosalicylic acid, sulfapyridine, anti-TNF
compounds, aWE-14/M88Yhpounds, corticosteroids, glucocorticoids, T-celP¢EESSt8F et ed therapies
(such as anti-CD3 antibodies), 20 immunosuppresives, methotrexate, azathioprine, and

6-mercaptopurNEE (30 aled|cs0LH N(alkghh NHCE (YN S ad)saikgtion in a patient in need of such
treatment compyisjpg_administeyi the patient erapeyt ffective amount of at least one
compound of Fﬁﬁﬁéﬁﬂb@ﬁ%@fﬂ@&%@ﬁéé@ﬂégﬂm é&@%ﬁ@& ﬁ?(%@%lr’ thereof. 25 Also
disclosed is a ridhligl pS(@ phtiylg rhiHESE2saryin aNatlem):-8(Oleard|pédHeB(Oaadiant comprising
administering t ian erguaulsl ve un al compound of
Formula 1, or a\lpﬂ-?gzé eﬂ%!:k&l Wi Z@Bé%@é E%ﬁ?%dl\a}g&]ﬁd'roéé%éé g?{érg?%ln rrently or sequentially
with (b) at least 3@ zrmhpB(O3salkle ARR)as/G rsuliadyiconsifting-imitinglespomie(®), FK-506,
FTY720, beta-i @W_ ' Wnely] j : Totald phosphamide
and an antilymp ggét%quo uli .ﬂlglsié;gfsg%}feﬁﬁl %ﬁz‘aberﬁgﬁﬁg‘g%?{?e%ﬁ[}tr?g %‘1%%%9@%@@89'8 in a patient in
need of such tris& &@Meﬂﬁ@ﬂ%ﬂnbﬂﬁ@ﬁbﬁﬁﬁ!@t@ﬂhgttg'ﬂmpatﬁwtﬁnﬂs 95©mb06/088919

PCT/US2006/04e¢8acépgrapeutically effective amount of: (a) a therapeutically effective amount of at
least one compound of Formula 1, or a pharmaceutically acceptable salt, solvate or ester thereof

concurrently or sequeAtSYy RANS RA:3lRRelH BYdaeaEoR SR ich SRR NI Msisting of:

beta-interfgyon pgdpidksteind comprising about 1 to about 20 carbon atoms in the chain.
Preferred alkyl groups contain about 1 to about 12 carbon atoms in the chain.
More preferred alkyl groups contain about 1 to about 6 carbon atoms in the
chain. Branched means that one or more lower alkyl groups such as methyl,
ethyl or propyl, are attached to a linear alkyl chain. "Lower alkyl" means a

15 group having about 1 to about 6 carbon atoms in the chain which may be
straight or branched. The alkyl group may be substituted by one or more
substituents which may be the same or different, each substituent being
independently selected from the group consisting of alkyl, alkenyl, alkynyl,

- alkoxyl, aryl, aryloxy, cycloalkyl, cycloalkenyl, cyano, heteroaryl, heterocyciyl,
20 heterocyclenyl,
amino, -NH(alkyl), -N(alkyl), -NH(cycloalkyl), -N{cycloalky!),, -NH(aryl),
-N(aryl)z, -NH(heteroaryl), -N(heteroaryl),, -NH(heterocyclyl), N(heterocyciyl)s,
halo, hydroxy, carboxyl, carboxyalkyl (non-limiting example(s) include ester),
alkoxycarbonyl, hydroxyalkyl, carbonyl (non-limiting example(s) include ketone),

25 -C(=O)heterocyclyl, formyl, carboxamido (i.e. amido, -C(=0)NHa,,
-C(=0)N(alkyl)z, -C(=O)NH(alkyl), -C(=0)N(cycloalkyl),, -C(=O)NH(cycloalkyl)),
-NHC(=0)alkyl, amidinyl, hydrazidyl, hydroxamate, -NHC(=0)H, -NHC(=0)alkyj,
urea (non-limiting example(s) include -NH(C=0)NH,, -NH(C=0)NH(alkyl),
-NH(C=0)N(aiky!)2, -NH(C=0O)NH(heteroaryl), -NH(C=0)NH(heterocyclyl)),

30 guanidinyl, -NHC(=NCN)NH;, -NHC(=NCN)N(alkyl)z, carbamoy! (i.e., -COsNH>),
-NHC(=0)0Oalkyl, -CO;N(alkyl)2, -NHC(=O)NH-S(O).alkyl,
-NHC(=0)N(alkyl)}-S(O).alkyl, -NH-S{O).alkyl, -NH-S(O):heteroaryl,
-N(alkyl)-S(O)zalkyl, -NH-S(O)zaryl, -N(alkyl)-S(O)aryl, -NH-S(O).NH,,
-NH-S(0)2NHalkyl, -NH-S(O)N(alkyl),, thio, alkylthio, alkylthiocarboxy,
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5 acetate, corticosteroids, glucocorticoids, methotrexate, azothioprine, mitoxantrone, VLA-4 Inhibitors,
FTY720, anti-IL-12 inhibitors, and CB2-selective inhibitors. Also disclosed is a method of treating
multiple sclerosis in a patient in need of such treatment the method comprising administering to the
patient a 1o tREQ2PUAIBAI/, effective amount of. (a) a therapeutically effe RGEBFHWOMBEBHAL least one
compound of Formula 1, or a pharmaceutically acceptable salt, solvate or ester thereof concurrently

or slequen_tialllyﬁ\(ma(lk_ylat-m?wmlgl ._oeﬁ((b)za_r;dl, s@lsgmghfmm-%(m)aawk;qmﬂfﬁmybLUE_armI-:'thotrexate,

cyclosporin, unamide, sulfa | ic of -methas O-interferon, is glatiramer

acetate, predrzg%?fﬁfne' lglqeerégﬁaag}éj ﬁﬁ&%aﬁﬁggj‘s‘a%%ﬂ |asn§ er%’t%ci)w? freating rheumatoid

arthritis in a pAMeminitingekamples ofcutitable: alitygeobpd inolugdesiethylirathidiaiaPRYkhe patient a

therapeuticall e al i ) Al n a pharmaceutically
CELSE SN ) e e RO et ket

acceptable salt, ereof concurrently or sequentially wi at least one

compound seltiflearomathycand apclanraryimetiylnon-steroidal anti-inflammatory agents, COX-2

inhibitors, COX-1 inXNAFtERSBHAPHEANS SR YR HESRRAIDE B WAKRSIAheSSMERltls, PDE IV
inhibitors, anti-TNF-a compounds,”MMP inhibitors, corticostéroids, glucocorticoids, chemokine

inhibitors, CBR&&EMReslyifIBrerbeshand daehreny i thmparent merbyie tadgBdns compounds
indicated for thp{ERmRIEGNgRIp heumatoid arthritis. Also disclosed is a method of treating psoriasis in a
patient in need of such treatment the method comprisin%admini_sterin to the patient a therapeutically

effective amount of: 2)KYRRINSHILIRS LIS RN 2rasesh Which Ane Rl MR Lhcceptable salt,
solvate ofjestahéieyeRigematorenty tie segogen &lyopidedd hytdaankdfagmpoderhedlected from the

group above. The bond to the parent is through the nitrogen.

"Alkylaryl" means an alkyl-aryl- group in which the alkyl and aryl are as
described herein. Preferred alkylaryls comprise a lower alkyl group.
Non-iimiting examples of suitabie alkylaryl groups include o-tolyl, p-tolyl and

15 xylyl. The bond to the parent moiety is through the aryi.

"Alkylthio" means an alkyi-S- group in which the alkyl group is as
described herein. Non-limiting examples of suitable alkylithio groups include
methylthio, ethylthio, i-propylthic and heptylthio. The bond to the parent
moiety is through the sulfur.

20 "Alkylthiocarboxy" means an alkyl-S-C(=0)O- group. Preferred groups
are those in which the alkyl group is lower alkyl. The bond to the parent
moiety is through the carboxy.

"Alkylsulfonyl" means an alkyl-S(O).- group. Preferred groups are
those in which the alkyl group is lower alkyl. The bond to the parent moiety is

25 through the sulfonyl.

"Alkylsulfinyl” means an alkyl-S(O)- group. Preferred groups are those
in which the alkyl group is lower alkyl. The bond to the parent moiety is
through the sulfinyl.

"Alkynyl" means an aliphatic hydrocarbon group containing at least one

30 carbon-carbon triple bond and which may be straight or branched and
comprising about 2 to about 15 carbon atoms in the chain. Preferred alkyriyi
groups have about 2 to about 12 carbon atoms in the chain; and more
preferably about 2 to about 4 carbon atoms in the chain. Branched means
that one or more lower aikyl groups such as methyl, ethyl or propyi, are
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consisting of. immunosuppressives, cyclosporins, methotrexate, steroids, corticosteroids, anti-TNF-a
compounds, anti-IL compounds, anti-IL-23 compounds, vitamin A and D compounds and fumarates.
16 WO 20061088919 PCT/US2006/005265 Also disclosed is a method of treagig&/%) Elgalmic
inflammation WOAWIBMSr e.g., uveitis, posterior segment intraocular inf%%(ﬁa%lon, jogren’'s

syndrome) or dry eye in a patient In need of sugh treatment the method comprisi ministering to
the patient a tﬁ&&%@tﬁ@aﬁ;"@ﬁ%ﬂ%"ﬁ%ﬂnt bPwsr Alvayl Jreansa5euhd Eﬂ:@gfgiﬁi to Formula 1,

or a pharmaceiibalyatserrintie spbircatiatenaebtestiagirobcormatied:yNundedtieptially with (b) at
least one compound selected, fram the group consisti : Immunosuppressiyes,.cyclosporins,
methotrexate, %ﬁgﬂiﬁ%@ﬂf&@&%#&ﬂ'&@ﬁ&?s éﬂﬁ%ﬁ%ﬁy§1 B&?RH@%??P li%wgo disclosed is a
method of tresBingethdisatssisalpeayrivhranticdegimyh hessikgayd§rvdlmaabery disease, rheumatoid

arthritis, multiple, sclerosis, inflammatory b | di raft rejection riasis. fi drug
eruptions,Sltszutzfrli| 8@”@5@6&'3&8 W%%);ssuegr\l%ﬁli'w igrg@g%%g?e%y %%h A r?l%:? iﬂﬁgﬁ?%ﬁgn (including
e.g., uveitis, pesthisubsstiuvent hieingdodepebdentlysetextied fran tBogrevsconsistingef tuberculoid

leprosy and ¢ rj lent | e h ising administering to
the patient an@#@étﬁ@gmﬁﬂ’oﬂﬁ%ﬂg@ r?eg @m@@‘g@kac&r yr%g{géo%gér)ﬁulg 1, ora
pharmaceuticdigterosypibretenocyolonyh dNd@abytheNetkylhe invention also provides a method of
treating a diseggq ?@gmlgqrﬁr@%m@{%u gﬂ@)tir_\ggéﬁ;yi Iq’qmﬁgféyd}jaﬁ?se, rheumatoid

C : ] ¥ 9 b ' 1] ?

arthritis, multiple sclerosis, inflammatory’bowel diséase, graft rejection, psoriasis, fixed drug

eruptionstutahébetewardled-thaiprechdlidith etespeyrlddaplitoxycarbonyl,
hydroxyalkyl, carbonyi (non-limiting example(s) include ketone),
-C(=0)heterocyclyl, carboxamido (i.e. amido, -C(=0)NHz), -C(=0O)N(alkyi),,
-C(=O)NH(alkyl), -C(=0)N(cycloalkyl),, -C{=0)NH(cycloalkyl)), alkylC{=0O)NH-,
-NHC(=0)alkyl), urea (e.g. -NH(C=0)NH_), -NH{C=0)NH(alkyl),
15 -NH(C=0)NH(alkyl);, -NH(C=0)NH(heteroaryl), -NH(C=0)NH(heterocyclyl),
-S(O).alkyl, and -S(O).ary!.

"Alkoxy" means an alkyl-O- group in which the alkyl group is as
previously described. Non-limiting examples of suitable alkoxy groups include
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, heptoxy and

20 methylhydroxy. The bond to the parent moiety is through the ether oxygen.

"Alkoxycarbonyl" means an alkyl-O-C{=0)- group. Non-limiting
examples of suitable alkoxycarbony! groups include methoxycarbonyi and
ethoxycarbonyl. The bond to the parent moiéty is th'rough the carbonyl.

"Aminoalkyl" means an amine-alkyl- group in which alkyl is as

25  previously defined. Preferred aminoalkyls contain lower alkyl. Non-limiting
examples of suitable aminoalkyl groups include aminomethyl and
2-Dimethlylamino-2-ethyl. The bond to the parent moiety is through the alkyl.

“Amidinyl” means —C(=NR)NHR group. The R groups are defined as
H, alkyl, alkylaryl, heteroaryl, hydroxyl, alkoxy, amino, ester, CN,

30 -NHSOzalkyl, -NHSO2Aryl, -NHC(=0O)NHalkyl, and ~NHalkyl. The bond to the
parent moiety is through the carbon.

"Aralkyl" or “arylalkyl" means an aryl-alkyl- group in which the aryl and
alkyl are as previously described. Preferred aralkyls comprise a lower alkyl
group attached to the aryl group. Non-limiting examples of suitable aralkyl
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tuberculoid leprosy, ophthalmic Inflammation, type | diabetes, viral meningitis and cancer in a patient
in need of such treatment, such method comprising 25 administering to the patient an effective amount
of (a) at least one compound according to Formula 1, or a pharmaceutically acceptable salt, solvate or
ester thereof cH22M9&H3B219r sequentially with (b) at least one medicament pealesteskiseyihe group
consisting of: disease modifying antirheumatic drugs; nonsteroidal antiinflammatory drugs; COX-2

selective inhi%ﬁ&ﬁ%&%&%@ﬁl&ﬁ@mﬁ?%ﬁaﬁﬂ%ﬁﬁaﬂw”I’Wéitors, anti-TNF-a

compounds, ors, corticgsteroids, glucocorticoids, chemokine™ inhibitors, CB2-selective

inhibitors, biolBEMhiadas HaLentgistrds BrrigmiRAMry agents and therapeutics. 17 WO
20061088919 PCTIW&RIKAHONAR BFILKErNESERIAT IERhd b BHAEMEIN The terms
used herein have their ordinary, meanin d the meanjng qf such terms Is ingependent at each
occurrence thBfEGS PRAIAIG iﬂﬁﬁﬂ%ﬁ%ﬁﬁé&ﬁﬁﬁ%@%ﬁsﬁﬁfga'&ﬁ@W@ 188 ¥bilowing definitions
apply throsighgrsup. tidoadimificg texamnieslefrssitdbie araikbngingesugo nskadenames, and chemical
structures may, be used interchangeably to describe-the sa tructure., These definitions apply
regardless of éﬂﬁ’@ﬁ%‘%ﬁ%’( ‘llscfl L?s'qé'apto%‘)% *gg}e Q) |helc;é?§g? a %na‘vﬁtﬂa(gﬁ%r"txg}e ,'sunless otherwise
indicated. Herthegugirethie fafkeayl of "alkyl" applies to "alkyl" as well as the "alkyl" portions of ro

ool skl i 4061 SRR IEUN S D o
means an alippeeiongli deansibedyrdipndinitingisyampleof erauitable aralkylthio group is

10 benzylthio. The bond to the parent moiety is through the sulfur.

"Aralkoxy” means an aralkyl-O- group in which the aralkyl group is as
described above. The bond to the parent moiety is through the oxygen group.

"Aralkoxycarbony!" means an aralkyl-O-C(=0)- group. Non-limiting
example of a suitable aralkoxycarbonyl group is benzyloxycarbonyl. The

15 bond to the parent moiety is through the carbonyl.

"Aroyl" means an aryi-C(=0)- group in which the aryl group is as
previously described. The bond to the parent moiety is through the carbonyl.
Non-limiting examples of suitable groups include benzoyl and 1- and
2-paphthoyi.

20 "Aryl" (sometimes abbreviated “Ar") means an aromatic monocyclic or
multicyclic ring system comprising about 6 to about 14 carbon atoms,
preferably about 6 to about 10 carbon atoms. The aryl group can be
optionally substituted with one or more "ring system substituents" which may
be the same or different, and are as defined herein. Non-imiting examples of

25  suitable aryl groups include phenyl and naphthyl.

“Aryloxy" means an aryl-O- group in which the aryl group is as
previously described. Non-limiting examples of suitable aryloxy groups
include phenoxy and naphthoxy. The bond to the parent moiety is through the
ether oxygen.

30 "Aryloxycarbonyl" means an aryl-O-C(=0}- group. Non-limiting
examples of suitable aryloxycarbonyl groups include phenoxycarbonyt and
naphthoxycarbonyl. The bond to the parent moiety is through the carbonyl.

"Arylsulfonyl" means an aryl-S(O),- group. The bond to the parent
moiety is through the suifonyl.
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15 carbon-carbon double bond and which may be straight or branched and comprising about 2 to
about 15 carbon atoms in the chain. Preferred alkenyl groups have about 2 to about 12 carbon atoms
in the chain; and more preferably about 2 to about 6 carbon atoms in the chain. Branched means that
one or more lowenredkyBgrmups such as methyl, ethyl or propyl, are 20 attapbedi$aossliosss alkenyl
chain. "Lower alkenyl" means about 2 to about 6 carbon atoms in the chain which may be straight or
branched. The alken§Argisulfinylambers.as iyleS(0)-greup. Mt mbtithetpacémth may be the same

or different, eaé:jh.s bstiﬁgrlent lﬁe,mfg Si}ﬁ:LﬁH?';;gndently selected from the group consisting of alkyl, alkenyl,
oalkyl,

alkynyl, alkoxy ,%frey : lzgry 5?(“, cyc 5 cycloalkanyl, cyano, heteroaryl, heterocyclyl,

heterocyclenyl, aminbArgithiodsuekns/erhanyl-Sadionp inadiiokythkaryhgrolimig@s example(s) include

ester), alkoxy yinGayr iyt feggfgg@ ' one),
-C(:O)heteroﬁ%%%ﬂgj}?%n-#hiyr?g'r 2%&%%%%% alde %@@%@%ﬁdo (i.e. amido,
-C(=O)NH?2), -Deldprbrgythicand paolkiniairy|)! he baosNetinnargnbmarbosiMpEgioalkyl),
-NHC(=O)alky}hd'&&fife-9- -NH(C=0)NH2, -NH(C=0)NH(alkyl), -NH(C=0)NH(alkyl)2,
-NH(C=O)NH(hetero§1r§/I), -NH(C=0)NH(heterocyclyl)), guanidinyl, -NHC(=NCN)NH2,
“NHC(=NCN)N(alkyly£a# KA (Iif@af@(ﬁ!r\ﬁm‘é 2FesstbedPerdrie s AR 5265
NHC(=0)Oalkyhoibt) 28\istsub R tH ldarbeR))NH-S(0)2alkyl, -NHC(=O)N(alkyl)2-S(O)2alkyl,
-NH-S(0)2alkyl, -NH;3S(0)2heteroaryl, -N(alkyl)-$S(Q)2alkyl, -_NH-_SSQS%'ZaryI, -N(alkyl)-S(O)2aryl,
_NH-S(0)2NH2, -NH%QE?PZ?QH‘QWW%QM@I)QQ?{!@M%FR%%& syl &RARY) 5 -S(0)2aryl,
-0S(0)2alksyl, €)BIERIRANYetHieRienit chétertnitng esmroRirEionTHe GAHAGERINHalkyl).

Non-limiti I itaple al I
oG e Sl 1 RroCe TG G598
Carbamates and urea substituents refer to groups with oxygens and
nitrogens respectively adjacent an amide; representative carbamate and urea

substituents include the following:

EA M-S GG

:‘:&o/ﬂ\/ NJ-": N,
U e

"Cycloalkyl" means a non-aromatic mono- or multicyclic ring system

15

comprising about 3 to about 10 carbon atoms, preferably about 5 to about 10
carbon atoms. Preferred cycloalkyl rings contain about 5 to about 7 ring
atoms. The cycloalkyl can be optionally substituted with one or more "ring

20 system substituents” which may be the same or different, and are as defined
above. Non-limiting examples of suitable monocyclic cycloalkyls include
cyclopropyi, cyclopentyl, cyclohexyl, cycloheptyl and the like. Non-limiting
examples can include bicyclic cycloalkyls such as bicycloheptane.
Non-limiting examples of suitable multicyclic cycloalkyls include 1-decalin,

25 norbornyl, adamantyl and the like.

"Cycloalkenyl” means a non-aromatic mono or multicyclic ring system

comprising about 3 to about 10 carbon atoms, preferably about § to about 10
carbon atoms which contains at least one carbon-carbon double bond.
Preferred cycloalkenyl rings contain about 5 to about 7 ring atoms. The
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include ethenyl, propenyl, n-butenyl, 3-methylbut-2-enyl, n-pentenyl, octenyl and decenyl. "Alkyl"
means an aliphatic hydrocarbon group which may be straight or 10 branched and comprising about 1
to about 20 carbon atoms in the chain. Preferred alkyl groups contain about 1 to about 12 carbon
atoms in the cwinoopsreipreferred alkyl groups contain about 1 to about BCEUS3AEHERASIN the chain.
Branched means that one or more lower alkyl groups such as methyl, ethyl or propyl, are attached to

a linear alkyl chaiflo QNG Al erBpaGR:RY. SUBKIMREPWRY GROUF iR By Sysiipen atoms in the

chain which may be stralqht or branched. The alkyl group may be substltuted by one or more

substituents wiS¢PSHIEHEME" tWaich mavPaiths same afiditiasent and BEMRS RRf R selected from
the group Consﬁé'ﬁﬂilﬁftiﬁgléxﬁi'h@l@d d'gﬁiﬁblea’&fé}’(dby&iﬁ'c Mareris ipaligde cycloalkenyl, cyano,

N(oyoioalky2RERT N AR SR Ska'kyﬁmﬁﬁ;skyﬂz A ocycii
N(heterocyslyi@kahtia wdmwmemgdycwmgmmr(ﬁqgﬁmmgw rjrh@)ermlude ester),
e Oheteroey RO AT R B B PR 2 S LRI -C(OINH (el
-C(=0O)N(cyclpaiait ente{rdme) yclopeatenyiond-Di-taillsd, amidinyl, hydra2|dyl hydroxamate,
HE?C( OO))FlllHI(\IaTk?/I() Qﬁ%—ﬁg gf@ ﬂlﬁqﬁlfﬁ%ﬂr’@‘ >ig}ﬁ\%l—|ei‘€'1ﬁﬁer((:éi.;ry?ﬁ"H5%?(%’!%)%1|\Té(heterocyclyl)) 30
guanldinyl, N%ﬁﬂ@mmﬂummmmwmlnarbamoyl (i.e., -CO2NH2), -NHC(=0)Oalkyl,
Comnalopz, NHCAMIG Hadn RIS Bl
hydrogen atoms on the alkyl is replac by a halo group defined above.

"Heteroaryl” means an aromatic monocyclic or muiticyclic ring system
comprising about 5 to about 14 ring atoms, preferably about 5 to about 10 ring
atoms, in which one or more of the ring atoms is an element other than

15 carbon, for example nitrogen, oxygen or sulfur, alone or in combination.
Preferred heteroaryls contain about 5 to about 6 ring atoms. The "heteroaryl"
can be optionally substituted by one or more "ring system substituents” which
may be the same or different, and are as defined herein. The prefix aza, oxa
or thia before the heteroaryl root name means that at least a nitrogen, oxygen

20  or sulfur atom respectively, is present as a ring atom. The nitrogen or sulfur
atom of the heteroaryl can be optionally oxidized to the corresponding
N-oxide, S-oxide or 8,S-dioxide. . Non-limiting examples of suitable
heteroaryls include pyridyl, pyrazinyl, furanyl, thienyl, pyrimidinyl, isoxazolyl,
isothiazolyl, oxazolyl, thiazolyl, pyrazolyl, furazanyl, pyrrolyl, pyrazolyl,

25 triazolyi, 1,2,4-thiadiazolyl, pyridazinyl, quinoxalinyl, phthalazinyl,
imidazo[1,2-a]pyridinyl, imidazo[2,1-b]thiazolyl, benzofurazanyl, indolyi,
azaindolyl, benzimidazolyl, benzothienyl, quinoliny!, imidazolyl, thienopyridyl,
quinazolinyl, thienopyrimidyl, pyrrolopyridyl, imidazopyridyl, isoquinolinyl,
benzoazaindolyl, 1,2,4-triazinyl, benzothiazolyl and the like.

30 "Heterocyclyl" (or heterocycloalkyl) means a non-aromatic saturated
monocyclic or multicyclic ring system comprising about 3 to about 10 ring
atoms, preferably about 5 to about 10 ring atoms, in which one or more of the
atoms in the ring system is an element other than carbon, for example
nitrogen, oxygen or sulfur, alone or in combination. There are no adjacent
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-NH-S(0)2NHalkyl, -NH-S(O)2N(alkyl)2, thio, alkylthio, alkyfthiocarboxy, 19 WO 2006/088919
PCT/US2006/005265 -S(O)alkyl, -S(O)2alkyl, -S(O)2aryl, -OS(0)2alkyl, -OS(O)2aryl, sulfonyl urea
(non-limiting example(s) include -NHC(=S)NHalkyl) and OSi(alkyl)3. Non-Iimitin@ examples of suitable
alkyl groups W R{4&s#e18y|, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-f)%W?‘ QB{W‘S onyl, decyl,
fluoromethyl, 5 trifluoromethyl and cyclopropylmethyl. "Alkylheteroaryl” means an alkyl-heteroaryl-
group whereinxpgenllgyldforesufiue\atarss/mesenbiadhendrig s ysbem  Piedgpaeent moiety is through the
heteroaryl grqup,. "Alkylamino', me 3 + group K\.whi r of io the
hydrogen ato?'négec;'ﬁ%gé@ﬁtFc?é‘é#}i]sgrge%ﬁ%etg %éoglﬁl %ﬁgar%&%as &f n%ggagcés/e.x rﬁ’z bond to the
parent is throthja btefonétthgdietertoyrly rontaamemeding thatl atjleags mnitngenheXxgghand aryl are as
described hergin, 2 ?%lséem LSShRdQ Wt e N piing &xapyles of suitable
alkylaryl grouﬁ%ﬁclﬁcﬁr{{)&% yl, p-tolaﬁmS xylyl: Thenglcln%{é to meparent oiety is through the aryl.

"Alkylthio% meeftioaalliirybstityied BYrPas RHMSEANN0 Systipmssabstitisnisewhisheiakiem-limiting

examples of sHiablmalsy liitereriUasd M ds damiBy RiriRhYHBIRitkdyOR Y i@RREBRPLYIthio. The
bond to the parent moiety Is through the sulfur. 20 ",%%Ithlocarboxy” means an alkyl-S-C(=0)0O-

group. PreferRidNgrbatarosyeii 638 paartienally ardizedtn the saaesmendingdNeNERo the parent
moiety is throgghidée sesexdioxdy I Nbiemitmpararpalliof saiBle drRimocieréerred groups are
oS I e e ey T Tds inctude piparidyl, pyrroldinyl, Biseraznyl, moftpholinyl,

10 oxazolidinyl, imidazolidinyl, thiomorpholinyl, thiazolidinyl, 1,3-dioxolanyl,
1,4-dioxany!, tetrahydrofuranyl, tetrahydrothiophenyl, tetrahydrothiopyranyi,
and the like.

"Heterocyclenyl" means a non-aromatic monocyclic or multicyclic ring
system comprising about 3 to about 10 ring atoms, preferably about 5 to

15 about 10 ring atoms, in which one or more of the atoms in the ring system is
an element other than carbon, for example nitrogen, oxygen or sulfur atom,
alone or in combination, and which contains at [east one carbon-carbon
double bond or carbon-nitrogen double bond. There are no adjacent oxygen
and/or sulfur atoms present in the ring system, Preferred heterocyclenyl rings

20  contain about 5 to about 6 ring atoms. The prefix aza, oxa or thia before the
heterocyclenyl root name means that at least a nitrogen, oxygen or sulfur
atom respectively is present as a ring atom. The heterocyclenyl can be
optionally substituted by one or more ring system substituents, wherein "ring
system substituent” is as defined above. The nitrogen or sulfur atom of the

25 heterocyclenyl can be optionally oxidized to the corresponding N-oxide,
S-oxide or S,3-dioxide. Non-limiting examples of suitable monocyclic
azaheterocyclenyl groups include 1,2,3,4- tetrahydropyridine,
1,2-dihydropyridyl, 1,4-dihydropyridyl, 1,2,3,6-tetrahydropyridine,
1,4,5,6-tetrahydropyrimidine, dihydro-2-pyrrolinyl, dihydro-3-pyrrolinyl,

30  dihydro-2-imidazolinyl, dihydro-2-pyrazolinyl, dihydro-4,5-trizolyl and the like.
Non-limiting examples of suitable oxaheterocyclenyl groups include
3,4-dihydro-2H-pyran, dihydrofuranyl, fluorodihydrofuranyi, and the like.
Non-limiting example of a suitable multicyclic oxaheterocyclenyl group is
7-oxabicyclo[2.2.1]heptenyl. Non-limiting examples of suitable monocyclic
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25 through the sulfonyl. "Alkylsulfinyl" means an alkyl-S(O)- group. Preferred groups are those in
which the alkyl group is lower alkyl. The bond to the parent moiety is through the sulfinyl. "Alkynyl"
means an aliphatic hydrocarbon group containing at least one 30 carbon-carbon triple bond and which
may be straigWwonieessatd and comprising about 2 to about 15 carbon aremissmekecstsain. Preferred
alkynyl groups have about 2 to about 12 carbon atoms in the chain; and more preferably about 2 to

about 4 carbothiatwstsrdeyitlersthsimgSirssintie thiophaayldihpdretbigprenywer alkyl groups such as

methyl, ethyl ot propyl.. are @) %%%6 8919 PCT/US2006/005265 attached to a linear alkynyl
chain. "Lower%eﬁﬁﬁ%%o rfglgy!’l\;%% oﬁa out 6 carbon atoms in the chain which may be straight or

branched. Non-limitifideteraanalied"oheanals chetesoaybatidsgralpde athigh\the hgteran?-butynyl,

3-methylbut - '
cubstitents vl A o B B R A S 2 & cetected from
Lh(—i grou pslc?n@mn@l&svl mqupeuk@(lqurmtwgaﬁ?mmplas)@i@um?b,l@m&&k(emuxl,;@y@ﬁb{deaetar(oar}/;,
eterocyclyl, - llevhine o | NH(aryl),
yely 9&%&?@ ?Wﬁ w)emsf» EMH%;ueWGFXf? %}é&i}% (Fi6!'Baley e md!H(ary

-N(aryl)2, -NH(hetéroaryl),” 10 -N(heteroaryl)2, -NH(heterocy eterocyclyl)2, alkoxycarbonyl,
hydroxyalkyl, Bar8BhyIqenisi Hhraug I&lis) include ketone), -C(=O)heterocyclyl, carboxamido (i.e.

amido, -C(=O)NH2),melatUNaHEHYE méemaN %%Wm%‘ﬁ%(gYWchh%éo)NH(CyC|Oa|ky|)),
alkylC(=O)NH-, -NHC(=O)alkyl), urea (e.g. -NH(C=0)NH2), -NH(C=0O)NH(alkyl), 15
-NH(C=0)NHhggmearvhang-al F &3 RiRyipusly deserhad (RIRSRIEsAy ),

10 heteroaralkenyls contain a lower alkenyl group. Non-limiting examples of
suitable heteroaralkenyl groups include 2-(pyrid-3-yt)ethenyl and
2-(quinolin-3-yl)ethenyl. The bond to the parent moiety is through the alkenyl.

"Hydroxyalkyl" means a HO-alkyl- group in which alkyl is as previously
defined. Preferred hydroxyalkyls contain lower alkyl. Non-limiting examples of

15  suitable hydroxyalkyl groups include hydroxymethyi and 2-hydroxyethy!.
The bond to the parent moiety is through the alkyl.

"Hydroxamate” means an alkyl-C(=O)NH-O- group. The bond to the
parent moiety is through the oxygen group.
“Spiroalkyl” means an alkylene group wherein two carbon atoms of an

20 alky! group are attached to one carbon atom of a parent molecular group
thereby forming a carbocyclic or heterocyclic ring of three to eleven atoms.
Representative structures include examples such as:

The spiroalkyl groups of this invention:

NG
¢ S

S %
25 can be optionally substituted by one or more ring system substituents,
wherein "ring system substituent” is as defined herein.
"Ring system substituent” means a substituent attached to an aromatic
or non-aromatic ring system which, for example, replaces an available
hydrogen on the ring system. Ring system substituents may be the same or

30 different, each being independently selected from the group consisting of H,
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-S(0)2alkyl, and -S(O)2aryl. "Alkoxy" means an alkyl-O- group in which the alkyl group is as
previously described. Non-limiting examples of suitable alkoxy groups include methoxy, ethoxy,
n-propoxy, isopropoxy, n-butoxy, heptoxy and 20 methylhydroxy. The bond to the parent moiety is

through the etiveo axysgmre19Alkoxycarbonyl” means an alkyl-O-C(=0)- groy«NRRsliEnisiags examples
of suitable alkoxycarbonyl groups include methoxycarbonyl and ethoxycarbonyl. The bond to the

t moiety,} h th CAM kyl! ing-alkyl- in which alkyl i
D arevioushy A OB e e T S e
aminoalkyl grbeferoacilidesterncyehdihgternsyolenyhatiylamirakylketstoand Beliio the parent moiety
is th h th ~Amidiny] <Ol . Th {ned H, alkyl,
akylanyt hetia kel AR By S T e ApAggel e T Al
-NHC(=0)NH:Dicyelaal WPMB%'MH@W%GN(MBWNwHM@Mé carbon. "Aralkyl" or
"afy'a'ky"'smefﬁ'&méién%’dbﬂ%mﬂl(ﬁéiéiﬂéy@mWﬂwé{%o%gétly?gfﬂa%e RydrbRYiarbosgscribed.

ed to

Preferred aralkyis comprise a lower, alkyl group attach e aryf group. Non-limiting examples of

suitable aralk§PPPXYRIKYOBSYEERISXaMpSishiEeIHds 651e5) o YRR ANRXYSRIROMthy lene,
2-phenethyl aﬁﬂd?@@ﬁkﬂ?ﬂd&ﬁﬁiﬁ%n&ﬁlﬁnm@éﬁaﬁh@lé@ﬁﬁbﬁ%ﬁf@fpugh the alkyl. "Aralkenyl"

araikonyls oo ATONSIEEP SR ETH e FHETER AR IoC e AV S5 bikeny | aroups include
2-phenethenytavba:2anddd theledhddy]. TeOIMNE L, De=mN{atkyidieigsO)NH(alkyl),

10 -C(=0)N(cycloalkyl); -C(=O)NH(cycloalkyl), alkylC(=O)NH-, —amidino,
hydrazido, hydroxamate, -NHC(=O)H, -NHC(=0)alkyl, urea (e.g.
-NH(C=0)NH,), -NH(C=0)NH(atkyl}, -NH(C=0)NH(alkyl)2,
-NH(C=0)NH(heteroaryl), -NH(C=0)NH(heterocyclyl), guanidinyl,
“NHC(=NCN)NH,, -NHC(=NCN)N(alkyl), , carbamoyl (i.e. -CONH),

15 NHC(=0)OaIkyl, -CO2N(alkyl),, -NHC(=0)})NH-S(O).alkyl,
-NHC(=0)N(alkyl)>-S(O)alkyl, -NH-S(O).alkyl, -NH-S(O);heteroatyl,
-N(alkyl}-S(O)zalkyl, -NH-S(O)arvl, -N{alkyi)-S(O)aryl, -NH-S(O)2NHz,
~NH-S(O).NHalkyl, -NH-S(O).N(alkyl),,thio, aikylthiocarboxy, -S(O).atkyl ,
-S(O)zaryl, -OS(0)zalkyl, -OS(O)aryl, sulfonyl urea {(non-limiting exampie(s)

20  include -NHC(=S)NHalkyl) and OSi(alkyl)s,

"Ring system substituent" also means a cyclic ring of 3 to 7 ring atoms
of which may contain 1 or 2 heteroatoms, attached to an aryl, heteroaryl,
heterocycly! or heterocyclenyl ring by simultaneously substituting two ring
hydrogen atoms on said aryl, heteroaryl, heterocyclyl or heterocycleny! ring.

25 Non-limiting examples include:

, and the like.

o]

The term “optionally substituted” means optional substitution with the
specified groups, radicals or moieties, in available position or positions.
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through the alkenyl. "Aralkylthio" means an aralkyl-S- group in which the aralkyl group is as previously
described. Non-limiting example of a suitable aralkylthio group is 10 benzylthio. The bond to the
parent moiety is through the sulfur. "Aralkoxy" means an aralkyl-O- group in which the aralkyl group is
as described sbwyms/big@@ivoNnd to the parent moiety is through the oxygen mrows2otiéuediesxycarbonyl”
means an aralkyl-O-C(=0)- group. Non-limiting example of a suitable aralkoxycarbonyl group is

benzyloxycarbonyl. 'WﬂhJréf@%éqéhﬁé’ﬁ(ﬁﬁﬁéﬁ@ﬁ%i&t@ﬂﬁaﬁl—mﬁiﬁ?ﬁ%ﬁ@@'" means an
aryl-C(=0)- group in which the arylgroup IS as previouslg described. The bond to the parent moiety is

through the calfise: fubsHiHantE, S5CHRB RETRES)AAA: B¢, MiesHeENSSd 1- and
2-naphthoyl. 2@eifved, (RePRIHEES Wy ovimied™ Ad TaEleastyhaT eRealictnag thereliambanuiticyclic ring
system comprising about 6 tp about 14 carpon atoms, preferably about §,to abgut 10 carbon atoms.
The aryl groupPE4HY DFRISHFSEE %Wb@b%#gf@'%ﬁ@%%%a %lﬁuents" which may
be the same omdigiarent nantharefsudbimeibties dsnwdlonidhinttheg lexowieties of fosaitable aryl groups
include phenyl aphthyl.. "Arvloxy',means an aryl-O- qroup in which the up is as
previously des%%m%d}rﬁ%ﬁémi%e%xé%%ﬁ'}é sal'j%aét{&% tg%/kr)?(y sglﬁga%@%wa’u%fe){#o%gnoxy and
naphthoxy. Thprefarakiy,thogtar éwo suistituentsouifin ahteasirenein/thenpa@ pasitionycarbonyl” means

an aryl-O-C(=0)- growp. Ity i rhbo include
phenoxycarbonyl angI!{ gn%%@ﬁo%ﬁ%%h%m&aﬁ?% @&ﬁ%{g{ggﬁ%‘%ﬁo&éﬁs th oughglthe carbonyl.
"Arylsulfonyl" ipessisteomptisiog fhe gregifiethingrediensirtharsprcified amounts, as well
10 as any product which results, directly or indirectly, from combination of the
specified ingredients in the specified amounts.

The straight line as a bond generally indicates a mixture of, or

either of, the possible isomers, non-limiting exampie(s} include, containing
(R)- and (S)- stereochemistry. For example,

OH OH WwOH
(j/ rneans containing both Ej’ and O
N N
H H

N
15 H

Lines drawn into the ring systems, such as, for example:

>

indicate that the indicated line (bond) may be attached to any of the
substitutable ring carbon atoms.

20 As well known in the art, a bond drawn from a particular atom wherein
no moiety is depicted at the terminal end of the bond indicates a methyl group
bound through that bond to the atom, unless stated otherwise. For example:

CH,
N N
Q/» represents NQ/
g, ",

It should also be noted that any heteroatom with unsatisfied valences

CHy

25  in the text, schemes, examples, structural formulae, and any Tables hersin is
assumed to have the hydrogen atom or atoms to satisfy the valences.

28



moiety is through the sulfonyl. 22 WO 2 0 0 6108 8 91 9 PCTIUS20061005265 "Arylsulfinyl" means
an aryl-S(O)- group. The bond to the parent moiety is through the sulfinyl. "Arylthio" means an aryl-S-
group in which the aryl group is as previously described. Non-limiting examples of suitable arylthio
groups 5 inclUd@ pMef§sib and naphthylthio. The bond to the parent moi& (y%‘f?ﬂ/@ﬁz%e sulfur.
"Carboxyalkyl" means an alkyl-C(=O)O- group. The bond to the parent moiety is through the carboxy.

"Carboxamido" meanprédragsaR®Rsolvatesdr tiseHtpatophsdsi 6P tHY Yhvéptiyelamllgisdheterocyclenyl,
heteroaryl and carboxamjdg. The bord tqQ the ,parent moiety is through the carbaxy. Carbamates and
AN AR G A AR R

urea substituert oups with oxygens'an &n amide;
representative carhponatbthatisieedrug peaitusasvihighdepbe ddiinvistgatidin @o'd-sabjestH, a a,

carbon atoms, DA, oI St B e e TR BRES BIe’s Cin about s
to about 7 ing camprurthef Cyarmaliey ciraisalbpndiadsobuaite theredfvith discussiamet "ring 20 system
Substuents” W bR RN 2/ AR, 30122 RIS SH8 Yo SPDAIUAT CXamPles o
suitable monocyclic cycloalkyls include

Systems (1987) Volume 14 of the A.C.S. Symposium Series, and in

Bioreversible Carriers in Drug Design, (1987) Edward B. Roche, ed.,

American Pharmaceutical Association and Pergamon Press, both of which

10 are incorporated herein by reference thereto.

Metabolic conjugates, for example, glucoronides and suifates which
can under reversible conversion to compounds of Formula 1 are
contemplated in this ‘application.

“Effective amount” or “therapeutically effective amount” is meant to

15 describe an amount of compound or a composition of the present invention
effective to antagonize CXCR3 and thus produce the desired therapeutic
effect in a suitable patient.

"Mammal” means humans and other mammalian animals.

"Patient” includes both human and animals.

20 “Solvate” means a physical association of a compound of this invention
with one or more solvent molecules. This physical association involves
varying degrees of ionic and covalent bonding, including hydrogen bonding.
In certain instances the solvate will be capable of isolation, for example when
one or more solvent molecules are incorporated in the crystal lattice of the

25  crystalline solid. “Solvate” encompasses both solution-phase and isolatable
solvates. Non-limiting examples of suitable solvates include ethanoiates,
methanolates, and the like. “Hydrate” is a solvate wherein the solvent
molecule is Hz0.

The compounds of Formula 1 form salts which are also within the

30  scope of this invention. Reference to a compound of Formula 1 herein is
understood to include reference to salts thereof, unless otherwise indicated.
The term “salt(s)”, as employed herein, denotes acidic salts formed with
inorganic and/or organic acids, as well as basic salts formed with inorganic
and/or organic bases. In addition, when a compound of Formu!a 1 contains

29



cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl and the like. Non-limiting examples can include
bicyclic cycloalkyls such as bicycloheptane. Non-limiting examples of suitable multicyclic cycloalkyls

include 1-decglig.»oaadegspprnyl, adamantyl and the like. "Cycloalkenyl" megfg;ghfRigdsgsnatic mono
or multicyclic ring system comprising about 3 to about 10 carbon atoms, preferably about 5 to about

10 carbon at which.contaj | : r cloalkenyl
rings contain Z%ac_%t Sh%émugg%%ﬁr@ {Wg @%%‘%%Wg%g %W&ES%%%? 05265
cycloalkeny! cagidie osietyasyichBstibubaciitmitackte arpareoxidig spidemviiarienseiMenvhich may be
the same or dié@f@g%@%@%%ﬁ&%ﬁe&méﬁmﬂﬂm@%ﬁm <9 syiiakie monocyclic

cycloalkenyls include cyclopentenyl, cyclohexenyl, cycloheptenyl, and the like. Non-limiting 5 example
of a suitable nﬂﬂrf%iyeliE’%@f&%&%ﬂgﬁ"wyﬁS?SBFﬁ9|eyrfw¥*r#ii@it'ﬁeﬂrﬁ>¥%m&(ﬁaéﬁ9|”%ditional|y means
moieties syich genciRD piRARsIsYICaIlF vUessRlsepsstCarapRéaRRY iamsoagH diselisaitdHalogen” (or
halo) means fluorine, ch Of‘l‘!r;le bromig%i or iodine.;r%l rre‘(Fj are flugrine, %hl%ﬂ'gﬁ? ng bromine. 10
"Haloalkyl" meXREFP LRS s HAkR 2 R KAMRAKPER B 1as) an\ B3 8f oR'the alkyl is
replaced by a srdengielpydetiatinpd compddatbod Eothuladnwitinar amatintodacidystic or multicyclic

ring system c%{négnsm about 5 tb ab?ut 14 rgﬂ%tatﬁ S é;leferablghabout 5 1o \.%%Htﬂ%g. ring atoms, in

which one or &df %?Fnana?&w Ellsegtnaerpemeh% 0 rgfg'[ gﬁnigucarggnc,"}gr"éxample nitrogen, oxygen

or sulfur, alonsalt presipitbieatorrin Mrciquenihaediany followies by hoptdiratidroulgiding atoms. The
"heteroaryl" cal,Rg,000 WHicRURS HHIRA N RBRsMLRR SuREISYSTEHS SoRRHIRIF " which
pharmaceutically useful salts from basic (or acidic} pharmaceutical
compounds are discussed, for example, by S. Berge et al, Journal of
Pharmaceutical Sciences (1977) 66(1) 1-19; P. Gould, Intemational J. of
Pharmaceutics (1986) 33 201-217; Anderson et al, The Practice of Medicinal

15 Chemistry (1996), Academic Press, New York; in The Orange Book (Food &
Drug Administration, Washington, D.C. on their website); and P. Heinrich
Stahl, Camille G. Wermuth (Eds.), Handbook of Pharmaceutical Salts:
Properties, Selection, and Use, (2002) Int'l. Union of Pure and Applied
Chemistry, pp. 330-331. These disclosures are incorporated herein by

20 reference thereto.

Exemplary acid addition salts include acetates, adipates, alginates,
ascorbates, aspartates, benzoates, benzenesulfonates, bisulfates, borates,
butyrates, citrates, camphorates, camphorsulfonates,
cyclopentanepropionates, digluconates, dodecylsulfates, ethanesulfonates,

25  fumarates, glucoheptanoates, glycerophosphates, hemisulfates, heptanoates,
hexanoates, hydrochlorides, hydrobromides, hydroiodides,
2-hydroxyethanesuifonates, lactates, maleates, methanesulfonates, methyl
sulfates, 2-naphthalenesulfonates, nicotinates, nitrates, oxalates, pamoates,
pectinates, persulfates, 3-phenylpropionates, phosphates, picrates, pivalates,

30 propionates, salicylates, succinates, sulfates, sulfonates (such as those
mentioned herein), tartarates, thiocyanates, toluenesulfonates (also known as
tosylates,) undecanoates, and the like.

Exemplary basic salts include ammonium salts, alkali metal salts such
as sodium, lithium, and potassium salts, alkaline earth metal salts such as
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may be the same or different, and are as defined herein. The prefix aza, oxa or thia before the
heteroaryl root name means that at least a nitrogen, oxygen 20 or sulfur atom respectively, is present
as a ring atom. The nitrogen or sulfur atom of the heteroaryl can be optiop 6;161 gg(g) the
correspondinéwf\lzg‘g?(agggq-oxide or S,S-dioxide. . Non-limiting examples ofés’imgﬁeﬁheteroaryls
include pyridyl, pyrazinyl, furanyl, thienyl, pyrimidinyl, isoxazolyl, isothiazolyl, oxazolyl, thiazolyl,

pyrazolyl, furagalejurp andimagpesismisaltsiraualinum saltsh zintsalls, gaitsdwithragdisoxaliny|,
phthalazinyl, iagggg%%—,ggmmig,iWbémpmgé?-gu@ﬂagé)wnmﬁgg[mhmﬁ@yl, azaindolyl,
0

benzimidazolyl, benzothienyl, quinolinyl, imidazolyl, thienopyridyl, quinazolinyl, thienopyrimidyl,
pyrrolopyridyl,q‘ﬁ%‘?ﬁiwlﬁmiﬂgmﬁﬁh?m'm BEPEHMIRI, 1,2, 4-triazinyl, benzothiazolyl and the
like. 30 "Heterpi;Mehik(fenberesbioniyetiyie madiingise) al-metryiis- ghicaaipdsmonocyclic or multicyclic
ring system comprising about 3 to abo 1§rin . atoms, preferably about 5 to ahout 10 ring atoms, in
which oneor 'FEG ﬂi@' g‘lﬂ%ﬁ’eﬂbﬁ' L?E%msrs%p@é%%rﬂ H}éf%ﬁf%’t‘%}‘ ',n%r example
nitrogen, oxygehalineytfromethaminie|rand sdiisatithn aifiheseacios sactdiacangigine)\gsRe06/088919
PCTIUS2006/Q05265 .oxygen andior sulfur resent in the ring system rred heterocyclyls
contain about g'{%zt eo]lﬂ%%grjlgnags Gomed hg%ﬁ;{e%@%é)gr B PR 8&3 Eﬂ'é%‘;; egﬁcyclyl root name
means that at a sl owsey 8 exa ® aselrg atom. The

h kgenta sicbgs iyl dvadidige r( papulimiting: exaotplis( o) insud thivg h

heterocyciyl catklye BB SHOPUMAALY B RIAROle HamSYF B RBHAREIS” vhich may be

the same or di are as defined heréin. The nitrogen or suffur atdm of the heterocyclyl can
be option&fly oﬁﬂéﬁﬁmmg@ﬁ@§ﬁ9ﬁ6ﬂgdﬂ$m§ﬁ!ylsdﬁt?@én@@,@W@ﬂd’@’ﬂbﬂn-limiting examples of
suitable monogyifies), long chain halides (non-limiting example(s) include decyl, lauryl,
myristy! and stearyl chlorides, bromides and iodides), aralkyl halides
(non-limiting examplé(s) include benzyl and phenethyl bromides), and others.
All such acid salts and base salts are intended to be pharmaceutically
15 acceptable salts within the scope of the invention and all acid and base salts
are considered equivalent to the free forms of the corresponding compounds
for purposes of the invention.
Pharmaceutically acceptable esters of the present compounds include
the foliowing groups: (1) carboxylic acid esters obtained by esterification of
20  the hydroxy groups, in which the non-carbonyl moiety of the carboxylic acid
portion of the ester grouping is selected from straight or branched chain alkyl
(for example, acetyl, n-propyl, t-butyl, or n-butyl), alkoxyalkyl (for example,
methoxymethyl), aralkyl (for example, benzyl), aryloxyalkyl (for example,
phenoxymethyl), aryl (for example, phenyl optionally substituted with, for
25 example, halogen, C44alkyl, or C14alkoxy or amino); (2) sulfonate esters,
such as alkyl- or aralkylsulfonyl (for example, methanesulfonyl); (3) amino
acid esters (for example, L-valyl or L-isoleucyl); (4) phosphonate esters and
(5) mono-, di- or triphosphate esters. The phosphate esters may be further
esterified by, for example, a Cy.zo alcohol or reactive derivative thereof, or by a
30 2,3-di (Csa4)acyt glycerol.
Compounds of Fonmula 1, and salts, solvates and prodrugs thereof,
may exist in their tautomeric form (for example, as an amide or imino ether).
All such tautomeric forms are contemplated herein as part of the present

invention.

3



heterocyclyl rings include piperidyl, pyrrolidinyl, piperazinyl, morpholinyl, io oxazolidinyl, imidazolidinyl,
thiomorpholinyl, thiazolidinyl, 1,3-dioxolanyl, 1,4-dioxanyl, tetrahydrofuranyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like. "Heterocyclenyl" means a non-aromatic monoczclic or multicyclic

ring system ¥IEMRE%4hout 3 to about 10 ring atoms, preferably about 51EYEREENCAH ring atoms,

in which one or more of the atoms in tq‘e riﬁn&%ﬁtem IS aﬂ_ll_element other, than carbon, ?r example
nitrogen, oxygen or LllraleseaiROMRRLTE B SRSRe RS dspmerscORliGRldSAMEE ADde
carbon-carborthddikileob tisipresenb componges (lcibdingathdsd e thewsalts) soljatesborygen and/or
sulfur atoms present in the ring sys Prefer. e clenyl rings 20 contai 5 to about 6
ring atoms. Th%r%ré'f&sa t[]a(f‘i-I chg)g}rbéalg%%éosrfé"é@gﬁgf%%@éc@% ?LVO%F%%%@@}% 6@15 gﬁ ‘at least a
nitrogen, oxygeuchras thoseawiniches@ycevishdiedacasymemettic cgriams. ontieariausrocyclenyl can be

optionally ubsﬂ#; r mﬁ NSHEARYSHRS I TrPRqlale em substituent” is as
defined ab§ove. éﬁ %?régé)gﬁ %?Fsu _%@%&%r@f% hpm%@/sa]e\gr?ﬁgﬁﬁg}g %b@iﬁéally oxidized to the
correspondinga@tsegier of aymmelric raRIsidoRaIRmieNy S 2irpisenegsuaalie monocyclic

azaheterocyclegydigraumeiRctdiis! #re SR withiRe &&ng@ﬂt@rﬁ-dihvdropwidyh
1,2,3,6-tetrahydropyridine, 1,4,5,6-tetrah%dropyrimidine, dihydro-2-pyrrolinyl, dihydro-3-pyrrolinyl, 30

dinydro-2-imiasdiyidpalstererieopera Alithe: PBTH%\‘BQAS,S’ItF%iWSHH%WefON%’FﬁWH'ﬁng examples of
suitable oxahetryaghstantihBf Freesdnetnae isbrsh) sHamarbB)aamirkdy éspBuamplefllagrodinydrofuranyl,

ot AT R TR TR T
centers of the present invention can have the S or R configuration as defined
by the IUPAC 1974 Recommendations. The use of the terms “salt”, “solvate”
“prodrug” and the like, is intended to equally apply to the salt, solvate and
prodrug of enantiomers, sterecisomers, rotamers, tautomers, racemates or

15 prodrugs of the inventive compounds.

It should also be noted that throughout the specification and Claims
appended hereto any formula, compound, moiety or chemical illustration with
unsatisfied valences is assumed to have the hydrogen atom to satisfy the
valences unless the context indicates a bond.

20 In one embodiment, the present invention discloses compounds of
Formuia 1, having CXCR3 antagonist activity, or a pharmaceutically
acceptable derivative thereof, where the various definitions are given above.

In another embodiment of the present invention, R' and R? are
independently absent or present, and if present each is independently
25 selected from the group consisting of H, alkyl, aryl, amino, alkoxy, halogen,
hydroxy, cycloalkyl, cycloalkenyl, arylalkyl, amidinyl, carboxamido, heteroaryl,
heterocyclyl, heterocyclenyl, urea, -S{(O),alkyl, -S(O)N(H)alkyl,
-S(0):N(alkyl), and -C(=S)N(H)cycloalkyl.
In another embodiment of the present invention, R! and R? are
30 Iindependently absent or present, and if present each is independently
selected from the group consisting of H, alkylaryl, aryl, heteroaryl, -(CH;),CFs,
~(CH2)qOH, ~(CH2)qOR™, -(CH2)gNH;, «(CHz){NHR®', ~(CH2)N(R*")z,

32



WO 20061088919 PCT/US20061005265 thiaheterocyclenyl rings include thiophenyl,
dihydrothiophenyl, dihydrothiopyranyl, and the like. "Heteroaralkyl" means a heteroaryl-alkyl- group in
which the heteroaryl and alkyl are as previously described. Preferred hetero%%#llai‘lﬁ & anin a 5 lower
alkyl group. NSR-EP{RE8°Ekamples of suitable aralkyl groups include pyria) metnyl, %-ﬁuran-s-yl)ethyl
and quinolin-(3-yi)methyl. The bond to the parent moiety is through the alkyl. "Heteroaralkenyl" means

an heteroaryl-a(R¢h)CerQ)NHRVG B thi SRR 210 sigNHIS DR 6 @Ha) S @RS scribed.

Preferred 1o hgterpar: fgm, &h r -limiting examples of suitable
heteroaralkeny?%b%%}@ﬁgé%% p%/rid-ﬁ%ﬁm%g%gﬁgﬁ!@g%ethenyl. The bond to the
parent moiety Ryelobutythjdeoxkesyalopendyb andigyciapantylhyd@xikandygog@mintegst alkyl is as
previously defliﬂﬁg.ﬂ%e?‘erred hydroxyalkyls contain lower alkyl. Non-limiting examples of is suitable
hydroxyalkyl groups Include hydroxymethyl and 2-hydroxyethyl. The pond tq the parent moiety is
through thé alkyl. "HyR@petheiiembedimeataf e preagntinventina . #rd BoAkeio the parent moiety

is through the mguiRInGEAP ab3BIRPBITeSBRAZNAT pledenteattHia IMBBpRIRdY@Farbon atoms of an
20 alkyl group are attached to one carbon atom of a parent molecular [qroup thereby forming a

carbocyclic or BRIEFSAERMIAE SFAHPLPRFISARA AT fortet s fluaroRbonXetVfiBres Include examples
such as: The gpifiaarsyhatipiitenlimstipensondanyd, 2yatopherghiefigligms)bstituted by one or more

NG Sy St S R anythylenes Bromaphenymethyiens, Shiorophenyimetiylene,

10 -CH,CH;Ophenyl, cyclopentyl, bromochlorophenylmethylene,
fluorochlorophenylmethylene, dichlorophenylmethylene, phenyimethylene,
~(CHz)sphenyl, -CH2CF3, methoxylphenylmethylene, -CH(CHa)z, -C2Hs,
-CH.-cyclopropyl, -(CH2)2CHj3, cyclohexylmethylene, cyclohexyl, -
CH2CH2S0,CH3, -CH2-CH2-NH,, -CH.CH20CH3, cyclopropyil, isoxazolyl,

15 -CH2CH2OH, -CH2CH20phenyl, -CH2CH2CHja, -NHa, ~(CHa)2NH2, byrazolyl,
5-methyl-isoxazolyl, -CH2CH(OCH2CH3),, -OCHs, -NHC(=0O)NH,,
chloropyridyl, pyridylmethylene, -C(=O)NHcyclopropyl, -C(=O)N(H)CzHs,
-C(=0)N(H)CH2CF3;, -C(=0)N{H)C(CH3)3, -C(=S)N(H)cyclopropyl,
-C(=0)NHg, -C(=0O)N(H)CHj3, -S{O)CHj3, -S(0)oN(CHa)z, -S(0)%CH2CH3,

20 -C(=0)CHa;, -S(0)2(CH2).CHs, -C(=0)N(H)cyclohexyl, -C(=NH)NH2,
-C(=0)N(H)NH2, -C(=0)N(H)CH(CHj3)y, thiazolyl, -C(=O)N(CHa)z,
-8(0).CH>CF3, cyclopropyl, -S(0).CF3, -CH2CH(OCH2CHj3),,

Cl

;r,a Hy O
= jou O*’

A a
]
y ILL‘ F%F/\ Yo | HZN/l\ ;‘f |

25

N
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"Ring system substituent” means a substituent attached to an aromatic or non-aromatic ring system
which, for example, replaces an available hydrogen on the ring system. Ring system substituents may
be the same or so different, each being independently selected from the group consisting of H, 26 WO
2006/088919 PO F488RIB/005265 alkyl, alkenyl, alkynyl, alkoxyl, aryl, aryT/&31e800586% loalky!,
cycloalkenyl, heteroaryl, heterocyclyl, heterocyclenyl, alkylaryl, alkylheteroaryl, aralkyl, aralkenyl,
aralkoxy, aralkoxycarbonyl, amino, -NH(alkyl), -N(alkyl)2, -NH(cycloalkyl), -N(cycloalkyl)2, -NH(aryl),
-N(aryl)2, -NH(heteroaryl), 5 -N(heteroaryl)2, -NH¢eterocyclyl), N(heterocy&lgl)z, halo, hydroxy,
carboxyl, carboxyalkyl (noq,-limitirﬁexamplle(s) include ester), cyano, alk ycarboonyl, hydroxyalkyl,

carbonyl (non-limiting exampie(s) fclude ketQn limiting example(s)
Include aldehyde), carboxamjdo (i.e. amido, -f -C(=Q)NHégalkyl), io
-C(=O)N(cycloalkyl)2, -C(=0) cloalkyl), } y@roxamate,

-NHC(=O)H, -NHC(=0)alkyf; urea (9?5 -NH(C=04K - =D)NH(akyl), -NH(C=0O)NH(alkyl)2,
-NH(C:O)NH(heteroa{gﬂf, -NH(C=0O)NH(heterocyclyl), glwanidin , “NHC(eNCN)NH2,
-NHC(=NCN)N(alkyl)2, carbamoyl (i.e. -CO2NH2), is NHC(=0)Oalkyl, -CO2N(alkyl)2,
-NHC(=0))NH-S(0)2alkyl, -NHC(=0)N(alkyl)2-S(0O)2alkyl, -NH-S(O)2alkyl, -NH-S(O)2heteroaryl,
-N(alkyl)-S(O)2alkyl, -NH-S(O)2aryl, -N(aljgh-S(O)zaryl, -NH-S(O)2NH2, -NH-S(O)2NHalkyl,
-NH-S(O)2N(alkyl)2,thio, alkylthiocarboxy, -StQ)2aliyl, -S(0O)2aryl, -OS(0O)2alkyl, -OS(O)2aryl,
‘NHC{£S)NHalkyl) and OSi(alkyl)3, "Ring system

sulfonyl urea (non-limiting example(g) 20 inclu
substituent" also means a cyclic ri##g of 3 to 7 ring atoms NH
o:j
N NH
HoC )]\ N
N
o /\ 35

o @ <4 |
TN e
T,

orwhen X is N, the N taken together with the R! and R? to which X is shown

10  attached, forms a -N-cyclopropyl, -N-cyclobutyl, -N-cyclohexyl or

et

In another embodiment of the present invention, R' and R? are independently

HoN

absent or present, and if present each is independently selected from the

group consisting of H, -CHs, -C2Hs, difluorophenylmethylene, cyclopropyl,
15 dichlorophenylmethylene, -CH(CHs),, cyclohexylmethylene, cyclohexyl,

isoxazolyl, isoxazoyl, oxadiazoyl, aminooxadiazoyl, substituted isoxazoyl,
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of which may contain | or 2 heteroatoms, attached to an aryl, heteroaryl, heterocyclyl or
heterocyclenyl ring by simultaneously substituting two ring hydrogen atoms on said aryl, heteroaryl,
heterocyclyl or heterocyclenyl ring. 25 Non-limiting examples include: 0 O and the like, The term
"optionally sHAA¢9889eans optional substitution with the specified grBipY ML moieties, in
available position or positions. 27 WO 2006/088919 PCT/US2006/005265 With reference to the

number of maighStiandiadiagoyk aupdtiteled ammitiooREERFOMNERH WhfsHtfeayllings) in a compound,
unless otherwi&ggz(gﬁgﬁ] , the phrases "one or more" and "at least one" mean that, there can be as
many moieties iCally permitted, and the determination of the 5 maximum number of such

moieties is weCHACHN{E WDy EFOM (HiseE apibpyl in-Ce@)N PHSedably, there are one to three

substituents, gk r : ituents, Vi e in the para position. As
used herein, %ﬁeaéﬁcai)%rfnﬁ g’?ﬁ on Eﬁm‘ég@ﬁ%&%@@ QI' L&rg"(ﬁi}tﬁg{:omprising the specified
ingredients in-B=Spedt)ovcopmmts -GN HD <3(za)N ) \WB(E)2&Balts, directly or indirectly,

from combinat eclipehi IeNtg~ eGi The straight line as a bond
generally indicgg@e)gZ E{foﬁ%b gﬁg %%%ﬁaéfﬁwg%ggb%@% ersz?lzrrali&%'limiting example(s) include,
containing (REERINGeyelead mistrNtdix G (5 )IN(HHOthiamlyheans containing both and
Y
H CHa // /CN

- ;/\ﬁjkf /NILf

10

,and
In another embodiment of the present invention, R' and R? are
independently absent or present, and if present each is independently
15 selected from the group consisting of H, -CHjs, -C2Hs,
difluorophenylmethylene, cyclopropyl, dichlorophenylmethylene, -CH(CHa)z,
cyclohexylmethylene, cyclohexyl, isoxazolyt, difluorophenyl, -~CH>CH,0H,
-CH2-CH2-N(CHj3))z, -C(=O)N(H)cyclopropyl, -C(=0)N(H)CzHs,
-C(=0)N(H)CHzCF3, -C(=0)N(H)CH(CHs)2, -C(=O)N(H)C(CHs)s,
20 -C(=S)N(H)cyclopropyl, -C(=0)NHz, -C(=0)N(H)CH3, -S(0).CHj,
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JJJJ H 15 Lines drawn into the ring systems, such as, for example: I\~ indicate that the indicated line
(bond) may be attached to any of the substitutable ring carbon atoms. 20 As well known in the art, a
bond drawn from a particular atom wherein no moiety is depicted at the terminal end of the bond
indicates a me‘ﬁ%ﬁ fé%ﬁs’]ﬁound through that bond to the atom, unless staP6d/&H046(18%265-0r example:
CH3 N N N represents CH3 It should also be noted that an¥ heteroatom with unsatisfied valences 25

in the text, schefDeNixHmp|c3(QieltlattisorTRICHR (R AGHle Fasein is assumed to have the
hydrogen atomgpeaiiie)EydisHeRyihe e aaed,, BHEMNPNKEH, FRREBIAC T/US2006/905265
Prodrugs and solvates of the compounds of the invention are also contemplated herein. The term
"prodrug”, as employed herein, denotes a compound tha%drug precursor which, upon
administration to a subject, gndgt§oes chemical conversjgn by metabolic chNemicaI processes to
or a salt and/or solvatéjthereof. A discugsion of prodrugs is provided
ysras No¥el Delivery lISystems (1987){Volume 14 of the A.C.S.
BloreveTsible CarAers intpfug Résign, (198 rd B. Roche, ed.,
sociation and Pngamon Press, both &8Nvhich (:-ga

3 1] k]

in T. Higuchi and V.
Symposium Series, a
American Pharmace

s’

o J
A\ ’/ = )L; /

A and ””J\f .

In another embodiment of the invention, X is selected from the group
consisting of N, O, -CHs, -CHz-, -CH, -CH2CH3, -CH2CN, -NH> cyclopropyl,

m Et}\fm >

In another embodiment of the invention, X is N or O.
In another embodiment of the invention, X is N.
In another embodiment of the invention, Z is N or C(R%).
In another embodiment of the invention, Z is N.
15 In another embodiment of the invention, Z is C(H), C(alkyl),
C(halogen), C(CFa) or C(N(R®),).
In another embodiment of the invention, Z is C{alkyl), C(F) or C(NHy).
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1o are incorporated herein by reference thereto. Metabolic conjugates, for example, glucoronides and
sulfates which can under reversible conversion to compounds of Formula 1 are contemplated in this

application. "Effective amount” or "therapeutically effective amount" is mear%t tozo%)‘ﬁr’m%?zse ribe an
amount of coMpyenEs8?1A composition of the present invention effectived éﬂ%agonlze XCR3 and

thus produce the desired therapeutic effect in a suitable patient. "Mammal" means humans and other
mammalian animaldn “Patieerembriimenbef therinventiahaRthiskelectes fomdher@ars a physical

association oLa{HR WP@IPEIWE H‘g{g@ﬁ'@n H%% r@qérﬁtgggr%ﬁlv_mﬁm?lqgﬁgsaﬁgis physical

. ) 2, )
association involves varying degrees of ionic and tov ing, Incfiding hydrogen bonding. In
certain instan&s-the solvate will be capable of isolation, for example when one or more solvent

molecules are incorppaisthéh dhoaRIFBISHRRIR AR RIaLaR SelitroRakeigioapoompasses both

solution-phase and isolatable solvates. Non-limiting examples of suitable solvates include

ethanolates, FREERHNGAEE, AHlanCHaCHeryclepropd «Binvith RitteiRPHe@d&famolecule is H20
The compounds of hpaRethdriembeaiisent e thaksRivril R iheeRRteacReetibigrsyention.

(ness otherHOBS R AR A SAEN: DelBRRAoVER nErttlenores acidic sals formed wit
addtion, when a ol ARG B AT oot s B S bhoio0szes
different, each being independently selected from the group consisting of H,

10 alkyl, alkylaryl, heteroaryl, hydroxyl, -CN, alkoxy, alkylamino, -N(H)S{O).alkyt
and -N(H)C(=O)N(H)alkyl; or alternatively R” and R® taken together is =0, =S,
=NH, =N(alkyl), =N{Oalkyl), =N(OH} or cycloalkyl.

In another embodiment of the invention, R® is selected from the group
consisting of H, alkyl, halogen, hydroxyalkyl, -CN, -N(R*),, -OR%®,
15 -N=CH-alkyl, and -NR*C(=0)alkyl.
In another embodiment of the invention, R® is selected from the group
consisting of H, -NHy, -CHs, -CN and -F.
In another embodiment of the invention, R” and R® are the same or
different, each being independently selected from the group consisting of H, —
20 (CHz)qOH, -(CH2)4Oalkyl, -(CH2)qN(H)}-alkyl, -(CHz)qN(H}-S(O)zalkyl, and
~(CHy)qN(H)-CO-N(H)alkyl; or alternatively R” and R® taken together is =0,
=N(OAlky!), or =S.
In another embodiment of the invention, R and R® are the same or
different, each being independently selected from the group consisting of H,
25 -CHs, and —OH:; or altematively R” and R® taken together is

oy ‘a/ﬁ\f
H Nl/\CHS N CH;
R |
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both a basic moiety, such as, but not limited to a pyridine or imidazole, and an acidic moiety, such as,
but not limited to a carboxylic acid, zwitterions ("inner salts") may be formed and are included within
the term "salt(s)" as used herein. Pharmaceutically acceptable (non-limiting exam Ie(32 include, s
non-toxic, phy¥@ RS 18cceptable) salts are preferred, although other EUa?BJ%{IEB fReful. Salts of
the compounds of the Formula | may be formed, for example, by reacting a compound of Formula 1
with an amount of acjg aholrsicesibodinmkancf dhVNESHRIRORNEAE RIpdibatEH;oas one in which the

salt precipitates,or In an aqueou dium followed, by lyophilization. Acids 10 (and bases) which are
generally cons 8F83t§’&'eé%f%§m atﬁgﬁ%ggrdﬁarmaceutically useful salts from basic (or acidic)

pharmaceutical compound®are discussed, for e ple, by S. Bergeyetial, Journal of Pharmaceutical
Sciences (1977) 66(1) 1-19|{P. Gould, Internationpl J. of Pharmace 11:(1986) 33 201-217; Anderson

New York; in The Orange Book

Academic Pre
, pgé;hington, T. rgér sitey and einrich Stahl, Camille G.
Wermuth (Eds.), HandBbok of Fharmaceutic& Salts: Properties?Selectien, and Use, (2002) Int'l.
Union of Pure and Applied Chemistry, pp. 330-331. These disclosures are incorporated herein by 20
reference thereto. EX8rAPRIREESMbRRAIMBRt Sl thaieysmticndiatds salapiad fromyiRa@uUBscorbates,

aspartatess bepgraTdOSNAC BRI rafias hpirlpitey Daratearbbriyrates, citrates, camphorates,
camphorsulfonates, ¢ clopentanegro ionates, digluconates, godecylsulfates, ethanesulfonates, 25

fumarates, glucohept ther e M%@bﬁﬂ&,‘%@ltﬁes‘? SIS 8 abRes,
hydrochloridesgdskstihgosnidsis,, WOFOHINET -CHADEXCeH) aimestifisites, lactates, maleates,

methanesifonates, Metvh o embodiment of the invention, R"" is selected from the group
consisting of H, alkyl, hydroxyalkyl and carbonyl.

10 In another embodiment of the invention, R*! is H or -CHa.

In another embodiment of the invention, R'? is selected from the group
consisting of H, CN, -C(=O)N(R*°), and alkyl,

In another embodiment of the invention, R'? is selected from the group
consisting of H, -CH3, CN and -CH,CHg.

15 In another embodiment of the invention, the ring atoms of ring D are
independently C or N and substituted by independently selected 0-4 R®
moieties.

In another embodiment of the invention, ring D is a 5 to 6 membered
aryl, heteroaryl, heterocyclenyl, or heterocyclyl ring and substituted by

20 independently selected 0-4 R®® moieties.

In another embodiment of the invention, the R?® moieties can be the
same or different, each being independently selected from the group
consisting of H, alkyl, alkylaryl, alkynyl, alkoxy, alkylamino, alkylheteroaryl,
alkylsulfinyl, alkoxycarbonyl, aminoalkyl, amidinyl, aralkyl, aralkoxy, aryi,

25 aryloxy, cyano, cycloalkyl, cycloalkenyl, hatogen, haloalkyl, heteroalkyl,
heteroaryl, heterocyclyl, hydroxyalkyt, trifturomethyl, trifluoromethoxy, -
(CH2)OR¥!, ~(CH2)qNHR®', -(CH)oC(=0)NHR®!, -(CH);SO:R?!, -
(CH2)qNSO2RY, <(CH2)eSO2NHR™, -alkynylC(R¥')0R¥, -C(=0)R¥, -
C(=0)N(R*),, -C(=0)OR¥, -N(R¥),, -N(R**)C(=0)R?*!, -NHC(=0)N(R®),

30 -NR¥)C(=0)0R¥, -NR¥)C(=NCN)N(R*),, -N(R®)C(=O)N(R¥),,
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sulfates, 2-naphthalenesulfonates, nicotinates, nitrates, oxalates, pamoates, pectinates, persulfates,
3-phenyipropionates, phosphates, picrates, pivalates, 30 propionates, salicylates, succinates, sulfates,
sulfonates (such as those mentioned herein), tartarates, thiocyanates, toluenesulfonates (also known
as tosylates,)wndesmmsstes, and the like. Exemplary basic salts include aromosysusiossdis, alkali metal
salts such as sodium, lithium, and potassium salts, alkaline earth metal salts such as 30 WO

2006, /088919 a4 d & It It It

with organic baiie!s 250;8%%2 ble, org?e%ﬁlﬁgwgﬁﬁgé)gﬁ?geé%c ﬁqmegmag ﬂt?y;?msnezmc S S

dicyclohexylanSGed (R {ﬁ@ﬂﬁéaé)(f@ﬁ@dﬁnfh &{Il#\I-GiS(((Hé’ﬂ);adroabletyl)ethylened|am|ne)

N-methyl-D- 9'ucam'”ﬁ%n%éﬁé?‘&ﬁh‘éfb@n%ﬂ%ﬂﬁ’eeﬁ\}eﬂﬁgﬂ YRR, &'i@E'ESnﬁ’% Icyclohexylamine,
C

choline, tromethamine, and salts with amino acids such as arginine, sme and Ike. Basic

nitrogen-contz8AMEg gr@f@em&mmnamermmnmgmmmg tb&@rewg,| halides (non-limiting

example(s) inglyNisg 'BfIHeHWyl F%mﬂ% fath gﬁyl@hlqﬁqescpro S WBW) .dialkyl sulfates to
(non-limiting exam Hé‘%&nclude dlmeth , die ?yl dibutyl, ar‘gq (famyl sulfat long chain halides

(non-limiting eflela mc‘r(@b‘d&ﬂﬁ Hﬁ mfﬁ;l@g)h %%teaﬁ(}l%ﬁf@§ somides and iodides),
aralkyl halldes&) ngﬂpmékam%ﬁtm%ﬁ?e No=RRRPIHenaiyORIMIARRF RN others. All such
to b

acid salts and “salfs are.inten armacepiticall é 15 (f\cceptable salts within the scope of

the invention ah'&ﬁa Q&Ttpa bﬁé%@) ebcéq nt to the free forms of the
correspondmg.nga%WammNm?bﬁsw(RFWW% PlorMamglicaM@etentahde esters of the
present compoB%%s (ngde

in another embodiment of the invention, two R%® moieties are linked
together to form a five or six membered aryl, cycloalkyl, heterocyclenyl,
heterocyclyl or heteroaryl ring wherein said five or six membered aryl,
cycloalkyl, heterocyclenyl, heterocyclyl, and heteroaryl ring is fused to ring D

15 and the fused ring is optionally substituted with 0 to 4 R*' moieties.

In another embodiment of the invention, the R* moieties can be the
same or different, each being independently selected from the group
consisting of H, -CN, -CHjs, -CF3, -CH20H, -CO2H, -CO2CHj3, -NHz2, -NHCHg,
-OCF3, -OH, F, Cl, Br, -C(=NOH)NH,, -OCH;CH>S(0;)CHj3, -C(=0)NHj,

H S
s SN /0 — |
5 3\ ” \/”\
20 = N—"" and N CH,,

In another embodiment of the invention, Y is selected from the group
consisting of: (CHR"),-, (CR"R"),-, -C(=0)- and -CHR™C(=0)-.
In another embodiment of the invention, Y is selected from the group
consisting of: ~CHaz-, - CH(CH3)-, -CH(CH;OH)-, -C(=0)- and —CH(CO-alkyl)-.
25 In another embodiment of the invention, m is 0-3.
In another embodiment of the invention, n is 0-2.
In another embodiment of the invention, qis 1, 2 or 3.
In another embodiment of the invention, ris 1 or 2.
in another embodiment of the invention, Z is N, C(H), C(alkyl), C(F) or
30 C(NHo);
XisN;

39



the following groups: (1) carboxylic acid esters obtained by esterification of 20 the hydroxy groups, in
which the non-carbonyl moiety of the carboxylic acid portion of the ester grouping is selected from
straight or branched chain alkyl (for example, acetyl, n-propyl, t-butyl, or n-butyl), alkoxyalkyl (for
example, methoxymethyl), aralkyl (for example, benzyl), aryloxyalkyl (for example, phenoxymethyl),
aryl (for exampk® aensa%aptionally substituted with, for 25 example, halogeor/Gd2ebalinghesr C1l4alkoxy
or amino); (2) sulfonate esters, such as alkyl- or aralkylsulfonyl (for example, methanesulfonyl); (3)

amino acid esters (fgn mono-, di- or
triphosphate esters. gh@ﬂ%{:%ggtg‘%% e‘?ﬁrsd%a& %ﬁherpg%) [ gcﬁ g ﬁ)‘?geéﬁgfnéﬁ:eh(?C1 20 aIcohoI
or reactive deﬂmm%ﬁ%‘#@%hﬁgmﬂ@@'% @I‘)Sﬂ@?hgl?é&@|@lﬁﬁﬁoﬂw&s of Formula 1, and

salts, solvatesi gk emf,_ e@ﬁt | I RRAoN @FF fWﬁ‘ £ EsRNARYas an amide or
imino ether). All such au m@rlc form(?g%e con TL‘SH‘?} ted h e?g:' ar ﬁtﬁé?r sent invention. 31
WO 2006/088e{H RN R OM@NE@@O@T’QE%@!& ex nc‘lsomers optical

isomers agd tﬁgﬁ%ﬁé@‘zﬁﬁmswﬁgpmmgg?g |§§g§3,§;plvates and prodrugs of

the compounds as well as the salts and solvates of the pro rugs) such as those which may exist due

to asymmetric SPBHY o AYARRIIMBY SIS/ G¥FIRPSABIL ARG YIRS (which may exist even

in the absence of aagﬁ]mgggc@jbmﬁ)gh@@a@@d‘@gm@&pﬁ|sg1|q}qerﬁaﬁmkyi|astereomer|c forms, are

contemplated Wltp nth of this [ t|o I'?)“E ? stersoisomers of the compounds of the
invention may, Eﬁﬁy S Het' iBomers, or may be admixed, for example,

as R*is selected from the group consnstmg of H, alkyl, haloalkyl,
10 hydroxyalkyl, halogen, -N(R*®), -OR® and -CF3;
R® is selected from the group consisting of H, alkyl, halogen,
hydroxyalkyl, -CN, -N(R%®),, -OR¥, -N=CH-alky!, and -NR*C(=0)alkyl;
R’ and R® are independently selected from the group cansisting of =0,
=S, =NH, =NOH, and =N(OAlky!);
15 R s selected from the group consisting of H, alkyl, aralkyl,
hydroxyalkyl, and carbonyl;
R" is selected from the group consisting of H, aikyl, hydroxyatkyl, and
carbonyl;
R is selected from the group consisting of H, CN, -C(=0)N(R*®), and
20  alkyf;
ring D is a 5 to 6 membered aryl, heteroaryl, heterocyclenyl, or
heterocyclyl ring and substituted by 0-4 R*® moieties;
the R?® moieties can be the same or different, each being
independently selected from the group consisting of H, alkyl, amino, halogen,
25 CN, CH,, CFa, OCF3, -(CH2)qOR®, -(CH2)NHR®!, -(CH2),C(=O)NHR?, -
(CH2)sSO2R¥, -(CH2)qNSO2R®!, -(CH,)SO:NHR™, -alkynylC(R*"),OR®,
-C(=0)R%®, -C(=0)OR®, -N(R*¥),, -N(R¥*)C(=0)R*!, -NHC(=0)N(R*),,
NR¥)C(=0)ORY, -N(R¥)C(=NCN)N(R™),, -N(R*)C(=0)N(R¥),, -OR®,
~OC(=0)N(R*),

=R U
3 = N/N N ™~
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ro racemates or with all other, or other selected, stereoisomers. The chiral centers of the present
invention can have the S or R configuration as defined by the IUPAC 1974 Recommendations. The
use of the terms "salt", "solvate" "prodrug" and the like, is intended to equally apply to the salt, solvate
and prodrug oMEANEI08BBIBS, Stereocisomers, rotamers, tautomers, racemaigsrafsifudieaeggs of the
inventive compounds. It should also be noted that throughout the specification and Claims appended
hereto any formula, gpmpo nggg lety..or chemical illustration with u g{ﬁi d valences is assumed to
have the hydrogen a off ?8% %%%’éyt\'?%@%%%%@m%@%é’%dﬁﬁ% i'r#ﬁ@ €8’d bond. 20 In one
embodiment, #EH{GHsDHRyDiFD)dandodel @Dpluyt)ds of Formula 1, having CXCR3 antagonist
activity, or a pharma 'féiﬁi?ﬂy acceptable derivative thereof, where the various definitions are given
above. In another embodimént of the present invention, R1 and R2 are independently absent or
present, and if presentie&eB;is independently 25 selected from the group consisting of H, alkyl, aryl,
amino, alkpxy, halog n pgq@gngycloalkyl, cycloalkenyl, arylalkyl, amidinyl, carboxamido, heteroaryl,
heterocyclyl, heterocsg:f;enyl, urea, -S(0)2alkyl, -S(0)2N(H)alkyl, -S(O)2N(alkyl)2, and
-C(=S)N(H)cycloalkyT. ifnla@ofher embodiment of the present invention, R' and R2 are 30
independently absent or present, and if present each is independently selected from the group
consisting of H, alkylaryl, aryl, heteroaryl, -(CH2)gCF3, -(CH2)gOH, -(CH2)gOR31, -(CI2)gNHZ,
-(CH2)gNHR31, -(CH2~N(R31)2, 32 R/Or20061088919 PCT/US2006/005265 -(CH2)gC(=O)NHR31,
-(CH2)gSO2R31, -(CH2)gNHSO2R31M(CHR)gS®2NHR31, -(CH2)g-amidinyl, cyclopropyl,
cyclopropylhydroxyl, cyclobutyl, R'RN e ) (RY).,

67N L
R N Nk/:lq (R"),

/1 @ - (Rzo)p
Nao Y

Formula 2

10 Formula 4 R13

R, R®
R2R! NXN ’ R?
. (R,
RE” SN r'e::/]
N

/1 ” /(Rzu)p
il
N S N
Formula §

or pharmaceutically acceptable salts, solvates or esters thereof, wherein:
wherein R' and R? are independently absent or present, and if present each is
15 independently selected from the group consisting of H, -CHa,
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cyclobutylhydroxy, cyclopentyl, and cyclopentylhydroxy; and g is an integer from 1to5. 5 In another
embodiment of the present invention, R' and R2 are independently absent or present, and if present
each is independently selected from the group consisting of H, -CH3, fluorophenylmethylene,

trifluoromethyNSREAYHIREMYlene, indanyl, cyanophenylmethylene, difluoroBREMAPHHEPRM e,
bromophenylmethylene, chiorophenylmethylene, 10 -CH2CH2Ophenyl, cyclopentyl,

bromochIoropﬂeoudpmthyﬂmw)yfhm,ddﬂlmumheﬁWmhylmyIMQm@ﬁwylylmethylene
2 eycloprop Ry e RS R SR SRR iz
-CHch2(_)(:wa]mwmgwetmmeHieH@mehﬂmﬁd@mH20pheny| -CH2CH2CH3, -NH2,
c(rfl:cl)_lrajzyltlllclifll pyoeiﬁ8 met%J ene I@:%%%\l Eycl:{'/c opr@p%ﬁ%’@%?ﬁé@ c':SI_I?,C(I\I |(-;g:l\(l(HO))CI\II—|_||22CFS,
-C(= O)N(H)c(@Mmpmnﬂmmmwlm@(wtemmcbﬁlsﬁmmw@ﬁﬁc%@2cH3
-g((ol)\le'\;ﬁ:HH; C( Qf\ W O)N(H @?&?ﬂs@%ﬁgﬁh -c:( o R%(cW h)ezxélech
cyclopropyl, - m@@m 2ﬁ@e§|#l{3€9UH§ N NN F ~~Il
-CH2CHZOCH3, cyclopropyl, isoxazolyl, -CH,CH>OH, -CH.CH2Ophenyi,
-CH2CH2CHa, -NHz, -(CH2).NH2, pyrazolyl, 5-methyl-isoxazolyl,
10 -CHCH(OCH2CHa)z, -OCHj3, -NHC(=0)NH,, chloropyridyl, pyridylmethylene,
-C(=O)NHcyclopropyl, -C(=0)N(H)CzHs, -C(=O)N(H)CHCF3,
-C(=0)N(H)C(CHa)3, -C(=S)N(H)cyclopropyl, ~-C(=O)NHz, -C(=O)N(H)CHj,
-8(0)2CHa, -S(0)2N(CHj3)z, -S{0)2CH2CH3, ~-C(=0)CHjz, -S(0)2(CHz2).CHa,
-C(=0)N{H)cyclohexyt, -C(=NH)NH,, -C(=0)N(H)NHz, ~-C{(=0)N(H)CH(CHa)z,
15 thiazolyl, -C(=O)N{CHs3)z, -S(0O)2CH2CF3, cyclopropyl, ~-S(0).CF3,
-CH2CH(OCH,CHa)z,

I oo

/ CN

Rl T
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F'HH2N F 33 WO 2006/088919 PCT/US20061005265 CH3 Fp /HN HyC CH9, | NNH N NH\
HaC\HN HZ ~-NCH 500 o0 and or when Xis N, the N taken together with the R1 and R2 to which
X is shown io attached, forms a -N-cyclopropyl, -N-cyclobutyl, -N-cyclohexyl or HZN HZN ??7? In
another embod RSB present invention, R1 and R2 are independentl{T41584(%8735Pesent, and if
present each is independently selected from the group consisting of H, -CH3, -C2H5,
difluorophenylmethylene, cyclopropyl, 15 dichloroghenylmethylene, -CH(CH3)2, cyclohexylmethylene,
cyclohexyl, isoxazolyl, isoxazoyl, %uadiazo , aminooxadiazoyl, substituted isoxazoyl, 34 WO

2006/088919 PCTIUS2006/0Q52
o)
HN A"r /IL
he” , ¥ f ,
CHa
o)
=
0 / N ;’
H
CHa

or when X is N, the N taken together with the R' and R? to which X is shown
Ha

St

10 attached, forms a -N-cyclobutyl, -N-cyclohexyl or HzN ;
R? is selected from the group consisting of H, ~<CHs, -CH2CHa,
cyclopropyl, -F, -Cl, OCHaj, OCF3 and CF3;
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substituted oxadiazoyl, substituted aminooxadiazoyl, difluorophenyl, -CH2CH20H,
-CH2CH2N(CH3))2, -C(=0)N(H)cyclopropyl, -C(=0)N(H)C2H5, -C(=O)N(H)CH2CF3,

_C(=0)N(H)C é%H3 _C(=0)N(H)C(CH3)3, 5 -C(=S)N(H)cyclopropyl, -C(=Q)NH2. -C(=0)N(H)CHS3,
-S(0)2CHS3, - ‘9&?@%&)2, -S(0O)2CH2CHS3, -C(=0)CH3, -S(0)2(CH2) c?ﬂ)fé{sz-‘@?’% H)cyclohexyl,
-C(=NH)NH2, -C(=0)N(H)NH2, thiazolyl, CH3 /RCN C F F- H HZN ,.S' 10 CH, O O N H3C HN N-)
HyC I CH, H N/ sr BY{ is eledtedfeom theoesevr sassistinarefdiadkteamaityhvention, R and R2 are

independenthém&pwa&rg@@ﬁ present each is independently 15 selected from the group
consisting of H, -CH3, .-C2H5, difluorophenylmethylene, cyclopropyl, dichiorophenylmethylene,

_CH(CH3)2, cyclohBxylihaaterten o the-auR 6oRsiSinS b e Aydrexyalied3ps
carbonyl;

5 R" is selected from the group consisting of H, alkyl, alkylaryl,
cycloalkyl, alkoxy, -C(=0)R?, -C(=0)N(R*),, {CHR®),OH, (CHR®);0R¥, -
(CHR®){NHy, -(CHR¥)NHR?', -(CH,),C(=0)NHR3' -N(R*),,
-N(R*NSO,(R), -OR¥ , —S0O;N(R*), and —~SO(R*);

the R moieties can be the same or different, each being

10 independently selected from the group consisting of H, alkyl, amino, halogen,
CN, CHa, CF3, OCF3, ~(CH2)qOR®, -(CH2)qNHR*', -(CH2),C(=0O)NHR?', -
(CH2)qS02RY, (CH;)gNSO,R?", <(CH2)s80.NHR?', -alkynylC(R*');0R*,
-C(=0)R¥®, -C(=0)OR®, -N(R%),, -N(R¥®)C(=0)R?!, -NHC(=O)N(R*),,
-N(R¥*)C(=0)OR¥, -N(R¥)C(=NCN)N(R*®),, -N(R*NC(=0)N(R*),, -OR™,

15 -OC(=0)N(R*),, and -0S0(R*"); and
m, n, R%, R7, R8, R?, R® and R¥ are as defined in Formuta 1.

In still another embodiment of the present invention, a compound is
selected from the following structures in Table 1 below (or a pharmaceuticaily
acceptable salt, solvate or ester thereof) which are shown along with their ICs

20 ratings. The ICsp values are rated, “A” for ICsg values less than about 25
nanomolar (nM), “B" for ICsq values in the range of from about 25 to about 100
nM and "C” for ICsp values greater than about 100 nM. For example,
Compound Number 212 has a |Csq of 0.2 nM.
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-CH2-CH2-N(CH3))2, -C(=0)N(H)cyclopropyl, -C(=O)N(H)C2H5, -C(=O)N(H)CH2CF3,
-C(=O)N(H)CH(CH3)2, -C(=O)N(H)C(CH3)3, 20 -C(=S)N(H)cyclopropyl, -C(=0)NH21.-C(=O)N(H)CH3,
-S(0)2CH3, 35 WO 2006/088919 PCTIUS2006/005265 -S(O)2N(CH3)2, -S(0)2CH2CH3,
-C(=0)CH3, W MR(@#42)2CH3, -C(=0)N(H)cyclohexyl, -C(=NH)NH2, -SEEOFR41ES thiazolyl, H3 /
RCN HF F~~iFI2N 5CH3 00 I JHH3C~ ~HNN H3CCH3H N/O4F-_N6NHO andIn
another embodiment of the invention, X is selected from the group consisting of N, 0, -CH3, -CH2-,
-CH, -CH2CHS, -CH2CN, -NH2, cyclopropyl, N N CT]A%I?En? N

Compound No. Compound Structure ICso

. @ | ’LQ

k:

18 c
o

“@VQO {
4 gggo—}:ﬂﬁ o

O,
oy

6 O?JQQKO« \,@J c

N
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In another embodiment of the invention, X is N or O.
another embodiment of the invention, Z is N or C(R29).
N. 15 In another embodiment of the invention, Z is C(H), C(alkyl), C(hal
In another enfdatRe&88AP the invention, Zis C(alkyl) C(F)or C(NH2) 3
PCT/US20061005265_In another em|

consisting of H, alk
embodiment of the i
cyclopropyl, -F, -Cl,
from the group cons
the invention, R7 an

consisting of H, io g
-N(H)C(=0)N(H)alky,
=N(OH) or cycloalky
consisting of H, alky
-NR30C(=0)alkyl. In

In another embodiment of the invention, Xis N. In
In another embodiment of the invention, Z is

CégF )ggor C(N(R3))2).

H, -NH2, -CH3, -CN

. the group

[, haloalkyl, hydroxyalkyl, halogen, "}' 'S 30 and - CF3. In another
vention, R3 is selectedyrof 4y qroup 5 consisting of H, -CH3, -CH2CH3,
OCH3, @CF3 and - In anotherembodiment pf the Fiventign, R4 is selected
isting of H, alkyl, hyafoxyalkyl, halogen, OR30, ar CF3. In another embodiment of
d R8 are the samg or different, each being independently selected from the group
kyl, alkylaryl, heteroaryl, hydroxyl, -CN, alkoxy, &lkylamino, -N(H)S(0)2alkyl and
I; or alternatively R7 and R8 taken to e &ris =0, =S, =NH, =N(alkyl), =N(Oalkyl),
[. In anogher embpdimen o ey " R6 is $electet! from the group
[, halogen, hydroxyal 2 OR" 15 IN=CH-alkyl, and
another embodime he mventlon R6 is sele¢ted from the group consisting of
and -F. In another eml;zo ment of the invention, R7 and R8 are the same or

8 c

1 . O&j c

. d}QO ¢

12 O\%\r % Cc

13 O/O C

Q | :
* @3{}0@ c
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different, each being independently selected from the group consisting of H, - 20 (CH2)qOH,

-(CH2)gOalkyl, -(CH2)gN(H)-alkyl,

-(CH2)gN(H)-S(O)2alkyl, and -(CH2)gN(H)-CO-N(H)alkyl; or

alternatively R7 and R8 taken together is =O, =N(OAlkyl), or =S. In another embodiment of the
invention, R7wiNQM@0as1%he same or different, each being independent Y SERE2M &5 the group
consisting of H, 25 -CH3, and -OH; or alternatively R7 and R8 taken together is NI N\CH; N~,--, CFh

37 WO 290610889

each H; or alternatiiely R' and R8 take
invention, R10 is selected from the gr
nt of the inventi

In another embodim

9

nother embo
kyl, hydroxyalkyl, and carbonyl.
Ip consisting|of -CH3, -CH2CH3

ibn, R' and R5 are
diment of the

selected from the

embodiment|of the invention,
ected from the group consisting

5 selected from the

nvention, the ring

dently selected 0-4 R20

and -CH2CH2CH3, hnd m ig® - 2. In fin r emBodiment of the invgntion, R11 is
group consisting of H, alkyl, hydroxyglk/and carbonyl. 10 In anothe
R11is H or -CH3. In another embodiment of the invention, R12 is sel
of H, CN, -C(=O)N(R3D)2 and alkyl. In another embodiment of the inyention, R12 i
group consisting of [H;=CH3 CNamdFCH2CH3 15 tmanutherembogiment of the
atoms of ring D are |independently C pr N and substituted by, igrdeper
H-O
16 d,_/* \, c
T Yo °
epel
g‘ D [r]
18 \(51( c
M
19 9 4 F\O@ c
S %
- @
LNV
2 }QU‘(:\/: c
O™
" Yoo’ °
50
F
22 GJ X C
AN N
D
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moieties. In another embodiment of the invention, ring D is a 5 to 6 membered aryl, heteroaryl,
heterocyclenyl, or heterocyclyl ring and substituted by 20 independently selected 0-4 R20 moieties. In
another embodiment of the invention, the R20 moieties can be the same or different, each being
independentlyW$2RI86483 M the group consisting of H, alkyl, alkylaryl, almpsﬁﬂ%ﬁ?ys aﬂ(ylamlno
alkylheteroaryl, alkylsulfinyl, alkoxycarbonyl, aminoalkyl, amidinyl, aralkyl, aralkoxy, aryl, 25 aryloxy,

tritturomethyl, trifluor,
-(CH2)gSO2R31 ,
C(=O)N(R30)2, -C(=
-N(R30)C(=0O)OR31

PCT/US2006/005265

-S02N(R30)2, -S02(
R20 moieties can be

consisting of H, alkyl,
-(CH2)gC(=0)NHR31,-

-alkynylC(R31)20R3
-N(R30)C(=0)OR31
and 10 -OS02(R31)

cyano, cycloalkyl, cycloalkenyl, halogen, haloalkyl, heteroalkyl, heterparyl, heterocyclyl, hydroxyalkyl,
omethoxy, - (CH2)qOR 31, -(CH2)gNH , -(CH2)gC(=O)NHR31,
4CH2)gNSOZR31 (CHZ%N%%E?, kynyl¢(R31)20R3t,4C(=O)R30, -
O)OR3, -:N(RBO) ) , -NHC(=O)N(R30}2, 30
-N(R30)C(=NCN 30)2, -N(R30)C(=0O)N(R30)2, 38 WO 20061088919
-N(R30)S02(R31), -N(R30)S02N(R30)2, -OR30 -OC(=0O)N(R30)2, -SR30,
31), -OS0Z(R3)] and -OSigR30)3. Tn another embodiment of the invention, the
the same or differ%ﬂ@‘ﬂgyggjg independently selected from the group 5
amino, halogen,|C @CFB -(CH2)gOR31, - (CHi!)gNHRBl,
(CH2)gSO2R31, -(CH2)gNS02 CH2) SO02NHR3;,
F,-C(zo?ﬁzso, -C(FO)OR30, -N(R30)2"*N(R3)C(FO)R3%, -NHE(=0)N(R30)2,
-N(R30)C(=NCN)N(R30)2, N(RBO)C( N(R30)2, -OR 31, -OC(=0O)N(R 30)2,
a
A § Qfg
N OO )
26 . c
O"IUT ¥os
27 N c
Q. IN\ N
Qo
23 O\Q C
jSjl\'("\/@\u
29 ! O\O i c
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In another embodiment of the Invention, two R20 moieties are linked together to form a five or six

membered aryl, cycloalkyl, heterocyclenyl,

heterocyclyl or heterbaryl ring wherein said five or six

membered aryl, cycloalkyl, heterocyclenyl, heterocyclyl, and heteroaryl ring is fused to ring D 15 and
the fused ring W@ptisnssbrsubstituted with O to 4 R21 moieties. In anotherraniuschnaens2es the
invention, the e moieties can be the same or different, each being independently selected from the

group consisting of |

Cl, Br, -C(=NOH)NH2, -OCH2CH2S(
embodiment of the inventiongyY is sele

-C(=0)- and -CHR13
consisting of: -CH2-

, -CN, -CH3, -C

C(=0)-.In anothar
- CH(CH3)-, -CH(C

antion—m-ic O 2

E3’

-CH20H, -C02H, -C@2CH3
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111 WO 20061088919 PCTIUS20061005265 O 3 Ha HNIN")P,CIMHONNNCI ~IH3CNF
H3C~ o Formula 6 Formula 7 or pharmaceutically acceptable salts, solvates or esters thereof. In yet
another aspect, the compound according to Formula 1 is in purified form. 5 In another embodiment,
this inventiorwavdessaipharmaceutical composition comprising at leasPERYE8P§IBIAY of Formula 1,
or a pharmaceutically acceptable salt, solvate or ester thereof in combination with at least one
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20 illustration purposes, a compound of Formula 11l and an additional therapeutic agent may be
present in fixed amounts (dosage amounts) in a single dosage unit (e.g., a capsule, a tablet and the
like). A commercial example of such single dosage unit containing fixed different
active compo Q%8 ORIN(r) (available from Merck Schering-Plough Qﬁg%a%@u csals 25
Kenilworth, New Jersey). In yet another embodiment, the present invention discloses methods for
preparing pharmacdutical compositiofs co prlsmg the inventive het rocyclic subsgtituted piperazine
compounds of Formula 1 as an active #grédiagte In the pharmaceutical compositipns and methods of
the present 112 W({ 2006/088919 PCT/US20081 0« 5265 invention, the active ingredients will typically
be administered in gdmixtu@$8vith suitable carrler suitably selecte& with respect to the
intended form of administration, i.e. oral tablets, capsk @ er solig-filled, semi-solid filled or liquid
filled), powders for constitution, oral gels, elixirs, dlsper3|ble granules, syrups, suspensions, and the
like, and consistent with conventional pharmaceutical practices. For example, for gral administration in
the form of tablets or capsules, the active drug component may be combined with any oral non-toxic
pharmaceutically acceptable inert carrier, such as lactose, starch, sucrose, cellulose, magnesium
stearate, dicalcium phosphate, calcium to sulfate, talc, mannitol, ethyl alcohol (liquid forms) and the
like. Moregver, when desired or needed, suitable binders, lubricants, disintegrating agents and
coloring agents may also be incorporated in the mixture. Powders and tablets may be comprised of
from about 5 to about 95 percent inventive composition. Suitable binders include starch, gelatin,
natural sugars, corn 15 sweeteners, natural and synthetic gums such as acacia, sodium alginate,
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carboxymethylcellulose, polyethylene glycol and waxes. Among the lubricants there may be
mentioned for use in these dosage forms, boric acid, sodium benzoate, sodium acetate, sodium

chloride, and the like. Disintegrants include starch, methylcellulose, guar
Sweetening ¥¥RI284088A agents and preservatives may also be included
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fatty acid glycerides such as cocoa butter is first melted, and the active ingredient is dispersed
homogeneously therein by stirring or similar mixing. The molten homogeneous mixture is then poured
into convenient sized to molds, allowed to cool and thereby solidify. Also included are solid form
preparations WRigHPEHPended to be converted, shortly before use, to IIRGTURANFBSArations for

either oral or paren

eral administratio
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frequency of the administration will be regulated according to the judgment of 114 WO 2006/088919
PCTIUS2006/005265 the attending clinician. A generally recommended daily dosage regimen for oral

administration may range from about 1.0 milligram to about 1,000 milligrams
divided doseW@ESWH6088EU| terms are described below: 5 Capsule - refef&td
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25 more preferably from about 30 to about 60% by weight, even more preferably from about 12 to
about 60%. Disintegrants - refers to materials added to the composition to help it break apart
(disintegrate) and release the medicaments. Suitable disintegrants Include starches; "cold water
soluble™ modified starches such as 30 sodium carboxymethyl starch; natlll,r&L ﬂg%&m) (gft’ic gums such

as locust beX¥P RN ar, tragacanth and agar; cellulose derivatives SGeh
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sodium carboxymethylcellulose; microcrystalline celluloses and cross-linked microcrystalline
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115 WO 2006/088919 PCT/US2006/
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about 3 to about 6% by weight. Lubricant - refers to a substance added to the dosage form to enable
the tablet, granules, etc. after it has been compressed, to release from the mold or die by reducing
friction or wear. Suitable lubricants include metallic 20 stearates such as magnesium stearate, calcium
stearate or pO¥30eI8& EArate; stearic acid; high melting point waxes; arfFWHEBPUABAR lubricants
such as sodium chloride, sodium benzoate, sodium acetate, sodium oleate, polyethylene glycols and

d'l-leucine. Lubrica;ts are usually added at the very 1ast step before

ces of 25 the gra uﬁ
L
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an administered dosage form as compared to a standard or control. Conventional methods for
preparing tablets are known. Such methods to include dry methods such as direct compression and

compression of granulation produced by compaction, or wet methods or other s ecial2
Conventional WEHUISII making other forms for administration such asPfoVEAHEHE
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WO 20061088919 PCT/US2006/005265 amount of at least one compound according to Formula 1, or
a pharmaceutically acceptable salt, solvate or ester thereof. In another embodiment, the method is
directed to administering to the patient (a) an effective amount of at least one compound according to
5 Formula 1, Woe2fiiassageutically acceptable salt, solvate or ester thereBETEBSRAIPANSE? or
sequentially with (b) at least one additional agent, drug, medicament, antibody and/or inhibitor for
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treatment the method comprising administering to the patient a therapeutically effective amount of at
least one compound according to Formula | or a pharmaceutically acceptable salt, solvate or ester

thereof. 30 AR shGsgepsiiment of this invention is directed to a method p¢-rgaiingiRBg@mmatory
bowel disease (such Crohn's disease, ulcerative colitis) in a patient in need of such treatment

comprising adminis
according to Formt

2006/088919 PCT/US20061005265
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(a) at least one compound according to Formula 1, or a pharmaceutically acceptable salt, solvate or
ester thereof concurrently or sequentially with (b) at 20 least one compound selected from the group
consisting of: cyclosporine A, FK-506, FTY720, beta-interferon, rapamycin rﬁggﬁﬁhenolate,

prednisolone¥ @32

pte, cyclophosphamide and an antilymphocyte gﬁ)(gﬂ

B8P embodiment

of this invention is directed to a method of treating multiple sclerosis in a patient in need of such

treatment the method 25 comprising
(a) at least one compound according
rrently or sequen
nterferon, glatira
azothioprine, mitoxantrone, VLA-4 in

ester thereof concy
consisting of: beta-

hibitors, FTY720, anti-IL-12 inhibitors, and C

adihinistering to the patient a therapeutically| effective amount of:

Jt Fdrdiula 1, or a pharmaceutically acceptgble salt, solvate or
jally with least ane comppund selected from the group
ner acetaig, i eroids, glycocorticoids, methotrexate, 30

132-selective

inhibitors. Another
a patient in need of
therapeutically effe
compound accordir
concurrently or se
methotrexate, cycl

embodiment of thi
such treatment th
Ctive amgyint of: 1
g to Formula 1, o
uentially with (b) at least one com

cnarin_lafliinami
UHU' II],—rGIIUII LA AREE}

petrd selected from the gro

a culfacalazina  ~nrticocstaroi

glatiramer acetate,
directed to a metha
comprising adminis

prednisone, eto
d of treating rhe
tering tqghe patie

18
qm
Nt a the

T o U T OO S T T T O U T tro ot e T ot

eutically effective ampount qf:

5 invention is directed to a method of treating multiple sclerosis in
d.«comprising administering to the patient a

6/088919 PCT1US2006190526% a) at least one

i salt, solvate or ester thereof

up consisting of:
ne, 5 ,B-interferon,

t, and infliximab. Another pmbodiment of this invention is
' ritis in a patient In need of such treatment the method

432 D’ O l . B
[
H
LY | >
N ’ﬁ
433 5/ " c
H‘C N\Ol\/Q/
F
AL
HE™ N i o
434 9\(7 . c
baeNs;
HIC\OJI\IG
435 5}, . c
BaeVs;
F
436 c

106



(a) at least one compound according to Formula 1, or a pharmaceutically to acceptable salt, solvate or
ester thereof concurrently or sequentially with (b) at least one compound selected from the group
consisting of. non-steroidal anti- inflammatory agents, COX-2 inhibitors, COX-1 inhibitors,

immunosupprE9IUELsENd

osporine, methotrexate, steroids, POE IV .nh.bESTéUSAWﬁ’“PR?ﬁS

compounds, MMP inhibitors, corticosteroids, glucocorticoids, 15 chemokine inhibitors, C132-selective
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WO 20061088919 PCT/US20061005265 Another embodiment of this invention is directed to a
method of treating a disease selected from the group consisting of. inflammatory disease, rheumatoid

arthritis, multiple sc

lerosis, inflammatory bowel disease, graft rejection, psoriasis, fixed drug eruptions,

cutaneous dWE\9E6HA%R18 hypersensitivity responses, ophthalmic ianamrﬁ%T(&ﬁzﬂ?ﬁfﬁ'ﬂﬁﬁb e.g., uveitis,
posterior segment intraocular inflammation, and Sjogren's syndrome), tuberculoid leprosy and cancer

in a patient in need
effective amount of
salt, to solvate or e
treating a disease s
multiple sclerosis, i
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inflammation, type
method comprising
according to Formu
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COX-1 inhibitors; ir
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Another embodiment of the invention discloses a method of making the inventive compounds
disclosed above. For the procedures described below and unless otherwise stated, the 30 following
abbreviations have the stated meanings in the Preparative Examples below: DBU=
1,8-diazabicy M) W@BRIELCc-7-ene DBN= 1,5-diazabicyclo[4.3.0]non-5-e RETAISENG/005265
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 121 WO 2006/088919 PCT/US2006/005265 HOBT=

hexafluorophosphgte DCC= dicycloheyy
Diisopropylethyla

sodium triacetoxyb
LDA= lithium diisoy
is TMAD= N,N,N",N

um hydride DIEA =

ninumcpydride NaBH(OAc)3=

m cyanoboro hydride
properbenzoic acid
AHMDS= sodium

hexamethyl disilylal

1-hydroxybenzotrigzole HATU= O-(7rAzabenzotriazol-1-yl)-N,N,N', '-tetramethyldronium
Acartbgdilmide s Dibal-H= dilsobutylalumin
ide OME = Dimet yIform igfe LAH= lithium alu
brohydrlgél 10 NaBH4= sodiuy de NaBH3CN= sodiu
ropylamide p-TsQH= p-toltenesulfonic acid m-CPBA= m-Chl
'-tetramethylazodjcarboxamide CSA= camphorsulfonic acid N
ide
BN
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'*‘\,or\
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HRMS= High Resolution Mass Spectrometry HPLC= High Performance Liquid Chromatography 20
LRMS= Low Resolution Mass Spectrometry nM= nanomolar Ki= Dissociation Constant for

substrate/receptor complex pA2= -logeC50, as defined by J. Hey, Eur. J. Pharmacol
294, 329-33W020051#FH3I= Curie/mmol (a measure of specific activity) ”FF—T"FﬁfJ%e

col, ‘(’%995), Vol.
nyﬁ?n‘ethyl Tris= Tris

(hydroxymethyl)aminomethane GENERAL SYNTHESIS Compounds of the present invention can be
prepared by a number of 30 ways evident to one skilled in the art.

Preferred

thods include, but are

not limited to, the general synthetic g

support or by traditi
optimal depending o
recognize that 122
be controlled to avoi

nal methods in s
h the choice of g
(VO 2006108891
d functional grou

described herein.

rec

plutio skilled in the art
ppend mtit ts. Addit
D PCT/U&20 9@65 in SO

incompatibilities. One skilled

Compounds g
will recognizd

an be made on solid
that one route will be
onally, one skilled in the art will
me cases the order of steps has to
in the art will recognize that a

more convergent ro
efficient method of a
compounds of gener
Y, X, Z,L,m,n, q,r
Pr1, Pr2 and Pr3 areg

ite (1.€. non-lineg
ssembly of the ta
al Formula 1 wh

protecting group

ptc.] arda8s defing

I or preassembly Of certain pq
getrompounds. 5 Two such

prtions of the | molecule) is a more

methods for the preparation of
R8, R1, R8,/R10, R11, R12, R20,

ne 1, $chem43 2 and Scheme 3.

480 B
wifgx‘;'f;
461 H X al A
G
HaC o)

or a pharmaceutically acceptable salt, solvate or ester thereof.

For example, the compound according to Formula 1 can be selected

from the group consisting of compounds of the formulae:
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The prepared compounds may be analyzed for their composition and ro purity as well as
characterized by standard analytical techniques such as, for example, elemental analysis, NMR, mass
spectroscopy, and IR spectroscopy. 123 WO 20061088919 PCT/US20061005265 Scheme 1.
Method A Lat¥ 9B AEEBh of RIR2N R7 8 R4 R7 e 4 Pry Rs } HNStepAPREFEYIBER ci

(RJOIN-Prz R6 r N'] -t t11 111 (R187 N Prz T884r8 4 Pry RR " ,,ue~ Step C Pry DR RN Step D

e 'N .H (Rttlp ~~ \2 ste (R10Im" Stop C (RtolrfNV 4§ Rtim Pr3 Altematlve, Step D 884 s"4

Rs Pr Pry Re'¥Rs' ~j Rz Sfp E R X N) Rtz (R to 7m (Rioll =B} (R20)p VNH m ~L.N (R')n (R"y Vi;
N N N

8 '
Jog JO
(0.4 nM) (0.3 nM) F
Jo oL

(0.4 nM)

Vill N

(0.4 nM)

N s
Sogr Sogy

(0.3 nM) (0.4 nM)

£ “ Q
J Oy TOU
&°
(0.4 nM) .

or pharmaceutically acceptable salts, solvates or esters thereof. The human
ICsq values (in nM) for the above compounds have been set forth above
underneath the compounds structures.

In yet another aspect, ths invention discloses a compound of Formula 6

5 and Formula 7:
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Rr8 R4 R1R2 Rs Step FR I' ~n.gi 12 Step F (R10It IN. (R20)p RY IX 124 WO 20061088919
PCT1US2(1061005265 Scheme 2. Method B. Early Introduction of RLR2N R7 a 4 Pr' /) Ra + HIT)
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Formula 6 Formula 7
or phamaceutically acceptable salts, solvates or esters thereof.

In yet another aspect, the compound according to Formula 1 is in
purified form.

In another embodiment, this invention provides a pharmaceutical
composition comprising at least one compound of Formula 1, or a
pharmaceutically acceptable salt, solvate or ester thereof in combination with
at least one pharmaceutically acceptable carrier.

In still another embodiment, the invention provides a pharmaceutical
composition of Formula 1, further comprising at least one additional agent,
drug, medicament, antibody and/or inhibitor for treating a CXCR3 chemokine
receptor mediated disease.

When administering a combination therapy to a patient in need of such
administration, the therapeutic agents in the combination, or a pharmaceutical
composition or compositions comprising the therapeutic agents, may be
administered in any order such as, for example, sequentiaily, concurrently,
together, simultaneously and the like. The amounts of the various actives in
such combination therapy may be different amounts (different dosage
amounts) or same amounts (same dosage amounts). Thus, for non-limiting
illustration purposes, a compeund of Formula i1l and an additional therapeutic
agent may be present in fixed amounts (dosage amounts) in a single dosage
unit (e.g., a capsule, a tablet and the like). A commercial example of such
single dosage unit containing fixed amounts of two different active compounds
is VYTORIN® (available from Merck Schering-Plough Pharmaceuticals,
Kenilworth, New Jersey).

In yet another embadiment, the present invention discloses methods
for preparing pharmaceutical compositions comprising the inventive
heterocyclic substituted piperazine compounds of Formula 1 as an active
ingredient. [n the pharmaceutical compositions and methods of the present
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mve%t%orr?),‘?hé( }a/clrtive ingredients will typically be administered in admixture
with suitable carrier materials suitably selected with respect to the intended
form of administration, i.e. oral tablets, capsules (either solid-filled, semi-solid
filled or liquid filled), powders for constitution, oral gels, elixirs, dispersible
granules, syrups, suspensions, and the like, and consistent with conventional
phamaceutical practices. For example, for oral administration in the form of
tablets or capsules, the active drug component may be combined with any
oral non-toxic pharmaceutically acceptable inert carrier, such as lactose,
starch, sucrose, cellulose, magnesium stearate, dicalcium phosphate, calcium
sulfate, talc, mannitol, ethyl alcohol (liquid forms) and the like. Moreover,
when desired or needed, suitable binders, lubricants, disintegrating agents
and coloring agents may also be incorporated in the mixture. Powders and
tablets may be comprised of from about 5 to about 95 percent inventive
composition. Suitable binders include starch, gelatin, natural sugars, corn
sweeteners, natural and synthetic gums such as acacia, sodium alginate,
carboxymethyilcellulose, polyethylene glycol and waxes. Among the
lubricants there may be mentioned for use in these dosage forms, boric acid,
sodium benzoate, sodium acetate, sodium chloride, and the like.
Disintegrants include starch, methylcellulose, guar gum and the like.
Sweetening and flavoring agents and preservatives may also be included
where appropriate. Some of the terms noted above, namely disintegrants,
diluents, lubricants, binders and the like, are discussed in more detail below.

Additionally, the compositions of the present invention may be
formulated in sustained release form to provide the rate controlled release of
any one or more of the components or active ingredients to optimize the
therapeutic effects, i.e. anti-inflammatory activity and the like. Suitable
dosage forms for sustained release include layered tablets containing layers
of varying disintegration rates or controlled release polymeric matrices
impregnated with the active components and shaped in tablet form or
capsules containing such impregnated or encapsulated porous polymeric
matrices.

Liquid form preparations include solutions, suspensions and emulsions.
As an example may be mentioned water or water-propylene glycol solutions
for parenteral injections or addition of sweeteners and pacifiers for oral
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WO 20061088919 PCT/US20061005265 The stariing . material and reagents used in preparing
compounds ggﬁt}ﬂf@d HPEREBA ﬁ% r'gfr%ﬁﬁébr%' é@%ﬁ&}o’%ﬁeg@i%%% ’EEVA?E?ch Chemical Co.
(Wisconsin, lirsigersdlations fordatnanacal gdreinisteation, USA) or were prepared by literature methods

o B BRI LSRRy PR e s
solids in powder form, which may be in combination with a pharmaceutically
5 acceptable carrier such as inert compressed gas, e.g. nitrogen,

For preparing suppositories, a low melting wax such as a mixture of
fatty acid glycerides such as cocoa butter is first melted, and the active
ingredient is dispersed homogeneously therein by stirring or similar mixing.
The molten homogeneous mixture is then poured into convenient sized

10  molds, allowed to cool and thereby solidify.

Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for either oral or
parenteral administration. Such liquid forms include solutions, suspensions
and emulsions.

15 The compounds of the invention may aiso be deliverable transdermally.
The transdermal compositions may take the form of creams, lotions, aerosols
and/or emulsions and can be included in a transdermal patch of the matrix or
reservoir type as are conventional in the art for this purpose.

Preferably the compound is administered orally.

20 Preferably, the pharmaceutical preparation is in a unit dosage form. In
such form, the preparation is subdivided into suitably sized unit doses
containing appropriate quantities of the active components, e.g., an effective
amount fo achieve the desired purpose.

The gquantity of the inventive active composition in a unit dose of

25  preparation may be generally varied or adjusted from about 1.0 milligram to
about 1,000 milligrams, preferably from about 1.0 to about 950 milligrams,
more preferably from about 1.0 to about 500 milligrams, and typically from
about 1 to about 250 milligrams, according to the particular application. The
actual dosage employed may be varied depending upon the patient's age,

30  sex, weight and severity of the condition being treated. Such techniques are
well known to those skilled in the art.

Generally, the human oral dosage form containing the active
ingredients can be administered 1 or 2 times per day. The amount and
frequency of the administration will be regulated according to the judgment of
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One skilled in the art will recognize that the synthesis of compounds of Formula | may require the
need for the protection of certain functional groups (i.e. derivatization for the purpose of chemical
compatibility with a particular io reaction condition). Suitable protecting groups for a carboxylic acid
(Pr1, when RYQRe408%her with RS is =0) includes methyl, ethyl, isopr8ByIV8FBEAIFSester and the

like. Suitable protecting groups,for apn amine (Pr2 and Pre) inclyde methyl, benzyl, ethoxyethyl,
t-butoxycarbdn§i2BR ‘Hﬁﬂqﬂea&g.enﬁ o’t%%?fﬁ‘&‘&?éi?ﬂsgé’ém %Séﬁéé'ﬁggﬂ%fgﬁd removed by

literature metbrd&dhiristratiotontagTarsidlfrdrmabeutrt. Omillighkilinddrabiverat {60 recognize that the
synthesis of com ounds of Formusl’%llI mglytﬁsﬁé'&ed&%gonstruction of an amide bond. Methods
include but are el %Yhénuse%?a reactive carboxy derivative (e.g. acid halide, or ester at
elevated temperatui@snerusefulderoisaarecdsoithed belgwing 20 reagent (e.g. EDCI, DCC, HATU) with

an amineat OC to 1006 Sl SQSHie ol ORUTAGH Y AISIRORRBER pegerons, etnerea

solvents, dimethylf e and the he reaction may be conducted under pressure or in a

sealed vessekatuesskipolywin alsahois ret dgnetorethgeirtisgmhetsschfeohaldingdy of 25 Formula |
may require t ' . ' : s, linited to, the reaction of
BS&Q@?%‘QH%Q%%@EH}EM {RBG S ﬁg‘i”e&w@ P hin

a primary or secondar a reactive Carbonyl (e.g. hyde or ketone) under reductive

amination cofRRSYles eitipiealyynads eEblands firelativebriiohiael strensthrbofisaang: borohydride,
sodium triacely iR iRt 2T CaPsaIaLEKH 19 talf stbfRImschis dedpghe reaction are

halogenated hydrocarbons, ethereal solvents, dime hﬁlfbrmamide and the like. Another such method

is, but ndf linARANUNGRIeEIBRIAKICIZSFRREH RIeSe 8Py amine with a reactive alkylating agent
such as an alkyl halipishiée Meiarealids cornprestRd esYiRiidéd solid dosage form containing

the active ingredients with suitable diluents. The tablet can be prepared by
compression of mixtures or granulations obtained by wet granulation, dry
granulation or by compaction. .
15 Oral gels- refers to the active ingredients dispersed or solubilized in a
hydrophillic semi-solid matrix.
Powders for constitution - refers to powder blends containing the active

ingredients and suitable diluents which can be suspended in water or juices.
Diluent - refers to substances that usually make up the major portion of

20 the composition or dosage form. Suitable diluents include sugars such as
lactose, sucrose, mannitol and sorbitol; starches derived from wheat, corn,
rice and potato; and celluloses such as microcrystalline cellulose. The
amount of diluent in the composition can range from about 10 to about 90%
by weight of the total composition, preferably from about 25 to about 75%,

25 more preferably from about 30 to about 60% by weight, even more preferably
from about 12 to about 60%.

Disintegrants - refers to materials added to the compaosition to help it
break apart (disintegrate) and release the medicaments. Suitable
disintegrants include starches; “cold water soluble" modified starches such as

30  sodium carboxymethyl starch; natural and synthetic gums such as locust
bean, karaya, guar, tragacanth and agar; cellulose derivatives such as
methylcellulose and sodium carboxymethylcellulose; microcrystalline
celluloses and cross-iinked microcrystalline celluloses such as sodium
croscarmellose; alginates such as alginic acid and sodium alginate; clays
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127 WO 20061088919 PCT/US2006/005265 the like. Suitable solvents for the reaction are
halogenated hydrocarbons, ethereal solvents, dimethylformamide and the like. The reaction may be

conducted underS{)ressure or in a sealed vessel at OC to 1000C. One skilled in tr}]e artswill recognize
that the synth@'s(? W@B?ﬂbqounds of 5 Formula | may require the reductior] 5T X RSB Yunctional

group. Suitablg fedugopEAROe LA AR ARIARY e ol AvBIRG e, diborane

and the like at -200C to 100C. Suitable solvents for the reaction are genated hydrocarbons,

ethereal solvéfescermpesition eaarangefianabowt2 fo abautdbiedywaighlohtigecognize that the
synthesis of cQiRRIHHh Ombre’ PrefRrabRardiRcatitr faere XeaHeT09 Bfwisiaeal group. Suitable

oxidizing reagents inplude oxygen, hydrogen peroxide, m-chloroperoxybenzoic acid and the like at

-20C to 100C. SuitaBIB4R = FRters ity Anersifatbindmala Rrreeseastharadal solvents,

water and thepiRe dsohh8otigsiRODREATIMG arthiiesitRISRAAIR R tAdeaahasiverinbe isolated and
purified if desl ed usingf6 onventional éeé’cqrni ues, ir%udin% but not limjted tq filtration, distillation,
crystallizationt EhiAY %‘?&p%’l% KoNesiYR: $iTangh Aliready, a\allaledtitiey using conventional

means, inclu@jngemmﬂkmrﬁxjants Soitahle BidetstincRil&engap Biecteaptiutobbiethods A & B
S R, SR e AR s v
IX. Preferablyataxrizayslatinandrtagacantty dedvativemnvbseimeedisuanasratbiniprasidnce of a base
such-as PoOtass%Hmm alginate and ammonium caicium alginate; cellulosic materials such as
methylceliuiose and sodium carboxymethylceliulose and
hydroxypropylmethyicellulose; polyvinylpyrmrolidone; and inorganics such as
magnesium aluminum silicate. The amount of binder in the composition can
range from about 2 to about 20% by weight of the composition, more
15 preferably from about 3 to about 10% by weight, even more preferably from
about 3 to about 6% by weight.
Lubricant - refers to a substance added to the dosage form to enable
the tablet, granules, etc. after it has been compressed, to release from the
mold or die by reducing friction or wear, Suitable lubricants include metallic
20 stearates such as magnesium stearate, calcium stearate or potassium
stearate; stearic acid; high melting point waxes; and water soluble lubricants
such as sodium chloride, sodium benzoate, sodium acetate, sodium oleate,
polyethylene glycols and d'Hleucine. Lubricants are usually added at the very
last step before compression, since they must be present on the surfaces of
25 the granules and in between them and the parts of the tablet press. The
amount of lubricant in the composition can range from about 0.2 to about 5%
by weight of the composition, preferably from about 0.5 to about 2%, more
preferably from about 0.3 to about 1.5% by weight.
Glidents - materials that prevent caking and improve the flow
30 characteristics of granulations, so that flow is smooth and uniform, Suitable
glidents include silicon dioxide and talc. The amount of glident in the
composition can range from about 0,1% to about 5% by weight of the total
composition, preferably from about 0.5 to about 2% by weight.
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carbonate or cesium carbonate. Optionally, a catalyst such as palladium acetate may be added and or
the reaction heated to a temperature of between 300C and 150C. In certain cases where
regioselectivity is not required or where 30 regioselectivity is determined by the differential reactivity of
the piperazinevaigtegessdiho protection of the piperazine is required. StepPBTAE3NG093268H61088919
PCT/US20061005265 If the product of Step A is a protected piperazine of structure Ill, deprotection is

required. When Pr2Golasingyagerisrsexeipienisithot rropidecnloratian tocthgfeorapasitiaraction under a
pressure of hyiaaen gag fodhe @W@Rﬁﬂéﬁ@%@ﬁ%ﬁ;y e go lYPeY P TodE Is ethoxyethyl 5

deprotection can be effeCted by reaction with trimethylsi hen Pre is t-butoxycarbonyl

deprotection &adedyas adspnesd Prirun §ultable adsarbentmusibas<ievRi @ IR and Step D". A
piperazine of SiHEUTHA LRI BLIR CoRGEgeN irARAPkAsbIaTPEC bR @ SFuCture V. When

X= 0 in general structure V, the reactjon is performed in the presence of a reducing agent to form a

compound of BtWeightofthy campesition; WrisERlY framabeutedl tarbrutilely, a piperazine of

structure IV is react@ioaijSilaBifiab espsnsito ey idite dadexbatteciiirly the Saneideng for the reductive
amination reagction are described herein. 15 Steg C'g%giflerazine of structurq%’%/ﬂor itructure Xlis

reacted with ANERIRNGLPTIAREARRLIC MBI, 8050 fed0eiRySIRyRIG SEqyAHeR M hound of
structure VI oastadetinistéied Hosadelidimas vanpansitduesthyideal cpooians

Conventional methods for preparing tablets are known. Such methods

10 include dry methods such as direct compression and compression of
granulation produced by compaction, or wet methods or other special
procedures. Conventional methods for making other forms for administration
such as, for example, capsules, suppositories and the like are also weli
known. _

15 It will be apparent to those skiilled in the art that many maodifications,
vanations and alterations to the present disclosure, both to materials and
methods, may be practiced. Such modifications, variations and alterations
are intended to be within the spirit and scope of the present invention.

As stated earlier, the invention includes tautomers, enantiomers and

20 other stereoisomers of the compounds also. Thus, as one skiiled in the art
knows, certain imidazole compounds may exist in tautomeric forms. Such
variations are contemplated to be within the scope of the invention. Certain
compounds of the present invention may exist in multiple crystalline forms or
amorphous forms. All physical forms of the current invention are

25 contemplated.

Compounds of this invention which contain unnatural proportions of
atomic isotopes (i.e. “radiolabeled compounds” } whether their use is
therapeutic, diagnostic or as a research reagent are contemplated under this
invention.

30 Another embodiment of the invention discloses the use of the
pharmaceutical compositions disclosed above for treatment of diseases of a
CXCR3 chemokine receptor mediated disease in a patient in need of such
treatment comprising administering to the patient a therapeutically effective
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are the reaction of an equi-molar quantity of a piperazine of structures IV or Xl 20 and a ketone of
structure V in the presence of titanium isopropoxide in a halogenated solvent such as methylene
chloride for 1-48 hours. Subsequent addition of a cyanide source such as dimethylaluminum cyanide
affords a corWsbiferestdttucture VI or structure Xl where R12 is a cyania'gwﬁqmﬁlgﬂogt@p C"25A
piperazine of structure X| js reacted with a ketone of structure XV in the presence of a reducing agent
to form a confBRI Of 8t |Ra%HaNR GANMRRURA 398K Bﬁ%ﬁﬁeﬁp@ﬂ@@ Aditions for the reductive
amination regpisnmaceutiealtyilaedsptable Siksthvale@pistahareadmpound of structure VI or structure
XIl, when R3 = Cl oy_Br is.reacted with a organo lic alkylating agent such a alkyl boronic acid, or
an alkyl halide in thgnp?gglm%reeﬁ%agﬂg}%go%?onﬁ%ﬁé 'estg%%cc%é:%ga,gg@glsﬁﬁwgo%h € to yield a
different strucpatient (@ aeareffettiveamptintrof atigastorieeomippand aaasdirg RCTIUS2006/005265

the haloggn - Rosifi ‘5%;‘2 #ﬁé rQR iRed for R3. Step D' A
protected%ipfé@ﬁ@ao? ’startg'%ﬁ%%gtﬁg@ég re XII'is Ej%p%%@é%%?% ga} , pr%lsflg%?%gfsecondary amine
of structure Veopedtraatiyrensequentiallipwitlh (blaidgrst coe additienabaggntidbugiection can be effected

by reaction unglesia, RERISUIRIBSAY AFRASFIARABIDIRE PLERRRSE CX@RIEAEHHSKHR as palladium. When
Pr2 is ethoxyethyl deprotection can be effected by reaction'with trimeth .Is%I iodide. When Piz Is
g@@pfl

t-butoxycarboifpeptas-mediatpd-disenseracsembinationdtion ghamn galkyiacerptatiac acid.
carrier.
10 In another embodiment, at least one compound of Formula 1 binds to a
CXCR3 receptor.

The method can further comprise administering: (a) a therapeutically
effective amount of at least one compound according to Formula 1, or a
pharmaceutically acceptable salt, solvate or ester thereof concurrently or

15 sequentially with (b) at least one medicament selected from the group
consisting of: disease modifying antirheumatic drugs; nonsteroidal anti-
inflammatory drugs; COX-2 selective inhibitors; COX-1 inhibitors;
immunosuppressives (such as cyclosporins and methotrexate); steroids
(including corticosteroids such as glucorticoids); PDE IV inhibitors, anti-TNF-a

20 compounds, TNF-a-convertase (TACE) inhibitors, MMP inhibitors, cytokine
inhibitors, glucocorticoids, other chemokine inhibitors such as CCR2 and
CCRS5, CB2-selective inhibitors, p38 inhibitors, biological response modifiers;

~ anti-inflammatory agents and therapeutics. The disease can be an
inflammatory disease {(e.g., psoriasis, inflammatory bowel disease)

25 Another embodiment of this invention is directed to a method of
inhibiting or blocking T-cell mediated chemotaxis in a patient in need of such
treatment the method comprising administering to the patient a therapeutically
effective amount of at least one compound according to Formula 1 or a
pharmaceutically acceptable salt, solvate or ester thereof.

30 Another embodiment of this invention is directed to a method of
treating inflammatory bowel disease (such Crohn's disease, ulcerative colitis)
in a patient in need of such treatment comprising administering to the patient
a therapeutically effective amount of at least one compound according to
Formula 1, or a pharmaceutically acceptable salt, solvate or ester thereof.
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Step E A secondary piperidine of structure VII or structure Xlll Is either alkylated or acylated to
provide compounds of structure VIl or structure IX. General methods for such alkyations and
acylations are described above and 15 are well known to those skilled in the art. Step F A suitable

protected ester of structure VIII (Method A) or structure 11l (Method B) th(r:eT /5572 (%2/% %e taken
together is = G*QIPEO Wy is reacted with a primary or secondary amhie {6 provide title

compounds of structure JX 20 qr intermediate X. Typical copditions, include, the reaction of the ester
and the amine in a%jﬂf?;{ §5R}'8Ch9§[58ﬁ g iéﬁﬁh’é%‘f’a Esei?réﬁtﬁﬁjg’ﬁ %‘%&f’@fooc. Step F'
Optionally, futretting! ipflammatompbiatieldisease inpopaltibnf Hinesdrefistcharebiendnbe to provide
additional related compounds of, r 5 Compounds of Formula.l ¢ repared by the
general meth&4s" p&ﬁfiﬁe%dmlggsﬁé}rnﬁgs% %‘r%) 32?%5&’3%{% ?é"ggﬁg%se & Vgs%e%d%%s@%%d in schemes 1
and 2 can be &)adigalitiond carntipowoddphasuuds buokirrephamsadestically aheepjabieses of the
specifically e plifi ' | ' f i ARATIVE
e B hehep SEnEl ey RPN et otene

EXAMPLES are 30 being provided to furt e 1 y are for illustrative
purposes onhcamperodselestettfrenh e 86rui cansisting oo sultrsaazingiddt in any way thereby.

PREPARATIN L REAME g§&é%W&?ﬁ@ﬁ@8§&;—9M§3§@§/gﬂ§;@§ ol he following preparative

examples are intended fo illustrate, but not to limit, the scope of the invention. .
compounds, corticosteroids, glucocorticoids, T-cell receptor directed therapies

(such as anti-CD3 antibodies), immunosuppresives, methotrexate,
10 azathioprine, and 6-mercaptopurines.

Another embodiment of this invention is directed to a method of
treating or preventing graft rejection in a patient in need of such treatment
comprising administering to the patient a therapeuticaily effective amount of at
least one compound according to Formula 1, or a pharmaceutically

15  acceptable salt, solvate or ester thereof.

Another embodiment of this invention is directed to a method
comprising administering to the patient a therapeutically effective amount of;
(a) at least one compound according to Formula 1, or a pharmaceutically
acceptable salt, solvate or ester thereof concurrently or sequentially with (b) at

20 least one compound selected from the group consisting of: cyclosporine A,
FK-506, FTY720, beta-interferon, rapamycin, mycophenolate, prednisolone,
azathioprine, cyclophosphamide and an antilymphocyte globulin.

Another embodiment of this invention is directed to a method of
treating multiple sclerosis in a patient in need of such treatment the method

25  comprising administering to the patient a therapeutically effective amount of:
(a) at least one compound according to Formula 1, or a pharmaceutically
acceptable salt, solvate or ester thereof concurrently or sequentiaily with (b) at
least one compound selected from the group consisting of: beta-interferon,
glatiramer acetate, corticosteroids, glucocorticoids, methotrexate,

30  azothioprine, mitoxantrone, VLA~4 inhibitors, FTY720, anti-1l.-12 inhibitors,
and CB2-selective inhibitors.

Another embodiment of this invention is directed to a method of
treating multiple sclerosis in a patient in need of such treatment the method
comprising administering to the patient a therapeutically effective amount of:
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Preparative Example 1. HI111 NI1--~H1NI 35 A round bottomed flask was charged with
5,6-dichlorornicotic acid (30 g, 156 mmol), ethylamine HCI salt (14 g, 170 mmol), dimethylformamide
(300 ml), dichloromethane (100 ml), triethylamine (26.1 ml, 187 mmol), and
1-[3-(dimethy¥PAMSHRLY/1]-3-ethylcarbodiimide hydrochloride (32.9 g, 176 MRS €% eaction

mixture was stirred at.,room temperature overnight, The io solvent was remoyed in vacuo, the residue
was dissolveﬁsiﬁ?f?ﬁff 89&8@“5%’68#71?503@%38 m‘éa MP{ ﬁ\l‘iﬁ@i’??ff iftlMted aqueous sodium
bicarbonate @cgeptabiz @al}, soldate e ester thacpuf Soncundiatly. orfsegoértiiatly waith {itteaéd and
concentrated in vacuo to provide th [ 6-Dichloro-N:ethyl-nicotinamide 2 (29 g, 85%). MS:
M+H=219. cljlg%;[eopnaergﬁ\r/‘gp %‘(gm?) é% g%ao’f?ﬁn%gl[?“wg'§'§ %E&Wﬂ&ﬁ:ﬁ%’%ﬁ%tomed flask was
charged withc;bépiatin lefllreimidie suifasatkicing) anticgste®idsy fmethasone,
Boc-2-(S)-Ethyi-5-(R)-me [ I . 8 o) (BT arbonate (1.2 g, 8.8
mmol), a%d dl?m#rﬁt%‘ﬁ gﬁmﬁ%@%ﬁ@%@ é%?ﬂ%ﬁgbgﬁﬁ?gﬁ?’ﬁé%%hlg Bt After filtration,
solvent was removefitheicemlodimert Fééhiﬁ@mimﬁﬁidﬂm%a:mﬁﬁh@ddﬁraphy to produce the
desired prociyeh @ (Pritd-satbRYekiiBs Mo atidrk IF FRIRY & 6 GrEalReRt Big RAsian of Compound

No. 214 of Table | ) _ _
comprising administering to the patient a therapeutically effective amount of:

(a) at least one compound according to Formula 1, or a phamaceutically

10 acceptable salt, solvate or ester thereof concurrently or sequentially with (b) at
least one compound selected from the group consisting of: non-steroidal anti-
inflammatory agents, COX-2 inhibitors, COX-1 inhibitors,
immunosuppressives, cyclosporine, methotrexate, steroids, PDE IV inhibitors,
anti-TNF-a compounds, MMP inhibitors, corticosteroids, glucocorticoids,

15 chemokine inhibitors, CB2-selective inhibitors, caspase (ICE) inhibitors and
other classes of compounds indicated for the treatment of rheumatoid arthritis.

Ancther embodiment of this invention is directed to a method of
treating psoriasis in a patient in need of such treatment the method
comprising administering to the patient a therapeuticaily effective amount of:

20 a) at least one compound according to Formula 1, or a pharmaceutically
acceptable salt, solvate or ester thereof concurrently or sequentially with (b) at
least one compound selected from the group consisting of:
immunosuppressives, cyclosporins, methotrexate, steroids, corticosteroids,
anti-TNF-a compounds, anti-IL compounds, anti-IL~-23 compounds, vitamin A

25 and D compounds and fumarates.

Another embodiment of this invention is directed to a method of
treating ophthalmic inflammation (including, for e.g., uveitis, posterior segment
intraocular inflammation, Sjogren's syndrome) or dry eye in a patient in need
of such treatment the method comprising administering to the patient a

30 therapeutically effective amount of: a) at least one compound according to
Formula 1, or a pharmaceutically acceptable salt, solvate or ester thereof
concurrently or sequentially with (b) at least one compound selected from the
group consisting of: immunosuppressives, cyclosporins, methotrexate, FK508,
steroids, corticosteroids, and anti-TNF-a compounds.
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~HN=rHIN1T253'Boc4 L. N\l 131 WO 20061088919 PCTIUS20061005265 A round
bottomed flask was charged with intermediate 3 (0.050 g, 0.161 mmol), methylene chloride (3 mL),
and trifluoroacetic acid (1 mL). The mixture was stirred for 1 hour and the volatiles were removed in
vacuo. To thaverZMe/pddrial was added triethylamine (0.1 ml) and meth;ﬂ%@%ﬂq&?mgﬁ smL) to

neutralize the TFA salt. Volatlles were reﬁg ved inv cuq To the residue w?@/ agded
1-(4-Chloro-benzyl) ISR AMRGAMEY %"So"@? 5 direeted toametiRdSthioroethane. After

addition of N&&Hﬁﬁb%ﬁééé@@@lé&téﬂ mmmabmmmur&m%ﬁmaﬁmmryemperature overnight.
After usual warkup the crude tifie repargtive H e| desired
compound 4 % % t@éaﬁﬁ gf@ 85 repagﬁﬁer@? g Eﬁg?iﬁﬁ FFHIF57A
peptide shak@ra&se,elwontqlamgapibofwému@mahuns (Mehs@iéﬁ@gj—tyﬂanmollg) was charged
with 3,4- qu vessel was
shaken a roor‘ﬁ‘? ﬁ%ﬁ%@gﬁ%@}% }Fé é‘ﬁglvﬁ\}% ﬁ%ﬁ%&yﬁﬁ g@@ L[)v\\,gsﬁﬁashed with
dimethylformmﬁtm’l(m wm)lmmmymmﬁbﬂﬂem&mmn)S Aymlﬂ@mbu bead test for
presence of 475 Baian A PansThAEQH B Sede RIS the

photocleavable resm as |s obvious to 20 one skilled in the art.) Preparative Example 5.
method comprising administering to the patient an effective amount of at least

one compound according to Formula 1, or a pharmaceutically acceptable salt,
10  solvate or ester thereof.

Another embodiment of this invention is directed to a method of
treating a disease selected from the group consisting of inflammatory disease,
rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease, graft
rejection, psonasis, fixed drug eruptions, cutaneous delayed-type

15 hypersensitivity responses and tuberculoid leprosy, ophthalmic inflammation,
type | diabetes, viral meningitis and cancer in a patient in need of such
treatment, such method comprising administering to the patient an effective
amount of (a) at least one compound according to Formula 1, ora
pharmaceutically acceptabie salt, solvate or ester thereof concurrently or

20 sequentially with (b) at least one medicament selected from the group
consisting of; disease modifying antirheumatic drugs; nonsteroidal
antiinflammatory drugs; COX-2 selective inhibitors; COX-1 inhibitors;
immunosuppressives; steroids; PDE IV inhibitors, anti-TNF-a compounds,
MMP inhibitors, corticosteroids, glucocorticoids, chemokine inhibitors,

25 CB2-selective inhibitors, biological response modifiers; anti-inflammatory
agents and therapeutics.

Another embodiment of the invention discloses a method of making the
inventive compounds disclosed above.

For the procedures described below and unless otherwise stated, the

30 following abbreviations have the stated meanings in the Preparative
Examples below:

DBU= 1,8-diazabicyclo[5.4.0]undec-7-ene

DBN= 1,5-diazabicyclo[4.3.0Jnon-5-ene

EDCI= 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
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00 HIF+HOIBrBrFNNh--~1NNCL aBocF 9 Boc A shaker vessel with the amine intermediate
7 was treated with a solution of HATU (0.685g, 1.8 mmol), DIEA (0.63 mL, 1.8 mmol) and 25
bromopyridyl carboxylic acid 8 (0.695g, 1.8 mmol) in dimethylformamide (7 mL). The vessel was
shaken at 4300006/0R§Mt? The solvent was drained and the resin was waGEH Pmﬁ??éthylformamide
(3 x 10 ml-) and methylene chloride (3 x 10 mL). A chioranil bead test for presence of secondary
amines was negahl@\.éISZ'MW@EG@‘B@‘%@TIUSZOOGIOOSZGS Preparative Example 6. a Q"N

Br N St --- 30- WeHAT U2 (ROEAZHBAhz0taas0er yaaen seNaleinsnstipRrisiimediate 9 was treated
with a 30% trifluoroacetic acid/methylene chloride solution (VN). The vessel was s shaken at room

temperature for 1 hs%AEQERHREPRHS drained and the resin was washed with methylene chloride (3
x 10 mL), 5% trietiyEorBipsthdrpeabiediteidé x 10 mL) and methylene chloride (3 x 10 mL). A

;?IOJ?T%??? ,EEStIS?tg é?_rﬁge(ﬂ{:s% g{l t@?aﬁanmq%%ahrw}%se was positive. Preparative Example 7. QrNBro | i

DIEA = Diisopropylethylamide
DMF = Dimethylformamide
LAH= lithium aluminum hydride
NaBH(OAc)s= sodium triacetoxyborohydride
10 NaBH;= sodium borohydride
NaBH3CN= sodium cyanoborohydride
LDA= lithium diisopropylamide
p-TsOH= p-toluenesulfonic acid
m-CPBA= m-Chioroperbenzoic acid
15 TMAD= N,N,N’,N’-tetramethylazodicarboxamide
CSA= campharsulfonic acid
NaHMDS= sodium hexamethyl disilylazide
HRMS= High Resolution Mass Spectrometry
HPL.C= High Performance Liquid Chromatography
20 LRMS= Low Resolution Mass Spectrometry
nM= nanomolar
Ki= Dissociation Constant for substrate/receptor complex
pA2= -logECso, as defined by J. Hey, Eur. J. Pharmacol., (1995), Vol.
294, 329-335.
25 Ci/mmol= Curie/mmol (a measure of specific activity)
Tr= Triphenylmethyl
Tris= Tris (hydroxymethyl)aminomethane
GENERAL SYNTHESIS
Compounds of the present invention can be prepared by a number of
30  ways evident fo one skilled in the art. Preferred methods include, but are not
limited to, the general synthetic procedures described herein. Compounds can
be made on solid support or by traditional methods in solution. One skilled in
the art will recognize that one route will be optimal depending on the choice of
appendage substituents. Additionally, one skilled in the art will recognize that
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p N NLIHBoc I NN 10 11 F 12 10 v'Boc A shaker vessel containing intermediate 10 was treated with
4-Oxo-piperidine-l-carboxylic acid tert-butyl ester (1.19 g, 6.0 mmol), NaBH(OAc)3 (1.27 g, 6.0 mmol)
and 1,2-dichloroethane (7 mL). The vessel 1s was shaken at room temperature and vented after 30
minutes to reieasesMimssure. After shaking at room temperature overnig‘?ﬁ?fH%zW\l}Wﬁvas drained
and the resin was washed with 1:1 methanol/methylene chloride (3 x 10 mL), 1:1 methylene

chloride/dimathytimencasedetii@ srilenof stegpisrteds vt dyercontetsiéd toldoid functionathylene
chloride/dimethylformamide.(1. 5} thylene chlaride (3. x 1 L). loranil bead test for
E%éucﬁ mI I1‘.om gtlf)}ht?igs).( @Lﬁg@?ﬁn%e EIEF ‘”‘?E'f&r?giﬂézﬁ%’ﬂrr@?r &?g

f
presence ofg ndary dmines was nega reparative lyamiSr FNN"-FN
'BOG r~L~ 1convesgentyahtekievossedinganaimpedssemblinadrceddintpatiionsoitbated with a 25 30%

trifluoroaceti ' : ' %ﬁﬂ”ﬂé@f& év L temperature for
1 hour. The gﬁ%ﬁﬁ?ﬁg@% Qﬂg the 133V é%B%%ﬁb@?ﬂh %%%%8?0052'65 resin was
washed with Tyeersuehenathastsciop tha preparation aicempesindsrabgesera carmita 13 x 10 ml-) and
methylene ch|gyigde &éﬁ%ﬁ%{fﬂhi ﬁ@lpi@yrmjlﬁe@tﬂst [Rropresenee Rﬁ(se,eg@'dzr!'amiﬂgs was positive.
Preparative Exam{ole 9. ' o e e v
q, r etc.] are as defined above, are shown in Scheme 1, Scheme 2 and
Scheme 3. Pr', Pr? and Pr® are protecting groups exemplified below.
The prepared compounds may be analyzed for their composition and
10 purity as well as characterized by standard analytical techniques stich as, for

example, elemental analysis, NMR, mass spectroscopy, and IR spectroscopy.
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Oa NIrNIOr FIF13ONHIf14IN N ~ N A shaker vessel containing intermediate 13 (0.150g,
0.12 mmol) was treated with 4-chlorobenzaldehyde (0.169 g, 1.2 mmol), NaBH(OAc)3 (0.254 g, 1.2
mmol) and 1,2-dichloroethane (2 mL). The vessel was shaken at room temperature and vented after
30 minutes to VefE#86 888t Ure. After shaking 10 at room temperature ovePGIENS2MM6MEENt was
drained and the resin was washed with methanol (3 x 2 mL), dimethylformamide (3 x 2 mL),
methylene chisieme % MethodAhloranil bead test for presence of secondary amines was negative.

Preparative ExadiirddlctiNPotdWNO Br NN'1iNNT °

F1514N~~1F/15~\I1I The resin 14

was then transferred to a vial and treated with 3% trifluoroacetic acid/methanol (vlv) and photolyzed at

365 nm for 2.0 hQ 5(%C with vigorous stirring. The resigy
MeOH and CHg Riltrage WaRtqncentraeg A1 vaco.o

HPLC to'getifide produet—25+0.02
Preparative Example 11. 0 1. A(%PI“ Brz

reverse phase pr

T

Step F

Step F'

gthen filtered, and washed with 20
e productstepBpurified by
,e% MS: M+H=618"1.

Nop2

i (R‘°,m

RLRERS
Step C Pr'-o% Step D

-
—  FONNR? gepn
p

Step C'

Alternative, Step D"

RT 8 R4
pr! ~d R
g

R¥X NN R12

(Rm)my’nm'vf@—mm)"

Ry

Step E
—_—

vl
R7 3 R4
N
Re X I;Z:I R12
Zay
(Rw)m . ,PT""‘(RZO)
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HO a KZC03 N Or 16 17 N'Boc 25 To a stirred suspension of 6-hydroxynicotinic acid (6.95 g, 50
mmol) in acetic acid (12.5 ml-) was added bromine (3.8 mL, 75 mmol). The solution 134 WO
2006/088919 PCT/US2006/005265 was heated to 50C, stirred overnight and concentrated to dryness
under reducd¥HHE4ER81%To the crude residue was added phosphorus oycHIGHYE B %S mL, 134
mmol) and p)i%o horu n c@ ide (21.0 g, 100 mmol). The resulting mixture was heated at reflux
overnight. E @?ﬁ'ﬂﬁcéﬁgggg %ychloride was removed in vacuo while maintaining the bath
temperature besiyin®6Gstibhef &IRRE- brown residue was dissolved in methylene chloride (62 ml-) and
methanol (25 ml) and heated at reflux for 2 hours. The solvents were removed in vacuo. The residue

was extractedpvy' egand saturated aqueous sodiy rt&pnate. The or|ganics were dried over
magnesium to sulfafe Jfilteretl anty’c _r;ﬁentr%fféé. Fyrthér p [f[Cation by sifite} chrgmatography (5% to
25% ethyl acetat aRes) affoy the desired produdt’i

5Yield (7.5 g). 1 H NMR (300 MHz,
CDCI3):9.0 (s, 1 H), 8.6 (s, 1 H), 4,1 (s, 3H). A round Rpttoggs

>

a8k was charged with preceding
product (3.0 g, 15 1é.O mmol), potassium carbonate (9.95 g, 72.0 mmol), piperazine-1-carboxylic acid
tert-butyl ester (2.46 g, 13.2 mmol) and dimethylformamide (75 mL). The mixture was heated at 65C
overnight and the solvep oved in vacuo. The residgeruvas %Iissolved in ethyl acetate and washed
with 0.5 N HCI, 0.5 wm%d brine. Theseyganidy '

RS ———— R L

Nﬂ? 2 (opttonal)

H

(R')m {R'%
X Xi
7 g8 R 7 RER?
R1R2§ 2 R3 x\ R1 RZE R = Ra Step D
B | + \po StepC g I -
RTX ‘;,N- RY)d — X "’\N R'2 Step D'
(R1 O)m H step C (R1 0)m N ‘
X v Xt gyl P
RI RER . R7 8 R
R‘Rﬁ’%ﬁi‘ R‘IRZN)%\//)IRa
67 Y
R ‘\;:)N R12 Step E RS m’ R2
R Ny — R m_v,@—(Rz")p
R™) Step F RV
XN X
Alternatively,
RT 8 R‘ 3
Pl"l{%R + Hm R12 Step A
Y
X6l RO m @—(R”)p
®dT Y —— X
I XV
Alternatively,
RT 8 R4 3
R‘Rzuiflﬂ o Step C”
> + 2
RS N/\I|~l 11@\(,@—(’*"’)9_‘_ X
'H (R")n
(R'%m
Xi XV
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20 over magnesium sulfate, filtered and concentrated in vacuo. There was obtained 4.79 g of product
17, which was not purified further. | H NMR (300 MHz, CDCI3): 8.8 (s, 1 H), 8.35 (s, 1 H), 3.9 (s, 3H),
3.5 (m, 8H), 1.5 (s, 9H). Preparative Example 12. 0 bgr HBr 17N'Boc 18 N'Boc 25 A round bottomed
flask was chaP@a08EPt& rmediate 17 (3.35 g, 8.68 mmol), lithium hydr&GaE$ B8 2%%.0 mmol),
and 1:1 methanol/water %/v, 50 mL). The mixture was stirred at room temperature overnight. The
solvent was REHEBMRIIMEEIRY fhe residue was dissolved in water and acidified to pH 6 with
concentratedeay 1aebdaefoa @R TRAR- Solution was then extracted 30 with ethyl acetate (2 x 50 mL). The
organic layer were dried over magnesium 135 WO 2006/088919 PCTIUS20061005265 sulfate,
filtered and concentrated in vacuo. There was obtained 3.2 g of product 18, which was used as is.
Preparative Example 13. ~QrBigdbBoc 19 ~'Boc 18 A roungl jeatomed flask was charged with
intermediate 18 (0.4T)rgBrl.18-mmed; phe@'lb‘d‘loniqacid ; Ri.3 mmolgtqnd Isopropyl alcohol
(4 tL) were stirred for 30 minutes. To the soluBdn was addegly [URQ acetate—6-0634 g, 0.0106
mmol), triphenylphospjype (0.0031 g, 0.0118 mmol), 10 sodium car%ﬁh (0.149 g, 1.42 mmol) and
water (0.8 mL), and it was then heated at refl&Mor 1 hourxiter88gdling to room temperature, the
solution
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was stirred for an additional 1.5 hours. The reaction was diluted with water and extracted with ethyl
acetate. The organics were dried over magnesium sulfate, filtered and concentrated in vacuo. The
product was purified by silica 15 chromatography (5% to 25% ethyl acetate/hexanes) to give
intermediate TYO@UPHIU506). 1 H NMR (300 MHz, CDCI3): 8.9 (s, 1 H), BCT/US2406/0052685 (m, 5H),
4.0 (s, 3H), 3.4 (m, 8H), 1.6 (s, 9H2. Preparative Example 14. CIJO H VN'-"i N-C' 20 The compound
of Examplel4 was ptBpatedting fatetAhanddrraeattoumeddn RrepAPRS PIRAGAS 8e5Atbed + H) = 648.2

. PreparativeyfeoxgitiBleal il DI fidiiScdimerdidB sGppliBrRcsuch 48 Aidfichy OrihieaP88919
PCT/US2006/005265, A led tyhe was.charged with intermediate (4.14 g, 10.0 mma)),
dichlorobis(thBHEFRMSHY %?r?eﬁB | %lﬂ?n%af??é‘?ﬁﬁ Gool %\E&?ﬁ\b&é%%? ) WethoRr ?B?Iéggol?%.ss
mmol), and tlitiigsmethiddslkridivh tothose Biilediitutie aras stirred. Trimethylsilyl acetylene (1.2 g,
R Dt R e i
diluted with viwasbéen neippaed k2103031862 NipptmeS finyal@l). mL). The organics were dried over
sodium sulfate, filtgsad Bl PRHREHSI Pz tHa iR St tNES PP ESH PMALS
Formula 1 may require the need for the protection of certain functional groups
(i.e. derivatization for the purpose of chemical compatibility with a particular
10  reaction condition). Suitable protecting groups for a carboxylic acid (Pr', when
R’ taken together with R? is =0) includes methyl, ethyl, isopropyl, or benzyl
ester and the like. Suitable protecting groups for an amine (Pr® and Pr?)
include methyl, benzyl, ethoxyethyl, t-butoxycarbonyl, phthaioyl and the like.
All protecting groups can be appended to and removed by literature methods
15 known to those skilled in the art.
One skilled.in the art will recognize that the synthesis of compounds of
Formuia 1 may require the construction of an amide bond. Methods include
but are not limited to the use of a reactive carboxy derivative (e.g. acid halide,
or ester at elevated temperatures) or the use of an acid with a coupling

20 reagent {e.g. EDCI, DCC, HATU) with an amine at 0°C to 100°C. Suitable
solvents for the reaction are halogenated hydrocarhons, ethereal solvents,
dimethylformamide and the like. The reaction may be conducted under
pressure or in a sealed vessel.

One skilled in the art will recognize that the synthesis of compounds of

25 Formula 1 may require the construction of an amine bond. One such method
is, but not limited to, the reaction of a primary or secondary amine with a
reactive carbonyl (e.g. aldehyde or ketone) under reductive amination
conditions. Suitable reducing reagents of the intermediate imine are sodium
borohydride, sodium triacetoxyborohydride and the like at 0°C to 100°C.

30  Suitable solvents for the reaction are halogenated hydrocarbons, ethereal
solvents, dimethylformamide and the like. Another such method is, but not
limited to, the reaction of a primary or secondary amine with a reactive
alkylating agent such as an alkyl halide, benzyl halide, mesylate, tosylate or
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to chromatography (7:1 hexanes/ethyl acetate) to give intermediate 20 (1.08 g, 26%). Preparative
Example 16. O TMS O HO, I~ om'-Boe N vN'Bac 20 21 15 A round bottomed flask was charged
with intermediate 20 (1.08 g, 2.6 mmol), and 1 N potassium hydroxide in methanol (10 mL). The
mixture was dW@reeP@wsafht at room temperature. The solvent was remdf&dURRIMENS265The residue
was dissolved in water (10 mL) and extracted with ethyl ether (1 x 10 mL). The agqueous phase was

acidified withtheNikgdfudlablecsalianisippthe reastion arhaingenstedtbydracadeNs. The organics were

dried over sogiurahiatRe kB AngRARERRANBISHI MARY Thg GRS 21 (10 0,
guantitative yield). Preparative Example 17. F H NV~~ F C1 ~I 25 The compound of Preparative

Example 17 wasdueiedrendey (iressaneconinethsehistbvessel &000tedA0®Cugh 10 MS (M+H) = 564.2.
Preparative Exampléﬁlg s&ﬁ@&’\’&?&gﬁ’&ﬁﬁ'%%gd?&y Ha%%?g g(r%%gs% of compounds of
5 Formula 1 may require the reduction of a reducible functional group. Suitable
reducing reagents include sodium borohydride, lithium aluminum hydride,

diborane and the like at -20°C to 1000C. Suitable solvents for the reaction are
halogenated hydrocarbons, ethereal solvents, dimethylformamide and the
like.

10 One skilled in the art wiil recognize that the synthesis of compounds of
Formula 1 may require the oxidation of a functional group. Suitable oxidizing
reagents include oxygen, hydrogen peroxide, m-chloroperoxybenzoic acid

and the like at -200C to 1000C. Suitable solvents for the reaction are
halogenated hydrocarbons, ethereal solvents, water and the like.

15 The starting materials and the intermediates of a reaction may be
isolated and purified if desired using conventional techniques, including but
not limited to filtration, distillation, crystallization, chromatography and the like.
Such materials can be characterized using conventional means, including
physical constants and spectral data.

20 General Description of Methods A & B
Step A and A’. Amination:

A suitably protected 2-halo pyridine or phenyl compound of structure 1
is reacted with a piperazine of structure Il or structure XIV to form a
compound of general structure Il or IX. Preferably the reaction is carried out

25  in a solvent such as dioxane in the presence of a base such as potassium
carbonate or cesium carbonate. Optionally, a catalyst such as palladium
acetate may be added and or the reaction heated to a temperature of
between 30°C and 1500C.

In certain cases where regioselectivity is not required or where

30 regioselectivity is determined by the differential reactivity of the piperazine
nitrogens, no protection of the piperazine is required.
Step B.
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OO0 .0.le NN 18 Bat 22 N'Boc Ester 18 (1.89;4.5 mmol) was heated to 90 C in 10 ml DMF with
trimethylboroxine (0.63 ml; 4.5 mmol), K2C03 (1.87g; 13.5 mmol), and
tetrakis(triphenylphosphine)palladium(0) (0.52 mg; 0.45 mmol). DMF was s removed in vacuo and the
reaction was directly purified via silica chromatography to give 22 (1.248; 82% yield). Preparative
Example 19. 38 B46P¥{&| 'N 'N'DN'Boc 23 24 10 A round bottomed flaBk WA2WHAPES with
2,6-dichloro-5-fluoronicitinoyl chloride (20.0 g. 88.0 mmol) and ethanol (140 mL). The mixture was

cooled in an icelwalEthsaprosiek R taP fils gRrplpeietrinemanaof siyei@Mladded dropwise. The
mixture was tHepretseeBnias FedRikst aEroPH ichepeyR i Subhfifeel saH29ias removed in vacuo. The

resulting prodyct (8.0 g, 33.6 mmo|) 1 s then treated with piperazine-1-carboxylic acid tert-butyl
ester (8.2 g, .?r‘?ﬁﬁgﬁﬂ ﬁ?étl%ﬂﬁ&’ﬁ’?gegg*ﬁ[‘?%ﬂ% RPSREB mdfﬁ?@%é%srﬁb resulting
m_ixture was Sﬂlrféqﬁ'@‘e?@@ ofvg ety kmbdsqﬂllaﬁermmw\@dmz i@etmx'iy'bmybs?due was vv_ashed
sodium sifat SR REIEN S RGP el e AR ARy BT o
chromatograpHyutgrydarbbh@ldeprotediiethgan et affdbtedwith)a stpoogdeidsaduas24 (10.48 g, 81%). |
H NMR (300 %ﬁgm%gc%{?e:aag.(d, 1 H), 4.35(q,
Step C and Step D"
A piperazine of structure IV or structure Xl is reacted with an activated
10 piperidine of structure V. When X= O in general structure V, the reaction is
performed in the presence of a reducing agent to form a compound of
structure VI or structure Xl where R'2 is hydrogen. Alternatively, a piperazine
of structure IV is reacted with an elaborated piperidine to form structure VIII.
Conditions for the reductive amination reaction are described herein.
15 StepC
A piperazine of structure IV or structure Xl is reacted with a ketone of
structure V in the presence of a reducing agent to form a compound of
structure VI or structure XIl where R'? is a cyanide residue. Typical conditions
are the reaction of an equi-molar quantity of a piperazine of structures IV or Xi
20 and a ketone of structure V in the presence of titanium isopropoxide in a
halogenated solvent such as methylene chloride for 1-48 hours. Subsequent
addition of a cyanide source such as dimethylaluminum cyanide affords a
compound of structure VI or structure Xl where R'2 is a cyanide residue.
Step C”
25 A piperazine of structure Xl is reacted with a ketone of structure XV in
the presence of a reducing agent to form a compound of structure IX where
R" is hydrogen. General conditions for the reductive amination reaction are
described above.
Step D
30 Optionally, a compound of structure VI or structure XII, when R* = Cl or
Br is reacted with a organometallic alkylating agent such a alkyl boronic acid,
or an alkyl halide in the presence of a metal to promote heterocoupling, or a
nucleophile to yield a different structure of general structure Vi or Xll where
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2H), 3.7 (m, 4H), 3.55 (m, 4H), 1.5 (s, 9H), 1.4 (t, 3H). Preparative Example 20. 00 0 IF CI ON, Boo
Boc 2524 25 138 WO 2006/088919 PCTIUS2006/005265 A round bottomed flask was charged with
intermediate 24 (1.0 g, 2.58 mmol), ethanol (25 mL), and triethylamine (0.50 mL, 36@0%9&00' The

Y

mixture was Y@R86A8813t room temperature for 30 min. The reaction veRELUAIMNER 3 under

vacuum and f'“:cbwith argon 2% To the vessel was then a%c\ifed 10% palladium on carbon (0.080 g).
The flask was% % m%%bga%% PR Sﬂébaaf?ﬁ%{réﬁi%'??ﬁ% oA Wﬂ%&%ﬁﬁ@i‘ﬁnd the contents
placed underdedmilsmhfof Rydrogen gas. The mixture was stirred at room temperature overnight and
filtered througgtcolBe to remove the catalyst. The to filtrate was concentrated in vacuo to dryness and

washed with hexanes. The solid was removed by filtration and the filtrate evaporated to dryness.
Obtained product 254 pratextgdypiperidinenit/stryeaoed or GiRectBye XSy slepretedterbiod, 1 H), 4.45 (q,

240, 38 (@ 4o RA T k) G hdbabAnll S0 AP e preigatve Example 21

F O~I~F
benzyl or substituted benzyl deprotection can be effected by reaction under a

pressure of hydrogen gas in the presence of a catalyst such as palladium.
When Pr? is ethoxyethyl deprotection can be effected by reaction with
trimethylsilyl iodide. When Pr? is t-butoxycarbonyl deprotection can be effected
10 with a strong acid such as trifluoroacetic acid.
Step E
A secondary piperidine of structure VIl or structure Xl is either
alkylated or acylated to provide compounds of structure VIl or structure IX.
General methods for such alkyations and acylations are described above and
15 are well known to those skilied in the art.
Step F
A suitable protected ester of structure VIl (Method A) or structure il
(Method B) where R” and R® taken together is = O and Pr' is alkyl, is reacted
with a primary or secondary amine to provide title compounds of structure 1X
20 orintermediate X. Typical conditions include the reaction of the ester and the

amine in a polar solvent such as methanol in a sealed tube at 25°C to 1009C.
Step F'

Optionally, functional group manipulation of a compound of structure IX
may be done to provide additional related compounds of structure IX.

25 Compounds of Formula 1 can be prepared by the general methods
outlined in schemes 1 and 2, Analogous reactions as those described in
schemes 1 and 2 can be accomplished on the solid phase as outlined in
Scheme 3. The syntheses of the specifically exemplified compounds are
described in detail below. The following PREPARATIVE EXAMPLES are

30 being provided to further illustrate the present invention. They are for
illustrative purposes only and the scope of the invention is not to be
considered limited in any way thereby.

PREPARATIVE EXAMPLES
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A round bottomed flask was charged with intermediate 25 (3.6 g, 10.2 mmol), ethanol (20 mL),
potassium hydroxide (85%, 2.0 g, 30.6 mmol) and 20 water (0.8 mL). The mixture was then stirred for
at 80C for 1.5 hours. The solvent was removed in vacuo and the residue ?%II \6\/ h water (20 mL).
The solution W22EYAHRIEY with ethyl ether (50 mL), acidified to pH = 3 wk %l%zﬂ dr6éhioric acid (38
mL). The solution w acted with et | ether (3 x50 m g &‘é’f (;LO ver sodium
sulfate, filtered and Q?c{éﬂ WIREREP A VAR 6718 Rﬁ%ﬁ(&lﬂ%&@?&%ﬁ ﬁ&#&ag reparative
Example 22. i, thd 380p 0 6@6ihg8stas. PCT/US2006/005265 The compound shown in
Preparative gle 22 ﬁﬂ%ﬁ afed by the same method shown for Examples 4 through 10. MS

(M+H) = 590.2. repara%ve 23.00 "BrNN F"9 C~'Boc F 27 Boc 5 A shaker vessel
containing bromo Intermediate ¥ (0.25g, 0.2 mmol) was treatedgvith zinc cyanide (0.070 g, 0.6 mmol)

and tetrakis(triphenylphospl@e)ganadium(0) (0.023 g, 0.02m R% XMl DMF. The vessel was
shaken overnight at 85C. After dr , the Tesin was washedwi gthylformamide (3 x 2 mL) and

methylene chloride (3x 2 io mI7|) Preparative Example 24. N N f N |

5 A round bottomed flask was charged with 5,6-dichlorornicotic acid (30

g, 156 mmol), ethylamine HCI salt (14 g, 170 mmol), dimethylformamide (300
ml), dichloromethane (100 ml), triethylamine (26.1 ml, 187 mmol), and
1-{3-(dimethylamine)propyl}-3-ethylcarbodiimide hydrochloride (32.9 g, 170
mmol). The reaction mixture was stirred at room temperature overnight. The

10  solvent was removed in vacuo, the residue was dissolved in ethyl acetate
(500 mL) and was washed with 1N HCl (2x), saturated aqueous sodium
bicarbonate (1x), brine (1x), and dried over magnesium sulfate. The solution
was filtered and concentrated in vacuo to provide the desired
5,6-Dichloro-N-ethyl-nicotinamide 2 (29 g, 85%). MS: M+H= 219.

15 Preparative Example 2.

] Cou— /m,.
] e

A round bottomed flask was charged with
5,6-Dichloro-N-ethyl-nicotinamide (0.200 g, 1.3 mmol),
Boc-2-(S)-Ethyl-5-(R)}-methyl-piperazine (0.200 mg, 0.88 mmol), potassium

llll

20 carbonate (1.2 g, 8.8 mmol), and dimethylformamide (5 ml). The mixture was
stirred at 90°C ovemight. After filtration, solvent was removed in vacuo and
the residue was purified by flash chromatography to produce the desired
product 3 (0.172 g, 48%). MS: M+H= 411.

Preparative Example 3. Preparation of Compound No. 214 of Table 1

0
) . k(m . k(
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L N\ Preparation of Preparative Example 24 can be prepared following Examples | through 3. MS:
M+H = 565.2. 15 Preparative Example 25."'bI~1 bl _NN)NN'lcl NI~ 28Lo\129 Q~0 A Pyrex
tube was charged with intermediate 28 (0.050 g, 0.08 mmol), copper iodide (0.001 g, 0.004 mmol),
potassium ph %3?@%’(335 g, 0.16 mmol), N,N-dimethylethylenediamin%C !56%“?{?@%.5008 mmol)

and toluene (1 20 ml). The tupe was heated to 800C Jn a rotating gven right. After cooling to
room temperature,ﬁ&@‘gﬁfﬁ&ﬁ?wggﬁﬁ%@ﬁ%iﬁb%ﬁ?/défl@lé? © g%ﬁ%?iﬁwg\@ e&'through a silica gel
SPE plug. Tod dlummel, washylidveithidtigbqBardty s@drifjionedoptimacidhidriie X5The), and 5%

methanol/ mﬁ%&\}%&% 8csh_lF r&jegqu %/'\/1 lr_%%a/éﬁ) %igg(y%%@%%%%yeﬁo%O%ﬁlggg&?g %‘nL). The solvent

was remove e pro S pu y reverse phase preparative HPLC to provide
compound Zbdamdenmadecial with 2ddediriateylamine¢ONI mhardimethyiese Phleridedd1.1, 576.1.

Preparafve G RAR ALY THAICOBARG WANLARISS FrblRld, POHHRN 11N~ -c4 ~n 29
residue was added 1-(4-Chloro-benzyl)-piperidin-4-one (0.036 g, 0.32 mmol)
and 3% acetic acid/dichloroethane. After addition of NaBH(OAc)s (0.102 g,
0.48 mmol), the mixture was stirred at room temperature overnight. After
usual workup the crude product was purified by preparative HPLC to vield the
10  desired compound 4 (0.030 g, 36 %). MS: M+H= 518.
Preparative Example 4.

QB + HzN’\@(: E,\[:[F

F
) [ 7
A peptide shaker vessel containing photocleavable resin 5 (Argogel,

0.750 g, 0.8 mmol/g) was charged with 3,4-difluorobenzylamine (1.71 mL, 14
15 mmol) and tetrahydrofuran (7 mL). The vessel was shaken at room
temperature overnight. The solvent was drained and the resin was washed
with dimethylformamide (3 x 10 mL) and methylene chloride (3 x 10 mL). A
chioranil bead test for presence of secondary amines was positive. (The

symbol o in the formulas indicates the photocleavable resin, as is obvious to
20 one skilled in the art.)
Preparative Example 5.

) 0
F
F N N’m - > NN
7 8 - ‘Boc F 9 K/N‘Boc

A shaker vessel with the amine intermediate 7 was treated with a
solution of HATU (0.685¢g, 1.8 mmol), DIEA (0.63 mL, 1.8 mmol) and
25  bromopyridyl carboxylic acid 8 (0.695g, 1.8 mmol) in dimethylformamide (7
mL). The vessel was shaken at 45°C overnight. The solvent was drained and
the resin was washed with dimethylformamide (3 x 10 mL) and methylene
chloride (3 x 10 mL). A chioranil bead test for presence of secondary amines
was negative.
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- Nn Product 30 was prepared by the same method shown for Examples 1 through 3 (contaminated
with 20% of intermediate 28 where | = H). MS: M+H = 476.2, 561.1. Preparative Example 27. CI 1.
LAH, -78 C 0 2. Chlorobenzyl amine, 100 C F2HC O.' 3. Danlshefsky diene O N 4. NaBH4 31 5.
(CO)2CI2, BMSfonddstsF2 10 A round bottomed flask containing ethyl RFGTHAEANATES (12.4 g, 100
mmol) dry ethyl ether (15 mL) was cooled to -78C. To the flask was added lithium aluminum hydride
(2 M in THF, 25 ml-) slowly over 10 minutes. The i5 mixture was stirred at -78C for 2 hours. Ethanol (3
mL) was addePeephtativecEcamplaBiure was warmed to room temperature. The solvent was removed
in vacuo and 20% H2804 (109 mL) was added The mlxture was excgracted with ether three times. The
Afate_qndfiltered. After removing
btained.—rrvva:?p’arlfie istiligtion to yield 4.5 g (36%) of

! was addéd, HChlororbenzylamine
(2.8 g, 20 mmol) and toluene %50 ml-) at OC. The mixture was heatelat 100C for 2 hours. Solvent
was removed and 3.‘h43RA) ELAHERBIRAY Brome G ABAUE WU HEHHEIp P Ound went to next

step without further purification
30% trifluoroacetic acid/methylene chloride solution (V/V). The vessel was

5 shaken at room temperature for 1 hour. The solvent was drained and the
resin was washed with methylene chloride (3 x 10 mL), 5%
triethylamine/methylene chloride (3 x 10 mL) and methylene chloride (3 x 10
mL). A chloranil bead test for presence of secondary amines was positive.
Preparative Example 7.

0 (0]
NJJ\[IBP . o R @/\Nﬂ\@Br
N D" H ‘Boc O
F 10 11 F 12 Q
10 ‘Boc

A shaker vessel containing intermediate 10 was treated with
4-Oxo-piperidine-1-carboxylic acid tert-butyl ester (1.19 g, 6.0 mmol),
NaBH(CAc); (1.27 g, 6.0 mmol) and 1,2-dichioroethane (7 mL). The vessel

15 was shaken at room temperature and vented after 30 minutes to release
pressure. After shaking at room temperature o(remight, the solvent was
drained and the resin was washed with 1:1 methanol/methyiene chloride (3 x
10 mL}, 1:1 methylene chloride/dimethylformamide (3 x 10 mL),
dimethylformamide (2 x 10 mL), 1:1 methylene chloride/dimethylformamide (1

20  x 10 mL), methyiene chloride (3 x 10 mL). A chloranil bead test for presence
of secondary amines was negative.

Preparative Example 8.

P, — 2
] o G‘Bcc i B O‘H

A shaker vessel containing bromo intermediate 12 was treated with a
25 30% trifluoroacetic acid/methylene chloride solution (v/v). The vessel was
shaken at room temperature for 1 hour. The solvent was drained and the
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141 WO 20061088919 PCTIUS20061005265 The imine (2.6 g, 12.8 mmol) from the previous step

was combined with 3-Trimethylsilyloxy-I-methoxy-1,3-butadiene (3.7 ml, 19.2 mmol), zinc chloride (3.5
g, 25 mmol) and tetrahydrofuran (15 mL). The mixture was stirred at room temperature overnight. The
solution was B’&?&‘E/ﬂ?@é]\%ater 5 (100 mL) and extracted with ethyl acetatPeC.TILHé%%'r‘sg'g)ﬁ‘l"gsphase was

dried over magnesium sulfat ified by flash chromatograppy, to yield 1.3 g (38%) of the
desired prodﬂ%%'gs\fv g%%%ﬁheoqelﬂﬁgﬁ%wg"%ﬁngqﬁzga’ﬁfée e y‘édiate (0.30 g, 1.11 mmol) in
ethanol (5 mirjatmdasiniz/thetivienssilonider (3o (001Mlg, andmelhylene chictide (dixtlde was to heated
to reflux for Urg. I i 0 ified. atography (50%
ethyl acetate/zrﬁQ&aa‘eés};flrctﬁojray}/ql{gﬁj}é %QZEQQ%’[(%?';#E@%@%% %%%ﬁ%s%ﬂ‘ﬁ%?dwﬁgﬂﬁﬁ = 276. A two-neck
flask was chdttrpprativeokxam@iAde (0.160 g, 1.2 mmol) in methylene chloride (5 mL) and cooled to
-60C. Dimethylsulfoxidg (0.21 mL, 3 mmol) was added in one 5 portion and the mixture was stirred
for 5 minutes. Ty ealcBhol in methylene chloride 3 as #dded dropwise over a period of
10 minutes. Aftergiitrindhgd for 15 mirutes—trwthy|aihe ('? L) was added and the mixture
was warmed t@ temper X0 the reaction mi @ as add% ater (10 Ly and the mixture
was extracted with me#ylene chidgidiR0 three times. The orgadi phase‘@\@fd with brine,

80 g (93%) of the desired

dried over sodium sulfate, filtered, and concentrated in vacuo to yield 0.2
product 32 as a liguidsihaBenressel 2aatamingirddéuodaiate i & (081 SDNAH 2 mmol) was

treated with 4-chlorobenzaidehyde (0.169 g, 1.2 mmol), NaBH(OAc)s (0.254
g, 1.2 mmol) and 1,2-dichloroethane (2 mL). The vessel was shaken at room

temperature and vented after 30 minutes to release pressure. After shaking
10 at room temperature overnight, the solvent was drained and the resin was

washed with methanol (3 x 2 mL), dimethylformamide (3 x 2 mL}), methylene

chloride (3 x2 mL). A chloranil bead test for presence of secondary amines

was negative.

Preparative Example 10.

15 F 14 G\/@r" j 15 Om,@/c

The resin 14 was then transferred to a vial and treated with 3%
trifluoroacstic acid/methanol (v/v) and photolyzed at 365 nm for 2.0 hours at
50°C, with vigorous stirring. The resin was theri filtered, and washed with

20 MeOH and CH.Cl,. The filtrate was concentrated in vacuo. The crude
product was purified by reverse phase preparative HPLC to provide product
15 (0.0274g, 60%). MS: M+H = 618.1.
Preparative Example 11.

0 1. ACOH, Br, 0

Ho | - ~o ~Br
H 2.K,C04 . N
16 7 N‘Boc
25 To a stirred suspension of 6-hydroxynicotinic acid (6.95 g, 50 mmol) in

acetic acld (12.5 mL) was added bromine (3.8 mL, 75 mmol). The solution
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H N~ ~N ~CI F F 25 The compound shown in Preparative Example 28 was prepared by the same
method shown for Examples 1 through 3. MS (M+H) = 568. Preparative Example 29. 142 WO
20061088919 PCT/138200610115265 O ClI HO | Cl 33 34 v"Boc A round bottomed flask was
charged with ¥ dorobenzoic acid (5.0 g, 28.6 mmol), sulfuric ack§ T(IEWS/8%6Mmol), and
methanol (60 mL). The solutjon %s,ﬁaeated at reflux overniﬁht. The methanol was removed in 5

vacuo. The r¥8Rifeated .ot &et QueMightand gonseniiated e yeRsHUBARGte, filtered and
concentratedred @l prisssigl] Fo'thg ¢BRI6 ralittdwhlaitiine phesphons exgtdotidéh the ester

intermediate (4,73 @, mol),, potassium carbonate (3.45 g, mol), piperazing:|-carboxylic acid
tert-buty] estéﬁgggg,%g‘énm%% R I?ﬁi'?ﬁ%R%Wf?g?i%‘ger@t@rg’tgqg)éﬁrﬂégte%hﬁ 65C overnight
and the solveesultimpweirtite/aaschadied asiniflexweaerdightVExcese piybspletats and washed with 0.5 N

o Ao YRR MR SRl
Preparative Belows8%h. The crude brown residue was dissolved in methylene chloride

(62 mL) and methanol (25 ml) and heated at reflux for 2 hours. The solvents

were removed in vacuo. The residue was extracted with ether and saturated

aqueous sodium bicarbonate. The organics were dried over magnesium

10 sulfate, filtered and concéntrated. Further purification by silica
chromatography (5% to 25% ethyl acetate/hexanes) afforded the desired
product in 60% yield (7.5 g). 1H NMR (300 MHz, CDCI3): 9.0 (s, 1H), 8.6 (s,
1H), 4.1 (s, 3H).

A round bottomed flask was charged with preceding product (3.0 g,

15 12.0 mmol), potassium carbonate (9.95 g, 72.0 mmol),
piperazine-1-carboxylic acid tert-butyl ester (2.46 g, 13.2 mmol) and
dimethylformamide (75 mL). The mixture was heated at 65°C overnight and
the solvent removed in vacuo. The residue was dissolved in ethyl acetate and
washed with 0.5 N HCI, 0.5 N NaOH, and brine. The organics were dried

20 over magnesium sulfate, filtered and concentrated in vacuo. There was
obtained 4.79 g of product 17, which was not purified further. 1H NMR (300
MHz, CDCI3): 8.8 (s, 1H), 8.35 (s, 1H), 3.9 (s, 3H), 3.5 (m, 8H), 1.5 (s, OH).
Preparative Example 12.

O
\OLQB’ . HOOYS Br
X ol

~ "Bo
17 Boc 18 c

25 A round bottomed flask was charged with intermediate 17 (3.35 g, 8.68
mmol), lithium hydroxide (1.09 g, 26.0 mmol), and 1:1 methanol/water (v/v, 50
mL). The mixture was stirred at room temperature overnight. The solvent
was removed in vacuo. The residue was dissolved in water and acidified to
pH 6 with concentrated hydrochloric acid. The solution was then extracted

30 with ethyl acetate (2 x 50 mL). The organic layer were dried over magnesium
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NCI CI~H CIN CI N a The compound shown in Preparative Example 30 was prepared by the same
method shown for Preparative Examples 4 through 10. MS (M+H) = 607.5. 20 Preparative Example
31.HZN CINC 1 OZN F:N|F 35 36 To a suspension of copper cyanide (1.4 g, 15.7 mmol) in
acetonitrile (éﬁorﬁf)o%%’g’ﬁdded tert-butyl nitrite (2.5 mL, 21 mmol). The MRS 09524 ated to 70C
and stirred for 15.mig,, 5-C I -2- nyI |ne 143 (}Géorﬁ 19
PCT/US2006/9 Eﬂ r%% (\?\gaz'?v\\%ﬁ gdd?l. 8 %? The brown solution
was heated w@W@WQEWEh@MI&VaS removed in vacua, Water was added and the solution
extracted Wldp é)r&anlcs were dried over magnesium sulfate, filtered and
concentrate mt\'?g(‘:ﬁ*a éraﬁﬁe S was obtained 2.31 g of product 36 which was not purified further.

Preparative Exampg 32.;n: HN---jNC CI + ~N~N Boc "2 1/N 36 'BBCYA round bottomed flask

was charged with Bfuoro-2-nitra-henzanitrile 10,(0.294 g, potassium carbonate
(1.49 g, 7.35 mmol), N/W

18 NBoc 18 Boc
A round bottomed flask was charged with intermediate 18 (0.471 g,
1.18 mmol), phenylboronic acid (0.158 g, 1.3 mmol), and isopropyi alcohol (4
mL) were stirred for 30 minutes. To the solution was added palladium acetate
{0.0024 g, 0.0106 mmol}), triphenylphasphine (0.0031 g, 0.0118 mmol),

10 sodium carbonate (0.149 g, 1.42 mmol) and water {0.8 mL), and it was then
heated at reflux for 1 hour. After cooling to room temperature, the solution
was stirred for an additional 1.5 hours. The reaction was diluted with water
and extracted with ethyl acetate. The organics were dried over magnesium
sulfate, filtered and concentrated /n vacuo. The product was purified by silica

15 chromatography (5% to 25% ethyl acetate/hexanes) to give intermediate 19
(0.48 g, 95%). 1H NMR (300 MHz, CDCI3): 8.9 (s, 1H), 8.1 (s, 1H), 7.55 (m,
5H), 4.0 (s, 3H), 3.4 (m, 8H), 1.6 (s, 9H).

Preparative Example 14.

CI/O/\ E N
LN cl
\ON\/O/

20 The compound of Example14 was prepared by the same method
shown for Examples 4 through 10. MS (M+H) =648.2 .
Preparative Example 15.

(o] o] P TMS
Ny R ol
N/ N N /\
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4-(2-Ethyl-piperazin-1-yl)-piperidine-I-carboxylic acid tert-butyl ester (0.435 g, 1.47 mmol) and
dimethylformamide (15 mL). The mixture was heated at 70C overnight and the solvent removed in
vacua. The residue was dissolved in water and extracted with ethyl acetate. The organics were dried
over is magne¥RAS(MBRE filtered and concentrated in vacua. There Waspﬂ@ﬁ@a(’%’.@fﬁ g of product
38 which was not purified further. MS ;h/lﬁ-FRHg = 478. Preparative Example 33..0 NC | HpN 1. Ra 02N

I

N'~ 2,NaBH(OAc)3 Rsgalriupe SitiEnigmrdiaiedB @ 34 B.388 5"U% mmol), was
addefd lrllydrodfggmm@r{mik{mp?@ﬁylgwl KéPp?lédﬂihﬁlW(&Q@g@/@&&thﬁmait dsoppert]e(mper?ture for 10
min. followed, by, additio ilsopro thylamine (0,23 m 8 mmol)_To the resulting mixture
was then addgéi%&lﬂgcg- -f&@%&zﬁﬁ@éﬁ%%ﬂﬁ%( ,ﬂ&?ﬁiﬁﬁ!@c@@%ﬁﬁﬁ ml-) and
1,2-dichloroetremnstitfist MTjindethylsityiracptdeds (hid g, N2REHDL) 348. addegl. 1AT®@MmmMol) was added.
The 25 solutign was stirted at roo rnight. The reacti [ s treated with
aqueous%atugr{fil‘.{én(%stf' |Lli1lr"'r$%iv(\:’§r %@ggfl%ﬂe%?a%@g \With %%Wy?i%g%a%%. h)ﬁteH%eftgé?leics were dried over
magnesium Su#ahedtrdratBeic manvbbzthe/esaight FdEesadtB008086 concentrated in vacuo.

Ihe prodct g e elidashos Al OIS VARG ety o ccetate

5% methanol/et cetate). There was obtained 0.331 g product. A round bottomed flask
containing thétl §irean d0@ k). gl ieerganics were dried over sodium sulfate, '

filtered and concentrated in vacuo. The product was purified by silica
10 chromatography (7:1 hexanes/ethyl acetate) to give intermediate 20 (1.08 g,
26%).
Preparative Example 16.
0 TMS 0
A &
N N

20 21

15 A round bottomed flask was charged with intermediate 20 (1.08 g, 2.6
mmo!), and 1N potassium hydroxide in methanol (10 mL). The mixture was
stirred ovemight at room temperature. The solvent was removed in vacuo.
The residue was dissolved in water (10 mL) and extracted with ethyl ether (1 x
10 mL). The aqueous phase was acidified with 1N hydrochloric acid and

20  extracted with ethyl acetate (3 x 20 mL). The organics were dried over
sodium sulfate, filtered and concentrated in vacuo to give intermediate 21 (1.0
g, quantitative yield).

Preparative Example 17.
(o]

o¥e;

25 The compound of Preparative Example 17 was prepared by the same
method shown for Examples 4 through 10 MS (M+H) = 564.2.
Preparative Example 18.
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5 mmol) in ethanol (2 mL) was stirred at room temperature overnight. To the flask was then added
NaBH4 (0.018 g, 0.468 mmol) in portions. The solvent was then removed in vacuo and the residue
washed with aqueous ammonium chloride and aqueous sodium bicarbonate. The organics were dried
over magnesm%(ﬁ(f’gﬁg,l%iltered and concentrated in vacuo. The productp\ﬁysU %Of))ﬂﬁ%ezgsby reverse
phase preparative HPLC ¢o afford 0.042 g (53%) of product 39. MS (M+H) = 508.1. Preparative
Example 34. CI 1'131‘1’6 gl Cl 40 41 O A round bottopefil flaskyyas charged with
5,6-Dichloro-nicotinic acg‘ﬁw ester48-353-g—»72 mmYi), réh hydrogen peroxide addition
compound (0.340 g, 3.62 mrHoI)L\a, d trifluoroacetic anhydride (0.4 rﬂﬁ,ﬁg.44 mmol). The mixture
was stirred at room tempdture for PRburs. To the mixture was a2le n'Befueous solution of sodium
thiosulfate. After stigi in. gt ' red d . xtracted with 20
methylene chloride.gf“??ér é‘%ér??@ %grm#g ﬁ%%%gﬁjﬁast@d%tm%'@cﬁ% @icarbonate, dried
over sodium Hirtfetbylbheosihea 63 mis Atteranndl), KACOS ThE&Zgts Dbainhdamd06 g of product 41

which was ngg&gm%g%gé@g;ﬁ%%é@&%& &%Im'g;so%s(ﬁ“%&[)})mslm, 4.09 (s, 3H).

Preparative Examp
removed in vacuo and the reaction was directly purified via silica
chromatography to give 22 (1.24g; 82% yield).

Preparative Example 19.

10 A round bottomed flask was charged with 2,6-dichloro-5-fluoronicitinoyl
chloride (20.0 g, 88.0 mmol) and ethanol (140 mL). The mixture was cooled
in an ice/water bath and treated with triethylamine (18.0 mL, 129 mmol) added
dropwise. The mixture was then stirred for 2.25 hours at room temperature.
The solvent was removed in vacuo. The resulting product (8.0 g, 33.6 mmol)

15 was then treated with piperazine-1-carboxylic acid tert-butyl ester (8.2 g, 43.7
mmol), triethylamine (7 mL, 50.4 mmol), and acetonitrile (40 mL). The
resulting mixture was stirred at 80°C ovemight. The solvent was removed in
vacuo. The residue was washed with 1N hydrochloric acid (75 mL) and
extracted with toluene (75 mL). The organics were dried over sodium sulfate,

20 filtered and concentrated in vacuo. The product was purified by silica
chromatography (gradient 10% to 15% ethyl acetate/hexanes) to provide
product 24 (10.48 g, 81%). 1H NMR (300 MHz, CDCI3): 7.8 (d, 1H), 4.35 (q,
2H), 3.7 (m, 4H), 3.55 (m, 4H), 1.5 (s, 9H), 1.4 (1, 3H).
Preparati\(r)e Example 20.

25 21 25
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HBr1HINN N~~N42NH+43rA4 ~N~\11 25 CH3 145 WO 2006/088919 PCTYUS2006/005265
A round bottomed flask was charged with intermediate 42 (0.10g, 0.27 mmol),
1-(1-Bromo-ethyl)-4-chloro-benzene (0.072 g, 0.33 mmol), triethylamine (0.136 ml-, 1.35 mmol), and
1,2-dichloroetM4h¥{¢4 4§19 The solution was heated to 800C for 2 days. THIESENGPIPARIUre was
diluted with 5 methylene chloride and washed with water. The organic layer was evaporated, and the
crude product was purified by reverse phase preparative  HPLC to provide the separated isomers of

product 44 (Isomer A, reusbbgttesaaddiaskwascharged wit intesragdiste 24 AL % Zrfple 36.
NC_aEtO Claivii)46tHardIRE bR tima etk itaskrins ©1500ad,\8if rrhdilorTeemiieile (0.138 g, 13

dispersion (IETEDHETE AP TS B8 oo B8 TR P EERN35C) atter stiring for
15 min. 15 Thelz@idtinrisrametameshtbfitethwit apgon (@x)pTatine sselights Fen solvent was
removed to Proyids 1% pSthaiim or carban (0.080 ) e ddsk was agai aVadGegamPle 37
and flushed with argon. The argon was evacuated and the contents placed
under a balloon of hydrogen gas. The mixture was stirred at room
temperature overnight and fiitered through celite to remove the catalyst. The
10 filtrate was concentrated in vacuo to dryness and washed with hexanes. The
solid was removed by filtration and the filtrate evaporated to dryness.
Obtained product 25 (0.840 g, 92%). 1H NMR (300 MHz, CDCI3): 8.75 (s,
1H), 7.85 (d, 1H), 4.45 (q, 2H), 3.8 (m, 4H), 3.65 (m, 4H), 1.6 (s, 9H), 1.5 (¢,
3H). MS (M+H) = 353.8.
15 Preparative Example 21.

o 0
NN N
k/N‘Boc k/N‘Bt'm
25 26

A round bottomed flask was charged with intermediate 25 (3.6 g, 10.2
mmol), ethanol {20 mL), potassium hydroxide (85%, 2.0 g, 30.6 mmol) and
20  water (0.8 mL). The mixture was then stirred for at 80°C for 1.5 hours. The
solvent was removed in vacuo and the residue diluted with water (20 mL).
The solution was extracted with ethyl ether (50 mL), acidified to pH = 3 with
1N hydrochloric acid (38 mL). The solution was extracted with ethy! ether (3
x50 mL). The organics were dried over sodium.sulfate, filtered and
25 concentrated in vacuo to give intermediate 26 (3.16 g, 95%).
Preparative Example 22.

DT
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01~I1~NCI HIEtOIi _HINN,N+H™NII jj 47NTHH 48 H 20 A round bottomed flask was
charged with intermediate 47 (0.159 g, 0.452 mmol), 4-Chloro-benzimidic acid ethyl ester 46 (0.104 g,
0.568 mmol), _methylene chloride (2 mL), and triethylamine (2 x 0.10 mL). The solution was heated to
400C for 2 da‘(}?.’? WPEHtion mixture was concentrated to solid, resuspgﬁag%?“f%"%/ﬂquﬁgl (2 mL) and

heated at 60C overnight, T ' ' | oil was added
dmethyomamide W AR E R A bt e E A PSR LARHE 0) "Toe
solution was sémednethabshfov oo karmples dithrongh40\VIS tRE6HGEE88Q2PCTIUS2006/005265
was concentr WE}&W&% product was purified by silica flash chromatography to provide
product 48 (0.040 g, 18%). MS:'M + H = 489. Preparative Example 38. HOy~ I I|HOWOH N - - H~ 49 i
tINI 50 5 A round hottoe flei:skéyas charged with intermedigte 4910.21Q.g,

w | . R
’ N’m NN
F 2 k’ ‘Boc F LT. k/N'BOG
5 A shaker vessel containing bromo intermediate 9 (0.25g, 0.2 mmol)

was treated with zinc cyanide (0.070 g, 0.6 mmol) and

tetrakis(triphenylphosphine)palladium(Q) (C.023 g, 0.02 mmol) in 2 ml DMF.

The vessel was shaken ovemight at 85°C. After draining, the resin was

washed with dimethylformamide (3 x 2 mL) and methylene chloride (3 x 2
10 mL)

Preparative Example 24.

o]

QL

Preparation of Preparative Example 24 can be prepared foliowing

Examples 1 through 3. MS: M+H = 565.2.

15 Preparative Example 25.
0

; G
AR .
N N’ﬁN | I\CO cl
A Pyrex tube was charged with intermediate 28 (0.050 g, 0.08 mmol},
copper iodide (0.001 g, 0.004 mmol}, potassium phosphate (0.035 g, 0.16
mmol), N,N-dimethylethylenediamine (0.005 mL, 0.008 mmol) and toluene (1
20 ml). The tube was heated to 800C in a rotating oven overnight. After cooling
to room temperature, the solution was diluted with ethyl acetate (5 mL) and
filtered through a silica gel SPE plug. The plug was washed with ethyl acetate
(6 mL), methylene chloride (5 mL), and 5% methanol/ methylene chloride (v/v,
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0.353 mmol) and tetrahydrofuran (1.8 mL). To the solution was added lithium borohydride (1.8 mL,
2.0M in tetrahydrofuran). The solution was stirred at room temperature overnight. The reaction
mixture was diluted with methylene to chloride and treated with 1 N sodium hydroxide. The resulting
mixture was stirred at room temperature for 30 min. The organics were cQ T(}ﬁg%%%g 5@ vacuo to
provide 0.198V9.2#988%de product (0.060g) was purified by silica chronlatography (105

methanollmethylene chloride) to provide 0.0128 g of product 50. MS: M + H = 550.1 is Preparative
Example 39. @1 H@?\ISQ?Y%I‘ gs,fﬁ%&‘lﬁf}d’? ‘-&CF%Z-P erﬁ'ﬂfﬁ% BEREHALARBRNEY charged with
intermediate byl ré¥Qey pRak2 prepdrative tePaIlytrphowdde(@omipband 20¢emiaminatedoath. To the
solution was AH (0.023 mmol) fal irri r rs at room 20
temperature.@%ﬁﬁﬁ§%$ Ighaq&%_iﬁlzsr&?z-g-‘%@%&% ) fgﬁicgv?/fg'd %&i‘lrring for 3 hours. The
reaction was Rreparatiseoixampliel RiGFréjrrativp of CumpocaddN@. 460ref Takleehction mixture was
diluted with ethyl %cetate and dried over sodium sulfate. The @rganics were concentrated in vacuo,

and the crudegé u \t s purified by silica chromatograg 215:1 25 methylene
chloride/methanol/afingjonium hydroxide) to provide 0.033 6 (1 b o) oduct 52. 147 WO

r
20061088919 PCT/U@SZ@E&OOS%S [ t(%\o ]
G !

29 30
= N
5 <& J
Product 30 was prepared by the same method shown for Examples 1
through 3 {(contaminated with 20% of intermediate 28 where | = H). MS: M+H

=476.2, 561.1.
Preparative Example 27.
Cl
1.LAH,-78C
j\ 2. Chiorobenzyl amine, 100 °C
FHC” Y07 > 3. Danishefsky diene o] N
4.NaBH, .
" 3 5. (CO),Cl,, DMSO s CHF2

A round bottomed flask containing ethy! difluoroacetate (12.4 g, 100
mmol) dry ethyl ether (15 mL) was cooled to —-78°C. To the flask was added
lithium aluminum hydride (1 M in THF, 25 mL) slowly over 10 minutes. The

15  mixture was stirred at —78°C for 2 hours. Ethanol (3 mL) was added and the
reaction mixture was warmed to room temperature. The solvent was removed
in vacuo and 20% HzS04 (100 mL)was added. The mixture was extracted
with ether three times. The organic phase was washed with brine, dried over
magnesium suifate, and filtered. After removing solvent, 5.5 g of crude

20  product was obtained. It was purified by distillation to yield 4.5 g (36%) of
product as a colorless liquid.

To the hemiacetal (2.5 g, 20 mmol) was added 4-Chiororbenzylamine
(2.8 g, 20 mmol) and toluene (50 mL) at 0°C. The mixture was heated at
100°C for 2 hours. Solvent was removed and 3.4 g (85%) of crude product

25  were obtained. This crude compound went to next step without further
purification.
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Preparative Example 40. Preparation of Compound No. 368 of Table 1 H2N AfN NI N I~ H H IN 52
Lco 1 53~ill Around bottomed flask was charged with intermediate 52 (0.27 g, 0.056 s mmol),
1,2-dichloroethane (2 mL), and ethyl isocyanate (0.020 g, 0.28 mmcl). The solution was stirred at
room temperéYL?réo? P8%Burs. The solvent was removed in vacuo. The cFSgéUB%%%G)gP Was purified by

silica chromatogra (5% methanollmethylene chlgride then 93:5:2 methylene
chlorideimethanoal b SFIORCHG ol fETBIIRSE B BI=Y 045 S0eoE A TS 53. 10
Preparative EithBslEridietRylsilokpdeaméthoky+1(8-butbidieNe~(B 3485192 mmol), zinc
1-(4-Chloro-bgnpzyh-piperidin-4- 223 0Q; mol).apd_3-S:=Methyl:piperazine-l-carboxylic acid
tert-butyl estec?@oﬁ r’%’r 1965m'%r$11§1§%é8 W%?reas%rj’rlrgrp irr?rr‘n@%Weer]‘e éﬁ owchg%r‘Hssat room temperature
overnight in tp&rrgdmmenmamwg@mp@huemmmutm@wsmuurpqﬁm)mw (3mlofa 1M
toluene spluiao3 ol U3h AMAT ARG ARE. el SROIRR WRR e iRk afiditional 20
thylené ch

hours. The m oride was removed in vacuo, and the reSidue was extracted between ethyl

acetate and T09gregiumseifair anbputdiedhy daghsbramatogiaphydooieldith 313388 Wine, dried over
sodium sulfatgs ﬁ@%&%&’?f@éﬁﬁtgﬁvﬁwgil‘ﬁ Rl fpipylessyeil (41 % yield). Preparative Example
42. Boc.N Boc,NH ~~CN1~~N a
To the above intermediate (0.30 g, 1.11 mmol) in ethanol (5 mL) was
added sodium borohydride (0.17 g, 4 mmol). The reaction mixture was
10 heated to reflux for 2 hours. After workup the resulting alcohol was purified by
flash chromatography (50% ethyl acetate/hexanes) to yield 0.29 g of the
reduced alcohol as a liquid. MS: M+H = 276. A two-neck flask was charged
with oxaly! chloride (0.160 g, 1.2 mmol) in methylene chloride (5 mL) and
cooled to -60°C. Dimethylsulfoxide (0.21 mL, 3 mmol) was added in one
15 portion and the mixture was stirred for 5 minutes. The above alcohol in
methylene chloride (2 mL) was added dropwise over a period of 10 minutes.
After stirring at —60°C for 15 minutes, triethylamine (0.8 mL) was added and
the mixture was warmed to room temperature. To the reaction mixture was
added water (10 mL), and the mixture was extracted with methylene chloride
20 three times. The organic phase was washed with brine, dried over sodium
sulfate, filtered, and concentrated in vacuo to yield 0.280 g (93%) of the
desired product 32 as a liquid. MS: M+H = 274,

Preparative Example 28.
o]

gaest
3”7?" oy

25 The compound shown in Preparative Example 28 was prepared by the
same method shown for Examples 1 through 3. MS (M+H) = 568.
Preparative Example 29,
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N ~I ~1 56 57 A round bottomed flask of intermediate 56 (0.216 g,; 0.5 mmol) and 25 tetrahydrofuran
(10 mL) was treated with methyl magnesium bromide (1.7 ml of a 3M ether solution; 5 mmol). After
heating to 60C for 2.5 hours, the 148 WO 2006/088919 PCT/US2006/005265 reaction was quenche0
with water (1 ml) and saturated NaHCO3 (20 ml) and extracted with ethyl acetate. After washing with
brine, the organtt1ay&Pis dried over Na2S04 and concentrated to givePSAESAY/EB% yield).
Preparative Example43. Boc,N CH3 HN CH3 I T 557 58 Intermedjate 57 (0.127 g, 0.3mmol) was

stirred with HCI (1 mjof 6M éplution) in ethyl acetate at room teg[ 2 hours. Saturated

NaHCO3 was ad#&d ty =9 and the cted witH et etate. The organic layer
was washed Wit_h brine, &#fegrover Na2S04 and concentrated in 1o_va 0 %v‘:)/ﬂe\?S (0.090 g;\93%
yield). Preparative Exar‘ggle 44.0 Ocl NIHN CH3 ~~"CCCIHIliHgfzN ‘Bdd N _F Na
A round bottomed flask was charged with 3-chloro-4-fluorobenzoic acid
(5.0 g, 28.6 mmol), sulfuric acid (0.84 g, 8.6 mmol), and methanol (60 mL).
The solution was heated at reflux ovemight. The methanol was removed in
5 vacuo. The residue was extracted with ethyl acetate (5 x), dried over sodium
sulfate, filtered and concentrated in vacuo to yield 4.73 g (88%).
A round bottomed flask was charged with the ester intermediate (4.73
g, 25 mmol), potassium carbonate (3.45 g, 25 mmol), piperazine-1-carboxylic
acid tert-butyl ester (5.59 g, 30 mmol) and acetonitrile (6 mL). The mixture
10 was heated at 65°C overnight and the solvent removed in vacuo. The residue
was dissolved in ethyl acetate and washed with 0.5 N HCI, 0.5 N NaOH, and
brine. The organics were dried over magnesium sulfate, filtered and
concentrated /n vacuo. There was obtained 4.79 g of intermediate 34 which
was not purified further.

15 Preparative Example 30.
o]

T
Ve,

The compound shown in Preparative Example 30 was prepared by the
same method shown for Preparative Examples 4 through 10. MS (M+H) =
607.5.

20 Preparative Example 31.

HszC' , ch@a
O.N F
35 36

To a suspension of copper cyanide (1.4 g, 15.7 mmol) in acetonitrile
(20 mi), was added tert-butyl nitrite (2.5 mL, 21 mmol). The mixture was
25 heated to 70°C and stirred for 15 min. 5-Chioro-4-fluoro-2-nitro-phenylamine
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5960j\/1 Amine 58 (0.032 g, 0.1 mmol) was stirred with intermediate 58 (0.032 g, 0.1 mmol),

2-(Di-t-butylphosphin)biphenylpalladium (0.003 g, 0.01 mmol), 15 Pd(OAC)2 (0.0023 g, 0.01 mmol),

and cesium carbonate (0.070 g, 2 mmol) for 16 hours at 90C in dioxane. Dioxasn%g%%g removed in
0

vacuo and th&RB8NAs purified directly via preparative reverse-phasg%ﬁ oM

gré‘?o y to yield

product 60. - M+H = 602.0, Prepatative Example 45. Bar. N~ ON |1 N\60 61 20

1-Benzyl-3-m 1;9e$iﬂ?ﬁlﬁDoW§%W'ﬁﬁ. iy rﬁBﬁt,oél@%BQrﬁ%he %ﬁ%@% mmol),
Na(OAc)3BHsgRigin0as inedtedrat 2080 dardichGurs)) Thereohigmedis dichtvwedthamey80ml) overnight.
Saturated NaHCO3 was added dt ixture was extracted with ethyl acetate, washed with brine,
and 25 dried g\z/ae?rl%afﬁgegﬁgpac%ﬁc%%@ﬁﬁ%@%i& ﬁgwg?%%ﬁgs%&ﬁ%%ﬁssilica gel
chromatograpvgrecdgize: nermagiwsion §ulkge3Mtérpibland téncaidrAedcn0sean9 There

PCTIUS 2006000 5Rrired DAY B p/BHUICI8WIRAT wd 18t paitied further.

Preparative Example 32,

NC Cl  HNY NC:CEGI
o,N F j/ \ON HoN N
“Boc jN\ON
“Boc

36 3z a8

A round bottomed flask was charged with -Chioro-4-fluoro-2-nitro-benzonitrile

10 (0.294 g, 1.47 mmol), potassium carbonate (1.49 g, 7.35 mmol),

4-(2-Ethyl-piperazin-1-yl)-piperidine-1-carboxylic acid tert-butyl ester (0.435 g,
1.47 mmotl) and dimethylformamide (15 mL). The mixture was heated at 70°C
overnight and the solvent removed in vacuo. The residue was dissolved in

water and extracted with ethyl acetate. The organics were dried over

15  magnesium sulfate, filtered and concentrated in vacuo. There was obtained

0.910 g of product 38 which was not purified further. MS (M+H) =

Preparative Example 33.
0

NG I cl
T I
2,NaBH(OAGc)3, eldehyde  H N

O.N

478.

N N
qu 3. NABH, S]u cl
ae 2 VO
N‘Bc:t: o
F

To intermediate 38 (0.306 g, 0.64 mmol), was added hydrogen chloride

20 in dioxane (10 mL). The mixture was stirred at room temperature for 10 min.

followed by the addition of diisopropylethylamine (0.23 mL, 1.28 mmal). To

the resulting mixture was then added 4-Chloro-2-fluoro-benzaldehyde (0.202
g, 1.28 mmol), acetic acid (0.1 mL) and 1,2-dichloroethane (10 mL). After
stirring for 15 min., NaBH(OAc)3 (0.271 g, 1.28 mmol) was added. The

25  solution was stirred at room temperature overnight. The reaction mixture was

treated with aqueous saturated sodium bicarbonate and extracted with ethyl

acetate. The organics were dried over magnesium suifate, filtered and
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2 N 6 Intermediate 61 (1.2g, 3.21 mmol) was stirred with 10%Pd/C (0.240 g) in methanol (50m1)
under a hydrogen atmosphere overnight. After catalyst 5 was removed by filtration over celite,
methanol was removed in vacuo to give intermediate 62 (0.839g, 93%). Preparative Example 47.
Boc,N., _ BoWORPIENB? 62 6H 63 6'.' Intermediate 62 (0.426 g, 1.5 mAfol WAV at 70C

overnlght with lo 4- chlorobenzyl chlgride (0.290 g, 1.8 mmol) and triethylamine (0.5 ml, 3.6 mmol) in
dichloroethaRenerntajed dn@RURad e REQdach s rRuFtiEs By slliga fiasitied by silica gel

chromatogragkrs ezt ?@dﬁp@rmg%egmﬂ%&%ﬂg&,@?& Yaend) desemerainge Example 48, Preparation of
Compound No. %5@ Table 1 O\S QB% Cl 15F le | Compound No. 229 was prepared by a
h

method anal nelethyipretateln Huge é"ﬁ\ﬁ§bFﬁré%Qr§P31 %@gyﬁgﬁﬁﬂ% Example 49.
Preparation of Conmpesinstibottdirbdfaskieohtdlrthgthd hbove praduct (0.081 g, 0.156

5 mmol) in ethanol (2 mL) was stirred at room temperature ovemight. To the
flask was then added NaBH,4 (0.018 g, 0.468 mmol) in portions. The solvent
was then removed in vacuo and the residue washed with aqueous ammonium
chloride and aqueous sodium bicarbonate. The organics were dried over
magnesium sulfate, filtered and concentrated in vacuo. The product was

10  purified by reverse phase preparative HPLC to afford 0.042 g (53%) of
product 39. MS (M+H) = 508.1.
Preparative Example 34.

. 0
1
Hacoj\Q(E HSCOJKQCI
Cl cl

y

40 4 0

A round bottomed flask was charged with 5,6-Dichloro-nicotinic acid

15 methyl ester (0.353 g, 1.72 mmol), urea hydrogen peroxide addition
compound (0.340 g, 3.62 mmol), and trifluoroacetic anhydride (0.486 mL, 3.44
mmol). The mixture was stitred at room temperature for 2 hours. To the
mixture was added an agueous solution of sodium thiosulfate., After stirring
for 15 min., the solution was poured into 0.5M HCI and extracted with

20 methylene chloride. The organics were washed with saturated aqueous
sodium bicarbonate, dried over sodium sulfate, filtered and concentrated in
vacuo. There was obtained 0.306 g of product 41 which was not purified
further. 1H NMR (300 MHz, CDCI3): 8.94 (s, 1H), 8.03 (s, 1H), 4.09 (s, 3H).
Preparative Example 35.

0O

N : o Jml
T T o

25 CHj
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JT N r~J~/ 1~ 20 Table 1 Compound No. 214 was prepared by a method analogous to Preparative
Examples 1 through 3. MS: m/e M+H =519.5. 150 WO 2006/088919 PCT/US2006/005265
Preparative Ex%zrri@e 50, Preparation of Compound No. 215 of Table 1 &N (%I N0N2/0~4:6FsTabIe 1
Compound NY. Wlﬁrepared by a method analogous to PreparativePE%a{]r%szes? fough 3. MS:

VA1 3 L1N ] P BAHEBTRES W8S SRR PR BB R 2b Preparaive
Examples 1 thmaoiyjr3(1MSsove-diinit-4-6118ro- e s (QidR2 gxamplmhl P reparation of Compoun_d
Examples 1 RRRRTANGED 8 Wi 1-20 i AL oo WIEETHR of Compouna No.
367 of Tablesbi@typwas hedtsd MBBVCHAN days. The reaction mixture was diluted with
5 methylene chloride and washed with water. The organic layer was

evaporated, and the crude product was purified by reverse phase preparative

HPLC to provide the separated isomers of product 44 (lsomer A, 0.030 g,

Isomer B 0.022 g, mixture 0.042 g).

Preparative Example 36.

H
NC
Cl cl

10 45 48

A round bottomed flask was charged with 4-Chloro-benzonitrile (0.138
g, 13 mmol} and anhydrous ethanol (100 mL). Hydrogen chloride gas was
then bubbled into the solution via dispersion tube. The reaction very
exothermic and it was cooled in a water bath (22°C) after stirring for 15 min.

15 The solution was allowed to stand at room temperature overnight. The

solvent was removed to provide intermediate 46 (2.38 g, 95%). MS: M+ H =
184.
Prepérative Example 37.

0
0
\NW' EtO ¢ \gJKETCI
t -,
H Qg N
N r{‘}l * H (‘}\O cl
4 OH 46 48 Nn/©/
= H

20 A round bottomed flask was charged with intermediate 47 (0.159 g,
0.452 mmot), 4-Chloro-benzimidic acid ethyl ester 46 (0.104 g, 0.568 mmol),
methyiene chloride (2 mL), and triethylamine (2 x 0.10 mL). The solution was
heated to 400C for 2 days. The reaction mixture was concentrated to solid,
resuspended in ethanol (2 mL) and heated at 60°C overnight. The mixture

25  was filtered and concentrated to an oil. To the oil was added
dimethylformamide (2 mL) and 4-Chloro-benzimidic acid ethyl ester (0.104 g,
0.568 mmol). The solution was heated at 100°C for 2 hours. The solution
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15 Table 1 Compound No. 367 was prepared by a method analogous to Preparative Examples 40
through 41. MS: mle M+H = 609.0. Preparative Example 54, Preparation of Compound No. 369 of
Table 1 151 WO 20061088919 PCT/US2006/005265 j N YIO NCI q Table | Compound No. 369 was
prepared by 492N Iogous to Preparative Examples 40 through 4FTESREAN2EP = 606.5.

Preparative Example 55, Preparation of Compound No. 212 of Table 1 0 g HNC-"-NNNN, c/qN ~I
H3C 5 F Tabi#f Conssatiatery’ ﬁ%aj SRUASPEYANSHwaDRUKitied by iliks Basinples I through 3.

MS: We M+Hchror@togripley icapiovide prsidct AB€00400g Y¢85 M8dd eaH re48lly be evaluated to
determine aggl'!_\ga at the %CR3 regeptors by known methods, such as, for example, development of
a human CX 4z algﬁ?&?n Assay. Cloning and expression of human CXCR3 (N-delta 4):

The DNA encaging h@man CXCR3 was cloned by PCR using humargp
V\ﬁ » | HO ~ S 1
Ho SN

A round bottoed flask was charged with intermediate 49 (0.210 g,

0.353 mmol) and tetrahydrofuran (1.8 mL). To the solution was added lithium
borohydride (1.8 mL, 2,0M in tetrahydrofuran). The solution was stirred at
room temperature overnight. The reaction mixture was diluted with methylene

10 chloride and treated with 1N sodium hydroxide. The resulting mixture was
stirred at room temperature for 30 min. The organics were concentrated in
vacuo to provide 0.190 g. The crude product (0.060g) was purified by silica
chromatography (10% methanol/methylene chloride) to provide 0.0128 g of
product 50. MS: M + H = 550.1.

15 Preparative Example 39.

NC\EYCI "
N N 2 /\(,VL
1

~
N/

i%quu 52 ?Q‘V@ﬂ

A round bottomed flask was charged with intermediate 51 (0.20 g, 0.42
mmol) and tetrahydrofuran (2 mL) and cooled in an ice bath. To the solution
was added LAH (0.0238 g, 0.63 mmol) followed by stirring for 4 hours at room

20 temperature. An additional portion of LAH (0.012 g, 0.3 mmol} followed by
stirring for 3 hours. The reaction was quenched by the addition of ice chips
and stirred for 2 hours. The reaction mixture was diluted with ethyt acetate
and dried over sodium sulfate. The organics were concentrated in vacuo, and
the crude product was purified by silica chromatography (96.5:2.5:1

25 methylene chloride/methanol/ammonium hydroxide) to provide 0.033 g (17%)
of product 52.
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15 genomic DNA (Promega, Madison, WI) as a template. The PCR primers were designed based on
the published sequence of human orphan receptor GPR9 (1) with incorporated restriction sites, a
Kozak consensus se%Jﬁence, CD8 leader and Flag tag. The PCR product was subcloned into the
mammalian &Br’é’ggﬁ Jector pPME18Sneo, a derivative of the SR-aIpha%(;('BF@gQWH“%‘?ﬁor 20
(designated ME18Sngeo-hCXC T#\I-delta@ Il-3-dependent se_pto:B cells Ba/F3 were
transfected b%sr%?&ﬁmﬂ% m%i? "BRA5E %*5@5‘@8%’9&&835% qu@gfﬂﬁ with 20 pg of

pPME18Sneo-hCXC 14) plasmid DNA. Cells were pulsed$t 400 Valts, 100 OHMs, 960 pFd.

The transfected cells'wer selection with 1 152 WO 200678 ST flus2006/005265 mg/ml
G418 (Life Technologies, GaitQeppburg, MD). g418-resistant Ba/B3 Riomadwets screened for CXCR3

expression by specific bgzding 53 | (NEN Life Science Products, mA aration
of BalF3-hCXCR3 (N-delta 4) membranesl 5 Ba/F3 cells expressing $iman Ita 4) were
pelleted and resuspended in the lysis buffer containing 10 mM HEPES , pH 7.5 and Coniplete(r)
protease inhibitors (1 tablet per 100 ml) (Boehringer Mannheim, Indianapolis, IN) at a cell density of

20 x 106 cells per rmrguﬁﬁa Bdﬁiﬂ‘l‘fé% ﬁgﬂ%@eﬁﬂ?ﬁﬁ%g‘% f gfméfgﬁr%i_é? ép&gggzll disruption

bomb (Parr io Instrument, Moline, IL) and applied nitrogen tor 30 minutes on ice.

Large ceflulaftieehishiadicblataibane d&mmidigadoptad isooverafed@iPA i 2themabe Biernatant
was sedimenggthfibd Wad el -at heonieARStUF S HSBRY I JPRd B SRR SR E ek eeapemented

with 10% sucrose and stored at -80 C. Total protein concentration of the membrane was determined
by is BCA md@ P dResuide my@sl |£)J._Jrlﬁed by silica chromatography (5%

methanol/methylene chioride then 93:5:2 methylene chloride/methanol/ammonium
hydroxide) to provide 0.031 g (quantitative) of product 53.
10 Preparative Example 41.

Boc 0, Cl
\N +
54 5

BOG\N,\ N

56|\{

Nb \/gm

1-(4-Chloro-benzyl)-piperidin-4-one 55 (0.223 g; 1 mmol) and
3-S-Methyl-piperazine-1-carboxylic acid tert-butyl ester 54 (290mg;1.6 mmoi)

55

15 were stirred in methylene chloride (6 ml) at room temperature overnight in the
presence of titanium isopropoxide (0.4 mt, 0.963 mmol). Al(Et),CN (3 miof a
1M toluene solution, 3 mmol) was added via syringe and the reaction was
stirred for an additiona! 20 hours. The methylene chloride was removed in
vacuo, and the residue was extracted between ethyl acetate and 10% sodium

20  bicarbonate. The organic layer was washed with water, brine, dried over
sodium sulfate, and concentrated to give 0.170 g of a colorless oil (41% Yield).

Preparative Example 42.
Boc,N

N en — nGHs Gl
N |
O ot ' aoNer
56 4
A round bottomed flask of intermediate 56 (0.216 g,; 0.5 mmo!) and

25  tetrahydrofuran (10 mL) was treated with methyl magnesium bromide (1.7 m!
of a 3M ether solution; 5 mmol). After heating to 60°C for 2.5 hours, the

Boc.,
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Human CXCRS3 (N-delta 4) scintillation proximity assay (SPA) : For each assay point, 2 pg of
membrane was preincubated for 1 hr with 300 pg wheat germ agglutinin (WGA) coated SPA beads
(Amersham, Arlington Heights, IL) in the binding buffer (50 mM HEPES, 1 mM CaCl2, 5 mM MgClI2,
20 125 mM N4Z0G/0/821% NaN3, 1.0% BSA) at room temperature. The B’égcﬁ'ésmf@?ﬁﬁn down,

washed once, resuspended in the bin i%ﬁ rand transferred t -w@bls late (Wallac,
Gaithersburg SAE° H’ﬁi/ﬂHF@aef]“f& 'Ei&@l@tﬁ‘%é H@}ﬁﬁé\?ﬁ’&g&h 6?‘?401?5 on were added to
start the reachitracidtewithsttahatetats. réddtartaenidngtuwith thine triotgeditlagetmdd 25 bound to the
SPA beads was determj e% ith g, Wall 450 Microb counter, . Ihe Kiratings for the various
compounds o(frfﬁg %‘(8@&% e\y r%%incg?'lecaeéégf‘eﬂ%%va pm?e%]{t]i%h%d Tgbqle . From these ratings and
value rangesPireparativecEommple#dd the skilled artisan that the compounds of the invention 30 have
excellent utility as CXCRg3 receptor antagonists. While the present igﬁjntion has been describe in
e
I

conjunction with the speci %diments et forth above, many"'g’ﬁ\t‘A yes, ffications and
variations thereof will be app, re‘@ ordinary skill in the art JAlllsu WO 2006/088919
PCT[USZ20061005265 adternatives, ietifications and variations gge intended 1o fall within the spirit and

0
Il
scope of the present invention. 154 155 What we claimis: 1. A compound havin%the general
structure Shown in Flmgjiatméq%‘l@.T g, 0.3mm0') was Stil‘l’ed Wlth HCI (1m| Of M

solution) in ethyl acetate at room temperature for 2 hours. Saturated NaHCO;

was added to pH = 9 and the mixture was extracted with ethyl acetate. The

organic layer was washed with brine, dried over Na;SO,4 and concentrated in
10  vacuo give 58 (0.090 g; 93% yield).

Preparative Example 44.

| 0
0 cl
e HN’]l CHs @’\N’K(\)i
B Mo
D

Amine 58 (0.032 g, 0.1 mmol) was stirred with intermediate 58 (0.032
g, 0.1 mmol), 2-(Di-t-butylphosphin)biphenylpailadium (0.003 g, 0.01 mmol),
15 Pd{OAC); (0.0023 g, 0.01 mmol), and cesium carbonate (0.070 g, 2 mmol) for
16 hours at 90°C in dioxane. Dioxane was removed in vacuo and the residue
was purified directly via preparative reverse-phase chromatography to yieid
product 60. MS: M+H =602.0.
Preparative Example 45.

o Boc\N/\|
: @ ‘(‘)
gjéw«@ . 2

1-Benzyl-3-methyl-piperidin-4-one 60 (2.0g, 10 mmol), Boc-piperazine
{2g, 10.75 mmol), Na(OAc);BH (4.2g; 20 mmol), and acetic acid (1ml) were
stirred in dichloroethane (30ml} overnight. Saturated NaHCO3; was added,

20

and the mixture was extracted with ethyl acetate, washed with brine, and
25  dried over Na;S0O,. After concentration in vacuo, the material was purified on
silica gel chromatography to give intermediate 61 (1.2g; 37% yield).
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R2R1X 11 R3 RO Z 1N11R12 (RbO)m'~/N (R",/NN% Y Formula 1 or a pharmaceutically acceptable
salt, or ester thereof wherein: Zis N, C(R29), or NO; X is N, 0, alkyl, cycloalkyl, heteroaryl,

heterocyclyl %&%gé@%%ﬁbenyl; R1 and R2 are independently absent or p{;%?,%(%%ﬂg Qgesent each is

independently se rom the group consisting of H, alkyl, alkoxy, alkenyl, carbonyl, Cycloalkyl,

cycloalkeny l@ékﬁlaryil‘,’a lalk l]—?w amino, alkylamino, amidinyl, carboxamido, cyano, hydroxyl,
urea, -N=CH, = ; &%35{8 , -(CH2)gOR31, -(CH2)gCF3, -(CH2)gNH2, -(CH2)gNHR31,
--(CH2)gN(R31)2, - (CH2)gC(=O)NHR31, -(CH2)gSO2R31, -(CH2)gNHSO2R31, -(CH2)gSO2NHR31,

-C(=S)N(H)alkyl, -N(H)-S(89 l, -N(H)C(=O)N{H)-alkyl 55(O) @-S )2N(H)alkyl,
-S(0)2N(alkyl)2, -S(O)Zaryl,%alkyl, -C(=O)N(H)NHZ2, @é‘lﬁyl, -heteroaryl,
heterocyclyl, and heterocyc@gyl, fl Imethylene, trifluorogiethylp methylene,

cyanophenylmethylene, diffmorophenylmethylene, bromophenylméthylene, chlorophenylmethylene,

bromochlorophenyintetmgdiate Biddh2gidd G ihwmmydiheihy istivesd didthl AORRCH{0240ighe,
methoxylph thyl -GH2-cvclo e ne..aminooxadiazoyl,
BN E e R S e e R e A
5 was removed by filtration over celite, methanol was removed in vacuo to give
intermediate 62 (0.839g, 93%).
Preparative Example 47.

Boc\N/\

Boc
\N’\

LN gL
62 NH 63

G’
N
Intermediate 62 (0.426 g, 1.5 mmol) was stirred at 70°C avernight with

10  4-chlorobenzyl chloride (0.290 g, 1.8 mmol) and triethylamine (0.5 ml, 3.6
mmol) in dichloroethane (30 ml). Solvent was removed and the reaction was
purified by silica gel chromatography to give intermediate 63 (0.240 g; 59%
yield).
Preparative Example 48, Preparation of Compound No. 229 of Table 1

/\HJ O

L

Table 1 Compound No. 229 was prepared by a method analogous to
Examples 1 through 3. MS: m/e M+H =539.5 .

Preparative Example 49. Preparation of Compound No. 214 of Table 1
0

/\NJ\(\IQ
T Ly N
N Cl
paove;
20 Table 1 Compound No. 214 was prepared by a method analogous to
Preparative Examples 1 through 3. MS: m/e M+H = 519.5.

15

210
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106744-1 156 RCN FF~H/H2N HNFFCH3 NIl OOFNOOI/N /111)JH HNH3C/HCH3 O
N/OHCNI~NHZOsH~O H~F/NH"/; 0o and or alternatively when X is N, the N taken
together with the R1 and R2 forms a heterocyclyl, heteroaryl or -N=C(NH2)2; R3, R4, R6 and R29
moieties carwaezie/aame or different, each being independently selecté’&ﬁ’yﬁ?‘{?fé('%ap consisting of
H, alkyl, alkylaryl, aralkyl,

: Preparative Example 50, Preparation of Compound No. 215 of Table 1

g
Erm@

Table 1 Compound No. 215 was prepared by a method analogous to
Preparative Examples 1 through 3. MS: m/e M+H = 535.5.
5 Preparative Example 51, Preparation of Compound No. 216 of Table

Sae N
Yoo

Table 1 Compound No. 216 was prepared by a method analogous to
Preparative Examples 1 through 3. MS: m/e M+H = 519.5.
10 Preparative Example 52, Preparation of Compound No. 217 of Table 1
Table 1 Compound No. 217 was prepared by a method analogous to
Preparative Examples 1 through 3. MS: m/e M+H = 537.5.
Preparative Example 53, Preparation of Compound No. 367 of Table 1

AL o
NN 3
.
N Br
X0y
15 Table 1 Compound No. 367 was prepared by a method analogous to

Preparative Examples 40 through 41. MS: m/e M+H = 609.0.
Preparative Example 54, Preparation of Compound No. 369 of Table 1
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-CN, CF3, haloalkyl, cycloalkyl, halogen, hydroxyalkyl, -N=CH-(R31), -C(=O)N(R30)2, -N(R30)2,
-OR30, -S02(R31), -N(R30)C(=0O)N(R30)2and -N(R30)C(=O)R31; R7 and R8 are the same or
different, each being independently selected from the group consisting of HT alkyl. alkylaryl,
heteroaryl, hyM346/088R19a1koxy, alkylamino, -N(H)S(O)2alkyl and -N(H)&=’B§ﬁ(‘ﬁ? g%éy' or
alternatively R7 and R8 156 106744-1 157 taken together with the carbon atom to which they are
shown attached is -C=0-, - C=S-, {£=N(M)-, -C=N(alkyl)-, -C=N(Oalkyl)-, -C=N(OH)- or cycloalkyl; the
R10 moieties can be the same orré}f(e\rg;@lu g independently selected from the group
consisting of H, alkyl, cycloalkyl, aryl, heteroaryh# ﬁrter]ocyclenyl, heterocyclyl, alkylaryl, arylalkyl,
-CO2H, hydroxyalkyl, 30, -C(=O)N(R30)2, -(CH2)gQb-(cd2)gOR 38, -(CH2)gNHR31,
-(CH2)gN(R31)2, -OR halogen, =0, and -C(=0)R31; khe [R1} mRjelies can be the same or different,
each being independently selected from.the group consisting of H, alkyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl, heterocyclenyl, alkylaryl, arylalkyl, hydroxyalkyl, carboxamide, CO2H, -(CH2)gOH,

-(CH2)gOR31, -(CHZ)gbl&l R Ebritditid NG 36T wes Rifhdratbbye a, méthaddir@iegoi’3d ; the R12
moieties can bg the same or differe ch beipg indep nily ed from the group consisting of
H, alkyl, -CN, -6?985?31?%3%9ﬁ?%ﬁ%%ﬁ?“-%%@%@%ﬁﬁi@ﬁ%%1,-(CHz)gN(Rsl)z, and
-S(02)R31; D iRraparativaiExampitsbs (Prspivalioy of yeooagiosm Moy 2 Hiafrdablé, 1heterocyclenyl or
heterocyclyl ring having 0-4 heteroatomg independently

/\J \Cl

R
N’\ ]
YO

s,
N
H3
Table 1 Compound No. 212 was prepared by a method analogous to
Examples 1 through 3. MS: m/e M+H = 523.5.

Biological Examples:
10 The inventive compounds can readily be evaluated to determine

activity at the CXCR3 receptors by known methods, such as, for example,
development of a human CXCR3 (N-delta 4) Binding Assay.
Cloning and expression of human CXCR3 (N-delta 4):
The DNA encoding human CXCR3 was cloned by PCR using human
15 genomic DNA (Promega, Madison, WI) as a template. The PCR primers were
designed based on the published sequence of human orphan receptor GPR9
(1) with incorporated restriction sites, a Kozak consensus sequence, CD8
leader and Flag tag. The PCR product was subcloned into the mammalian
expression vector pME18Sneo, a derivative of the SR-alpha expression vector
20 (designated as pME18Sneo-hCXCR3 (N-delta 4).
IL-3-dependent mouse pro-B cells Ba/F3 were transfected by
electroporation in 0.4 mi Dulbecco’s PBS containing 4 X 10° cells with 20 pg
of pME18Sneo-hCXCR3 (N-delta 4) plasmid DNA. Cells were pulsed at 400
Volts, 100 OHMs, 960 pFd. The transfected cells were under selection with 1
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selected from O, S or N, wherein ring D is unsubstituted or optionally substituted with 1-5
independently selected R20 moieties; the R20 moieties can be the same or different, each being
independently selected from the group consisting of H, alkyl, alkenyl, alkylaryl, alkynyl, alkoxy,
alkylamino, aﬁ?lﬁ‘fﬂ%’gpggxy, alkylheteroaryl, alkylthio, alkylsulfinyl, alkylsé%ﬁgﬁz,m%ﬁg%garbonyl,

aminoalkyl, amidinyl, ar , aralkenyl, aralkoxy, aralkoxycarb aralkylthia, aryl, aroyl, aryloxy,
cyano, cyclo%ﬁ&ﬂ'ééﬁiwﬁyfe? ﬂ%&g‘&ﬁaﬁ)ﬁm'ﬁﬂfﬁ%é\%mhg%ﬂl%ﬁ?ﬂg@%ogﬁﬁ&heteroaryl,
heterocyclyl cibatsresrel sopehedrfor AXGRB\smressianeh nipeciié indme IS |}- (B+12)gOH, -
(CH2)qOR 3%,&& @%HZ (g%@%ﬂ 3 -r(é@\lgN(Rm)z -(CH2)gC(=O)NHR31,

-(CH2)gS02 F‘ ?{cﬁQEFSO ,'-gqf(]%g HR31, -alkynylC(R31)20R31, -C(=0)R30,
-C(=0O)N(R30)2, -CRreprapation RE8a/RI-NCX SR Abdeltad)-mamsaneR30)2, -C(=0)OR30,
-N(R30)2, -N(R30)&(5 : — = - Z=NCN)N(R30)2,
NRIOCONR %@%é%ﬁ%%ﬁ@%ﬁc%%&%@i&%%@%&s%ﬁ?%w%ml J56
-N(R30)S(OyeRyEE)deddirbe lvsie bufley qortinjag-ERmid HEBER (pH0)S a8d231 (R),
OSO2AR3cahés™ (raas o ORI VP tbNe de7 009 adRifer dpmsiBk, Lo form a five or

six membered aryl, cycloalkyl, heterocyclyl, heterocyclenyl, or” heteroaryl ring wherein said five or six
membered am,'wmﬂlwhéiéﬁyc%nﬁaéw&é%l?@h@éﬁbrﬁﬁﬂg’f’im%g‘d to ring D and the
fused ring is jnptipamdN SHNSEIEIE Wike(rarREdnatrtalibsdhiRddrpisi e (Parihe same or
o lgsvambtt, Haine. (13 ssslsd wih 1-503 BoPof operon b e g 21o1en
alkyny!,8Ikol8s ' IL) PP U P g
ice. Large cellular debris was removed by centrifugation at 1,000 x g. Cell
membrane in the supematant was sedimented at 100,000 x g. The membrane
was resuspended in the lysis buffer supplemented with 10% sucrose and stored
at -80 °C. Total protein concentration of the membrane was determined by
15 BCA method from Pierce (Rockford, IL).
Human CXCRS3 {(N-delta 4) scintillation proximity assay (SPA) :
For each assay point, 2 ug of membrane was preincubated for 1 hr with
300 pg wheat germ agglutinin (WGA) coated SPA beads (Amersham, Arlington
Heights, IL) in the binding buffer (50 mM HEPES, 1 mM CaCl,, 5§ mM MgCl,,
20 125 mM NaCl, 0.002% NaNs, 1.0% BSA) at room temperature. The beads
were spun down, washed once, resuspended in the binding buffer and
transferred to a 96-well Isoplate (Wallac, Gaithersburg, MD). 25 pM of ['21]
IP-10 with tested compounds in a series of titration were added to start the
reaction. After 3 hr reaction at room temperature, the amount of ['2°] IP-10
25 bound to the SPA beads was determined with a Wallac 1450 Microbeta
counter.
The Ki ratings for the various compounds of the present invention are
given in the afore-mentioned Table 1. From these ratings and value ranges, it
would be apparent to the skilled artisan that the compounds of the invention
30 have excellent utility as CXCR3 receptor antagonists.
While the present invention has been describe in conjunction with the
specific embodiments set forth above, many alternatives, modifications and
variations thereof will be apparent to those of ordinary skill in the art. All such
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alkylamino, alkylthiocarboxy, alkylheteroaryl, alkylthio, alkylsulfinyl, alkylsulfonyl, alkoxycarbonyl,
aminoalkyl, amidinyl, aralkyl, aralkenyl, aralkoxy, aralkoxycarbonyl, aralkylthio, aryl, aroyl, aryloxy,
carboxamido, cyano, cycloalkyl, cycloalkenyl, formyl, guanidinyl, halogen, haloalkyl, heteroalkyl,
heteroaryl, h&&HYWO8AWeterocyclenyl, hydroxyalkyl, hydroxamate, nitro?frﬁﬂ%@ﬂ%&y, -
(CH2)qOH, -(CH2)gOR31, -éCHZ) NH2, -(CH2)gNHR31, -(CH2 gNﬁﬁ!Rs,l 2, -(CH2)gC(=O)NHR31,
-(CHz)gsozﬁlﬁr\a?@ﬁ%)gﬁ @%&gf,a%mﬁwﬁfﬁﬂéﬁf‘dsﬂgﬁi (Y %ﬁ'}EC(:O)Rso,
-C(=O)N(R3Qd Sebp 3PS prBséht-mihiidn)N(R30)2, -C(=NOR31 )N(R30)2, 30, 30
-N(R30)C(=0O)R31, -NHC(=0O)N(R30)2, -N(R30)C(=0)OR31, -N(R30)C(=NCN)N(R30)2,
-N(R30)C(=0O)N(R30)S02(R31), -N(R30)C(=0O)N(R30)2, -N(R30)S0O2(R31), -N(R30)S(0)2N(R30)2,
-OR30, -OC(=0)N(R30)2, -SR30, -SO2N(R30)2,-S02(R31), -OS0O2(R31) and -OSi(R30)3; Y is
selected from the group consisting of -(CR13R13)r-, -CHR13C(=0)-, -(CHR13)rO-, -(CHR13)r
N(R30)-, -C(=0)-, -C(=NR30)-, -C(=N-OR30)-, -CH(C(=O)NHR30)-, -CH-heteroaryl-,
-C(R13R13)rC(R13)=C(R13)-, -(CHR13)rC(=0)- and -(CHR13)rN(H)C(=0)-; the R13 moieties can be
the same or different, each being independently selected from the group consisting of H, alkyl,
alkylaryl, cycloalkyl, alkoxy, aryl, heteroaryl, heterocyclenyl, heterocyclyl, spiroalkyl, -CN, -C(=0O)R30,
-C(=O)N(R30)2, -(CHR30)gOH, -(CHR30)gOR31, -(CHR30)gNH2, -(CH R30)gNHR31,
-(CH2)gC(=O)NHR31, -(CH2)gS0O2R31, -(CH2)gNSO2R31, -(CH2)gSO2NHR31, -NH2, 158
106744-1 159 -N(R30)2, -N(R30)C(=O)N(R30)2, -N(R30)S02(R31), -OH, OR 30, -SO2N(R30)2, and
-S02(R31);
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the R30 moieties can be the same or different, each being independently selected from the group
consisting of H, alkyl, alkylaryl, aryl, aralkyl, cycloall% CN, -(CH2)gOH, -(CH2)gOalkyl,
-(CH2)gOalkylaryl, -(CH2)qOaryl, -(CH2)qOaralkyl, - éHZ)chycIoaIkyI, -(CH2)gNH2, -(CH2)gNHalkyl,
-(CH2)gN(alkylh)2, (CH2)gNHalkylaryl, -(CH2)gNHaryl, -(CH2)gNHaralkyl, -(CH2)gNHcycloalkyl,
-(CH2)gC(=Q)NhtallykidigH2)aC(=O)N(alkyl)2, -(CH2)gC(=O)NHalkylaryl, -(CH2)gC(=O)NHaryl,
-(CH2)qC(= O)NHaraIkyI CHZ:qC( O)NHcycIoaIkyI (CH2)gSOZaIkyI (CH2)qSOZalkyIaryI
-(CH2)gSO2hryl, -(199%8 ARYINd (6gy ci} 1 Shed) Blﬁgm‘élﬁﬁ -(CH2)gNSO2alkylaryl,
-(CH2)gNSO2aryl, -(CH2)gNSO2aralkyl, s CE28gNSO2cycloalkyl, -(CH2)gSO2NHalkyl,
-(CH2)gSO2NHalkylaryl, -(CH2)gSQ2Nk): ®)gSO2NHaralkyl, -(CH2)gSO2NHcycloalkyl,
heterocyclenyl, heterocyclyl, and heteroaryl; 31 moieties can be the same or different, each being
independently selected from the group comRSis mg I Iralkylaryl, aryl, aralkyl, cycloalkyl, -(CH2)gOH,

-(CH2)gOalkyl, -(CH2)gOalkylaryl, (CH2)qury T hgjlkyl -(CH2)gOcycloalkyl, -(CH2)gNH2,

-(CH2)gNHalkyl, -(CH2)gN(alkyl)2, (CH2)gNHaIkyIaryI gNHasyl, -(CH2)gNHaralkyl,
-(CH2)gNHcycloalkyl, -(CH2)gC(=O)NHalkyl, -(CH2)q(B(’:) )N , -(CH2)gC(=0O)NHalkylaryl,

-(CH2)gC(=O)NHaryl, -(CH2)qC(=0O)NHaralkyl, (g._Hr}% Q)NHcycIoalkyI -(CH2)gS02alkyl,
-(CH2)qS02alkylaryl, -(CH2)gSO2aryl, -(CH2)gSOZAFAYF ~(CH2)gSO2cycloalkyl, -(CH2)gNSO2alkyl,

(CHz)gNsaﬂaamlmyhaf(amizmms@m;aumn)gmsexaamm;dpf(@hmygmsozcyc|oa|ky|

-(CH2)gSO2NHalk (%)stggN ylaryl, -(CH2)gSO2NHaryl, -(CH2)gSO2NHaralkyl,
-(CH2)gSO2NHcyc oaﬁkyl cyclenyl, heterocyclyl, and heteroaryl; misOto4;

Xis N, O, alkyl, cycloalkyl, heteroaryl, heterocyclyl or heterocyclenyl;

R" and R? are independently absent or present, and if present each is
independently selected from the group consisting of H, alkyl, alkoxy, alkenyl,
carbonyl, cycloalkyl, cycloalkenyl, alkylaryl, arylalkyl, aryl, amino, alkylamino,
amidinyl, carboxamido, cyano, hydroxyl, urea, -N=CH, =NCN, -(CH2),0H,
-(CH2)q0R®", <(CH,)CF3, -(CH2)gNH2, -(CH2)qNHR®', -(CH2)qN(R®"),, -
(CH2)C(=0)NHR¥', (CH;),;SO,R*', -(CH2);NHSO,R*, -(CH,),SO,NHR?",
-C(=S)N(H)alkyl, -N(H)-S(O),-alkyl, -N(H)C(=O)N(H)-alkyl, -S(O)alkyl,
-S(O)2N(H)alkyl, -S(O)2N(alkyl)z, -S(O)qaryl, -C(=S)N(H)cycloalkyl,
-C(=O)N(H)NH,, -C(=0)alkyl, -heteroaryl, heterocyclyl, and heterocyclenyl,
fluorophenylmethylene, trifluoromethylphenylmethylene, cyanophenylmethylene,
difluorophenylmethylene, bromophenylmethylene, chlorophenylmethylene,
bromochlorophenylmethylene, fluorochlorophenylmethylene,
dichlorophenylmethylene, methoxylphenylmethylene, -CH,-cyclopropyl,
cyclohexylmethylene, aminooxadiazoyl, 5-methyl-isoxazolyl, chloropyridyl,

pyridylmethylene,

;‘f CH, H
¥ >

CHg

HsC CHs cl
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nis 0to 4; 159 106744-1 160 each q can be the same or different, each being independently selected
from 1 to 5; and r is 1 to 4; with the proviso that there_are no two adjacent double bonds in any ring, and
that when a nitrogen is substituted by two alkyl grou&g said two alkyl groups may be optionally joined to
each other to form a ring. 2. The compound according to Claim 1, wherein R1 and R2 are independently
absent or present, and if present each is independentlyselected from the group consisting of H, alkyl,
aryl, amino, alkoxy, hydroxy, cycloalkyl, cycloalker%dalkyl, amidinyl, carboxamido, heteroaryl,
heterocyclyl he cyclenyl urea, -S(O)2alkyl, -S(] )2N( H)aIkyI S(O}ZI\?('E\IkyI)Z and

epe ntI selected from the group consisting of H, alkylaryl,
H -(GH2)goeR31, -(C

~fCH2)gNHR31,
(CH2)gSOZR31 -( )gNH3§2R31, -(CH2)gSO2NHR31,
-(CH2)q amidinyl, cyclopropyl cyclopropylhydroxyl, cyclobutyl, cyclobutylhydroxy, cyclopentyl, and

cyclopentylhydroxy; and q is an integer fromt1 to 5. 4. The compound acgording to Claim 1, wherein R1
and R2 are independently absent orgresent, and if present each is independegtly selected from the

group consisting of IEL , fluorophe r )k
O
A,
H
Y

HN ﬁféd
CHs

Vs
- A AH éi@

, O 0 , and o

HaC

or alternatively when X is N, the N taken together with the R" and R? forms a
heterocyclyl, heteroaryl or -N=C(NH)y;

R? R* R®and R* moieties can be the same or different, each being
independently selected from the group consisting of H, alkyl, alkylaryl, aralkyl,
-CN, CF3, haloalkyl, cycloalkyl, halogen, hydroxyalkyl, -N=CH-(R®"),
-C(=0)N(R*®),, -N(R*?),, -OR¥®, -S0,(R*"), -N(R*)C(=0)N(R*), and
-N(R*)C(=0)R*";

R” and R® are the same or different, each being independently selected
from the group consisting of H, alkyl, alkylaryl, heteroaryl, hydroxyl, -CN, alkoxy,
alkylamino, -N(H)S(O),alkyl and —N(H)C(=O)N(H)alky!; or alternatively R’ and R®
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trifluoromethylphenylmethylene, indanyl, cyanophenylmethylene, difluorophenylmethylene,
bromophenylmethylene, chlorophenylmethylene, - CH20phenyl, cyclopentyl,
bromochlorophenylmethylene, fluorochlorophenyl ylene, dichlorophenylmethylene, phenylmethylene,
-(CH2)3phenyl, -CH2CF3, methoxylphenylmethylene, -CH(CH3)2, -C2H5, 160 106744-1 161

-CH2-cyclopramyh tégEtREFGHB, texclalisyymRifyieneh rYClaBoarle sBbWE BRRMABE 3.cE02-CH2-NH2,
-CH2CH20CH3 cyc R{r@_&; |soxazolyl oxadlazoyl amlnooxadlazoyl -CH2CH20H, -CH2CH20phenyl,

_CH2CH2CHZ, yaribaf oy N (Rl liscxadbigH) c@fé‘dﬁi&?k‘f#ﬂzcm)z _OCH3,
-NHC(= O)NH2 chImaW?Wo@frééyaaﬁtbalm@sa@{e@mmy@l@pr@mﬁ béHgMbiED éﬁab@

S(012CH SERIIEIBIE SRS Qs °§eé§%ybaés"’éﬁ§ aonene
-C(= NH)NHme@(oc‘mlleHyNIHetetbcy@lw(al)(yla(@l—lar)ﬂathwzdﬁﬂwﬂ:(hmmwalzﬂ -S(0)2CH2CF3,
S(O)2CF3, -EHAENROJZLERI S EHD FORC- IR QUHREN-©r ) Juti ) T BN F CH3 I
halogen, =0, and -C(=0)R*";
the R'" moieties can be the same or different, each being independently
selected from the group consisting of H, alkyl, cycloalkyl, aryl, heteroaryl,
heterocyclyl, heterocyclenyl, alkylaryl, arylalkyl, hydroxyalkyl, carboxamide,
CO2H, -(CH2)qOH, -(CH,)qOR*', -(CH,){NHR®' ~(CH,){N(R®"),, -OR*, halogen, =
0, and -C(=0)R*";
the R moieties can be the same or different, each being independently
selected from the group consisting of H, alkyl, -CN, -C(=0)N(R*°),, -(CH,),OH, -
(CH2);OR®", -(CH,){NHR?" -(CH,){N(R*"),, and -S(0,)R*";
D is a five to nine membered cycloalkyl, cycloalkenyl, aryl, heteroaryl,
heterocyclenyl or heterocyclyl ring having 0-4 heteroatoms independently
selected from O, S or N, wherein ring D is unsubstituted or optionally substituted
with 1-5 independently selected R* moieties;
the R* moieties can be the same or different, each being independently
selected from the group consisting of H, alkyl, alkenyl, alkylaryl, alkynyl, alkoxy,
alkylamino, alkylthiocarboxy, alkylheteroaryl, alkylthio, alkylsulfinyl, alkylsulfonyl,
alkoxycarbonyl, aminoalkyl, amidinyl, aralkyl, aralkenyl, aralkoxy,
aralkoxycarbonyl, aralkylthio, aryl, aroyl, aryloxy, cyano, cycloalkyl, cycloalkenyl,
formyl, guanidinyl, halogen, haloalkyl, heteroalkyl, heteroaryl, heterocyclyl,
heterocyclenyl, hydroxyalkyl, hydroxamate, nitro, trifluoromethoxy, -(CH,),OH, -
(CH2);OR®", -(CH2)qNH>, -(CH2)qNHR?", -(CH,){N(R*"),,
-(CH2)qC(=0)NHR?', -(CH;),SO,R*', -(CH2){NHSO,R*', -(CH;);SO,NHR?',
-alkynylC(R*"),0R*!, -C(=0)R¥®, -C(=0)N(R*®),, -C(=NR**)NHR?’, -
C(=NOH)N(R*),, -C(=NOR*"N(R®),, -C(=0)OR¥®, -N(R*),, -N(R**)C(=0)R*",
-NHC(=0)N(R¥®),, -N(R¥*)C(=0)OR*, -N(R*)C(=NCN)N(R*),,
-N(R*)C(=0)N(R*)SO5(R*), -N(R*)C(=0)N(R™),, -N(R*)SO»(R™),
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OOFNO CI/J HION/HNNH H3CHCH3161 106744-1 162 41\JN N/o4 (//NNH NHH3CN N
HH4 HNO-P_Cz~N=CH Ooo,and F\O /N 8or when X is N, the N taken together with the R1
and R2 to which X is shown H2N ~N

-N(R*)S(0),N(R*),, -OR¥®, -OC(=0)N(R*®),, -SR*, -SO,N(R*®), -SO,(R*"),
-0S0,(R*), and -0Si(R*)s; or alternatively two R* moieties are linked together
to form a five or six membered aryl, cycloalkyl, heterocyclyl, heterocyclenyl, or
heteroaryl ring wherein said five or six membered aryl, cycloalkyl, heterocyclyl,
heterocyclenyl, or heteroaryl ring is fused to ring D and the fused ring is
optionally substituted with 0-4 R*' moieties;

the R?' moieties can be the same or different, each being independently
selected from the group consisting of H, alkyl, alkenyl, alkylaryl, alkynyl, alkoxy,
alkylamino, alkylthiocarboxy, alkylheteroaryl, alkylthio, alkylsulfinyl, alkylsulfonyl,
alkoxycarbonyl, aminoalkyl, amidinyl, aralkyl, aralkenyl, aralkoxy,
aralkoxycarbonyl, aralkylthio, aryl, aroyl, aryloxy, carboxamido, cyano, cycloalkyl,
cycloalkenyl, formyl, guanidinyl, halogen, haloalkyl, heteroalkyl, heteroaryl,
heterocyclyl, heterocyclenyl, hydroxyalkyl, hydroxamate, nitro, trifluoromethoxy, -
(CH2)qOH, -(CH2);0R*', -(CH2)qNH>, -(CH);NHR?',

-(CH2)qN(R®"),, -(CH2),C(=O)NHR?®", -(CH,),SO2,R*', -(CH),NSO,R*",
-(CH,)qSO.NHR?¥, -alkynylC(R*'),OR®', -C(=0)R*, -C(=0)N(R%®),,
-C(=NR*)NHR™®, -C(=NOH)N(R*),, -C(=NOR>*")N(R¥®),, -C(=0)OR?’, -N(R*),,
-N(R*)C(=0)R®!, -NHC(=O)N(R),, -N(R**)C(=0)OR*",
-N(R*)C(=NCN)N(R*),, -N(R**)C(=0)N(R**)S02(R*"), -N(R**)C(=0)N(R*®),,
-N(R*)S0,(R?*"), -N(R**)S(0),N(R*),, -OR*, -OC(=0)N(R*),, -SR*,
-SO,N(R®), -S0,(R*"), -0S0,(R*"), and -0OSi(R*)s;

Y is selected from the group consisting of -(CR™R'?), -, -CHR"*C(=0)-,
-(CHR™),0-, -(CHR™);N(R*)-, -C(=0)-, -C(=NR*)-, -C(=N-OR¥®)-,
-CH(C(=0)NHR>)-, -CH-heteroaryl-, -C(R"*R"),C(R"®)=C(R")-, -(CHR"),C(=0)-
and -(CHR™),N(H)C(=0)-;

the R'® moieties can be the same or different, each being independently
selected from the group consisting of H, alkyl, alkylaryl, cycloalkyl, alkoxy, aryl,
heteroaryl, heterocyclenyl, heterocyclyl, spiroalkyl, -CN, -C(=0)R*, -C(=0)N(R*),,
-(CHR*®),OH, -(CHR*),OR?", -(CHR*);NH, -(CH R¥*);NHR?',
-(CH2)qC(=0)NHR¥', -(CH;),SO,R*, -(CH2);NSO;R?", -(CH,),SO.NHR®!, -NH_,
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attached, forms an aziridine, an azetidine, a piperidine or H2N 5. The compound according to Claim 1,
wherein R1 and R2 are independently absent or pr(f nt, and if present each is independently selected
from the group consisting of H, -CH3, -C2H5, difluo §§1enylmethylene, cyclopropyl,
dichlorophenylmethylene, -CH(CH3)2, cyclohexylmethylene, cyclohexyl, isoxazolyl, oxadiazoyl,

aminooxadiargrYyuamRAGIY - CONFEHZAR(R CISeERTYCHR) S RECHNNRgpErRy !
-C(=O)N(H)C2H5, -(=O)N(H)CH2CF3, -C(=O)N(H)CH(CH3)2,-C(=O)N(H)C(CH3)3,

-C(=S)N(H)cyefdptBpyl, -C(=0)NH2, -C(=0)N(H)CH3, -S(0)2CH3, -S(O)2N(CH3)2, -S(O)2CH2CHS3,
-C(=0)CHS3, -S(O)2(eHD2abidtice (G4 NEHHy clofrxyt diffdrdit) Bldh, beirPNehdHdanthjazolyl, 162
106744-1 163 CH3CNHJINNN FHH2N CH3OO NIN ONHH3C ~-HNN H3CCH3H O
selected from the group consisting of H, alkyl, alkylaryl, aryl, aralkyl, cycloalkyl,
CN, -(CH2)OH, -(CHy)qOalkyl, -(CH2),Oalkylaryl, -(CHz)qOaryl, -(CH,)Oaralkyl, -
(CHa)qOcycloalkyl, -(CH2)qNH2, -(CH2){NHalkyl, -(CH2)qN(alkyl),, -
(CHa)qNHalkylaryl, -(CH,),NHaryl, -(CH,)qNHaralkyl, -(CH,);NHcycloalkyl,
-(CH2)4C(=0)NHalkyl, -(CH2)qC(=0)N(alkyl),, -(CH2),C(=O)NHalkylaryl,
-(CH2)4C(=0O)NHaryl, -(CH>),C(=O)NHaralkyl, -(CH2),C(=O)NHcycloalkyl,
-(CH2)qS0salkyl, -(CH2),SO2alkylaryl, -(CHz)qSO.aryl, -(CHz),SOzaralkyl,
-(CH2){SO.cycloalkyl, -(CH,)qNSO.alkyl, -(CH2)NSOsalkylaryl,
-(CH2)qNSO2aryl, ~(CH2){NSO,aralkyl, -(CHz){NSO.cycloalkyl,
~(CH2)qSO2NHalkyl, -(CH,)qSO,NHalkylaryl, -(CH);SO.NHaryl,
-(CH.)4SO2>NHaralkyl, -(CH2)qSO2NHcycloalkyl, heterocyclenyl, heterocyclyl, and
heteroaryl,
the R*' moieties can be the same or different, each being independently
selected from the group consisting of alkyl, alkylaryl, aryl, aralkyl, cycloalkyl,
-(CH2)qOH, ~(CHz),Oalkyl, -(CHz),Oalkylaryl, -(CHz)qOaryl, -(CHz);Oaralkyl,
-(CHz)4Ocycloalkyl, -(CHz)qNHa, -(CH2)qNHalkyl, -(CH2),N(alkyl).,
-(CH2)qNHalkylaryl, -(CHz)qNHaryl, -(CH;)qNHaralkyl, -(CH2);NHcycloalkyl,
~(CH2)qC(=O)NHalkyl, -(CH2)qC(=O)N(alkyl), -(CH2)qC(=O)NHalkylaryl,
-(CH2)4C(=0O)NHaryl, -(CH>),C(=O)NHaralkyl, -(CH2),C(=O)NHcycloalkyl,
-(CH2)qSOzalkyl, -(CHz);SOsalkylaryl, (CH2)qSOzaryl, -(CH2),SOaralkyl,
-(CH2){SO.cycloalkyl, -(CH2)qNSO-alkyl, -(CH2)NSOsalkylaryl,
-(CH2)qNSOzaryl, -(CH2)qNSO»aralkyl, -(CH2)sNSO,cycloalkyl,
~(CH2)qSO2NHalkyl, -(CH,)qSO,NHalkylaryl, -(CH);SO.NHaryl,
-(CH2)qSO2NHaralkyl, -(CH2);SO2.NHcycloalkyl, heterocyclenyl, heterocyclyl, and
heteroaryl,
mis 0 to 4,
nis 0 to 4,
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N F OF\NHO and NH---I~/ 6. The compound according to Claim 1, wherein X is selected from the
group consisting of N, 0, -CH3, -CH2-, -CH, -CHZCJ%% -CH2CN, -NH2, cyclopropyl, N N C and H 7. The
compound according to Claim 6, wherein X is N or 0.8. The compound according to Claim 7, wherein X
is N. 9. The compound according to Claim 1, wherein Z is N or C(R29). 163 106744-1 164 10. The

compound accordingih Glain Bewhereimé isrNifldrehhesaemBeiflingepetingiaydaigtbgvherein Z is
C(H), C(alkyl), Cgl(%cl)gen), C(CF3) or C(N(R30)2) 12. The compound according to Claim 11, wherein Z is

C(alkyl), C(FJIP 298 The compound according to Claim 1, wherein R3 is selected from the
group consisting ofHs aliylahaloalkyl, hydroxyalkyl, halogen, -N(R30)2, -OR30 and -CF3. 14. The
compound according to Claim 1, wherein R3 is selected from the 8roup consisting of H, -CH3, -CH2CH3,
cyclopropyl, -F, with the proviso that there are no two adjacent double bonds in"any ring,

and that when a nitrogen is substituted by two alkyl groups, said two alkyl groups

may be optionally joined to each other to form a ring.

2. The compound according to Claim 1, wherein R" and R? are
independently absent or present, and if present each is independently selected
from the group consisting of H, alkyl, aryl, amino, alkoxy, hydroxy, cycloalkyl,
cycloalkenyl, arylalkyl, amidinyl, carboxamido, heteroaryl, heterocyclyl,
heterocyclenyl, urea, -S(O)alkyl, -S(O),N(H)alkyl, -S(O),N(alkyl)., and
-C(=S)N(H)cycloalkyl.

3.  The compound according to Claim 1, wherein R" and R? are
independently absent or present, and if present each is independently selected
from the group consisting of H, alkylaryl, aryl, heteroaryl, -(CH),CFs3,

-(CH2)qOH, ~(CH2);0R®!, -(CH2)qNH2, -(CH2);NHR®', ~(CH2),N(R*"),,
-(CH2)qC(=0)NHR?', -(CH;),SO,R*!, -(CH2);NHSO,R*', -(CH;);SO,NHR?",
-(CH2)q-amidinyl, cyclopropyl, cyclopropylhydroxyl, cyclobutyl, cyclobutylhydroxy,
cyclopentyl, and cyclopentylhydroxy; and

g is an integer from 1 to 5.

4.  The compound according to Claim 1, wherein R" and R? are
independently absent or present, and if present each is independently selected
from the group consisting of H, -CHjs, fluorophenylmethylene,
trifluoromethylphenylmethylene, indanyl, cyanophenylmethylene,
difluorophenylmethylene, bromophenylmethylene, chlorophenylmethylene,
-CH,CH,Ophenyl, cyclopentyl, bromochlorophenylmethylene,
fluorochlorophenylmethylene, dichlorophenylmethylene, phenylmethylene,
-(CHz)sphenyl, -CH,CF3, methoxylphenylmethylene, -CH(CHs),, -C,Hs,
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-Cl, OCH3, OCF3 and CF3. 15. The compound according to claim 1, wherein R4 is selected from the
group consisting of H, alkyl, hydroxyalkyl, halogen, 30, or CF3. 16. The compound according to Claim
1, wherein R6 is selected from the group consistin(j) H, alkyl, halogen, hydroxyalkyl, -CN, -N(R30)2,
-OR30, -N=CH-alkyl, and -NR30C(=0)alkyl. 17. The compound according to Claim 16, wherein R6 is

selected fromghe- G Qopreppsistod 9t s I\&%b@ﬁm@ﬂ.ﬁ@@qe&g@oﬂ'@@pmpound according to Claim

1, wherein R7 and R8 are the same or dlfferent each bel independently selected from the group

consisting oft2{95eele. 1otz (@ M@F)‘f Ayl CLORIORYN (BG26@S1alky!, and 164

106744-1 1&5@6@71335»wm&a&mw,@HQ@H@Wem&a@@a&memg@mcwyh the carbon
atoms to which they are shown attached is -C=0-, -C= N(OAIkzo)d_&%_mlg 19. The compound according

to Claim 1, viNetein RN MRe ARV @ et iRt obdc b'é%@ﬁ%ly Q&ttared from the

group consisiigEHd) NQIZ-I?Gm@ﬁ;I)p@hﬂ I @Y ﬁﬁ\éqwaﬁean@@mmmggmpywth the carbon atom to
which R7 and R8 are attéé:hed is 0 NOH NH NI ( CH3 N/C 20. The compound according to Claim 1,

wherein R7 agﬁ' Q@W’é Els I—F%(r QI)LQI(IITQ Ry a%l IZQFP?G er with the carbon atom to which

R7 and R8 agz-a8ipetreytsiopropyl, -C(=O)NH,, -C(=O)N(H)CHs, -S(0),CHs, -S(0)N(CHs).,
-S(0),CH,CHa, -C(=0)CHs, -S(0),(CHz)oCHs, -C(=O)N(H)cyclohexyl,
_C(=NH)NH, -C(=0)N(H)NHa, -C(=O)N(H)CH(CHs),, thiazolyl, -C(=O)N(CHs)s
-S(0).CH,CF3, -S(0O)2CF3, -CH2,CH(OCH2CH3)a,

L oo

. -
‘ | N‘
%/\/E, F%F/\ H)\f | HZN/K ;; |

CHs
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O NH NOH 1ZZ and 21. The compound according to Claim 1, wherein R10 is selected from the group
consisting of H, alkyl, aralkyl, hydroxyalkyl, and carti% [. 22. The compound according to Claim 21,
wherein R10 is selected from the group consisting of “CH3, -CH2CH3 and -CH2CH2CH3, and mis O - 2.
165 106744-1 166 23. The compound according to Claim 1, wherein R" is selected from the group
consisting of H, alkyl, hydroxyalkyl and carbenyl. 24. 3he compound according to Claim 23, wherein R" is
H or -CH3. 25. The compound according t&éﬂm 1, \wherein R12 is selected from the group consisting
of H, CN, -C(=0O)N(R30)2 and alkyl. 26. The comp ageording to Claim 25, wherein R12 is selected
from the group consisting of H, - , CN and -GH2CH3: 27. The compound according to Claim 1,
wherein the ring atoms of ring DA&re indep tly C or N and ubstiyted by independently selected 0-4
R20 moieties. 28. The compound according to C im 1, wher€in ring D is a 5 to 6 membered aryl,
heteroaryl, heterocyclenyl, or eterocyclyl ring an ubstltuted y_ind pendently selected 0-4 R20
moieties. 29. The cosfipoun mg to Claim 1 herein the RZ0 mo s can be the same or
different, each being indeﬁende y selected from group consisting of , alkyl, alkylaryl, alkynyl,
alkoxy, alkylamino, aIktheteroaryI alkylsulfinyl, alkoxycarbbnyl, aminoalkyl,’amidinyl, aralkyl, aralkoxy,

aryl, aryloxy, cyano, cycloalkyl, aIke:Jxl, halogen, haloalkyl, heteroalkyl, heteroaryl, heterocyclyl,
H
o N
Hg___*<:\____ o
_C -
g—N=CH
0 , O o , , and

L,

or when X is N, the N taken together with the R' and R? to which X is shown
H,N

P

5. The compound according to Claim 1, wherein R" and R? are

attached, forms an aziridine, an azetidine, a piperidine or HzN

independently absent or present, and if present each is independently selected
from the group consisting of H, -CHj3;, -C,Hs, difluorophenylmethylene,
cyclopropyl, dichlorophenylmethylene, -CH(CHs),, cyclohexylmethylene,
cyclohexyl, isoxazolyl, oxadiazoyl, aminooxadiazoyl, difluorophenyl, -CH,CH,OH,
-CH,CH2N(CHs))2, -C(=O)N(H)cyclopropyl, -C(=O)N(H)C2Hs,
-C(=0)N(H)CHCF3, -C(=0)N(H)CH(CHzs),, -C(=0)N(H)C(CHs)s,
-C(=S)N(H)cyclopropyl, -C(=O)NH,, -C(=O)N(H)CHs, -S(0O),CHs, -S(O)2N(CHs),,
-S(0)2CH,CH3, -C(=0)CHs, -S(0O)2(CH3)2CHj3, -C(=O)N(H)cyclohexyl,
-C(=NH)NH;, -C(=O)N(H)NH_, thiazolyl,
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hydroxyalkyl, trifluoromethyl, trifluoromethoxy, -(CH2)qOR 31, -(CH2)gNHR31, - (CH2)gC(=O)NHR31
-(CH2)gSO2R31, -(CH2)gNSO2R31, -(CH2)gSO2NHR31, -alkynylC(R31)20R31, -C(=0O)R30,
-C(=0O)N(R30)2, -C(=O)OR30, -N(R30)2, -N(R30)Ca— )R31, -NHC(=0O)N(R30)2, -N(R30)C(=0)OR31,
-N(R30)C(=NCN)N(R30)2, -N(R30)C(=0O)N(R30)2, -N(R30)S02(R31), -N(R30)S02N(R30)2, -OR30,
-OC(=0)N(R30)2, -SR30, -S02N(R30)2, -S02(R31), -OSO2(R34) and -OSi(R30)3. 166 106744-1 167
30. The compound according tozlaim 1, wherein the R20 ;nq%es can be the same or different, each
being independently selected.fram the group consisting ofH, alkyl, amino, halag%'?l\, CN, CH3, CF3,
OCF3, -(CH2)gOR31, 4CH2)gNHR31, -(CH2)gC(=0O)NHRB1, -(CH2)gSO2Rj31, -(CH2)gNSO2R31,
-(CH2)gSO2NHR31f -alkynyIC(R31)20R31, -C(=O0)R30 =Q)OR30, -N(R380)2, -N(R30)C(=0O)R31,
-NHC(=0)N(R30)2, tN(R30)C(=0)OR31, 30)C(=NCN)N(R30)2, -N'(l 0)C(=®O)N(R30)2, -OR30,
-OC(=0O)N(R30)2, and. -0802(R31) 31. The compound according to 51aim 1, wherein two R20 moieties
are linked together to form a five or six membered aryl, cycloalkyl, heterocyclenyl, 'heterocyclyl or
heteroaryl ring wherein said five or six membered aryl, cycloalkyl, heterocyclenyl, heterocyclyl, and
heteroaryl ring is fused to ring D and the fused ring is optionally substituted with O to 4 R21 moieties. 32.
The compound according to Claim 1, wherein the R20 moieties can be the same or different, each being
independently selected from the group consisting ofH, -CN, -CH3, -CF3, -CH20},-CO2H, -CO2CHS3,
-NH2, -NHCH3, -OCF3, -G, F, C}Y Br, -C(=NOH)NXH2, -OCMZCHZS(OZ)CHB%)NHZ,

N=—

)J\g{ G )N|\f

Iz

e " s
AL
L7

F

NH )T\
, and NH ;‘f .
6. The compound according to Claim 1, wherein X is selected from the group

consisting of N, O, -CHj3, -CHa-, -CH, -CH,CHj3;, -CH2CN, -NH, cyclopropyl,

rh, D

7. The compound according to Claim 6, wherein X is N or O.
8. The compound according to Claim 7, wherein X is N.
9. The compound according to Claim 1, wherein Z is N or C(R?).
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HN_~INININ~5\ NN/Nand N CH3. 33. The compound according to Claim 1, wherein Y is selected
from the group consisting of: -(CHR13)r-, -(CR13Rj ) -C(=0)- and -CHR13C(=0)-. 34. The compound
according to Claim 1, wherein Y is selected from th %‘}oup consisting of: -CH2-, - CH(CH3)-,
-CH(CH20H)-, and -C(=0)-. 35. The compound according to Claim 1, wherein m is 0-3. 167 106744-1
168 36. The compound according to Claim 1, wherein n is 0-2. 37. The compound according to Claim 1,
wherein g is 1, 2 or_3. 38. The compound according to Claim 1, wherein ris 1 or 2. 39. The compound

according to Eraim 1hG rerpeynd Reerdineiaikne B )VBREINA2S: X is N: R1 and R2 are

independently absent or present, and if present each is independently selected from the group consisting
of H, alkylaryl, aryl,_heteroaryl, -(CH2)gCF3, -(CH2)gOH, -(CH2)gOR31 -(CH2?gNH2, -(CH2)gNHR31,
-(CH2)q N(RB)2, -T@ﬁfﬁb?%?ﬁﬁ%ﬂ?@?)&éﬁﬂ?@sﬂhwﬁ%&ﬁ%bﬂﬁ KYi¢H2)gSO2NHR31,

-(CH2)q amidimaisystop ot syt arogyiPygroxyl, cyclobutyl, cyclobutylhydroxy, cyclopentyl, and
cyclopentylhydroxy; R3 is selected from the group consisting of H, alkyl, haloalkyl, hydroxyalkyl, halogen,
-N(R30)2, -OR30 and -CF3;

12. The compound according to Claim 11, wherein Z is C(alkyl), C(F) or
C(NHy).

13.  The compound according to Claim 1, wherein R is selected from the
group consisting of H, alkyl, haloalkyl, hydroxyalkyl, halogen, -N(R3O)2, -OR*® and
-CFs;.

14.  The compound according to Claim 1, wherein R is selected from the
group consisting of H, -CHj3, -CH,CH3, cyclopropyl, -F,
-Cl, OCH3;, OCF3; and CFs.

15.  The compound according to claim 1, wherein R* is selected from the

group consisting of H, alkyl, hydroxyalkyl, halogen, OR*®, or CFs.

16.  The compound according to Claim 1, wherein R® is selected from the
group consisting of H, alkyl, halogen, hydroxyalkyl, -CN, -N(R*),,
-OR*®, -N=CH-alkyl, and —=NR>*°C(=0)alkyl.

17.  The compound according to Claim 16, wherein R® is selected from the

group consisting of H, -NH5, -CHj3, -CN and -F.

18.  The compound according to Claim 1, wherein R” and R® are the same or
different, each being independently selected from the group consisting of H, —
(CH2)qOH, ~(CHy)4Oalkyl, -(CH2)qN(H)-alkyl, -(CH2);N(H)-S(O),alkyl, and
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R4 is selected from the group consisting of H, alkyl, haloalkyl, hydroxyalkyl, halogen, -N(R30)2, -OR30
and -CF3; R6 is selected from the group consisting {)é%l alkyl, halogen, hydroxyalkyl, -CN, -N(R30)2,
-OR30, -N=CH-alkyl, and -NR30C(=0)alkyl; R7 and together with the carbon atom to which they are
shown attached is selected from the group consisting of -C=0-, -C=S-, -C=N(H)-, -C=N(OH)-, and
-C=N(Oalkyl)CR1Q g sglected (rnmKite araupreamsishing odmd Rikyhkaraliigetheh orratiid, and carbonyl;

R11 is selected from the group consisting of H, alkyl, hydroxyalkyl, and carbonyl; R12 is selected from
the group coFRiBRRPHITS ENVIEE-BRYREDFIANE 2fidANGB4S 106744-1 169 ring D is a 5 to 6 membered
aryl, heteroangk-peteaneB ARy DL, hetaragyclyl ring and substituted by 0-4 R20 moieties; the R20 moieties
can be the same or different, each being independently selected from the group consisting of H, alkyl,
amino, halogen, CN, CH3, CF3, OCF3, -(CH2)gOR31, -(CH2)gNHR31, -(CH2)gC(=O)NHR31,

-(CH2)gSO2R81, - thE28NSIAR 3deof@ihg eSIO2NHR Whepdky R GRBRI2ZHPREHe GFOIR30,
-C(=0)OR30 -N(R30)2, -Ngé_sox;(:O)R:-;l, “NHC(=O)N(R30)2, N(R30)C(=0)OR31

‘N(R30)C(=NERIRTR S HelRGHiEqRetRA05EIERITBHESIRIRSHBSIFHIRG Of (s 5\

-CHs, and —OH; or alternatively R’ and R® taken together with the carbon atom to

which R” and R® are attached, is

O

Y &

NH N//\\CH3 N

20.  The compound according to Claim 1, wherein R” and R® are each H; or
alternatively R’ and R® taken together with the carbon atom to which R’ and R®
are attached, is

NH NOH

Y Y ey

21.  The compound according to Claim 1, wherein R is selected from the

group consisting of H, alkyl, aralkyl, hydroxyalkyl, and carbonyl.

22.  The compound according to Claim 21, wherein R is selected from the
group consisting of -CH3, —-CH,CH3; and —CH,CH,CH3, and m is O - 2.
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N /1IN CH3, and -OSO2(R31) Y is selected from the group consisting of: -CH2-, -CH(CH3)-,
-CH(CH20H)-, and -C(=0)-; mis 0-2; nis 0-2;qis 1.ar 2; and ris 1 or 2. 40. The compound according
to Claim 1, represented by structural Formula 2, Formula 3, Formula 4 or Formula 5: 169 106744-1 170
R7RaR3 R1IR2N TII (R1) mR6 N N Iv~R71J~Y '-(R20)n 00 Formula2 OR3 12 R RN " (R70).

R6 NN ~N/2R713The compound according to Claim 1, wherein R"" is selected from the
group consisting of H, alkyl, hydroxyalkyl and carbonyl.

24.  The compound according to Claim 23, wherein R'" is H or -CHs.

25.  The compound according to Claim 1, wherein R'? is selected from the
group consisting of H, CN, -C(=0)N(R*), and alkyl.

26. The compound according to Claim 25, wherein R'? is selected from the
group consisting of H, -CH3, CN and -CH,CHzs.

27.  The compound according to Claim 1, wherein the ring atoms of ring D are
independently C or N and substituted by independently selected 0-4 R

moieties.

28. The compound according to Claim 1, wherein ring D is a 5 to 6 membered
aryl, heteroaryl, heterocyclenyl, or heterocyclyl ring and substituted by

independently selected 0-4 R* moieties.

29. The compound according to Claim 1, wherein the R* moieties can be the
same or different, each being independently selected from the group consisting
of H, alkyl, alkylaryl, alkynyl, alkoxy, alkylamino, alkylheteroaryl, alkylsulfinyl,
alkoxycarbonyl, aminoalkyl, amidinyl, aralkyl, aralkoxy, aryl, aryloxy, cyano,
cycloalkyl, cycloalkenyl, halogen, haloalkyl, heteroalkyl, heteroaryl, heterocyclyl,
hydroxyalkyl, trifluoromethyl, trifluoromethoxy, -(CH,);OR?", -(CH,),NHR®', -
(CH.)sC(=0)NHR?,

-(CH2)sSO2R?", -(CH,){NSO,R*', -(CH;);SO,NHR?", -alkynylC(R*'),OR*",
-C(=0)R%®, -C(=0)N(R¥),, -C(=0)OR™, -N(R¥),, -N(R¥*)C(=0)R*,
-NHC(=0)N(R¥®),, -N(R*)C(=0)OR*, -N(R*)C(=NCN)N(R*),,
-N(R*)C(=0)N(R*®),, -N(R¥*)SO,(R*"), -N(R*)SO,N(R*),, -OR™*,
-OC(=0)N(R¥®),, -SR*, -SO,N(R*), -SO,(R*"), -0S0,(R*"), and -0Si(R*)s.
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'S _(R20)a N Formula3 R13 O R2R1 N NH IR3 I~ (R70)m R6 N N VN ~1 R11)/(R2)a N1 Formula 4
R13 R7 R8 R2ZRIN><NH I RsI/1'1 (R70). R6 N N~~~ R11 N 1 IrfjP (R20)a v N" Formula 5 R13 or a
pharmaceutically acceptable salt, or ester thereof, vmgrein: R1 and R2 are independently absent or
present, and if present each is independently selected from the group consisting of H, -CH3,
fluorophenylmethylene, trifluoromethylphenylmethylene, indanyl, cyanophenylmethylene,

difluorophenylmethylene, bromophenylmethylene, chlorophenylmethylene, -CH2CH20phenyl,
cyclopentyl, XnQromo h%WﬁWéﬁ%ﬁg‘,gl%g%r%p‘ﬁ@ﬁfﬁﬂﬁéﬂ@lén%ﬁﬂ@“ﬁ%@?ﬁzp? {2

same or different, each being independently selected from the group consisting
of H, alkyl, amino, halogen, CN, CH3, CF3, OCFs3,

-(CH2);0OR¥, -(CH,)qNHR?", -(CH,),C(=0)NHR?', -(CH,),SO;R*",
-(CH2);NSO,R?!, -(CH,),SO,NHR*, -alkynylC(R*'),0R*', -C(=O)R*,
-C(=0)OR™, -N(R¥),, -N(R*)C(=0)R*', -NHC(=0)N(R*),, -N(R**)C(=0)OR*",
-N(R*)C(=NCN)N(R*®),, -N(R*)C(=0)N(R*),, -OR*, -OC(=0)N(R*’),, and
-0SO,(R*).

31.  The compound according to Claim 1, wherein two R?’ moieties are linked
together to form a five or six membered aryl, cycloalkyl, heterocyclenyl,

heterocyclyl or heteroaryl ring wherein said five or six membered aryl, cycloalkyl,
heterocyclenyl, heterocyclyl, and heteroaryl ring is fused to ring D and the fused

ring is optionally substituted with 0 to 4 R*' moieties.

32.  The compound according to Claim 1, wherein the R* moieties can be the

same or different, each being independently selected from the group consisting

of H, -CN, -CHj3, -CF3, -CH,OH, -CO3H, -CO,CH3;, -NH,,

-NHCH3, -OCF3, -OH, F, CI, Br, -C(=NOH)NH,, -OCH;CH,S(0O2)CH3;, -C(=O)NH,,
H

N=~_
—( (<
N
3 —N
S = \N/N and N e

33. The compound according to Claim 1, wherein Y is selected from the group
consisting of: -(CHR™), -, (CR"™R"), -, -C(=0)- and -CHR'*C(=0)-.

3.

34. The compound according to Claim 1, wherein Y is selected from the group
consisting of: -CHa-, - CH(CHj3)-, -CH(CH,OH)-, and -C(=0)-.
35. The compound according to Claim 1, wherein m is 0-3.
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dichlorophenylmethylene, phenylmethylene, -(CH2)3phenyl, -CH2CF3, methoxylphenylmethylene,
-CH(CH3)2, -C2H5, -CH2-cyclopropyl, -(CH2)2C:H31 clohexylmethylene, cyclohexyl,
-CH2CH2S02CH3, -CH2-CH2-NH2, -CH2CH20CHS; cyclopropyl, isoxazolyl, -CH2CH20H,
-CH2CH20phenyl, -CH2CH2CH3, -NH2, -(CH2)2NH2, pyrazolyl, 5-methyl-isoxazolyl,
-CH2CH(OCH2CH3)2, -OCH3, -NHC(=0O)NH2, chloropyridyl, pyridylmethylene, -C(=O)NHcyclopropyl,
-C(=O)N(H)C2HS5, -C(=O)N(H)CH2CF3, -_C(zO)N(H)CéCHS)S,,-C(:_S)N H)cyclopropyl, -C(=O)NH2,
-C(=O)N(H)CRA3, -$(16)2¢NROUSHRNRHEINS) L Dot MBCIRIN IEEBEH3S, -S(0)2(CH2)2CH3,
-C(=0O)N(H)cyclohexyl, -C(=NH)NH2, -C(=O)N(H)NH2, -C(=O)N(H)CH(CH3)2, thiazolyl,
-C(=O)N(CH3)2,-S(0)2CH2CF3, -S(0O)2CF3, -CH2§3H90CH2CH3)2, CH3 CH3HH3CCH3CI/CN F.
¢/, F F H H2R'F CH3'R COBPR\é Accqrding ie Slaim! hess fipk H3ES B CH3

38. The compound according to Claim 1, wherein ris 1 or 2.

39. The compound according to Claim 1, wherein Z is N, C(H), C(alkyl), C(F)
or C(NHy);

Xis N;

R" and R? are independently absent or present, and if present each is
independently selected from the group consisting of H, alkylaryl, aryl, heteroaryl,
-(CH2)qCF3, -(CH2)qOH, -(CH2),0R®, -(CH2)qNH2, -(CH2);NHR®',
-(CH2)¢-N(R*"),, -(CH2),C(=0)NHR?", -(CH,),SO;R*", -(CH,){NHSO,R®", -
(CH2);SO2NHR?', -(CH,),-amidinyl, cyclopropyl, cyclopropylhydroxyl, cyclobutyl,
cyclobutylhydroxy, cyclopentyl, and cyclopentylhydroxy;

R? is selected from the group consisting of H, alkyl, haloalkyl,
hydroxyalkyl, halogen, -N(R*), -OR* and -CF3;

R* is selected from the group consisting of H, alkyl, haloalkyl,
hydroxyalkyl, halogen, -N(R*), -OR*® and -CFs3;

R® is selected from the group consisting of H, alkyl, halogen, hydroxyalkyl,
-CN, -N(R*®),, -OR*, -N=CH-alkyl, and -NR*C(=0)alkyl;

R’ and R® together with the carbon atom to which they are shown
attached is selected from the group consisting of -C=0-, -C=S-, -C=N(H)-,
-C=N(OH)-, and -C=N(Oalkyl)-;

R is selected from the group consisting of H, alkyl, aralkyl, hydroxyalkyl,
and carbonyl;

R is selected from the group consisting of H, alkyl, hydroxyalkyl, and
carbonyl,

R'? is selected from the group consisting of H, CN, -C(=0)N(R*’), and
alkyl;
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171 106744-1172 koN /No4 (//NNH NH H3CN NHH N /HO-Pz~N=CH O0oo,and F\O /
NHI/; or when X is N, the N taken together with the mand R2 to which X is shown H2N attached, forms
an azetidine, a piperidine or H2N R3 is selected fro e group consisting of H, -CH3, -CH2CH3,

cyclopropyl, -F, -Cl, OCH3, OCF3 and CF3; R10 is selected from the group consisting of H, alkyl, aralkyl,

hydroxyalkyl, ring D is a 5 to 6 membered aryl, heteroaryl, heterocyclenyl, or

heterocyclyl ring and substituted by 0-4 R* moieties;
the R?° moieties can be the same or different, each being independently

selected from the group consisting of H, alkyl, amino, halogen, CN, CHjs, CFs3,
OCF3, -(CH,)OR?", -(CH,){NHR?!, -(CH,),C(=0)NHR®!, -(CH,),SO.R*", -
(CH2)NSO,R?!, -(CH2),SO,NHR?¥, -alkynylC(R*'),0R*, -C(=0)R*, -C(=0)OR,
-N(R*®),, -N(R*)C(=0)R*", -NHC(=0)N(R*),, -N(R**)C(=0)OR?",
-N(R*)C(=NCN)N(R*®),, -N(R*)C(=0)N(R*),, -OR*, -OC(=0)N(R*®),,

i @ e%\N\ §_<\/N

Y is selected from the group consisting of: -CH-, -CH(CH3)-,
-CH(CH20H)-, and -C(=0)-;

m is 0-2;

nis 0-2;

gis 1or2;and

CHs, and -OSO,(R*);

ris 1 or 2.

40. The compound according to Claim 1, represented by structural Formula 2,

Formula 3, Formula 4 or Formula 5:
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and carbonyl; R11 is selected from the group consisting of H, alkyl, hydroxyalkyl and carbonyl; R13 is
selected from the group consisting of H, alkyl, aIkylaélé cycloalkyl, alkoxy, C =O RS0, C =O N R30
CHR30 OH, - CHR30 OR31, - CHRSO NH2, - (CHR30)4NHR31, -(CH2)4C(=O)NHR31 -N(R30)2,
-N(R30)SO2(R31), -OR30,- SO2N(R30)2, and -S02(R31); 172 106744-1 173 the R20 moieties can be
the same or different, each being iRdependently selected from the group consisting of H, alkyl, amino,
halogen, CN, CH3, CF3, OCF3, -( R31; -(CH2)gNHR31, -(CH2)gC(=0)NHR31, -(CH2)gSO2R31,
- (CH2)gNSO2R 31, -(CH2)gS¥ ynng( T°,1)20R31 -C(=0O)R30, -C(=0O)OR30 -N(R30)2,
-N(R30)C(=0O)R31, -NHC(=O)N(R30)2AsN 0)9¢O)6R31 -N(R30)C(=NCN)N(R30)2,
-N(R30)C(=0)N(R30)2, -OR30, -OCt=0)N(R3p)2, and -@®02(R31); and m, n, R6, R7, R8 R20, R30
and R31 are as defined in Claim 1. 41. A com

Formula 2

R3
I (R"),,
] (R™M),

NG
TG

Formula 3 R'3

Formula 4 R'3

R2R1
“,(I e

R N

“"WOYC w
Formula 5

or a pharmaceutically acceptable salt, or ester thereof, wherein:

R" and R? are independently absent or present, and if present each is
independently selected from the group consisting of H, -CHs,
fluorophenylmethylene, trifluoromethylphenylmethylene, indanyl,
cyanophenylmethylene, difluorophenylmethylene, bromophenylmethylene,
chlorophenylmethylene, -CH,CH,Ophenyl, cyclopentyl,

bromochlorophenylmethylene, fluorochlorophenylmethylene,
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gFN ~NN2NHLJO PCIFFF 173 106744-117405\/ 11H 3N\NNaNJBr CI\IfJiF Cl4,\HN
VNN/\uNO FBr\Cl HI 171

dichlorophenylmethylene, phenylmethylene, -(CH;)sphenyl, -CH,CF3,
methoxylphenylmethylene, -CH(CHj3),, -C2Hs, -CHa-cyclopropyl, -(CH3).CHs,
cyclohexylmethylene, cyclohexyl, -CH,CH,SO,CH3;, -CH,-CH2-NHo,
-CH,CH,0OCHs, cyclopropyl, isoxazolyl, -CH,CH,OH, -CH,CH,Ophenyl,
-CH,CH,CHa3, -NH, -(CH32)2NH,, pyrazolyl, 5-methyl-isoxazolyl,
-CH,CH(OCH2CHj3),, -OCHj3, -NHC(=O)NH>, chloropyridyl, pyridylmethylene,
-C(=O)NHcyclopropyl, -C(=O)N(H)C,Hs, -C(=O)N(H)CH,CF3,
-C(=O)N(H)C(CHs3)3, -C(=S)N(H)cyclopropyl, -C(=O)NH,, -C(=O)N(H)CHs,
-S(0),CHj3, -S(0O)2N(CH3)2, -S(0),CH,CHj3, -C(=0)CH3;, -S(0)2(CH2)2CHs,
-C(=O)N(H)cyclohexyl -C(=NH)NH2, -C(=O)N(H)NH,, -C(=O)N(H)CH(CHs3)o,

thlazolyl CH3 2CH2CF3, -S 2CF3, 'CHZCH OCH2CH3 2,
. N/CN
) F )|\ /M
/ F%/\ﬁ ,JJJ‘ " f
HN , F ; )
F CH;
O /O F o

s )k;; :

HsC CHs
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SNN~NF H~-NG6F/ON/ICIN N\CI CI-Q7NH\/CI FF FN~N/\ NHQCIJCI F\/9H/N
H3C CH3Br~N/CI~N\ 174 106744-1 175 cl 172

or when X is N, the N taken together with the R" and R? to which X is shown
H,N
P
attached, forms an azetidine, a piperidine or HzN ;

R? is selected from the group consisting of H, -CHs, -CH,CHs, cyclopropyl,
-F, -Cl, OCHjs;, OCF3 and CFs3;

R is selected from the group consisting of H, alkyl, aralkyl, hydroxyalkyl,
and carbonyl;

R is selected from the group consisting of H, alkyl, hydroxyalkyl and
carbonyl,

R™ is selected from the group consisting of H, alkyl, alkylaryl, cycloalkyl,
alkoxy, -C(=0)R%*, -C(=0)N(R*),, -(CHR*"),0H, -(CHR*),0R*', -(CHR*’){NH,, -
(CHR*){NHR®!, -(CH),C(=0)NHR®' -N(R¥),, -N(R*)SO,(R*"), -OR*, —
SO,N(R¥®),, and —SO,(R*);
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the R*® moieties can be the same or different, each being independently
selected from the group consisting of H, alkyl, amino, halogen, CN, CHj3, CF3,
OCF3, -(CH,)OR?", -(CH,){NHR?!, -(CH,),C(=0)NHR?', -(CH,),SO,R*", -
(CH2)NSO,R?!, -(CH3),SO,NHR¥, -alkynylC(R*'),OR*, -C(=0)R*, -C(=0)OR,
-N(R*),, -N(R*)C(=0)R®!, -NHC(=O)N(R*),, -N(R**)C(=0)OR*",
“N(R*)C(=NCN)N(R*),, -N(R*)C(=0)N(R>),, -OR®, -OC(=0)N(R*),, and
-0S0,(R*); and

m, n, R®, R’, R®, R®, R* and R*' are as defined in Claim 1.

41. A compound selected from the group consisting of :

Compound No. Compound Structure

¥
)
N\é/c.
e
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