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(54) Title: FUSED HETEROCYCLIC COMPOUNDS USEFUL AS KINASE MODULATORS
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(87) Abstract: Compounds having the formula (I), and enantiomers, and diastereomers, pharma-
ceutically-acceptable salts, and hydrates, thereof, (I) are useful as kinase modulators, including
MK?2 modulation, wherein one of E and F is a nitrogen atom and the other of E and F is a carbon
atom, and Z is N or CR3, and Ry, Ry, R3, X and Y are as defined herein.
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FUSED HETEROCYCLIC COMPOUNDS USEFUL AS KINASE
MODULATORS
[0001] This application claims priority benefit under Title 35 § 119(e) of United
States Provisional Application No. 60/719,519 filed September 22, 2005, the content

of which is incorporated herein by reference.

FIELD OF THE INVENTION
[0002] This invention relates to fused heterocyclic compounds useful as kinase
modulators, including the modulation of MAPKAP kinase-2 (MK2). The invention
further pertains to pharmaceutical compositions containing at least one compound
according to the invention that are useful for the treatment of conditions related to
kinase modulation and methods of inhibiting the activity of kinases, including MK2, in

a mammal.

BACKGROUND OF THE INVENTION
[0003] A large number of cytokines participate in the inflammatory response,
including IL-1, IL-6, IL-8 and TNF-a. The overproduction of ¢cytokines such as IL-1
and TNT-a is implicated in a wide variety ol diseases, cluding inflarmatory bowel
disease, rheumatoid arthritis, psoriasis, multiple sclerosis, endotoxin shock,
osteoporosis, Alzheimer’s disease, and congestive heart failure. See e.g. Henry et «l.,
Drugs Fut., Vol. 24 (1999), at pp. 1345-1354; and Salituro et al., Curr. Med. Chem.,
Vol. 6 (1999), at pp. 807-823. Evidence in human patients indicates that protein
antagonists of cytokines are effective in treating chronic inflammatory diseases, such
as, for example, monoclonal antibody to TNF-a (Enbrel) (see Rankin e/ al., Br. J.
Rheumatol., Vol 34 (1995), at pp. 334-342), and soluble TNF-a receptor-Fc fusion
protein (Etanercept) (see Moreland et al., Ann. Intern. Med., Vol.130 (1999), at pp.
478-486).
[0004] The biosynthesis of TNF-a occurs in many cell types in response to an
external stimulus, such as, for example, a mitogen, an infectious organisni, or trauma.
Important mediators of TNF-a production are the mitogen-activated protein (MAP)

kinases, including p38§ kinase (p38). Activation of p38 requires dual phosphorylation

-1-
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by an upstream MAP kimase (MKK3 and MKK®6) on threonine and tyrosine within a
Thr-Gly-Tyr motif characteristic of p38 isozymes. The p38 kinase is an upstream
kinase of mitogen-activated protein kinase-activated protein kinase-2 (MAPKAP K2
or MK2). See Freshney ef al., Cell, Vol. 78 (1994), at pp. 1039-1049.

[0005] MK2 is a protein that appears to be predominantly regulated by p38 in
cells. In fact, MK2 was the first substrate of p38a. to be identified, and in vitro
phosphorylation of MK2 by p38a is required for MK2 activation. MK2, in turn,
phosphorylates substrates including, but not limited to, heat shock protein 27
(HSP27), lymphocyte-specific protein 1 (LAP-1), leukocyte-specific protein-1 (LSP-
1), 5-lipoxygenase (5-L0O), cAMP response element-binding protein (CREB), ATF1,
serum response tactor (SKF), tyrosine hydroxylase, and most importantly, adenosine
and uridine-rich element (ARE) binding proteins. ARE binding proteins regulate the
mRNA stability of inflammatory mediators such as TNFa and COX-2.

[0006] Targeted mutations have been introduced into the mouse MK2 gene that
resulted in the generation of MK2-deficient mice. See Kotlyarov et al, Nat. Cell Biol.,
Vol. 1 (1999), at pp. 94-97. These MK2-deficient mice exhibited increased stress
resistance to LPS-induced endoxic shock and had a better survival rate compared to
mice that retained the MK2 gene. See id. Isolated splenocytes from these mice
challenged with LPS had reduced levels of TNFa, IL-18, IL-6 and IFNy. See id.
More recently, Lehner et al. reported that MK2-deficient mice showed increased
susceptibility to Listeria moocytogenes infection and concluded that MK2 had an
essential role in host defense against intracellular bacteria, probably through the
regulation of TNFa and JFNY, two of the cytokines required for the activation of
antibacterial effector mechanisms. See Lehner et al., J. Immunol., Vol. 168 (2002), at
pp. 4667-4673. Moreover, since MK2 is located immediately downstream of p38 in
the p38 signaling pathway, it is recognized that MK2 could act as a focal point for
more selectively modulating the inflammatory pathway thereby reducing the possibility
of undesirable side effects.

[0007] Pyrazolo[1,5-a]pyrimidine derivatives have been disclosed in
WO02004076458(A1) and described as having kinase inhibiting activity.

COMS ID No: ARCS-355491 Received by IP Australia: Time (H:m) 16:13 Date (Y-M-d) 2012-02-07
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[0008] New compounds and methods of modulating the activity of kinases,
including MK2, would be desirable in the treatment of diseases and disorders that are
mediated by cytokines, such as TNFa. It would be even more desirable to provide

MK2 inhibitors that have improved potency and reduced und'esirable side effects.

SUMMARY OF THE INVENTION
[0009] The present invention provides compounds useful in treating inflammatory

or immune disease having the formula (I):

' X
A
N7
RI‘SQF\Q)\ Y

Ry

M

or an enantiomer, diastereomer, or a pharmaceuticaily—acceptable salt, thereof,
wherein:

EisC; FisN;

X is NR4Rs;

Zis CR;;

Y is selected from hydrogen, halogen, mtro, cyano, SRy, S(O),Rs, ORs, NR¢R5,
CO,Rg, C(=O)R;3, O-C(=0)Rs, C(=0)NR;Ry, cycloalkyl, cycloalkenyl,
cycloalkynyl, heterocyclo, aryl, and heteroaryl, provided that if Y is hydrogen
then R, is phenyl substituted with a carboxamido group;

R, and R; are independently selected from (i) hydrogen, alkyl, halogen, nitro, cyano,
SRjo, OR1p, NRygR;;, NR;qC(=0)R;;, CO2R 9, C(=O)Ry, -O-C(=O)R,; and
C(=O)NRoR,;; or (ii) R; is taken together with R, and the ring atoms to which
they are attached to form a fused 5-, 6-, or 7-membered cycloalkyl, aryl,
heteroaryl, or cycloheteroalkyl;

R; is selected from hydrogen, halogen, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, sﬁbstitutcd alkynyl, nitro, cyano, SR;3;, ORj3, NR3R4,

RECEIVED TIME 28. AUG. 11:09
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NR:C(=0)R,4, COzRy3, C(=0O)R;3, -O-C(=0)R;3, -C(=O)NR,3R 4, cycloalkyl,
heterocyclo, aryl, and heteroaryl;

R4, Rs, R¢, and R; are independently selected from hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, OR,s, SRs,

5 C(=0O)Ris5, CO:R;5, C(=O)NR;5R 6, C(W)OR ¢, S(O),R17, SO2NR;5R 6,
cycloalkyl, heterocyclo, aryl, and heteroaryl; or (ii) Ry is taken together with R
and the nitrogen atom to which they are both attached and/or Rg is taken
together with R, and the nitrogen atom to which they are both attached to form
a heteroaryl or heterocyclo;

10 Rg, Ro, Rig, Ry, Ris, Ris, Rys, and Ry at each occurrence are independently selected

2006295439 28 Aug 2012

from (i) hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl,
substituted alkynyl, cycloalkyl, aryl, heteroaryl, and heterocyclo; or (ii)
together with the nitrogen atom to which they are attached, R; is taken
together with Ro, and/or R, is taken together with R, and/or R;; is taken

15 together with R, and/or Rs is taken together with R to form a heteroaryl or
heterocyclo;

R,; at each occurrence is independently selected from alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, aryl, heteroaryl,
and heterocyclo;

20 W at each occurrence is O, S, N, CN, or NH; and

pislor2,

with the following provisos:

(1) if X is NH(Me), N(Me), or NH(unsubstituted phenyl), then Y is other than
hydrogen or halogen; and

25 (2)  the following compounds are excluded:

NH, NH,
N XN N ¢!
DI
\ N\ ~ N\N/
N cl cl
-4 -

RECEIVED TIME 28. AUG. 11:09
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[0010] The present invention 1s also directed to pharmaceutical compositions
useful in treating diseases associated with kinase modulation, including modulation
(especially inhibition) of MK2, comprising compounds of formula (I), or
pharmaceutically-acceptable salts thereof, and pharmaceutically-acceptable carriers or
diluents. Also described herein are methods of treating diseases associated with the
kinase modulation, including the modulation of MK2, comprising administering to a
patient in need of such treatment a therapcutically-cffective amount of a compound
according to formula (I).

DETAILED DESCRIPTION OF THE INVENTION
[0011] The following are definitions of terms used in this specification and
appended claims. The initial definition provided for a group or term herein applies to
that group or term throughout the specification and claims, individually or as part of
another group, unless otherwise indicated.
[0012] The term “alkyl” refers to straight or branched chain hydrocarbon groupé
having 1 to 12 carbon atoms, preferably 1 to 8 carbon atoms. Lower alkyl groups, that

is, alkyl groups of I to 4 carbon atoms, are most preferred. When numbers appear in a
subscript after the symbol "C", the subscript defines with more specificity the number

of carbon atoms that a particular group may contain. For example, "C,  alkyl" refers to
straight and branched chain alkyl groups with one to six carbon atomis, such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, and so forth. The subscript “0”
refers to a bond. Thus, the term hydroxy(C,_)alkyl or (C_,)hydroxyalkyl includes
hydroxy, hydroxymethyl and hydroxyethyl.

[0013] The term “substituted alkyl” refers to an alkyl group as defined above
having one, two, or three substituents selected from the group consisting of halo (e.g.,
triflioromethyl), alkenyl, substituted alkenyl, alkynyl, nitro, cyano, oxo (=0), OR,,
SRy, (=S), -NR,Ry, -N(alkyl);*, -NR,SO», -NR,SO:R,, -SO:R,, -SO,NR R,
-SO,NR,C(=0)Rs, SO;H, -PO(OH),, -OC(O)R,, -C(=0)R,, -CO:R,, -C(=0)NR,Ry,
-C(=0)(C, salkylene)NR,Ry, -C(=O)NR,(SO2)Ry, -CO2(C/4alkylene)NR Ry,
-NR,C(=0)R;, -NR,CO:R;, -NR.(C,.4alkylene)CO,Ry,, =N-OH, =N-O-alkyl, aryl,
cycloalkyl, heterocyclo, and/or heteroaryl,wherein R, and R are selected from

hydrogen, alkyl, alkenyl, CO,H, COx(alkyl), Cs.scycloalkyl, phenyl, benzyl,

-5-
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phenylethyl, napthyl, a four to seven membered heterocylo, or a five to six membered
heteroaryl, or when attached to the same nitrogen atom may join to form a heterocyclo
or heteroaryl, and R. is selected from same groups as R, and R, but is not hydrogen.
Each group R, and R, when other than hydrogen, and each R. group optionally has up
to three further substituents attached at any available carbon or nitrogen atom of R,,
Ry, and/or R, said substituent(s) being selected from the group consisting of (C;.
s)alkyl, (Crg)alkenyl, hydroxy, halogen, cyano, nitro, =O (as valence allows), CF;,
O(C,4alkyl), OCF,, C(=O)H, C(=0)(C;.salkyl), CO.H, CO,(C,salkyl), NHCO,(C,.
ealkyl), -S(Cgalkyl), -NHy, NH(C)salkyl), N(C\galkyl),, N(CHs)s", SO5(Cgalkyl),
C(=0)(C.salkylene)NH,, C(=O)(C,salkylene)NH(alkyl), C(=0)(C,..alkylene)N(C,.
salkyl),, Cs.scycloalkyl, phenyl, benzyl, phenylethyl, phenyloxy, benzyloxy, napthyl, a
four to seven membered heterocyclo or cycloalkyl, or a five to six membered
heteroaryl. When a substituted alkyl is substituted with an ary! (including, for example,
phenyl and napthyl), heterocyclo, cycloalkyl, or heteroaryl group, said ringed systems
are as defined below and thus may have zero, one, two, or three substituents, also as
defined below.

[0014] One skilled in the field will understand that, when the designation “C0,” is

(¢
b
used herein, this is intended to refer to the group —C—0—,

[0015] When the term “alkyl” is used together with another group, such as in
“arylalkyl”, this conjunction defines with more specificity at least one of the
substituents that the substituted alky! will contain. For example, “arylalkyl” refers to a
substituted alky! group as defined above where at least one of the substituents is an
aryl, such as benzyl. Thus, the term aryl(Cy4)alkyl includes a substituted lower alkyl
having at least one aryl substituent and also includes an aryl directly bonded to another
group, i.e., aryl(Cop)alkyl.

100161 The term “alkenvl” refers to straight or branched chain hvdrocarbon groups
having 2 to 12 carbon atoms and at least one double bond. Alkenyl groups of 2 to 6
carbon atoms and having one double bond are most preferred.

[0017] The term “alkynyl” refers to straight or branched chain hydrocarbon groups
having 2 to 12 carbon atoms and at least one triple bond. Alkynyl groups of 2 to 6

carbon atoms and having one triple bond are most preferred.

-6 -
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[0018] The term “alkylene” refers to bivalent straight or branched chain
hydrocarbon groups having 1 to 12 carbon atams, preferably 1 to R carhon atoms, e g,
{-CHz-},, wherein n is 1 to 12, preferably 1-8. Lower alkylene groups, that is, alkylene
groups of | to 4 carbon atoms, are most preferred. The terms “alkenylene” and
“alkynylene” refer to bivalent radicals of alkenyl and alkynyl groups, respectively, as
defined above.

[0019] When reference is made to a substituted alkenyl, alkynyl, alkylene,
alkenylene, or alkynylene group, these groups are substituted with one to three
substitutents as defined above for substituted alkyl groups.

[0020] The term “heteroatkylene” is used herein to refer to saturated and
unsaturated bivalent straight or branched chain hydrocarbon groups having 2 to 12
carbon atoms, preferably 2 to 8 carbon atoms, wherein one or two carbon atoms in the
straight chain are replaced by heteroatom(s) selected from —O—, —=S—, —=S(=0)-,
—S0,—, =NH—-, and -NHSO,—. Thus, the term “heteroalkylene” includes bivalent
alkoxy, thioalkyl, and aminoalkyl groups, as defined below, as well as alkylene and
alkenylene groups having a combination of heteroatoms in the alkyl chain. As an
illustration, a “heteroalkylene” herein may comprise groups such as
-S-(CH2),sNH-CH;-, —O-(CH,);.sS(=0)-CH,—, -NHSO,-CH»—, -CH,-NH—-, and so
forth. Preferably, a heteroalkylene does not have two adjacent atoms simultaneously
selected from —O- and —S-. When a subscript is used with the term heteroalkylene,
e.g., as in Cysheteroalkylene, the subscript refers to the number ot carbon atoms in the
group in addition to heteroatoms. Thus, for example, a C|. heteroalkylene may include
groups such as -NH-CH,-, -CH,-NH-CH,-, -CH;-CH,-NH-, -S-CH,-,

-CH,-S-CH;-, -O-CH,-NH-CH;-, CH,-O-CH; and so forth.

[0021] The term “substituted heteroalkylene” refers to a heteroalkylene group as
defined above wherein at least one of the nitrogen or carbon atoms in the
heteroalkylene chain is bonded to (or substituted with) a group other than hydrogen.
Carbon atoms in the heteroalkylene chain may be substituted with a group selected

from those recited above for substituted alkyl groups, or with a further alkyl or

substituted alkyl group. Nitrogen atoms of the heteroalkylene chain may be substituted

with a group selected from alkyl, alkenyl, alkynyl, cyano, or A;-Q-A;,-R;, wherein A, is

S 7-
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a bond, C,alkylene, or Ca.;alkenylene; Q is a bond, -C(=0)-,

-C(=0O)NRy-, -C(=S)NRy-, -SO»-, -SO,NR;-, —~CO»-, or — NR4CO,-; A, is a bond,
Cisalkylene, C,.salkenylene, -C;.4alkylene-NRy-, -Ci.qalkylene-NR,C(=0)-,
-Cysalkylene-S-, -C.4alkylene-SO.-, or -C,.4alkylene-O-, wherein said A, alkylene
groups are branched or straight chain and optionally substituted as defined herein for
substituted alkylene; Ryis hydrogen, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, aryl, heteroaryl, heterocyclo, or cycloalkyl; and Ry is selected from hydrogen,
alkyl, and substituted alkyl, as defined herein, provided, however, that for a substituted
heteroatkylene Ry is not hydrogen when A,, Q and A, are each bonds. When Ry, is aryl,
heteroaryl, cycloalkyl, or heterocyclo, these rings are, in turn, optionally substituted
with one to three groups as defined below in the definitions for these terms.

[0022] The term “alkoxy™ refers to an oxygen atom substituted by alkyl or
substituted alkyl, as defined herein. For example, the term “alkoxy” or includes the
group -O-C _alkyl.

[0023] The term “alkylthio” refers toa sulfur atom that is substituted by an alkyl or
substituted alkyl group as defined herein. For example, the term “thioalkyl” includes
the group -S-C | alkyl, and so forth.

[0024] The term “alkylamino” refers to an amino group substituted with an alkyl
group or substituted alkyl group as defined above. For example, the term
“alkylamino™ includes the group -NR-C, ,,alkyl. (where R is preferably hydrogen but
may include alkyl or substituted alkyl as defined above.)

[0025] When a subscript is used with reference to an alkoxy, thioalkyl or
aminoalkyl, the subscript refers to the number of carbon atoms that the group may
contain in addition to heteroatoms. Thus, for example, monovalent C, ,aminoalkyl
includes the groups -CH»-N(CH,),, and -(CH,),-NH,. A lower aminoalkyl comprises
an aminoalkyl having one to four carbon atoms. The term (C,_salkyl)s.oamino includes
the groups NHz, -NH(C,alkyl ), and -N(C,.salkyl),. “Amino” refers to the group
NH,. A “substituted amino™ refers to an amino group substituted as described above
for the nitrogen atom of a heteroalkylene chain and includes, for example, the terms

alkylamino and acylamino (-NRyC(O)R.).

COMS ID No: ARCS-355491 Received by IP Australia: Time (H:m) 16:13 Date (Y-M-d) 2012-02-07
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[0026] The alkoxy, thioalkyl, or aminoalky!l groups may be monovalent or bivalent.
By “monovalent” it is meant that the group has a valency (i.e., ability to combine with
another group), of one, and by “bivalent” it is meant that the group has a valency of
two. Thus, for example, a monovalent alkoxy includes groups such as

-0-C, ,alkyl, whereas a bivalent alkoxy includes groups such as -O-C, ,,alkylene-.
[0027] It should be understood that the selections for all groups, including for
examples, alkoxy, thioalkyl, and aminoalkyl, will be made by one skilled in the field to
provide stable compounds. Thus, for example, in compounds of formula (I), when G is
attached to a nitrogen atom (N*) of ring A and is selected from an alkoxy or alkylthio
group, the alkoxy and alkylthio groups will have at least one carbon atom bonded
directly to ring A (at N*), with the oxygen or sulfur atoms being at least one atom
away from said nitrogen atom.

[0028] The term “carbonyl” refers to a bivalent carbonyl group —C(=0)—. When
the term “carbonyl” is used together with another group, such as in
“heterocyclocarbony!”, this conjunction defines with more specificity at least one of
the substituents that the substituted carbonyt will contain. For example,
“heterocyclocarbonyl” refers to a carbonyl group as defined above where at least one
of the substituents is an heterocyclo, such as morpholinyl.

[0029] The term “acyl” refers to a carbonyl group linked to an organic radical,
more particularly, the group C(=0)R.. The group R, can be selected from alkyl,
alkenyl, alkynyl, aminoalkyl, substituted alkyl (i.e. substituted alkylene), substituted
alkenyl, substituted alkynyl, cycloalkyl, heterocyclo, aryl, or heteroaryl, as defined
herein. When R, is aryl, heteroaryl, cycloalkyl, or heterocyclo, these rings are, in turn,
optionally substituted with one to three groups as defined below in the definitions for

these terms.

[0030] The term “alkoxycarbonyl” refers to a carboxy group (—E’-—O — or

0
—0—'(':—) linked to an organic radical (CO1R.), as well as the bivalent groups

—CO5—, -CO>R— which are linked to organic radicals in compounds of formula (1),
wherein R, is as defined above for acyl. The organic radical to which the carboxy

group is attached may be monovalent (e.g., -COs-alkyl or —OC(=0)alkyl), or bivalent

-0.
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(e.g., -COy-alkylene, -OC(=0)alkylene, etc.) Accordingly, in compounds of formula
(I), when it is recited that G can be “alkoxycarbonyl,” this is intended to encompass a
selection for G of -CO,— and also the groups —~CO,R.— or —R.CO-—, wherein in this
instance, the group R. will be selected from bivalent groups, e.g., alkylene, alkenylene,
alkynylene, bivalent aminoalkyl, substituted alkylene, substituted alkenylene, or
substituted alkynylene.

[0031] The term “carboxamide”,“carboxamidyl”, or “‘carboxamido” refers to the
group -NR4C(=0)R,, wherein the groups R, and R, are defined as recited above in the

definitions for heteroalkyl, alkoxycarbonyl and acyl.. For example, the group
F

HN}y is a carboxamido group where R, is a substituted heterocyclo according
to the definitions herein.
[0032] The term “amude”,“amidyl”, or “amido” refers to the group -C(=O)NR Ry,
wherein the groups R, and Ry, are defined as recited above in the definition for
substituted alkyl groups. .
[0033] The term “urea” refers to the group -NR4C(=0)NR,R,, wherein the groups
R., Ry, and Ry are defined as recited above in the definition for substituted alkyl
groups. Additionally, the urea group may be bivalent, in which case one of the groups
R, and Rywill be a bond. Thus, in compounds of formula (I), when it is stated that G
may be urea, it can mean that G is a group -NR4(C(=0O)NR,— where appropriate.

[0034] The term “sulfonyl” refers to a sulphoxide group linked to an organic
radical in compounds of formula (I), more particularly, the monovalent group

-S(0O);-R.. Additionally, the sulfonyl group may be bivalent, m which case R, is a
bond. Accordingly, in compounds of formula (1), when it is recited that G canbe
“sulfonyl,” it can mean that G is a group —S(O) where appropriate. The group R, is
selected from those recited above for acyl and alkoxycarbonyl groups, with the

exception that R. is not hydrogen..

- 10 -
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[0035] The terms “sulfonamide”. “sulfonamidyl”. or “sulfonamido” refers to the
group —-S(O),NR,R;, wherein R, and R, are as defined above for substituted alkyl
groups.

[0036] The term “cycloalkyl” refers to fully saturated and partially unsaturated
hydrocarbon rings (and therefore includeshydrocarbon rings also known as
“cycloalkenyl rings™) of 3 to 9, preferably 3 to 7 carbon atoms. The term "cycloalkyl"
includes such rings having zero, one, two, or three substituents selected from the
group consisting of halogen, trifluoromethyl, trifluoromethoxy, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, nitro, cyano, oxo (=0), OR,, SR,, (=S), -NRR,, -
N(alkyl)s", -NR,SOs, -NR,SO:R., -SO:R. -SO:NR:Ry, -SO:NR,C(=0O)Rs,, SO:H, -
PO(OH),, -C(=O)R,, -CO,R,, -C(=O)NRRy, -C(=0)(C,qalkylene)NR,Ry, -
C(=O)NR,(SO2)Ry, ~-CO(C).4alkylenc)NR Ry, -NR,C{(=0)R;, -NR,COsRy, -NR,(C,.
salkylene)CO,R;, =N-OH, =N-O-alkyl, aryl, cycloalkyl, heterocyclo, and/or heteroaryl,
wherein R,, Ry and R; are as defined above for substituted alkyl groups, and are also in
turn optionally substituted as recited above in the definition for substituted alkyl
groups. The term “cycloalkyl” also includes such rings having a second ring fused
thereto (e.g., including benzo, heterocyclo, or heteroaryl rings) or having a carbon-
carbon bridge of 3 to 4 carbon atoms. When a cycloalkyl is substituted with a further
ring (or has a second ring fused thereto), said ring in turn is optionally substituted with
one to two of (C.4)alkyl, (C,.4)alkenyl, (Cs4)alkynyl, halogen, hydroxy, cyano, nitro,
CF3, O(C,.4alkyl), OCF;, C(=0)H, C(=0)(C,salkyl), COH, CO(C,.salkyl),
NHCO,(C,salkyl), -S(C,.4alkyl), -NH,, NH(C|.satkyl), N(C,.salkyl),, N(C.salkyl);',
SO,(C)salkyl), C(=0)(C,ualkylene)NH,, C(=0)(C, qalkylene)NH(alkyl), C(=0)(C,.
salkylene)N(C,4alkyl); and/or phenyl optionally substituted with any of the preceeding
groups. As valence allows, if said further ring is cycloalkyl or heterocyclo it is
additionally optionally substituted with =O (0xo0).

[0037] Accordingly, in compounds of formula (1), the term “cycloalkyl” includes
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, bicyclooctyl, etc., as well

as the following ring systems,

- 11 -
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IS N
€12 €0
=, and the like, which optionally may be substituted at

any available atoms of the ring(s). Preferred cycloalkyl groups mclude cyclopropyl,

cyclopentyl, cyclohexyl, and L%\ .

[0038] The term “halo” or “halogen” refers to chloro, bromo, fluoro and iodo.
10039] The term “haloalkyl” means a substituted alkyl having one or more halo
substituents. For example, “haloalkyl” includes mono, bi, and trifluoromethyl.

10040) The term “haloalkoxy” means an alkoxy group having one or more halo
substituents. For example, “haloalkoxy” includes OCF;.

[0041] The term “aryl” refers to phenyl, biphenyl, fluorenyl, 1-naphthyl and 2-
naphthyl. The term “aryl" includes such rings having zero, one, two or three
substitucnts sclected from the group consisting of halogen, trifluscromethyl,
trifluoromethoxy, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, nitro,
cyano, OR,, SR, (=8), SO:;H, -NR Ry, -N(alkyl);", -NR,SO,, -NR,SO:R,, -SO:R, -
SO:;NR:Ry, -SO-NR,C(=0)Rs, SO;H, -PO(OH),, -C(=0)R,, -CO:R,, -C(=O)NRR,, -
C(=0)(C,.salkylene)NR Ry, -C(=O)NR,(SO2)R, -CO4(Cy.4alkylene)NR Ry, -
NR,C(=O)Rys, -NR,CO:R4, -NR4(C)salkylene)CO,R,, aryl, cycloalkyl, heterocyclo,
and/or heteroaryl, wherein R,, R, and R, are as defined above for substituted alkyl
groups, and are also in turn optionally substituted as recited above. Additionally, two
substituents attached to an aryl, particularly a phenyl group, may join to form a further
ring such as a fused or spiro-ring, e.g., cyclopentyl or cyclohexyl, or fused heterocyclo
or heteroaryl. When an aryl is substituted with a further ring (or has a second ring
fused thereto), said ring in turn is optionally substituted with one to two of (C,4)alkyl,
(Ca.g)alkenyl, (C, 4)alkynyl, halogen, hydroxy, cyano, nitro, CF;, O(C,.4alkyl), OCF;,
C(=0)H, C(=0)(C,salkyl), CO.H, CO»(C,.salkyl), NHCO»(C,.salkyl), -S(C,salkyl), -
NH.,, NH(C;.salkyl), N(Cy.qalkyl)z, N(Cjsalkyl); , SOL(Caalkyl), C(=0)(C,.

-12 -
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salkylene)NH,, C(=0)(C,.;alkylene)NH(alkyl), C(=O)}(C;.salkylene)N(C,.alkyl),
and/or phenyl optionally substituted with any of the preceeding groups. As valence
allows, if said further ring is cycloalkyl or heterocyclo it is additionally optionally
substituted with =0 (oxo).

[0042] Thus, examples of aryl groups include:

Y NN 0 N
T T + I > T ~ L)t 1)
/ / / o] / R / N /

N N X NS N

O 0000 €0 €0
o~ NS LA SoAAN? S
A S,
0 S0
Z , (fluorenyl) and the like, which optionally may be

substituted at any available carbon or nitrogen atom. A preferred aryl group is
optionally-substituted phenyl.

[0043] The terms “heterocycloalkyl”, “heterocyclo” or “heterocyclic” may be used
interchangeably and refer to substituted and unsubstituted nen-aromatic 3-to 7-
membered monocyclic groups, 7-to 11-membered bicyclic groups, and 10-to 15-
membered tricyclic groups, in which at least one of the rings has at least one
heteroatom (O, S or N), said heteroatom containing ring preferably having 1, 2, or 3

heteroatoms selected from O, S, and N. Each ring of such a group containing a
heteroatom can contain one or two oxygen or sulfur atoms and/or from one to four

nitrogen atoms provided that the total number of heteroatoms in each ring is four or
less, and further provided that the ring contains at least one carbon atom. The
nitrogen and sulfur atoms may optionally be oxidized and the nitrogen atoms may
optionally be quaternized. The fused rings completing the bicyclic and tricyclic groups
may contain only carbon atoms and may be saturated, partially saturated, or
unsaturated. The heterocyclo group may be attached at any available nitrogen or
carbon atom. The heterocyclo ring may contain zero, one, two or three substituents

selected from the group consisting of halogen, trifluoromethyl, trifluoromethoxy, alkyl,

213 -
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substituted alkyl, alkenyl, substituted alkenyl, alkynyl, nitro, cyano, oxo (=0), OR,,
SRy, (=8), -NR,Ry, -N(alkyl);", -NR,SO2, -NR,SO:R,, -SO,R. -SO;NR,Rs, -
SO,NR,C(=0)Rs, SOsH, -PO(OH),, -C(=0)R,, -COsR,, -C(=0)NR Ry,
-C(=0)(C.salkylene)NR R, -C(=0)NR,(SO2)Ry, -CO,(C;.4alkylene)NR R,
-NR:C(=0)Rs, -NRyCOzRs, -NR,(C4alkylene)CO4Ry, =N-OH, =N-O-alkyl, aryl,
cycloalkyl, heferacyclo, and/or heteroaryl, wherein Ry, R, and R, are as defined above
for substituted alkyl groups, and are also in turn optionally substituted as recited
above. When a heterocyclo 1s substituted with a further ring, said ring in turn is
optionally substituted with one to two of (C,.)alkyl, (Cs.4)alkenyl, (Cs.4)alkynyl,
halogen, hydroxy, cyano, nitro, CF3, O(C,_salkyl), OCF;, C(=O)H, C(=0)(C,.salkyl),
CO,H, CO4(Cy4atkyl), NHCO,(Csalkyl), -S(C;.4alkyl), -NHa, NH(C,4alkyl), N(C,.
salkyl):, N(C,.salkyl);", SO5(Csalkyl), C(=0)(C, 4alkylene)NH,, C(=0)(C;.
salkylene)NH(alkyl), C(=O)(C,salkylene)N(C,alkyl), and/or phenyl optionally

substituted with any of the preceeding groups. As valence allows, if said further ring is
cycloalkyl or heterocyclo it is additionally optionally substituted with =0 (oxo0).

[0044] Exemplary monocyclic groups include azetidinyl, pyrrolidinyl, oxetanyl,
imidazolinyl, oxazolidinyl, isoxazolinyl, thiazolidinyl, 1sothiazolidinyl,
tetrahydrofuranyl, piperidyl, piperazinyl, 2-oxopiperazinyl, 2-oxopiperidyl,
2-oxopyrrolodinyl, 2-oxoazepinyl, azepinyl, 4-piperidonyl, tetrahydropyranyl,
morpholinyl, thiamorpholinyl, thiamorpholinyl sulfoxide, thiamorpholinyl sulfone, 1,3-
dioxolane and tetrahydro-1,1-dioxothienyl and the like. Exemplary bicyclic heterocyclo

groups include quinuclidinyl.

[0045] Preferred heterocyclo groups in compounds of farmula (1) inchude
N
e
N :
N A S B
W, VR
N N (o]

Skl

substituted.

SN
and = , which optionally may be

b

fz>
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[0046] The term “heteroaryl” refers to substituted and unsubstituted aromatic 5-
or 6-membered monocyclic groups, 9- or 10-membered bicyclic groups, and 11- to 14-
membered tricyclic groups which have at Ieast one heteroatom (0, S or N) in at least
one of the rings, said heteroatom-containing ring preferably having 1, 2, or 3
heteroatoms selected from O, S, and N. Each ring of the heteroaryl group containing
a heteroatom can contain one or two oxygen or sulfur atoms and/or from one to four
nitrogen atoms provided that the total number of heteroatoms in each ring is four or
less and each ring has at least one carbon atom. The fused rings completing the bicyclic
and tricyclic groups may contain only carbon atoms and may be saturated, partially
saturated, or unsaturated. The nitrogen and sulfur atoms may optionally be oxidized
and the nitrogen atoms may optionally be quaternized. Heteroaryl groups which are
bicyclic or tricyclic must include at least one [ully aroratic ring but the other fused
ring or rings may be aromatic or non-aromatic. The heteroaryl group may be attached
at any available nitrogen or carbon atom of any ring. The heteroaryl ring system may
contain zero, one, two or three substituents selected from the group consisting of
halogen, trifluoromethyl, trifluoromethoxy, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, nitro, cyano, OR,, SR,, (=S), -NR.R,, -N(alkyl);", -NR,SO,, -
NR;SO:R,, -SO:R, ~-SO;NR,Ry, -SO,NR,C(=0)R,, SO;H, -PO(OH),, -C{=0)R,,-
CO:R,, -C(=O)NR,R}, ~-C(=0)(Ci.salkylene)NR Ry, -C(=0)NR,(SO:)Rs, -CO»(C,.
salkylene)NR, Ry, -NR.C(=O)Ry, -NR,CO:R;,, NR,(C;.qalkylene)CO:Ry, aryl,
cycloalkyl, heterocyclo, and/or heteroaryl, wherein R,, R;, and R, are as defined above
for substituted alkyl groups, and are also in tumn optionally substituted as recited
above. When a heteroaryl is substituted with a further ring, said ring in turn is
optionally substituted with one to two of (C,4)alkyl, (Ca.)alkenyl, (C,.4)alkynyl,
halogen, hydroxy, cyano, nitro, CF3, O(C,.salkyl), OCF;, C(=0)H, C(=0)(C, 4alkyl),
CO,H, CO4(C,salkyl), NHCO,(C,.qalkyl), -S(C,.salkyl), -NH,, NH(C,.salkyl), N(C;.
salkyl)s, N(Cy.aalkyl)s™, SO»(Cyalkyl), C(=0)(C).salkylene)NH,, C(=0)(C,.
alkylene)NH(alkyl), C(=0)(C, salkylene)N(C, salkyl), and/or phenyl optionally
substituted with any of the preceeding groups. As valence allows, if said further ring is

cycloalkyl or heterocyclo it is additionally optionally substituted with =O (0x0).

-15-
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[0047] Exemplary monocyclic heteroaryl groups include pyrrolyl, pyrazolyl,
pyrazolinyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl,
furanyl, thienyl, oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl and
the like.

[0048] Exemplary bicyclic heteroaryl groups include indolyl, benzothiazolyl,
benzodioxolyl, benzoxazolyl, benzothienyl, quinolinyl, tetrahydroisoquinolinyl,
isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuranyl, chromonyl,
coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl,
furopyridyl, dihydroisoindolyl, tetrahydroquinolinyl and the like.

[0049] Exemplary tricyclic heteroaryl groups include carbazolyl, benzidolyl,
phenanthrollinyl, acridinyl, phenanthridinyl, xanthenyl and the like.

[0050] In compounds of formula (I), preferred heteroaryl groups include

N

o N
oGO G O n

HN ’ N7 . g ZZ
N N
N N-N = = =~
[N\\ NN NN ‘ N CoN A
— O - N PANE AN
A, ¥z = S N” N N” N N°
N) K/ ) K/ v A=~ =~ \—7~ L5~ and

HN
\=7""" and the like, which optionally may be substituted at any available carbon

or nitrogen atom. Aromatic rings may also be designated by an unbroken circle in the

S0y

ring. For example the core ring of formula (1), , represents a bicyclic

heteroaryl group.

216 -
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[0051] Unless otherwise indicated, when reference is made to a specifically-named
aryl (e.g., phenyl), cycloalkyl (e.g., cyclohexyl), heterocyclo (e.g., pyrrolidinyl,
piperidinyl, and morpholinyl) or heteroaryl (e.g., tetrazolyl, imidazolyl, pyrazolyl,
triazolyl, thiazolyl, and furyl,) unless otherwise specifically indicated the reference is

5 intended to include rings having 0 to 3, preferably 0-2, substituents selected from those
recited above for the aryl, cycloalkyl, heterocyclo and/or heteroaryl groups, as
appropriate.
[0052] Generally, for a non-formula substituent listing a combination of groups,
unless specifically designated otherwise, the last group of the combination is the point

10 of attachment with adjacent groups attached sequentially. Accordingly, for example,

2006295439 07 Feb 2012

g—cnz\/_\ N _~NH,
the term “aminocyclohexylmethyl is mtended” to mean and N-
3 'c‘)/ n ~
—S
(n-propyl)sulfonamido is intended to mean 0
[0053] The term “heteroatoms” shall include oxygen, sulfur and nitrogen.
[0054] The term “carbocyclic” means a saturated or unsaturated monocyclic or
15 bicyclic ring in which all atoms of all rings are carbon. Thus, the term includes
cycloalkyl and aryl rings. The carbocyclic ring may be substituted in which case the
substituents are selected from those recited above for cycloalkyl and aryl groups.
[0055] When the term “unsaturated” is used herein to refer to a ring or group, the
ring or group may be fully unsaturated or partially unsaturated.
20 |0056] When the term “optionally substituted” is used herein to refer to a ring or
group, the ring or group may be substituted or unsubstituted.
[0057] Throughout the specification, groups and substituents thereof may be
chosen by one skilled in the field to provide stable moieties and compounds aud
compounds useful as pharmaceutically-acceptable compounds and/or intermediate
25  compounds useful in making pharmaceutically-acceptable compounds.

[0058] According to the foregoing definitions, the instant invention provides

compounds within the scope of formula (I) having the formulae (Ia), (Ib), or (Ic):

-17-
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X
N Nﬁ)\/[ R;
]A$\/N‘N/ Y
G

wherein the groups Ry, Ry, R;, X and Y, are as defined herein.
[0059] The compounds of formula (I) can form salts which are also within the
scope of this invention. Unless otherwise indicated, reference to an inventive
compound is understood to include reference to salts thereofl The Lot "salt(s)"
denotes acidic and/or basic salts formed with inorganic and/or organic acids and bases.
In addition, the term “salt(s) may include zwitterions (inner salts), e.g., when a
compound of formula (I} contains both a basic moiety, such as an amine or a pyridine
or imidazole ring, and an acidic moiety, such as a carboxylic acid. Pharmaceutically
acceptable (i.e., non-toxic, physiologically acceptable) salts are preferred, such as, for
example, acceptable metal and amine salts in which the cation does not contribute
significantly to the toxicity or biological activity of the salt. However, other salts may
be useful, e.g., in isolation or purification steps which may be employed during
preparation, and thus, are contemplated within the scope of the invention. Salts of the
compounds of the formula (I) may be formed, for example, by reacting a compound of
the formula (I) with an amount of acid or base, such as an equivalent amount, in a
medium such as one in which the salt precipitates or in an aqueous medium followed
by lyophilization.
[0060] Exemplary acid addition salts include acetates (such as those formed with
acetic acid or trihaloacetic acid, for example, trifluoroacetic acid), adipates, alginates,
ascorbates, aspartates, benzoates, benzenesulfonates, bisulfates, borates, butyrates,
citrates, camphorates, camphorsulfonates, cyclopentanepropionates, digluconates,
dodecylsulfates, ethanesulfonates, fumarates, glucoheptanoates, glycerophosphates,
hemisulfates, heptanoates, hexanoates, hydrochlorides (formed with hydrochloric
acid), hydrobromides (formed with hydrogen bromide), hydroiodides, 2-
hydroxyethanesulfonates, lactates, maleates (formed with maleic acid),
methanesulfonates (formed with methanesulfonic acid), 2-naphthalenesulfonates,

nicotinates, nitrates, oxalates, pectinates, persulfates, 3-phenylpropionates, phosphates,

- 18 -
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picrates, pivalates, propionates, salicylates, succinates, sulfates (such as those formed
with sulfuric acid), sulfonates (such as those mentioned herein), tartrates, thiocyanates,
toluenesulfonates such as tosylates, undecanoates, and the like.

[0061] Exemplary basic salts include ammonium salts, alkali metal salts such as
sodium, lithium, and potassium salts; alkaline earth metal salts such as calcium and
magnesium salts; barium, zinc, and aluminum salts; salts with organic bases (for
example, organic amines) such as trialkylamines such as triethylamine, procaine,
dibenzylamine, N-benzyl-f-phenethylamine, 1-ephenamine, N,N'-dibenzylethylene-
diamine, dehydioabietylainine, N-ethylpiperidine, benzylamine, dicyclohexylamine or
similar pharmaceutically acceptable amines and salts with amino acids such as arginine,
lysine and the like. Basic nitrogen-containing groups may be quaternized with agents
such as lower alkyl halides (e.g., methyl, ethyl, propyl, and butyl chlorides, bromides
and iodides), dialkyl sulfates (e.g., dimethyl, diethyl, dibutyl, and diamyl sulfates), long
chain halides (e.g., decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides),
aralkyl halides (e.g., benzyl and phenethyl bromides), and others. Preferred salts
include monohydrochloride, hydrogensulfate, methanesulfonate, phosphate or nitrate
Salis,

[0062] Prodrugs and solvates of the inventive compounds are also contemplated.
The term "prodrug” denotes a compound which, upon administration to a subject,
undergoes chemical conversion by metabolic or chemical processes to yield a
compound of the formula (I), and/or a salt and/or solvate thereof. Any compound that
will be converted in vivo to provide the bioactive agent (i.e., the compound for
formula I) is a prodrug within the scope and spirit of the invention. For example,
compounds containing a carboxy group can form physiologically hydrolyzable esters
which serve as prodrugs by being hydrolyzed in the body to vield formula (I)
compounds per se. Such prodrugs are preferably administered orally since hydrolysis
in many instances occurs principally under the influence of the digestive enzymes.
Parenteral administration may be used where the ester per se is active, or in those
instances where hydrolysis occurs in the blood. Examples of physiologically

hydrolyzable esters of compounds of formula (I) include C, ;alkylbenzyl,
4-methoxybenzyl, indanyl, phthalyl, methoxymethyl, C, ,alkanoyloxy-C, ,alkyl, e.g.
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acetoxymethyl, pivaloyloxymethyl or propionyloxymethyl, C,  alkoxycarbonyloxy-

C, 4alkyl, e.g. methoxycarbonyl-oxymethyl or ethoxycarbonyloxymethyl,
glycyloxymethyl, phenylglycyloxymethyl, (5-methyl-2-0xo0-1,3-dioxolen-4-yl)-methy}
and other well known physiologically hydrolyzable esters used, for example, in the
penicillin and cephalosporin arts. Such esters may be prepared by conventional
techniques known in the art.

[0063] Various forms of prodrugs are well known in the art. For examples of such
prodrug derivatives, see:

a) Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985) and
Methods in Enzymology, Vol. 112, pp. 309-396, edited by K. Widder, et al.
(Acamedic Press, 1085);

b) A Textbook of Drug Design and Development, edited by Krosgaard-
Larsen and H. Bundgaard, Chapter 5, “Design and Application of Prodrugs,” by H.
Bundgaard, pp. 113-191 (1991); and

<) H. Bundgaard, Advanced Drug Delivery Reviews, Vol. 8, pp. 1-38
(1992), each of which is incorporated herein by reference.

[0064] Compounds of the formula (I} and salts thereof may exist in their
tautomeric form, in which hydrogen atoms are transposed to other parts of the
molecules and the chemical bonds between the atoms of the molecules are
consequently rearranged. It should be understood that the all tautomeric forms, insofar
as they may cxist, arc included within the invention. Additionally, inventive compounds
may have frans and cis isomers and may contain one or more chiral centers, therefore
existing in enantiomeric and diastereomeric forms. The invention includes all such
isomers, as well as mixtures of cis and frans isomers, mixtures of diastereomers and
racemic mixtures of enantiomers (optical 1somers). When no specific mention is made
of the configuration (cis, trans or R or S) of a compound (or of an asymmetric
carbon), then any one of the isomers or a mixture of more than one isomer is intended.
The processes for preparation can use racemates, enantiomers or diastereomers as

starting materials. When enantiomeric or diastereomeric products are prepared. thev

can be separated by conventional methods for example, chromatographic or fractional

crystallization. The inventive compounds may be in the free or hydrate form.
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[0065] It should further be understood that solvates (e.g., hydrates) of the
compounds of Formula (I) are also with the scope of the present invention. Methods

of solvation are generally known in the art.

PREFERRED COMPOUNDS

[0066] Preferred compounds are those within the scope of formula (I) (above)

having the following formuia (1a);

X
Naw o R
R14$\/N\
R,

Ny
(Ia)
their enantiomers, diastereomers, a pharmaceutically-acceptable salt, or hydrate,
thercof.
[0067] Other preferred compounds, including enantiomers, diastereomers, a

pharmaceutically-acceptable salt, or hydrate, thereof, within the scope of each of

formulae (Ia), (Ib) or (Ic) are those in which:

Ryis -AM;

Rs is hydrogen or C,_4alkyl (more preferably Rs is hydrogen or methyl);

or R4 and Rs together with the nitrogen atom to which they are attached form a 5-, 6-
or 7-membered monocyclic heteroaryl or heterocyclo ring, ora 7-to 11-
membered bicyclic heteroaryl or heterocyclo ring, each ring optionally
substituted with one to three groups, T, T,; and/or Tj;

A is a bond, C,.alkylene, Cyqalkenylene, C,alkynylene, -C(O)-, or —SO»-;

M is (i) hydrogen, alkyl, alkoxy, or alkenyl; or (ii) cycloalkyl, heterocyclo, aryl, or
heteroaryl, each group optionally substituted by one to three groups, T;, T»,
and/or T;;

T, T», and T; are independently selected from (i) halogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, nitro, cyano, SO;H
SRy, S(O),R21, S(O),NR;9R30, NR9S(0),Rz1, OR}, NR5R20, NR14C(=O)Ry,
NRoC(=0)NR;9R19, CO:R 5, C(=O)R 9, -O-C(=O)R |5, -C(=O)NR sR 20,

cycloalkyl, heterocyclo, aryl, and heteroaryl, wheremn p 1s one or 2; and/or (ii)
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two groups, T, and T, located on adjacent ring atoms are taken together with
the ring atoms to which they are attached to form a fused cycloalkyl, aryl,
heteroaryl, or heterocyclo;

Ri9and Ry, at each occurrence, are selected independently from (i) hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, cycloalkyl, aryl, heteroaryl, and
heterocyclo; or (i) Rjo and Ri, together with the nitrogen atom to which they
are both atlached form a heteroaryl or heterocyclo; and

R at each occurrence, is selected from alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, aryl, heteroaryl, and
heterocyclo.

[0068] More preferred compounds, including enantiomers, diastereomers, a

pharmaceutically-acceptable salt, or hydrate, thereof, within the scope of formula (T)

are those in which

R4 is ~AM,

Ais a bond, -C(O)-, or —S(0),-, or C) jalkylene (A is more preferably a bond;
methylene, or ethylene, especially a bond);

M s (i) hydrogen, -NH(aryl), C,salkyl, Cs.qalkenyl, or -OC,_salkyl or (ii) C;.
scycloalkyl, phenyl, fluorenyl, 1-naphthyl, or 2-naphthyl, each group optionally
substituted by one to three groups, T), T, and/or Ts; or (i) a 5-, 6- or 7-
membered monocyclic or a 7- to 11-membered bicyclic heteroaryl or
heterocyclo ring, each ring optionally substituted by one to three groups, T},
T», and/or T (is more preferably a Cs_¢cycloalkyl, or a 5-, 6-, or 7-membered
aryl, heteroaryl, or heteroaryl ring, each ring optionally substituted by 1 to 3
groups, Ty, T», and/or T, especially a 5-, 6-, or 7-membered aryl, heteroaryl,
or heteroaryl ring, each ring optionally substituted by 1 to 2 groups, Ty and/or
T,); and

T, T», and T3 are independently selected from (1) C;4alkyl, substituted C;.4alkyl, C,.
salkyloxy, substitutedC,alkyloxy, C;.salkylthio, phenoxy, -NR;¢Ray, halogen,
hydroxy, cyano, SO;H, COOH, -C(O)(R,9), C(O)NR9R2, NR3C(O)Ry,
S(0)2Rz1, S(0)>NR 9Rap and NRg(C(O)NR9R; and/or (ii) phenyl,
cyclopropyl, cyclohexyl, tetrazolyl, imidazolyl, pyrazolyl, triazolyl, thiazolyl,
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furyl, and morpholinyl, each group of which is optionally substituted as valence
allows from one to three groups, R,», Ro; and/or Ray; and/or (i) two groups,
T and T>. substituted on adjacent ring atoms are taken together with the ring
atoms to which they are attached to form, a fused five- to seven-membered
cycloalkyl, a fused phenyl or a fused 5- or 6-membered heterocyclo or
heteroaryl, each group of which is optionally substituted as valence allows from
one to three groups, Ry, Ry; and/or Ry,; and

-3

R;oand Ry at each occurrence are selected independently from (i) hydrogen, -

(CH,)\.OH, and C,4alkyl; or (ii) -(CH.).cyclohexyl, -(CH,),phenyl, -
(CH,)morpholinyl, -(CH,),pyridyl, -(CH,),pyrazolyl, -(CHz),cyclopropyl, -
(CH,)wpyrrolidinyl, -(CH.).piperidinyl, -(CH,).furyl, -(CH),imidazolyl, -
(CH,)\pyrimidinyl, -(CH-)piperazinyl, and -(CH.), pyradizinyl, each group of
which is optionally substituted as valence allows from one to three groups, Ras,
Ra3 and/or Rog;0r Ry andRyg are taken together with the nitrogen atom to
which they are both attached to form a pyrrolindyl, morpholinyl, piperidinyl,
pyradazinyl, or piperazinyl, each group of which is optionally substituted as

valence allows from one to three groups, R;,, Ry; and/or Ray;

R, at each occurrence is selected from (1) -(CH,),OH, and C,.4alkyl; or (ii) -

(CH:)\cyclohexyl, -(CHa).phenyl, -(CH,),morpholinyl, -(CH,)pyridyl, -
(CH,),pyrazolyl, -(CH,).cyclopropyl, -(CHa).pyrrolidinyl, -(CH,).piperidinyl, -
(CHa).furyl, -(CH,).imidazolyl, -(CH,),pyrimidinyl, -(CH,),piperazinyl, and -
(CHz)y pyradizimyl, each group ot which is optionally substituted as valence
allows from one to three groups, Ra,, Ry and/or Ry4;Ra0, Ros, and Rog at each
occurrence, are selected independently from (C,.4)alkyl, (C.4)alkenyl, halogen,
hydroxy, cyano, nitro, CF;, =0, O(C,.4alkyl), OCF;, C(=0)H, C(=0)(C,.
aalkyl), CO,H, CO»(C\.salkyl), NHCO,(C,salkyl), -S(C,4alkyl), -NHa, NH(C,.
salkyl), N(C.salkyl)s, N(Cy.qalkyl);', SO4(Ci4alkyl), C(=0)(C,.salkylene)NH,,
C(=0)(C,4alkylene)NH(alkyl), C(=0)}C,.salkylene)N(C,.4alkyl),, and
optionally substituted phenyl; and vis 0, 1, 2, or 3.
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[0069] Other more preferred compounds, including enantiomers, diastereomers, a
pharmaceutically-acceptable salt, or hydrate, thereof, within the scope of formula (I)
are those in which

A is a bond, methylene, or ethylene;

5 M is hydrogen, methoxy, phenyl, fluorenyl, pyridyl, cyclopropyl, cyclohexyl, isopropyl,
ethyl, n-propenyl, isopentyl, n-propyl, n-butyl, pyrazolyl, or pyrimidinyl, each
group optionally substituted by one to two groups selected from T, and T,; and

T, and T are independently selected from ethoxy, methoxy, methyl, n-butoxy, phenyl,
benzyloxy, dimethylamino, chloro, iodo, trifluoromethyl, fluoro, hydroxyl,

10 cyano, carboxylic acid, N-methyl-N-(pyridinylethyl)amido, ethyltetrazole,

2006295439 07 Feb 2012

phenoxy, chlorophenyl, methylphenyl, benzyl, morpholinyl, isopropyl, n-propyl,
n-butyl, ethyl, isopropoxy, n-propoxy, methylthio, cyclohexyl, t-butyl,
trifluoromethoxy, amino, triazolyl, dichloroimidazolyl, dimethylpyrazolyl,
methyltriazolyl, methylimidazolyl, methylthiazolyl, methylfuryl, N,N-

15 dimethylamido, phenylsulfonyl, morpholinylsulfonyl, pyrrolidinylsulfonyl, N,N-
diethylamido, N-methylamido, N-methylsulfonamido, N-methylsulfonamido,
methanesulfonamido, N,N-dimethylsulfonanudo, N, N-dicthylsultonamido, N-
propylsulfonamido, N-ethylsulfonamido, N-methylsulfonamido, sulfonamido,
aminomethyl, amido, N-(furylmethyl)amido, N-(imidazolylmethyl)amido; N-

20 (pyridylmethyl)amido, (phenylpiperidinyt)carbonyl, piperidinylcarbonyl, N-
benzylamido, N-methoxyphenylamido, N-phenylamido, N-
(hydroxyethyl)amido, 1-morpholinylcarbonyl, N-(pyridinyl)amido, N-
(pyridinylmethyl)amido, N-(pyridinylethyl)amido, N,N-diethylamido, N-
cyclopropylamido, N-{cyclohexylmethyl)amido, N-(cyclohexyl)amido N-

25 {(methylpyrazolyl)ammdo, N-((oxopyrrolidinyDpropyDamido, 3-phenylurea, and
1-(fluorophenyl)-N-methyl-oxo-dihydropyridine-3-carboxamido;

or Ty and T substituted on adjacent atoms of M combine with the atoms to which they
are attached to form a fused ring thereby forming a ring system selected from
indolyl, methylbenzothiazolyl, napthyl, methylindolyl, tetrahydroquinolinyl,

30 fluorenyl, quinolinyl, and dihydroindazol-one-yl.
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[0070] Other preferred compounds, including enantiomers, diastereomers, a
pharmaceutically-acceptable salt, or hydrate, thereof, within the scope of formula (I)
are those in which

Y is hydrogen, halogen, ORs, or NR¢R7 (Y is more preferably NR¢R;);

Rg is selected from hydrogen or C,_alkyl optionally substituted by one to three groups
selected from halogen, C,.salkyl, nitro, cyano, amino, C,4alkoxy, and OH (R6
is more preferably hydrogen or C;_salkyl);

R; and Ry are independently selected from alkyl, cycloalkyl, heterocyclo, aryl, and
heteroaryl, each group of which is optionally substituted by one to three
groups, T4, Ts, and/or Tg (R, is more preferably Cy.alkyl, Cs¢cycloalkyl, or a
5-, 6-, or 7-membered heterocyclo, each group optionally substituted by one to
three groups T4, Ts, and/or Tg; Rg is more preferably Cageycloalkyl, especially
cyclohexyl substituted by C.salkyl, amino, amino substituted with C,.q4alkyl,
substituted C,..alkyl, furyl, or piperidinyl);

or R¢ and Ry together with the nitrogen atom to which they are attached form a
heteroaryl or heterocyclo ring (more preferably 5-, 6-, or 7-membered rings),
each ring 1s optionally substituted by one to three groups, T, Ts, and/or Tg;

T4, Ts and T are independently selected from (i) halogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, nitro, cyano, SR,
ORy9, NRj9R2, NR1sC(=0)R;zp, CO2R 9, C(=O)R s, -O-C(=0)R )9, -

C(=0)NR Rz, cycloalkyl, heterocyclo, aryl, and heteroaryl; and/or (ii) two
groups, T, and Ts, substituted on adjacent ring atoms are taken together with
the ring atoms to which they are attached to form a fused cyclalkyl,
heterocyclo, aryl, or heteroaryl (T4, Ts and T, are more preferably C;_jalkyl,
and NRsR3); and

Risand R» at each occurrence are selected independently from (i) hydrogen, alkyl,
substituted atkyl, alkenyl, substituted alkenyl, cycloalkyl, aryl, heteroaryl, and
heterocyclo; or (ii) Rjs with Rag together with the nitrogen atom to which they

are both attached combine to form a heteroaryl or heterocyclo.
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[0071] Other more preferred compounds, including enantiomers, diastereomers, a
pharmaceutically-acceptable salt, or hydrate, thereof, within the scope of formula (1)
are those in which

Y is NR¢R7;

Rg 1s selected from hydrogen or C,.4alkyl (R; is more preferably hydrogen);

Rs is selected from C, salkyl, cyclopentyl, cyclohexyl, bicyclo[2.2.2]octyl, pyrrolidinyl,
and piperidinyl, each group of which is optionally substituted by one to three
groups, T4, Ts, and/or T, (R~ is more preferably cyclohexyl and
bicycle{222]octyl, each group substituted by one group. Ta):

or R, and R; together with the nitrogen atom to which they are attached form
piperazinyl, piperidinyl, pyrrolidinyl, or diazepanyl, each group of which is
optionally substituted by one to three groups, T4, Ts, and/or T (more
preferably Ry and R; are taken together with the nitrogen atom to which they
are both attached form an unsubstituted piperidinyl ring); and

T4, Ts, and T are independently selected from (i) C,.salkyl, OH, NH, NH(C,alkyl),
furyl, and N(C,_,alkyl),, and NH(pyrimidinyl) wherein the pyrimidinyl is
substituted by halogen; or (ii) C;.salkyl substituted by cyclohexyl or OH,
wherein the cyclohexyl is substituted by NH,. (More preferably Ts, Ts, and T,
are selected from NH,, NH(C, salkyl), and (4-NHa-cyclohexyl)methyl).

[0072] Yet other preferred compounds, including enantiomers, diastereomers, a

pharmaceutically-acceptable salt, or hydrate, thereof, within the scope of formula (T)

are those in which

R 1s hydrogen;

R; is methyl, ethyl, n-propyl, n-butyl, cyclopentyl, cyclohexyl, bicyclo[2.2.2]octane,
pyrrolidinyl, or piperidinyl, each group of which is optionally substituted by T,
selected from amino, methyl, aminocyclohexylmethyl, dimethylamino, furyl,
ethylamino, methylamino, piperidinyl, and (chloropyrimidinyl)amino; or

R and R, together with the nitrogen atom to which they are attached form a
piperazinyl, piperidinyl, pyrrolidinyl, and diazepanyl ring, each ring optionally
substituted by T, selected from amino, hydroxyethyl, aminopyrrolidinyl, and

methyl.

-6 -
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[0073] Other preferred compounds, including enantiomers, diastereomers, a
pharmaceutically-acceptable salt, or hydrate, thereof, are those within the scope of
formula (I) (above) having the formula (Ia), in which:
X
Nﬁ R3
R—\nN. -
#N‘N Y
R2
(Ia)

or an enantiomer, diastereomer, or a pharmaceutically-acceptable salt, thereof,

wherein:

- 27 -
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X is NR4R;;

Y is hydrogen, halogen, ORg, or NR¢R; (Y is more preferably NR¢R-);

R; and R; are independently selected from hydrogen, halogen, OR,,, cyano, C,4alkyl,
COsR g, and C(O)NRoR;;

R; is selected from (i) hydrogen, halogen, nitro, cyano, UK, NR oK), CU2K;g, and
C(=O)R 0, (31) Ci.4alkyl, substituted C,.salkyl, cycloalkyl, aryl, and heteroaryl;

Ryis ~AM;

R; is hydrogen or C,salkyl;

or R4 and R; together with the nitrogen atom to which they are attached form a 5-, 6-
or 7-membered monocyclic heteroary! or heterocyclo ring, or a 7- to 11-
membered bicyclic heteroaryl or heterocyclo ring, each ring optionally
substituted with one to three groups, Ty, Ts; and/of Ts;

A'is a bond, Cj.alkylene, Cs.4alkenylene, C,4alkynylene, -C(O)-, or —=SO,-;

M is (i) hydrogen, NRsR ¢, alkyl, alkoxy, or alkenyl; or (ii) cycloalkyl, heterocyclo,
aryl, or heteroaryl, each ring optionally substituted by onc to three groups, T,
T,, and/or Ts;

R is selected from hydrogen or C, salkyl optionally substituted by one to three groups
selected from halogen, C,.4alkyl, nitro, cyano, amino, C,alkoxy, and OH;

R; and Ry are independently selected from alkyl, cycloalkyl, heterocyclo, aryl, and
heteroaryl, each group of which is optionally substituted by one to three
groups, T4, Ts, and/or Ts (Rg 1s preferably Cs.scycloalkyl, especially cyclohexyl
optionally substituted by NH,, NH(C, salkyl), and (4-NH,-cyclohexyl)methyl);

or R¢ and R together with the nitrogen atom to which they are attached form a
heteroaryl or heterocyclo ring, each ring is optionally substituted by one to
three groups, T4, Ts, and/or T,

R,y and Ry; at each occurrence are independently selected from (i) hydrogen, C,.;alkyl,
and substituted C,_salkyl; or (if) Ry and R, together with the nitrogen atom
they are both attached combine to form an optionally substituted 5-, 6-, or 7-

membered heteroaryl or heterocyclo;

-28 -
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R;s and R;¢ are independently selected from (i) hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, aryl,
heteroaryl, and heterocyclo; or (i1) together with the nitrogen atom to which
they are attached R;s is taken together with R(s to form a heteroaryl or

5 heterocyclo;

T\, T, and T; are independently selected from (i) halogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, nitro, cyano, SO;H
SRy, S(O),;RZI, S(0),NRsR2, NR5S(0O),Rz;, OR}9, NRjgR20, NR(sC(=O0)20,
NR,sC(=0)NRsR3j, CO:R 5, C(=0)R)y, -O-C(=0)R 4, -C(=0)NR R0,

10 cycloalkyl, heterocyclo, aryl, and heteroaryl, wherein p is one or 2; and/or (ii)

2006295439 28 Aug 2012

two groups, T and T, located on adjacent ring atoms are taken together with
the ring atoms to which they are attached to form a fused cycloalkyl, aryl,
heteroaryl, or heterocyclo;

Ts, Ts and T are independently selected from (i) halogen, alkyl, substituted alkyl,

15 alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, nitro, cyano, SR,
OR g, NRgR1g, NR3C(=0)Rz2p, COsR;y, C(=O)Rys, -O-C(=O)R s, -
C(=O)NRsRa, cycloalkyl, heterocyclo, aryl, and heteroaryl; and/or (ii) two
groups, T, and Ts, substituted on adjacent ring atoms are taken together with
the ring atoms to which they are attached to form a fused cyclalkyl,

20 heterocyclo, aryl, or heteroaryl; and

Rygand Ry at each occurrence are selected independently from (i) hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, cycloalkyl, aryl, heteroaryl, and
heterocyclo; or (i) R;s and R,y together with the nitrogen atom to which they
are both attached form a heteroaryl or heterocyclo ring; and

25 Ry at each occurrence, is selected from alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, aryl, heteroaryl, and
heterocyclo;

with the following provisos:

1) if X is NH(Me), N(Me), or NH(unsubstituted phenyl), then Y is other than

30 hydrogen or halogen; and

) the following compounds are excluded:
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NHz NHZ
N X N XN Cl
Cl A\
\ N\ — N\ ~
N cl N" “ci
[0074] Particularly preferred compounds, including enantiomers, diastereomers, a

pharmaceutically-acceptable salt, or hydrate, thereof, are those within the scope of

formula (I) (above) having the formula (Ia), in which:

R, and R, are independently selected from hydrogen, halogen, OR o, cyano, C,alkyl,
COaR o, and -C(O)NR (R, (more preferred R, groups are selected from
hydrogen and C,.salkyl, especially hydrogen and methyl; more preferred R,
groups are selected from hydrogen, halogen, cyano, nitro, alkyoxy, hydroxy,
C(O_)NH: and substituted amido (N, N- di-substituted by (i) one hydrogen
and/or (ii) one to two groups selected from alkyl, alkenyl, C;.;cycloalkyl,
phenyl, benzyl, phenylethyl, napthyl, a four to seven membered heterocylo, and
a five to six membered heteroaryl; or (iii) when attached to the same nitrogen
atom two groups 1may join to form a heterocyclo or heteroaryl); R. is especially
hydrogen, cyano, fluoro, or C(O)NH,).

R; is selected from (i) hydrogen, halogen, nitro, cyano, OR o, NRjgR,;, CO:R,0, and
C(=0)Ryy; or (ii) Cy4alkyl, cycloalkyl, aryl, and heteroaryl, each group of
which is optionally substituted (more preferred R; groups: hydrogen, halogen,
C,4alkyl, and aryl, especially: hydrogen, chloro, methyl, ethyl, isopropyl, and
phenyl); and

Ry and Ry; are independently selected from (i) hydrogen, C,.4alkyl, and substituted C,.
salkyl (preferred substitutions: one to three groups independently selected from
hydrogen, halogen, nitro, cyano, OH, phenyl, and OC,_4alkyl); or (ii) R}o and
Ry together with the nitrogen atom to which they are both attached combine
to form an optionally substituted 5-, 6-, or 7-membered heteroaryl or

heterocyclo.
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[0075] Even more particularly preferred compounds, including enantiomers,
diastereomers, a pharmaceutically-acceptable salt, or hydrate, thereof, are those within
the scope of formula (I) (above) having the formula (Ia), in which NR4R; is selected

from:

OEt om
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2

Q Q A

TR s s

) b““% b 5
_Q _Q NH——\ NH_\_OMe " OMe
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[0076] Alternative even more particularly preferred compounds, including
enantiomers, diastereomers, a pharmaceutically-acceptable salt, or hydrate, thereof, are
those within the scope of formula (I) in which NR¢R; is selected from:
NH-(CH,),-NH;, NH-(CH,)s-NH,,
NH,
oo Te N
N NH NH NH, N _J/‘“/
0~ , _NH ,

-36 -

COMS ID No: ARCS-355491 Received by IP Australia: Time (H:m) 16:13 Date (Y-M-d) 2012-02-07



A J Park
@\
—
S
@\
e
O
A
~
-
AN
N
q—
SR
o))
9\
\O
S
S

N 5

10

15

20

25

2/7/2012 4:25:51 PM PAGE 76/194 Fax Server

NH,

NH
NH,

OH / o
HN N N N
, C>_ﬁ ’ :j/ NH-'-/_ N %

NH—O—NH
4 \>
C1.qalkyl
N B 5 1.aalkyl) N _
K// NH NH c:>— NH~O/

NH NH NH
NH~@~NH2 NHAO HNCNH HN—Q
NH
P > . ) s
NH HN—O—NH;
NH and )

[0077] Other preferred compounds within the scope of formula (I), or an

NH;

enantiomer, diastereomer, or a pharmaceutically-acceptable salt, thereof wherein:
R, is selected from a C;cycloalkyl, a 5-, 6-, or 7-membered aryl, heteroaryl, or a
heteroaryl ring optionally substituted by 1 to 3 groups selected from Ty, T,

and T; (More preferably, R, is selected from phenyl, pyridyl, pyrimidinyl,

cyclohexyl, and piperidinyl, each group optionally substituted by 1 to 2 groups,

T, and/or T». T, and/or T, are preferably selected from ethoxy, methoxy,
methyl, ethyl, n-butoxy, phenyl, benzyloxy, dimethylamino, chloro, iodo,
trifluoromethyl, fluoro, hydroxyl, cyano, carboxylic acid, N-methyl-N-
(pyridinylethyl)amido, ethyltetrazole, phenoxy, chlorophenyl, methylphenyl,
benzyl, morpholinyi, isopropyl, n-propyl, n-butyl, ethyl, isopropoxy, n-
propoxy, methylthio, cyclohexyl, t-butyl, chloro, trifluoromethoxy, amino,
triazolyl, dichloroimidazolyl, dimcthylpyrazolyl, methyltriazolyl,
methylimidazolyl, methyithiazolyl, methylfuryl, N,N-dimethylamido,

morpholinylsulfonyl, pyrrolidinylsulfonyl, N,N-diethylamido, N-methylamido,

N-methylsulfonamido, N-methylsulfonamido, methanesulfonamido, N,N-

dimethylsulfonamido, N, N-diethylsulfonamido, N-propylsulfonamido, N-
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ethylsulfonamido, N-methylsulfonamido, sulfonamido, aminomethyl, amido, N-
(furylmethyl)amido, N-(imidazolylmethyl)amido; N-(pyridylmethyl)amido,
(phenylpiperidinyl)carbonyl, piperidinylcarbonyl, N-benzylamido, N-
methoxyphenylamido, N-phenylamido, N-(hydroxyethyl)amido, 1-
morpholinylcarbonyl, N-(pyridinyl)amido, N-(pyridinylmethyl)amido, N-
(pyridinylethyl)amido, N,N-diethylamido, N-cyclopropylamido, N-
(cyclohexylmethyl)amido, N-(cyclohexyl)amido N-(methylpyrazolyl)amido, N-
((oxopyrrolidinyl)propyl)amido, phenylurea, and [-(fluorophenyl)-N-methyl-
oxo-dihydropyridine-3-carboxamido);

or T; and T located on adjacent atoms of M together with the atoms to which they are
attached combine to form a fused ring thereby forming a fused ring system
selected from indolyl, methylbenzothiazolyl, napthyl, methylindolyl,
tetrahydroquinolinyl, fluorenyl, quinolinyl, and dihydroindazol-one-yl.

[0078] Yet other preferred compounds, including enantiomers, diastereomers, a

pharmaceutically-acceptable salt, or hydrate, thereof, are those within the scope of

formula (T) in which NRgR; is selected from:

H, NHII <:><NHCH3 NHi 1 C><NHCH20H3 HN><:><NH2
k]
NHCH3 >O<r4|+c+12cu3

T
o %

cis/trans mixture
)

I-lkl—/_Nl\‘l
and /|

NHir

¥

HN

NH

©©

[0079] All aspects of the preferred compounds, including individual variable

definitions, may be combined with other aspects to form other preferred compounds.
METHODS OF PREPARATION

[0080] Compounds of the present invention may be prepared by the exemplary

processes described in the following reaction schemes, A to E. Exemplary reagents
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and procedures for these reactions appear hereinafter. Starting materials are
commercially available or can be readily prepared by one of ordinary skill in the art.
Modifications can be made to the methods of schemes by one skilled in the art using
known methods. For all of the schemes, the groups R, R, are as described herein for
a compound of formula (I), unless otherwise indicated. Groups designated generally
as R, R", Z, P' and P" as well as appropriate solvents, temperatures, pressures, starting
materials (having the desired substituents), and other reaction conditions, may be
readily selected by one of ordinary skill in the art. It is anticipated that, where
possible, the products of the reaction schemes described below may be further

elaborated by one of ordinary skill in the art

M.
[0081] Compounds of general formula (I) where E = C and F =N, and Z = CR3
(i.e. formula (Ia)) may be prepared as described below in Schemes A, B and C.

Scheme A
R’
HzN\KﬁR?)
P
yflw* Wﬁ - -wpﬁi
o 7 R

R’

f

R4
2
[0082] Readily prepared 3-amino-4,6-dihalopyridazines 1 are condensed with
commercially available or readily prepared 2-haloaldehydes or 2-haloketones 2 or their
equivalents to providc 6,8-dihaloimidazo[1,2-b]pyridazines 3 in an alcoholic solvent

(such as ethanol). The reaction of 3 with an amine in a suitable solvent (such as N-

methylpryrrolidinone or alcohols) in the presence of a suitable base (such as

-30.-
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triethylamine or cesium carbonate) provides 6-haloimidazo[ 1,2-b]pyridazines 4.
Alternatively, the reaction of 3 with non-reactive nucleophiles (such as electron
deficient anilines) in a suitable solvent (such as dimethylformamide or tetrahydrofuran)
with a suitable base (such as sodium hydride) may provide compounds having the
formula 4. Reaction of 6-haloimidazof1,2-b]pyridazines 4 with nucleophiles (such as
amines) provides imidazo[ 1,2-b]pyridazines (Ia) under either neat conditions or in a
solvent (such as N-methylpryrrolidinone) in the presence of a suitable base (such as

cesium carbonate).

Scheme B
R’ R’ X X
N N R Ny R Ny Xy
A N R U S S R Gl N
N R N R N R’ N Y
R R R R
23 s ‘g Y
R2=H R; = halogen R; = halogen R; = halogen
R*' =halogen R' = halogen R'2= haloggen ’ ’
| x
T T
R14§/ 1 \
> N\”/ ar ‘S/N\N/ Y
R; Rz
7 (1a)
R; # haiogen R, # halogen
R'=halogen

[0083] Compounds having the formula (Ia) can also be obtained via treatment of
6,8-dihaloimidazo[1,2-b]pyridazines 3 prepared as described in Scheme A with
halogenating agents (such as NBS, NCS, NIS, selectfluor) in a suitable solvent (such
as chloroform or acetonitrile) to provide the corresponding 3,6,8-trihaloimidazo{1,2-
b]pyridazine<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>