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HETEROCYCLIC ACRIDONE INHIBITORS
OF IMPDH ENZYME

RELATED APPLICATIONS

2

phenolic acid (“MPA™) and some of its derivatives as potent,
uncompetitive, reversible inhibitors of human IMPDH type
I and type II. MPA has been demonstrated to block the
response of B and T-cells to mitogen or antigen.
Immunosuppressants, such as MPA and derivatives of MPA,

. L . . . 5 . : N
'[‘h_]f"’ a_PPhCﬂ“O“ claims the benefit of U.S. l-’r(!wsmnal are useful drugs in the treatment of transplant rejection and
Application No. 60/343,234, filed Dec. 21, 2001, incorpo- autoimmune disorders, psoriasis, inflammatory diseases,
rated herein by reference. including rheumatoid arthritis, tumors and for the treatment
of allograft rejection. These are described in U.S. Pat. Nos.
FIELD OF THE INVENTION 10 4,686,234, 4,725,622, 4,727,069, 4,753,935, 4,786,637,
The present invention relates to compounds which inhibit j’ggg’ig_zf’ 446%2147.776’ 4[5856 Eal?s :(5),8 34’948‘?93’ 4,952,579,
IMPDH, to methods of making such compounds, and to »959,387, 4,992,467, and 2,24/,U82.
pharmaceutical compositions containing these compounds. Mycophcnglalc mofetil, ,SOI(I, under the t‘ra(lf: name
The compounds and pharmaceutical compositions of the CELLCEPT, is a_prodrug “fhwh liberates MPA in VIVO. I_t 1S
invention can be used as therapeutic agents for IMPDH- 15 a%ppr(w.cd f(]]"LlSC in preventing acute renal z'illogra‘ft rejection
associated disorders. tpllpwmg kidney I_ransplan?atloq, Thc side c&cc_:t prthc
limits the therapeutic potential of this drug. MPA is rapidly
BACKGROUND OF THE INVENTION metabolized to the inactivc gl.l.lwronidc in vivo. In humans,
i the blood levels of glucuronide exceed that of MPA. The
b Inos;]nc m?niphosllzhatc (lchydl:og::hnasc (IlNll‘PDH)f halsl op glucuronide undergoes enterohepatic recycling causing
ccn shown 1o be a key enzyme 1n the regulalion ol ce accumulation of MPA in the bile and subsequently in the
Pro]ltcratlon f"n'd (llﬁ'crcntla:tlon. Nucleotides are rcqu‘lrcd gastrointestinal tract. This together with the production of
for cells to dl"lfic and replicate. In‘ mammals, nucleotides the inactive glucuronide effectively lowers the drug’s in vivo
may be iiml}esmfhd Ithggl onelot two tI;““"”"{i’_:‘: lhel d"{ potcnci_v, while increasing its undesirable gastrointestinal
novo synthesis pathway or the salvage pathway. The extent . side effects.
'()‘f Elli]izati(?n‘of each pat‘hwa)‘( is dcpcndcnt on the cell type. . The combination of agents for prevention and/or treat-
[I?lf; se]ccllvuy‘ has ramifications with regard to therapeutic ment of IMPDH-associated disorders, especially allograft
utility as described below. rejection, has been investigated. In one study, it was
IMPDII is involved in the de novo synthesis of guanosine observed that cyclic AMP agonists, such as the Type 4
nucleotides. IMPDH catalyzes the irreversible NAD- 33 Phosphodiesterase (PDE4) inhibitor Rolipram [4-[3-
dependent oxidation of inosine-5'-monophosphate (“IMP™) (cyclopentyloxy)-4-methoxy-phenyl]-2-pyrrolidinone]
to xanthosine-5'-monophosphate (“XMP”), Jackson et al., (Schering AG), synergized with IMPDH inhibitor MPA by a
Nature, 256:331-333 (1975). cAMP- and IMPDH-dependent mechanism. (P. A. Canelos
IMPDH is ubiquitous in eukaryotes, bacteria and proto- et al., J. Allergy and Clinical Immunology, 107:593 (2001)).
zoa. The prokaryotic forms share 30-40% sequence identity 35 The investigators found that cyclic AMP agonists, such as
with the human enzyme. the PDE4 inhibitor Rolipram (Rol), markedly downregu-
Two distinct cDNA’s encoding IMPDH have been iden- lated anllgcn-sptx:lﬁc [ lym!ahocylc responses through their
tified and isolated. These transcripts are labeled type I and ~ ¢flects on a variety of signaling pathways. The study d?g'“d
type II and are of identical size (514 amino acids). Collart et the potential 10 use a low concentration of Rol (107" M,
al.,J. Biol. Chem., 263:15769-15772 (1988); Natsumeda et 40 pproximate ICy) to synergize with a variety of immuno-
al.,J. Biol. Chem., 265:5292-5295 (1990); and U.S. Pat. No.  SUPpressive agenls for the prevention and/or treatment of
5,665,583 to Collart et al. These isoforms share 84% ?llo.glta.ft rejection. Whllc little Or no synergistic effect 30[1
sequence identity. IMPDH type I and type II form tetramers inhibition of antigen-induced proliferation (assessed by “H
in solution, the enzymatically active unit. T_hyml{lmc mcorpo}'atlon) c01111d be Ficmons:ratcd \\-il‘th cal-
B and T-lymphocytes depend on the de novo, rather than 45 clneurin antagonists (,Cy" osporne and, tz.a.cro‘lmlls),
- ; . sirolimus, or corticosteroids, a marked synergistic effect was
salvage pathway, to generate sufficient levels of nucleotides . . ;
A e . . demonstrated with MPA, the active metabolite of mycophe-
necessary to initiate a proliferative response to mitogen or oy . s
. b e . nolate mofetil (CellCept, Roche). This effect was statisti-
antigen. Due to the B and T cell’s unique reliance on the de o . e o
. . . cally significant over 4 orders of magnitude (107 to 10
novo pathway, IMPDH is an attractive target for selectively ; . . s e
C . . e 5o M). This synergism was recapitulated with dibuteryl-cAMP
inhibiting the immune system without also inhibiting the 6 . S . .
. . (2x107* M, approximate IC,,)) and inhibited with the use of
proliferation of other cells. H-9, suggesting a mechanism involving both cAMP and
Inhibitors of IMPDH have also been described in the art. pml;:in i?nasc 7\ o &
WfO 9\7""300,28 z'md Ut‘ls‘ Pat. 1\\T0. 5,807,876 dcscnlilc lil;' lass Since MPA is a selective, uncompetitive, and reversible
?N (I;r;: , 482;?3{0_5‘ t‘bat‘l?o.‘_ssu_ss _a ;: EmmorT U}l:ca z:)c‘ . onc(i 55 inhibitor of IMPDH, a key enzyme in the purine salvage
) FO/FUIG L desCriDes a series o eterocychic subshtute: pathway, the potential for cAMP-mediated cross-talk at this
anilines as inhibitors of IMPDH. locus was further investigated. It was found that gene
Tiazofurin, ribavirin and mizoribine also inhibit IMPDH. expression for IMPDH types I and II (assessed by RT-PCR)
These nucleoside analogs are ‘c-:m‘lp‘ctilivc inhibitors of remained unaffected by the administration of rolipram,
IMPDH; however, these agents inhibit other NAD depen- g5 MPA, or both at low and high concentrations. However,
dent enzymes. This low level of selectivity for IMPDH functional reversal of the synergistic effect was demon-
lirpits.tt’hc ‘h%{'EPCUIiC applicationl?f Efﬂfu rin, ribav(ijr in laﬂd strated with the use of deoxyguanosine, a specific antagonist
mizoribine. fhus, new agents which have improved selec- of MPA on IMPDH (% inhibition of proliferation 81£16 vs.
tivity for IMPDH would represent a significant improvement 3512, p<0.05). Finally, despite a marked synergistic effect
over the nucleoside analogs. 65 on inhibition of proliferation, no significant downregulation
U.S. Pat. Nos. 5,380,879 and 5,444,072 and PCT publi- in the generation of proinflammatory cytokines (IL-2, IL.-4,
cations WO 94/01105 and WO 94/12184 describe myco- and IFN, each assessed by RT-PCR), could be detected with
PENN EX. 2232
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the administration of Rol 1077 M, MPA 10™% M, or the
combination. It was concluded that Rol demonstrates
marked synergy with MPA by a cAMP- and IMPDH-
dependent mechanism. The utility of this combination of
agents for the induction of T cell tolerance was suggested by
the specificity of the observed effect for proliferation, with-
out the abrogation of cytokine generation and early signaling
processes.

Unlike type I, type Il mRNA is preferentially upregulated
in human leukemic cell lines K562 and HL-60. Weber, J.
Biol. Chem., 266: 506-509 (1991). In addition, cells from
human ovarian tumors and leukemic cells from patients with
chronic granulocytic, lymphocytic and acute myeloid leu-
kemias also display an up regulation type II mRNA. This

disproportionate increase in IMPDH activity in malignant

cells may be addressed through the use of an appropriate
IMPDH inhibitor. IMPDH has also been shown to play a
role in the proliferation of smooth muscle cells, indicating
that inhibitors of IMPDH may be useful in preventing
restenosis or other hyperproliferative vascular diseases.

IMPDH has been shown to play a role in viral replication
in some viral cell lines. Carr, J. Biol. Chem.,
268:27286-27290 (1993). The IMPDH inhibitor VX-497, is
currently being evaluated for the treatment of hepatitis C
virus in humans. Ribavirin has also been used in the treat-
ment of hepatitis C and B viruses and when used in
combination with interferon an enhancement in activity was
observed. The IMPDH inhibitor ribavirin is limited by its
lack of a sustained response in monotherapy and broad
cellular toxicity.

There remains a need for potent selective inhibitors of
IMPDH with improved pharmacological properties, physi-
cal properties and fewer side effects. Such inhibitors would
have therapeutic potential as immunosuppressants, anti-
cancer agents, anti-vascular hyperproliferative agents, anti-
inflammatory agents, antifungal agents, antipsoriatic and
anti-viral agents. The compounds of the present invention
are effective inhibitors of IMPDH. Inhibitors of IMPDH
enzyme are also described in U.S. patent application Ser.
No. 10/324,3006, titled “Acridone Inhibitors of IMPDH
Enzyme,” having the same assignee as the present invention
and filed concomitantly herewith, the entire contents of
which is incorporated herein by reference. Said application
also claims priority to U.S. patent application Ser. No.
60/343,234, filed Dec. 21, 2001.

SUMMARY OF THE INVENTION

The present invention provides compounds of the follow-

ing formula (I), their enantiomers, diastereomers, tautomers ¢

and pharmaceutically acceptable salts and solvates thereof,

for use as IMPDH inhibitors:
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4
X* is selected from CR', N, NR?,
X’ is CR' or N;
X° is selected from CR*, N, NR?, 0, and S;
X7 is selected from a bond, CR! and N;

X5, X%, X% and X are independently selected from C
and N;

Provided, however, that at least one of X*, XZ, X3, X*, X°,
X6, X7, X5, X%, X' and X! is N, NRZ, O or S; and provided
further that X*, X3, X3, X*, X*, X¢, X7, X#, X°, X*® and X"
are selected such that a tricyclic heteroaryl ring system is
formed;

W is —C(=0)—, —S(=0)—, or —5(0),—; or W may
be —CH,— if X is —C(=0)—, —8(=0)—, or
—S(0),—

X is selected from —CH,—, —N(R")—, and —O—,
except that when W is —CH,—, X is selected from
—C(=0)—, —S(=0)—, or —S(0),—

Y is a bond or —C(R"*)R™")—;

Q is selected from a bond, —C(R*®)(R*®)—,
—C(=0)—, —CH,—0—, —CH, -—,—CH,
CO,—NR*—, —CH,—CO,—, —C(=0)NR*—, and
—CH=C(R*")—;

Z is selected from alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl,
substituted cycloalkyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, heterocyclyl and substituted
heterocyclyl, and when Y is —C(R™)(R™)— and Q is a
bond or —C(R**)(R*"}—, Z may be CO,II or CO,alkyl;

R! is the same or different and is selected from hydrogen,
halogen, cyano, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, O—R”, —(C=0)R’,
—(C=0)—0—R’, NR*R?, —(C=0)NR®*R®, —SR*",
—S(=0)R?*’, —SO,R* and —C=C—Si(OH,)s;

R is selected from hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heterocyclyl and substituted heterocyclyl;

R? is selected from H, OH and NH.;

R* is selected from H, OH and C,_, alkyl;

R7 is selected from hydrogen, alkyl, substituted alkyl,
alkenyl, alkynyl, cycloalkyl, substituted cycloalkyl, C(=0)
alkyl, C(=0)substituted alkyl, C(=0O)cycloalkyl, C(=0)
substituted cycloalkyl, C(=0)aryl, C(=0)substituted aryl,
C(=0)0-alkyl, C(=0)0-substituted alkyl, C(=0)
heterocyclo, —C(=0)—NR®R®, C(=0)heteroaryl, aryl,
substituted aryl, heterocyclo, substituted heterocyclo, het-
eroaryl and substituted heteroaryl;

R® and R® are independently selected from hydrogen,
OR’, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, C(=0)alkyl, C(=0)substituted alkyl, C(=0)
cycloalkyl, C(=O0)substituted cycloalkyl, C(=0)aryl,
C(=0)substituted aryl, C(=0)0-alkyl, C(=0)0-
substituted alkyl, C(=O)heterocyclo, C(=0)heteroaryl,

O and S;

0 aryl, substituted aryl, heterocyclyl, substituted heterocyclyl,
R¥ 55 heteroaryl and substituted heteroaryl, or R® and R® are taken
J\ together with the nitrogen atom to which they are attached
X6 to form a substituted or unsubstituted heterocyclic ring of 3
| O O to 8 atoms, or substituted or unsubstituted heteroaryl ring of
)\ /\1‘:]\ /\‘fL / ‘o / 5 atoms;
~x ~z 60 R*Y is selected from alkyl and substituted alkyl;
R.: R’ is the same or different and is selected from hydrogen,
halogen, nitro, cyano, alkyl, substituted alkyl, alkenyl, sub-
wherein: stituted alkenyl, alkynyl, substituted alkynyl, O—R’,
L. N NR®R?, SR7, S(O)R7, SO,R7, SO,R7, SO,NR®R’,
X" is selected from a bond, CR™ and N; 65 —C(=O)R?, COZR?, C(=O)NRRR9, and —C=(—S&i
X is selected from CR**, N, NR?, O and S; (CHa,)s;
X3 is selected from CRY, N, NR?, O and S; R* is selected from =0 and =S;
PENN EX. 2232
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R” and R* are independently selected from hydrogen,
C,_,alkyl, hydroxy, halogen, hydroxyC, ,alkyl, haloC,_,
alkyl, and heterocycloC,_,alkyl, or taken together form a
C,_;cycloalkyl ring; and

R* and R"* are independently selected from hydrogen,
cyano, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclo, substituted
heterocyclo, heteroaryl and substituted heteroaryl, or R*°
and R* are taken together to form a substituted or unsub-
stituted cycloalkyl ring of 3 to 8 atoms or a substituted or
unsubstituted heterocyclo ring of 3 to 8 atoms.

The present invention also relates to pharmaceutical com-
positions containing compounds of formula (I), and methods

for treating IMPDH-associated disorders using the com- !

pounds of formula (I), alone or in combination with PDE4
inhibitors.

DETAILED DESCRIPTION OF THE
INVENTION

The following are definitions of the terms as used
throughout this specification and claims. The initial defini-
tion provided for a group or term herein applies to that group
or term throughout the present specification, individually or
as part of another group, unless otherwise indicated.

The term “alkyl” refers to straight or branched chain
hydrocarbon groups having 1 to 12 carbons atoms, prefer-
ably 1 to 8 carbon atoms, and most preferably 1 to 4 carbon

atoms. The term “lower alkyl” refers to an alkyl group of 1

to 4 carbon atoms.

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, cyano, O—R?,
S—R?>, NR°R®? nitro, oxo, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclo, substituted
heterocyclo, heteroaryl, substituted heteroaryl, CO,R?, S(O)
R, SO,R®, SOsR®, SO,NR°R®*, C(=0) NR°R®*,
NR®CO,R%, C,NR°NR® and C(=O)R°.

The term “alkenyl” refers to straight or branched chain
hydrocarbon groups having 2 to 12 carbon atoms and onc,
two or three double bonds, preferably 2 to 6 carbon atoms
and one double bond.

The term “substituted alkenyl” refers to an alkenyl group
as defined above having one, two, or three substituents
selected from the group consisting of halo, cyano, O—R?,
S—R?®, NR®R®?, nitro, oxo, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclo, substituted
heterocyclo, heteroaryl, substituted heteroaryl, CO.R?, S(0)
R3, SO,R?, SO,R?, SO,NR°R®*, C(=O0O)NR°R®?,
NR°CO,R®?, CO,NR°R®” and C(=O0)R".

The term “alkynyl” refers to straight or branched chain
hydrocarbon group having 2 to 12 carbon atoms and one,
two or three triple bonds, preferably 2 to 6 carbon atoms and
one triple bond.

The term “substituted alkynyl” refers to an alkynyl group
as defined above having one, two or three substituents
selected from the group consisting of halo, cyano, O—R?,
S—R7, NR°R", nilro, cycloalkyl, substituted cycloalkyl,
oxo, aryl, substituted aryl, heterocyclo, heteroaryl, CO,R?,
S(O)R?, SO,R?, SO,R5, SO,NR®R, C(=O0)NR°R"“, and
C(=0)R°.

The term “halo™ refers to chloro, bromo, fluoro, and iodo,
with chloro, bromo and fluoro being preferred.

The term “cycloalkyl” refers to fully saturated and par-
tially unsaturated monocyclic hydrocarbon rings of 3 to 9,

5 of 40
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preferably 3 to 7 carbon atoms. Also included in this
definition are bicyclic rings where the cycloalkyl ring as
defined above has a bridge of one, two or three carbon atoms
in the bridge, or a second ring attached in a fused or spiro
fashion, i.e., a fused aryl, substituted aryl, cycloalkyl, sub-
stituted cycloalkyl, heterocyclo, substituted heterocyclo,
heteroaryl or substituted heteroaryl ring, or a spirocycloalkyl
or spiroheterocycloalkyl ring, provided that the point of
attachment is in the cycloalkyl ring.

Thus, the term “cycloalkyl” includes cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, etc., as well as the following ring systems,

X L FQO
AoRS

\.,

s
08

and so forth.

The term “substituted cycloalkyl” refers to such
cycloalkyl groups as defined above having one, two or three
substituents attached to any available carbon atom of a
monocyelic ring or any available carbon or nitrogen atom of
a bicyclic ring, wherein said substituents are selected from
the group consisting of halogen, nitro, alkyl, substituted
alkyl, alkenyl, cyano, cycloalkyl, aryl, heterocyclo,
heteroaryl, oxo (=0), —OR®, —CO.R*, —C(=0)
NR°R®, —OC(=0)R?’, —OC(=0)R?’, —OC(=0)
OR°R®*, —OCH,CO,R?, —C(=0)R®, NR°R®*, —NR'°C
(=0)R®*, —NR'®’C(=0)0OR?, —NR*°C(=0)C(=0)OR?,
—NR'C(=0)C(=0)NR°R®?, —NR'°C(=0)C(=0)
alkyl, —NR'°C(NCN)OR®, NR'C(=0)NR°R®**, —NR°
(NCN)NR°®R®?, —NR'WC(NR'")NR°R®“,
—NR'"S0,NR°R®, —NR'°SO,R®, —SR®, —S(O)R?,
—SO0,R%, —SO,R®, —SO,NR°R®“, —NHOR®,
—NR'NR®R®*, —N[C(=0)R’J[OR'*], —N(CO,R?)
OR'®, —C(=0)NR'(CR'*R*?), R>, —C(=0)(CR"*R"%),
O(CR™R™%)_CO,R®, —C(=0)(CR*R"3),0R®, —C(=0
(CR12R13)pO(CR14RIS)qRS, —C(=O)(CR1:R13),_NR6R6“,
—0C(=0)O(CR™R"), NR°R®, —OC(=0)N(CR>-
R'),R*, —O(CR'*R'%),, NR°R°?, —NR'’C(=0)
(CR™R™) R®, —NR™C(=C)(CR'R"),0R?, NR'°C
(=NC}(CRI2RI3)rRS, _NR1[)C(=0)(CR12R13]rNRbRbn,

PENN EX. 2232
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—NR'®(CR'*R'3), OR®, —NR'*(C'*R*?),COR%, —NR'®  R®, —C(=0)(CR'*R'3),0(CR™R** ) COR®>, —C(=0)
i el Gee Cehand oGl
(?Rg;{"% CO(éR] ‘R”)) G NR""’(CR'Zli”) oS —C (_59)(( RIZR ),NR°R —O0C(=0)0(C R? RH)
(i SO (CR-R & Si(alkyl) NReRe, gﬁ'{%?)b&(igagw){ﬁw _OI\(I%{E{“C? s
2! : 3¢ 5 , — (= . )R>, — =
When a substituted cycloalkyl is substituted with a second (CR'R'),0R®, —NR'°C(=NC)(CR'*R'?),R%, —NR'°C

ring, including an aryl, heterocyclo, or heteroaryl ring, or a
second cycloalkyl ring, said second ring in turn is optionally
substituted with one to three R'7 groups as defined below.

It should be understood that a “substituted cycloalkyl”
may have a substituent attached to any atom of the
cycloalkyl ring, including its point of attachment to another
group. Thus, for example, a cycloalkyl group substituted
with a group “R” may comprise,

and so forth, where R is a substituent on a cycloalkyl group
as defined above.
The term “aryl” refers to the phenyl, 1-naphthyl, and

2-naphthyl, preferably phenyl, as well as an aryl ring having 2

a fused cycloalkyl, substituted cycloalkyl, heterocyclo, sub-
stituted heterocyclo, heteroaryl, or substituted heteroaryl
ring, provided that the point of attachment is in the aryl ring.
Thus, examples of aryl groups include Thus, examples of
aryl groups include:

7
I\\j AN
A A 7

and so forth.

The term “substituted aryl” refers to such aryl groups as
defined above having one, two, or three substituents selected
from the group consisting of halogen, nitro, alkyl, substi-
tuted alkyl, alkenyl, cyano, cycloalkyl, aryl, heterocyclo,
heteroaryl, 5 (=0)NR°R®?, —OC(=0)
R®, —OC(=0)OR®, —OC(=0)NR°R**, —OCH,CO,R®,
—C(=0)R?, NR°R*™, —NR'’C(=0)R*, —NR'""C(=0)
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(=0)(CR™R'®) NR°R*, —NR'’(CR'*R'?), OR?, —NR*°
(CR™R*®),CO,R?, RID(CRIQRJS),,,NRUR“", —NR™
(CR**R'®) SO (( R”R 5) R>, —C(=0)NR'(CR*R*?),
SO, (C‘R”RIS) R?, —SO, NRID(CRPRB] ,CO(CR™R"),
R?, —SO0, NR”](( R'*R'*)"OR?, and —SO, NR'S
(CR‘“R”) Si(alkyl);, as well as pentafluorophenyl.

When a substituted aryl is substituted with a second ring,
including a cycloalkyl, heterocyclo, or heteroaryl ring, or a
second aryl ring, said second ring in turn is optionally
substituted with one to three R'® groups as defined below.

The term “heterocyclo™ refers to saturated or partially
saturated monocyclic rings of 3 to 7 members and bicyclic
rings of 7 to 11 members having one or two O or S atoms
and/or one to four N atoms, provided that the total number
of heteroatoms is four or less and that the heterocyclo 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 bicyclic heterocyclo
ring may also contain a bridge of one, two or three carbon
atoms between available carbon or nitrogen atoms. The
bicyclic heterocyclo rings may also have a cycloalkyl,
substituted cycloalkyl, aryl, substituted aryl, heterocyclo,
substituted heterocyclo, heteroaryl, or substituted heteroaryl
ring fused to the monocyclic ring provided that the point of
attachment is through an available carbon or nitrogen atom
of the heterocyclo ring. Also included are heterocyclo rings
having a second ring attached thereto in a spiro fashion

The term “substituted heterocyclo” refers to a heterocyclo
ring or ring system as defined above having one, two or three
substituents on available carbon or nitrogen atom(s) selected
from the group consisting of halogen, nitro, alkyl, substi-
tuted alkyl, alkenyl, cyano, cycloalkyl, aryl, heterocyclo,
heteroaryl, oxo (=0), —OR®, —CO,R*, —C(=0)
NR®R®, —OC(=0)R?>, —OC(=0)0R?, 2(=0)
NR°R®* —OCH,CO,R*, —C(=—O)R?, NR°R, —NR'C
(=0)R?, —NR'°C(=0)0OR’, —NR'°C(=0)C(=0)OR’,
NR'°C(=0)C(=0)NR°R**, —NR'’C(=0)C(=0)alkyl,
—NR'"™C(NCN)OR?, NR'C(=0)NR°R®?, —NR'°C
(NCN)NR°R®?, —NR'WC(NR'")NR°R®“,
—NR'"S0,NR°R**, —NR'*SO,R?>, —SR?, —S(O)R’,
—S()«__RS, —SO0,R?, —SO,NR°R®%, —NHOR?,
—NR'NR°R®*, —N[C(=0)R’J[OR'®], —N(CO,R?)
ORI() _C(_O)NRl()(CRIZRI'i)r ‘3, _C(_O)(CRPZR!S]F
O((“R”R”) CO,R?, —C(=0)(CR'"R"),0R?, —C(=0)
(CR* R"’) ()(( R 'R”) R®>, —C(=0)(C R12R”) NR R,
—0C(= O)(CR”RH) NR“R“" OC(—O)N(CR’ZR”)
R®, —O(CR'™R*®), NR°R®*, —NR'°C(=0)(CR'"*R"?),R>,
—NRIOC(=()){(IR13R13)r()R5, —NR1°(3(=N(I)
(CR'ERL”)’RS, —NRmC(ZO)(CR12R13)rNR6Rﬁ", __NR®
((TR”R”)m()RS, NR'?(CR'ZR'?),CO,R?, —NR'"
(CR'R'), NR°R®, —NR'*(CR'*R"*?),SO (( R’ R R,
—C(=)NR'(CR*R'),S0, (C‘R“R“) —SCMNR10
(CR'*R™3), CO(C R”Rls)( R®, —S():NRIB(( R”‘Rl‘)m(]Rq
and —SOENR:‘”{CR”RI ),,Si(alkyl)3,

r

OR?, —NR'C(=0)C(=0)0R?, —NR'°C(=0)C(=0) When a substituted heterocyclo is substituted with a
NR°R®*, —NR'’C(=0)C(=0)alkyl, —NR'°C(NCN) second ring, including an aryl, cycloalkyl, or heteroaryl ring,
OR®, NR'C(=0)NR°R®", —NR'°C(NCN)NR°R®¢,  or a heterocyclo ring, said second ring in turn is optionally
—NR!C(NR!)NR®R®?, —NR!°SO,NRC°R®“,  substituted with one to three R'” groups as defined below.
—NR'"SO0,R>, —SR®, —S(O)R*, —SO,R>, —SO;R’, 65 Exemplary monocyclic heterocyclo groups include
—S0,NRR®, —NHOR?, —NR'’NR°R®*, —N[C(=0) pyrrolidinyl, pyrrolinyl, pyrazolinyl, pyrazolidinyl,
R3TOR'®], —N(CO,R*)OR'®, —C(=0)NR'’(CR'*R"*?), oxetanyl, imidazolinyl, imidazolidinyl, oxazolidinyl,

PENN EX. 2232
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isothiazolidinyl, isoxazolinyl, thiazolidinyl, tetrahydrofuryl,
piperidinyl, piperazinyl, tetrahydrothiopyranyl,
tetrahydropyranyl, morpholinyl, thiamorpholinyl, thiamor-
pholinyl sulfoxide, thiamorpholinyl sulfone,
tetrahydrothiopyranylsulfone, 1,3-dioxolanyl, tetrahydro-1,
1-dioxothienyl, dioxanyl, thietanyl, thiiranyl, triazolinyl,
triazolidinyl, etc.

Exemplary bicyclic heterocyclo groups include indolinyl,
quinuclidinyl, tetrahydroisoquinolinyl, benzimidazolinyl,
chromanyl, dihydrobenzofuran, dihydrofuro[3,4-b]
pyridinyl, dihydroisoindolyl, dihydroquinazolinyl (such as
3,4-dihydro-4-oxo-quinazolinyl), benzofurazanyl,
benzotriazolinyl, dihydrobenzofuryl, dihydrobenzothienyl,
dihydrobenzothiopyranyl, dihydrobenzothiopyranyl
sulfone, dihydrobenzopyranyl, isoindolinyl, isochromanyl,
benzodioxolyl, tetrahydroquinolinyl, etc.

Exemplary spirocyclic heterocyclo groups include 1-aza
[4.5]spirodecane, 2-aza[4.5]spirodecane, 1-aza[5.5]
spiroundecane, 2-aza[5.5]spiroundecane, 3-aza[5.5]
spiroundecane, etc.

The term “heteroaryl” refers to aromatic 5 or 6 membered
monocyclic groups and 9 or 10 membered bicyclic groups
which have at least one heteroatom (O, S or N) in at least one
of the rings. Each ring of the heteroaryl group containing a
heteroatom can contain one or two O and S atoms and/or

from one to four N atoms, provided that the total number of 2

heteroatoms in each ring is four or less. The bicyclic
heteroaryl rings are formed by fusing a cycloalkyl, substi-
tuted cycloalkyl, aryl, substituted aryl, heterocyclo, substi-
tuted heterocyclo, heteroaryl or substituted heteroaryl group
to the monocyclic heteroaryl ring as defined above. The
heteroaryl group is attached via an available carbon or
nitrogen atom in the aromatic heteroaryl ring. The nitrogen
and sulfur atoms may optionally be oxidized and the nitro-
gen atoms may optionally be quaternized.

The term “substituted heteroaryl” refers to a heteroaryl
ring or ring sysiem as defined above having one, two or three
substituents on available carbon or nitrogen atom(s) selected
from the group consisting of halogen, nitro, alkyl, substi-
tuted alkyl, alkenyl, cyano, cycloalkyl, aryl, heterocyclo,
heteroaryl, —OR>, —CO,R?, —C(= R —0OC
(=O0)R?, —OC(=0)OR?, —OC(=O)NR°R®",
—OCH,CO,R?, —C(=0)R?, NR°R*, —NR'°C(=0)R>,
—NR'C(=0)0R’, —NR'’C(=)C(=0)OR’>, —NR'°C
(=0)C(=0)NR°R®?, —NR'°C(=0)C(=0)alkyl,
—NR'C(NCN)OR’, NR'C(=0)NR°R°*NR'’C(NCN)

NR°R®?, —NR°C(NR')NR°R®?, —NR'°SO,NR°R®,
—NRI°S0,R%, —SR°, —S(O)R®, —SO,R%, —SO,R%,
—QOHNR“R“" —NHOR?®, —NR'°NR°R%, —N[C(=0)

R’JO R“’] —N(CO,R )OR’”, —C(=0)NR'"(CR'"*R"?),
R3, —C(—O)(CR”RI‘) JO(CR™R™),CO,R?, —C(=0)
(C R‘zl{”) OR®, —C(=0)(CR™ R ),0(C R’ R1%) R®,
—C( 0)(CR’2R”) NR°R®, —OC(—O)O(C‘R'"R “),,,
NR®R®?, —OC(=0)N(CR'*R'*),R*>, —O(CR'"R"®),,
NRERS“, —NR10c3(=0)(c:R19R13),R5, —NRYC(=0)
(CRR™),0R?>, —NR'°C(=NC)(CR"*R*?),R>, —NR'°C
-RIS)rNRLiR(Sa’ _NRJ.O((:R.IZRIE)M()RS, _NRIO
(CRU'_RH) Co. Ri NRl[)(( RIZRIS)mNRﬁRfm, __NRW©
(CR™R™),S0, (CR“R”),R —C(=0)NR'(CR'*R"?),
SO,(C R14R1’) R3, —SO.NR(CR™R'3), CO(C R”R”)
R>, —GO_NR”((‘R“R“)MOR‘ and —S0, NR1
(CR‘ZR""),,Si(alkyl)_.,,

‘When a substituted heteroaryl is substituted with a second
ring, including an aryl, cycloalkyl, or heterocyclo ring, or a
second heteroaryl ring, said second ring in turn is optionally
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thiazolyl, thiadiazolyl, isothiazolyl, pyridinyl, furyl, thienyl,
oxadiazolyl, 2-oxazepinyl, azepinyl, pyrazinyl, pyrimidinyl,
pyridazinyl, triazinyl, triazolyl, etc.

Exemplary bicyclic heteroaryl groups include
benzothiazolyl, benzoxazolyl, benzothienyl, benzofuryl,
quinolinyl, quinolinyl-N-oxide, isoquinolinyl,
benzimidazolyl, benzopyranyl, indolizinyl,cinnolinyl,
quinoxalinyl, indazolyl, pyrrolopyridyl, furopyridinyl (such
as furo[2,3-c]pyridinyl, furo[3,1-b]pyridinyl or furo[2,3-b]
pyridinyl), benzisothiazolyl, benzisoxazolyl, benzodiazinyl,
benzothiopyranyl, benzotriazolyl, benzpyrazolyl,
naphthyridinyl, phthalazinyl, purinyl, pyridopyridyl,
quinazolinyl, thienofuryl, thienopyridyl, thienothienyl, etc.

In the above definitions for substituted alkyl, substituted
alkenyl, substituted cycloalkyl, substituted aryl, substituted
heterocyclo, and substituted heteroaryl, the groups R®, R®,
R, R', R", R'%, R*3, R™, R™?, R'°, and R"’, have the
definitions set forth below:

R* R, and R are independently selected from
hydrogen, alkyl, alkenyl, alkynyl, —C(=0)alkyl,
—C(=0)cycloalkyl, —C(=0)aryl, —C(=0)heterocyclo,
C(=0)heteroaryl, —CO,alkyl, cycloalkyl, aryl, heterocy-
clo and heteroaryl, wherein each alkyl, cycloalkyl, aryl,
heterocyclo, and/or heteroaryl group of each R, R, and
R™ in turn is optionally substituted, where valence allows,
with one, two or three groups selected from the group R*®
as defined below;

R® and R® are independently selected from hydrogen,
alkyl, —C(=0)alkyl, —C(=0)cycloalkyl, —C(=0)aryl,
—C(=0)heterocyclo, C(=0)heteroaryl, —CO,alkyl,
cycloalkyl, aryl, heterocyclo and heteroaryl, or R® and R®”
taken together with the nitrogen atom to which they are
attached complete a heterocyclo or heteroaryl ring, wherein
each alkyl, cycloalkyl, aryl, heterocyclo, and/or heteroaryl
group of each R® and R®* (taken alone or together) in turn
is optionally substituted, where valence allows with one,
two or three groups selected from the group R'® as defined
below;

R'* and R™ are independently selected from hydrogen
and alkyl of 1 to 4 carbons;

R'? and R’ are independently selected from hydrogen,
alkyl of 1 to 4 carbons, and alkyl of 1 to 4 carbons
substituted with one, two or three R*® groups;

R'® at each occurrence is independently selected from the
group consisting of —(CH,),-halo, —(CH,),-cyano,
—(CH;),—CF;, —(CH,),— qu —(CH,),, OCFQ,
—(CH,),—SR*®, —(CH,) ‘nitro, —(CH_) —NR®R1,

—(CH, ) —NR"— ((‘Hz) NR R 9%, i(CII )a NR’Q
(cycloalkyl), —{(CH,),—NHC(=0)alkyl, —(CH_) —
NHCO,(alkyl), —(CH,) -cycloalkyl, —(CH,), aryl

—(CH,),-heterocyclo, —(( H,),—heteroaryl, —(C IL.) —
CO, Rm’ —(CH, )q—S(O)(alkyl) —(CH,), —SOA(alkvl),
—(CH, 2),—S04(alkyl), —(CH,),—SO,NR"“R?%,
—(CH,) /—C(=O)NR™R*, and/or —(CH,),—C(=0)
R'IQ;

R'7 at each occurrence is independently selected from the
group consisting of —(CH,),-halo, —(CH,),-cyano,

—(CH,),—CF;, —(CH,),— qu —(CH,),—OCF;,
—(C ‘IL) - Rlo —(CH,), -mtmc oxo(=0), —(E IL.)‘,f
NR! JaRl Jes —(CH, )I_NRJJ (CH,), NR!94R " ;z,

—(CH,) q—NR ¥(cycloalkyl), —(CHZ),;—NHC(—O)aIkyl
—(CH,),—NHCO,(alkyl), 4cycloalkyl,
—(CH,), aryl —(CH,) -heterocyclo, (CH ),-heteroaryl,
—(CH,),, —C‘O SR, —(C‘H ) —S(0)(alkyl), —(CHﬁ) —

substituted with one to three R'® groups as defined below. 65 SO, (dll\yl) —(CH,),—S05(alkyl),
Exemplary monocyclic heteroaryl groups include SO,NR'R'? —(CH, ) C(—O)NR”"'RJ%, d.l'ld for
pyrrolyl, pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, —((.IIh)q—( (=0)R";
PENN EX. 2232
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R'® at each occurrence is independently selected from the
group consisting of halo, cyano, CF;, OH, O(alkyl), OCF;,
SH, S(alkyl), nitro, NH,, NH(alkyl), N(alkyl).,
NH(cycloalkyl), NHC(=0)alkyl, NHCO_(alkyl),
cycloalkyl, aryl, heterocyclo, heteroaryl, CO,H, CO,(alkyl),
S(0)(alkyl), SO,(alkyl), SO,(alkyl), SO,NH,, SO,NH
(alkyl), SO,N(alkyl),, C(=0)NH,, C(=O)NH(alkyl),
C(=0)N(alkyl),, C(=0)H, and/or C(=0)(zalkyl);

R'?, R*¥* and R'* are at each occurrence independently
selected from hydrogen and alkyl;

m is an integer from 2 to 6;

n is zero or an integer from 1 to 4;

p is an integer from 1 to 3;

q is zero or an integer from 1 to 3; and

r is zero or an integer from 1 to 6.

Preferred Embodiments

According to one aspect of the invention, preferred com-
pounds are those having the formula (Ia):

(Ia)

and enantiomers, diastereomers, tautomers, and pharmaceu-
tically acceptable salts and/or solvates thereof, wherein:

X' is selected from a bond, CR* and N;

X7 is selected from CR*® and N;

X is selected from CR?® and N; and

X7 is selected from a bond, CR' and N;

X? is selected from C and N;

W is —C—=0)—, —S(=0)—, or —S(0),—; or W
may be —CH,— if X is —C(=0)—;

X is selected from —CH,—, —N(R*)—, and —O—,
except that when W is —CH,—, X is —C(=0)—;

Y is a bond or —C(R**)(R*)—;

Q is selected from a bond, —C(R*°)(R"®)—,
—((=0)—, —CH,—0—, —CH,—0—CH,—, —CH,—
CO,—NR*—, —CH,—C0,—, —C(=0)NR*—, and
—CH=C (R**)—;

Z is selected from alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl,
substituted cycloalkyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, heterocyclvl and substituted
heterocyclyl, and when Y is —C(R™)(R"*)— and Q is a
bond or —C(R3**)(R**)—, Z may be CO,H or CO,alkyl;

R is the same or different and is selected from hydrogen,
halogen, cyano, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, O—R’, —(C=0)R’,
—(C=0)—0—R", NR*R®, —(C=0)NR®R?, —SR*",
—S(=0)R*®, —S0,R*® and —C=C—Si(CH,)s;

R* is selected from H, OH and C,_, alkyl;

R7 is selected from hydrogen, alkyl, substituted alkyl,
alkenyl, alkynyl, cycloalkyl, substituted cycloalkyl, C(=0)
alkyl, C(=0)substituted alkyl, C(=0)cycloalkyl, C(=0)
substituted cycloalkyl, C(=0)aryl, C(=0)substituted aryl,
C(=0)0-alkyl, C(=0)0-substituted alkyl, C(=0)
heterocyclo, —C(=0)—NR®R®, C(=O)heteroaryl, aryl,
substituted aryl, heterocyclo, substituted heterocyclo, het-
eroaryl and substituted heteroaryl;

R" and R® are independently selected from hydrogen,
OR7, alkyl, substituted alkyl, cycloalkyl, substituted
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cycloalkyl, C(=0)alkyl, C(=0)substituted alkyl, C(=0)
cycloalkyl, C(=O)substituted cycloalkyl, C(=0)aryl,
C(=0)substituted aryl, C(=0)0-alkyl, C(=0)0-
substituted alkyl, C(=O)heterocyclo, C(=O0O)heteroaryl,
aryl, substituted aryl, heterocyclyl, substituted heterocyclyl,
heteroaryl and substituted heteroaryl, or R* and R are taken
together with the nitrogen atom to which they are attached
to form a substituted or unsubstituted heterocyclic ring of 3
to 8 atoms, or substituted or unsubstituted heteroaryl ring of
5 atoms;

R* is selected from alkyl and substituted alkyl;

R is the same or different and is selected from hydrogen,
halogen, nitro, cyano, alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, O—R7,
NRPR?, SR, S(O)R7, SO,R7, SO;R7, SO,NR*R®,
—C(=0)R’CO,R7, C(=0)NR*R?, and —C=C
Si(CILy);

R*° and R"® are independently selected from hydrogen,
C,_,alkyl, hydroxy, halogen, hydroxyC, ,alkyl, haloC,
alkyl, and heterocycloC,_,alkyl, or taken together form a
C,_; cycloalkyl ring; and

R* and R* are independently selected from hydrogen,
cyano, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclo, substituted
heterocyclo, heteroaryl and substituted heteroaryl, or R*°
and R™ are taken together to form a substituted or unsub-
stituted cycloalkyl ring of 3 to 8 atoms or a substituted or
unsubstituted heterocyclo ring of 3 to 8 atoms.

In compounds of formula (I), including those of formula
(Ia) as defined above, preferably R and R?® are selected
from hydrogen, halogen, cyano, C,_,alkyl, C,_, alkenyl,
hydroxy, —O—C,_alkyl, CF;, —O—CF,, C(=0)H,
C(=0)C,_jalkyl, C=0)—0OH, —C(=0)0—C, _,alkyl,
—NH,, —NHC, _,alkyl, N(C,_,alkyl).,, —SH, —S(C,_,
alkyl), —S(=0)(C,_,alkyl), —SO_NH,, —SO,NHC,
alkyl, —SO,N(C,_,alkyl),, and —S0,(C,_,alkyl).

In compounds of formula (I), including those of formula
(Ia) as defined above, preferably R* is hydrogen, —C,_4
alkyl, or —C,_,alkyl substituted with up to two of cyano,
halogen, CF;, —O—CF,, hydroxy, —O—C,_,alkyl,
NHC,_,alkyl, N(C,_,alkyl),, —S(C,_,alkyl), —S(=0)C, _,
alkyl), and/or —SO,(CO,(C,_,alkyl).

In compounds of formula (I), including those of formula
(Ia) as defined above, preferably Z is selected from Z' and
Z7, wherein when Y and Q are both a bond, Z is Z'; and
when Y is —C(R*®)(R"*)— and Q is selected from a bond,
—C(R**)(R*)—, —C(=0)—, —CH,—0—, —CH,—

0—CH,—, —CH,—CO,—NR*—, —CH,—CO0,—,
—C(=0)NR*—, and —CH=C(R*®)—, then Z is Z*; Z' is
(R
“K
R )
(o~

wherein J and K are each independently a bond, O, NR*, or
—CHR?*'—;

Z' is selected from

a) C,_salkyl optionally substituted with one to two R*';

b) piperidyl, piperazinyl, morpholinyl, or C, ;cycloalkyl
optionally substituted with one to three R*'; and

c¢) phenyl, napthyl, benzocyclopentyl, indolyl,
tetrahydroquinolyl, oxazolyl, imidazolyl, thiazolyl, pyridyl,
pyridinyl, pyrimidinyl, and pyrazinyl, optionally substituted
with one to three R*%;

PENN EX. 2232
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R* is selected from H and C,_, alkyl;

R* and R* are independently selected from hydrogen,
cyano, C,_salkyl, and C,_salkyl substituted with hydroxy, or
R*® and R*® are taken together to form a substituted or
unsubstituted cycloalkyl ring of 3 to 7 atoms;

R3? is selected from cyano, OR?%, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, and substituted alky-
nyl;

R** is selected from hydrogen, alkyl, and trifluoromethyl;

R>! and R*" are independently selected from =0,=CH,,
halogen, trifluoromethyl, C,_jalkenyl, C,_jalkynyl, SR,
cyano, S(=0)alkyl, SO,(alkyl), CO,(alkyl), SO,NR*°R>,
NR*R*!, OR®?; or a group R%%; or a C,_salkyl optionall
substituted with up to two groups selected from R,

NR*°R>!, OR®®, and SO,(alkyl);

R*? is at each occurrence independently selected from

halogen, trifluoromethyl, C,_,alkenyl, C,_,alkynyl, S(alkyl),
cyano, S(=0)alkyl, SO,(alkyl), CO,(alkyl),
SO,NR*NR*!, NR*R*!, OR®’; or a group R%; or a
C, _salkyl optionally substituted with up to two groups
selected from R%, NH,, NH(C,_ ,alkyl), N(C,_alkyl),,
OR", and SO,(alkyl);

R*%and R3! are independently selected from hydrogen,
hydroxy, alkyl, —(CH,),-cycloalkyl, —(CH,) -
heterocyclo, O(alkyl), O(Si)(C,_,alkyl);, or C,_salkyl sub-

stituted with O(alkyl), NH,, NH(C,_,alkyl), or N(C, - -

alkyl),, or R* and R* together form a four to six membered
heterocyclo ring, wherein when R or R*! is a heterocyclo,
said heterocyclo in turn is optionally substituted with up to
two groups selected from lower alkyl, NH,, NH(C,_,alkyl),
and/or N(C,_,alkyl),;

R°® is selected from hydrogen, alkyl, pyridyl,
pyrimidinyl, and C,_salkyl substituted with O(alkyl), NH,,
NH(C,_,alkyl), N(C,_,alkyl),, or five or six membered
heterocyclo, wherein each R° in turn is optionally substi-
tuted with up to two groups selected from C,_,alkyl,
S(alkyl), NH,, NH(C, _,alkyl), and/or N(C,_,alkyl),;

R% is selected from phenyl, five to seven membered
heterocyclo, or five to six membered heteroaryl, wherein
each R°® in turn is optionally substituted with one to two
groups selected from OH, SO,(alkyl), CH,—OH, CH,—
OCH,, NHC(=0)CH,, NH,, NH (C, _,alkyl), and/or N(C, _,
alkyl).;

dis0,1,2,30r4;

eis 1, 2, or 3; and

fis 0,1, 2, or 3.

According to another aspect of the invention, there are
provided preferred compounds having the formula (Ib):

and enantiomers, diastereomers, tautomers, or pharmaceu-
tically acceptable salts or solvates thereof, wherein one of
X% and X7 is N and the other of X® and X7 is CR*®, and W,
X, Y, Q, Z and R*® are as defined above for compounds of
formula (Ia).

According to another aspect of the invention, preferred
compounds are those having formula (Ib), as defined above,
wherein R* is selected from hydrogen, cyano, —CH,,
—CH,CH,, —OCH,, —SCH,, —S(=0)CHs, —S(0),
CH;, and halogen; the groups W—X taken together are
—C(=0)NR*—; Y is —C(R**)(R*®), wherein R and R**
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are both methyl, or one of R*® and R"*® is methyl and the
other of R*® and R™ is cyano, or R*® and R"** together form
cyclopropyl, cyclobutyl, or cyclopentyl; and Q and Z are as
defined above for compounds of formula (Ia).

Further preferred compounds are those according to for-
mula (Ib), as immediately defined above, wherein Z is lower
alkyl, four to nine membered monocyclic or bicyclic het-
erocyclo or substituted heterocyclo, or phenyl or pyridyl
optionally substituted with up to two groups selected from
alkyl, substituted alkyl, haloalkyl, halogen, OR*’, and/or
NR>*R*°, wherein R*>’, R**, and R* are each independently
selected from hydrogen, alkyl, and substituted alkyl.

According to another aspect of the invention, preferred
compounds are provided having the following formula (Ic):

o (Ie)
NN
N—w
ey \X—Y
1 \
Q—7Z

wherein W, X, Y, Q, and Z are as defined above for
compounds of formula (Ia) and (Ib).

According to another aspect of the invention, preferred
compounds are provided having the above formula (Ic),
wherein the groups W—X taken together are —C(=0)
NR*—; Y is —C(R"®)(R"®), wherein R* and R"* are both
methyl, or one of R*® and R*® is methyl and the other of R*
and R™ is cyano, or R* and R™ together form cyclopropyl,
cyclobutyl, or cyclopentyl; and R* is hydrogen or C,_,alkyl.

According to another aspect of the invention, preferred
compounds are provided having the following formula (Id):

(1d)

wherein

X! is selected from a bond, CR' and N;

X* is selected from CR* and N;

X® is selected from CR™ and N;

X7 is selected from a bond, CR' and N;

X? is selected from C and N;

R and R*® are selected from hydrogen, halogen, cyano,
C,_,alkyl, C,_,alkenyl, hydroxy, —O—C,_,alkyl, CF;,

0 CF,, C(=0)H, C(=0)C,_,alkyl, —(C=0)—OH,
—C(=0)0—C,_alkyl, —NH,, —NHC, _,alkyl, N(C,_,
alkyl),, —SH, —S(C,_,alkyl), —S(=0)(C,_,alkyl),
—S0,NH,, —SO,NHC,_alkyl, —SO,N(C,_alkyl),, and
—S0,(C,_jalkyl);

R" is hydrogen or C,_jalkyl;

Y is a bond or —C(R**)(R*)—;

Z is selected from alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl,
substituted cycloalkyl, aryl, substituted aryl, heteroaryl, sub-
stituted heteroaryl, heterocyclyl and substituted heterocy-
clyl; and

R* and R* are both methyl, or one of R*® and R* is
methyl and the other of R*® and R** is cyano, or R*® and R
together form cyclopropyl, cyclobutyl, or cyclopentyl.

PENN EX. 2232
CFAD V. UPENN
IPR2015-01836



US 6,916,809 B2

15

In compounds of formula (I), including compounds of

formulae (Ia), (Ib), (Ic), and (Id), above, preferably W is
—O(=0)—.

In compounds of formula (I), including compounds of 3

formulae (Ia), (Ib), (Ic), and (Id), above, preferably Q—Z

taken together comprise a group selected from:

C,_,alkyl optionally substituted with up to two R3;

(R
N (R, NH

(R

10

5 optionally substituted with C,_,alkyl,

16

-continued

N 1, |
A -

R*® is selected from hydrogen, hydroxy, halogen,
hydroxyC,_,alkyl, and haloC,_,alkyl;

R*! and R* are at each occurrence independently selected
from =0, =CH,, halogen, trifluoromethyl, C,_,alkenyl,
C,_,alkynyl, S(alkyl), cyano, S(=0)alkyl, SO, (alkyl), CO,
(alkyl), SO,NR*°R>!, NR*°R*, OR®®; or a group R®*; or a
C,_salkyl optionally substituted with up to two groups
selected from R%%, NH,, NH(C,_,alkyl), N(C,_,alkyl),,
OR®, and SO,(alkyl);

R is at each occurrence independently selected from
halogen, trifluoromethyl, C,_,alkenyl, C,_,alkynyl, S(alkyl),
cyano, S(=0)alkyl, SO,(alkyl), CO,(alkyl), SO,NR>**R*,
NR*°R*!, OR® or a group R®%; or a C,_salkyl optionally
substituted with up to two groups selected from R®%, NH,,
NH(C,_,alkyl), N(C,_,alkyl),, OR®°, and SO,(alkyl);

R*° and Rs,are independently selected from hydrogen,
hydroxy, alkyl, —(CH,) -cycloalkyl, —(CH,),-
heterocyclo, O(alkyl), O(Si)(C,_,alkyl);, or C,_salkyl sub-
stituted with Of(alkyl), NH,, NH(C,_,alkyl), or N(C,_,-
alkyl),, or R3° and R** together form a four to six membered
heterocyclo ring, wherein when R or R*! is a heterocyclo,
said heterocyclo in turn is optionally substituted with lower
alkyl, NH,, NH(C,_,alkyl), or N(C,_,alkyl),;

R is hydrogen, alkyl, pyridyl or pyrimidinyl in turn
S(alkyl), NH,,
NH(C,_,alkyl), N(C,_,alkyl),, or C, .alkyl substituted with
O(alkyl), NH,, NH(C,_,alkyl), N(C,_,alkyl),, or five or six
membered heterocyclo;

R°* is selected from phenyl, tetrahydrofuryl, azetidinyl,
morpholinyl, thiamorpholinyl, piperazinyl, pyrrolidinyl,
diazapinyl, seven membered bicyclic heterocyclo having at
least one nitrogen atom and zero or one oxygen atom,
wherein each R°® in turn is optionally substituted with one

s to two of OH, SO,(alkyl), CH,—OH, CH,—OCH,, NHC

(=0)CH;, NH,, NH(C,_,alkyl), and/or N(C,_,alkyl),;
dis0,1, or 2;
fis 0,1, 2 or 3; and
gis 0,1 or 2.
In compounds of formula (I), including compounds of
formulae (Ia), (Ib), (Ic), and (Id), above, preferably Z is

selected from

55 0 CH,
) CH;
or, Q is selected from a bond, —CH(R*®)—, —CH,—O—, methyl. ethyl, N o CHy;
"H,—, and —CH,—CO,—NH—, and Z is N ' '
selected from
60
(R"?Jg\/\
x (\\. XN
| | j’ Y
'I\ﬁf ! /\/ '\\) ; and 6 OH;
(R, &) ' '
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According to another aspect of the invention, in com-
pounds of formula (I), including compounds of formulae
(Ia), (Ib), (Ic), and (Id), above, preferably Y is a bond and Z

25 s selected from
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-continued

/ N\>/ S\CHg;

—=N
CH;

{

and

CH

According to another aspect of the invention, preferred
compounds are those having Formula (II):

(In
R0
-7 sl

Xs’)\ SN /2

| Q

X X Z

~ N: = W Ny”
R

and enantiomers, diastereomers, tautomers, and pharmaceu-
tically acceptable salts or solvates thereof wherein:

X' is selected from a bond, CR' and N;

X2 is selected from CR?%, N, NR?, O and S;

X? is selected from CR', N, NR?, O and S;

X* is selected from CRY, N, NR?, O and S;

X® is CR' or N;

X is selected from CR*?, N, NR?, O, S and substituted
heterocycle;

X7 is selected from a bond, CR* and N;

Provided that X", X7, X3, X*, X°, X® and X" are selected
such that an aromatic ring system 1is formed;

R' is the same or different and is selected from hydrogen,
halogen, cyano, C,_, alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, O—R’,
—(C=0)R?, —(C=0)—0—R’, NRR®’, —(C=0)
NR®R?, —SR?°, —S(=0)R?>°, —SO,R*" and —C=C—Si
(CHy)s;

R? is selected from hydrogen, alkyl and substituted alkyl;

R? is selected from H, OH and NH.;

R* is selected from H, OH and C,_, alkyl;

R7 is selected from hydrogen, alkyl, substituted alkyl,
alkenyl, alkynyl, cycloalkyl, substituted cycloalkyl, C(O)
alkyl, C(O)substituted alkyl, C(O)cycloalkyl, C(Q) substi-
tuted cycloalkyl, C(OQ)aryl, C(O)substituted aryl, C(0)O-
alkyl, C(O)O-substituted alkyl, C(O)heterocycloalkyl,
—C(0)—NR®R?, C(O)heteroaryl, aryl, substituted aryl,
heterocycloalkyl, substituted heterocycloalkyl, heteroaryl
and substituted heteroaryl;

R® and R are independently selected from hydrogen,
OR7, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, alkenyl, alkynyl, C(O)alkyl, C(O)substituted
alkyl, C(O)cycloalkyl, C(O)substituted cycloalkyl, C(O)
aryl, C(O)substituted aryl, C(0)0-alkyl, C(O)O-substituted
alkyl, C(O)heterocycloalkyl, C(O)heteroaryl, aryl, substi-
tuted aryl, heterocycloalkyl, substituted heterocycloalkyl,
heteroaryl and substituted heteroaryl, or R® and R are taken
together with the nitrogen atom to which they are attached
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to form a substituted or unsubstituted heterocycloalkyl ring
or substituted or unsubstituted heteroaryl ring of 3 o 8
atoms;

R?° is selected from alkyl and substituted alkyl;

R’ is the same or different and is selected from hydrogen,
halogen, nitro, cyano, alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, O—R7,
NR®R®, SR, S(O)R, SO,R7, SO;R”, SO,NR®R®, CO,R’,
C(O)NR®R?, C(O)alkyl, C(O)substituted alkyl and
—C=C—Si(CH,)5;

R is selected from =0 and =S;

R*® and R** are independently selected from hydrogen,
cyano, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, aryl, substituted aryl, heterocycloalkyl, substituted
heterocycloalkyl, heteroaryl and substituted heteroaryl, or
R* and R* taken together form a substituted or unsubsti-
tuted cycloalkyl ring of 3 to 8 atoms or a substituted or
unsubstituted heterocycloalkyl ring of 3 to 8 atoms;

W is selected from —CH,, —C=0, NR", SO and SO,;

X is selected from —CH,, C=0, —O—, NHR®, and
NR*;

when W is CH,, X is not CH,;

Y is a bond or C(R*®)(R*); and

Z is selected from alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, alkoxy
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclyl and substi-
tuted heterocyclyl.

Further preferred compounds are those having the for-
mula (II), above, wherein:

X' is selected from a bond, CR" and N;

X* is selected from CR*® and N;

X? is CR;

X*is CRY;

X is CRY;

X® is selected from CR* and N;

X7 is selected from a bond, CR' and N;

Provided that X', XZ, X3, X*, X, X® and X” are selected
such that an aromatic ring system is formed,;

R! is the same or different and is selected from hydrogen,
halogen, cyano, C,_, alkyl, substituted C,_, alkyl, O—R’,
—(C=0)R’7, —(C=0)—0—R’, NR*R?, —(C=0)
NR®R?, —SR?°, —S(=0)R>’, —SO,R>" and —C=C—Si
(CHs);

R?is H;

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

R7, R¥, and R® are selected from hydrogen and C,_, alkyl;

R*° is selected from C,_,alkyl and substituted C,_alkyl;

R is the same or different and is selected from hydrogen,
halogen, cyano, C,_,alkyl, substituted C,_jalkyl, O—R’,
NR®R®, SR’, S(O)R”, SO,R”, SO;R7, SO,NR®*R?, CO,R’,
C(O)NR®*R?, C(0)alkyl, C(O) substituted alkyl and
—C=C—Si(CH,)5;

R is =0;

R*® and R** are independently selected from hydrogen,
C,_,alkyl, and substituted C,_,alkyl, or R*® and R"*® taken
together form a substituted or unsubstituted cycloalkyl ring
of 3 to 7 atoms;

W is selected from —CH, and —C=0;

X is selected from —CH,, C=0, NHR", and NR";

when W is CH,, X is not CH,;

Y is a bond or C(R*%) (R**); and

Z is selected from C,_,alkyl, substituted C,_,alkyl,
cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, heterocyclyl and substi-
tuted heterocyclyl.
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Utility

The compounds of the present invention inhibit IMPDH
enzyme and are thus useful in the treatment of disorders
which are affected by cells that are sensitive to IMPDH
inhibition. The present invention thus provides methods for
the treatment of IMPDH-associated disorders, comprising
administering to a subject in need thereof at least one
compound of Formula (I) in an amount effective therefor. As
used herein, the term “treating” includes both prophylactic
and therapeutic (responsive) uses and thus includes the
alleviation of symptoms of an IMPDH-associated condition
in a patient, the improvement of an ascertainable measure-
ment associated with such a condition, or the prevention of
such a condition or its symptoms. The term “patient” refers
to a mammal, preferably a human.

In view of the inventive compounds’ activity in inhibiting
the IMPDH enzyme, the compounds may be used to treat
hyperproliferative diseases and conditions. Below are non-
limiting examples of particular diseases and conditions the
inventive compounds may be used to treat.

The compounds of the present invention may be used to
treat transplant rejection, such as, for example, kidney, liver,
heart, lung, pancreas (e.g., islet cells), skin allografts, skin
homografts (such as employed in burn treatment), bone
marrow, small bowel and/or cells derived from any of these
organs. The inventive compounds also may be used to treat
conditions associated with and/or developed as a conse-
quence of transplant rejections, such as, for example, serum
sickness, graft vs. host disease, and ischemic or reperfusion
mjury.

The compounds of the present invention may be used to
treat inflammatory and/or autoimmune diseases and
conditions, such as rheumatoid arthritis, psoriatic arthritis,
multiple sclerosis, diabetes (type 1) inflammatory bowel
disease, (such as Crohn’s disease and ulcerative colitus),
pvoderma gangrenosum, lupus (systemic lupus
erythematosis), myasthenia gravis, uveitis, Behcet's or
Sjogren’s syndrome (dry eyes/mouth), pernicious or immu-
nohemolytic anemia, glomerulonephritis, Guillain-Barre
syndrome, osteoarthritis, acute pancreatitis, chronic
pancreatitis, and vascular diseases which have an inflam-
matory and/or a proliferative component such as restenosis,
stenosis and atherosclerosis.

The inventive compounds may be used to treat autoim-
mune endocrine disorders, such as, for example, autoim-
mune thyroiditis, Grave’s disease, Hashimoto’s thyroiditis,
autoimmune polyglandular syndrome (e.g., Addison’s
disease), hypoparathyroidism, autoimmune testicular

failure, autoimmune ovarian failure, and autoimmune -

hypopituitarism.

The inventive compounds may be used to treat inflam-
matory conditions of the skin having internal or external
etiology, such as, for example, psoriasis, dermatomyositis,
Sezary’s syndrome, and mycosis fungiodes; eczema, atopic
dermatitis, contact dermatitis, urticaria, seborrhea,
scleroderma, morphea, lichen planus, vitiligo
(depigmentation of the skin), alopecia areata, autoimmune
alopecia, and T-cell mediated hypersensitivity diseases,
including contact hypersensitivity, delayed-type
hypersensitivity, uticaria, and contact dermatitis (including
that due to poison ivy).

The compounds also may be used to treat respiratory
allergies and conditions, such as, for example, asthma,
pulmonary fibrosis, alveolitis, allergic rhinitis, hayfever,
oxygen toxicity, emphysema, chronic bronchitis, gluten-
sensitive enteropathy (Celiac disease), acute respiratory
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distress syndrome (ARDs), and any chronic obstructive
pulmonary disease (COPD).

Additionally, the inventive compounds may be used to
treat infectious discases, including viral, bacterial, and fun-
gal infections. For example, the inventive compounds may
be used in the treatment of DNA or RNA viral replication
diseases, such herpes simplex type 1 (HSV-1), herpes sim-
plex type 2 (HSV-2), hepatitis (including hepatitis B and
hepatitis C), cytomegalovirus, Epstein-Barr, and human
immunodeficiency virus (HIV).

The inventive compounds may be used in the treatment of
cancer and tumor disorders, such as solid tumors, lympho-
mas and leukemia; the compounds of the present invention
are useful in treating tumor growth, as an adjunct to
chemotherapy, and for treating cancer, more particularly
cancer of the lung, prostate, colon, breast, ovaries, and bone.

The term “pharmaceutically acceptable carrier, adjuvant
or vehicle” refers to a carrier, adjuvant or vehicle that may
be administered to a subject, together with a compound of
the present invention, and which does not destroy the
pharmacological activity thereof. Pharmaceutically accept-
able carriers, adjuvants and vehicles that may be used in the
pharmaceutical compositions of the present invention
include, but are not limited to, the following: ion
exchangers, alumina, aluminum stearate, lecithin, self-
emulsifying drug delivery systems (“SEDDS™) such as
d(-tocopherol polyethyleneglycol 1000 succinate), surfac-
tants used in pharmaceutical dosage forms such as Tweens
or other similar polymeric delivery matrices, serum proteins
such as human serum albumin, buffer substances such as
phosphates, glycine, sorbic acid, potassium sorbate, partial
glyceride mixtures of saturated vegetable fatty acids, water,
salts or electrolytes such as protamine sulfate, disodium
hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethyl-
ene glycol and wool fat. Cyclodextrins such as a-, [3- and
y-cyclodextrin, or chemically modified derivatives such as
hydroxyalkylcyclodextrins, including 2- and
3-hydroxypropyl-f-cyclodextrins, or other solubilized
derivatives may also be used to enhance delivery of the
compounds of the present invention.

The compositions of the present invention may contain
other therapeutic agents as described below, and may be
formulated, for example, by employing conventional solid
or liquid vehicles or diluents, as well as pharmaceutical
additives of a type appropriate to the mode of desired
administration (for example, excipients, binders,
preservatives, stabilizers, flavors, etc.) according to tech-
niques such as those well known in the art of pharmaceutical
formulation.

The compounds of the Formula [ may be administered by
any suitable means, for example, orally, such as in the form
of tablets, capsules, granules or powders; sublingually;
buccally; parenterally, such as by subcutaneous,
intravenous, intramuscular, or intrasternal injection or infu-
sion techniques (e.g., as sterile injectable aqueous or non-
aqueous solutions or suspensions); nasally such as by inha-
lation spray; topically, such as in the form of a cream or
ointment; or rectally such as in the form of suppositories; in
dosage unit formulations containing non-toxic, pharmaceu-
tically acceptable vehicles or diluents. The present com-
pounds may, for example, be administered in a form suitable
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for immediate release or extended release. Immediate
release or extended release may be achieved by the use of
suitable pharmaceutical compositions comprising the
present compounds, or, particularly in the case of extended

36

single dose or in the form of individual divided doses, such
as from 1 to 5 times per day. It will be understood that the
specific dose level and frequency of dosage for any particu-
lar subject may be varied and will depend upon a variety of

release, by the use of devices such as subcutancous implants 5 factors including the activity of the specific compound
or osmotic pumps. The present compounds may also be employed, the metabolic stability and length of action of that
administered liposomally. compound, the species, age, body weight, general health,
Exemplary compositions for oral administration include Sex .al.ld d.m of thc‘sub_]cc_t, the mode "‘F‘" time of
suspensions which may contain, for example, microcrystal- administration, rate of excretion, drug combination, and
- . - - £ » - * . e - . o
line cellulose for imparting bulk, alginic acid or sodium 10 severity of the pam_cular condition. Preferred sutajgcrs for
alginate as a suspending agent, methylcellulose as a viscos- treatment include animals, most prf.:fcr:lbly mammalian spe-
ity enhancer, and sweeteners or flavoring agents such as cles sugh ;S llzll\lmam;;' and d?ﬁ?ﬁ;; anlma‘ls S:im:], as ddogs,
those known in the art; and immediate release tablets which cats and the .c, su _-l"'Ct to . -assoclated ¢ 1§0r CIS.
may contain, for example, microcrystalline cellulose, dical- Thc present mnvention also provides pharmaceutical com-
cium phosphate, starch, magnesium stearate and/or lactose 15 Positions comprising at least one of the compounds of

and/or other excipients, binders, extenders, disintegrants,
diluents and lubricants such as those known in the art. The
present compounds may also be delivered through the oral
cavity by sublingual and/or buccal administration. Molded
tablets, compressed tablets or freeze-dried tablets are exem-
plary forms which may be used. Exemplary compositions
include those formulating the present compound(s) with fast
dissolving diluents such as mannitol, lactose, sucrose and/or
cyclodextrins. Also included in such formulations may be

high molecular weight excipients such as celluloses (avicel) 2

or polyethylene glycols (PEG). Such formulations may also
include an excipient to aid mucosal adhesion such as
hydroxy propyl cellulose (HPC), hydroxy propyl methyl
cellulose (HPMC), sodium carboxy methyl cellulose

20

Formula I, or a pharmaceutically-acceptable salt thereof,
capable of treating an IMPDH-associated disorder in an
amount effective therefor, alone or in combination with at
least one additional therapeutic agent, and a pharmaceuti-
cally acceptable carrier, adjuvant or vehicle. “Additional
therapeutic agent” encompasses, but is not limited to, an
agent selected from the group consisting of an
immunosuppressant, an anti-cancer agent, an anti-viral
agent, an anti-inflammatory agent, an anti-fungal agent, an
antibiotic, or an anti-vascular hyperproliferative compound.
These other therapeutic agent(s) may be administered prior
to, simultaneously with, or following the administration of
the compound(s) of the present invention.

Examples of suitable other anti-inflammatory agents with

(SCMC), maleic anhydride copolymer (e.g., Gantrez), and 30 Whi_d_l the inventive Compour.lds may be ‘USC(I .includc
agents to control release such as polyacrylic copolymer (e.g., aspirin, cromolyn, nedocromil, theophyllmc, ZI‘ICUIOH,
Carbopol 934). Lubricants, glidants, flavors, coloring agents z'aﬁr]ukasl, m()plc.lel..lkasl, pranlcuka'st, 1Hd(‘{T}CIhﬂC1H, and
and stabilizers may also be added for ease of fabrication and lipoxygenase inhibitors; non-steroidal antiinflammatory
use. drugs (NSAIDs) (such as ibuprofen, celecoxib, rofecoxib,
Exemplary compositions for nasal aerosol or inhalation 33 a"d‘."apmxilf]).; :TT.\I]"-‘-‘aﬁrzhfl);tors (“,5111;};,&5 t‘cmrdap and ra’pa-
administration include solutions in saline which may mﬂun Urb((El\t;dill\'rés]:l);Er;Ug),RoerSél '10': dEF":‘%Ombllbl("-g-a
contain, for example, benzyl alcohol or other suitable Infliximab, Lnbrel, L/, ); "},t,o mne modulators
preservalives, absorption promoters Lo enhance (c.g. I'Nl"-a]pha converling enzyme [[A(‘]"‘], 1n}‘11h.1|0rs,
bioavailability, and/or other solubilizing or dispersing agents Imcrlcuklp—l converling enzyme (ICE) mhlI_Jltors,
p N 40 Interleukin-1 receptor antagonists), prednisone,
such as those known in the art. . . .
L . .. . dexamethasone, cyclooxygenase inhibitors (i.e., COX-1
. Excmp_la_ry compositions for parcnlcrftl admlqlstranon and/or COX-2 inhibitors such as Naproxen®, Celebrex®, or
include injectable solutions or suspensions which may Vioxx®), CTLA4 and/or B7 agoni%t‘%g’antagoni’%lﬁ
contain, for example, suitable non-toxic, parenterally y pA59v) D40 ligand antagonists, other IMPDH inhibi-
acceptable diluents or solvents, such as mannitol, 1,3-

. . \ . . . . 45 tors (such as mycophenolate [CellCept®] and VX-497
butanediol, water, Ringer’s solution, an isotonic sodium [merimepodib]), methotrexate (FK506), leflunomide, inte-
chloride solution, or other suitable dispersing or wetting and . ‘po iy alpha-4 beta-1 '1 ha-V-bet: 3’ ell
suspending agents, including synthetic mono- or gnn anlagonists (e.g_., aipha-% bela-1, alpha-Veheta-. ), ce

. . Co T . .. adhesion inhibitors, interferon gamma antagonists, prostag-
dlg]yccrldcs:‘and fatty acids, 1‘nclu‘(lmg oleic acid. The term landin synthesis inhibitors, budesonide, clofazimine, CNI-
.parcntcral s used hﬁrﬁl.n includes m.hculan,e[ms’ 50 1493, p38 mitogen-activated protein kinase inhibitors, pro-
intracutaneous, intravenous, intramuscular, intraarticular, . - = T e S
. L P ] . . tein tyrosine kinase (PTK) inhibitors, IKK inhibitors,
intraarterial, intrasynovial, intrasternal, intrathecal, intrale- . RAT

. . A S . therapies for the treatment of irritable bowel syndrome (e.g.,
sional and intracranial injection or infusion techniques. Zelmac®, Zelnorm®, and Maxi-K® openers such as those

Exemplary compositions for rectal administration include disc]uscd,in US. Pat., No. 6,184,231 B1) or. Nl-‘-lc[i.inhil;i-
supp_os{tor}'cs whi_cl} may contain, for example, a S_uitablc 55 tors (such calphostin, CSAIDs, and quinoxalines as dis-
non-rmtating exciplent, such as cocoa hu"ﬂf’ synthetic g‘YC' closed in U.S. Pat. No. 4,200,750); disassociated steroids;
cnd.c esters or p(ulycthyltznc. glycols, Whld—f are “{]'d at chemokine receptor modulators (including CCR1, CCR2,
ordinary temperatures, but liquify and/or dissolve in the CCR3, CCR4, and CXCR2 receptor antagonists); secretory
rectal cavity to release lhc drug_,. ) B ) and cytosolic phospholipase A2 inhibitors, glucocorticoids,
. Examplary'compos'lllons for 'LUPleil admlr.uslralw!l 60 salicylates, nitric oxide, and other immunosuppressants; and
include a topical carrier such as Plastibase (mineral oil nuclear translocation inhibitors, such as deoxyspergualin
gelled with polyethylene). (DSG). Exemplary other therapeutic agents also include

The effective amount of a compound of the present cyclosporins (e.g., cyclosporin A), antibodies such as anti-
invention may be determined by one of ordinary skill in the ICAM-3, anti-IL-2 receptor (Anti-Tac), CD4 antagonists
art, and includes exemplary dosage amounts for an adult 65 (e.g., priliximab), anti-CD45RB, anti-CD2, anti-CD3 (OK'T-
human of from about 0.1 to 500 mg/kg of body weight of 3), anti-CD4, anti-CD80, anti-CD86, monoclonal antibody
active compound per day, which may be administered in a OKT3, agents blocking the interaction between CD40 and
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CD154 (ak.a. “gp39™), such as antibodies specific for CD40
and/or CD154, and fusion proteins constructed from CD40
and/or CD154/gp39 (e.g., CD40Ig and CD8gp39).

The inventive compounds may be used in combination

38

pounds described in U.S. patent application Ser. No. 60/339,
108, filed Dec. 10, 2001 and assigned to the present
assignee; -alpha- or beta- adrenergic blockers (such as
propranolol, nadolol, carvedilol, and prazosin), antianginal
agents such as nitrates, for example, sodium nitrates,

with other agents used to treat respiratory conditions such as 5“5 A~ . : : . .
asthma, COPD, and allergic rhinitis, such as -adrenergic ‘"“mg.lywr"r" F’f’mrt’]dc .mommm.ﬁf’ lﬁjsf),r b{dc ,dlmlféflf“f
agonists (such as albuterol, terbutaline, formoterol, 'I’“‘? mlm\‘m“’o‘dll_dlor_bf anuarrpylhmu. d?"’“i”“?‘j‘“"‘“%"““’f
. . agents (such as propafenone); Class II agents
salbutamol, salmeterol, bitolterol, pilbuterol, and. ) P ) PRSI o
fenoterol); corticosteroids (such as beclomethasone (pr(_)prdn()]u]), (_,]d_ss_s 111 agt;m,s_(_such as sotalol, dofetilide,
; ) § RS L© el amiodarone, azimilide and 1ibutilide); Class I'V agents (such
triamcinolone, budesonide, fluticasone, flunisolide, 10 ¢ 4iiiazem and verapamil); K* channel modulators such as
df:xamclhast)rl.c, prednisone, and dexamethasone); ]C!.lk()l- I,., inhibitors and inhibitors of the K 1 subfamily of K*
riene antagonists (e.g., Accolate [Zafirlukast®], and Singu- channel openers such as I, inhibitors (e.g., compounds
lair [Montelukast®]); MJ cholinergic antagonists (e.g., disclosed in U.S. application Ser. No. 09/729,731, filed Dec.
Spiriva®), PDE 4 inhibitors (e.g. rolipram, cilomilast, 5, 2000); and gap-junction modulators such as connexions;
piclamilast, or roflumilast [Airoflo®]), histamine H, 15 anticoagulant or antithrombotic agents including aspirin,
antagonists, Allegra® (hexohenadine), Claritin® warfarin, ximelagtran, low molecular weight heparins (such
(loratidone), and/or Clarinex® (deskratiding). as lovenox, enoxaparain, and dalteparin), anti-platelet agents
Examples of suitable antiviral agents for use with the such as GPIIb/GPIIla blockers, (e.g., abciximab,
inventive compounds include abacavir, nucleoside-based ﬁl)l]ﬁhﬂl]dc,.i‘ind tirofiban), thromboxane receptor antago-
inhibitors, protease-based inhibitors, and viral-assembly 20 Dists (¢.g., ifetroban), P2Y, and P2Y,, antagonists (e.g.,
inhibitors. clopnd!ngr_cl, IiC]OpId}I’lc, CS—?47_, _and asplrmfclopu:‘logrcl
E les of suitable anti-osteonorosis asents for use in cumb}nallt_ms), and Factor Xa inhibitors (e.g., fon(‘lap‘m_lux);
xz.lmp. X pol & . ! and diuretics such as sodium-hydrogen exchange inhibitors,
f:oml)matmn with the ctfmpounds of ,ﬂ:lc prc's‘cnl Invention chlorothiazide, hydrochlorothiazide, fHlumethiazide,
mclusl‘c alcndr(?natfz, rlst:dr(ma.lc, PTH, l-’[I.l I'ragm‘(-:nl, < hydroflumethiazide, bendroflumethiazide,
raloxifene, calcitonin, RANK ligand antagonists, calcium ™ nethylchlorothiazide, trichloromethiazide, polythiazide,
sensing receptor antagonists, TRAP inhibitors, selective benzthiazide, ethacrynic acid tricrynafen, chlorthalidone,
estrogen receptor modulators (SERM) and AP-1 inhibitors. furosemide, musolimine, bumetanide, triamtrenene, and
Examples of suitable anti-oxidants for use in combination amiloride.
with the compounds of the present invention include lipid J,  The inventive compounds may also, be used with lipid-
peroxidation inhibitors such as probucol, BO-653, Vitamin lowering agents, lipid profile modulators and/or antiathero-
A, Vitamin E, AGI-1067, and a-lipoic acid. sclerotic agents including HMG-CoA reductase inhibitors
The inventive compounds also may be used in combina- (e.g., pravastatin, simvastatin, atorvastatin, fluvastatin,
tion with anti-diabetic agents, such as biguanides (e.g. cerivastatin, AZ4522, itavastatin [ Nissan/Kowa]), ZD-4522
metformin), glucosidase inhibitors (e.g. acarbose), insulins ;5 (a.k.a. rosuvastatin, atavastatin or visastatin), squalene syn-
(including insulin secretagogues or insulin sensitizers), meg- thetase inhibitors, fibrates, bile acid sequestrants (such as
litinides (e.g. repaglinide), sulfonylureas (e.g., glimepiride, questran), niacin and niacin/statin combinations, ACAT1
glyburide and glipizide), biguanide/glyburide combinations inhibitors, ACAT2 inhibitors, dual ACAT1/2 inhibitors,
(e.g., glucovance), thiozolidinediones (e.g. troglitazone, microsomal triglyceride transport protein inhibitors (such as
rosiglitazone and pioglitazone), PPAR-alpha agonists, 4, disclosed in U.S. Pat. Nos. 5,739,135, 5,712,279 and 5,760,
PPAR-gamma agonists, PPAR alpha/gamma dual agonists, 246), cholesterol absorption inhibitors, cholesterol ester
SGLT2 inhibitors, inhibitors of fatty acid binding protein transfer protein inhibitors (e.g., CP-529414), PPAR-delia
(aP2) such as those disclosed in U.S. Ser. No. 09/519,079 agonists, PPAR-alpha agonists, dual PPAR-alpha/delta
filed Mar. 6, 2000 and assigned to the present assignee, agonists, LXR-alpha agonists, LXR-beta agonists, LXR dual
glucagon-like peptide-1 (GLP-1), glucagon phosphorylase, 45 alpha/beta agonists, and SCAP modulators.
and dipeptidyl peptidase IV (DP4) inhibitors. The inventive compounds may also be useful in combi-
In addition, the compounds may be used with agents that nation with antiangiogenic agents, such as compounds that
increase the levels of cAMP or cGMP 1n cells for a thera- are inhibitors of VEGF receptors, or in conjunction with
peutic benefit. For example, the compounds of the invention antitumor agents such as paclitaxel, adriamycin, epithilones,
may have advantageous effects when used in combination sp cisplatin, and carboplatin. Examples of anticancer and other
with phosphodiesterase inhibitors, including PDE1 inhibi- cytotoxic agents that may be used in combination with the
tors (such as those described in Journal of Medicinal inventive compounds include azathiaprine,
Chemistry, Vol. 40, pp. 2196-2210 [1997]), PDE2 cyclophosphamide, and epothilone derivatives as found in
inhibitors, PDE3 inhibitors (such as revizinone, German Patent No. 4138042.8; WO 97/19086, WO
pimobendan, or olprinone), PDE4 inhibitors (referenced ss 98/22461, WO 98/25929, WO 98/38192, WO 99/01124,
above), PDE7 inhibitors, or other PDE inhibitors such as WO 99/02224, WO 99/02514, WO 99/03848, WO
dipvridamole, cilostazol, sildenafil, denbutyline, theophyl- 99/07692, WO 99/27890, WO 99/28324, WO 99/43653,
line (1,2-dimethylxanthine), ARIFLO™ (i.e., cis-4-cyano- WO 99/54330, WO 99/54318, WO 99/54319, WO
4-[3-(cyclopentyloxy)-4-methoxyphenyl]eyclohexane-1- 99/65913, WO 99/67252, WO 99/67253 and WO 00/00485;
carboxylic acid), arotyline, C-11294A, CDC-801, BAY-19- o cyclin dependent kinase inhibitors as found in WO
8004, cipamfylline, SCH351591, YM-976, PD-189659, 99/24416; and prenyl-protein transferase inhibitors as found
mesiopram, pumafentrine, CDC-998, IC-485, and in WO 97/30992 and WO 98/54966.
KW-4490. The combination of the inventive compounds with other
In view of their usefulness in treating ischemia (e.g., therapeutic agents may prove to have additive and syner-
post-operative), the inventive compounds may be used in 65 gistic effects. The combination may be advantageous to
combination with agents for inhibiting F, F,-ATPase, includ- increase the efficacy of the administration or decrease the
ing efrapeptin, oligomycin, autovertin B, azide, and com- dosage to reduce possible side-effects.
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Another useful application for the inventive compounds is
in methods of inhibiting smooth muscle cell proliferation in
a patient and as a coating material in making medical
devices, e.g., stent devices, catheters, and other transluminal

40

to be useful to this invention. Methods for preparing het-
erocycles useful to this invention are described in the
literature, including Katritzky, A. R., Rees, C. W. Eds,
Comprehensive Heterocyclic Chemistry, The Structure,

devices. Methods for coating stents are described in US. 5 Reactions, Synthesis and Uses of Heterocyclic Compounds,
Pat. Nos. 5,356,433, 5,213,898, 5,049,403, 4,807,784 and Pergamon Press New York (First edition 1984), and
4,565,740, each of which is incorporated herein by refer- Katritzky, A. R., Rees, C. W. and Scriven, E., F. Eds,
ence. Comprehensive Heterocyclic Chemistry II, A Review of the
The above other therapeutic agents, when employed in Literature 1982-1995: The Structure, Reactions, Synthesis
combination with the compounds of the present invention, 10 .1 rrses of Heterocyclic Compounds, Pergamon Press New
may be used, for example, in those amounts indicated in the York (1996). ’
Physicians’ Desk Reference (PDR) or as otherwise deter- . . . .
mined by one of ordinary skill in the art. Various methods for the synthesis of acridones and acridone
N . . . acids have been described in the literature. See, e.g., Mac-
Compounds disclosed herein are capable of targeting and . . §
inhibiting IMPDH enzyme. Inhibition can be measured by ° Neil et al., Synlett, .V().l. 4 (1998), at p. 419; Kato, Chem.
various methods, including, for example, IMP dehydroge- Pharm. Bull., Vol. 41 (1993), at p. 445; Rewcastle et al., J.
nase HPLC assays (measuring enzymatic production of Med. C{Jem,, Vol. 29 (1986), at p. 472; RFWC‘F'S‘HG et al,
XMP and NADH from IMP and NAD) and IMP dehydro- Synthetic Comm. (1987), at 309; Horiguchi, et al.,
genase spectrophotometric assays (measuring enzymatic Heterocycles, Vol. 53 (2000), at 1305; Sharp, et al., WO
production of NADH from NAD). See, ¢.g., Montero et al., 20 98/52923 (1998).
Clinica Chimica Acta 238:169-178 (1995). Additional Amines such as anilines or heterocyclic amines, useful for
assays known in the art can be used in as.ccrtaining the pmparing compounds accgrd{ng to the invention may he
degree of activity of a compound (“test compound”) as an commercially available or readily prepared by many meth-
IMPDH inhibitor. The inventors used the following assay to _ . ods known to one skilled in the art of organic chemistry. For
determine the degree of activity of the compounds disclosed ™ ¢xample, such methods are described in Richard C. Larock,
herein as IMPDH inhibitors: Comprehensive Organic Transformations A Guide to Func-
Activity of IMPDH I and IMPDH II was measured tional Group Preparation, pp 385439 (VCH Publishers,
following an adaptation of the method described in WO Inc. 1989). Cxamples include but are not limited to reduction
97/40028. The reaction mixture was prepared containing .o of a nitro group, and reduction of an azide.
0.1M Tris pH 8.0, 0.1 M KCl, 3 mM EDTA, 2 mM DTT, 0.4 A general method for the synthesis of the anilines useful
mM IMP and 40 nM enzyme (IMPDH I or IMPDH II). The . g . L Syntaes: o
reaction was started by the addition of NAD to a final in_this ivention can be pcri(!.rmed h,y metal f"dldlnyd
concentration of 0.4 mM. The enzvmatic reaction was cross-coupling methods known in the literature. The sim-
followed by measuring the increase in absorbance at 340 nM 35 plest case is a Suzuki-type cross coupling of an aryl boronic
that results from the formation of NADH. For the analysis ~ acid or ester with an appropriate bromoheterocycle in the
of potential inhibitors of the enzyme, compounds were presence of a suitable catalyst such as tetrakis
dissolved in DMSO to a final concentration of 10 mM and (triphenylphosphine) palladium. (See, ¢.g., Miyaura et al.,
added to the assay mixture such that the final concentration Synth. Comm. 11(7):513-519 (1981); A. Suzuki et. al., J.
of DMSO was 2.5%. The assay was carried out in a 96-well 40 Am. Chem. Soc. 111:513 (1989); and V. N. Kalinin, Russ.
plate format, with a final reaction volume of 200 ul. Chem. Rev. 60:173 (1991)). After the cross coupling has
Compounds disclosed herein are capable of inhibiting the been performed, the product may be deprotected. The choice
enzyme IMPDH at a measurable level, under the above- of protecting group and the method of removal will
described assay or an assay which can determine an effect of be-readily apparent to one skilled in the art of organic
inhibition of the enzyme IMPDH. 45 chemistry. Such considerations and methods are, for
example, described by Greene and Wuts, Protective Groups
METHODS OF PREPARATION in Organic Synthesis, John Wiley and Sons, Inc., New York,
The compounds of the present invention may be synthe- N.Y. (2 Ed. 1991).
sized using conventional techniques known in the art. Methods for preparing acridones and amine compounds
Advantageously, these compounds are conveniently synthe- 5o useful in preparing compounds of the present invention are
sized from readily available starting materials. Following also described in U.S. patent application Ser. No. 10/324,
are general synthetic schemes for manufacturing compounds 300, titled * Acridone Inhibitors of IMPDH Enzyme,” having
of the present invention. These schemes are illustrative and the same assignee as the present invention and filed con-
are not meant to limit the possible techniques one skilled in comitantly herewith, the entire contents of which is incor-
the art may use to manufacture compounds disclosed herein. 55 porated herein by reference. Said application also claims
Different methods will be evident to those skilled in the art. priority to U.S. patent application Ser. No. 60/343,234, filed
Additionally, the various steps in the synthesis may be Dec. 21, 2001.
performed in an allernate sequence to give the desired Schemes 1, 2, and 3 describe various methods for the
compound(s). All documents cited herein are incorporated synthesis of 10-Oxo-5,10-dihydro-benzo[b][1,6]-
herein by reference in their entirety. 60 naphthyridine-7-carboxylic acid, 9-Oxo0-4,9-dihydro-
Compounds of the present invention can be made by pyrazolo[5,1-b]quinazoline-2-carboxylic acid, and their
many methods, which will be known to one skilled in the art respective derivatives. Various modifications to these meth-
of organic chemistry. In general, the time taken to complete ods may be envisioned by those skilled in the art to achieve
a reaction procedure will be judged by the person perform- similar results to those described below. For example, in
ing the procedure, preferably with the aid of information 65 Scheme 1, other bases may be used to hydrolyze 1B to give
obtained by monitoring the reaction by methods such as 1C and BOP-Cl may also be substituted by other peptide-
HPLC or TLC. A reaction does not have to go to completion coupling reagents to synthesize 1E.
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Amines of the type RNH, or R'NH, are either commer-
Scheme 1 cially available or readily prepared by many methods known
to one skilled in the art of organic chemistry. Of particular
COMe . . . .
2 N note is the synthesis of a tertiary amine through the conver-
O\ 5 sion of a nitrile group using MeLi/CeCl,.
e T Scheme 2
Br OA(‘ (S}_B[NAP NH2 O
Cs2C0,
COMe 10 _NH2 .
N
H
1A
COsMe
15 2A
OM o sodium carhonate,
__LIOH—H,0 _ water reflux
", H0, THF, McOH R/O SNy ()/R
20 0
COsMe
B 2B
0
CO,H
25 \./N
N oM RNH,, BOP—Cl
A ~ ELN, 60-80° C.
A6 C NH
30
COsH 2C
0
1C
HN—R’
\'/N\
35 ~
NH S
OH BOP—CI, R—NH; .
EGN <
40
1D Scheme 3
O
45
reflux
——
Ref. 1
NHR CH,
50
1E POCLs, DMF, 80C
Ref. 1
In Scheme 2, reaction of sodium or potassium salt of
dialkyl oxaloacetate (R=alkyl, M=Na or K) with 55
2-aminobenzoyl hydrazide in the presence of a base such as
sodium carbonate gives 9-ox0-4,9-dihydro-pyrazolo[5,1-b]
quinazoline-2-carboxylic acid 2C. The reaction can be car- POCI. reflux
ried out between room temperature to 200° C. for a period Rel 1
of 0.5 to 24 hours. Reaction of 2C with an amine (R'NH,) 60
in the presence of a peptide coupling agent such as BOP-C1
yields 2D.
2-aminobenzoylhydrazides are either commercially avail-
able or readily prepared by many methods known to one Ho, PA—C
skilled in the art of organic chemistry and are described in 65 =
Jerry, “Advanced Organic Chemistry”™ pages 418 and 423,
(March 1992), Wiley Interscience publishers.
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-continued

US 6,916,809 B2

1) SeQs, o-dichloro-
benzene
2) NaClO2
Ref. 2

Scheme 3 deseribes the synthesis of 3-aza-acridone-2-

carboxylic acid based on the literature, i.e., Ref, 1:

Rivalle, C. and Bisangi E.,J. Heterocyel. Chem., Vol. 17
(1980}, at pp. 245-248; and Ref. 2: Chen, Q. and Deady, L.
W, Aust. J. Chem., Vol 46 (T)(1993), at pp. 987-093,

Abbreviations

10
OH

The following abbreviations are used in the Examples
herein, for ease of reference.

Ac
AcOH
ag.
CDI
Bn
Boc
BOP-CI
DCM
DMAP
DMF
DMS0
EDC

EtOAc

Et

EtOH

h

i

HMPA

HPLC

HOAC

Lawesson's Reagent

LC
LDA
MCPBA
Me
MeOH
min.

MQ—

M +1

MS

n

Pd/c

Ph

PPA
PPTS
Pr
p-TsOH
Ret Time
rt or RT
sat.
TBAF
TBDMS
TETU

TBDMSCI
THF

TFA
TOSMIC
YMC

Acetyl

Acetic acid

Agqueous
Carbonyldiimidazole
Benzyl

tert- Butoxyearbonyl

Bis (2-oxo-3-oxazolidinyl)phosphinic chloride 30

Dichleromethane
Dimethylaminopyridine
Dimethylformamide
Dimethylsulfoxide
1-(3-Dimethylaminopropyl)-3-
ethylearbodiimide hydrochloride
Ethyl acetate

Ethyl

Ethanol

Hours

80

Hexamethylphosphoramide

High pressure liquid chromatography
Acetic acid
[2.4-bis(4-methoxyphenyl)-1,3-dithia-
2 A-diphosphetane-2-4-disufide
Liguid chromatography

Lithium diisopropylamide
3-Chloroperoxybenzoic acid
Methyl

Methanol

Minutes

(M + H)*"

(M + H)"

Mass spectrometry

Normal

Palladium on carbon

Phenyl

polyphosphoric acid

Pyridinium p-toluenesulfonate
Propyl

para-Toluenesulonic acid
Retention time

Room temperature

Saturated

tetra-n-Butylammonium fluoride
t-Butyldimethylsilane
O-(1H-benzotriazol-1-y1)-N,N,N'N"-
tetramethyluronium tetrafluoroborate
t-Butyldimethylsilyl chlordie
Tetrahydrofuran

Trifluoroacetic acid

Tosylmethyl isocyanide

YMC me, Wilmington, NC 28403

35

40

45

50

60

65
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Abbreviation for HPLC Conditions:

Condition A=YMC ODS column; 4.6x50 mm (4 min.
gradient); Solvent A=10% MeOH, 90% H.O, 0.1% TFA;
solvent B=90% MeOH, 10% H,0, 0.1% TFA.

EXAMPLES

The invention will now be further described by the
following working examples, which are preferred embodi-
ments of the invention. HPLC conditions were as set forth
in the above Abbreviations. These examples are illustrative
rather than limiting. There may be other embodiments that
fall within the spirit and scope of the invention as defined by
the appended claims.

Example 1

10-0x0-5,10-dihydro-benzo[ b][ 1,6 Jnaphthyridine-7-
carboxylic acid (1-benzo[ 1,3]dioxol-5-yl-1-methyl-
ethyl)-amide

o]

Me Me

COMe

pr

COsMe

To a mixture of dimethyl bromoterephthalate (2.73 g, 10.0
mmol), 4-aminopyridine (1.13 g, 12.0 mmol), (8)-(-)-2,2'-
Bis(diphenylphosphino)-1,1'-binaphthyl (560 mg, 0.90
mmol), and toluene (30 mL) was added cesium carbonate
(4.56 g, 14.0 mmol), followed by palladium(Il) acetate
(0.134 g, 0.6 mmol). The mixture was heated to 100° C. for
24 h. The reaction mixture was cooled to room temperature,
diluted with diethyl ether and filtered under reduced pressure
through a pad of Celite. The filtrate was concentrated under
reduced pressure and purified by silica gel chromatography
(hexane-ethyl acetate 7:3 then dichlormethane-ethyl acetate
6:4) to give 0.85 g (30%) of 1A as a light yellow solid.
HPLC retention time=1.743 min. (Condition A) and LC/MS
M*+=287*. "H-NMR (400 MHz, CDCL,):  9.88 (bs, 1H),
8.41 (d, J=6.50, 1H), 8.19 (d, J=1.44, 1H), 8.12 (d, J=8.25,
1H), 7.68 (dd, J=1.44, J=8.25, 1H), 7.15 (d, J=6.50, 1H),
3.96 (s, 3H), 3.95 (s, 3H).
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1B.
COH
7
\ N
H
COH

A mixture of 1A (0.84 g, 2.93 mmol) and lithium hydrox-
ide monohydrate (0.37 g, 8.80 mmol) in a 1:1 methanol-THF
(10 mL) and water (5 mL) was heated to reflux for 1 h. After
cooling, the organic solvents were removed under reduced
pressure, and the aqueous residue was diluted with water.
The pH was adjusted to 3.5 with 3N aqueous hydrochloric
acid. The resulting precipitate was collected by vacuum
filtration, rinsed with water and dried under high vacuum to
provide 0.79 g (99%) of 1B as a white solid. HPLC retention
time=1.19 min. (Column: YMC ODS-A 4.6x50 mm (4
min.); Solvent A=109% MeOH, 90% H,0, 0.1% TFA; Sol-
vent B=90% MeOH, 10% H,0, 0.1% TFA) and a LC/MS
M*+1=259*.

1C. 10-Ox0-5,10-dihydro-benzo[b][1,6]
naphthyridine-7-carboxvlic acid

N COH

To a round bottom flask containing polyphosphoric acid
(7 g) at 165° C. was added finely ground 1B (0.365 g, 1.41
mmol). The reaction mixture was heated to 185-190° C. and
stirred for 3.0 h. The mixture was slowly added to iced water
and the pH was adjusted 1o 3.5 with 50% sodium hydroxide.
The precipitate was collected by filtration, rinsed with water,
and azceotripic evaporated several times with methanol and
DCM to give, after drying under high vacuum, 312 g (92%)
of 1C as dark brown solid. HPLC retention time=1.544 min.
(Condition A) and LC/MS M*+1=241*. 'H-NMR (400
MHz, DMSO-d,) & 12.20 (bs, 1H), 9.30 (s, 1H), 8.62 (d,
J=1.50 Hz, 1H), 8.32 (d, J=7.80 Hz, 1H), 8.15 (s, 1H), 7.80
(d, J=7.80 Hz, 1H), 7.40 (d, J=1.50, 1H).

1D.
O,
H:N 0>
Me  Me

To a flame-dried flask under nitrogen was added cerium
chloride (2.47 g, 10.0 mmol), followed by anhydrous THF
(20 mL). The mixture was stirred vigorously for 2 h, during
which time the cerium chloride became finely suspended.
The suspension was cooled to =78° C., and methyl lithium
(7.0 mL, 10.0 mmol, 1.4 M in ether) was added dropwise.
After the addition was complete, the reaction mixture was
stirred for 0.5 h at =78° C. A solution of piperonylonitrile
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(0.49 g, 3.3 mmol) in THF (3 mL) was added via cannula to
the =78° C. solution. The dry-ice bath was removed, and the
reaction mixture was stirred at room temperature overnight.
The mixture was quenched with a concentrated aqueous
ammonium hydroxide (5 mL) and the mixture was stirred
vigorously for 1 h. The mixture was filtered through Celite,
rinsed with DCM. The combined filtrates were concentrated
under reduced, pressure. Further purification using silica gel
chromatography (CH,Cl,-MeOH—NH,_0OH:95:5:0.5) gave
0.575 g (80%) of compound 1D (HCl salt) as a yellow solid.
HPLC retention time=1.203 min. (Condition A) and LC/MS
M*+1=182*. 'H-NMR (400 MHz, DMSO-d,) & 8.56 (bs,
2H), 7.20 (d, J=1.77, 1H), 6.99 (dd, J=1.77, J=8.20, 1H),
6.95 (d, J=8.20, 1H), 6.04 (s, 2H), 1.59 (s, 6H)

1E.
Example 1

To 1C (48 mg, 0.2 mmol) was sequentially added com-
pound 1D (HCl salt, 86 mg, 0.4 mmol), Et;N (0.14 mL, 1.0
mmol), anhydrous DMF (1.5 mL), and BOP-CI (92 mg, 0.36
mmol). The reaction mixture was stirred for 18 h at 50° C_,
then cooled to room temperature, and concentrated under
reduced pressure. The crude residue purified by preparative
HPLC on a reversed C,; column (YMC ODS column,
100x20 mm, 0~100% gradient over 10 min; Solvent A=10%
MeOH, 90% H,0, 0.1% TFA; Solvent B=90% Me¢OH, 10%
H,0, 0.1% TFA) to give Example 1 as a yellow solid. HPL.C
retention time=2.226 min (Condition A) and LC/MS M*+1=
402*. 'TH-NMR (400 MHz, DMSO-d,) & 12.17 (bs, 1H),
9.30 (s, 1H), 8.72 (s, 1H), 8.62 (d, J=5.87, 1H), 8.29 (d,
J=8.40, 1H), 7.90 (s, 1H), 7.73 (d, J =8.40, 1H), 7.43 (d,
J=5.87, 1H), 6.97 (s, 1H), 6.88 (dd, J=1.56, J=8.16, 1H),
6.83 (d, J=8.16, 1H), 5.98 (s, 2H), 1.67 (s, 6H).

Example 2
10-0x0-5,10-dihydro-benzo[b][ 1,5 Jnaphthyridine-7-

carboxylic acid(1-benzo[1,3]dioxol-5-yl-1-methyl-
ethyl)-amide

0
N\ o
| ¢ )
P N : o
H
0 Me Me

2A. 10-0x0-5,10-dihydro-benzo[b][1,5]

naphthyridine-7-carboxylic acid

o]

\

CO,H

TZ

Compound 2A was prepared from dimethyl bromotereph-
thalate and 3-aminopyridine by a route analogous to that
used for the preparation of compound 1C. Compound 2A is
a brown solid. HPLC retention time=1.413 min. (Condition
A) and LC/MS M*+1=241*, "H-NMR (400 MHz, DMSO-
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dg) 8 12.00 (s, 1H), 8.65 (s, 1H), 8.35 (d, J=8.07 Hz, 1H),
8.19 (s, 1H), 8.02 (d, J=7.52 Hz, 1H), 7.76 (m, 1H).

2B.

Example 2

Using acid 2A and amine 1D and a route analogous to that
used for the preparation of example 1, Example 2 was
prepared as a yellow solid. HPLC retention time=2.343 min.
(Condition A) and LC/MS M*+1=402*. 'H-NMR (400
MHz, DMSO-d,) 6 11.99 (bs, 1H), 8.69 (bs, 1H), 8.64 (m,
1H), 8.32 (d, J=8.38, 1H), 8.00 (dd, J=0.82, J=8.53, 1H),
7.92 (s, 1H), 7.74 (dd, J=4.09, J=8.53, 1H), 7.69 (d, J=8.38,
1H), 6.97 (s, 1H), 6.88 (dd, J=1.606, J=8.17, 1H), 6.83 (d,
J=8.17, 1H), 5.98 (s, 2H), 1.68 (s, 6H).

Example 3

9-0x0-4,9-dihydro-pyrazolo[ 5,1-b]quinazoline-2-
carboxylic acid tert-butylamide

? Me
N x—%Mc
\ Me
=
N O
3A
8]
N
N \
CO,H.
=
N
H

A solution of 2-aminobenzoyl hydrazide (2 g, 13.24
mmol) and sodium salt of diethyl oxaloacetate (2.8 g, 13.24
mmol) in water (40 mL) was refluxed for two hours. The
reaction mixture was cooled to room temperature, sodium
carbonate (1.42 g, 13.24 mmol) was added, and refluxing
was continued for two more hours. The reaction mixture was
cooled to 0° C. and concentrated hydrochloric acid (2.6 mL,
26.48 mmol) was added. The yellow solid that separated out
was filtered and dried to provide compound 3A. Yield: 1.3
g (43%). '"H NMR (DMSO0-d6): 8.2 (d, 1H), 7.8 (t, 1H), 7.5
(d, 1H), 7.3 (t, 1H), 6.4 (s, 1H).

3B.

Example 3

To compound 3A (40 mg, 0.17 mmol) was sequentially
added tert-butylamine (18 1, 0.17 mmol), Et;N (49 wl, 0.17
mmol), anhydrous DMF (1.0 mL.), and BOP-C1 (44 mg, 0.17
mmol). The reaction mixture was stirred at 60° C. for one
hour, cooled to room temperature and concentrated under
reduced pressure. The crude residue was purified by pre-
parative HPLC on a reversed phase C,; column to give
Example 3. Yield: 15 mgs (30%). HPLC retention time=2.86
min. (Condition A). M*=285.30.
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Example 4

9-Ox0-4,9-dihydro-pyrazolo[5,1-b]quinazoline-2-
carboxylic acid (1-methyl-1-phenyl-ethyl)-amide

N O

To compound 3A (40 mg, 0.17 mmol) was sequentially
added phenylisopropylamine (24 gl, 0.17 mmol), Et;N (49
g, 0.17 mmol), anhydrous DMF (1.0 mL), and BOP-Cl1 (44
mg, 0.17 mmol). The reaction mixture was stirred at 80° C.
for one hour, cooled to room temperature, and concentrated
under reduced pressure. The crude residue was purified by
preparative HPLC on a reversed phase C,4 column to give
Example 4. Yield: 25 mgs (41%). HPLC retention time=3.17
min. (Condition A). M*=347.21.

Example 5
Q F
LN N
N \ Me
Me
=
N O

To compound 3A (40 mg, 0.17 mmol) was sequentially
added 2-(4-fluorobenzyl)propylamine (29 ul, 0.17 mmol),
Et:N (49 ul, 0.17 mmol), anhydrous DMF (1.0 mL), and
BOP-C1 (44 mg, 0.17 mmol). The reaction mixture was
stirred at 80° C. for one hour, cooled to room temperature,
and concentrated under reduced pressure. The crude residue
was purified by preparative HPLC on a reversed phase C,
column to give Example 5. Yield: 17 mgs (26%). HPLC
retention time=3.42 min. (Condition A). M*=379.21.

We claim:

1. A compound having the formula,

R)’U
‘vT xl
XENXE x*‘/Cj‘x2
5 11 10
X X\N/X\X-‘ W/X\ A
R.‘

5 . . .
 or an enantiomer, diastereomer, tautomer or pharmaceuti-
cally acceptable salt, solvate, or prodrug thereof,
wherein:

X'is CRY;

X2 is selected from CR*® and N;

X is selected from CR* and N;

X7 is CR3;

X% is C;

Provided, however, that at least one of X* and X° is N;

and provided further that X', X?, X%, X7 and X° are
selected such that a tricyclic heteroaryl ring system is
formed;
PENN EX. 2232
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W is —C(=0)—, —S(=0)—, or —S(0),—;

Y is a bond or —C(R**)}R**)—;

Q is sclected from a bond, —C(R*®)(R**)—,
—C(=0)—, —CH,—0—, —CH,—0—CH,—
CO,—NR*—, —CH,—C0,—, —C(=O0)NR*—, and
—CH=C(R*)—;

Z is selected from Z' and ZZ, wherein when Y and Q are
both a bond, Z is Z'; and when Y is —C(R*°)}(R"**)—
and Q is selected from a bond, —C(R*°)}R*)—,
—((=0)—, —CH,—O0—CH,—, —CH,—CO,—
NR*—, —CH,—C0,—, —C(=0)NR*—, and
—CH=C(CR**)—, then Z is Z%;

Z'is

(R¥)
K

wherein J and K are each independently a bond, O,
NR*, or —CHR?*'—;

72 is selected from

a) C,_salkyl optionally substituted with one to two R*';

b) piperidyl, piperazinyl, morpholinyl, or C;_;cycloalkyl
optionally substituted with one to three R*!; and

¢) phenyl, napthyl, benzocyclopentyl, indolyl,
tetrahydroquinolyl, oxazolyl, imidazolyl, thiazolyl,
pyridyl, pyridinyl, pyrimidinyl, and pyrazinyl, option-
ally substituted with one to three R"%;

R’ is the same or different and is selected from hydrogen,
halogen, cyano, alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, O—R”,
—(C=0)R7, —(C=0)—0—R’, NR*R?, —(C=0)
NR®R®?, —SR?*", —S(=0)R*°, —SO,R*° and
—C=C—Si(CH,)4;

R* is selected from H and C,_, alkyl;

R7 is selected from hydrogen, alkyl, substituted alkyl,
alkenyl, alkynyl, cycloalkyl, substituted cycloalkyl,
C(=0)alkyl, C(=0)substituted alkyl, C(=0)
cycloalkyl, C(=0) substituted cycloalkyl, C(=0)aryl,
C(=0)substituted aryl, C(=0)0-alkyl, C(=0)0O-
substituted alkyl, C(=0O)heterocyclo, —C(=0)—
NR®R?, C(=O)heteroaryl, aryl, substituted aryl,
heterocyclo, substituted heterocyclo, heteroaryl and
substituted heteroaryl;

R® and R® are independently selected from hydrogen,
OR”, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, C(=0)alkyl, C(=O0)substituted alkyl,
C(=O0)cycloalkyl. C(=0)substituted cycloalkyl,
C(=0)aryl, C(=0)substituted aryl, C(=0)0-alkyl,
C(=0)0-substituted alkyl, C(=0)heterocyclo,
C(=0)heteroaryl, aryl, substituted aryl, heterocyclyl,
substituted heterocyclyl, heteroaryl and substituted
heteroaryl, or R® and R? are taken together with the
nitrogen atom to which they are attached to form a
substituted or unsubstituted heterocyclic ring of 3 10 8
atoms, or substituted or unsubstituted heteroaryl ring of
5 atoms;

R*" is selected from alkyl and substituted alkyl;

R?? is the same or different and is selected from hydrogen,
halogen, nitro, cyano, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
0—R7, NR®*R®, SR7, S(O)R7, SO,R7, SO;R’,
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SO.NR®R?, —C(=0)R”, CO,R7, C(=0)NR®*R?, and
—C=C—S8i(CH,);;

R*® and R*® are independently selected from hydrogen,
C, _salkyl, hydroxy, halogen, hydroxyC,_,alkyl,
haloC, ,alkyl, and heterocycloC,_,alkyl, or taken
together form a C5_; cycloalkyl ring;

R' and R" are independently selected from hydrogen,
cyano, C, qalkyl, and C, galkyl substituted with
hydroxy, or R** and R*® are taken together to form a
substituted or unsubstituted cycloalkyl ring of 3 to 7
atoms;

R3*is selected from cyano, OR**, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, and substituted
alkynyl,

R** is selected from hydrogen, alkyl, and trifluoromethyl;

R*! and R* are independently selected from =0, =CH,,
halogen, triluoromethyl, C,_,alkenyl, C,_,alkynyl,
SR®Y, cyano, S(=0)alkyl, SO,(alkyl), CO,(alkyl),
S(JZNR5[]R51, NR*R*', OR®’; or a group R or a
C,_salkyl optionally substituted with up to two groups
selected from R°%, NR*°R*', OR?®, and SO, (alkyl);

R** is at each occurrence independently selected from
halogen, trifluoromethyl, C,_,alkenyl, C,_,alkynyl,
S(alkyl), cyano, S(=0)alkyl, SO,(alkyl), CO,(alkyl),
SO.NR*“R*!, NR“R*!, OR®?; or a group R®*; or a
C,_salkyl optionally substituted with up to two groups
selected from R, NH,, NH(C,_,alkyl), N(C, _,alkyl),,
OR®’, and SO,(alkyl);

R3% and R*! are independently selected from hydrogen,
hydroxy, —(CH,) -cycloalkyl, —(CH,),-heterocyclo,
Ofalkyl), O(SI)(C,_,alkyl);, or R®® and R3' together
form a four to six membered heterocyclo ring, wherein
when R®® or R*! is a heterocyclo, said heterocyclo in
turn is optionally substituted with up to two groups
selected from lower alkyl, NH,, NH(C, _,alkyl), and/or
N(C,_jalkyl),;

R is selected from hydrogen, alkyl, pyridyl,
pyrimidinyl, and C,_salkyl substituted with O(alkyl),
NH., NH(C,_,alkyl), N(C,_,alkyl),, or five or six mem-
bered heterocyclo, wherein each R®” in turn is option-
ally substituted with up to two groups selected from
C,_,alkyl, S(alkyl), NH,, NH(C,_,alkyl), and/or N(C,_,
alkyl),;

R°? is selected from phenyl, five to seven membered
heterocyclo, or five to six membered heteroaryl,
wherein each R® in turn is optionally substituted with
one to two groups selected from OH, SO,(alkyl),
CH,—OH, CH,—OCH;, NHC(=0)CH,, NH,,
NH(C,_,alkyl), and/or N(C,_,alkyl).;

dis0,1,2,3 or 4;

eis 1,2, or 3; and

fis 0, 1, 2, or 3.

2. A compound having the formula,

65 or an enantiomer, diastereomer, tautomer or pharmaceuti-

cally acceptable salt, solvate, or prodrug thereof,
wherein:
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X’is N

X7 is CRY

W is —C(=0)—, —S(=0)—, or —S(0),—; or W may
be —CH,— if X is —C(=0)—, —S(=0)—, or
—S5(0).—;

X is selected from —CH,—, —N(R")—, and —O—,
except that when W is —CH,, X is selected from
—C(=0)—, —S(=0)—, or —S(0),—; or

the groups W—X taken together are —C(=0)NR"'—;

Y is —C(R")}R")—;

Q is selected from a bond, —C(R*)(R*%)—,
—C(=0)—, —CH,—0—, —CH,—0—CH,,
—CH,—C0,—NR"'—, —CH,—C0,—, —C(=0)
NR*—, and —CH=C(R*“)—;

Z is selected from alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl,
cycloalkyl, substituted cycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, heterocyclyl
and substituted heterocyclyl, and when Q is a bond or
—C(R*)R*)—, Z may be CO,H or CO,alkyl;

R is the same or different and is selected from hydrogen,
halogen, cyano, alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, O—R’,
—(C=0)R7, —(C=0)—0—R", NR*R®, —(C=0)
NR®R®?, —SR?*Y, —§(=0)R*°, —SO,R?*" and
—C=C—Si(CH,)4;

R* is selected from II, OII and C,_jalkyl;

R7 is selected from hydrogen, alkyl, substituted alkyl,
alkenyl, alkynyl, cycloalkyl, substituted cycloalkyl,
C(=0)alkyl, C(=0)substituted alkyl, C(=0)
cycloalkyl, C(=0) substituted cycloalkyl, C(=0)aryl,
C(=0)substituted aryl, C(=0)0-alkyl C(=0)0O-
substituted alkyl, C(=O0)heterocyclo, —C(=0)—
NR®*R®, C(=O)heteroaryl, aryl, substituted aryl,
heterocyclo, substituted heterocyclo, heteroaryl and
substituted heteroaryl;

R® and R? are independently selected from hydrogen,
OR’, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, C(=0)alkyl, C(=0)substituted alkyl,
C(=0)cycloalkyl, C(=0)substituted cycloalkyl,
C(=0)aryl, C(=O0)substituted aryl, C(=0)0-alkyl,
C(=0)0-substituted alkyl, C(=0)heterocyclo,
C(=0O)heteroaryl, aryl, substituted aryl, heterocyclyl,
substituted heterocyclyl, heteroaryl and substituted
heteroaryl, or R® and R® are taken together with the
nitrogen atom to which they are attached to form a
substituted or unsubstituted heterocyclic ring of 3 to 8

atoms, or substituted or unsubstituted heteroaryl ring of -

5 atoms;

R*® is selected from alkyl and substituted alkyl;

R*? is the same or different and is selected from hydrogen,
halogen, nitro, cyano, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
0—R7, NR®*R®, SR7, S(O)R7, SO,R7, SO,R’,
SO,NR*R®, —C(=0)R’, CO,R”, C(=0)NR"R?, and
—C=C—Si(CH,)4;

R*® and R*® are independently selected from hydrogen,
C,_,alkyl, hydroxy, halogen, hydroxyC,_,alkyl,
haloC,_,alkyl, and heterocycloC,_,alkyl or taken
together form a C;_;cycloalkyl ring; and

R*® and R* are both methyl, or one of R* and R* is
methyl and the other of R*® and R* is cyano, or R*®
and R*® together form cyclopropyl, cyclobutyl, or
cyclopentyl.
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3. A compound having the formula,

o]

or an enantiomer, diastereomer, tautomer or pharmaceuti-
cally acceptable salt, solvate, or prodrug thereof,

wherein:

X! is CR%;

X? is selected from CR* and N;

X® is selected from CR* and N;

X7 is CRY;

X% is C;

Provided, however, that at least one of X* and X° is N;
and provided further that X', XZ, X° X7 and X® are
selected such that a tricyclic heteroaryl ring system is
formed;

Y is —C(R*)(R*¥)—;

Z is lower alkyl, heterocyclo, substituted heterocyclo, or
phenyl or pyridyl optionally substituted with up to two
groups selected from alkyl, substituted alkyl, haloalkyl,
halogen OR??, and NRZ**R??;

R' is selected from hydrogen, cyano, —CH;, —CH,CHj,
—OCH;, —SCH;, —S(=0)CH;, —S(0),CHj;, and
halogen;

R* is hydrogen or C,_,alkyl;

R*® is selected from hydrogen, cyano, —CHs,,
—CH,CH,, —OCH,, —SCH,;, —S(=0)CH,,
—S5(0),CH;, and halogen;

R*7, R**, and R*® are each independently selected from
hydrogen, alkyl, and substituted alkyl; and

R*® and R* are both methyl, or one of R*® and R* is
methyl and the other of R*® and R* is cyano, or R*®

and R* together form cyclopropyl, cyclobutyl, or
cyclopentyl.
4. A compound according to claim 2, or an enantiomer,

diastereomer, tautomer, or pharmaceutically-acceptable salt,
solvate, or prodrug thereof, wherein:

Q—Z taken together comprises a group selected from:

C,_,alkyl optionally substituted with up to two R*';

(R,

R*) NH ;
34

(R

[R”Jg
Z - N R
=
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-continued

2,
(RH) (R Q

Y

Z I N
‘*{@\ A
(R,
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heterocyclo, O(alkyl), O(SI)C,_,alkyl)s, or C,_,alkyl
substituted with O(alkyl), NH,, NH(C,_,alkyl), or
N(( 1_salkyl),, or R*® and R® together form a four to
six membered heterocyclo ring, wherein when R o
R*! is a heterocyclo, said heterocyclo in turn is opnon—
ally substituted with lower alkyl, NH,, NH(C,_,alkyl),
or N(C,_,alkyl),;

R® is hydrogen, alkyl, pyridyl or pyrimidinyl in turn
optionally substituted with C,_jalkyl, S(alkyl), NH,,
NH(C,_,alkyl), N(C,_,alkyl),, or C,_salkyl substituted
with O(alkyl), NH,, NH(C,_,alkyl), N(C,_,alkyl),, or
five or six membered heterocyclo;

R°? is selected from phenyl, tetrahydrofuryl, azetidinyl,
morpholinyl, thiamorpholinyl, piperazinyl,
pyrrolidinyl, diazapinyl, seven membered bicyclic het-
erocyclo having at least one nitrogen atom and zero or
one oxygen atom, wherein each R®® in turn is option-
ally substituted with one to two of OH, SO,(alkyl),
CH,—OH, CH,—OCH,;, NHC(=0)CH,;, NH,,
NH(C,_,alkyl), and/or N(C,_,alkyl).;

dis 0,1, or 2;

fis 0, 1, 2 or 3; and

gis 0,1 or 2.

5. A compound having the formula (I),

or, Q is selected from , —CH,—O0—,
A "H,—, and —CH,—CO,—NH—, and Z is
selected from

or an enantiomer, diastereomer, tautomer or pharmaceuti-
cally acceptable salt, solvate, or prodrug thereof,
wherein:

r\

(R2)
I

28 %/\,

K\
LA

R*° is selected from hydrogen, hydroxy, halogen,
hydroxyC,_,alkyl, and haloC,_,alkyl;

R*! and R™" are at each occurrence independently selected
from =0, =CH,, halogen, trifluoromethyl,
C,_jalkenyl, C,_jalkynyl, S(alkyl), cyano, S(=0)alkyl,
S0, (alkyl), (Oq(alkyl) SONR*°R®!, NR¥R®", OR"°
or a group R°% or a C,_ <,alkvl opuonally substituted
with up to two groups selected from R®, NH,,, NH(C, _,
alkyl), N(C,_,alkyl),, OR®, and SO,(alkyl);

R*? is at each occurrence independently selected from

50

X' is CRY;

X2 is selected from CR*® and N;

X3 is CRY;

X" is CRY;

X? is CRY;

X® is selected from CR* and N;

X7 is CRY;

X5, X, X' and X" are C;

Provided, however, that at least one of X* and X° is N;
and provided further that X', X*, X3, X', X°, X®, X7,
X5, X%, X' and X are selected such that a tricyclic
heteroaryl ring system is formed;

W is —C(=0)—, —S(=0)—, or —S(0),—; or W may

— if X is —C(=0)—, —S(=0)—, or
—S(0),—

X is selected from —CH,—, —N(R")—, and —O—,
except that when W is —CH,—, X is selected from
—C(=0)—, —8(=0)—, or —§(0),—;

Y is a bond or —C(R*)R*")—;

halogen, trifluoromethyl, C,_jalkenyl, C,_,alkynyl, so
S(alkyl), cyano, S(=0)alkyl, SO,(alkyl), CO,(alkyl), Q is selected from a bond, —C(R*®)(R*®)—,
SO,NR’°R*', NR*°R>!, OR®® or a group R°; or a —C(=0)—, —CH, , —CH,—O—CH,—,
C,_salkyl optionally substituted with up to two groups —CH,—CO,NR*"—, —CH,—CO0,—, —C(=0)
selected from R°?, NH,,, NH(C,_,alkyl), N(C,_jalkyl),, NR*—, and —CH=C(R*°)—;
OR(’D, and SO, (alkyl); 65 R*! is the same or different and is selected from hydrogen,
R*® and R*" are independently selected from hydrogen, halogen, cyano, alkyl, substituted alkyl, alkenyl, sub-
hydroxy, alkyl, —(CH,),-cycloalkyl, —(CH,),- R7,
PENN EX. 2232
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—(C=0)R’7, —(C=0)—0—R’, NR®R®, —(CO)
NR®*R®?, —SR?*", —S§(=0)R*°, —SO,R*" and
—C=C—SI(CH,);

R? is selected from H, OH and NH.,;

R* is selected from H, OH and C,_,alkyl;

R7 is selected from hydrogen, alkyl, substituted alkyl,
alkenyl, alkynyl, cycloalkyl, substituted cycloalkyl,
C(=0)alkyl, C(=O)substituted alkyl, C(=0)
cycloalkyl, C(=0) substituted cycloalkyl, C(=0)aryl,
C(=0)substituted aryl, C(=0)0-alkyl, C(=0)0-
substituted alkyl, C(=O)heterocyclo, —C(=0)—
NR®R®?, C(=O0)heteroaryl, aryl, substituted aryl,
heterocyclo, substituted heterocyclo, heteroaryl and
substituted heteroaryl;

R® and R° arc independently selected from hydrogen,
OR7, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, C(=0)alkyl, C(=0)substituted alkyl,
C(=0O)cycloalkyl, C(=0)substituted cycloalkyl,
C(=0)aryl, C(=O0)substituted aryl, C(=0)O-alkyl,
C(=0)0-substituted alkyl, C(=0)heterocyclo,
C(=O0)heteroaryl, aryl, substituted aryl, heterocyclyl,
substituted heterocyclyl, heteroaryl and substituted

heteroaryl, or R® and R® are taken together with the -

nitrogen atom to which they are attached to form a
substituted or unsubstituted heterocyclic ring of 3 to 8
atoms, or substituted or unsubstituted heteroaryl ring of
5 atoms;

R*® is selected from alkyl and substituted alkyl;

R*° is the same or different and is selected from hydrogen,
halogen, nitro, cyano, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
O0—R7, NRSR°SR7, S(O)R7, SO,R7, SO,R7,
SO,NR®*R?, —C(=0)R’, CO,R’, C(=0)NR®*R®, and
—C=C—SI(CH,);

R3® is selected from =0 and =S;

R*® and R*® are independently selected from hydrogen,
C, _salkyl, hydroxy, halogen, hydroxyC, ,alkyl,
haloC, _,alkyl, and heterocycloC,_jalkyl, or taken
together form a C,_;cycloalkyl ring;

R* and R"* are independently selected from hydrogen,
cyano, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, cycloalkyl, sub-
stituted cycloalkyl, aryl, substituted aryl, heterocyclo,
substituted heterocyclo, heteroaryl and substituted
heteroaryl, or R*® and R*® are taken together to form a

substituted or unsubstituted cycloalkyl ring of 3 to 8

atoms or a substituted or unsubstituted heterocyclo ring
of 3 to 8 atoms; and

Z is selected from

O CH;

J K

methyl, ethyl, N o} CHs:
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6. A compound having the formula (1),
33 (D
R
X’ J\ x!
NTERN G N
(C ) @\
60 b€ Xll X]U ® Q
N7 NN N W Ny,
n
Xy AN :
N 65 Or an enantiomer, diastereomer, tautomer or pharmaceuti-
# & cally acceptable salt, solvate, or prodrug thereof,

wherein:
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X' is CRY;

X2 is selected from CR*® and N;

X3 is CRY;

X' is CRY;

X% is CRY;

X® is selected from CR*® and N;

X7 is CRY;

X5, X%, X' and X" are C;

Provided, however, that at least one of X* and X" is N;
and provided further that X%, X=, X3, X*, X°, X¢, X7,
X®, X%, X' and X are selected such that a tricyclic
heteroaryl ring system is formed;

W is —C(=0)—, —S(=0)—, or —S(0),—; or W may ;

be —CH,— if X is —C(=0)—, —S(=0)—, or
—S(0),—;

X is selected from —CH,—, —N(R*)—, and —O—,
except that when W is —CH,—, X is selected from
—C(=0)—, —S(=0)—, or —8(0),—;

Y is a bond;

Q is selected from a bond, —C(R*°)(R*%)—,
—C(=0)—, —CH,—0—, —CH,—0—CH,—,
—CH,—CO,—NR*"—, —CH,CO,—, —C(=0)
NR*—, and —CH=C(R*°)—;

R is the same or different and is selected from hydrogen,
halogen, cyano, alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, O—R”,
—(C=0 )R7, ((C=0)—0—R’, NR*R®, —(C=0)
NR®R®, —SR2%, —S§(=0)R?°, —SO,R*° and
—C=C—SI(CH5)5;

R? is selected from H, OH and NH.;

R* is selected from H, OH and C,_, alkyl;

R7 is selected from hydrogen, alkyl, substituted alkyl,
alkenyl, alkynyl, cycloalkyl, substituted cycloalkyl,
C(=0)alkyl, C(=0)substituted alkyl, C(=0)
cycloalkyl, C(=0) substituted cycloalkyl, C(=0)aryl,
C(=0)substituted aryl, C(=0)0-alkyl, C(=0)0O-
substituted alkyl, C(=O)heterocyclo, —C(=0)—
NR®R®, C(=0)heteroaryl, aryl, substituted aryl,
heterocyclo, substituted heterocyclo, heteroaryl and
substituted heteroaryl;

R® and R® are independently selected from hydrogen,
OR7, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, C(=0)alkyl, C(=0)substituted alkyl,
C(=0)cycloalkyl, C(=0)substituted cycloalkyl,
C(=0)aryl, C(=0)substituted aryl, C(=0)0-alkyl,
C(=0)0-substituted alkyl, C(=0)heterocyclo,
C(=O0)heteroaryl, aryl, substituted aryl, heterocyclyl,
substituted heterocyelyl, heteroaryl and substituted
heteroaryl, or R® and R® are taken together with the
nitrogen atom to which they are attached to form a
substituted or unsubstituted heterocyclic ring of 3 to 8
atoms, or substituted or unsubstituted heteroaryl ring of
5 atoms;

R?° is selected from alkyl and substituted alkyl;

R?? is the same or different and is selected from hydrogen,
halogen, nitro, cyano, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
O—R7, NR®R®, SR, S(O)R’7, SO,R7, SO,R’,
SO,NR*R?, —C(=0)R", CO,R", C(=0)NR"R®, and
—C=C—SI(CH5)5;

R3° is selected from =0 and =S;

R*® and R*® are independently selected from hydrogen,
C,_jalkyl, hydroxy, halogen, hydroxyC,_ ,alkyl,
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haloC, _,alkyl, and heterocycloC,_,alkyl, or taken
together form a C; ,cycloalkyl ring; and

HO
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7. A compound having the formula (I),

72
C(=0)substituted aryl, C(=0)0-alkyl, C(=0)0-
substituted alkyl, C(=0O)heterocyclo, —C(=0)—

0 NR®R®?, C(=O)heteroaryl, aryl, substituted aryl,
R heterocyclo, substituted heterocyclo, heteroaryl and
JJ\ 5 substituted heteroaryl;
X567 R® and R® are independently selected from hydrogen,
| |ll "Q\ OR’, alkyl, substituted alkyl, cycloalkyl, substituted
X-\ ,\\ X PN / ~, cycloalkyl, C(=0)alkyl, C(=0)substituted alkyl,
X C(=0)cycloalkyl C(=0)substituted cycloalkyl,
R-‘ 10 C(=0)aryl, C(=0)substituted aryl, C(=0)0-alkyl,
C(=0)0-substituted alkyl, C(=O0)heterocyclo,
or an enantiomer, diastereomer, tautomer or pharmaceuti- C (—(.))helcmdryl aryl, substituted aryl, hﬁT.t:l'Oﬂ...yLlyl
. substituted heterocyelyl, heteroaryl and substituted
cally acceptable salt, solvate, or prodrug thereof, s 3 .
.| heteroaryl, or R® and R™ are taken together with the
wherein: ; : .
AR 15 nitrogen atom to which they are attached to form a
XA l_” CR; 25 substituted or unsubstituted heterocyclic ring of 3 to 8
X= is selected from CR™ and N; atoms, or substituted or unsubstituted heteroaryl ring of
X? is CRY; 5 atoms;
X* is CRY; R*? is selected from alkyl and substituted alkyl;
X3 is CRY; U R35 s the same or different and is selected from hydrogen,
XS is selected from CR2S and N; halogf:n, nitro, cyano, alkyl, substitutc(‘i alkyl, alkenyl,
X7 is CR: substituted alkenyl, alkynyl, substituted alkynyl,
o 0—R7, NR®*R®?, SR7, S(O)R”, SO,R7, SO;R’,

X5 X%, X' and X' are C;

Provided, however, that at least one of X* and X® is N;
and provided further that X*, X%, X2, X%, X5, X°, X7,
X5, X%, X' and X' are selected such that a tricyclic
heteroaryl ring system is formed;

the groups W—X—Y—Q—Z taken together are selected

SO,NR®R?, —C(=0)R’, CO.R”, C(=0)NR*R®, and
—(C=C—Si(CH),; and
R is selected from =0 and =S.
8. A pharmaceutical composition comprising a compound
having the formula (I),

from: i)
RJﬂ
0 J\
7
o} | | O
H Me ® XX Xm Wy,
! \
\ . RN‘%MC . |
R,\ Me : R?
Me
Me
% o 40 or an enantiomer, diastereomer, tautomer or pharmaceuti-
cally acceplable sall, solvale, or prodrug thereol,
wherein:
- : and X' is CR%;
\ a5 X2 is selected from CR* and N;
N Me T X*is CRY
Me X* is CRY;
0 X3 is CRY;
X° selected from CR?® and N;
H F S0 X7 is CRY;
\x Me X5, X, X' and X" are C;
fL& Me Provided, however, that at least one of X* and X° is N;
and provided further that X', X3, X3, X*, X5, X%, X7,
o << X5, X%, X' and X' are selected such that a tricyclic
o heteroaryl ring system is formed;

R is the same or different and is selected from hydrogen, W is —C(=0)—, —S(=0)—, or —8(0),—; or W may
halogen, cyano, alkyl, substituted alkyl, alkenyl, sub- . S(=0)—, or
stituted alkenyl, alkynyl, substituted alkynyl, O—R”, —S(0),—;

—(C=0)R’, (C=0)—0—R’, NR*R®, —(C=0) o, X is selected from —CH,—, —N(R*)—, and —O—,
NR*R?, —SR?°, —S(=0)R*", —SO,R*’ and except that when W is —CH,, X is selected from
—(C=C—SI(CH,);; —C(=0)—, —S(=0)—, or —S(0),—;

R? is selected from H, OH and NH.; Y is a bond or —C(R*)R*)—;

R7 is selected from hydrogen, alkyl, substituted alkyl, Q is selected from a bond, —C(R*®)(R*®)—,
alkenyl, alkynyl, cycloalkyl, substituted cycloalkyl, 65 —C(=0)—, —CH,0—, —CH,—0—CH,—,
C(=0)alkyl, C(=0)substituted alkyl, C(=0) —CH,—CO,NR*—,  —CH,—C0,—, —C(=0)
cycloalkyl, C(=0) substituted cycloalkyl, C(=0)aryl, NR*—, and —CH=C(R*“)—;
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Z is selected from alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl,
cycloalkyl, substituted cycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, heterocyclyl
and substituted heterocyclyl, and when Y is —C(R"®)
(R**)— and Q is a bond or —C(R**)(R*)—, Z may be
CO,H or CO,alkyl;

R is the same or different and is selected from hydrogen,
halogen, cyano, alkyl, substituted alkyl, alkenyl, sub-
stituted alkenyl, alkynyl, substituted alkynyl, O—R”,
—(C=0)R7, —(C=0)—0—R’, NR*R®, —(C=0)
NR®R®, —SR2°, —S§(=0)R?°, —S0,R* and
—C=C—Si(CH,);

R? is selected from H, OH and NH.;

4. 15 Xl is (:Rl,

R7 is selected from H, OH and C,_, alkyl; X2 is selected from CR® and N;

R" is selected from hydrogen, alkyl, substituted alkyl, X3 CR
alkenyl, alkynyl, cycloalkyl, substituted cycloalkyl, P
C(=0)alkyl, C(=0)substituted alkyl, C(=0) X SCR;
cycloalkyl, C(=0) substituted cycloalkyl, C(=0)aryl, ,; X is CR7;

C(=0)substituted aryl, C(=0)0-alkyl, C(=0)0- X% is selected from CR*® and N;

substituted alkyl, C(O)heterocyclo, —C(=0)— X7 is CRY;

NR®*R?, C(=O)hf:tt:mary1, aryl, substituted aryl, X%, X°, X'° and X" are C;

heterocyclo, substituted heterocyclo, heteroaryl and . a 5.
et et ’ Provided, however, that at least one of X* and X° is N;
substituted heteroaryl; ns ! A el el
8 ° . ) - and provided further that X°, X=, X7, X°, X7, X°, X',

R an;l R” are 1n(lcpcn(lcnlly selected from hydrpgcn, X5, X°, X' and X' are selected such that a tricyclic

OR’, alkyl, substituted alkyl, cycloalkyl, substituted h , e - .

. . . eteroaryl ring system is formed;
cycloalkyl, C(=0)alkyl, C(=O0)substituted alkyl, . . . . ] )
C(=0)cycloalkyl, C(=0)substituted cycloalkyl, WI_I)S_('(‘={)}__“_5(_‘=())Tfr_‘8(())'21_’_(“'“' may
C(=0)aryl, C(=O0)substituted aryl, C(=0)0-alkyl, 30 ¢ —CH,— if X is —0(=0)— —S(=0)— or
C(=C))O-substituted alkyl, C(=0)heterocyclo, _—S(O)z—, \
C(=0)heteroaryl, aryl, substituted aryl, heterocyclyl, X is selected from _(:Hz_, —N(R )_—, and —O0—,
substituted heterocyclyl, heteroaryl and substituted except that Wher{ Wis —CH,—, X is selected from
heteroaryl, or R® and R® are taken together with the —C(=0)—, —S(=0)—, or —S(0),—;
nitrogen atom to which they are attached to form a 35 Y is a bond or —C(R"™)(R")—;
substituted or unsubstituted heterocyclic ring of 3 to 8 Q is selected from a bond, —C(R3*®)(R*%)—,
atoms, or substituted or unsubstituted heteroaryl ring of —C(=0)—, —CH,—0—, —CH,—0—CH,—,
5 atoms; —CH,—CO0,—NR*—, —CH,—CO,—, —C(=0)

R*° is selected from alkyl and substituted alkyl; NR*—, and —CH=C(R*")—;

R?® is the same or different and is selected from hydrogen, **  Z is selected from alkyl, substituted alkyl, alkenyl, sub-
halogen, nitro, cyano, alkyl, substituted alkyl, alkenyl, stituted alkcnyl., alkynyl, substituted ﬂlk}'ﬂ}'l,
substituted alkenyl, alkynyl, substituted alkynyl, cycloalkyl, substituted cycloalkyl, aryl, substituted
O—R7, NR®*R®, SR”, S(O)R7, SO,R7, SO;R’, aryl, heteroaryl, substituted heteroaryl, heterocyclyl
SO,NR®*R?, —C(=0)R’, CO,R7, C(=0)NR®R?, and and substituted heterocyclyl, and when Y is —C(R*)
—(C=C—Si(CH,)s; 45 (R**)— and Q is a bond or —C(R*)(R**)—, Z may be

R*® is selected from =0 and =S; 1(_:02“ or (?()231]_‘)"]; )

R?° and R*° are independently selected from hydrogen, R hlsllhc Same or d‘fg‘]”(ﬁm "'T)d 15 c’cg"’lﬁf fmrﬁl{t\lyd{ogcln,
C,_,alkyl, hydroxy, halogen, hydroxyC,_,alkyl halo- alogen, cyano, alkyl, substituted a'ky., alkeny, su ‘;_

I stituted alkenyl, alkynyl, substituted alkynyl, O—R",
C,_,alkyl, and heterocycloC,_,jalkyl, or taken together sp . s a0
form a C,_, cycloalkyl ring; _ _(C=OO)R , —{C=0)—O0—R’, NR'R", —C=0)
40 as i NR®R?, —SR*’, —§(=0)R*’, —SO,R*’ and

R™ and R™ are independently selected from hydrogen, —C=C—Si(CHL,); 2

cyano, alkyl, substituted alkyl, alkenyl, substituted 3. i C

. e — 11 T Tl ] R is selected from H, OH and NH,;

alkenyl, alkynyl, substituted alkynyl, cycloalkyl, sub- 0. N o2

stituted cycloalkyl, aryl, substituted aryl, heterocyclo, ss R? 18 selected ““’m H, OH and C,_, alkyl; ‘

substituted heterocyclo, heteroaryl and substituted R’ is selected from hydrogen, alkyl, ‘SUbSUIUYGd alkyl,

heteroaryl, or R*® and R are taken together to form a 31}“”")’]; ‘li]k}in}’]s (C}’Ck;alkgl, ) Sllhﬁélllltlﬁs lcyclualkyl),

substituted or unsubstituted cycloalkyl ring of 3 to 8 C(=0)alkyl, C(=O0O)substituted alkyl, C(=0

atoms or a substituted or unsubstituted heterocyclo ring cycloalkyl, C(=0) substituted cycloalkyl, C(=0)aryl,

of 3 to a atoms; 60 (.‘(=l‘t))suhstitutcd aryl, C(=0)0-alkyl, C(=0)0-
and a pharmaceutically acceptable carrier. substituted alkyl, C(=O)heterocyclo, —C(=0)—

9. A method of treating at least one inosine monophos- NR®R?, C(=O)heteroaryl, aryl, substituted aryl,

phate dehydrogenase associated disorder, wherein the dis- heterocyclo, substituted heterocyclo, heteroaryl and
order is selected from psoriasis, transplant rejection, and substituted heteroaryl;
rheumatoid arthritis, comprising administering to a subject 65 R® and R” are independently selected from hydrogen,
in need of treatment thereof an effective amount of at least OR7, alkyl, substituted alkyl, cycloalkyl, substituted
one compound having the formula (I), cycloalkyl, C(=0)alkyl, C(=0)substituted alkyl,
PENN EX. 2232
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C(=0)cycloalkyl, C(=0)substituted cycloalkyl,
C(=0)aryl, C(=O0)substituted aryl, C(=0)0-alkyl,
C(=0)0-substituted alkyl, C(=0)heterocyclo,
C(=0)heteroaryl, aryl, substituted aryl, heterocyelyl,
substituted heterocyclyl, heteroaryl and substituted
heteroaryl, or R® and R® are taken together with the
nitrogen atom to which they are attached to form a
substituted or unsubstituted heterocyclic ring of 3 to 8
atoms, or substituted or unsubstituted heteroaryl ring of
5 atoms;

R*® is selected from alkyl and substituted alkyl;

R is the same or different and is selected from hydrogen,
halogen, nitro, cyano, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
0O—R7, NR®R®?, SR7, S(O)R7, SO,R7, SO,R7,
SO,NRPR?, —C(=0)R’, CO,R7, C(=0)NR®*R?, and
—C=0—Si(CH,),;

10

15

76

R is selected from =0 and =S;

R** and R*® are independently sclected from hydrogen,
C,_,alkyl, hydroxy, halogen, hydroxyC,_,alkyl,
haloC,_,alkyl, and heterocycloC,_,alkyl, or taken
together form a C, , cycloalkyl ring; and

R" and R" are independently selected from hydrogen,
cyano, alkyl, substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterocyclo, substituted
heterocyclo, heteroaryl and substituted heteroaryl, or R*°
and R*® are taken together to form a substituted or unsub-
stituted cycloalkyl ring of 3 to 8 atoms or a substituted or
unsubstituted heterocyclo ring of 3 to 8 atoms.
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