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is 4.5-24 angstroms: with the proviso that the protion of the compound represented by Ar2-Z. is not formula (2) wherein formula (3)

represents a singel or double bond; n is 0-3; one Z2 is CA or CRA and the other is CR, CRy, NR or N; A is W;-COX[Y wherein Y
is COR or an isostere thereof, each of W and X is a spacer of 2- 6A, and each of i and j is independently 0 ot 1; Z? is NR or O; and

each R j hydrogen or a

JP 2004-533989 A 2004.11.11



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

(53) JP 2004-533989 A 2004.11.11

WO 02/46158 PCT/US01/43824

PIPERIDINE/PIPERAZINE-TYPE
INHIBITORS OF p38 KINASE

Field of the Invention

The invention relates to treating various disorders associated with enhanced activity
of kinase p38-o.. More specifically, it concerns piperadine and piperazine derivatives useful

in these methods.

Background Art

A large number of chronjc and acute conditions have been recognized to be
associated with perturbation of the inflammatory response. A large number of cytokines
participate in this response, including IL-1, IL-6, IL-8 and TNF. It appears that the activity
of these cytokines in the regulation of inflammation rely at least in part on the activation of
an enzyme on the cell signaling pathway, a member of the MAP kinase family generally
known as p38 and alternatively known as CSBP and RK. This kinase is activated by dual .
phosphorylation after stimulation by physiochemical stress, treatment with
lipopolysaccharides or with proinflammatory cytokines such as IL-1 and TNF. Therefore,
inhibitors of the kinase activity of p38 are useful anti-inflammatory agents.

) Eye diseases associated with a fibroproliferative condition include retinal

reattachment surgery panying proliferative vitreoretinopathy, cataract extraction with

intraocular lens implantation, and post glaucoma drainage surgery.

PCT applications W0O98/06715, W0O98/07425, and WO 96/40143, all of which are
incorporated herein by reference, describe the relationship. of p38 kinase inhibitors with
various disease states. As mentioned in these applications, inhibitors of p38 kinase are
useful in treating a variety of discases associated with chronic inflammation. These
applications list rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis
and other arthritic conditions, sepsis, septic shock, endotoxic shock, Gram-negative sepsis,
toxic shock syndrome, asthma, adult respiratory distress syndrome, stroke, reperfusion
jnjury, CNS injuries such as neural trauma and ischemia, psoriasis, restenosis, cerebral

malaria, chronic pulmonary inflammatory disease, silicosis, pulmonary sarcosis, bone
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resorption diseases such as osteoporosis, graft-versus-host reaction, Crohn’s Disease,
uloerative colitis including inflammatory bowel disease (IBD) and pyresis.

The above-referenced PCT applications disclose compounds which are p38 kinase
inhibitors said to be useful in treating these disease states. These compounds are either
imidazoles or are indoles substituted at the 3~ or 4-position with a piperazine ring linked
through a carboxamide linkage. Additional compounds which are conjngates of
piperazines with indoles are described as insecticides in W097/26252, also incorporated
herein by reference.

Certain aroyl/phenyl-substituted piperazines and piperidines which inhibit p38-a
kinase are described in PCT publication WQ00/12074 published 9 March 2000. In
addition, indolyl substituted piperidines and piperazines which inhibit this enzyme are
described in PCT publication No. WO%9/61426 published 2 December 1999. Carbolene
derivatives of piperidine and piperazine as p38-o inhibitors are described in
PCT/US00/07934 filed 24 March 2000.

None of the foregoing patents describes the piperadine type derivatives described
herein which specifically inhibit p38-c.

Summary of the Invention

The invention is directed to methoeds and compounds useful in treating conditions
that are characterized by enhanced p38-o activity. These conditions include inflammatjon,
proliferative diseases, and certain cardiovascular disorders as well as Alzheimer’s disease
as further described below.

Compounds of the invention inhibit p38 kinase, the o-isoform in particular, and are
thus useful in treating diseases mediated by these activities. The compounds of the
invention are of the formula (1):

" ‘\(R‘)m
At — 12— 7! N—L'— A —12

O
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and the pharmaceutically acceptable salts thereof, or a pharmaceutical composition
thereof, wherein:

Ar' is an aryl growp substituted with 0-5 non-interfering substituents, wherein two
adjacent noninterfering substituents can form a fused aromatic or nonaromatic ring;

L' and 1? are linkers;

each R is independently a noninterfering substituent;

Z! is CR? or N wherein R? is hydrogen or a noninterfering substituent;

mis 0-4;

each of n and p is an integer from 0-2 wherein the sum of n and p is 0-3;

Ar? is a substantially planar, monocyelic or polycyclic aromatic moiety having one
or more optional ring heteroatoms, said moiety being optionally substituted with one or
more nop-interfering substituents, two or more of which may form a fused ring;

Zis -Wi-COX;Y wherein Y is COR? or an isostere thereof; Rlisa noninterfering
substituent, each of W and X is a spacer of 2-6 A, and each of i and j is independently 0 or
1;

wherein the smallest number of covalent bonds in the compound separating the

- atom of Ar' bonded to L? to the atom of Ar* bonded to L' is at Ieast 6, where each of said

‘bonds has a bond length of 1.2 to 2.0 angstronas; and/or wherein the distance in space
between the atom of Ar' bonded to L* and the atom of Ar® bonded to L is 4.5-24
angstroms;
with the proviso that the portion of the compound represented by Ar*-Z is not
®),

Q

wherein \‘ represents a single or double bond; n is 0-3; one Z? is CA or CRA and
the other is CR, CRz, NR or N; A is -W;-COX;Y wherein Y is COR or an isostere thereof,
each of W and X is a spacer of 2-6A, and each of i and j is independently 0 or 1; Z° is NR
or O; and each R is independently hydrogen or a noninterfering substituent.

The invention is forther directed to methods of treating inflammation or

proliferative conditions using these compounds. The invention is also directed to treating

3

JP 2004-533989 A 2004.11.11
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conditions associated with cardiac failure and Alzheimer’s disease using the invention

compounds.

Detailed Description

The compounds of fornula (1) are useful in treating conditions which are
characterized by overactivity of p38 kinase, in particular the a-isoform. Conditions
“characterized by enhanced p38-o activity” include those where this enzyme is present in
increased amount or wherein the enzyme has been modified to increase its inherent activity,
or both, Thus, “enhanced activity” refers to any condition wherein the effectiveness of
these proteins is undesirably high, regardless of the cause.

The compounds of the invention are useful in conditions where p38-akinase shows
enhanced activity. These conditions are those in which fibrosis and organ sclerosis are
caused by, or accompanied by, inflammation, oxidation injury, hypoxia, altered temperature
or extracellular osmolarity, conditions causing cellular stress, apoptosis or necrosis. These
conditions include ischemia-reperfusion injury, congestive heart failure, progressive
pulmonary and bronchial fibrosis, hepatitis, arthritis, inflammatory bowel disease,
glomerular sclerosis, interstitial renal fibrosis, chronic scarring diseases of the eyes, bladder
and reproductive tract, bone marrow dysplasia, chronic infectious or autoimmune states,
spinal chord injury and traumatic or surgical wounds. These conditions, of course, would
e benefited by compounds which inhibit p38-c. Methods of treatment with the
compounds of the invention are further discussed below.

The compounds useful in the invention are derivatives of piperadine/piperazine-type
compounds containing 2 mandatory substituent, Z attached to the aromatic moiety Ar* The
aromatic moiety is a substantially planar, monocyclic or polycyclic aromatic moiety having
one or more optional ring heteroatoms. The aromatic moiety may be optionally substituted
with one or more non-interfering substituents, two or more of which may form a fused ring.

In somewhat greater detail the aromatic moiety Ar* comprises an optionally
substituted monocyclic or polycyclic aromatic nucleus, wherein the aromatic nucleus
consists of a carbocycelic or heterocyclic ring selected from (i) a five-membered heterocyclic
or carbocyclic ring (ii) a six-membered carbocyclic or heterocyclic ring; (iii) a five-
membered carbocyelic or heterocyclic ring fused to another five-membered carbocyclic or
heterocyclic ring; (iv) a six-membered carbocyclic or heterocyclic ring fused to another six-
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membered carbocyclic or heterocyelic ring; and (v) a five-membered heterocyclic or
carbocyclic ring fused to a six-membered carbocyclic or heterocyclic ring. Examples of the

foregoing include the following aromatic moieties:

DOoOOO00D 00
OO OO N
C@@MT@@: r\;
galgsigsishigeige
(O CD 00 Oy sgudres
’@9 ENINJ ”@@@@MN@

where R is a noninterfering substituent.
Particular examples of Ar? in formula (1) are such that the portion of compound (1)
represented by L'-Ar’-Z is selected from the following:

R

10 @
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wherein n is 0, 1 or 2; X' is NR, CRy, O or S; and each R is independently H or a

noninterfering substituent; and two or more R groups may form a fused ring;

B
L1—|_|/§/\£—Z
A

m

wherein n is 0-4; R is H or a noninterfering substituent where two or more R groups
5 may form a fused ring; and one or more ring carbons may be optionally replaced with

nitrogen;

! z

R ) o
PO
l P a\s
(m

wherein each n is inpendently 0 to 3; R is H or a noninterfering substituent, where
two or more R groups may form a fused ring; and one or more ring carbons may be
10  optionally replaced with nitrogen;

®), Ro
(k\ X2y

B—— ol@ —\,—B
7

(IV-a)

wherein, subject to the proviso set forth above with respect to forrmula (1), one B is
L' and the other is Z; wherein a is 0 to 4 such that the positions on the six membered rings
(1) and (3) to which (R), is bonded can include X when X? is C; b is 0 —3 such that the

6
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positions on the five-membered rings (2) and (4) to which (R)y is bonded can include X*
and X', when X? is C and X’ is N or C; each X? is independently N or CR; X'is NR, CR;,
O or S; each R is H or a noninterfering substituent where two or more R groups may form a
fused ring; wherein one or more of the ring carbons that are at positions other than X? or X*

and that are also not bound to B can be optionally replaced with N

R /R)b ®)a /R%
>\ J-/\\\\ > N
q ® /, B

A
\ |BL ’ & ? |(4) / ’
X X3 and X x!
(V-2) (V-b)

wherein one B is L' and the other is Z; a is 0-4 such that the positions on the rings
(1) and (3) to which (R), can be bonded inctude X” and X! where X% is C and X' is Cor N;
b is 0 or 3 such that the positions on the rings (2) and (4) to which (R), can be bonded
include X', X* and X* when X' is C or N and X* and/or X° are C; each X' is independently
NR, C(R);, OorS; X2 and X° are independently N or CR; each R is independently H or a
noninterfering substituent whese two or more R groups can optionally form a fused ring;
wherein one or more of the ring carbons that are at positions other than X', X* or X°, and
that are also not bound to B, can be optionally replaced with N.

Certain positions of the molecule of formula I are described as permitting
“noninterfering substituents.” This terminology is used because the substituents in these
positions generally speaking are not relevant to the essential activity of the molecule taken
as awhole. A wide variety of substituents can be employed in these positions, and it is well
within ordinary skill to determine whether any particular arbitrary substituent is or is not
“poninterfering.”

As used herein, a “noninterfering substitnent” is a substituent which leaves the
ability of the compound of formula (1) to inhibit p38-x activity qualitatively intact. Thus,
the substituent may alter the degree of inhibition of p38-c. However, as long as the
compound of formula (1) retains the ability to inhibit p38- activity, the substituent will be
classified as “noninterfering.” A number of assays for determining the ability of any
compound to inhibit p38§- o activity are available in the art. A whole blood assay for this

7
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evaluation is illustrated below. The gene for p38- arhas been cloned and the protein can be
prepared recombinantly and its activity assessed, including an assesstment of the ability of
an arbitrarily chosen compound to interfere with this activity. The essential features of the
molecule are tightly defined. The positions which are occupied by “noninterfering
substituents” can be substituted by conventional organic moieties as is understood in the
art. It is irrelevant to the present invention to test the outer limits of such substitutions.
The essential features of the compounds are those set forth with particularity herein.

In addition, L! and L2 are described herein as linkers. The nature of such linkers is
less important than the distance they impart between the portions of the molecule. Typical
linkers include alkylene, 7.e. (CHz)y-R; alkenylene - i.e., an alkylene moiety which contains
a double bond, including a double bond at one terminus. Other suitable linkers include, for
example, substituted alkylenes or alkenylenes, carbonyl moieties, and the like.

As used herein, “hydrocarbyl residue” refers to a residue which contains only
carbon and hydrogen. The residue may be aliphatic or aromatic, straight-chain, cyclic,
branched, saturated or unsatirated. The hydrocarbyl residue, when so stated however, may
contain heteroatoms over and gbdve the carbon and hydrogen members of the substituent
residue. Thus, when specifically noted as containing such heteroatoms, the hydrocarbyl
residue may also contain carbonyl groups, amino groups, hydroxyl groups and the like, or
contain heteroatoms within the “backbone™ of the hydrocarbyl residue.

As used herein, “inorganic residue” refers to a residue that does not contain carbon.
Examples include, but are not limited to, halo, hydroxy, NO;, or NH,.

As used herein, the term “alkyl,” “alkeny]” and “alkynyl” include straight- and
branched-chain and cyclic monovalent substituents. Examples include methyl, ethyl,
isobutyl, cyclohexyl, cyclopentylethyl, 2-propenyl, 3-butynyl, and the like. Typically, the
alkyl, alkenyl and alkyny] substituents contain 1-10C (alkyl) or 2-10C (alkenyl or alkynyl).
Preferably they contain 1-6C (alkyl) or 2-6C (alkenyl or alkynyl). Heteroalkyl,
heteroalkenyl and heteroalkynyl are similarly defined but may contain 1-2 O, S or N
heteroatoms or combinations thereof within the backbone residue.

As used herein, “acyl” encompasses the definitions of alkyl, alkenyl, alkynyl and the
related hetero~forms which are coupled to an additional residue through a carbony! group.

JP 2004-533989 A 2004.11.11



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

(61)

WO 02/46158 PCT/US01/43824

The term “Aromatic” with respect to moiety Ar' refers o a monocyclic or fused
bicyclic moiety such as phenyl or naphthyl; “heteroaromatic™ also refers to monocyclic or
fused bicyclic ring systems containing one or more heteroatoms selected from O, S and N.
The inclusion of a heteroatom permits inclusion of 5-membered rings as well as
6-membered rings. Thus; typical aromatic systemws include pyridyl, pyrimidyl, indolyl,
benzimidazolyl, benzotriazolyl, isoquinolyl, quinolyl, benzothiazolyl, benzofuranyl, thienyl,
furyl, pyrrolyl, thiazolyl, oxazolyl, imidazolyl and the like. Any monocyclic or fused ring
bicyclic system which has the characteristics of aromaticity in terms of eleciron distribution
throughout the ring system is included in this definition. Typically, the ring systems -
contain 5-12 ring member atoms.

Similarly, “arylalkyl” and “heteroalkyl” refer to aromatic and heteroaromatic
systems which are coupled to another residue through a carbon chain, including substituted
or unsubstituted, saturated or unsaturated, carbon chains, typically of 1-6C. These carbon
chains may also include a carbonyl group, thus making them able to provide substituents as
an acyl moiety. )

‘When the compounds of Formula (1) contain one or more chiral centers, the

" invention includes optically pure forms as well as mixtures of stereoisomers or enantiomers

With respect to the portion of the compound between the Ar' and A7, linkers 12
and L, in combination with the piperadine/piperazine ring, provide for separation of the
atom of Ar' bonded to L* from the atom of Ar bonded to L' by a defined minimum number
of covalent bond lengths counted end-to-end through the compound, as opposed to a
measurement of linear distance through space. More particularly, the smallest number of -
bonds counted end-to-end in the compound separating the atom of Ar' bonded to L? from
the atom of Ar*bonded to L' is at least 5, and preferably from 6 to 12, wherein the length of
each of such bonds is 1.2 to 2.0 angstroms. In terms of a linear distance through space, the
linear distance measured through space from the atom of Ar’ bonded to. L? to the atom of
A bonded to L' is a distance of 4.5-244, preferably 6-204, and more preferably 7.5-10A.

» Typical, but nonlimiting, embodiments of 1! and L? are CO and isosteres thereof, or
optionally substituted isosteres, or longer chain forms. L in particular, may be alkylene or
alkenylene optionally substituted with noninterfering substituents or L' or L may be or
may include a heteroatom such as N, S or O. Such substituents include, but are limited to, a

JP 2004-533989 A 2004.11.11
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moiety selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, arylalkyl, acyl,
aroyl, heteroaryl, heteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkylaryl, NH-aroyl, halo,
OR, NRy, SR, SOR, SO;R, OCOR, NRCOR, NRCONR;z, NRCOOR, OCONR;, RCO,
COOR, alkyl-OOR, SOsR, CONR;, SO;NR3, NRSO;NR;, CN, CF3, R38i, and NO,,
wherein each R is independently H, alkyl, alkenyl or aryl or heteroforms thereof, and
wherein two substituents on L can be joined to form 2 non-aromeatic saturated or
unsaturated ring that includes 0-3 heteroatoms which are O, S and/or N and which contains
3 to 8 members or said two substituents can be joined to form a carbonyl moiety or an
oxime, oximeether, oximeester or ketal of said carbonyl moiety.

Isosteres of CO and CH;, include SO, SO, or CHOH. CO and CH; are preferred.
Thus, L is substituted with 0-2 substituents. Where appropriate, two optional substituents
on L2 can be joined to form a non-aromatic saturated or unsaturated hydrocarbyl ring that
includes 0-3 heteroatoms such as O, S and/or N and which contains 3 to 8 members. Two
optional substituents on L? can be joined to form a carbonyl moiety which can be
subsequently converted to an oxime, an oximeether, an oximeester, or a ketal.

Ar' is aryl, heteroaryl, including 6-5. fused heteroaryl, cycloaliphatic or
cycloheteroaliphatic that can be optionally substituted. Ar is preferably optionally
substituted phenyl.

Bach substituent on Ar is independently a hydrocatbyl residue (1-20C) containing
0-5 heteroatoms selected from O, S and N, or is an inorganic residue. Preferred
substituents include those selected from the group consisting of alkyl, alkenyl, alkynyl, aryl,

~ arylalkyl, acyl, aroyl, heteroaryl, heteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkylaryl, '

NH-aroy}, halo, OR, NR3, SR, SOR, SO;R, OCOR, NRCOR, NRCONR;, NRCOOR,
OCONRy, RCO, COOR, alkyl-OOR, SO3R, CONR;, SO;NR3, NRSO;NR;, CN, CFs, R3Si,
and NO,, wherein each R is independently H, alkyl, alkenyl or aryl or heteroforms thereof,
and wherein two of sajd optional substituents on adjacent positions can be joined to form a
fused, optionally substituted aromatic or nonaromatic, saturated or unsaturated ring which
contains 3-8 members. More preferred substituents include halo, alkyl (1-4C) and more
preferably, fluoro, chioro and methyl. These substituents may occupy all available
positions of the aryl ring of Ar', preferably 1-2 positions, most preferably one position.
These substituents may be optionally substituted with substituents similar to those listed.

10
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Of course some substituents, such as halo, are not further substituied, as known o one
skilled in the art.
Two substituents on Ar' can be joined to form a fused, optionally substituted

aromatic or nonaromatic, saturated ot d ring which ins 3-8 members.

Between L' and L7 is a piperidine-type moiety of the following formula:
R
n

=]

wherein Z! is CR? or N and R? is H or a noninterfering substituent. Each ofnand p is an
integer from 0-2 wherein the sum of n and p is 0-3. The noninterfering substituents R?
include, without limitation, halo, alkyl, alkoxy, aryl, arylalkyl, aryloxy, heteroaryl, acyl,
carboxy, or hydroxy. Preferably, R? is H, alkyl, OR, NRy, SR or halo, where R is H or
alkyl. Additionally, R? can be joined with an R* substituent to form an optionally
substituted non-aromatic saturated or unsaturated hydrocarbyl ring which contains 3-8
members and 0-3 beteroatoms such as O, N and/or S. Preferred embodiments include
compounds wherein Z' is CH or N, and those wherein both n and p are 1.

R! represents a noninterfering substituent such as a hydrocarby! residue (1-20C)
containing 0-5 heteroatoms selected from O, S and N. Preferably R' is alkyl, alkoxy, aryl,
arylalkyl, aryloxy, heteroalkyl, heteroaryl, heteroarylalkyl, RCO, =0, acyl, halo, CN, OR,
NRCOR, NR, wherein R is H, alkyl (preferably 1-4C), aryl, or hetero forms thereof. Each
appropriate substituent is itself unsubstituted or substituted with 1-3 substituents. The

substituents are preferably independently selected from a group that includes alkyl, alkenyl,
alkynyl, aryl, arylalkyl, acyl, aroyl, heteroaryl, heteroalkyl, heteroalkenyl, heteroalkynyl,
heteroalkylaryl, NH-aroyl, halo, OR, NRy, SR, SOR, SO:R, OCOR, NRCOR, NRCONR;,
NRCOOR, OCONR;, RCO, COOR, alkyl-OOR, SO3R, CONRz, SO;NR;j, NRSO;NR,,
CN, CF;, R3Si, and NO,, wherein each R is independently H, alkyl, alkenyl or aryl or
beteroforms thereof and two of R on adjacent positions can be joined to form a fused,
optionally substitoted aromatic or nonaromatic, saturated or unsaturated ring which.
contains 3-8 members, or R’ is =O or an oxime, oximesther, oximeester or ketal thereof.
R! may occur m times on the ring; m is an iteger of 0-4. Preferred embodiments of R
comprise alkyl (1-4C) especially two alkyl substituents and carbonyl. Most preferably R
11
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comprises two methyl groups at positions 2 and 5 or 3 and 6 of a piperidinyl or piperaziny}
ring or =0 preferably at the 5-position of the ring. The substituted forms may be chiral and
an isolated enantiomer may be preferred.

Zis -W; -COX;Y wherein Y is COR? or an isostere thereof and R* is a
noninterfering substituent. Each of W and X is a spacer and may be, for example,
optionally substituted alkyl, alkenyl, or alkynyl, each of i and jis O or 1. Preferably, W and
X are unsubstituted. Preferably, j is O so that the two carbonyl groups are adjacent to each
other. Preferably, also, iis 0 so that the proximal CO is adjacent the ring. However,
compounds wherein the proximal CO is spaced from the ring can readily be prepared by
selective reduction of an initially glyoxal substituted Ar’.

The noninterfering substituent represented by R, when R’ is other than H, is a
hydrocarbyl residue (1-20C) containing 0-5 heteroatoms selected from Q, S and/or N or is
an inorganic residue. Preferred are embodiments wherein R? is H, or is straight or branched
chain alkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroalkyl, heteroaryl, or heteroarylalkyl, each
optionally substituted with halo, alkyl, heteroalkyl, SR, OR, NR;, OCOR, NRCOR,
NRCONRz, NRSO,R, NRSO,NR;, OCONR;, CN, COOR, CONR;, COR, or R3Si wherein
each R is independently H, alkyl, alkenyl or aryl or the hetercatom-containing forms
thereof; or wherein R’ is OR, NR,, SR, NRCONRj;, OCONR,, or NRSO;NR;, wherein each
R is independently H, alkyl, alkenyl or aryl or the heteroatom-containing forms thereof, and
wherein two R attached to the same atom may form a 3-8 member ring and wherein said
ring may further be substituted by alkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, each optionally substituted with halo, SR, OR, NR,, OCOR,
NRCOR, NRCONR;, NRSOzR, NRSO;NR;, OCONR;, or R3Si wherein each R is
independently H, alkyl, alkenyl or aryl or the heteroatom-containing forms thereof wherein
two R attached to the same atom may form a 3-8 member ring, optionally substituted as
above defined.

Other preferred embodiments of R are H, heteroarylalkyl, -NRg, heteroaryl,
-COOR, -NHRNR3, heteroaryl-COOR, heteroaryloxy, -OR, heteroaryl-NRgz, -NROR and
alkyl. Most preferably R? is isopropyl piperazinyl, methyl piperazinyl, dimethylamine,
piperazinyl, isobutyl carboxylate, oxycarbonylethyl, morpholinyl,
aminosthyldimethylamine, isobutyl carboxylate piperazinyl, oxypiperazinyl,

12
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ethylcarboxylate piperazinyl, methoxy, ethoxy, hydroxy, methyl, amine, aminosthyl

pyrrolidinyl, aminopropanediol, piperidinyl, pyrrolidinyl-piperidiny), or methyl piperidinyl.

Tsosteres of COR? as represented by Y are defined as follows.

The isosteres have varying lipophiliéiiy and may coniribute to enhanced metabolic stability.

5  Thus, Y, as shown, may be replaced by the isosteres in Table 1.

OH

A =

Replaced by
Acid Isosteres

Table 1 - Acid Isosteres

Names of Groups Chemical Structures Substitution Groups (SG)

H
N\N

tetrazole -< I f nia
N/N
N

. : \ {l H; SCHs; COCHj; Br; SOCHs;
1,2,3-triazole N
80;CHa; NOy; CF5; CN; COOMe
8G

=T
1,2,4-trazole \< /!k
N
8G

H; SCHa; COCHj3; Br; SOCHs;
SO,CH;; NO,

imidazole §\<:j

H; SCHy; COCH; Br; SOGHs;
SO,CHs; NO,

Thus, isosteres include tetrazole, 1,2,3-triazole, 1,2,4-triazole and imidazole.

10 The compounds of formula (1) may be supplied in the form of their

pharmaceutically acceptable acid-addition salts including salts of inorganic acids such as

hydrochloric, sulfinic, hydrobromic, or phesphoric acid or salts of organic acids such as

13
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acetic, tartaric, succinic, benzoic, salicylic, and the like. If a carboxyl moiety is present on
the compound of formula (1), the compound may also be supplied as a salt with a
pharmaceutically acceptable cation.

Synthesis of the Invention Compounds
5 Copending, commonly-assigned U.8.S.N 09/575,060, incorporated herein by
reference in its entirety, illustrated the following reaction scheme for conversion of a 4-
benzyl piperidinyl-indole-5-carboxamide to the glyoxalic acid compounds of the invention
and derivatives thereof:

Cl
o ° B
O
N
JE@\/\B +  Oxalylchride ﬂoz%i—y P A
X b X N
%

Ag. NaOH

o OH
o]
- e}
A
N
X H
Y

RIR2NH
NR,R;

Q
o
. o
Jf@f?(
x b
Y

X=0CHg,Cl, CHg ;Y =H, Halogen efc.

NRyR; = NH,, NH-Alkyl, NH-Aryl, N-Bialkyl, N N— | N ) efc
2 2 \

In the present invention, the indole moiety is generalized to Ar® in formula (1)
ahove where Ar? is a substantially planar, monocyelic or polyeyclic aromatic mojety having
one or more optional ring heteroatoms, said moiety being optionally substituted with one or
more non-interfering substituents, two or more of which may form a fused ring. Preferably

15  the moiety Ar” comprises an optionally substituted monocyclic or polycyclic aromatic

14
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nucleus, wherein said aromatic nucleus consists of carbocyclic or heterocyclic ring selected
from (i) a five-membered heterocyclic or catbocycelic ring (ii) a six-membered carbocyclic
or heterocyclic ring; (iii) a five-membered carbocyclic or heterocycloc ring fused to another
five-membered carbocyclic or heterocyclic ring; (iv) a six-membered carbocyclic or
heterocyclic ring fused to another six-membered catbocyclic or heterocyclic ring; and (v) 2
five-membered heterocyclic or catbocyelic ring fused to a six-membered carbocyclic or
heterocyclic ring. Formula (1), as required by the proviso stated above, excludes the indole
type compounds disclosed and claimed in U.S.S.N. 09/575,060 filed May 21, 1999 and
incorporated herein by reference. A

As disclosed commonly assigned in U.S.S.N 09/575,060, the glyoxal type
substituent at position 3 can be generalized to -W;COXjY.

The Ar* moiety may be generalized as:

3YaXsTaNs¥aYa¥a¥a

g (o}
sivivisioinEs)

N,
AN Ny
CO O o O
N & LAg Mg Sd Nas~g
C'I\:\H NN fn«" C@H A= "
L NGO AL N N e T L T N
[N'I;H PN 00 NROars

NNy IR H=Norcr
Ny SN TRy Y
selselselbelse
pioelosisetosl
O O G O O
NSNS SN \NIM\N =N
OO 00 00 GO ed
NS Ny m Ny N
i [ @ and N
L/NIN'j [N:[N/j N l a "J s N¢[
Methods to synthesize the compounds of the invention are, in general, known in the art.
For example, commonly assigned U.S.S.N 09/575,060, incorporated herein by reference in
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its entirety, disclosed that piperidine moieties can be obtained using the following reaction

0
I

NP a) Ar\Lz,F‘{OR)Z /CNH

\J Az \J

© R b) Reduction (R')m
It
i

where an appropriate piperidone such as I, is treated with substituted benzyl phosphonate

scheme

esters in the presence of a base such as sodinm hydride to give alkenes which can be
reduced to the corresponding substituted 4-benzylpiperidine such as IL. The
hydrogenations are typically done in the presence of catalytic metals in solvents such as
methanol, ethanol and ethyl acetate.

An alternative to the above disclosed in U.S.S.N 09/575,060 as follows:

[o] o] !
N/[kCFg Lewis Acid N/u\c;F3
cio \J ——Ar \J - NH
C R ArH R Ar \J1
o Rm
Y
I 1]

X
1

‘where isonipecotoyl chlorides such as I can be used to acylate appropriately
substituted benzenes (ArH) in the presence of a Lewis acid such as aluminum chloride to
give the ketones II. Further modifications of the carbonyl moiety of IT using methods and

routes generally known can then lead to the desired compounds HI.

The following reaction schemes illustrate methods for preparing compounds of the

present invention.

Scheme I

16
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Vil X
Scheme 4

Assays for p38 oKinase Inhibition
For each of the assay procedures described below, the TNF-o production correlates
to the activity of p38-ackinase.

A Human Whole Blood Assay for p38 Kinase Inhibition
Venous blood is collected from healthy male volunteers into a heparinized syringe

and is used within 2 hours of collection. Test compounds are dissolved in 100% DMSO
and 1 pl aliquots of drug concentrations ranging from ¢ to 1 mM are dispensed into
quadruplicate wells of a 24-well microtiter plate (Nunclon Delta SI, Applied Scientific, So.
San Francisco, CA). Whole blood is added at a volume of 1 mlAwell and the mixture is
incubated for 15 minutes with constan£ shaking (Titer Plate Shaker, Lab-Line Instruments,
Inc., Melrose Park, IL) at a humidified atmosphere of 5% CO, at 37 °C. Whole blood is
cultured either undiluted or at a final dilution of 1:10 with RPMI 1640 (Gibco 31800 +
NaHCO;, Life Technologies, Rockville, MD and Scios, Inc., Sunmyvale, CA). At the end
of the incubation period, 10 pl of LPS (E. colf 0111:B4, Sigma Chemical Co., St. Louis,
MO) is added to each well to a final concentration of 1 or 0.1 pg/ml for undiluted or 1:10
diluted whole blood, respectively. The incubation is continued for an additional 2 hours.
21



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

(74) JP 2004-533989 A 2004.11.11

WO 02/46158 PCT/US01/43824

The reaction is stopped by placing the microtiter plates in an ice bath and plasma or cell-
free supernates are collected by centrifugation at 3000 rpm for 10 minutes at 4°C. The
plasma samples are stored at -80°C uniil assayed for TNF-o levels by ELISA, following the
directions supplied by Quantikine Human TNF-« assay kit (R&D Systems, Minneapolis,
MN).

ICsp values are calculated using the concentration of inhibitor that causes a 50%

decrease as compared to a confrol.

B. Enriched Mononuclear Cell Assay for p38 Kinase Inhibition
The enriched mononuclear cell assay, the protocol of which is set forth below, begins with

cryopreserved Human Peripheral Blood Mononuclear Cells (HPBMCs) (Clonetics Corp.)
that are rinsed and resuspended in a warm mixture of cell growth media. The resuspended
cells are then counted and sceded at 1x10% cells/well in a 24-well microtitre plate. The
plates are then placed in an incubator for an hour to allow the cells to settle in each well.
After the cells have settled, the media is aspirated and new media containing 100 ng/ml of
the cytokine stimulatory factor Lipopolysaccharide (LPS) and a test chemical compound is
added to each well of the microtiter plate. Thus, cach well contains HPBMCs, LPS and a
test chemical compound. The cells are then incubated for 2 hours, and the amount of the
cytokine Tumor Necrosis Factor Alpha (TNF-0) is measured using an Enzyme Linked
Immunoassay (ELISA). One such ELISA for detecting the levels of TNF-tis commercially
available from R&D Systems. The amount of TNF-a preduction by the HPBMCs in each .
well is then compared to a control well to determine whether the chemical compound acts
as an inhibitor of cytokine production.

LPS induced cytokine synthesis in HPBMCs

Cryopreserved HPBMC (cat#CC-2702 Clonetics Corp)

LGM-3 media (cat#CC-3212 Clonetics Corp)

LPS stock 10pg/ml (Cat. No. L 2630 serotype 0111:B4 Sigma)

Human TNF-o ELISA (R&D Systems)

DNase I (10mg/m] stock)

22
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Preparation of cells.

LGM-3 media warmed to 37°C.

5pl of DNase I stock added to 10ml media.

Cells thawed rapidly and dispersed into above.
Centrifuge 200xg x10min @ RT.

Pellet up in 10ml sterile PBS.

Centrifuge 200xg x10min @ RT.

Pellet resuspended in 10mi LGM-3 then diluted to S0m! with LGM-3.
Perform cell count.

Adjust to 1XE06 cells/well.

Seed 1mi/well of a 24 well plate.

Place plate in incubator to plate down for 1 hour.

Preparation of incubation media.
LGM-3 containing 100ng/mi LPS (e.g. 50ml media plus 0.5ml LPS stock)
Aliquot into 2ml aliguots and add 1000X inhibitor dilutions.

Incubation

‘When cells have plated down aspirate media away and overlay with 1ml relevant
incubation media. Return plate to incubator for 2 hours or 24 hours. Remove supernatants
after incubation to a labeled tube and either perform TNF (or other) ELISA immediately or
freeze for later assay.
1Csg values are calculated using the concentration of inhibitor that causes a 50% decrease as

compared to a control.

Administration and Use

The compounds of the invention are useful among other indications in treating
conditions associated with inflammation. Thus, the compounds of formula (1) or their
pharmaceutically acceptable salts are used in the manufacture of a medicament for
prophylactic or therapeutic treatment of mammals, including humans, in respect of

conditions characterized by excessive production of cytokines and/or inappropriate or
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unregulated cytokine activity on such cells as cardiomyocytes, cardiofibroblasts and
macrophages.

The compounds of the invention inhibit the production of cytokines such as TNF,
IL-1, IL-6 and IL-8, cytokines that are important proinflammatory constituents in many
different disease states and syndromes. Thus, inhibition of these cytokines has benefit in
confrolling and mitigating many diseases. The compounds of the invention are shown
herein to inhibit 2 member of the MAP kinase family variously called p38 MAPK (or p38),
CSBP, or SAPK-2. The activation of this protein has been shown to accompany
exacerbation of the diseases in response to stress caused, for example, by treatment with
lipopolysaccharides or cytokines such as TNF and IL-1. Inhibition of p38 activity,
therefore, is predictive of the ability of a medicament to provide a beneficial effect in
treating diseases such as Alzheimer’s, coronary artery disease, congestive heart failure,
cardiomyopathy, myocarditis, vasculitis, restenosis, such as occurs following coronary
angioplasty, atherosclerosis, IBD, rheumatoid arthritis, theumatoid spondylitis,
osteoarthritis, gouty arthritis and other arthritic conditions, multiple sclerosis, acute
respiratory distress syndrome (ARDS), asthma, chronic obstructive pulmonary disease
(COPD), silicosis, pulmonary sarcosis, sepsis, septic shock, endotoxic shock, Gram-
negative sepsis, toxic shock syndrome, heart and brain failure (stroke) that are characterized
by ischemia and reperfusion injury, surgical procedures, such as transplantation procedures
and graft rejections, cardiopulmonary bypass, coronary artery bypass graft, CNS injuries,
including open and closed head trauma, inflammatory eye conditions such as conjunctivitis
and uveitis, acute renal failure, glomerulonephritis, inflammatory bowel diseases, such as
Crohn’s disease or ulcerative colitis, graft vs. host disease, bone resorption diseases like
osteoporosis, type II diabetes, pyresis, psoriasis, cachexia, viral diseases such as those
caused by HIV, CMV, and Herpes, and cerebral malaria.

‘Within the last several years, p38 has been shown to comprise a group of MAP
kinases designated p38-c;, p38-3, p38~yand p38-8. Jiang, Y., ez al., J Biol Chem (1996)
271:17920-17926 reported characterization of p38-8 as a 372-amino acid protein closely
related to p38-c. In comparing the activity of p38-c: with that of p38-G, the authors state
that while both are activated by proinflammatory cytokines and environmental stress, p38-8
was preferentially activated by MAP kinase kinase-6 (MKK6) and preferentially activated
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transcription factor 2, thus suggesting that separate mechanisms for action may be
associated with these forms.

Kumar, S., et al.,, Biochem Biophys Res Comm: (1997) 235:533-538 and Stein, B., ez
al., J Biol Chem (1997) 272:19509-19517 reported a second isoform of p38-g, p38-82,
containing 364 amino acids with 73% identity to p38-c. All of these reports show evidence
that p38-@ is activated by proinflammatory cytokines and environmental stress, although the
second reported p38-@ isoform, p38-32, appears to be preferentially expressed in the CNS,
heart and skeletal muscle compared to the more ubiquitous tissue expression of p38-o.
Furthermore, activated transcription. factor-2 (ATF-2) was observed to be a better substrate
for p38-B2 than for p38-c, thus suggesting that separate mechanisms of action may be
associated with these forms. The physiological role of p38-81 has been called into question
by the latter two reports since it cannot be found in human tissue and does not exhibit
appreciable kinase activity with the substrates of p38-c.

The identification of p38-y was reported by Li, Z., ef al., Biochem Biophys Res
Conim (1996) 228:334-340 and of p38-8 by Wang, X., et al., J Biol Chem (1997)
272:23668-23674 and by Kumar, S., ef al., Biochem Biophys Res Comm (1997) 235:533-
538. The data suggest that these two p38 isoforms (y and §) represent a unique subset of
the MAPK family based on their tissue expression patterns, substrate utilization, response
to direct and indirect stimuli, and susceptibility to kinase inhibitors.

Various results with regard to response to drugs targeting the p38 family as between
p38-ccand either the putative p38-81 or p38-82 or both were reported by Jiang, Kumar, and
Stein cited above as well as by Eyers, P.A., et al., Chem and Biol (1995) 5:321-328. An
additional paper by Wang, Y., et al., J Biol Chem (1998) 273:2161-2168 suggests the
significance of such differential effects. As pointed out by Wang, a number of stimuli, such
as myocardial infarction, hypertension, valvular diseases, viral myocarditis, and dilated
cardiomyopathy lead to an increase in cardiac workload and elevated mechanical stress on
cardiomyocytes. These are said to lead to an adaptive hypertrophic response which, if not
controlled, has decidedly negative consequences. Wang cites previous studies which have
shown that in ischemia reperfusion treated hearts, p38 MAPK activities are elevated in
association with hypertrophy and programmed cell death. Wang shows in the cited paper
that activation of p38-4 activity results in hypertrophy, whereas activation of p38-o activity
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leads to myocyte apoptosis. Thus, selective inhibition of p38-« activity as compared to
p38-Baciivity will be of benefit in treating conditions associated with cardiac failure.
These conditions include congestive heart failure, cardiomyopathy, myocarditis, vasculitis,
vascular restenosis, valvular disease, conditions associated with cardiopulmonary bypass,
coronary artery bypass, grafts and vascular grafts. Further, to the extent that the a-isoform
is toxic in other muscle cell types, c-selective inhibitors would be useful for conditions
associated with cachexia attributed to TNF or other conditions sﬁch as cancer, infection, or
antoimmune disease.

Thus, the invention encompasses the use of compounds which selectively inhibit the
activity of the p38-isoform for treating conditions associated with activation of p38-o; in
particular those associated with cardiac hypertrophy, ischemia or other environmental stress
such as oxidation injury, hyperosmolarity or other agents or factors that activate p38-c
kinase, or cardiac failure, for example, congestive heart fajlure, cardiomyopathy and
myocarditis.

The manner of administration and formulation of the compounds useful in the
invention and their related compounds will depend on the natore of the condition, the
severity of the condition, the particular subject to be treated, and the judgement of the
practitioner; formulation will depend on mode of administration. As the compounds of the
invention are small molecules, they are conveniently administered by oral administration by
compounding them with suitable pharmaceutical excipients so as to provide tablets,
capsules, syrups, and the like, Suitable formulations for oral administration may also
include minor components such as buffers, flavoring agents and the like. Typically, the
amount of active ingredient in the formulations will be in the range of 5%-95% of the total
formulation, but wide variation is permitted depending on the carrier. Suitable carriers
include sucrose, pectin, magnesium stearate, lactose, peanut oil, olive oil, water, and the
like.

The compounds useful in the invention may also be administered through
suppositories or other transmucosal vehicles. Typically, such formulations will include
excipients that facilitate the passage of the compound through the mucosa such as
pharmaceutically acceptable detergents.
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The compounds may also be administered topically, for topical conditions such as
psoriasis, or in formulation intended to penetrate the skin, These include lotions, creams,
ointments and the like which can be formulated by known methods.

The compounds may also be administered by injection, including intravenous,
intramuscular, subcutaneous or intraperitoneal injection. Typical formulations for such use
are liquid formulations in isotonic vehicles such as Hank’s solution or Ringet’s solution.

Alternative formulations include nasal sprays, liposomal formulations, slow-release
formulations, and the like, as are known in the art.

Any suitable formulation may be used. A compendium of art-known formulations
is found in Remington’s Pharmaceutical Sciences, latest edition, Mack Publishing
Company, Easton, PA. Reference to this manual is routine in the art.

The dosages of the compounds of the invention will depend on a number of factors
which will vary from patient to patient. However, it is believed that generally, the daily
oral dosage will utilize 0.001-100 mg/kg total body weight, preferably from 0.01-50 mg/kg
and more preferably about 0.01 mg/ke-10 mg/kg. The dose regimen will vary, however,
depending on the conditions being treated and the judgment of the practitioner.

It should be noted that the compounds of formula (1) can be administered as
individual active ingredients, or as mixtures of several embodiments of this formula. In
addition, the inhibitors of p38 kinase can be used as single therapeutic agents or in
combination with other therapeutic agents. Drugs that could be usefully combined with
these compounds include natural or synthetic corticosteroids, particularly prednisone and its
derivatives, monoclonal antibodies targeting cells of the immune system, antibodies or
soluble receptors or receptor fusion proteins targeting immune or non-immune cytokines,
and small molecule inhibitors of cell division, protein synthesis, or mRNA transcription or
translation, or inhibitors of immune cell differentiation or activation.

As implied above, although the compounds of the invention may be used i’

humans, they are also available for veterinary use in treating animal subjects.

The following examples are intended to illustrate but not to limit the invention. The

compounds described and prepared in examples 1-4 below are inhibitors of p38-o:kinase.
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Step A

CH,Cl/DMF

Under nitrogen protection, to a 250 mL R.B. dry flask containing 5.6 g (24.4 mMol)
4-fluoro-benzy! piperidine HCI salt was added 100 ml anhydrous CH,Cl,, followed by
addition of 3.48 ml triethylamine (25 mMol). The suspension was allowed to stir at room
temperature for a few minutes until it became a clear solution. To this solution was then
added 4.37 g 5-formylsalicyclic acid (25 mMol ), 4.8 g (25 mMol ) of 1-ethyl-3-(3-dimethyl
aminopfopyl)-carbodiimide, 0.153 g (1.25 mMol ) of 4-(dimethylamino)-pyridine. After -
overnight stirring, the reaction mixture was dilated with 100 mL of CH;Cl,, washed with
H20, brine. The organic layers were then dried over anhydrous sodium sulfate, concentrated
and purified by column chromatography eluting with CH,Cl,, giving 3.65 g (10.7 mMol )
of desired product. (yield: 43.8%)

Step B
o o o
NaH
CHyl
HO DMF 7

28
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3.62 gram (10.6 mMol ) aldehyde was dissolved in 100 mL anhydrous DMF under
an argon atmosphere. To this solution, at 0 °C was added 4.66 g NaH (60 % dispersion in
mineral oil, 11.7 mMol ). The reaction was allowed to stir at 0 °C for 0.5 h before warming
up to room temperature, stirting continued until there were no more bubbles produced. The
flask was then cooled to 0 °C again, followed by addition of 0.73 mL of methyl iodide (11.7
mMol). After stirring at 0 °C for 0.5 b, the reaction was warmed up to room temperature,
and continued stirring for another 4 h. DMF was evaporated off under reduced pressure.
The resulting residue was re-dissolved in 100 mL of CH;Cl,, washed twice with H,O, and -
brine. Organic layers were dried over anhydrous sodium sulfate, concentrated and purified
by colunn chromatography in a gradient of 100% CH;CL, to 2% MeOH/CH,Cl,. 2.65 g
(7.46 mMol ) of product was obtained in a yield of 70.4%.

Step C .
o o . (o] CN
E TMSCN N OSI(CHg
(eUepeal-——
? n-BuLi ?

Under nitrogen protection, 2.64 g (7.43 mMol ) of aldehyde was dissolved in 75 mL.
anhydrous THF. At 0 °C, to this solution was added 1.1 mL of trimethylsilyl cyanide (8.2
mMol ), followed by addition of 2-3 drops of n-butyllithium (2.5 M solution in hexane).
Stirring at 0 °C was continued for 2 h before warmed up to room temperature and stirred
overnight. After remoying solvents by rotary evaporation, product was obtained in almost
quantitative yield as a white power. Without further purification, the material was used
directly in next step.
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Step D
[¢] CN
a) conc. HC!
N OSHCHg)s
heat
? b) KOH/MeOH

[o] OH
cl) ]

The material obtained from last step was diluted with 60 mL of concentrated HCI
and heated to 80 °C with an oil bath overnight. After overnight heating, the aqueous
solution was diluted with 100 mL H,O and agueous solution was extracted with CH,Cl;
(100 mL X 3). Organic layers were washed with brine, dried over sodium sulfate, and
concentrated. The residue was then re-dissolved in about 70 mL MeOH, followed by
addition of 1.7 g (30.3 mMol) of KOH and the solution was warmed to reflux for 2 h.
Reaction was then cooled to room temperature, concentrated, and dried wader vacuum.
Several grams of crushed ice was added into the flask and acidified with 10 % aqueous
HCI. Water (60 mL) was added to dilute the solution, and this aqueous solution was
extracted with CHzCl; (100 mL X 3 ). Organic layers were washed with brive, dried over
sodium sulfate, concentrated to give 2.5g (6.23 mMol) of product.

Step B
il & HCI, MeOH it o
, Met
o reflux
7 7T

In 2 50 mL R.B. flask containing a condenser, 130 mg of a-hydroxy acid was
dissolved in 4 ml of concenirated HC1:MeOH (1:9) and warmed to reflux. After 1 h, the
reaction was cooled to RT and concentrated under reduced pressure. Resulting residue was
re-dissolved in 20 mL ethyl acetate and the ethyl acetate layer was washed with 20 mL
H,0, twice with 20 ml saturated NaHCO; solution, and brine. Organic layer was dried over

anhydrous sodium sulfate and concentrated to give 141 mg of crude product.
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Step F
(o] OH [o) o
(o]
? CH,Cl, ? o

123 mg of methyl ester was dissolved in 4 ml CH,Cl; followed by addition of
excess of pyridinium chloromate (1 g, 20 wt. % on basic alumina). The resulting suspension
was stirred at room temperature over 24 hours. Solid was filtered and washed with CH,Cl,.
Combined organic solution was concentrated and product was purified by Preparative thin-
layer chromatography with. 1% MeOH/CH;Cl; as eluting solution, to give 26 mg of desired
product.

N.N-dimethyl-2-oxo-acetamide

o
o\

o o 8 o

H, N/U\NH EtO’ S,
M OEt 2 2 Jﬁ:N/)—NHQ

Cl
Thiourea (3.81 g) and ethy} 2-chloroacetoacetate (8.23g)were combined in EtOH
(100 mL) and heated at reflux for 14 h. After cooling to RT the EtOH was removed in
vacuo and the crude product dissolved in H,O and neutralized with NaHCO; followed by
extraction with ethyl acetate. The combined extracts were dried, filtered, and concentrated
to yield the product as a white powder (8.69 g).
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HCI/H
Et _ omaAlMO Ew)‘%\N 3
Br\/?\ b) NaHCOa ,L\/>

o

EtO’ S,
&NH“Z

H,0 / dioxane
To bromoacetaldehyde diethylacetal (11.2 mMol, 2.20 g) in H>O (75 mL) was
5  added concentrated HC1 (1.15 mL) dropwise. After stirring at RT for 14 h the mixture was
heated at 80 °C for 30 min. After cooling to RT NaHCO; (14.5 mMol, 1.22 g) was
cautiously added and stirring was continued for 2 h. The ester (8.9 mMol, 1.66 g) was then
added and the mix was stirred an additional 1 h before adding dioxane (50 mL). After 30
min the mix was heated to 100 °C for 48 h. After cooling to RT the dioxane was removed
10 by rotary evaporation. The aqueous layer was extracted with CH,Cly. The combined
organics were dried (Na;SOy), filtered and concentrated. Radial chromatography (10 %
MeOH in CH>Cl,) yielded 122 mg of the desired product.

Step C

\
Q N
E"O)_(%\N a) (cocl) Et% g—ﬁ
3 2 N ©
0 SA\} 4 S/k\N\

toluene
b) dimethylamine

15

To the ester (0.19 mMol, 40 mg) in toluene (0.76 mL) at RT was added 2.0 M
solution of oxalyl chloride in CH>Cl; (0.285 mL). The reaction vessel was placed under
N, sealed, and placed at 125 °C for 12 h. After cooling to RT the volatiles were removed
20  under vacuum. To the crude acid chloride was added CH,Cl, (0.76 mL) and after cooling
to 0 °C a 2.0 M solution of dimethylamine in THF (0.285 mL)was added dropwise. The
reaction mixture was stirred an additional 30 min at 0 °C and then warmed to RT. After 30
32
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min the reaction was quenched with H,O and extracted with CH,Cly. The combined
extracts were washed with brine and then dried (Na;SOy), filtered and concentrated. After
radial chromatography (10 % MeOH in CH;Cl;) 38 mg of the product was obtained.

Step D
N\
o N— 0, \N—
Ew}—%\i/g—% NaOH HO)_%\NA\?—{\O
[SE e MeQH / H,O d S/L\N

To the ester (0.12 mMol, 38 mg) in MeOH (0.25 mL) and H>O (0.25 mL) was
added NaOH (0.985 N in H;0, 122 pL). The mixture was stired at RT forl4 h at which
time it was acidified with aq. HC] and extracted with ethyl acetate. The combined extracts
were dried (N2,S0y), filtered, and concentrated to yield 19 mg of the product which carried
on to the next step without purification.

Step E
NH Q

o N F
HO ’Lk% it !
v O m y Ne.
o S/L\N N S\<\N | Io)

To the acid (0.14 mMol, 19 mg) in CH,Cl, (0.56 mL) was added 4-
fluorobenzylpiperidine (0.17 mMol, 39 mg) followed by EDC (0.17 mMol, 33 mg) and
DMAP (4 mg). The mix was stirred at RT for 14 h before quenching with H;O and
extracting with CH,Cl,. The combined extracts were dried (Na;SOy), filtered, and

EDC

concentrated. After radial chromatography 20 mg of the desired compound was obtained.
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Example 3

2-{6-{4-(A-Fluoro-benzyl)-piperidine-1-carbonyl]-imidazo[1,2-alpyridin-3-y1}-N.N-
dimethyl-2-oxo-acetamide

\N"
o 0%/(
Q
N Z N N\
peUeRes

SOCH
= _ .
N NH, e P

To 6-aminonicotinic acid (75 mMol, 10.36 g) in MeOH (300 mL) at -78 °C was
added SOCI; (187.5 mMol, 22.31 g, 13.7 mL) dropwise over 30 min. The mixture was
then allowed to RT. The mix was then refluxed for 12 h at which time it was cooled and
the volatiles removed using rotary evaporation. The resulting white solid was dissolved in
H,0, neutralized with NaHCO3, and extracted with ethyl acetate. The combined“ organics
were dried (Na;SOy), filtered, and concentrated to yield 10.06 g of a white powder.

Step B
a) o)

ot HyO/ HCI
HCO™ 7 TN\
By\)\OEt b) [e] )J\Q:'}
HaCO I\
P

N7 NH,

NaHCOj,
Dioxane

To bromoacetaldehyde diethylacetal (44.6 mMol, 8.79 g) in H;0 (300 mlL) was
added concentrated HC1 (4.6 mL) dropwise. After stirring at RT for 14 h the mixture was
heated at 80 °C for 30 min. Afier cooling to RT, NaHCO; (58.7 mMol, 4.88 g) was
cautiously added and stirring was continued for 2 h. The ester (35.6 mMol, 5.41 g) was
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then added and the mix was stirred an additional 1 h before adding dioxane (200 mL).

After 30 min the mix was heated to 100 °C for 48 h. Afier cooling to RT the dioxane was

removed by rotary evaporation. The aqueous layer was extracted with CHCl;. The

combined organics were dried (NazSOy), filtered and concentrated to yield 2 yellow paste
5 (217 mg) which was carried on to the next step without further purification.

Step C

\N’
o o]

F. o}
H3CO “ N”\§ as for example 2 N A {
N P

10 Synthesis of 2-{6-[4-(4-fluoro-benzyl)-piperidine-1-carbonyl]-imidazo[ 1,2-
alpyridin-3-y1}-N,N-dimethyl-2-oxo-acetamide was carried out through the same series of
steps as for 2-{2-[4-(4-Fluoro-benzyl)-piperidine-1-carbonyl]-3-methyl-imidazo{2,1-
b]thiazol-5-y1}-N,N-dimethyl-2-oxo-acetamide.

Example 4
15 2- {4-[4-(4-Fluoro-benzyl)-2,5-trans-dimethyl-piperazine-1-carbonyl]-2,5-dimethyl-1H-
pyrrol-3-y1} -N.N-dimethyl-2-oxo-acetamide
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o (LNH
F\©\/N\) Q
HO A Do
N\) NH

To 2,5-Dimethyl-1H-pyrrole-3-carboxylic acid (1.09 g) and 1~(4-Fluoro-benzyl)-trans-2,5-
dimethyl-piperazine (1.59 g) in CH;Cl, was added EDCI (1.51 g) and catalytic DMAP.
The reaction mixture was stirred at RT for 12 h at which time it H,O was added. The mix
was exiracted with CH;Cls. The combined extracts were dried, filtered, and concentrated.
After column chromatography (silica gel, (1:2) ethyl acetate / hexane to (7:3) ethyl acetate /
hexane) 540 mg of the desired product was obtained.

Step B

o]
[}
F\©V (LN B a) (COCl), o o
N NH GHyCl F\@ T N

b} Dimethylamine

A solution of (2,5-dimethyl-1H-pyrrol-3-yl)-[4-(4-fluoro-benzyl)-trans-2,5-
dimethyl-piperazine-1-yi]-methanone (340 mg) in CH,Cl; (25 mL)was cooled to 0 °C and a.
solution of oxalyl chloride (2.0 M in CH,Clz, 2.0 mL) was added. Stirring was continued
for 1 h at 0 °C and then the mix was allowed to warm to RT and stir for 1 h. The solvent
was removed in vacuo and then replaced with CHCly (25 mL). After cooling to 0 °C
dimethylamine (2.0 M solution in THF, 4.0 mL)was added dropwise. Stirring was
continned for 30 min at which time it was warmed to RT. After 30 min the reaction was
quenched with H,O and extracted with CH,Cl,. The combined extracts were dried, filtered,
and concentrated to yield the desired product which was purified by silica gel column
chromatography ((1:1) ethyl acetate / hexane to ethyl acetate followed by (95:5) ethyl
acetate / methanol to (90:10) ethyl acetate / methanol) to yield 60 mg of the product.
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ADDITIONAL EXAMPLES

E F.
\©\/ +A/\\)\m = JPee
) PO(OEf); . >
A B c D

Synthesis of D:

STEP 1: The phosphonate A (38.4 g) and the piperidone B (35.4) were dissolved in
anhydrous dimethylformamide (400 mL). To this sodium hydride (60% suspension in oil)
was added in portions while the reaction is maintained at 0°C. After the addition of sodinm
hyride was complete the reaction mixture was stirred for 30 min. and then the ice bath was
removed, the reaction was allowed to stir for 6h as it slowly warmed to ambient
temperature. The reaction was again cooled in an ice bath and quenched with methanol.
Water was added to the reaction mixture, and the product extracted with ethyl acetate. The
ethyl acetate layer was washed with saturated sodium chloride and dried over anhydrous
magnesium sulfate. The solvent was removed to gives the crude alkene, which is purified
by column chromatography eluting with ethyl acetate/hexane (1:9) to give 21.8 g of the
desired product C.

STEP 2: 10 .1 g of C was dissolved in 50 mL methanol. Afier purging the solution
with nitrogen, 5% Palladium on carbon (1g) catalyst was added followed by 1 mlL acetic
acid. The parr container containing the reaction mixture was hydrogenated for 4 h at 40-50
psi. The reaction mixture was filtered through celite and concentrated. The residue was
treated with 2 M hydrochloric acid in ether to convert to the hydrochloric acid salt. The
‘white solid that was obtained was dried under vacuum, extensively, to give 7.8 gof D as
the hydroc!iloric acid salt.
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| ]
Synthesis of Xz

STEP 1: To a solution of dimethy! piperazine I (25g) in 300 ml of absolute ethanol
was added 400 ml of 2N hydrogen chloride in diethyl ether. The solution was warmed to 70
°C in an oil bath for 20 minutes. The solution was then cooled to room temperature and set
at 6 °C overpight. The solid obtained, was collected by filtration. Yield 39.8 g
(dihydrochloride salt of trans-2,5 dimethylpiperazine) after drying overnight under high
vacuum.

STEP 2: An ethanol solution of 42.9g of dimethyl piperazine dihydrochloride from
STEP 1 and 26.1g trans-2,5 dimethylpiperazine was vigorously stirred in an oil bath at 80
°C until all starting materials were dissolved. The temperature of oil bath was reduced to 65
°C and 33.1g of 4-fluro benzylchloride was added. After stirring at this temperature for 30
min., the solution was placed in a 6 °C refrigerator ovemight. The solid was removed from
the solution by filtration and excess of 2N hydrogen chloride in diethyl ether was added to
the filtrate. The filtrate was kept at 6 °C overnight and the solid collected. The solid was
suspended in 5% sodium hydroxide aqﬁeous solution and extracted three times with ethyl
acetate. The organic layer was dried over sodium sulfate and dried down to give a yellow
oil.

STEP 3: A solution of 50.7 g (L)-tartaric acid in 130 ml of boiling methanol was
added to 70 m! of hot methanol solution of 37.5 g of the product from STEP 2. The
solution was set at 6 °C for 96 hours before collection of white fine crystals by filtration.
This material was recrystallized from boiling methanol. The product was collected by
filtration after being kept at a 6 °C overnight. Yield 30.5 g of ditartaric acid salt ([o]=+
43.2°, c=1).
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Claims

1. A compound of the formula:

and the pharmaceutically acceptable salts thereof, or a pharmaceutical composition
thereof, wherein:

At is an aryl group substituted with 0-5 non-interfering substituents, wherein two
adjacent noninterfering substituents can form a fused aromatic or nonaromatic ring;

L' and L? are linkers;

each R is independently a noninterfering substituent;

7! is CR? or N wherein R* is hydrogen or a noninterfering substituent;

m is 0-4;

cach of n and p is an integer from 0-2 wherein the sum. of n and p is 0-3;

Afisa substantially planar, monocyclic or polycyclic aromatic moiety having one
or more optional ring heteroatoms, said moiety being optionally substituted with one or
more non-interfering substituents, two or more of which may form a fused ring;

Z is -W;-COX;Y wherein Y is COR® or an isostere thereof; R® is a noninterfering
substituent, each of W and X is a spacer of 2-6 A, and each of i and j is independently 0 or
L
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wherein the smallest number of covalent bonds in the compound separating the
atom of Ar' bonded to L? to the atom of Ar* bonded to L' is at least 6, where each of said
bonds has a bond length of 1.2 to 2.0 angstroms; and/or wherein the distance in space
between the atom of Ar' bonded to 12 and the atom of Ar” bonded to L' is 4.5-24
angstroms;
with the proviso that the portion of the compound represented by Ar>-Z is not
Ry

wherein \‘
the other is CR, CRz, NR or N; A is ~-W;-COX;Y wherein Y is COR or an isostere thereof,
each of W and X is a spacer of 2-64, and each of i and j is independently 0 or 1; Z* is NR

represents a single or double bond; n is 0-3; one Z is CA or CRA and

or O; and each R is independently hydrogen or a noninterfering substituent.
2. The compound of claim 1 wherein said smallest mumber of bonds is 6-12.

3. The compound of claim 1 wherein Z is COXjCOR’, and

wherein R? is H, or is straight or branched chain alkyl, alkenyl, alkynyl, aryl,
arylalkyl, heteroalkyl, heteroaryl, or heteroarylalkyl, each optionaily substituted with halo,
alkyl, heteroalkyl, SR, SOR, SO:R, SO;NR;, OR, NR,, OCOR, NRCOR, NRCONR;,
NRSO;R, NRSO;NR;, OCONR;, CN, COOR, CONR;, COR, or R;3Si wherein each R is
independently H, alkyl, alkenyl or aryl or the heteroatom-containing forms thereof, or

wherein R? is OR, NR;, SR, NRCONR;, OCONR,, or NRSO;NR;, wherein each R
is independently H, alkyl, alkenyl or aryl or the heteroatom-containing forms thereof, and
wherein two R attached to the same atom may form a 3-8 member carbocyclic or
heterocyclic ring and wherein said ring may further be substituted by alkyl, alkenyl, alkynyl,
aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, each optionally substituted with
halo, SR, OR, NR;, OCOR, NRCOR, NRCONR;, NRSO;R, NRSO,;NR; OCONR;, or R3Si
wherein each. R is independently H, alkyl, alkenyl or aryl or the heteroatom-containing
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forms thereof wherein two R attached to the same atom may form a 3-8 member ring,
optionally substituted as above defined; and
X, if present, is CR, where R is as defined above.

4. The compound of claim 1 wherein Y is an isostere of COR>.

5. The compound of claim 4 wherein Y is tetrazole; 1,2,3-triazole;

1,2,4-triazole; or imidazole.
6. The compound of claim 1 wherein each of i and j is 0.
7. The compound of claim 3 wherein j is 0.

8. The compound of claim 1 wherein —As> comprises an optionally substituted
monacyclic or polycyclic aromatic nucleus, wherein said aromatic nucleus consists of
carbocyclic or heterocyclic ring selected from (i) a five-membered heterocyclic or
carbocyelic ring (i) a six-membered carbocyclic or heterocyclic ring; (iii) a five-membered
carbocyclic or heterocycloc ring fused to another five-membered carboeyclic or
heterocyclic ring; (iv) a six-membered carbocyclic or heterocyclic ring fused to another six-
membered carbocyclic or heterocyclic ring; and (v) a five-membered heterocyclic or

carbocyclic ring fused to a six-membered carbocyclic or heterocyclic ring.

9. The compound of claim 8 wherein Ar” is selected from:
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QOUROODGG
@@@@@ﬁm
- Ny N A NS
O R (O
(0 COC Oy 0o
Ny = ~
T CG (L g OO
where R is a noninterfering substituent.

10.  The compound of claim 8 wherein the portion of said compound represented
by L'-Ar*-Z is selected from the following:

®)

Ll—{i_ —\\\—Z
o/

W)

wherein n is 0, 1 or 2; X' is NR, CRj, O or S; and each R is independently H or a

noninterfering substituent; and two or more R groups may form a fused ring;
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A
[41)]

wherein n is 0-4; R is H or a noninterfering substituent where two or more R groups
may form a fused ring; and one or more ring carbons may be optionally replaced with
nitrogen;

wherein each n is inpendently 0 to 3; R is H or a noninterfering substituent, where

two or more R groups may form a fused ring; and one or more ring carbons may be

optionally replaced with nitrogen;
(R)b (R)a (R)b
/\ XZ,/\
av- »2) av- b)

wherein, subject to the proviso of claim 1, one B is L' and the other is Z; wherein a
is 0 to 4 such that the positions on the six membered rings (1) and (3) to which (R)a is
bonded can include X* when X2 is C; b is 03 such that the positions on the five-
membered rings (2) and (4) to which (R), is bonded can include X2 and X', when X* is C
and X' is N or C; each X” is independently N or CR; X'is NR, CRy, O or S; each R is H or
a noninterfering substituent where two or more R groups may form a fused ring; wherein
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one or mote of the ring carbons that are at positions other than X2 or X' and that are also

not bound to B can be optionally replaced with N;

R b R)a Jo
pa—e pa—

)
B ol B B s |(4> \> B
X %3 and X! x!

(V-a) | (V-b)

wherein one B is L' and the other is Z; a is 0-4 such that the positions on the rings
5 (1) and (3) to which (R), can be bonded include X* and X' where X* is C and X' is Cor N;
b is 0 or 3 such that the positions on the rings (2) and (4) to which (R)y, can be bonded
include X', X? and X* when X' is C or N and X” and/or X are C; each X' is independently
NR, C(R);, O or S; X? and X° are independently N or CR; each R is independently H or a
noninterfering substituent where two or more R groups can optionally form a fused ring;
10 wherein one or more of the ring carbons that are at positions other than X‘, X or X’, and

that are also not bound to B, can be optionally replaced with N.
11.  The compound of claim 10 wherein L'-Ar*-Z is structure (I).
12.  The compound of claim 11 wherein X' in structure (I) is NR.
13.  The compound of claim 12 wherein X' in structure (1) is NEL
15 14.  The compound of claim 13 wherein R is methyl.
15.  The compound of claim 14 whereinn is 2.

16.  The compound of claim 15 wherein structure (J) is:
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TZ

17.  The compound of claim 16 where the compound is:

10.  The compound of claim 10 wherein L'-Ar*-Z is strocture (II).

19.  The compound of claim 18 wherein the R in structure (IT) is methoxy.
20.  The compound of claim 19 wherein n in structure (IT) is 1.

21.  The compound of claim 20 wherein structure (IT) is

L z

22.  The compound of claim 21 wherein the compound is:
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o] (o]
o (o]
|
23.  The compound of claim 10 wherein L'-Ar>-Z is structure (III).

24.  The compound of claim 10 wherein L'-Ar>-Z is structure (IV-a) or (IV-b).

25, The compound of claim 24 wherein L'-Ar*-Z is (IV-2) and both X in
5 structure (IV-a) are nitrogen.

26.  The compound of claim 25 wherein structure (IV) is:

Z

27.  The compound of claim 26 wherein the compound is:

\N’
. o o
(o]
F N ZNTN
NN
10 28, The compound of claim 8 wherein L'-Ar*-Z is structure (V-a) or (V-b).

20, The componnd of claim 28 wherein L'-Ar’-Z is structure (V-2) and X* and
X’in structure (V-a) are N.

30.  The compound of claim 29 wherein at least one R in structure (V) is methyl.
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31.  The compound of claim 29 wherein X' in structure (V) is S.

32.  The compound of claim 31 wherein structure (V) is:
I
V4
N.
s \< |
N
33.  The compound of claim 32 wherein the compound is:

[}
Q |

34,  The compound of claim 1 wherein both n and p are 1.
35. The compound of claim 1 wherein L'is CO, CHOH or CHa.
36.  The compound of claim 35 wherein L!is CO.

37.  The compound of claim 1 wherein Z' is N.

38.  The compound of claim | wherein Z' is CR® wherein R” is H, OR, NR, SR
or halo, wherein each R is independently H, alkyl, alkenyl or aryl or the heteroatom-

containing forms thereof.

39.  The compound of claim 1 wherein L7 is alkyiene (1-4C) or alkenylene
(1-4C) optionally substituted with a moiety selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl, arylalkyl, acyl, aroyl, heteroaryl, heteroalkyl, heteroalkenyl,
heteroalkynyl, beteroalkylaryl, NH-aroyl, halo, OR, NRy, SR, SOR, SO;R, OCOR,
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NRCOR, NRCONR;, NRCOOR, OCONRz, RCO, COOR, alkyl-OOR, SO3;R, CONR,,
SO,NR;, NRSO;NR;, CN, CFs, R3Si, and NO,, wherein each R is independently H, alkyl,
alkenyl or aryl or heteroforms thereof, and wherein two substituents on L? can be joined to
form a non-aromatic saturated or unsaturated ring that includes 0-3 heteroatoms which are
0, S and/or N and which contains 3 to 8 members or said two substituents can be joined fo
form a carbonyl moiety or an oxime, oximeether, oximeester or ketal of said carbonyl

moiety.
40.  The compound of claim 39 wherein L? is unsubstituted alkylene.

41.  The compound of claim 39 wherein L? is unsubstituted methylene,
methylene substituted with alkyl, or -CH=.

42, The compound of claim 1 wherein Ar' is optionally substituted with 0-5
substituents selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, arylalkyl,
acyl, aroyl, beteroaryl, heteroalkyl, heteroalkenyl, heteroatkynyl, heteroalkylaryl, NH-aroyl,
halo, OR, NR», SR, SOR, SO;R, OCOR, NRCOR, NRCONR;, NRCOOR, OCONR;,
RCO, COOR, alkyl-OOR, SO3R, CONRj, SO;NR;, NRSO;NR;, CN, CFs, R;3Si, and NO,
wherein each R is independently H, alkyl, alkeny! or aryl or heteroforms thereof, and
wherein two of said optional substituents on adjacent positions can be joined to form a
fused, optionally substituted aromatic or nonaromatic, saturated or unsaturated ring which

contains 3-8 members.
43, The compound of claim 42 wherein Ar' is optionally substituted phenyl.

44.  The compound of claim 43 wherein said optional substitution is by halo,
OR, or alkyl.

45.  The compound of claim 44 wherein said pheny! is unsubstituted or has a

single substituent.
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46.  The compound of claim 1 wherein R is selected from the group consisting
of alkyl, alkenyl, alkynyl, aryl, arylalkyl, acyl, aroyl, heteroaryl, heteroalkyl, heteroalkenyl,
heteroalkynyl, heteroalkylaryl, NH-aroyl, halo, OR, NR;, SR, SOR, SO,R, OCOR,
NRCOR, NRCONR;z, NRCOOR, OCONR;, RCO, COOR, alkyl-OOR, SO;R, CONR;,
SO;NR;3, NRSO;NR;, CN, CF3, R3Si, and NO,, wherein each R is independently H, alkyl,
alkeny! or aryl or heteroforms thereof and two of R* on adjacent positions can be joined to
form a fused, optionally substituted aromatic or nonaromatic, saturated or unsaturated ring
which contains 3-8 members, or R” is =O or an oxime, oximeether, oximeester or ketal
thereof.

47. The compound of claim 46 wherein each Rlis halo, OR, or alkyl.
48.  The compound of claim 47 whereinm is 0, 1, or 2.
49.  The compound of claim 48 wherein m is 2 and both R are alkyl.

50.  The compound of claim 10 wherein each of the non-interfering groups R,
‘when bonded to a ring carbon atom, are selected from the group consisting of:

(2) hydrogen, alkyl, alkenyl, alkynyl, aryl, arylalkyl, acyl, aroyl, heteroaryl,
heteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkylaryl, NH-aroyl and halo; or

(b) or from OR, NRz, SR, SOR, SO;R, OCOR, NRCOR, NRCONR;, NRCOOR,
OCONR;, RCO, COOR, alkyl-OOR, SO3R, CONR;, SO,NRz, NRSO;NR;, CN, CFs, R3Si,
and NO,, wherein each R in the preceding (b) selections is independently H, alkyl, alkenyl

or aryl or heteroforms thereof;

and wherein two of the non-interfering groups R can be joined to form a fused,
optionally substituted aromatic or nonaromatic, saturated or unsaturated ring which

contains 3-8 members.

51.  The compound of claim 50 wherein the non-interfering groups R are
independently selected from the group consisting of H, alkyl, acyl, aryl, arylalkyl,
49
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heteroalkyl, heteroaryl, halo, OR, NRy, SR, NRCOR, alkyl-OOR, RCO, COOR, and CN,
wherein each R is independently H, alkyl, or aryl or heteroforms thereof.

52.  The compound of claim 10 wherein the noninterfering groups R, when
bonded to a nitrogen ring atom, are selected from the group consisting of:

(a) H, or alkyl, alkenyl, alkynyl, aryl, arylalkyl, acyl, aroyl, heteroaryl, heteroalkyl,
heteroalkenyl, heteroalkynyl, heteroalkylaryl; and

(b) SOR, SO;R, RCO, COOR, alkyl-COR, SO3R, CONRz, SO;NR;, CN, CFs, or
R;Si wherein each R in the preceding (b) selections is independently H, alkyl, alkenyl or

aryl or heteroforms thereof.

53. A pharmacentical composition for treating conditions characterized by
enhanced p38-o activity which compesition coraprises
a therapeutically effective amount of a compound of the formula
\ ®)n
\
A — 12— 7! N—L'—— A —7

P

and the pharmaceutically acceptable salis thereof, or a pharmacentical composition
thereof, wherein:

Ar! is an aryl group substituted with 0-5 non-interfering substituents, wherein two
adjacent noninterfering substituents can form a fused aromatic or nonaromatic ring;

L' and L? are linkers;

each R! is independently a noninterfering substituent;

7! is CR? or N wherein R” is hydrogen or a noninterfering substituent;

m is 0-4;

each of n and p is an integer from. 0-2 wherein the sum of n and p is 0-3;

Ar? is a substantially planar, monocyclic or pelycyclic aromatic mojety having one
or more optional ring heteroatoms, said moiety being optionally substituted with one or

more non-interfering substituents, two or more of which may form a fused ring;
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Z is -W-COX;Y wherein Y is COR?® or an isostere thereof; R¥is a noninterfering
substituent, each of W and X is a spacer of 2-6 A, and each of i and j is independently 0 or
13

wherein the smallest number of covalent bonds'in the compound separating the
atom of Ar' bonded fo L? to the atom of Ar® bonded to L' is af least 6, where each of said
bonds has a bond length of 1.2 to 2.0 angstroms; and/or wherein the distance in space
between the atom of Ar' bonded to L? and the afom of Ar” bonded to L' is 4.5-24
angstroms;

with the proviso that the portion of the compound represented by Ar*-Z is not

Ry

wherein \ represents a single or double bond; n is 0-3; one Z* is CA or CRA and
the other is CR, CRy, NR or N; A is -W;-COX;Y wherein Y is COR or an isostere thereof,
each of W and X is a spacer of 2-6A, and each of i and j is independently 0 or 1; Z* is NR
or O; and each R is independently hydrogen or a noninterfering substituent.

54.  The pharmaceutical composition of claim 53 wherein said smallest number
of bonds is 6-12.

55.  The composition of claim 53 which further contains an additional
therapeutic agent.

56.  The composition of claim 55 wherein said additional therapeutic agentis a
corticosteroid, a monoclonal antibody, or an inhibitor of cell division.

57. A method to treat a condition mediated by p38-o kinase comprising
administering to a subject in need of such treatment a compound of the formula:

" ®y
\
At — 12— 17! N—L'— A —7Z
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and the pharmaceutically acceptable salts thereof, or a pharmaceutical composition
thereof, wherein

Ar’ is an aryl group substituted with 0-5 non-interfering substituents, wherein two
adjacent noninterfering substituents can form a fused aromatic or nonaromatic ring;

5 L' and L? are linkers;

each R' is independently a noninterfering substituent;

7' is CR? or N wherein R? is hydrogen or a noninterfering substituent;

mis 0-4;

each of 1 and p is an integer from 0-2 wherein the sum of n and p is 0-3;

10 A is a substantially planar, monocyclic or polycyclic aromatic moiety having one
or more optional ring heteroatorns, said moiety being optionally substituted with one or
more non-interfering substituents, two or more of which may form a fused ring;

Z is -Wi-COX;Y wherein Y is COR? or an isostere thereof; R® is a noninterfering
substituent, each of W and X is a spacer of 2-6 A, and each of i and j is independently 0 or

15 1;

whereijn the smallest number of covalent bonds in the compound separating the
atom of Ar' bonded to 12 to the atom of Ar* bonded to L' is at least 6, where each of said
bonds has a bond Iength of 1.2 to 2.0 angstroms; and/of wherein the distance in space
between the atom of Ar’ bonded to L* and the atom of Ar” bonded to L' is 4.5-24
20 angstroms;
with the proviso that the portion of the compound represented by AP-Z is not
®r
s
7

wherein \‘ represents a single or double bond; 1 is 0-3; one 2 is CA or CRA and
the other is CR, CRy, NR or N; A is -W;-COX;Y wherein Y is COR or an isostere thereof,
25  each of W and X is a spacer of 2-64, and each of i and j is independently 0 or 1; 7% isNR
or O; and each R is independently hydrogen or a noninterfering substituent.

58.  The method of claim 57 wherein said smallest number of bonds is 6-12.
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59.  The method of claim 57 wherein said condition is a proinflammation

response.

60.  The method of claim 59 wherein said proinflammation response is multiple
sclerosis, IBD, theumatoid arthritis, theumatoid spondylitis, osteoarthritis, gouty arthritis,
other arthritic conditions, sepsis, septic shock, endotoxic shock, Gram-negative sepsis,
toxic shock syndrome, asthma, adult respiratory distress syndrome, stroke, reperfusion
injury, CNS injury, psoriasis, restenosis, cerebral malaria, chronic pulmonary inflammatory
disease, silicosis, pulmenary sarcosis, a bone resorption disease, graft-versus-host reaction,

Crohn’s Disease, ulcerative colitis, Alzheimer’s, pyresis or heart disease.
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PIPERIDINE/PIPERAZINE-TYPE
INHIBITORS OF p38 KINASE

Field of the Invention

The invention relates to treating various disorders associated with enhanced activity
of kinase p38-a. More speciﬁcally, it concerns piperadine and piperazine derivatives useful
in these methods.

Background Art

A large number of chronic and acute conditions have been recognized to be
associated with perturbation of the inflammatory response. A large number of cytokines
participate in this response, including IL-1, IL-6, IL-8 and TNF. It appears that the activity
of these cytokines in the regulation of inflammation rely at least in part on the activation of
an enzyme on the cell signaling pathway, a member of the MAP kinase family generally
known as p38 and alternatively known as CSBP and RK. This kinase is activated by dual ,
phosphorylation after stimulation by physiochemical stress, treatment with
lipopolysaccharides or with proinflammatory cytokines such as IL-1 and TNF. Therefore,
inhibitors of the kinase activity of p38 are useful anti-inflammatory agents.

Eye diseases associated with a fibroproliferative condition include retinal
reattachment surgery accompanying proliferative vitreoretinopathy, cataract extraction with
intraocular lens implantation, and post glaucoma drainage surgery.

PCT applications W098/06715, W098/07425, and WO 96/40143, all of which are
incorporated herein by reference, describe the relationship of p38 kinase inhibitors with
various discase states. As mentioned in these applications, inhibitors of p38 kinase are
useful in treating a variety of diseases associated with chronic inflammation. These
applications list theumatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis
and other arthritic conditions, sepsis, septic shock, endotoxic shock, Gram-negative sepsis,
toxic shock syndrome, asthma, adult respiratory distress syndrome, stroke, reperfusion
injury, CNS injuries such as neural trauma and ischemia, psoriasis, restenosis, cerebral

malaria, chronic pulmonary inflammatory disease, silicosis, pulmonary sarcosis, bone
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resorption diseases such as osteoporosis, grafi-versus-host reaction, Crohn’s Disease,
ulcerative colitis including inflammatory bowel disease (IBD) and pyresis.

The above-referenced PCT applications disclose compounds which are p38 kinase
inhibitors said to be useful in treating these disease states. These compounds are either
imidazoles or are indoles substituted at the 3- or 4-position with a piperazine ring linked
through a carboxamide linkage. Additional compounds which are conjugates of
piperazines with indoles are described as insecticides in W097/26252, also incorporated
herein by reference.

Certain aroyl/phenyl-substituted piperazines and piperidines which inhibit p38-c
kinase are described in PCT publication W000/12074 published 9 March 2000. In
addition, indolyl substituted piperidines and piperazines which inhibit this enzyme are
described in PCT publication No. W099/61426 published 2 December 1999. Carbolene
derivatives of piperidine and piperazine as p38-a inhibitors are described in
PCT/US00/07934 filed 24 March 2000.

None of the foregoing patents describes the piperadine type derivatives described

herein which specifically inhibit p38-c.

Summary of the Invention
The invention is directed to methods and compounds useful in treating conditions
that are characterized by enhanced p38- activity. These conditions include inflammation,
proliferative diseases, and certain cardiovascular disorders as well as Alzheimer’s disease
as further described below.
Compounds of the invention inhibit p38 kinase, the a-isoform in particular, and are
thus useful in treating diseases mediated by these activities. The compounds of the

invention are of the formula (1):

®Ym
oram
1 2 1 \ 1 2
At —P— 7 N—L'— AP —7

m
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and the pharmaceutically acceptable salts thereof, or a pharmaceutical composition
thereof, wherein:

Ar' is an aryl group substituted with 0-5 non-interfering substituents, wherein two
adjacent noninterfering substituents can form a fused aromatic or nonaromatic ring;

L' and L? are linkers;

each R! is independently a noninterfering substituent;

7! is CR® or N wherein R? is hydrogen or a noninterfering substituent;

mis 0-4;

each of n and p is an integer from 0-2 wherein the sum of n and p is 0-3;

Ar? is a substantially planar, monocyclic or polycyclic aromatic moiety having one
or more optional ring heteroatoms, said moiety being optionally substituted with one or
more non-interfering substituents, two or more of which may form a fused ring;

Z is -W;i-COX;Y wherein Y is COR? or an isostere thereof; R is a noninterfering
substituent, each of W and X is a spacer of 2-6 A, and each of i and j is independently 0 or
1;

wherein the smallest number of covalent bonds in the compound separating the

- atom of Ar' bonded to L2 to the atom of Ar® bonded to L is at least 6, where each of said

bonds has a bond length of 1.2 to 2.0 angstroms; and/or wherein the distance in space
between the atom of Ar' bonded to L2 and the atom of Ar® bonded to L' is 4.5-24

angstroms;
with the proviso that the portion of the compound represented by AP-Zisnot
(R
SZZ
2Z
1 /
73

‘wherein \ represents a single or double bond; n is 0-3; one 7% is CA or CRA and
the other is CR, CRy, NR or N; A is -W;-COX;Y wherein Y is COR or an isostere thereof,
each of W and X is a spacer of 2-6A, and each of i and j is independently 0 or 1; 7 isNR
or O; and each R is independently hydrogen or a noninterfering substituent.

The invention is further directed to methods of treating inflammation or

proliferative conditions using these compounds. The invention is also directed to treating

3
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conditions associated with cardiac failure and Alzheimer’s disease using the invention

compounds.

Detailed Description

The compounds of formula (1) are useful in treating conditions which are
characterized by overactivity of p38 kinase, in particular the c-isoform. Conditions
“characterized by enhanced p38-c activity” include those where this enzyme is present in
increased amount or wherein the enzyme has been modified to increase its inherent activity,
or both. Thus, “enhanced activity” refers to any condition wherein the effectiveness of
these proteins is undesirably high, regardless of the cause.

The compounds of the invention are useful in conditions where p38-akinase shows
enhanced activity. These conditions are those in which fibrosis and organ sclerosis are
caused by, or accompanied by, inflammation, oxidation injury, hypoxia, altered temperature
or extracellular osmolarity, conditions causing celular stress, apoptosis or necrosis. These
conditions include ischemia-reperfusion injury, congestive heart failure, progressive
pulmonary and bronchial fibrosis, hepatitis, arthritis, inflammatory bowel disease,
glomerular sclerosis, interstitial renal fibrosis, chronic scarring diseases of the eyes, bladder
and reproductive tract, bone marrow dysplasia, chronic infectious or autoimmune states,
spinal chord injury and traumatic or surgical wounds. These conditions, of course, would
be benefited by compounds which inhibit p38-c. Methods of treatment with the
compounds of the invention are further discussed below.

The compounds useful in the invention are derivatives of piperadine/piperazine-type
compounds containing a mandatory substituent, Z attached to the aromatic moiety Ar* The
aromatic moiety is a substantially planar, monocyclic or polycyclic aromatic moiety having
one or more optional ring heteroatoms. The aromatic moiety may be optionally substituted
with one or more non-interfering substituents, two or more of which may form a fused ring.

In somewhat greater detail the aromatic moiety Ar* comprises an optionally
substituted monocyclic or polycyclic aromatic nucleus, wherein the aromatic nucleus
consists of a carbocyclic or heterocyclic ring selected from (i) a five-membered heterocyclic
or carboeyclic ring (ii) a six-membered carbocyclic or heterocyclic ring; (iii) a five-
membered carbocyclic or heterocyclic ring fused to another five-membered carbocyclic or
heterocyclic ring; (iv) a six-membered carboeyclic or heterocyclic ring fused to another six-

4
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membered carbocyclic or heterocyclic ring; and (v) a five-membered heterocyclic or
carboeyclic ring fused to a six-membered carbocyclic or heterocyelic ring. Examples of the

foregoing include the following aromatic moieties:

a¥a¥slatayeysyalel
oleISIvIsInN]
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where R is a noninterfering substituent.
Particular examples of Ar? in formula (1) are such that the portion of compound (1)

represented by L'-Ar”-Z is selected from the following:
®)n
J TR
L [_ : z
\ . /

10 0]
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whereinn is 0, 1 or2; X!is NR, CRg, O or S; and each R is independently Hor a

noninterfering substituent; and two or more R groups may form a fused ring;

®)n
5 —f 4——2
A
oy

wherein n is 0-4; R is H or a noninterfering substituent where two or mote R groups

5 may form a fused ring; and one or more ring carbons may be optionally replaced with

nitrogen;
®n R)a
NN
L I - Z
/ /
(m

wherein each n is inpendently 0 to 3; R is H or a noninterfering substituent, where
two or more R groups may form a fused ring; and one or more ring carbons may be

10  optionally replaced with nitrogen;

®). R ®R). Ry
4\)(2/\\ \ A
B (\ Mm@ —5\——]3 ( <\————-
/ B (3>| ® — B
\ X2 and \ x!
(IvV-a) Iv-b)

wherein, subject to the proviso set forth above with respect to formula (1), one B is
1. and the other is Z; wherein a is 0 to 4 such that the positions on the six membered rings

(1) and (3) to which (R)a is bonded can include X* when X” is C; b is 0 -3 such that the

6
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positions on the five-membered rings (2) and (4) to which (R)p is bonded can include X*
and X', when X? is C and X' is N or C; each X? is independently N or CR; X'is NR, CR;,
O or S; each R is H or a noninterfering substituent where two or more R groups may form a
fused ring; wherein one or more of the ring carbons that are at positions other than X or X'

and that are also not bound to B can be optionally replaced with N;

®). b R Db

>\ R > XR

DLy, e
x? and < X!

(V-a) (V-b)

wherein one B is L.! and the other is Z; a is 0-4 such that the positions on the rings
(1) and (3) to which (R), can be bonded include X* and X' where X* is C and X' is C or N;
b is 0 or 3 such that the positions on the rings (2) and (4) to which (R), can be bonded
include X!, X2 and X* when X' is C or N and X? and/or X° are C; each X' is independently
NR, C(R);, O or S; X* and X are independently N or CR; each R is independently H or a
noninterfering substituent where two or more R groups can optionally form a fused ring;
wherein one or more of the ring carbons that are at positions other than X!, X% or X*, and
that are also not bound to B, can be optionally replaced with N.

Certain positions of the molecule of formula I are described as permitting
“noninterfering substituents.” This terminology is used because the substituents in these
positions generally speaking are not relevant to the essential activity of the molecule taken
as awhole. A wide variety of substituents can be employed in these positions, and it is well
within ordinary skill to determine whether any particular arbitrary substituent is or is not
“noninterfering.”

As used herein, a “noninterfering substituent” is a substituent which leaves the
ability of the compound of formula (1) to inhibit p38-a activity qualitatively intact. Thus,
the substituent may alter the degree of inhibition of p38-c. However, as long as the
compound of formula (1) retains the ability to inhibit p38-c activity, the substituent will be
classified as “noninterfering.” A number of assays for determining the ability of any

compound to inhibit p38- o activity are available in the art. A whole blood assay for this

7
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evaluation is illustrated below. The gene for p38- azhas been cloned and the protein can be
prepared recombinantly and its activity assessed, including an assessment of the ability of
an arbitrarily chosen compound to interfere with this activity. The essential features of the
molecule are tightly defined. The positions which are occupied by “noninterfering
substituents” can be substituted by conventional organic moieties as is understood in the
art. Itis irrelevant to the present invention to test the outer limits of such substitutions.
The essential features of the compounds are those set forth with particularity herein.

Tn addition, L' and L* are described herein as linkers. The nature of such linkers is
less important than the distance they impart between the portions of the molecule. Typical
linkers include alkylene, i.e. (CHo),-R; alkenylene - i.e., an alkylene moiety which contains
a double bond, including a double bond at one terminus. Other suitable linkers include, for
example, substituted alkylenes or alkenylenes, carbonyl moieties, and the like.

As used herein, “hydrocarby! residue” refers to a residue which contains only
carbon and hydrogen. The residue may be aliphatic or aromatic, straight-chain, cyclic,
branched, saturated or unsaturated. The hydrocarbyl residue, when so stated however, may
contain heteroatoms over and above the carbon and hydrogen members of the substituent
residue. Thus, when specifically noted as containing such heteroatoms, the hydrocarbyl
residue may also contain carbonyl groups, amino groups, hydroxyl groups and the like, or
contain heteroatoms within the “backbone” of the hydrocarbyl residue.

As used herein, “inorganic residue” refers to a residue that does not contain carbon.
Examples include, but are not limited to, halo, hydroxy, N0, or NHz.

As used herein, the term “alkyl,” “alkenyl” and “alkynyl” include straight- and
branched-chain and cyclic monovalent substituents. Examples include methyl, ethyl,
isobutyl, cyclohexyl, cyclopentylethyl, 2-propenyl, 3-butynyl, and the like. Typically, the
alkyl, alkenyl and alkynyl substituents contain 1-10C (alkyl) or 2-10C (alkenyl or alkynyl).
Preferably they contain 1-6C (alkyl) or 2-6C (alkenyl or alkynyl). Heteroalkyl,
heteroalkenyl and heteroalkynyl are similarly defined but may contain 1-2 O, S or N
heteroatoms or combinations thereof within the backbone residue.

As used herein, “acyl” encompasses the definitions of alkyl, alkenyl, alkynyl and the

related hetero-forms which are coupled to an additional residue through a carbonyl group.
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The term “Aromatic” with respect to moiety Ar! refers to a monocyclic or fused
bicyclic moiety such as phenyl or naphthyl; “heteroaromatic” also refers to monocyclic or
fused bicyclic ring systems containing one or more heteroatoms selected from O, S and N.
The inclusion of a heteroatom permits inclusion of 5-membered rings as well as
6-membered rings. Thus, typical aromatic systems include pyridyl, pyrimidyl, indolyl,
benzimidazolyl, benzotriazolyl, isoquinolyl, quinolyl, benzothiazolyl, benzofuranyl, thienyl,
furyl, pyrrolyl, thiazolyl, oxazolyl, imidazolyl and the like. Any monocyclic or fused ring
bicyclic system which has the characteristics of aromaticity in terms of electron distribution
throughout the ring system is included in this definition. Typically, the ring systems
contain 5-12 ring member atoms.

Similarly, “arylalkyl” and “heteroalkyl” refer to aromatic and heteroaromatic
systems which are coupled to another residue through a carbon chain, including substituted
or unsubstituted, saturated or unsaturated, carbon chains, typically of 1-6C. These carbon
chains may also include a carbonyl group, thus making them able to provide substituents as
an acyl moiety.

‘When the compounds of Formula (1) contain one or more chiral centers, the
invention includes optically pure forms as well as mixtures of stereoisomers or enantiomers

With respect to the portion of the compound between the Ar' and Ar?, linkers L?
and 1!, in combination with the piperadine/piperazine ring, provide for separation of the
atom of Ar' bonded to L? from the atom of Ar* bonded to L' by a defined minimum number
of covalent bond lengths counted end-to-end through the compound, as opposed to a
measurement of linear distance through space. More particularly, the smallest number of
bonds counted end-to-end in the compound separating the atom of Ar' bonded to L? from
the atom of Ar’bonded to L' is at least 5, and preferably from 6 to 12, wherein the length of
each of such bonds is 1.2 to 2.0 angstroms. In terms of a linear distance through space, the
linear distance measured through space from the atom of Ar" bonded to I2 to the atom of
A bonded to L is a distance of 4.5-24A, preferably 6-204, and more prefetably 7.5-10A.

‘ Typical, but nonlimiting, embodiments of L' and L? are CO and isosteres thereof, or
optionally substituted isosteres, or longer chain forms. L2, in particular, may be alkylene or
alkenylene optionally substituted with noninterfering substituents or L! or 17 may be or

may include a heteroatom such as N, S or O. Such substituents include, but are limited to, a
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moiety selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, arylalkyl, acyl,
aroyl, heteroaryl, heteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkylaryl, NH-aroyl, halo,
OR, NRy, SR, SOR, SO:R, OCOR, NRCOR, NRCONR,, NRCOOR, OCONR;, RCO,
COOR, alkyl-OOR, SO;R, CONRj, SO;NR;, NRSO;NR;, CN, CF3, RaSi, and NO,,
wherein each R is independently H, alkyl, alkenyl or aryl or heteroforms thereof, and
wherein two substituents on L? can be joined to form a non-aromatic saturated or
unsaturated ring that includes 0-3 heteroatoms which are O, S and/or N and which contains
3 to 8 members or said two substituents can be joined to form a carbonyl moiety or an
oxime, oximeether, oximeester or ketal of said carbonyl moiety.

) Isosteres of CO and CH, include SO, SO,, or CHOH. CO and CH, are preferred.
Thus, L? is substituted with 0-2 substituents. Where appropriate, two optional substituents
on L? can be joined to form a non-aromatic saturated or unsaturated hydrocarbyl ring that
includes 0-3 heteroatoms such as O, S and/or N and which contains 3 to 8 members. Two
optional substituents on L* can be joined to form a carbonyl moiety which can be
subsequently converted to an oxime, an oximeether, an oximesster, or a ketal.

Ar' is aryl, heteroaryl, including 6-5 fused heteroaryl, cycloaliphatic or
cycloheteroaliphatic that can be optionally substituted. Axr is preferably optionally
substituted phenyl.

Each substituent on Ar' is independently a hydrocarbyl residue (1-20C) containing
0-5 heteroatoms selected from O, S and N, or is an inorganic residue. Preferred
substituents include those selected from the group consisting of alkyl, alkenyl, alkynyl, aryl,
arylalkyl, acyl, aroyl, heteroaryl, heteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkylaryl,
NH-aroyl, halo, OR, NRy, SR, SOR, SO;R, OCOR, NRCOR, NRCONR;z, NRCOOR,
OCONR;, RCO, COOR, alkyl-OOR, SO;R, CONRz, SO;NR;, NRSO;NR;, CN, CF;, R38i,
and NO,, wherein each R is independently H, alkyl, alkenyl or aryl or heteroforms thereof,
and wherein two of said optional substituents on adjacent positions can be joined to form a
fused, optionally substituted aromatic or nonaromatic, saturated or unsaturated ring which
contains 3-8 members. More preferred substituents include halo, alkyl (1-4C) and more
preferably, fluoro, chloro and methyl. These substituents may occupy all available
positions of the aryl ring of Ar', preferably 1-2 positions, most preferably one position.
These substituents may be optionally substituted with substituents similar to those listed.

10
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Of course some substituents, such as halo, are not further substituted, as known to one
skilled in the art.

Two substituents on Ar' can be joined to form a fused, optionally substituted
aromatic or nonaromatic, saturated or unsaturated ring which contains 3-8 members.

Between L' and L is a piperidine-type moiety of the following formula:
R'm
L
i

wherein Z! is CR? or N and R? is H or a noninterfering substituent. Each ofn and p is an
integer from 0-2 wherein the sum of n and p is 0-3. The noninterfering substituents R?
include, without limitation, halo, alkyl, alkoxy, aryl, arylalkyl, aryloxy, heteroaryl, acyl,
carboxy, or hydroxy. Preferably, R? is H, alkyl, OR, NRz, SR or halo, where R is H or
alkyl. Additionally, R* can be joined with an R' substituent to form an optionally
substituted non-aromatic saturated or unsaturated hydrocarbyl ring which contains 3-8
members and 0-3 heteroatoms such as O, N and/or S. Preferred embodiments include
compounds wherein Z' is CH or N, and those wherein both n and p are 1.

R’ represents a noninterfering substituent such as a hydrocarbyl residne (1-20C)
containing 0-5 heteroatoms selected from O, S and N. Preferably R! is alkyl, alkoxy, aryl,
arylalkyl, aryloxy, heteroalkyl, heteroaryl, heteroarylalkyl, RCO, =0, acyl, halo, CN, OR,
NRCOR, NR, wherein R is H, alkyl (preferably 1-4C), aryl, or hetero forms thereof. Each
appropriate substituent is itself unsubstituted or substituted with 1-3 substituents. The
substituents are preferably independently selected from a group that includes alkyl, alkenyl,
alkynyl, aryl, arylalkyl, acyl, aroyl, heteroaryl, heteroalkyl, heteroalkenyl, heteroalkynyl,
heteroalkylaryl, NH-aroyl, halo, OR, NRz, SR, SOR, SO;R, OCOR, NRCOR, NRCONR;,
NRCOOR, OCONR;, RCO, COOR, alkyl-OOR, SO;R, CONR;, SO;NRz, NRSO;NR;,
CN, CF3, RsSi, and NO,, wherein each R is independently H, alkyl, alkeny! or aryl or
heteroforms thereof and fwo of R on adjacent positions can be joined to form a fused,
optionally substituted aromatic or nonaromatic, saturated or unsaturated ring which
contains 3-8 members, or R'is=0 oran oxime, oximeether, oximeester or ketal thereof.
R! may occur m times on the ring; m is an integer of 0-4. Preferred embodiments of R
comprise alkyl (1-4C) especially two alkyl substituents and carbonyl. Most preferably R

11
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comprises two methyl groups at positions 2 and 5 or 3 and 6 of a piperidinyl or piperazinyl
ring or =0 preferably at the S-position of the ring. The substituted forms may be chiral and
an isolated enantiomer may be preferred.

Z is -W; -COX;Y wherein Y is COR? or an isostere thereof and R® is 2
noninterfering substituent. Bach of W and X is a spacer and may be, for example,
optionally substituted alkyl, alkenyl, or alkynyl, each of i and j is 0 or 1. Preferably, W and
X are unsubstituted. Preferably, j is 0 so that the two carbonyl groups are adjacent to each
other. Preferably, also, i is 0 so that the proximal CO is adjacent the ring. However,
compounds wherein the proximal CO is spaced from the ring can readily be prepared by
selective reduction of an initially glyoxal substituted AP

The noninterfering substituent represented by R?, when R is other than H, is a
hydrocarbyl residue (1-20C) containing 0-5 heteroatoms selected from O, 8 and/or N or is
an inorganic residue. Preferred are embodiments wherein R?is H, or is straight or branched
chain alkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroalkyl, heteroaryl, or heteroarylalkyl, each
optionally substituted with halo, aikyl, heteroalkyl, SR, OR, NR;, OCOR, NRCOR,
NRCONR;, NRSO:R, NRSO;NR,, OCONR;, CN, COOR, CONR;, COR, or R;8i wherein
each R is independently H, alkyl, aikeny! or aryl or the heteroatom-containing fornis
thereof, or wherein Ris OR, NR;, SR, NRCONR;, OCONRg, or NRSO,NR;, wherein each
R is independently H, alkyl, alkenyl or aryl or the heteroatom-containing forms thereof, and
wherein two. R attached to the same atom may form a 3-8 member ring and wherein said
ring may further be substituted by alkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylalkyl, each optionally substituted with halo, SR, OR, NR;, OCOR,
NRCOR, NRCONR; NRSO;R, NRSO2NR;, OCONR,, or R3Si wherein each R is

independently H, alkyl, alkenyl or aryl or the heteroatom-containing forms thereof wherein
two R attached to the same atom may form a 3-8 member ring, optionally substituted as
above defined.

Other preferred embodiments of R3 are H, heteroarylalkyl, -NRy, heteroaryl,
-COOR, -NHRNR;, heteroaryl-COOR, heteroaryloxy, -OR, heteroaryl-NRj, -NROR and
alkyl. Most preferably R® is isopropyl piperazinyl, methyl piperazinyl, dimethylamine,
piperazinyl, isobutyl carboxylate, oxycarbonylethyl, morpholinyl,
aminoethyldimethylamine, isobutyl carboxylate piperazinyl, oxypiperazinyl,

12
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ethylcarboxylate piperazinyl, methoxy, ethoxy, hydroxy, methyl, amine, aminoethyl

pyrrolidinyl, aminopropanediol, piperidinyl, pyrrolidinyl-piperidinyl, or methyl piperidinyl.

Isosteres of COR® as represented by Y are defined as follows.

The isosteres have varying lipophilicity and may contribute to enhanced metabolic stability.

5 Thus, Y, as shown, may be replaced by the isosteres in Table 1.

OH
¢ Replaced by

Acid Isosteres

Table 1 - Acid Isosteres
Names of Groups Chemical Structures Substitution Groups (SG)
H
N\N
tetrazole \<\ ” nla
N/N
—~
H; SCH5; COCHg; Br; SOCHg;
1,2,3-triazole \ ﬂ, y > ¢
80,CHjs; NO;; CF3; CN; COOMe
8G
7
H; SCH;; COCHg; Br; SOCHg;
1.2,4-triazole \< | * ° °
N S0,CHg; NO,
8G
N -
¢ H; SCH3; COCHeg; Br; SOCH;;
imidazole \ I
\ S0:CHjz; NO,

Thus, isosteres include tetrazole, 1,2,3-triazole, 1,2,4-triazole and imidazole.

10 The compounds of formula (1) may be supplied in the form of their

pharmaceutically acceptable acid-addition salts including salts of inorganic acids such as

hydrochloric, sulfuric, hydrobromic, or phosphoric acid or salts of organic acids such as

13
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acetic, tartaric, succinic, benzoic, salicylic, and the like. If a carboxyl moiety is present on
the compound of formula (1), the compound may also be supplied as a salt with a

pharmaceutically acceptable cation.

Synthesis of the Invention Compounds
5 Copending, commonly-assigned U.8.S.N 09/575,060, incorporated herein by

reference in its entirety, illustrated the following reaction scheme for conversion of a 4-

benzy! piperidinyl-indole-5-carboxamide to the glyoxalic acid compounds of the invention

5

T

o
[+
CH,C N °
Oxalylchloride  ———2"2—»
+ xalylchloride oG N\
. x H

and derivatives thereof:
Aq. NaOH
R1R2NH

o]
N
X
Y .
NR,R) OH
0 ° o 0 Q
o
N
N ¥ A\
N
X d X u
% %

X=0CH 4, CI,CHg ;Y =H, Halogen etc.
= " VA
NR{R, = NH,, NH-Alkyl, NH-Ay, N-Dialkyl, N N— , N elc
7/

10
In the present invention, the indole moiety is generalized to A7 in formula (1)
above where Az is a substantially planar, monocyclic or polycyclic aromatic moiety having
one or more optional ring heteroatoms, said moiety being optionally substituted with one or
more non-interfering substituents, two or more of which may form a fused ring. Preferably

15  the moiety Ar* comprises an optionally substituted monocyclic or polycyclic aromatic

14
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nucleus, wherein said aromatic nucleus consists of carbocyclic or heterocyclic ring selected
from (i) a five-membered heterocyclic or carbocyclic ring (ii) a six-membered carbocyclic
or heterocyclic ting; (iii) a five-membered carbocyclic or heteracycloc ring fused to another
five-membered carbocyclic or heterocyclic ring; (iv) a six-membered carbocyclic or
5 heterocyclic ring fused to another six-membered carbocyelic or heterocyclic ring; and (v) a
five-membered heterocyclic or carbocyclic ring fused to a six-membered carbocyclic or
heterocyclic ring. Formula (1), as required by the proviso stated above, excludes the indole
type compounds disclosed and claimed in U.S.S.N. 09/575,060 filed May 21, 1999 and
incorporated herein by reference. '
10 ) As disclosed commonly assigned in U.S.S.N 09/575,060, the glyoxal type
substituent at position 3 can be generalized to -W;COXjY.
The Ar® moiety may be generalized as:

QRUQURQOo
QRGO

O G Cry
peleeleelvellive;

15  Methods to synthesize the compounds of the invention are, in general, known in the art.

For example, commonly assigned U.S.8.N 09/575,060, incorporated herein by reference in

15
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its entirety, disclosed that piperidine moieties can be obtained using the following reaction

o
Il
QN/\Ph a) Ar\LZ,P(OR)z TH
A
o \J l’\Lz \

(R b) Reduction (R
n

scheme

where an appropriate piperidone such as I, is treated with substituted benzyl phosphonate
esters in the presence of a base such as sodium hydride to give alkenes which can be
reduced to the corresponding substituted 4-benzylpiperidine such as IL. The
hydrogenations are typically done in the presence of catalytic metals in solvents such as
methanol, ethanol and ethyl acetate.

An alternative to the above disclosed in U.S.S.N 09/575,060 as follows:

o] (]
N/U\CFJ Lewis Acid NJKC;F3
clo ) Ar ) W
C” R A R Ar \J
0 Y R"m

X
1 n [}

‘where isonipecotoyl chlorides such as I can be used to acylate appropriately
substituted benzenes (ArH) in the presence of a Lewis acid such as aluminum chloride to
give the ketones IL. Further modifications of the carbonyl moiety of IT using methods and

routes generally known can then lead to the desired compounds III.

The following reaction schemes illustrate methods for preparing compounds of the

present invention.

Scheme I
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EDCI HO
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o o} o] (o]
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CHyl
HO DMF ¢
Step C
(o] CN
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TMSCN N OSI(CH
-BuLi (o)
o n-BuLi |
|
Step D
o] CN
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N OSI(CHa)y — .
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¢ b) KOH/MeOH
o OH
o [e]
|
Step E

(o] OH el MeOH o] OH
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|

KOH MeOH

5
Step H
(o] (o] |
OH a) SOCl, F. N N
\©\/© b)Dimethylamlne \©\/© o
|
10
Scheme IT
Step A
o]
x SOCly 2
HO | MeO o~
N MeOH |
15 2 N”NH,
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o
Br OEt b) )m
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0
toluene =
b) dimethylamine ”3°°/k©§\

N

5
Step E
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b) Dimethylamine

Q
NS M CHiCly F\@y N

o]
1t
N PR a)Ar\Lz.F’(OR)Z NH
\J Ars L2 \J

O ™Rgm  b)Reduction Rom
Vil X
5 Scheme 4
Assays for p38 aKinase Inhibition
10 For each of the assay procedures described below, the TNF-o production correlates

to the activity of p38-akinase.

A Human Whole Blood Assay for p38 Kinase Inhibition
Venous blood is collected from healthy male volunteers into a heparinized syringe
and is used within 2 hours of collection. Test compounds are dissolved in 100% DMSO
15 and 1 pl aliquots of drug concentrations ranging from 0 to 1 mM are dispensed into
quadruplicate wells of a 24-well microtiter plate (Nunclon Delta ST, Applied Scientific, So.
San Francisco, CA). Whole blood is added at a volume of 1 ml/well and the mixture is
incubated for 15 minutes with constant shaking (Titer Plate Shaker, Lab-Line Instruments,
Inc., Melrose Park, IL) at a humidified atmosphete of 5% CO, at 37 °C. Whole blood is
20  cultured either undiluted or at a final dilution of 1:10 with RPMI 1640 (Gibco 31800 +
NaHCOs, Life Technologies, Rockville, MD and Scios, Inc., Sunnyvale, CA). At the end
of the incubation period, 10 ul of LPS (. coli 0111:B4, Sigma Chemical Co., St. Louis,
MO) is added to each well to a final concentration of 1 or 0.1 pg/ml for undiluted or 1:10
diluted whole blood, respectively. The incubation is continued for an additional 2 hours.
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The reaction is stopped by placing the microtiter plates in an ice bath and plasma or cell-
free supernates are collected by centrifugation at 3000 rpm for 10 minutes at 4°C. The
plasma samples are stored at -80°C until assayed for TNF-at levels by ELISA, following the
directions supplied by Quantikine Human TNF-o assay kit (R&D Systems, Minneapolis,
MN).

ICsp values are calculated using the concentration of inhibitor that causes a 50%

decrease as compared to a control.

B. Enriched Mononuclear Cell Assay for p38 Kinase Inhibition
The enriched mononuclear cell assay, the protocol of which is set forth below, begins with
cryopreserved Human Peripheral Blood Mononuclear Cells (HPBMCs) (Clonetics Corp.)
that are rinsed and resuspended in a warm mixture of cell growth media. The resuspended
cells are then counted and seeded at 1x10° cells/well in a 24-well microtitre plate. The
plates are then placed in an incubator for an hour fo allow the cells to settle in each well.
After the cells have settled, the media is aspirated and new media containing 100 ng/ml of
the cytokine stimulatory factor Lipopolysaccharide (LPS) and a test chemical compound is
added to each well of the microtiter plate. Thus, each well contains HPBMCs, LPS and a
test chemical compound. The cells are then incubated for 2 hours, and the amount of the
cytokine Tumor Necrosis Factor Alpha (TNF-¢!) is measored using an Enzyme Linked
Immunoassay (ELISA). One such ELISA for detecting the levels of TNF-ois commercially
available from R&D Systems. The amount of TNF-« production by the HPBMCs in each
well is then compared to a control well to determine whether the chemical compound acts
as an inhibitor of cytokine production.

LPS induced cytokine synthesis in HPBMCs

Cryopreserved HPBMC (cat#CC-2702 Clonetics Corp)

LGM-3 media (cat#CC-3212 Clonetics Corp)

LPS stock 10ug/ml (Cat. No. L 2630 serotype 0111:B4 Sigma)

Human TNF-o ELISA (R&D Systems)

DNase I (10mg/ml stock)
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Preparation of cells.

LGM-3 media warmed to 37°C.

5yl of DNase I stock added to 10ml media.
Cells thawed rapidly and dispersed into above.
Centrifuge 200xg x10min @ RT.

Pellet up in 10ml sterile PBS.

Centrifuge 200xg x10min @ RT.

Pellet resuspended in 10ml LGM-3 then diluted to 50ml with LGM-3.
Perform cell count.

Adjust to 1XE06 cells/well.

Seed Iml/well of a 24 well plate.

Place plate in incubator to plate down for 1 hour.

Preparation of incubation media.
LGM-3 containing 100ng/ml LPS (e.g. SOml media plus 0.5ml LPS stock)
Aliquot into 2ml aliguots and add 1000X inhibitor dilutions.

Incubation

When cells have plated down aspirate media away and overlay with lml relevant
incubation media. Return plate to incubator for 2 hours or 24 hours. Remove supernatants
after incubation to a labeled tube and either perform TNF (or other) ELISA immediately or
freeze for later assay.
ICs values are calculated using the concentration of inhibitor that causes a 50% decrease as

compared to a control.

Administration and Use

The compounds of the invention are useful among other indications in treating
conditions associated with inflammation. Thus, the compounds of formula (1) or their
pharmacentically acceptable salts are used in the manufacture of a medicament for
prophylactic or therapeutic treatment of mammals, including humans, in respect of

conditions characterized by excessive production of cytokines and/or inappropriate or
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unregulated cytokine activity on such cells as cardiomyocytes, cardiofibroblasts and
macrophages.

The compounds of the invention inhibit the production of cytokines such as TNF,
IL-1, IL-6 and IL-8, cytokines that are important proinflammatory constituents in many
different disease states and syndromes. Thus, inhibition of these cytokines has benefit in
controlling and mitigating many diseases. The compounds of the invention are shown
herein to inhibit a member of the MAP kinase family variously called p38 MAPK (or p38),
CSBP, or SAPK-2. The activation of this protein has been shown to accompany
exacerbation of the diseases in response to stress caused, for example, by treatment with
lipopolysaccharides or cytokines such as TNF and IL-1. Inhibition of p38 activity,
therefore, is predictive of the ability of a medicament to provide a beneficial effect in
treating diseases such as Alzheimer’s, coronary artery disease, congestive heart failure,
cardiomyopathy, myocarditis, vasculitis, restenosis, such as occurs following coronary
angioplasty, atherosclerosis, IBD, rheumatoid arthritis, theumatoid spondylitis,
osteoarthritis, gouty arthritis and other arthritic conditions, multiple sclerosis, acute
respiratory distress syndrome (ARDS), asthma, chronic obstructive pulmonary disease
(COPD), silicosis, pulmonary sarcosis, sepsis, septic shock, endotoxic shock, Gram-
negative sepsis, toxic shock syndrome, heart and brain failure (stroke) that are characterized
by ischemia and reperfusion injury, surgical procedures, such as transplantation procedures
and graft rejections, cardiopulmonary bypass, coronary artery bypass graft, CNS injuries,
including open and closed head trauma, inflammatory eye conditions such as conjunctivitis

and uveitis, acute renal failure, glomerulonephritis, infl ory bowel di such as

Crohn’s disease or ulcerative colitis, graft vs. host disease, bone resorption diseases like
osteoporosis, type II diabetes, pyresis, psoriasis, cachexia, viral diseases such as those
caused by HIV, CMV, and Herpes, and cerebral malaria.

Within the last several years, p38 has been shown to comprise a group of MAP
kinases designated p38-cy, p38-83, p38-~y and p38-6. Jiang, Y., et al., J Biol Chem (1996)
271:17920-17926 reported characterization of p38-@ as a 372-amino acid protein closely
related to p38-c. In comparing the activity of p38-o with that of p38-, the authors state
that while both are activated by proinflammatory cytokines and environmental stress, p38-3
was preferentially activated by MAP kinase kinase-6 (MKK6) and preferentially activated
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transcription factor 2, thus suggesting that separate mechanisms for action may be
associated with these forms.

Kumar, S., et al., Biochem Biophys Res Comimn (1997) 235:533-538 and Stein, B., et
al., J Biol Chem (1997) 272:19509-19517 reported a second isoform of p38-8, p38-32,
containing 364 amino acids with 73% identity to p38-c.. All of these reports show evidence
that p38-8 is activated by proinflammatory cytokines and environmental stress, although the
second reported p38-g isoform, p38-52, appears to be preferentially expressed in the CNS,
heart and skeletal muscle compared to the more ubiquitous tissue expression of p38-o.
Furthermore, activated transcription factor-2 (ATF-2) was observed to be a better substrate
for p38-32 than for p38-a, thus suggesting that separate mechanisms of action may be
associated with these forms. The physiological role of p38-31 has been called into question
by the latter two reports since it cannot be found in human tissue and does not exhibit
appreciable kinase activity with the substrates of p38-c.

The identification of p38-y was reported by Li, Z., et al., Biochem Biophys Res
Comm (1996) 228:334-340 and of p38-6 by Wang, X., et al., J Biol Chem (1997)
272:23668-23674 and by Kumar, S., ef al., Biochem Biophys Res Comm (1997) 235:533-
538. The data suggest that these two p38 isoforms (7y and 8) represent a unique subset of
the MAPK family based on their tissue expression patterns, substrate utilization, response
to direct and indirect stimuli, and susceptibility to kinase inhibitors.

Various results with regard to response to drugs targeting the p38 family as between
p38-a and either the putative p38-81 or p38-62 or both were reported by Jiang, Kumar, and
Stein cited above as well as by Eyers, P.A., et al., Chem and Biol (1995) 5:321-328. An
additional paper by Wang, Y., et al., J Biol Chem (1998) 273:2161-2168 suggests the
significance of such differential effects. As pointed out by Wang, a number of stimuli, such
as myocardial infarction, hypertension, valvular diseases, viral myocarditis, and dilated
cardiomyopathy lead to an increase in cardiac workload and elevated mechanical stress on
cardiomyocytes. These are said to lead to an adaptive hypertrophic response which, if not
controlled, has decidedly negative consequences. Wang cites previous studies which have
shown that in ischemia reperfusion treated hearts, p38 MAPK activities are elevated in
association with hypertrophy and programmed cell death. Wang shows in the cited paper
that activation of p38- activity results in hyperirophy, whereas activation of p38-c activity
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leads to myocyte apoptosis. Thus, selective inhibition of p38-c activity as compared to
p38-B activity will be of benefit in treating conditions associated with cardiac failure.
These conditions include congestive heart failure, cardiomyopathy, myocarditis, vasculitis,
vascular restenosis, valvular disease, conditions associated with cardiopulmonary bypass,
coronary artery bypass, grafts and vascular grafts. Further, to the extent that the c-isoform
is toxic in other muscle cell types, o-selective inhibitors would be useful for conditions
associated with cachexia attributed to TNF or other conditions such as cancer, infection, or
autoimmune disease.

Thus, the invention encompasses the use of compounds which selectively inhibit the
activity of the p38-ctisoform for treating conditions associated with activation of p38-¢, in
particular those associated with cardiac hypertrophy, ischemia or other environmental stress
such as oxidation injury, hyperosmolarity or other agents or factors that activate p38-o
kinase, or cardiac failure, for example, congestive heart failure, cardiomyopathy and
myocarditis.

The manner of administration and formulation of the compounds useful in the
invention and their related compounds will depend on the nature of the condition, the
severity of the condition, the particular subject to be treated, and the judgement of the
practitioner; formulation will depend on mode of administration. As the compounds of the
invention are small molecules, they are conveniently administered by oral administration by
compounding them with suitable pharmaceutical excipients so as to provide tablets,
capsules, syrups, and the like. Suitable formulations for oral administration may also
include minor components such as buffers, flavoring agents and the like. Typically, the
amount of active ingredient in the formulations will be in the range of 5%-95% of the total
formulation, but wide variation is permitted depending on the carrier. Suitable carriers
include sucrose, pectin, magnesium stearate, lactose, peanut oil, olive oil, water, and the
like.

The compounds useful in the invention may also be administered through
suppositories or other transmucosal vehicles. Typically, such formulations will include
excipients that facilitate the passage of the compound through the mucosa such as

pharmaceutically acceptable detergents.
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The compounds may also be administered topically, for topical conditions such as
psoriasis, or in formulation intended to penetrate the skin. These include lotions, creams,
ointments and the like which can be formulated by known methods.

The compounds may also be administered by injection, including intravenous,
intramuscular, subcutaneous or intraperitoneal injection. Typical formulations for such use
are liquid formulations in isotonic vehicles such as Hank’s solution or Ringer’s solution.

Alternative formulations include nasal sprays, liposomal formulations, slow-release
formulations, and the like, as are known in the art.

Any suitable formulation may be used. A compendium of art-known formulations

is found in Remington’s Pharmaceutical Sciences, latest edition, Mack Publishing

Company, Easton, PA. Reference to this manual is routine in the art.

The dosages of the compounds of the invention will depend on a number of factors
which will vary from patient to patient. However, it is believed that generally, the daily
oral dosage will utilize 0.001-100 mg/kg total body weight, preferably from 0.01-50 mg/kg
and more preferably about 0.01 mg/kg-10 mg/kg. The dose regimen will vary, however,
depending on the conditions being treated and the judgment of the practitioner.

It should be noted that the compounds of formula (1) can be administered as
individual active ingredients, or as mixtures of several embodiments of this formula. In
addition, the inhibitors of p38 kinase can be used as single therapeutic agents or in
combination with other therapeutic agents. Drugs that could be usefully combined with
these compounds include natural or synthetic corticosteroids, particularly prednisone and its
derivatives, monoclonal antibodies targeting cells of the immune system, antibodies or
soluble receptors or receptor fusion proteins targeting immune or non-immune cytokines,
and small molecule inhibitots of cell division, protein synthesis, or mRNA transcription or
translation, or inhibitors of immune cell differentiation or activation.

As implied above, although the compounds of the invention may be used in

humans, they are also available for veterinary use in treating animal subjects.

The following examples are intended to illustrate but not to limit the invention. The

compounds described and prepared in examples 1-4 below are inhibitors of p38-crkinase.
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”“%I:))L“ o
EDCI ~"Ho

DMAP
CH,Cl,/DMF

Under nitrogen protection, to a 250 mL R.B. dry flask containing 5.6 g (24.4 mMol)
4-fiuoro-benzyl piperidine HCl salt was added 100 ml anhydrous CH,Cl,, followed by
addition of 3.48 ml triethylamine (25 mMol). The suspension was allowed to stir at room
temperature for a few minutes until it became a clear solution. To this solution was then
added 4.37 g 5-formylsalicyclic acid (25 mMol ), 4.8 g (25 mMol ) of 1-ethyl-3-(3-dimethyl
aminopropyl)-carbodiimide, 0.153 g (1.25 mMol ) of 4-(dimethylamino)-pyridine. After
overnight stirring, the reaction mixture was diluted with 100 mL of CH,Cl,, washed with
H,0, brine. The organic layers were then dried over anhydrous sodium sulfate, concentrated
and purified by column chromatography eluting with CH,Cl,, giving 3.65 g (10.7 mMol )
of desired product. (yield: 43.8%)

Step B
o) o o) o
F. NaH
IeNceral Nk Wepen
CHgl
HO DMF ?
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3.62 gram (10.6 mMol ) aldehyde was dissolved in 100 mL anhydrous DMF undeér
an argon atmosphere. To this solution, at 0 °C was added 4.66 g NaH (60 % dispersion in
mineral oil, 11.7 mMol ). The reaction was allowed to stir at 0 °C for 0.5 h before warming
up to room temperature, stirring continued until there were no more bubbles produced. The
flask was then cooled to 0 °C again, followed by addition of 0.73 mL of methyl iodide (11.7
mMol). Afier stirring at 0 °C for 0.5 h, the reaction was warmed up to room temperature,
and continued stirring for another 4 h. DMF was evaporated off under reduced pressure.
The resulting residue was re-dissolved in 100 mL of CH;Cl,, washed twice with HzO, and
brine. Organic layers were dried over anhydrous sodium sulfate, concentrated and purified
by column chromatography in a gradient of 100% CH,Cl, to 2% MeOH/CH,Cls. 2.65 g
(7.46 mMol ) of product was obtained in a yield of 70.4%.

Step C
° o (o] CN
n-Buli O
(|3 I

‘Under nitrogen protection, 2.64 g (7.43 mMol ) of aldehyde was dissolved in 75 mL
anhydrous THF. At 0 °C, to this solution was added 1.1 mL of trimethylsilyl cyanide (8.2
mMol ), followed by addition of 2-3 drops of n-butyllithinum (2.5 M solution in hexane).

Stirring at 0 °C was continued for 2 h before warmed up to room temperature and stirred
overnight. After removing solvents by rotary evaporation, product was obtained in almost
quantitative yield as a white power. Without further purification, the material was used

directly in next step.
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Step D
o cN
F. a) conc. HC!
N OSi(CHy)s
heat
? b) KOH/MeOH
o) OH

The material obtained from last step was diluted with 60 mL of concentrated HC1
and heated to 80 °C with an oil bath overnight. After overnight heating, the aqueous
solution was diluted with 100 mL H,O and aqueous solution was extracted with CH>Cl»
(100 mL X 3). Organic layers were washed with brine, dried over sodium sulfate, and
concentrated. The residue was then re-dissolved in about 70 mL MeOH, followed by
addition of 1.7 g (30.3 mMol) of KOH and the solution was warmed to reflux for 2 h.
Reaction was then cooled to room temperature, concentrated, and dried under vacuum.
Several grams of crushed ice was added into the flask and acidified with 10 % aqueous
HCL. Water (60 mL) was added to dilute the solution, and this aqueous solution was
extracted with CH,Cl, (100 mL X 3 ). Organic layers were washed with brine, dried over
sodium sulfate, concentrated to give 2.5g (6.23 mMol) of product.

StepE
[o] OH o] OH
HCI, MeOH
reflux
T 7

In a 50 mL R.B. flask containing a condenser, 130 mg of a-hydroxy acid was
dissolved in 4 ml of concentrated HCI:MeOH (1:9) and warmed to reflux. After 1 h, the
reaction was cooled to RT and concentrated under reduced pressure. Resulting residue was
re-dissolved in 20 mL ethy] acetate and the ethyl acetate layer was washed with 20 mL
H,0, twice with 20 m] saturated NalICO; solution, and brine. Organic layer was dried over

anhydrous sodium sulfate and concentrated to give 141 mg of crude product.
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Step F
: o oH o o
E\[:::l\v/[:::T/ﬂtI:::rJ\Trch\ PCC F\T:::J\V/I:::T,ﬂiI:::T/ﬂ\“/o\
(ID o CHCly ? o

123 mg of methyl ester was dissolved in 4 ml CH,Cl, followed by addition of
excess of pyridinium chloromate (1 g, 20 wt. % on basic alumina). The resulting suspension
was stirred at room temperature over 24 hours. Solid was filtered and washed with CH,Cl,.
Combined organic solution was concentrated and product was purified by Preparative thin-
layer chromatography with 1% MeOH/CH,Cl, as eluting solution, to give 26 mg of desired
product.

N.N-dimethyl-2-oxo-acetamide

o
o |

F
T Ty

QO O S [o]

A
HaN" NH EtO S,
B\ S . s

Thiourea (3.81 g) and ethyl 2-chloroacetoacetate (8.23g)were combined in EtOH
(100 mL) and heated at reflux for 14 h. After cooling to RT the EtOH was removed in
vacuo and the crude product dissolved in H,O and neutralized with NaHCO; followed by

extraction with ethyl acetate. The combined extracts were dried, filtered, and concentrated

to yield the product as a white powder (8.69 g).
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Step B
2) HCI / H,0
OFt T, Efo»_éx,\,r&
b) NaHCO
Br\)\OEt ) Nal 3 I SJ%N

o]

EtO S
)j]: />_NH2
N

H,0 / dioxane
To bromoacetaldehyde diethylacetal (11.2 mMol, 2.20 g) in H>O (75 mL) was
5  added concentrated HC1 (1.15 mL) dropwise. After stirring at RT for 14 h the mixture was
heated at 80 °C for 30 min. After cooling to RT NaHCO; (14.5.mMol, 1.22 g) was
cautiously added and stirring was continued for 2 h. The ester (8.9 mMol, 1.66 g) was then
added and the mix was stirred an additional 1 h before adding dioxane (50 mL). After 30
min the mix was heated to 100 °C for 48 h. After cooling to RT the dioxane was removed
10 byrotary evaporation. The aqueous layer was extracted with CH,Cl,. The combined
organics were dried (Na,SOy), filtered and concentrated. Radial chromatography (10 %
MeOH in CH,Cly) yielded 122 mg of the desired product.

Step C
\
o —
EtQ
)_213 a) (©cocl), EQ N@X
o STW toluene I S/L\N

b) dimethylamine
15

To the ester (0.19 mMol, 40 mg) in toluene (0.76 mL) at RT was added 2 2.0 M
solution of oxalyl chloride in CH,Cl; (0.285 mL). The reaction vessel was placed under
N;, sealed, and placed at 125 °C for 12 h. After cooling to RT the volatiles were removed
20 under vacuum. To the crude acid chloride was added CH,Cl, (0.76 mL) and after cooling
to 0 °C a 2.0 M solution of dimethylamine in THF (0.285 mL)was added dropwise. The

reaction mixture was stirred an additional 30 min at 0 °C and then warmed to RT. After 30
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min the reaction was quenched with H,O and extracted with CH,Cl,. The combined
extracts were washed with brine and then dried (Na;SO,), filtered and concentrated. After
radial chromatography (10 % MeOH in CH,Cl,) 38 mg of the product was obtained.

Step D
\
o N— o N—
EtO}/_%\NA\z—‘&o NaOH HO}_%N/E—«O
fo] S/k\N MeOH / H,0 /k\\
2 (o] STON

To the ester (0.12 mMol, 38 mg) in MeOH (0.25 mL) and H,0 (0.25 mL) was
added NaOH (0.985 N in H,0, 122 pl). The mixture was stirred at RT for14 h at which
time it was acidified with aq. HIC] and extracted with ethyl acetate. The combined extracts
were dried (Na;SOy), filtered, and concentrated to yield 19 mg of the product which carried
on to the next step without purification.

Step E
\
F. o |
HOMN/\z—QO NJ\S‘%\N N
4 SJN . ~ 7 1
EDC N

To the acid (0.14 mMol, 19 mg) in CH,Cl, (0.56 mL) was added 4-
fluorobenzylpiperidine (0.17 mMol, 39 mg) followed by EDC (0.17 mMol, 33 mg) and
DMAP (4 mg). The mix was stirred at RT for 14 h before quenching with H,O and
extracting with CH;Cl;. The combined extracts were dried (Na>SOy), filtered, and
concentrated. After radial chromatography 20 mg of the desired compound was obtained.
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Example 3

2-{6-[4-(4-Fluoro-benzyl)-piperidine-1-carbonyl]-imidazo[ 1,2-a]pyridin-3-y1}-N.N-

dimethyl-2-oxo-acetamide
\N/

o [0}

Q

XN

SOCI.

L, e
P MeOH [

2 S

To 6-aminonicotinic acid (75 mMol, 10.36 g) in MeOH (300 mL) at —78 °C was
added SOCI, (187.5 mMol, 22.31 g, 13.7 mL) dropwise over 30 min. The mixture was
10 then allowed to RT. The mix was then refluxed for 12 h at which time it was cooled and
the volatiles removed using rotary evaporation. The resulting white solid was dissolved in

H>0, neutralized with NaHCO3, and extracted with ethyl acetate. The combined organics
were dried (Na;SO,), filtered, and concentrated to yield 10.06 g of a white powder.

15 StepB
ot H,0O / HCI
—_— HaCO™ 7N\
B0t b) it x :N>
H3CO | =
o
N™ "NH;
NaHCO3
Dioxane

To bromoacetaldehyde diethylacetal (44.6 mMol, 8.79 g) in H,O (300 mL) was
added concentrated HCI (4.6 maL) dropwise. After stirring at RT for 14 h the mixture was
heated at 80 °C for 30 min. After cooling to RT, NaHCO; (58.7 mMol, 4.88 g) was

20 cautiously added and stirring was continued for 2 h. The ester (35.6 mMol, 5.41 g) was
34
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then added and the mix was stirred an additional 1 h before adding dioxane (200 mL).

After 30 min the mix was heated to 100 °C for 48 h. After cooling to RT the dioxane was

removed by rotary evaporation. The aqueous layer was extracted with CH>Cl,. The

combined organics were dried (N2,SOx), filtered and concentrated to yield a yellow paste
5 (217 mg) which was carried on to the next step without further purification.

Step C
\N’
o o 9
H,CO = N/\> as for example 2 F\Q\/O" 25 (¢}
X N SN
10 Synthesis of 2-{6-[4~(4-fluoro-benzyl)-piperidine-1-carbonyl]-imidazo[ 1,2-

aJpyridin-3-y1}-N,N-dimethyl-2-oxo-acetamide was carried out through the same series of
steps as for 2-{2-[4-(4-Fluoro-benzyl)-piperidine-1-carbonyl}-3-methyl-imidazo[2,1-
bjthiazol-5-y1}-N,N-dimethyl-2-oxo-acetamide.

Example 4
15 2-{4-[4-(4-Fluoro-benzyl)-2.5-trans-dimethyl-piperazine-1-carbonyl]-2,5-dimethyl-1H-
ol-3-y1}-N.N-dimethyl-2-oxo-acetamide

Step A
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o F (‘\NH
Ho)t\f\y \©\/N\) ] KL 9
- TR

EDCI

Tt

To 2,5-Dimethyl-1H-pyrrole-3-carboxylic acid (1.09 g) and 1-(4-Fluoro-benzyl)-trans-2,5-
dimethyl-piperazine (1.59 g) in CH,Cl, was added EDCI (1.51 g) and catalytic DMAP.
The reaction mixture was stirred at RT for 12 h at which time it F,0 was added. The mix
was extracted with CH,Cl,. The combined extracts were dried, filtered, and concentrated.
After column chromatography (silica gel, (1:2) ethyl acetate / hexane to (7:3) ethyl acetate /
hexane) 540 mg of the desired product was obtained.

Step B

(o]
COCH
F. J\N i A a) ({ 2
NS CHyCl,
b) Dimethylamine

A solution of (2,5-dimethyl-1H-pyrrol-3-yl)-[4-(4-fluoro-benzyl)-trans-2,5-
dimethyl-piperazine-1-yl]-methanone (340 mg) in CH,Cl; (25 mL)was cooled to 0 °C and a
solution of oxalyl chloride (2.0 M in CH;Cly, 2.0 mL) was added. Stirring was continued
for 1 h at 0 °C and then the mix was allowed to warm to RT and stir for 1 h. The solvent
was removed in vacuo and then replaced with CH;CL (25 mL). After cooling to 0 °C
dimethylamine (2.0 M solution in THF, 4.0 mL)was added dropwise. Stirring was
continued for 30 min at which time it was warmed to RT. After 30 min the reaction was
quenched with H,O and extracted with CH,Cl,. The combined extracts were dried, filtered,
and concentrated to yield the desired product which was purified by silica gel column
chromatography ((1:1) ethyl acetate / hexane to ethyl acetate followed by (95:5) ethyl
acetate / methanol to (90:10) ethyl acetate / methanol) to yield 60 mg of the product.
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ADDITIONAL EXAMPLES
E
Chmemn L2000
] PO(OEY), o _
A B [ D
Synthesis of D:

STEP 1: The phosphonate A (38.4 g) and the piperidone B (35.4) were dissolved in
anhydrous dimethylformamide (400 mL). To this sodium hydride (60% suspension in oil)
was added in portions while the reaction is maintained at 0°C. After the addition of sodium
hyride was complete the reaction mixture was stirred for 30 min. and then the ice bath was
removed, the reaction was allowed to stir for 6h as it slowly warmed to ambient
temperature. The reaction was again cooled in an ice bath and quenched with methanol.
‘Water was added to the reaction mixture, and the product extracted with ethyl acetate. The
ethyl acetate layer was washed with saturated sodium chloride and dried over anhydrous
magnesium sulfate. The solvent was removed to gives the crude alkene, which is purified
by column chromatography eluting with ethyl acetate/hexane (1:9) to give 21.8 g of the
desired product C.

STEP 2: 10 .1 g of C was dissolved in 50 mL methanol. After purging the solution
with nitrogen, 5% Palladium on carbon (1g) catalyst was added followed by 1 mL acetic
acid. The parr container containing the reaction mixture was hydrogenated for 4 h at 40-50
psi. The reaction mixture was filtered through celite and concentrated. The residue was
treated with 2 M hydrochloric acid in ether to convert to the hydrochloric acid salt. The
white solid that was obtained was dried under vacuum, extensively, to give 7.8 g of D as

the hydroc]ﬂoric acid salt.
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Synthesis of II:

STEP 1: To a solution of dimethyl piperazine I (25g) in 300 m1 of absolute ethanol
was added 400 ml of 2N hydrogen chloride in diethyl ether. The solution was warmed to 70
°C in an oil bath for 20 minutes. The solution was then cooled to room temperature and set
at 6 °C overnight. The solid obtained, was collected by filtration. Yield 39.8 g
(dihydrochloride salt of trans-2,5 dimethylpiperazine) after drying overnight under high
vacuum.

STEP 2: An ethanol solution of 42.9g of dimethyl piperazine dihydrochloride from
STEP 1 and 26.1g trans-2,5 dimethylpiperazine was vigorously stirred in an oil bath at 80
°C until all starting materials were dissolved. The temperature of oil bath was reduced to 65
°C and 33.1g of 4-fluro benzylchloride was added. After stirring at this temperature for 30
min., the solution was placed in a 6 °C refrigerator overnight. The solid was removed from
the solution by filtration and excess of 2N hydrogen chloride in diethyl ether was added to
the filtrate. The filtrate was kept at 6 °C overnight and the solid collected. The solid was
suspended in 5% sodium hydroxide aqﬁeous solution and extracted three times with ethyl
acetate. The organic layer was dried over sodium sulfate and dried down to give a yellow
oil.

STEP 3: A solution of 50.7 g (L)-tartaric acid in 130 ml of boiling methanol was
added to 70 ml of hot methanol solution of 37.5 g of the product from STEP 2. The
solution was set at 6 °C for 96 hours before collection of white fine crystals by filtration.
This material was recrystallized from boiling methanol. The product was collected by
filtration after being kept at a 6 °C overnight. Yield 30.5 g of ditartaric acid salt ([a]=+
43.2°, c=1).
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Claimsg

1. A compound of the formula:

1
/-)H_X(R In

Arl — 12 7! N—L'— AP ——7

and the pharmaceutically acceptable salts thereof, or a pharmaceutical composition
thereof, wherein:

Ar! is an aryl group substituted with 0-5 non-interfering substituents, wherein two
adjacent noninterfering substituents can form a fused aromatic or nonaromatic ring;

L! and L? are linkers;

each R is independently a noninterfering substituent;

7! is CR? or N wherein R is hydrogen or anoninterfering substituent;

m is 0-4;

each of n and p is an integer from 0-2 wherein the sum of n and p is 0-3;

Ar? is a substantially planar, monocyclic or polycyclic aromatic moiety having one
or more optional ring heteroatoms, said moiety being optionally substituted with one or
more non-interfering substituents, two or more of which may form a fused ring;

Z is -W;-COX;Y wherein Y is COR? or an isostere thereof; Rlisa noninterfering
substituent, each of W and X is a spacer of 2-6 A, and each éf iandj is independently 0 or
1
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wherein the smallest number of covalent bonds in the compound separating the
atom of Ar' bonded to L? to the atom of Ar® bonded to L' is at least 6, where each of said
bonds has a bond length of 1.2 to 2.0 angstroms; and/or wherein the distance in space
between the atom of Ar' bonded to 12 and the atom of Ar? bonded to L' is 4.5-24
angstroms;
with the proviso that the portion of the compound represented by Ar’-Z is not
®e

wherein \‘ represents a single or double bond; n is 0-3; one 72 is CA or CRA and
the other is CR, CR;, NR or Nj; A is -W;-COX;Y wherein Y is COR or an isostere thereof,
each of W and X is a spacer of 2-64, and each of i and j is independently 0 or 1; 7% isNR
or 0; and each R is independently hydrogen or a noninterfering substituent.

2. The compound of claim 1 wherein said smallest number of bonds is 6-12.

3. The compound of claim 1 wherein Z is COXjCOR?, and

wherein R® is H, or is straight or branched chain alkyl, alkenyl, alkynyl, aryl,
arylalkyl, heteroalkyl, heteroaryl, or heteroarylalkyl, each optionally substituted with halo,
alkyl, heteroalkyl, SR, SOR, SO:R, SO:NR», OR, NR2, OCOR, NRCOR, NRCONR;,
NRSO;R, NRSO;NR,, OCONR;, CN, COOR, CONR;, COR, or R3Si wherein each R is
independently H, alkyl, alkenyl or aryl or the heteroatom-containing forms thereof, or

wherein R® is OR, NR;, SR, NRCONR;, OCONR;, or NRSO,NR;, wherein each R
is independently H, alkyl, alkenyl or aryl or the heteroatom-containing forms thereof, and
wherein two R attached to the same atom may form a 3-8 member carbocyclic or
heterocyclic ring and wherein said ring may further be substituted by alkyl, alkenyl, alkynyl,
aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, each optionally substituted with
halo, SR, OR, NR;, OCOR, NRCOR, NRCONRz, NRSO;R, NRSO;NR;, OCONRy, or R3Si
wherein each R is independently H, alkyl, alkenyl or aryl or the heteroatom-containing
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forms thereof wherein two R attached to the same atom may form a 3-8 member ring,
optionally substituted as above defined; and

X, if present, is CR, where R is as defined above.
4. The compound of claim 1 wherein Y is an isostere of COR’.

5. The compound of claim 4 wherein Y is tetrazole; 1,2,3-triazole;

1,2,4-triazole; or imidazole.

6. The compound of claim 1 wherein each of i and j is 0.
7. The compound of claim 3 wherein j is 0.
8. The compound of claim 1 wherein —Ar’- comprises an optionally substituted

monocyelic or polycyelic aromatic nucleus, wherein said aromatic nucleus consists of
carbocyclic or heterocyelic ring selected from (i) a five-membered heterocyclic or
carbocyclic ring (ii) a six-membered carbocyclic or heterocyclic ring; (iii) a five-membered
carbocyclic or heterocycloc ring fused to another five-membered carbocyclic or
heterocyclic ring; (iv) a six-membered carbocyclic or heterocyclic ring fused to another six-
membered carbocyclic or heterocyclic ring; and (v) a five-membered heterocyclic or

carbocyclic ring fused to a six-membered carbocyclic or heterocyclic ring.

9. The compound of claim 8 wherein Ar” is selected from:
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where R is a noninterfering substituent.

10.

The compound of claim 8 wherein the portion of said compound represented

by L'-Ar*-Z is selected from the following:

whereinn is 0, 1 or 2; X' is NR, CR, O or S; and each R is independently H or a

noninterfering substituent; and two or more R groups may form a fused ring;
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‘wherein n is 0-4; R is H or a noninterfering substituent where two or more R groups

may form a fused ring; and one or more ring carbons may be optionally replaced with

nitrogen;
R R
\ Y AN
! Ilr l— z
/ /
5 m

wherein each n is inpendently 0 to 3; R is H or a noninterfering substituent, where
two or more R groups may form a fused ring; and one or more ring carbons may be

optionally replaced with nitrogen;

R), R R)a ®R),
ey )
AN b and N x!
(IV-a) (av-b)
10 wherein, subject to the proviso of claim 1, one B is L! and the other is Z; wherein a

is 0 to 4 such that the positions on the six membered rings (1) and (3) to which ®)a is
bonded can include X2 when X is C; b is 0 -3 such that the positions on the five-
membered rings (2) and (4) to which (R)y is bonded can include X? and X', when X is C
and X' is N or C; each X is independently N or CR; X'is NR, CRy, O or S; each Ris H or
15  anoninterfering substituent where two or more R groups may form a fused ring; wherein
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one or more of the ring carbons that are at positions other than X* or X' and that are also

not bound to B can be optionally replaced with N;

Ra /R ®)a Ro
>\X'Z/\\ B \ / B
e o

X X an

(V-2) ! (VA b)

wherein one B is L' and the other is Z; a is 0-4 such that the positions on the rings
5 (1) and (3) to which (R), can be bonded include X* and X' where X”is C and X' is Cor N;
b is 0 or 3 such that the positions on the rings (2) and (4) to which (R)» can be bonded
include X", X% and X® when X' is C or N and X* and/or X° are C; each X" is independently
NR, C(R), O or S; X and X are independently N or CR; each R is independently H or a
noninterfering substituent where two or more R groups can optionally form a fused ring;
10 wherein one or more of the ring carbons that are at positions other than X', X* or X°, and

that are also not bound to B, can be optionally replaced with N.
11.  The compound of claim 10 wherein L-Ar%-Z is structure ().
12, The compound of claim 11 wherein X' in structure (I) is NR.
13.  The compound of claim 12 wherein X! in structure (T) is NE.
5 14.  The compound of claim 13 wherein R is methyl.
15.  The compound of claim 14 whereinn is 2.

16. The compound of claim 15 wherein structure (I) is:
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Iz

17. The compound of claim 16 where the compound is:

18.  The compound of claim 10 wherein L'-Ar*-Z is structure (II).

19.  The compound of claim 18 wherein the R in structure (II) is methoxy.
20.  The compound of claim 19 wherein n in structure (I) is 1.

21.  The compound of claim 20 wherein structure (II) is

L z

22.  The compound of claim 21 wherein the compound is:
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[¢] o
o (o]
I
23.  The compound of claim 10 wherein L!-Ar%-Z is structure (1II).

24.  The compound of claim 10 wherein L-Ar%-Z is structure (IV-2) or (IV-b).

25.  The compound of claim 24 wherein L'-Ar-Z is (IV-a) and both X” in
5  structure (IV-a) are nitrogen.

26.  The compound of claim 25 wherein structure (IV) is:
Z
/ N \
N ==

27.  The compound of claim 26 wherein the compound is:

O\N/
(o]
o]
F N ZTNTN
PN

10 28.  The compound of claim 8 wherein L'-Ar-Z is structure (V-a) or (V-b).

29.  The compound of claim 28 wherein L'-Ar*-Z is structure (V-a) and X and
Xin structure (V-2) are N.

30. The compound of claim 29 wherein at least one R in structure (V) is methyl.
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31, The compound of claim 29 wherein X' in structure (V) is S.

32. The compound of claim 31 wherein structure (V) is:

Z
N
s\< |
N
33.  The compound of claim 32 wherein the compound is:

o
o |

O Tog
%]/‘H(

34,  The compound of claim 1 wherein both nand p are 1.

35, The compound of claim 1 wherein 1! is CO, CHOH or CH,.

36. The compound of claim 35 wherein L' is CO.

37.  The compound of claim 1 wherein Z' is N.

38.  The compound of claim 1 wherein Z' is CR? wherein R? is H, OR, NR;, SR
or halo, wherein each R is independently H, alkyl, alkenyl or aryl or the heteroatom-

containing forms thereof.

39.  The compound of claim 1 wherein L? is alkylene (1-4C) or alkenylene
(1-4C) optionally substituted with a moiety selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl, arylalkyl, acyl, aroyl, heteroaryl, heteroalkyl, heteroalkenyl,
heteroalkynyl, heteroalkylaryl, NH-aroyl, halo, OR, NRz, SR, SOR, SO:R, OCOR,
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NRCOR, NRCONR;, NRCOOR, OCONR;, RCO, COOR, alkyl-OOR, SO;R, CONR3,
SO;NR;z, NRSO;NR;, CN, CF3, R3Si, and NO;, wherein each R is independently H, alkyl,
alkenyl or aryl or heteroforms thereof, and wherein two substituents on L can be joined to
form a non-aromatic saturated or unsaturated ring that includes 0-3 heteroatoms which are
0, S and/or N and which contains 3 to 8 members or said two substituents can be joined to
form a carbonyl moiety or an oxime, oximeether, oximeester or ketal of said carbonyl

moiety.
40.  The compound of claim 39 wherein L7 is unsubstituted alkylene.

41.  The compound of claim 39 wherein 1 is unsubstituted methylene,
methylene substituted with alkyl, or -CH=.

42, The compound of claim 1 wherein Ar' is optionally substituted with 0-5
substituents selected from the group consisting of alkyl, alkenyl, alkynyl, aryl, arylalkyl,
acyl, aroyl, heteroaryl, heteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkylaryl, NH-aroyl,
halo, OR, NRy, SR, SOR, SO;R, OCOR, NRCOR, NRCONR;, NRCOOR, OCONR;,
RCO, COOR, alkyl-OOR, SO;R, CONR;, SO;NR», NRSO;NR;, CN, CF3, R3Si, and NO,,
wherein each R is independently H, alkyl, alkenyl or aryl or heteroforms thercof, and
wherein two of said optional substituents on adjacent positions can be joined to form a
fused, optionally substituted aromatic or nonaromatic, saturated or unsaturated ring which

contains 3-8 members.
43.  The compound of claim 42 wherein Ar' is optionally substituted phenyl.

44, The compound of claim 43 wherein said optional substitution is by halo,
OR, or alkyl.

45.  The compound of claim 44 wherein said phenyl is unsubstituted or has 2

single substituent.
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46.  The compound of claim 1 wherein R' is selected from the group consisting
of alkyl, alkenyl, alkynyl, aryl, arylalkyl, acyl, aroyl, heteroaryl, heteroalkyl, heteroalkenyl,
heteroalkynyl, heteroalkylaryl, NH-aroyl, halo, OR, NR;, SR, SOR, SO;R, OCOR,
NRCOR, NRCONR;, NRCOOR, OCONR;, RCO, COOR, alkyl-OOR, SO3R, CONR;,
SO;NR;, NRSO;NR;, CN, CF3, R3Si, and NO,, wherein each R is independently H, alkyl,
alkenyl or aryl or heteroforms thereof and two of R on adjacent positions can be joined to
form a fused, optionally substituted aromatic or nonaromatic, saturated or unsaturated ring
which contains 3-8 members, or R*is=0 oran oxime, oximeether, oximeester or ketal
thereof.

47.  The compound of claim 46 wherein each R' is halo, OR, or alkyl.
48.  The compound of claim 47 whereinmis 0, 1, or 2.
49.  The compound of claim 48 wherein m is 2 and both R are alkyl.

50.  The compound of claim 10 wherein each of the non-interfering groups R,

when bonded to a ring carbon atom, are selected from the group consisting of:

(a) hydrogen, alkyl, alkenyl, alkynyl, aryl, arylalkyl, acyl, aroyl, heteroaryl,
heteroalkyl, heteroalkenyl, heteroalkynyl, heteroalkylaryl, NH-aroyl and halo; or

(b) or from OR, NRy, SR, SOR, SO;R, OCOR, NRCOR, NRCONR;, NRCOOR,
OCONR;, RCO, COOR, alkyl-OOR, SO;R, CONR;, SO;NR2, NRSO;NR;, CN, CF3, R;3Si,
and NO;, wherein each R in the preceding (b) selections is independently H, alkyl, alkenyl

or aryl or heteroforms thereof;

and wherein two of the non-interfering groups R can be joined to form a fused,
optionally substituted aromatic or nonaromatic, saturated or unsaturated ring which

contains 3-8 members.

51.  The compound of claim 50 wherein the non-interfering groups R are
independently selected from the group consisting of H, alkyl, acyl, aryl, arylalkyl,
49
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heteroalkyl, heteroaryl, halo, OR, NR;, SR, NRCOR, alkyl-OOR, RCO, COOR, and CN,
wherein each R is independently H, alkyl, or aryl or heteroforms thereof.

52.  The compound of claim 10 wherein the noninterfering groups R, when

bonded to a nitrogen ring atom, are selected from the group consisting of:

5 (a) H, or alkyl, alkenyl, alkynyl, aryl, arylalkyl, acyl, aroyl, heteroaryl, heteroalkyl,
heteroalkenyl, heteroalkynyl, heteroalkylaryl; and

(b) SOR, SO:R, RCO, COOCR, alkyl-COR, SO;R, CONR;, SO-NR;, CN, CF;, or
R3Si wherein each R in the preceding (b) selections is independently H, alkyl, alkenyl or
aryl or heteroforms thereof. )

10 53. A pharmaceutical composition for treating conditions characterized by
enhanced p38-¢ activity which composition comprises
a therapeutically effective amount of a cornpound of the formula
1
P\ , R
Al — 12— 7! N—L'— AP ——7

P
and the pharmaceutically acceptable salts thereof, or a pharmaceutical composition
15 thereof, wherein:
Ar' is an aryl group substituted with 0-5 non-interfering substituents, wherein two
adjacent noninterfering substituents can form a fused aromatic or nonaromatic ring;
L' and L* are linkers;

each R' is independently a noninterfering substituent;

20 7' is CR? or N wherein R is hydrogen or a noninterfering substituent;

m is 0-4;

each of n and p is an integer from 0-2 wherein the sum of n and p is 0-3;

A? is a substantially planar, monocyclic or polycyclic aromatic moiety having one
or more optional ring heteroatoms, said moiety being optionally substituted with one or

25  more non-interfering substituents, two or more of which may form a fused ring;

50



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(157) JP 2004-533989 A 2004.11.11

WO 02/046158 PCT/US01/43824

Zis -W;-COX;Y wherein Y is COR? or an isostere thereof; R*is a noninterfering
substituent, each of W and X is a spacer of 2-6 A, and each of i and j is independently 0 or
1

wherein the smallest number of covalent bonds in the compound separating the

5 atom of Ar' bonded to L? to the atom of Ar* bonded to L' is at least 6, where each of said

bonds has a bond length of 1.2 to 2.0 angstroms; and/or wherein the distance in space
between the atom of Ar" bonded to L? and the atom of Ar* bonded to L' is 4.5-24
angstroms;

with the proviso that the portion of the compound represented by Ar’-Z is not

R)n

10 123
‘wherein \ represents a single or double bond; n is 0-3; one 72 is CA or CRA and
the other is CR, CR,, NR or N; A is -W;-COX;Y wherein Y is COR or an isostere thereof,
each of W and X is a spacer of 2-6A, and each of i and j is independently 0 or 1; Z* is NR
or O; and each R is independently hydrogen or a noninterfering substituent.
15 54.  The pharmaceutical composition of claim 53 wherein said smallest number
of bonds is 6-12.
55.  The composition of claim 53 which further contains an additional
therapeutic agent.
56.  The composition of claim 55 wherein said additional therapeutic agent is a

20  corticosteroid, a monoclonal antibody, or an inhibitor of cell division.

57. A method to treat a condition mediated by p38-akinase comprising

administering to a subject in need of such treatment a compound of the formula:
1
/@n—\ Ry
\
A —1— 7! N—L'—Af—7z
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and the pharmaceutically acceptable salts thereof, or a pharmaceutical composition
thereof, wherein

Ar' is an aryl group substituted with 0-5 non-interfering substituents, wherein two
adjacent noninterfering substituents can form a fused aromatic or nonaromatic ring;

5 L' and L2 are linkers;

cachR!is independently a noninterfering substituent;

z! is CR? or N wherein R? is hydrogen or a noninterfering substituent;

mis 0-4;

each of n and p is an integer from 0-2 wherein the sum of n and p is 0-3;

10 Ar’ is a substantially planar, monocyclic or polycyclic aromatic moiety having one
or more optional ring heteroatoms, said moiety being optionally substituted with one or
more non-interfering substituents, two or more of which may form a fused ring;

Z is -W-COX;Y wherein Y is COR? or an isostere thereof: R*isa noninterfering
substituent, each of W and X is a spacer of 2-6 A, and each of i and j is iudepeudenﬂy Oor

15 1;

wherein the smallest number of covalent bonds in the compound separating the
atom of Ar' bonded to L? to the atom of Ar* bonded to L is at least 6, where each of said
bonds has a bond length of 1.2 to 2.0 angstroms; and/of wherein the distance in space
between the atom of Ar' bonded to L2 and the atom of Ar® bonded to L' is 4.5-24
20 angstroms;
with the proviso that the portion of the compound represented by Ar*-Z is not
(R)y 7
;\‘zz
o4
‘wherein \
the other is CR, CRz, NR or N; A is -W;-COX;Y wherein Y is COR or an isostere thereof,
25  each of W and X is a spacer of 2-6A, and each of i and j is independently 0 or 1; Z* is NR

Tepresents a single or double bond; n is 0-3; one Z2 is CA or CRA and

or 0; and each R is independently hydrogen or a noninterfering substituent,

58.  The method of claim 57 wherein said smallest number of bonds is 6-12.
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59.  The method of claim 57 wherein said condition is a proinflammation

response.

60.  The method of claim 59 wherein said proinflammation response is multiple
sclerosis, IBD, rheumatoid arthritis, rheumatoid spondylitis, osteoarthritis, gouty arthritis,
other arthritic conditions, sepsis, septic shock, endotoxic shock, Gram-negative sepsis,
toxic shock syndrome, asthma, adult respiratory distress syndrome, stroke, reperfusion
injury, CNS injury, psoriasis, restenosis, cerebral malaria, chronic pulmonary inflammatory
disease, silicosis, pulmonary sarcosis, a bone resorption disease, graft-versus-host reaction,

Crohn’s Disease, ulcerative colitis, Alzheimer’s, pyresis or heart disease.
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(S7) Abstract: ‘The invention is directed to inhibition of p38-ot kinase using compounds of the formula (1) and the pharmaceutically
accepluble salts thereof, or a pharmaceutical composition thereal, wherein: Arlis an aryl group substituted with 0-5 non-interlering
< subslituents, wherein two adjacent noninterfering substituents can (orm a (used aromatic or nonaromatic ring; T." and 1.2 are linkers;
cach R' is independently a noninterfering substitutent; Z' is CR2 or N wherein R? is hydrogen or 2 noninterfering substituent; m is
@O 0-4; cach of n and p is an integer from 0-2 wherein the some of nand p is 0-3; Ar® is a substantially planar, monocyclic or polyeyclic
) aromatic moiety having one or more optional ring heteroatoms, said moiety being optionally substituted with one or more optional
=4 ring heleroatoms, suid moiety being optionally substituled with one or more non-interfering substituents, two or more of which may
lorm a [used rin; is W-COX;Y wherein Y is COR® or an isolere thereol; R* is a noninterfering substituent, each of W and X
& is & spacer of 26 A, and cach of § and j is independently O or 1 whercin the smallest number of covalent bonds is Lhe compound
==, scpararing the atom of Ar' bonded to L2 to the atom of Ar? bonded to L' is at lcast 6, where each of said bonds has a bond length of
= 1.2 to 2.0 angstroms; and/or wherein the distance in space between the atom of Ar' bonded to L? and the atom of Ar* bonded to L'
is 4.5-24 angstroms; with the proviso that the protion of the compound represented by Ar>-/. is not formula (2) wherein formula (3)
represents a singel or double bond; n is 0-3; one 72 is CA or CRA and the other is CR, CRz, NR or N; A is Wi-COX;Y wherein Y
B is COR or an sostere thereol,, cach of W and X is a spacer of 2-6A, and cach of i and | is independently 0 ot 1; 2 is NR ar O; and
cach R independently hydrogen or a momi ing substituen.
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Continuation of Box I.2

Claims Nos.: 1-16 (in part) 18-21 (in part) 23-26 (in part) 28-32 (in
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Present claims 1-16, 18-21, 23-26, 28-32, 34-60 relate to an extremely
targe number of possible compounds, compositions and methods. Support
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page 9, line 19)

% Z = C(0)Y (j=0 and i=0 : see page 12, lines 4-10)

C(0) or an isostere as described on page 13

Y

The applicant’s attention is drawn to the fact that claims, or parts of
claims, retating to inventions in respect of which no international
search report has been established need not be the subject of an
international preliminary examination (Rute 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examination on matter which has not been searched. This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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