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CYCLIC PROTEIN TYROSINE KINASE
INHIBITORS

[0001] This application is a continuation-in-part applica-
tion of U.S. application Ser. No. 09/548,929, filed on Apr.
13,2000, which claims priority from provisional U.S. Appli-
cation Serial No. 60/129,510, filed on Apr. 15, 1999, the
entire contents of which are incorporated herein by refer-
ence.

FIELD OF THE INVENTION

[0002] The present invention relates to cyclic compounds
and salts thereof, to methods of using such compounds in
treating protein tyrosine kinase-associated disorders such as
immunologic and oncologic disorders, and to pharmaceuti-
cal compositions containing such compounds.

BACKGROUND OF THE INVENTION

[0003] Protein tyrosine kinases (PTKs) are enzymes
which, in conjuction with ATP as a substrate, phosphorylate
tyrosine residues in peptides and proteins. These enzymes
are key elements in the regulation of cell signaling including
cell proliferation and cell differentiation. PTKs comprise,
inter alia, receptor tyrosine kinases (RPTKSs), including
members of the epidermal growth factor kinase family (e.g.,
HER1 and HER?2), platelet derived growth factor (PDGF),
and kinases that play a role in angiogenesis (Tie-2 and
KDR); and, in addition, non-receptor tyrosine kinases,
including members of the Syk, JAK and Src (e.g. Src, Fyn,
Lyn, Lck and BIk) families (see Bolen, J. B., Rowley, R. B,,
Spana, C., and Tsygankov, A. Y., “The src family of tyrosine
protein kinases in hemopoietic signal transduction”, FASEB
J., 6, 3403-3409 (1992); Ullrich, A. and Schlessinger, J.,
“Signal transduction by receptors with tyrosine kinase activ-
ity”, Cell, 61, 203-212 (1990); and Ihle, J. N., “The Janus
protein tyrosine kinases in hematopoetic cytokine signal-
ing”, Sem. Immunol., 7, 247-254 (1995)).

[0004] Enhanced activity of PTKs has been implicated in
a variety of malignant and nonmalignant proliferative dis-
eases. In addition, PTKs play a central role in the regulation
of cells of the immune system. PTK inhibitors can thus
impact a wide variety of oncologic and immunologic dis-
orders. Such disorders may be ameliorated by selective
inhibition of a certain receptor or non-receptor PTK, such as
Lck, or due to the homology among PTK classes, by
inhibition of more than one PTK by an inhibitor.

[0005] A PTK of particular interest is Lck which is found
in T cells where it is involved in phosphorylating key protein
substrates. It is required for productive antigen receptor
signaling and cell activation. In the absence of Lck activity,
the T cell receptor (TCR) zeta chain is not phosphorylated,
the kinase ZAP-70 is not activated, and Ca®>* mobilization
essential for T cell activation does not occur (see Weiss, A.
and Littman, D. R., “Signal transduction by lymphocyte
antigen receptors”, Cell, 76, 263-274 (1994); Iwashima, M.,
Irving, B. A, van Oers, N. S. C., Chan, A. C., and Weiss, A.,
“Sequential interactions of the TCR with two distinct cyto-
plasmic tyrosine kinases”, Science, 263, 1136-1139 (1994);
and Chan, A. C., Dalton, M., Johnson, R., Kong, G., Wang,
T., Thoma, R., and Kurosaki, T., “Activation of ZAP-70
kinase activity by phosphorylation of tyrosine 493 is
required for lymphocyte antigen receptor function”, EMBO
J., 14, 2499-2508 (1995)). Inhibitors of Lek are thus useful
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in the treatment of T-cell mediated disorders such as chronic
diseases with an important T cell component, for example
rheumatoid arthritis, multiple sclerosis and lupus, as well as
acute diseases where T cells are known to play an essential
role, for example acute transplant rejection and delayed-type
hypersensitivity (DTH) reactions.

SUMMARY OF THE INVENTION

[0006] The present invention provides cyclic compounds
of the following formula I and salts thereof, for use as
protein tyrosine kinase inhibitors:

Ry Xy
Rz\ 7 X2
N N—R
—Ry
R3/ /
Rs
[0007] where
[0008] Qis:

[0009] (1) a 5-membered heteroaryl ring;
[0010] (2) a 6-membered heteroaryl ring; or
[0011] (3) an aryl ring;

[0012] optionally substituted with one or more
groups R;

[0013] Zis:
[0014] (1) a single bond;
[0015] (2) —R,;5C=CH—; or
[0016] (3) —(CH,),,—, where m is 1 to 2;

[0017] X, and X, are each hydrogen, or together form
=0 or =S;

[0018] R, is:
[0019] (1) hydrogen or R,

[0020] where Ry is alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, cycloalkenyl,
cycloalkenylalkyl, aryl, aralkyl, heterocyclo, or
heterocycloalkyl, each of which is unsubstituted
or substituted with Z,, Z, and one or more (pref-
erably, one or two) groups Zs;

[0021] (2) —OH or —ORg;
[0022] (3) —SH or —SR;
[0023] 4) —C(0),H, —C(0) R, or

—O0—C(0)R¢, where q is 1 or 2;

[0024] (5) —SO;H or —S(O)R;
[0025] (6) halo;

[0026] (7) cyano;

[0027] (8) nitro;

[0028] (9) -Z,-NR.R;

[0029] (10) -Z,-N(Ro)-Zs-NR,OR;;
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[0030] (11) -Z,-N(R.,)-ZsR;
[0031] (12) —P(O)(OR,);
[0032] R, and R, are each independently:
[0033] (1) hydrogen or Rg;
[0034] (2) -Z,-R; or
[0035] (3) -Z,,-NR,R,;
[0036] R, and Rs:

[0037] (1) are each independently hydrogen or Rg;

[0064] R,sis:

[0065]
[0066]
[0067]
[0068]
[0069]

(1) hydrogen;
(2) alkyl;

(3) aryl;

(4) arylalkyl; or
(5) cycloalkyl;

[0070] Z, Z, and Z, are each independently:

[0071]

(1) hydrogen or Z, where Z is (i) alkyl,

[0038] (2) -Z,-N(Ro)-Zs-NR; R,
[0039] (3) —N(Ry)Z,R; or

[0040] (4) together with the nitrogen atom to which
they are attached complete a 3- to 8-membered
saturated or unsaturated heterocyclic ring which is
unsubstituted or substituted with Z,, Z, and Z,
which heterocyclic ring may optionally have fused to
it a benzene ring itself unsubstituted or substituted
with Z,, Z, and Z;;

[0041] R, Rg Ry, R, o, Ry; and Ry
[0042] (1) are each independently hydrogen or Rg;

[0043] (2) R, and Ry may together be alkylene, alk-
enylene or heteroalkyl, completing a 3- to 8-mem-
bered saturated or unsaturated ring with the nitrogen
atom to which they are attached, which ring is
unsubstituted or substituted with Z,, Z, and Z5; or

[0044] (3) any two of Ry, R, and R;; may together
be alkylene or alkenylene completing a 3- to 8-mem-
bered saturated or unsaturated ring together with the
nitrogen atoms to which they are attached, which
ring is unsubstituted or substituted with Z,, Z, and
Z;

[0045] R, ;is:
[0046] (1) cyano;
[0047] (2) nitro;
[0048] (3) —NH.;
[0049] (4) —NHOalkyl,
[0050] (5) —OH;
[0051] (6) —NHOaryl;
[0052] (7) —NHCOOalkyl,
[0053] (8) —NHCOOaryl;
[0054] (9) —NHSO,alkyl;
[0055] (10) —NHSO,aryl;
[0056] (11) aryl;
[0057] (12) heteroaryl,
[0058] (13) —Oalkyl; or
[0059] (14) —Oaryl;
[0060] R, is:
[0061] (1) —NO,;
[0062] (2) —COOalkyl; or
[0063] (3) —COOaryl;

alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
cycloalkenyl, cycloalkenylalkyl, aryl, aralkyl, alky-
laryl, cycloalkylaryl, heterocyclo, or heterocy-
cloalkyl; (ii) a group (i) which is itself substituted by
one or more of the same or different groups (i); or
(iii) a group (i) or (ii) which is substituted by one or
more of the following groups (2) to (16) of the
definition of Z,, Z, and Z;;

[0072]
[0073]
[0074]
[0075]
[0076]
[0077]
[0078]
[0079]
[0080]
[0081]
[0082]
[0083]
[0084]
[0085]

(2) —OH or —O0Z,;
(3) —SH or —SZ;

(4) —C(0),H, C(0),Z, or —0—C(0) Z;
(5) —SO5H, —S(0),Z; or S(O),N(Zo)Zs;

(6) halo;

(7) cyano;

(8) nitro;

) Z.NZ,Z

(10) -Z,-N(Z)-Z5-NZ,Zg;

(11) -Z,-N(Z,0)-Zs-Zs;
(12) -Z,-N(Z,,)-Zs-H;
(13) oxo;

(14) —0—C(0)-Z;

(15) any two of Z,, Z,, and Z; may together be

alkylene or alkenylene completing a 3- to 8-mem-
bered saturated or unsaturated ring together with the
atoms to which they are attached; or

[0086] (16)anytwoofZ,,Z,, and Z, may together be

—O—(CH,),—O—,where ris 1 to 5, completing a
4- to 8-membered saturated or unsaturated ring
together with the atoms to which they are attached;

[0087] Z, and Zs are each independently:

[0088]
[0089]
[0090]
[0091]
[0092]
[0093]
[0094]
[0095]

(1) a single bond,
() 'Zn'S(O)q Z5
(3) Z14-C(O)-Zy2-;
(#) -Z11-C(S)-Zy2;
©) -Z14-0-Z,>;
(6) -Z14-S-Z15;

(7) -Z,,-0—C(0)-Z,,-; or

(®) -Z1;-C(0)—0-Z 15
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[0096] Z., Zg Zg and Z,,:
[0097] (1) are each independently hydrogen or Zg;

[0098] (2)Z,and Z, or Z, and Z,0, may together be
alkylene or alkenylene, completing a 3- to 8-mem-
bered saturated or unsaturated ring together with the
atoms to which they are attached, which ring is
unsubstituted or substituted with Z,, Z, and Z5; or

[0099] (3) Z, or Z, together with Z,, may be alky-
lene or alkenylene completing a 3- to 8-membered
saturated or unsaturated ring together with the nitro-
gen atoms to which they are attached, which ring is
unsubstituted or substituted with Z,, Z, and Z;

[0100] Z,, and Z,, are each independently:
[0101] (1) a single bond;
[0102] (2) alkylene;
[0103] (3) alkenylene; or
[0104] (4) alkynylene; and
[0105] Z,5is:

[0106] (1) a single bond;
[0107] (2) -Z11-S(0)y-Z;5-;
[0108] (3) -Z,,-C(0)-Z,-;
[0109] (4) -Z,,-C(S)-Z,»;
[0110] (5) -Z,4-O-Z,,-;

[0111] (6) -Z,,-S-Z,,-;

[0112] (7) -Z,,-O—C(0)-Z,,;
[0113] (8) -Z,;-C(0)—O-Z,,~;
[0114] (9) —C(NR,5)—;
[0115] (10) —C(CHR,)—; or
[0116] (11) —C(C(R,.,),)—

[0117] Compounds within formula I include compounds
of the following formula II and salts thereof:

II
Ry A Ry
\ n
N—@ R
/ N

X3

[0118] where
[0119] nislor2
[0120] A is selected from carbon and nitrogen;

[0121] B is selected from nitrogen, oxygen and
sulfur;

[0122] X, is oxygen or sulfur; and

[0123] R,, R,, R;, R, and Ry are as described
above.
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DETAILED DESCRIPTION OF THE
INVENTION

[0124] The following are definitions of terms used in this
specification. The initial definition provided for a group or
term herein applies to that group or term throughout the
present specification, individually or as part of another
group, unless otherwise indicated.

[0125] The terms “alk” or “alkyl” refer to straight or
branched chain hydrocarbon groups having 1 to 12 carbon
atoms, preferably 1 to 8 carbon atoms. The expression
“lower alkyl” refers to alkyl groups of 1 to 4 carbon atoms.

[0126] The term “alkenyl” refers to straight or branched
chain hydrocarbon groups of 2 to 10, preferably 2 to 4,
carbon atoms having at least one double bond. Where an
alkenyl group is bonded to a nitrogen atom, it is preferred
that such group not be bonded directly through a carbon
bearing a double bond.

[0127] The term “alkynyl” refers to straight or branched
chain hydrocarbon groups of 2 to 10, preferably 2 to 4,
carbon atoms having at least one triple bond. Where an
alkynyl group is bonded to a nitrogen atom, it is preferred
that such group not be bonded directly through a carbon
bearing a triple bond.

[0128] The term “alkylene” refers to a straight chain
bridge of 1 to 5 carbon atoms connected by single bonds
(e.g., —(CH,),— wherein x is 1 to 5), which may be
substituted with 1 to 3 lower alkyl groups.

[0129] The term “alkenylene” refers to a straight chain
bridge of 2 to 5 carbon atoms having one or two double
bonds that is connected by single bonds and may be sub-
stituted with 1 to 3 lower alkyl groups. Exemplary alk-
enylene groups are —CH=CH—CH=CH—, —CH,—
CH=CH—, —CH,—CH=CH—CH,—,
—C(CH;),CH=CH— and —CH(C,H;)—CH=CH—.

[0130] The term “alkynylene” refers to a straight chain
bridge of 2 to 5 carbon atoms that has a triple bond therein,
is connected by single bonds, and may be substituted with 1
to 3 lower alkyl groups. Exemplary alkynylene groups are
—C=C—, —CH,—C=C—, —CH(CH,)—C=C— and
—C=C—CH(C,H5)CH,—.

[0131] The terms “ar” or “aryl” refer to aromatic cyclic
groups (for example 6 membered monocyclic, 10 membered
bicyclic or 14 membered tricyclic ring systems) which
contain 6 to 14 carbon atoms. Exemplary aryl groups include
phenyl, naphthyl, biphenyl and anthracene.

[0132] The terms “cycloalkyl” and “cycloalkenyl” refer to
cyclic hydrocarbon groups of 3 to 12 carbon atoms.

[0133] The terms “halogen” and “halo” refer to fluorine,
chlorine, bromine and iodine.

[0134] The term “unsaturated ring” includes partially
unsaturated and aromatic rings.

[0135] The terms “heterocycle”, “heterocyclic” or “het-
erocyclo” refer to fully saturated or unsaturated, including
non-aromatic (i.e. “heterocycloalkyl) and aromatic (i.e.
“heteroaryl”) cyclic groups, for example, 4 to 7 membered
monocyclic, 7 to 11 membered bicyclic, or 10 to 15 mem-
bered tricyclic ring systems, which have at least one het-
eroatom in at least one carbon atom-containing ring. Each
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ring of the heterocyclic group containing a heteroatom may
have 1, 2, 3 or 4 heteroatoms selected from nitrogen atoms,
oxygen atoms and/or sulfur atoms, where the nitrogen and
sulfur heteroatoms may optionally be oxidized and the
nitrogen heteroatoms may optionally be quaternized. The
heterocyclic group may be attached at any heteroatom or
carbon atom of the ring or ring system.

[0136] Exemplary monocyclic heterocyclic  groups
include pyrrolidinyl, pyrrolyl, pyrazolyl, oxetanyl, pyrazoli-
nyl, imidazolyl, imidazolinyl, imidazolidinyl, oxazolyl,
oxazolidinyl, isoxazolinyl, isoxazolyl, thiazolyl, thiadiaz-
olyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, furyl, tet-
rahydrofuryl, thienyl, oxadiazolyl, piperidinyl, piperazinyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl,
2-oxoazepinyl, azepinyl, 4-piperidonyl, pyridinyl, pyrazi-
nyl, pyrimidinyl, pyridazinyl, tetrahydropyranyl, morpholi-
nyl, thiamorpholinyl, thiamorpholinyl sulfoxide, thiamor-
pholinyl sulfone, 1,3-dioxolane and tetrahydro-1,1-
dioxothienyl, triazolyl, triazinyl, and the like.

[0137] Exemplary bicyclic heterocyclic groups include
indolyl, benzothiazolyl, benzoxazolyl, benzodioxolyl, ben-
zothienyl, quinuclidinyl, quinolinyl, tetra-hydroisoquinoli-
nyl, isoquinolinyl, benzimidazolyl, benzopyranyl, indoliz-
inyl, benzofuryl, chromonyl, coumarinyl, benzopyranyl,
cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl, furopy-
ridinyl (such as furo[2,3-c]pyridinyl, furo[3,2-b]pyridinyll
or furo[2,3-b]pyridinyl), dihydroisoindolyl, dihydro-
quinazolinyl (such as 3,4-dihydro-4-oxo-quinazolinyl), tet-
rahydroquinolinyl and the like.

[0138] Exemplary tricyclic heterocyclic groups include
carbazolyl, benzidolyl, phenanthrolinyl, acridinyl, phenan-
thridinyl, xanthenyl and the like.

[0139] The term “heteroaryl” refers to aromatic heterocy-
clic groups.

[0140] Exemplary heteroaryl groups include pyrrolyl,
pyrazolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, thia-
diazolyl, isothiazolyl, furyl, thienyl, oxadiazolyl, pyridinyl,
pyrazinyl, pyrimidinyl, pyridazinyl, triazolyl, triazinyl, and
the like.

[0141] Where q is 1 or 2, “—C(O),H” denotes
—C(0)—H or —C(0)—OH; “—C(0) R " or “—C(0),Z,”
denote, respectively, —C(0O)—R; or —C(O)—OR,, or
—C(0)-Z, or —C(0)—0Z; “—0—C(0)R,” or “—O—
C(0),Zs” denote, respectively, —O—C(O)—R,; or
—0—C(0)—OR,, or —O—C(0)-Zs or —O—C(0)—
O0Zs; and “—S(0) R” or “—8(0),Zs” denote, respectively,
—SO—R, or —SO,—R,, or —SO-Z, or —SO,-Z,.

[0142] Compounds of the formula I may in some cases
form salts which are also within the scope of this invention.
Reference to a compound of the formula I herein is under-
stood to include reference to salts thereof, unless otherwise
indicated. The term “salt(s)”, as employed herein, denotes
acidic and/or basic salts formed with inorganic and/or
organic acids and bases. Zwitterions (internal or inner salts)
are included within the term “salt(s)” as used herein (and
may be formed, for example, where the R substituents
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comprise an acid moiety such as a carboxyl group). Also
included herein are quaternary ammonium salts such as
alkylammonium salts. Pharmaceutically acceptable (i.e.,
non-toxic, physiologically acceptable) salts are preferred,
although other salts are useful, for example, in isolation or
purification steps which may be employed during prepara-
tion. Salts of the compounds of the formula I may be formed,
for example, by reacting a compound I with an amount of
acid or base, such as an equivalent amount, in a medium
such as one in which the salt precipitates or in an aqueous
medium followed by lyophilization.

[0143] Exemplary acid addition salts include acetates
(such as those formed with acetic acid or trihaloacetic acid,
for example, trifluoroacetic acid), adipates, alginates, ascor-
bates, aspartates, benzoates, benzenesulfonates, bisulfates,
borates, butyrates, citrates, camphorates, camphorsul-
fonates, cyclopentanepropionates, digluconates, dodecylsul-
fates, ethanesulfonates, fumarates, glucoheptanoates, glyc-
erophosphates, hemisulfates, heptanoates, hexanoates,
hydrochlorides, hydrobromides, hydroiodides, 2-hydroxy-
ethanesulfonates, lactates, maleates, methanesulfonates,
2-naphthalenesulfonates, nicotinates, nitrates, oxalates, pec-
tinates, persulfates, 3-phenylpropionates, phosphates,
picrates, pivalates, propionates, salicylates, succinates, sul-
fates (such as those formed with sulfuric acid), sulfonates
(such as those mentioned herein), tartrates, thiocyanates,
toluenesulfonates, undecanoates, and the like.

[0144] Exemplary basic salts (formed, for example, where
the R substituents comprise an acidic moiety such as a
carboxyl group) include ammonium salts, alkali metal salts
such as sodium, lithium, and potassium salts, alkaline earth
metal salts such as calcium and magnesium salts, salts with
organic bases (for example, organic amines) such as benza-
thines, dicyclohexylamines, hydrabamines, N-methyl-D-
glucamines, N-methyl-D-glucamides, t-butyl amines, and
salts with amino acids such as arginine, lysine and the like.
The basic nitrogen-containing groups may be quaternized
with agents such as lower alkyl halides (e.g. methyl, ethyl,
propyl, and butyl chlorides, bromides and iodides), dialkyl
sulfates (e.g. dimethyl, diethyl, dibutyl, and diamyl sulfates),
long chain halides (e.g. decyl, lauryl, myristyl and stearyl
chlorides, bromides and iodides), aralkyl halides (e.g. benzyl
and phenethyl bromides), and others.

[0145] Prodrugs and solvates of the compounds of the
invention are also contemplated herein. The term “prodrug™,
as employed herein, denotes a compound which, upon
administration to a subject, undergoes chemical conversion
by metabolic or chemical processes to yield a compound of
the formula I, or a salt and/or solvate thereof. Solvates of the
compounds of formula I are preferably hydrates.

[0146] All stereoisomers of the present compounds, such
as those which may exist due to asymmetric carbons on the
R substituents of the compound of the formula I, including
enantiomeric and diastereomeric forms, are contemplated
within the scope of this invention. Individual stereoisomers
of the compounds of the invention may, for example, be
substantially free of other isomers, or may be admixed, for
example, as racemates or with all other, or other selected,
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stereoisomers. The chiral centers of the present invention
can have the S or R configuration as defined by the IUPAC
1974 Recommendations.

[0147] Throughout the specification, groups and substitu-
ents thereof are chosen to provide stable moieties and
compounds.

Preferred Compounds

[0148] Preferred compounds of the present invention are
compounds of the formula I, and salts thereof, wherein Q is
thiazole and wherein one or more, and especially all, of Z,
X1, X2 R;, R,, R;, R,, and Ry are selected from the
following definitions:

[0149] Z is a single bond;

[0150] R, isselected from hydrogen, halo, alkyl, aryl,
alkoxy, alkoxycarbonyl, or aryloxycarbonyl and is
more preferably hydrogen;

[0151] X, and X, together form =0 or =S and more
preferably form =O0;

[0152] R, is hydrogen;

[0153] R, isselected from -Z,-R, or -Z,5-NR,Rg and
is more preferably -Z,-R, wherein Z, is a single bond
and Ry is aryl or heteroaryl which is unsubstituted or
substituted with Z,, Z, and one or more (preferably,
one or two) groups Z,;

[0154] R, is hydrogen; and

[0155] R, isselected from aryl groups or heteroaryl groups
which are substituted with Z,, Z, and one or more (such as
one or two) groups Z .

Methods of Preparation

[0156] The compounds of the formula I may be prepared
by methods such as those illustrated in the following
Schemes A through E and I through XI. Solvents, tempera-
tures, pressures, and other reaction conditions may readily
be selected by one of ordinary skill in the art. All documents
cited are incorporated herein by reference in their entirety.
Starting materials are commercially available or readily
prepared by one of ordinary skill in the art. Constituents of
compounds are as defined elsewhere in the specification or
as specifically defined in a scheme.

[0157] The methods described herein may be carried out
with starting materials and/or reagents in solution or alter-
natively, where appropriate, with one or more starting mate-
rials or reagents bound to a solid support (see (1) Thompson,
L. A, Ellman, J. A., Chemical Reviews, 96, 555-600 (1996);
(2) Terrett, N. K., Gardner, M., Gordon, D. W., Kobylecki,
R. I, Steele, J., Tetrahedron, 51, 8135-8173 (1995); (3)
Gallop, M. A., Barrett, R. W., Dower, W. J., Fodor, S. P. A,,
Gordon, E. M., Journal of Medicinal Chemistry, 37, 1233-
1251 (1994); (4) Gordon, E. M., Barrett, R. W., Dower, W.
J,, Fodor, S. P. A,, Gallop, M. A., Journal of Medicinal
Chemistry, 37, 1385-1401 (1994); (5) Balkenhohl, F., von
dem Bussche-Hiinnefeld, Lansky, A., Zechel, C,
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Angewandte Chemie International Edition in English, 35,
2288-2337 (1996); (6) Balkenhohl, F., von dem Bussche-
Hiinnefeld, Lansky, A., Zechel, C., Angewandte Chemie,
108, 2436-2487 (1996); and (7) Sofia, M. J., Drugs Discov-
ery Today, 1, 27-34 (1996)).

Scheme A
Ry
HZN@ COOR*
Z/

i

for Rpand R3=H
(1) saponification
base/RoL

(2)forRy = H, @ RS\N/R4
base/R;L |
L =leaving group H

(1) for Ry = H,

iii

Ry
R
/ /COOR*
Ry Z
i
Ryand/or Ry = H

(1) saponification
() Rs_ Ry

T—2Z

Ry R, O
ML
R{ VA N/ f
:
Ia
X1, X2=0

[0158] Scheme A illustrates a general method for forming
compound 1a, which is a compound of the formula I where
X, and X, together form =O. As shown in Scheme A,
compound 1a where R, and R; are hydrogen may be formed
by saponification of i, (R* is a carboxyl protecting group
such as alkyl or arylalkyl) followed by reaction with amine
iii by methods known in the art. Alternatively i may be
reacted with R,L, where L is a leaving group such as
halogen (for example, in equimolar portions), optionally
followed by reaction with R,L (for example, in equimolar
portions) to form ii. Also alternatively, i may be subjected to
reductive amination using the appropriate aldehyde or
ketone to form ii. The compound 1i may then be saponified
and reacted with amine iii, under conditions known to those
skilled in the art, to form Ia where R, and/or R; are other
than hydrogen.
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[0159] Methods for preparing preferred substituents on the
compounds I are illustrated in the following Schemes I to
XI.
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with an alkyl(triphenylphosphorylidene) acetate to form
carboxylate vi. Compound vi can be saponified and then
reacted with an amine iii by methods known to those skilled

Scheme B
R RONO/CuX, R R
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X
= 2 H R
COOR* N
vi Rs
il
Ry Ry For Ry and/or R3 °H RZ\ Ry Ry
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/ N » / N
~ ~
Rs L R R; Rs
N
O O
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vii b
7 =— CH=CH,
For Ry, Ry = H X, %2=0
ArCHNH, [H] or
viii CF,SO;H/TFA
Rl R4
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/ s NG
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O
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[0160] Scheme B illustrates a general method for forming
compound 1b, which is a compound of formula I where Z is
—CH=CH— and X, and X, together form =0. As shown
in Scheme B, a 2-halo-compound vi can be prepared by
reacting an appropriately substituted 2-amino-compound 1a
with copper (ii) halide and an alkyl nitrite such as tert-butyl
nitrite in an aprotic solvent such as acetonitrile to form
2-halo-compound iv (see J. Het. Chem. 22, 1621 (1985)).
Compound iv can be reduced with a reducing agent such as
sodium borohydride in ethanol or aqueous tetrahydrofuran
to form an alcohol, which can be oxidized with an oxidizing
agent such as pyridinium chlorochromate or pyridinium
dichromate to form aldehyde v. Compound v can be reacted

in the art to form vii. Compound vii can be reacted with an
amine R,R;NH to form Ib where Z is —CH=CH— and X,
X, together form =0. Alternatively, compounds of formula
Ib where R, and R; are H, can be formed by reacting
compound vii with an appropriately substituted benzyl
amine such as 4methoxybenzyl amine to form compound ix,
which can be hydrogenolyzed or treated with an acid such as
trifluoromethanesulfonic acid and trifluoroacetic acid in the
presence of anisole to form Ib where R, and R; are hydro-
gen.

[0161] Methods for preparing preferred substituents on the
compounds I are illustrated in the following Schemes I to
XI.
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[0162] Scheme C illustrates a general method for forming
compound 1c, which is a compound of formula I where Z is
—R,;s;C=CH— and X, and X, together form =0. As
shown in Scheme C, a 2-amino-compound 1a can be reacted
with a chloroformate or dicarbonate to form x, which can be
saponified and treated with an organolithium reagent to form
compound xi. Compound xi may be reacted with an alkyl-
(triphenylphosphorylidene)acetate, followed by deprotec-
tion of the carbamate protecting group to form xii. Alterna-
tively, compound 1c where R, and R are hydrogen may be
formed by saponification of xii followed by reaction with an
amine R,R;NH by methods known to those skilled in the art.
Alternatively, compound xii may be reacted with R,I. where
L is a leaving group such as halogen (for example, in
equimolar portions), optionally followed by reaction with
R,L (for example, in equimolar portions) to form xiii, which
may be saponified and reacted with an amine R,R;NH by

COOR*

2. Deprotection

- S EA A

Ic

7 =—C(Ry5)==CH,
X, X,=0

1. saponification

2. H Ry
~ Ve
N

Rs

methods known to those skilled in the art to form Ia where
R, and/or R; are other than hydrogen.

[0163] Methods for preparing preferred substituents on the
compounds I are illustrated in the following Schemes I to
XI.

Ry
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U
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[0164] Scheme D illustrates a general method for forming
compound Id, which is a compound of the formula I where
X, and X, together form =S. The compounds of the formula
Ia obtained in Scheme A may be converted into the corre-
sponding thioamide Id using a reagent such as Lawesson’s
reagent  (2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphos-
phetane-2,4-disulfide (see Bull. Soc. Chim. Belg., 87, 223
(1978)).

[0165] Methods for preparing preferred substituents on the
compounds I are illustrated in the following Schemes I to
XI.
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Scheme E
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[0166] Scheme E illustrates a general method for forming
compound Ie, which is a compound of the formula I where
X, and X, are each hydrogen. As shown in Scheme E, the
compound of the formula Id obtained in Scheme D may be
converted into the corresponding amine le by reduction, for
example, by reaction with Raney nickel.

[0167] Methods for preparing preferred substituents on the
compounds I are illustrated in the following Schemes I to
XI.

3¢
N N
_-COOR* o / _COOR*
z Rj z
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2 3
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(A) peptide bond synthesis, i.e.,

contact with Rs\ P
N

Ry

H
iii
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(B) synthesis via acid chloride, L.e.,
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(1) thionyl chloride or oxalyl chloride

@Rs R4

\N/
I

H

iii

Ry = COORg
X, X;=0

starting from 2: Ry = alkyl, arylalkyl

or cycloalkylalkyl
starting from 3: Rp = H

[0168] As shown in Scheme I, carboxylate i can be reacted
with a chloroformate or dicarbonate to form 1. Compound 1
can be treated with a base such as sodium hydride, sodium/
potassium hexamethyldisilazide, or lithium diusopropyla-
mide (LDA), and an alkylating agent R, X where X is
halogen and R, is preferably alkyl, arylalkyl, or cycloalky-
lalkyl, and then saponified with an aqueous base such as
potassium hydroxide to give 2. Alternatively, 1 can the
subjected to reductive amination using the appropriate alde-
hyde or ketone and saponified with an aqueous base such as
potassium hydroxide to give 2. Compound 1 may, alterna-
tively, be simply saponified with an aqueous base such as
potassium hydroxide to give 3 where R, is hydrogen.

[0169] Acid 2 may be reacted with an amine iii using
reaction conditions well known in the art for peptide bond
synthesis (see, for example, Bodanszky and Bodanszky, The
Practice of Peptide Chemistry, Springer-Verlag, 1984;
Bodanszky, Principles of Peptide Synthesis, Springer-Ver-
lag, 1984) to give the compound 1d which a compound of
the formula I where X; and X, together form =0, R; is
COOR, and, since 2 is the starting material, R, is preferably
alkyl, arylalkyl or cycloalkylalkyl. For example, reagents
which activate the carboxyl group of 2 for reaction with the
amine iv include bis-(2-ox0-3-oxazolidinyl)phosphinic
chloride (BOP chloride), benzotriazol-1-yloxy-tris(dimethy-

lamino)phosphonium hexafluorophosphate (BOP reagent),
[0-(7-azabenzotriazol-1-y1)-1,1,3,3-tetramethyluronium]
hexafluorophosphate (HATU), and carbodiimides such as
dicyclohexylcarbodiimide (DCC) or 3-ethyl-3'-(dimethy-
lamino)propylcarbodiimide (EDCI) either alone or in com-
bination with a hydroxybenzotriazole. Alternatively, the
activated ester intermediate can be isolated and then treated
with the appropriate amine iv in a nonprotic solvent such as
tetrahydrofuran (THF) or dimethylformamide (DMF) in the
presence of a base, for example, an organic base such as
sodium/potassium  hexamethyldisilazide, triethylamine,
diisopropylethylamine or 1,8-diazabicyclo [5.4.0] undec-7-
ene (DBU), or an inorganic base such as sodium, potassium
or cesium carbonate or sodium or potassium hydride. Alter-
natively, the acid halide of 2 may be prepared, for example,
by reaction with thionyl chloride or oxalyl chloride, fol-
lowed by subsequent reaction with amine iii to provide
compound If, which is a compound of the formula I where
R; is COORg, X, and X, together form =0, and R, is alkyl,
arylalkyl or chycloalkylalkyl.

[0170] Similar reactions as employed above for the con-
version of 2 to If may be used to convert 3 to If where R
is COOR, X, and X, together form =0, and R, is hydro-
gen.
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[0171] Asshown in Scheme II, acid 4 where R, and R are
not hydrogen and are selected such that the nitrogen to
which they are attached is non-basic, is reduced to the
aldehyde 5 by methods well know in the art (see March,
Advanced Organic Chemistry, Wiley, 1985). For example,
the acid 4 may be converted to its corresponding ester
followed by reduction with diisobutylaluminum hydride.
Alternatively, the acid 4 may be reduced to the correspond-
ing primary alcohol, for example, by treatment with borane/
THEF, LiAliH,, or via reduction of a mixed anhydride,
followed by subsequent oxidation to the aldehyde 5 using
Cr(VD) (e.g., pyridinium chlorochromate, “PCC”) or under
Swern or Moffatt conditions (e.g., (COCl),/dimethylsulfox-
ide). The starting acid 4 may be obtained, for example, by
saponification of ii.
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[0172] Reductive amination (see Hudlicky, Reductions in
Organic Chemistry, Wiley, 1984) of aldehyde 5 with amine
iii in the presence of a reducing agent such as NaBH,CN,
NaBH(OAc), (Ac=acetyl) or hydrogen and a palladium cata-
lyst produces the amine compound Ig, which is a compound
of the formula I where X, and X, are each hydrogen and R,
and R, are each not hydrogen.

Scheme I1I
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[0173] As shown in Scheme III, reduction of the acid 4 to
a primary alcohol (for example, by treatment with borane/
tetrahydrofuran, LiAlH,, or via reduction of a mixed anhy-
dride), followed by conversion by methods well known in
the art (see March, Advanced Organic Chemistry, Wiley,
1985), provides 6 which contains a leaving group such as a
halide, tosylate (OTs), mesylate (OMs) or triflate (OTY). The
groups R, and R, are selected such that the resulting nitro-
gen to which they are attached is non-basic. Compound 6
can then be converted into compound Ih, which is a com-
pound of the formula I where X; and X, are each hydrogen
and R, and R, are each not hydrogen, by a displacement
reaction with amine iii, preferably where amine iii is used in
excess.
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[0174] Scheme IV illustrates methods which may be used
for the preparation of compounds [j, Ik, II, Im and In. [j, Ik,
I, Im and In are compounds of the formula I where R, is any
group as defined, R, is an acyl or thioacyl group, X, and X,
are not hydrogen, and R, is not a primary or secondary
amine. Ij, Ik, I, Im and In have other particular substituents
which are specified in this Scheme and below. The starting
compound Ii can be prepared by suitable methods described
in Schemes A and D.

[0175] Amide [j can be prepared by treatment of amine
compound Ii with a carboxylic acid 7 in the presence of
reagents which activate the carboxyl group for reaction as
described above, for example BOP reagent, HATU, and
carbodiimides such as DCC or EDCI either alone or in
combination with a hydroxybenztriazole. Alternatively, the
acid halide 8 may be reacted with amine compound Ii in the
presence of an acid scavenger such as diisopropylethy-
lamine. The corresponding thioamide Ik can be prepared by
the treatment of amide Ii (where X,,X,=0) with Lawesson’s
reagent as described above.

[0176] Carbamate Il can be prepared by treatment of
amine compound Ii with a chloroformate 9 or dicarbonate 10
in the presence of an acid scavenger such as diusopropyl-
ethylamine.

[0177] The urea Im may be prepared by treatment of
amine compound Ii with either: 1) a chloroformate 9, such
as phenylchloroformate, followed by reaction with an amine
11; 2) a carbamoyl chloride 12 in the presence of an acid
scavenger such as diisopropylethylamine; or 3) reaction with
an isocyanate 13a (where R_ in Im=H). The corresponding
thiourea In may be prepared by treatment of amine com-
pound 1i with a thioisocyanate 13b.

[0178] R, is selected from those groups included in the
definition of R, such that the group —C(=A)—R,, is an acyl
or thioacyl group within the definition of R;. R, and R_ are
selected from those groups included in the definitions of R,
and Rg, such that the group —C(=A)—N(R)(R,) is an acyl
or thioacyl group within the definition of R;.
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Scheme V
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saturated heterocycle

O
R)J\ R
Rz\ Ry Xy X, d €
y —
H/ 7z - Red.ucti.ve
| Amination
Rs
Io
Rz\ R X1 X,
<N4<(—):( X AR
Rd Z Il\I
Re Rs
Ip
R X1 X, RONO/CuX,
H,N or
Ve Ry +
7 N NaNOyH*/CuX,
| X = halogen
Rs

Iq

z T T Base
Rs
15
Rz\ Ri X1 X,
N@ X R
Rd4< z N
Re Il{s
Ip
Xy, X, H]

[0179] Scheme V illustrates a method which can be used
for the preparation of Ip, which is a compound of the
formula I where R, is any group as defined other than acyl,
and which is selected such that the nitrogen to which it is
attached is basic, R; is alkyl, cycloalkyl, cycloalkylalkyl,
cycloalkenylalkyl, aralkyl, or saturated heterocycle, and X,
and X, are not hydrogen. The starting compounds Io and Iq
can be prepared by suitable methods described in Schemes
A and D.

[0180] As shown in Scheme V, amine compound Io is
reacted with an aldehyde or ketone 14 under reductive
amination conditions described above to give the amine Ip.
Compound Ip may also be prepared by treatment of an
amine compound Iq, where R, and R, are hydrogen, with
t-butyl nitrite or sodium nitrite in the presence of a copper
(II) halide to give the halo-substituted compound 15, fol-
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lowed by displacement with amine 16 in the presence of a
base such as sodium or potassium hydride or the like (see
Lee et al., J. Heterocyclic Chemistry, 22, 1621 (1985)).

[0181] R, and R, are independently selected from hydro-
gen, alkyl, aryl, cycloalkyl or cycloalkenyl, or together are
alkylene or alkenylene completing a 3- to 8-membered
saturated or unsaturated ring, such that the group —CH(R-
JR,) is a group within the definition of Rs.

Scheme VI
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[0182] As shown in Scheme VI, when R, is any group as
defined other than acyl, and is selected such that the nitrogen
to which it is attached is basic, R, is aryl or heteroaryl, and
X, and X, are not hydrogen, amine compound Ir may be
reacted with a halophenyl or haloheteroaromatic group 17 in
the presence of a palladium (0) catalyst (see J. Am. Chem.
Soc., 118, 7215 (1996)) to give amine Is, which is a
compound of the formula I having the particular substituents
described in this Scheme. The starting compound Ir can be
prepared by suitable methods described in Schemes A and D.

R, = any group as defined
Ry = heteroaryl

N
| X = Cl, Br
Rs
It
Rz\ Ri Xy X,
N 4@ Ry
N=—/ VA Il\I
Q
Iu
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[0183] As shown in Scheme VII, when R, is any group as
defined and R; is a heteroaromatic group, amine compound
It may be reacted, in the presence of a base if needed, with
a 2-halosubstituted heteroaromatic compound 17 where Q,,
together with atoms to which is is bonded, forms a 5- or
6-membered monocyclic or 10- to 12-membered bicyclic
heteroaromatic group (such as forming 2-chloropyridine or
2-chloropyrimidine) to give the amine Iu, where Tu is a
compound of the formula I having the particular substituents
described in this Scheme. The starting compound It can be
prepared by suitable methods described in Schemes A and D.

Scheme VIIT
2 RiX; X,
N@ Ri3NH,
R
S:< z Il\I
N—Rs Rs
/
Ry
In
Ry
A Ry X1 X,
N
AR
RisN z T
N—R¢ Rs
/
R7
Iv
[X1, Xy = H]

[0184] As shown in Scheme VIII, thiourea compound In
(where X, and X, are not hydrogen) may be reacted with the
appropriate amine in the presence of bis-(2-ox0-3-oxazo-
lidinyl)phosphinic chloride (BOP chloride) benzotriazol-1-
yloxy-tris(dimethylamino)phosphonium  hexafluorophos-
phate (BOP-reagent), [O-(7-azabenzotriazol-1-y1)-1,1,3,3-
tetramethyluroniumlhexafluorophosphate  (HATU)  and
carbodiimide, such as dicyclohexyl carbodiimide (DCC) or
3-ethyl-3'-(dimethylamino)propyl carbodiimide (EDCI) or
diisopropyl carbodiimide (DIC) in the presence of an
organic base such as triethylamine, diisopropylethylamine
or dimethylaminopyridine in solvents such as dimethylfor-
mamide, dichloromethane or tetrahydrofuran to form com-
pound Iv, which is a compound of the formula I having the
particular substituents described in this Scheme.

Ir
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[0185] Alternatively, Compound In can be reacted with
the appropriate amine in the presence of a mercury (II) salt
such as mercuric chloride, or by other methods known in the
literature, to form Iv.

S
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/ | Rg
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R
3 R X1 X,
N
AR
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Rx /N\ Rg Rs
Ry
Iv
[X1, X2 = H]

[0186] As shown in Scheme IX, amine Ir (where X; and
X, are not hydrogen) can be reacted with diphenylcyanocar-
bonimidate either alone or in the presence of a base such as
sodium hydride, sodium hexamethyldisilazide or dimethy-
laminopyridine in acetonitrile, tetrahydrofuran, or dimeth-
ylformamide at room temperature or elevated temperature to
form intermediate compound Iw. Compound Iw can be
reacted with an amine R,RgNH to form compound Iv, which
is a compound of the formula I having the particular
substituents described in this Scheme.

R14 H or R14 R14
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[0187] As shown in Scheme X, compound Ir (where X;
and X, are not hydrogen) can be reacted with 18 or 19 either
alone or in the presence of a base such as sodium hydride,
sodium hexamethyl disilazide or dimethylaminopyridine in
dimethyl formamide or tetrahydrofuran at room temperature
or at higher temperature to form compounds Ix or Iy
respectively, which can be reacted with an amine R.-R,NH
at room temperature or elevated temperature to form com-
pounds Iz or Iz* respectively. Compound Iz is a compound
of the formula I having the particular substituents described
in this Scheme. Compound Iz* is a compound of the formula
I having the particular substituents described in this Scheme.

Scheme XTI
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[0188] As shown in Scheme XI, compounds of formula I
can also be prepared from 15 by treatment with the defined
amine in the presence of an acid catalyst (for example, see:
Gunzenhauser et al., Helv. Chim. Acta, 71, 33 (1988)).

[0189] The present invention further provides compounds
of formula III:

I

N
\s)\ NE o

[0190] wherein:

[0191] each R, R, and R, is, independently, a hetero-
cyclic group or an aryl group, optionally substituted
with one or more substituents; and

[0192] R, is hydrogen or alkyl.

[0193] A preferred compound of the present invention is
of formula I'V:

v
CH,
CH, N N)\ N
S N N
g
a l N Sou

Utility
[0194] The compounds of the present invention inhibit
protein tyrosine kinases, especially Src-family kinases such
as Lck, Fyn, Lyn, Src, Yes, Hck, Fgr and BIk, and are thus
useful in the treatment, including prevention and therapy, of
protein tyrosine kinase-associated disorders such as immu-
nologic and oncologic disorders. The compounds inhibit
also receptor tyrosine kinases including HER1 and HER2
and are therefore useful in the treatment of proliferative
disorders such as psoriasis and cancer. The ability of these
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compounds to inhibit HER1 and other receptor kinases will
also permit their use as anti-angiogenic agents to treat
disorders such as cancer and diabetic retinopathy. “Protein
tyrosine kinase-associated disorders” are those disorders
which result from aberrant tyrosine kinase activity, and/or
which are alleviated by the inhibition of one or more of these
enzymes. For example, Lck inhibitors are of value in the
treatment of a number of such disorders (for example, the
treatment of autoimmune diseases), as Lck inhibition blocks
T cell activation. The treatment of T cell mediated diseases,
including inhibition of T cell activation and proliferation, is
a particularly preferred embodiment of the present inven-
tion. Compounds which selectively block T cell activation
and proliferation are preferred. Compounds of the present
invention which block the activation of endothelial cell PTK
by oxidative stress, thereby limiting surface expression of
adhesion molecules that induce neutrophil binding, and
which inhibit PTK necessary for neutrophil activation are
useful, for example, in the treatment of ischemia and rep-
erfusion injury.

[0195] The present invention thus provides methods for
the treatment of protein tyrosine kinase-associated disorders,
comprising the step of administering to a subject in need
thereof at least one compound of the formula I in an amount
effective therefor. Other therapeutic agents such as those
described below may be employed with the inventive com-
pounds in the present methods. In the methods of the present
invention, such other therapeutic agent(s) may be adminis-
tered prior to, simultaneously with or following the admin-
istration of the compound(s) of the present invention.

[0196] Use of the compounds of the present invention in
treating protein tyrosine kinase-associated disorders is
exemplified by, but is not limited to, treating a range of
disorders such as: transplant (such as organ transplant, acute
transplant or heterograft or homograft (such as is employed
in burn treatment)) rejection; protection from ischemic or
reperfusion injury such as ischemic or reperfusion injury
incurred during organ transplantation, myocardial infarc-
tion, stroke or other causes; transplantation tolerance induc-
tion; arthritis (such as rheumatoid arthritis, psoriatic arthritis
or osteoarthritis); multiple sclerosis; chronic obstructive
pulmonary disease (COPD), such as emphysema; inflam-
matory bowel disease, including ulcerative colitis and
Crohn’s disease; lupus (systemic lupus erythematosis); graft
vs. host disease; T-cell mediated hypersensitivity diseases,
including contact hypersensitivity, delayed-type hypersen-
sitivity, and gluten-sensitive enteropathy (Celiac disease);
psoriasis; contact dermatitis (including that due to poison
ivy); Hashimoto’s thyroiditis; Sjogren’s syndrome; Autoim-
mune Hyperthyroidism, such as Graves’ Disease; Addison’s
disease (autoimmune disease of the adrenal glands);
Autoimmune polyglandular disease (also known as autoim-
mune polyglandular syndrome); autoimmune alopecia; per-
nicious anemia; vitiligo; autoimmune hypopituatarism;
Guillain-Barre syndrome; other autoimmune diseases; can-
cers, including cancers where Ick or other Src-family
kinases such as Src are activated or overexpressed, such as
colon carcinoma and thymoma, and cancers where Src-
family kinase activity facilitates tumor growth or survival;
glomerulonephritis; serum sickness; uticaria; allergic dis-
eases such as respiratory allergies (asthma, hayfever, allergic
rhinitis) or skin allergies; scleracierma; mycosis fungoides;
acute inflammatory responses (such as acute respiratory
distress syndrome and ishchemia/reperfusion injury); der-
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matomyositis; alopecia areata; chronic actinic dermatitis;
eczema; Behcet’s disease; Pustulosis palmoplanteris; Pyo-
derma gangrenum; Sezary’s syndrome; atopic dermatitis;
systemic schlerosis; and morphea. The present invention
also provides a method for treating the aforementioned
disorders such as atopic dermatitis by administration of any
compound capable of inhibiting protein tyrosine kinase.

[0197] Src-family kinases other than Lck, such as Hek and
Fgr, are important in the Fc gamma receptor responses of
monocytes and macrophages. Compounds of the present
invention inhibit the Fc gamma dependent production of
TNF alpha in the monocyte cell line THP-1 that does not
express Lck. The ability to inhibit Fc gamma receptor
dependent monocyte and macrophage responses results in
additional anti-inflammatory activity for the present com-
pounds beyond their effects on T cells. This activity is
especially of value, for example, in the treatment of inflam-
matory diseases such as arthritis or inflammatory bowel
disease. In particular, the present compounds are of value for
the treatment of autoimmune glomerulonephritis and other
instances of glomerulonephritis induced by deposition of
immune complexes in the kidney that trigger Fc gamma
receptor responses leading to kidney damage.

[0198] In addition, Src family kinases other than Lck, such
as Lyn and Src, are important in the Fc epsilon receptor
induced degranulation of mast cells and basophils that plays
an important role in asthma, allergic rhinitis, and other
allergic disease. Fc epsilon receptors are stimulated by
IgE-antigen complexes. Compounds of the present invention
inhibit the Fc epsilon induced degranulation responses,
including in the basophil cell line RBL that does not express
Lck. The ability to inhibit Fc epsilon receptor dependent
mast cell and basophil responses results in additional anti-
inflammatory activity for the present compounds beyond
their effect on T cells. In particular, the present compounds
are of value for the treatment of asthma, allergic rhinitis, and
other instances of allergic disease.

[0199] The combined activity of the present compounds
towards monocytes, macrophages, T cells, etc. may be of
value in the treatment of any of the aforementioned disor-
ders.

[0200] In a particular embodiment, the compounds of the
present invention are useful for the treatment of the afore-
mentioned exemplary disorders irrespective of their etiol-
ogy, for example, for the treatment of transplant rejection,
rheumatoid arthritis, multiple sclerosis, chronic obstructive
pulmonary disease, inflammatory bowel disease, lupus, graft
v. host disease, T-cell mediated hypersensitivity disease,
psoriasis, Hashimoto’s thyroiditis, Guillain-Barre syn-
drome, cancer, contact dermatitis, allergic disease such as
allergic rhinitis, asthma, ischemic or reperfusion injury, or
atopic dermatitis whether or not associated with PTK.

[0201] By virtue of their ability to inhibit HER1 and
HER?2 kinases, compounds of the present invention can also
be used for the treatment of proliferative diseases, including
psoriasis and cancer. The HER1 receptor kinase has been
shown to be expressed and activated in many solid tumors
including non-small cell lung, colorectal, and breast cancer.
Similarly, the HER?2 receptor kinase has been shown to be
overexpressed in breast, ovarian, lung and gastric cancer.
Monoclonal antibodies that downregulate the abundance of
the HER?2 receptor or inhibit signaling by the HER1 receptor
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have shown anti-tumor effficacy in preclincal and clinical
studies. It is therefore expected that inhibitors of the HER1
and HER2 kinases will have efficacy in the treatment of
tumors that depend on signaling from either of the two
receptors. These compounds are expected to have efficacy
either as single agent or in combination with other chemo-
therapeutic agents such as placlitaxel (Taxol), doxorubicin
hydrochloride (adriamycin), and cisplatin (Platinol). See the
following documents and references cited therein: Cobleigh,
M. A, Vogel, C. L., Tripathy, D., Robert, N. J., Scholl, S.,
Fehrenbacher, L., Wolter, J. M., Paton, V., Shak, S., Lieber-
man, G., and Slamon, D. J., “Multinational study of the
efficacy and safety of humanized anti-HER2 monoclonal
antibody in women who have HER2-overexpressing meta-
static breast cancer that has progressed after chemotherapy
for metastatic disease”, J. of Clin. Oncol. 17(9), p. 2639-
2648 (1999); Baselga, J., Pfister, D., Cooper, M. R., Cohen,
R., Burtness, B., Bos, M., D’Andrea, G., Seidman, A.,
Norton, L., Gunnett, K., Falcey, J., Anderson, V., Waksal, H.,
and Mendelsohn, J., “Phase I studies of anti-epidermal
growth factor receptor chimeric antibody C225 alone and in
combination with cisplatin”, J. Clin. Oncol. 18(4), p. 904-
914 (2000).

[0202] The compounds of the present invention are useful
for the treatment of cancers such as chronic myelogenous
leukemia (CML), gastrointestinal stromal tumor (GIST),
small cell lung cancer (SCLC), non-small cell lung cancer
(NSCLC), ovarian cancer, melanoma, mastocytosis, germ
cell tumors, acute myelogenous leukemia (AML), pediatric
sarcomas, breast cancer, colorectal cancer, pancreatic can-
cer, prostate cancer and others known to be associated with
protein tyrosine kinases such as, for example, SRC, BCR-
ABL and ¢-KIT. The compounds of the present invention are
also useful in the treatment of cancers that are sensitive to
and resistant to chemotherapeutic agents that target BCR-
ABL and ¢-KIT, such as, for example, Gleevec® (STI-571).

[0203] The present invention also provides pharmaceuti-
cal compositions comprising at least one of the compounds
of the formula I capable of treating a protein tyrosine
kinase-associated disorder in an amount effective therefor,
and a pharmaceutically acceptable vehicle or diluent. The
compositions of the present invention may contain other
therapeutic agents as described below, and may be formu-
lated, for example, by employing conventional solid or
liquid vehicles or diluents, as well as pharmaceutical addi-
tives of a type appropriate to the mode of desired adminis-
tration (for example, excipients, binders, preservatives, sta-
bilizers, flavors, etc.) according to techniques such as those
well known in the art of pharmaceutical formulation.

[0204] The compounds of the formula I may be adminis-
tered by any suitable means, for example, orally, such as in
the form of tablets, capsules, granules or powders; sublin-
gually; buccally; parenterally, such as by subcutaneous,
intravenous, intramuscular, or intrasternal injection or infu-
sion techniques (e.g., as sterile injectable aqueous or non-
aqueous solutions or suspensions); nasally such as by inha-
lation spray; topically, such as in the form of a cream or
ointment; or rectally such as in the form of suppositories; in
dosage unit formulations containing non-toxic, pharmaceu-
tically acceptable vehicles or diluents. The present com-
pounds may, for example, be administered in a form suitable
for immediate release or extended release. Immediate
release or extended release may be achieved by the use of
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suitable pharmaceutical compositions comprising the
present compounds, or, particularly in the case of extended
release, by the use of devices such as subcutaneous implants
or osmotic pumps. The present compounds may also be
administered liposomally.

[0205] Exemplary compositions for oral administration
include suspensions which may contain, for example, micro-
crystalline cellulose for imparting bulk, alginic acid or
sodium alginate as a suspending agent, methylcellulose as a
viscosity enhancer, and sweeteners or flavoring agents such
as those known in the art; and immediate release tablets
which may contain, for example, microcrystalline cellulose,
dicalcium phosphate, starch, magnesium stearate and/or
lactose and/or other excipients, binders, extenders, disinte-
grants, diluents and lubricants such as those known in the
art. The present compounds may also be delivered through
the oral cavity by sublingual and/or buccal administration.
Molded tablets, compressed tablets or freeze-dried tablets
are exemplary forms which may be used. Exemplary com-
positions include those formulating the present compound(s)
with fast dissolving diluents such as mannitol, lactose,
sucrose and/or cyclodextrins. Also included in such formu-
lations may be high molecular weight excipients such as
celluloses (avicel) or polyethylene glycols (PEG). Such
formulations may also include an excipient to aid mucosal
adhesion such as hydroxy propyl cellulose (HPC), hydroxy
propyl methyl cellulose (HPMC), sodium carboxy methyl
cellulose (SCMC), maleic anhydride copolymer (e.g., Gan-
trez), and agents to control release such as polyacrylic
copolymer (e.g., Carbopol 934). Lubricants, glidants, fla-
vors, coloring agents and stabilizers may also be added for
ease of fabrication and use.

[0206] Exemplary compositions for nasal aerosol or inha-
lation administration include solutions in saline which may
contain, for example, benzyl alcohol or other suitable pre-
servatives, absorption promoters to enhance bioavailability,
and/or other solubilizing or dispersing agents such as those
known in the art.

[0207] Exemplary compositions for parenteral administra-
tion include injectable solutions or suspensions which may
contain, for example, suitable non-toxic, parenterally
acceptable diluents or solvents, such as mannitol, 1,3-bu-
tanediol, water, Ringer’s solution, an isotonic sodium chlo-
ride solution, or other suitable dispersing or wetting and
suspending agents, including synthetic mono- or diglycer-
ides, and fatty acids, including oleic acid.

[0208] Exemplary compositions for rectal administration
include suppositories which may contain, for example, a
suitable non-irritating excipient, such as cocoa butter, syn-
thetic glyceride esters or polyethylene glycols, which are
solid at ordinary temperatures, but liquify and/or dissolve in
the rectal cavity to release the drug.

[0209] Exemplary compositions for topical administration
include a topical carrier such as Plastibase (mineral oil
gelled with polyethylene).

[0210] The effective amount of a compound of the present
invention may be determined by one of ordinary skill in the
art, and includes exemplary dosage amounts for an adult
human of from about 0.1 to 100 mg/kg of body weight of
active compound per day, which may be administered in a
single dose or in the form of individual divided doses, such






