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wherein Ry, Ry, R3, Ry and X,, are defined herein below. The compounds of the
invention are useful as inhibitors of the Tec kinase family, including Itk kinase, and
are therefore useful for treating diseases and pathological conditions involving
inflammation, immunological disorders and allergic disorders. This invention also

15  relates to processes for preparing these compounds and to pharmaceutical

compositions comprising these compounds.

BACKGROUND OF THE INVENTION

20  Protein kinases play a critical role in mediating signaling events leading to cellular
responses such as activation, growth and differentiation, in response to extracellular
signals. Protein kinases transmit their signal by phosphorylating specific residues in a
target protein. Protein kinases that specifically phosphorylate tyrosine residues are
referred to as protein tyrosine kinases. Protein tyrosine kinases can be divided into

25  two general groups: receptor such as epidermal growth factor (EGF) receptor (S.
Iwashita and M. Kobayashi, 1992, Cellular Signalling, 4, 123-132) and cytosolic non-
receptor (C. Chan et al., 1994, Ann. Rev. Immunol., 12, 555-592).



receptor (C. Chan et al., 1994, Ann. Rev. Immunol., 12, 555-592). WO

03/ 041708 PCT/ US02/ 35494 Interleukin-2-inducible T cell kinase (Itk), also
referred wo oam4ilogel | - speci fic ki nase (Tsk) and expressedPCRIU0Y33404
T-1ynphocytes (EMI), is a nenber of the Tec famly of protein tyrosine

ki nases that also includes Txk, Tec, Btk, and Bnmx. Tec famly 5 nenbers are
characterized by the presence of a pleckstrin-honology domain (PH), a
proline rich Tec honol ogy domain (TH) and Src honol ogy SH3, SH2 and SH1
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| eaglj ngy4@. cal cium 20 nobilization and PKC acti vat| on, respectively. These
events activate nunerous downstream pathways and lead ultimately to
degr anul atl on (mast cells) and cytokine gene expression (T cells) (Y.
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m xed | hocyte reaction _or ation. (X C.
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T cells lq@p@dlltke(s DeHiegertt o el,dl997oF. Biglt Ghemak2, 25401-25408). Activated
Ttk, together with Zap-70 is required for phosphorylation and activation of PLC-y (S.
C. Bunnell et al., 2000, J. Biol. Chem., 275, 2219-2230). PLC-y catalyzes the
formation of inositol 1,4,5-triphosphate and diacylglycerol, leading to calcium
20  mobilization and PKC activation, respectively. These events activate numerous

downstream pathways and lead ultimately to degranulation (mast cells) and cytokine

gene expression (T cells) (Y. Kawakami et al., 1999, J. Leukocyte Biol., 65, 286-290).

The role of Itk in T cell activation has been confirmed in Itk knockout mice. CD4™T

25  cells from Itk knockout mice have a diminished proliferative response in a mixed
lymphocyte reaction or upon Con A or anti-CD3 stimulation. (X. C. Liao and D.R.
Littman, 1995, Immunity, 3, 757-769). Also, T cells from Itk knockout mice produced
little TL-2 upon TCR stimulation resulting in reduced proliferation of these cells. In
another study, Itk deficient CD4" T cells produced reduced levels of cytokines



2 WD 03/041708 PCT/ US02/ 35494 including IL-4, IL-5 and IL-13 upon
stinulation of the TCR, even after primng with inducing conditions. (D.J.
Fowel | , 1Od3/0¥rm&ini ty, 11, 399-409). The role of Itk in PCCUsIAEMDPyati on
and in calciumnobilization was also confirned in 5 the T cells of these
knockout m ce, which had severely inpaired | P3 generation and no
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264- 270)%%%%%ccorg| ngﬁp%@? quat?h%t%algl%ﬁlbgl t %/rrphocyt e 20 activation and
subsiequent cytoki ne production, are therapeutically useful for selectively
suppres he i ne re ient in n ed of su
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Ant i gen- nedi at ed aggregati on of Fc(er r) , tini ty receptor for
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cyt aki n@Sll @cfivation. Upon activation, T cells produce cytokines, including IL-2.4, 5, 9, 10,
and 13 leading to T cell proliferation, differentiation, and effector function. Clinical
studies with inhibitors of IL-2 have shown that interference with T cell activation and
proliferation effectively suppresses immune response in vivo (Waldmann, 1993,
Immunology Today, 14, 264-270). Accordingly, agents that inhibit T lymphocyte
20 activation and subsequent cytokine production, are therapeutically useful for
selectively suppressing the immune response in a patient in need of such

Immunosuppression.

Mast cells play a critical roll in asthma and allergic disorders by releasing pro-
25  inflammatory mediators and cytokines. Antigen-mediated aggregation of FceRI, the
high-affinity receptor for IgE results in activation of mast cells (D.B. Corry et al.,
1999, Nature, 402, B18-23). This triggers a series of signaling events resulting in the
release of mediators, including histamine, proteases, leukotrienes and cytokines (J.R.
Gordon et al., 1990, Immunology Today, 11, 458-464.) These mediators cause

30 increased vascular permeability, mucus production, bronchoconstriction, tissue



Gordon et al., 1990, |Imunol ogy Today, 11, 458-464.) These nedi ators cause
30 increased vascul ar perneability, nucus production, bronchoconstriction,
tissue 3woO308/70811708 PCT/ US02/ 35494 degradati on and i niPCarasat/ssam t hus
pl aying key roles in the etiology and synptons of asthma and allergic

di sorders. Recent publ [ shed data using Itk knockout mce suggests that in
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SUMMARY OF THE INVENTION

15  Itis therefore an object of the invention to provide a compound of the formula (I):

wherein Ry, R, Rz, R4 and X, are defined herein below.

20  Itis another object of the invention to provide a method of inhibiting the Tec kinase
family, including Itk kinase, and methods of treating diseases or conditions related to
such kinase activity, by administering to a patient in need thereof a therapeutically

effective amount of a compound of the formula (J).

25  Itis yet another object of the invention to provide pharmaceutical compositions and

processes of making compounds of the formula (I) as described herein below.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS




WO 03/041708 PCT/US02/35494 1In it's broadest generic enbodi nent, the

i nvention provides for a conpound of the formula (1): 4 3 N Re/ C~RL
Xa 4 s \wNose2708 1 5 R3 (1) wherein: R is hydrogen or PalrRysh2/35490 R2 i s
chosen fromaryl and heteroaryl each R2 is optionally substituted with one
or nore Ra; R3 is CI-10 al kyl chain branched or unbranched optionally
substituted with one or nore 15 Rb, or R3 is the group: -(CH2)R L-R6,
wherein L is chosen froma bond, -NHC(O-, -OC(O- -C(O- and -S(O,,, -
wher ei n hii’sb®addst genezic qmbdlmgnteihmrsfan@brgpmuﬁes for2a0onytonndiaf thy substi t ut ed
by one Of, ? Rb; wherein R6 is independently chosen from hydroxy, alkyl,

al koxy, PE”@TQ H aryl C0-5 al kyl, aryloxyC(err) alkyl, heteroaryl CO-5

al kyl, cycl oal kyI C(err) al kyl , heterocycl yl C0-5 al kyl and ami no said am no
IS optionally nono-or di - substltuted by acyl, alkyl, alkoxycarbonyl,

cycl oal kyl C(err) al kyl, aryls z. r) Ni| kyIR1 h)eteroaryl C(err) al kyl or 25
het erocycl yl CO-5 al kyl ; @ Rz¢>\ N_rlé roup:

7

R
5 3 ey
wherein:
R; is hydrogen or alkyl;
10
R; is chosen from aryl and heteroaryl each R, is optionally substituted with one or
more R;;
R; is Cy.19 alkyl chain branched or unbranched optionally substituted with one or more
15 Ry,
or Rj is the group:
-(CH)u- L-Rg, wherein L is chosen from a bond, -NH-C(O)-, —-O-C(O)-
» ~C(0)- and —S(O)xn- wherein m is 0, 1 or 2, and wherein said group is
20 optionally substituted by one or more Ry,

wherein Rg is independently chosen from hydroxy, alkyl, alkoxy, alkylthio,
arylCo.s alkyl, aryloxyCo.s alkyl, heteroarylCo.s alkyl, cycloalkylCy.s alkyl,
heterocyclylCo.s alkyl and amino said amino is optionally mono-or di-substituted by
acyl, alkyl, alkoxycarbonyl, cycloalkylCy.s alkyl, arylCo.s alkyl, heteroarylCy.s alkyl or
25  heterocyclylCy.s alkyl;
nis1-10;
Ry is the group:



5 WO 03/041708 PCT/US02/ 35494 1Xb N R 7 1 R5 wherein R4 is covalently
attached at the indicated 5- or 6- position of the formula (1); R5 1is
chosen frwmoatwyl7@®-5 al kyl, al kyl, heteroaryl CO-5 al kyl, egelusat/3shL£0. 5

al kyl and 5 heterocyclyl C(err) alkyl, each R5 optionally substituted with
one or more R ; R7 is hydrogen, alkenyl or alkyl; or R5 and R7 together
with the nitrogen atomto wyhich they are attached form 10 a 4-7-nmenbered
nmonocyclic ring or an 8- ﬁenbered bi cyclic ring, wherein each nonocyclic
or bicyclic ring optional cgntains an additional 1 to 3 heteroatons
chosen fromN, 0 and S and ¥acH ring is aromatic or nonaromatic, and
wherei n each nonocyclic or @icyclic ring is optionally substituted by one
or nore 15 each Ra, Rb or B are independently chosen from hydrogen,

al kyl, %ﬁ%‘?&ﬂ?ﬁ; I@é@ﬁmhgaug&feh% ﬂéxﬁ icRSYh- ord- }sbg 15ﬂl)fth%rt¥ a/f al koxy,

aIkyIthlo Koxy onyl, oxy, acyl'am no, sul pho m no,
am nosul fonyl, al kyl sul fonyl, car boxy, car boxam de hydr oxy, hal ogen,
trifluoromnet

ARl I R L

R(errs), Hegsdyblyt,. il éach%&pﬂ@ﬁél%bétﬁu@@h@ﬂ%@%&@ e possible; and Xa

and Xb are oxygen or sul fur; or the pharmaceutical |y acceptable derivatives
thereof. 25 In another enbodlnent there is provided a conmpound of the

formul a I£7I il: h?('f‘ro geens, %{klegﬁd or alkyl;

or Rs and Ry together with the nitrogen atom to which they are attached form:
10  a4-7-membered monocyclic ring or
an 8-14-membered bicyclic ring,
wherein each monocyclic or bicyclic ring optionally contains an additional 1 to 3
heteroatoms chosen from N, O and S and each ring is aromatic or nonaromatic, and
wherein each monocyclic or bicyclic ring is optionally substituted by one or more R,;
15
each R,, Ry or R are independently chosen from hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, arylalkyl, aryloxy, alkoxy, alkylthio, acyl, alkoxycarbonyl, acyloxy,
acylamino, sulphonylamino, aminosulfonyl, alkylsulfonyl, carboxy, carboxamide,
hydroxy, halogen, trifluoromethyl, nitro, nitrile and amino optionally mono-or-di-
20  substituted by alkyl, acyl or alkoxycarbonyl, wherein any of the above R,, Ry or R,

are optionally halogenated where possible; and

X, and X, are oxygen or sulfur;
or the pharmaceutically acceptable derivatives thereof.

25

In another embodiment, there is provided a compound of the formula (I) as described

immediately above and wherein:



i mredi atel y above and wherein: 6 WO 03/041708 PCT/ US02/ 35494 Rl is

hydr ogen; R2 is chosen from phenyl, naphthyl, and heteroaryl chosen from

t hi enyl , Woroatnyi798 5 i soxazol yl, oxazolyl, thiazolyl, thia®Caasbhybs494
tetrazolyl, pyrazolyl, pyrrolyl, imdazolyl, pyridinyl, pyrimdinyl,
pyrazinyl, pyridazinyl, pyranyl, quinoxalinyl, indolyl, benzimdazolyl,
benzoxazol yl, benzot hi azol yl, benzothi enyl, quinolinyl, quinazolinyl and

i ndazolyl each R2 is optionally substituted with one or nmore Ra; 10 R3 is
Cl-10 ak}%lhyg f branched or unbranched optionally substituted with one or
nore RDb, i's: -(CH2)n L-R6, wherein L is chosenfroma bond,

-O0CO -, C(O) and -S(O)mvx/nereln mis O, 1 or 2, and wherein sald group

is optignal subst t i ndependent |y
chosen %’(?rﬁlhﬁv&rs% Bica §1 23‘%91/ a%@% %Ii, o@?&&%%ﬁlgﬁlﬂyﬁ@ y? phenyl ,
napht hyisex 26132, wxazdlﬁeﬂﬂﬁzi@yyl thiadiazo b nytka20tyh, pytdeplyl, mro‘rylcymﬂmﬂjdyl Co- 5
al kyl, heterocycl yI C05 al kyl and am no said am ional | y nono- or
di - subseyridEdpyrBYidmyL HyEzyL, M@Zl&ylkpwanﬁéiq%n%il&%@&ﬁlﬂny| aryl C0-5
al kyl G j%ﬁn IO A m@@@ih erein each
reci ted&%’%%@g@i lcgerém@%%s}hp%%%&a%ﬁl ?sﬁbgchoslgﬁ r o(?ndtyhlqenyl lj1¥y1|y&ﬁur anyl ,
i soxazoind indsodg adagh R, tihopirmblly sulishivdel with by or meterBol yl,  pyrazol yl,
pyrrolyl, imdazolyl, pyridinyl, pyrimdinyl, pyrazinyl, pyri dazi nyl and
pyranyl and wherein each recited heterocyclyl in this paragraph is chosen
fr Om PR [ gl hﬂkXI chaﬁpérﬁﬂ&ieﬂ'&‘ unbrahéRapRbE :y@)ﬂ)stltﬁib@mfﬂamyd or thbmeer i di nyl
and pi perazi nyl is chosen from pheny napht hyl , benzyl, phenethyl,
Cl-5 al Ryl , heteroaryl CI) 5 alkyl wherein the heteroaryl is chosen from
thienyl, fura i soxazol yl, oxazolyl, thiazolyl, thiadiazolyl,
t et razol yl, {%%&gol yl, pyrrol yl, imdazolyl, pyridinyl, pyrimdinyl,

~(CHa)p- L-Rg, wherein L is chosen from a bond, ~O-C(0O)-~, -C(0)- and

—S(0)u- wherein m is 0, 1 or 2, and wherein said group is optionally
15 substituted by one or more Ry,
wherein Rg is independently chosen from hydroxy, Ci.s alkyl, Ci.s alkoxy, Ci.s
alkylthio, phenyl, naphthyl, benzyl, phenethyl, heteroarylCo.s alkyl, C3 cycloalkylCo.s
alkyl, heterocyclylCy.s alkyl and amino said amino is optionally mono-or di-substituted
by Crsacyl, Cys alkyl, Cy.s alkoxycarbonyl, arylCo.5 alkyl, heteroarylCo.s alkyl or
20  heterocyclylCo.s alkyl; and wherein each recited heteroaryl in this paragraph is chosen
from thienyl, furanyl, isoxazolyl, oxazolyl, thiazolyl, thiadiazolyl, tetrazolyl,
pyrazolyl, pyrrolyl, imidazolyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl and
pyranyl and wherein each recited heterocyclyl in this paragraph is chosen from
pyrrolidinyl, morpholinyl, thiomorpholinyl, dioxalanyl, piperidinyl and piperazinyl;
25
R; is chosen from phenyl, naphthyl, benzyl, phenethyl, Cy.s alkyl, heteroarylCo.s alkyl
wherein the heteroaryl is chosen from thienyl, furanyl, isoxazolyl, oxazolyl, thiazolyl,
thiadiazolyl, tetrazolyl, pyrazolyl, pyrrolyl, imidazolyl, pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl and pyranyl, Cs.; cycloalkylCo-s alkyl and heterocyclylCo.s alkyl
30  wherein the heterocyclyl is chosen from aziridinyl, pyrrolidinyl, morpholinyl,



pyrazi nyl, pyridazinyl and pyranyl, C3_7 cycl oal kyl C0-5 al kyl and

het erocycl yl CO-5 al kyl 30 wherein the heterocyclyl is chosen from
aziridi nyWp oppuar7e8 i di nyl , norpholinyl, 7 WD 03/041708 PCTPUSAROB5494

t hi onor phol i nyl, tetrahydrofuranyl, dioxalanyl, piperidinyl and
piperazinyl each RS is optionally Substituted with one or nore R ,; 5

each Ra R . are chosen alkyl, C_5
al kenylhlonﬁp%)hé‘lykﬁwyé}@gp j’y‘ﬁ Wy’lplp%h Hﬁg%&]ég’e&%ﬂ% %noiy, Cl.5

al koxy,q Géméu;aédsxﬂlﬁﬁyd%ﬂféne&)rr@&mc C1_5 al koxycarbonyl, Cl1_5 acyloxy, Cl_5
acyl am no, CI.5 sul phonyl am no, anlnosulfonyl C1_5 aIkyIsquonyI

carboxy, carboxani de, hydroxy, halogen, trifluoronmethyl, nitro, nitrile
and am no optionally nono-or-di-substituted by C1 5 10 al kyl, Cl1_5 acyl or
Cl_5 al koxycarbonyl, wherein any of the above Ra, Rb or R are optionally
hal ngerb’ablemay\laﬁmelzp@@sm&penddﬁﬂyicho@ﬁfﬂo@nhyd«ege;d, Cos alByl,Soalalsehyl, and 15 X

and Xb are oxygen. In yet anot enbodi nent, there Ls i.de a conpound
of the Coratiyiyl(Gys eysloaliyl phe cbsnﬁ}ﬁlealil%éhﬂlaﬁ S abrtts RSPy 1?zo R is

chosen {35; lp'&ﬁ&&}/ HARMLAY ac R)Qy,k@{] gﬁaﬁﬁﬂm @QSEMhbRARMIY, enyl furanyl,
I soxazo 8xazo I” i azo i azol pyrazol yl, pyri d| nyl,
qU| noxadmmsékulfungﬂ Cbslaﬂqytshlfemyll calawry mbomp@,ﬂwmxw alogesituted with one

nor e is in ent | n from @ alkyl, C1.5
aI koxy, mm@mﬁ‘et ST mgﬁgﬁ’é g OP%I%? 1618’??/%%#%&’8 i %jyhelt %erocycl yl €0- 5
al kyd , 7ceysal kyl and amigyg aﬂ@ﬂxgcarsmymwm@emahyoﬂaielaysomang or
di - subs uted by C -5 acyl, CIL. Cl. 5 al koxycar bonyl aryl C0-5
al kyl ORb hetlhmmioa@llﬁhéd®mteda’ﬂ@fw 1% each recited heteroaryl in this
paragraph is chosen fromthienyl, 30 furanyl, isoxazolyl, oxazolyl,
t hi azolyl, thiadiazolyl, tet razol yl, pyrazol yI , pyrrolyl and i m dazol yl;

Ry is Cs.jp alkenyl or Cy.s alkyl;

and

15 X, and Xy, are oxygen.

In yet another embodiment, there is provided a compound of the formula (I) as

described immediately above and wherein:

20 Ry is chosen from phenyl, naphthyl and heteroaryl chosen from thienyl, furanyl,
isoxazolyl, oxazolyl, imidazolyl, thiadiazolyl, pyrazolyl, pyridinyl, quinoxalinyl and

benzothienyl each R; is optionally substituted with one or more Ra;

25  Rg is independently chosen from hydroxy, Cis alkyl, C;.5 alkoxy, phenyl, benzyl,
phenethyl, heteroarylCo.s alkyl, heterocyclylCo.s alkyl, Cs cycloalkyl and amino said
amino is optionally mono-or di-substituted by Cy.s acyl, C1s alkyl, Cy.s alkoxycarbonyl,
arylCo.s alkyl or heteroarylCo.s alkyl;

and wherein each recited heteroaryl in this paragraph is chosen from thienyl,
30 furanyl, isoxazolyl, oxazolyl, thiazolyl, thiadiazolyl, tetrazolyl, pyrazolyl, pyrrolyl and

imidazolyl,



8 WO 03/041708 PCT/ US02/ 35494 n is 1-6; R5 is chosen from phenyl,

napht hyl , benzyl, phenethyl, C(err) alkyl, heteroaryl CO-5 al kyl wherein
t he het erweroglo4i7o8 t hi s par agraph is chosen fromthienyl, PaTarsy?/35494

i mdazolyl 5 and pyridinyl, C3_7 cycloal kyl C0.5 al kyl and

het erocycl yl C(err) al kyl wherein the heterocyclyl is chosen from
aziridinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydropyridinyl,
norphollli*ﬁy]l',@ t hi onor phol i nyl, piperidinyl and piperazinyl, each R5 is
optionally substituted with one or nore Re; and 10 and R7 is propenyl or
Cl 3 alkyl. In yet still another enbodinment, there is provided a conpound

of "t he Regiswhbsen(frym phenylawphibybdenzaheasthyly Cabali, heiaroghdres #kylis R2 s

h f | .het. | .1 hi ] i [yl ,
Chyadi aybrgT e BB i HhEbSRn fURSED ARt ey, it aaly | SOXaZElY
Wi t 15 ONngn OfyridiiyR, CRAsycRRAIKGRC ) Salkyl 2 Chi2piocEIGICRallol wheteitiben- R6; wherein

R6 is independently chosen from hydroxy, Cl 5@%&% , }(‘:1-5 al koxy, phenyl,
t hi eny!l IBerecylkhis chasen frosy eaindinkl, PyHelkliay k52 H®ho is optionally

mono-or . 25 di - s i&,!ﬂoﬁ@?o i ifehichyRhifoNgEALBONEhin 75 1 S
chosen ?W%ﬁ’(%%@@ﬁ?ﬁbenz lﬁg}igkleﬁ%ﬁglr%ﬂ&&# cﬁl oal kyl CI)?S al kyl each
opt i onaRk cpribailiyt sibetiudtvittone @moreRy; R ; 30 each Ra, Rb or R are

i ndependently chosen fromCl 5 al kyl, C3_8 cycloal kyl, phenyl, Cl1.5

al koxy, anthi no optionally nono-or-di-substituted by CL.5 alkyl, C1.5 9
10  and Ry is propenyl or Cy.3 alkyl.

In yet still another embodiment, there is provided a compound of the formula (I) as
described immediately above and wherein:

15
R, is chosen from phenyl and heteroaryl chosen from thienyl, furanyl, isoxazolyl,

thiadiazolyl, pyrazolyl and pyridinyl each R; is optionally substituted with one or more
Ry;

20 Rjis:
-(CH2)a-C(O)-Rg or
-(CHa2)a- Re;
wherein Rg is independently chosen from hydroxy, Ci.s alkyl, Cys alkoxy,
phenyl, thienylCy.s alkyl, Cs.7 cycloalkyl and amino said amino is optionally mono-or

25  di-substituted by Ci_s alkyl or Cy.5 alkoxycarbonyl;

Rs is chosen from phenyl, benzyl, phenethyl and Cs.; cycloalkylCo.s alkyl each

optionally substituted with one or more Rg;

30 each Ry, Ry, or R, are independently chosen from C.s alkyl, Cs¢ cycloalkyl, phenyl,
C1.5 alkoxy, amino optionally mono-or-di-substituted by Ci.s alkyl, Ci.s5



WD 03/ 041708 PCT/ US02/ 35494 al koxycar bonyl, carboxam de, hydroxy, hal ogen,
trifluoronmethyl, nitro and nitrile, wherein any of the above Ra, Rb or R
are opti owelop4tie8 ogenat ed where possible; and R7 is Cl1_3palrkRysh2/354%4 I n a
further enbodinment, there is provided a conpound of the fornula (1) as
descri bed imediately above and wherein: R2 is chosen from phenyl,

thienyl , furanyl,. isoxazolyl and L din t] liy.: 10 substituted
with on@k%ycﬁ‘g’%gyh&?rgwlgg’éwgg% N P]%Hrlé())%%np ef}}u?/)? &g%tgﬁélﬁ@{ao gx)hfl %eéach

opt i onadhatemURStIrthE AbvOIR, TROOE RYbreoptienaliyhldgenatetl svhidréposkibleyet  anot her
enbodi nment, there is provided a conpound of the fornmula (1) as described

i mredi atel y above and wherein: R2 is chosen from phenyl, thien-2-yl,

i soxazol - .. and ridin-3-yl each optionally 20 substituted with one or
nor e Ra;an(gyils’séi'ﬁ%}g%léndently chosen from hydroxy, nethyl, ethyl, C1.3

al koxy, phenyl, thienyl CO-5 alkyl, C3_7 cycloal kyl and am no said amno is

optionally no- o i - sybst.itute Cl 5 r al koxycarbonyl ; 25
and each &aurthgherg 0‘%,'“‘38#’ equaeﬁfgwgg‘%Pmﬂ‘ﬂf?eﬁ#‘?&ﬂ“gf@ oy %83(§ifegam no

opti onainllrﬁ dBRE7 e dha SMBRIH: tuted by C1_3 alkyl, carboxam de, hydroxy,
fluoro, c ?oro, brono, trifluoronmethyl, nitro and nitrile. 30 In any of

t he af orenenti oned enbodi nents, there are provided conpounds of the

at 1 achoB: Henie! FilinehRaaict v SendisCsoliTata Epility i biSRATCC: ne

10  substituted with one or more R,;

Rs is chosen from phenyl and cyclohexyl each optionally substituted with one or more
Re;
and

15 nis2-5.

In yet another embodiment, there is provided a compound of the formula (I) as
described immediately above and wherein:
R; is chosen from phenyl, thien-2-yl, isoxazol-5-yl and pyridin-3-yl each optionally

20  substituted with one or more R,;

R is independently chosen from hydroxy, methyl, ethyl, C;.; alkoxy, phenyl,
thienylCy. s alkyl, Cs.7 cycloalkyl and amino said amino is optionally mono-or di-
substituted by Ci.s alkyl or Cy.s alkoxycarbonyl;

25 and
each R,, Ry, or R, are independently chosen from C;.; alkoxy, amino optionally mono-
or-di-substituted by C;.; alkyl, carboxamide, hydroxy, fluoro, chloro, bromo,

trifluoromethyl, nitro and nitrile.

30 Inany of the aforementioned embodiments, there are provided compounds of the

formula (I) wherein:

10



enbodi nent R4 is covalently attached at the indicated 6- position of the
formula (1). In another enbodi mnent there is provided representative
conpoundswofo3ios nventi on 5 which can be made in accor dectarse2/s3394 he
general schenes and wor ki ng exanples presented below 00 NNHSOO N
\ ~~--/ 11/ NHS OsHdO OC 0C O NOPNNNIN-HN O O HZN HZN

0 O R e L A kDb R FBR, R PN 1N 3

embodiment Ry is covalently attached at the indicated 6- position of the formula (I).
In another embodiment there is provided representative compounds of the invention

5  which can be made in accordance with the general schemes and working examples

pfesented below:

11



ON Opl \\ OO N-FI 'pN-Nfi O N2 p-N, a NNO ONOON-- H
N \\ N\/ N NHNONZ ONHZaaONON OJI/\V\/ NHN ~20 02
NH2  O- | N@Sfos@ s N H -N ,NHZ p 2 O NHZ 12 WD 03/ 041708CPETRILIBAY 35494
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N OO N NHNO and NH2 or the pharmaceutically acceptable derivatives
thereof. 5 In another enbodinent there is provided representative
conpoundswofo3kos nventi on which are preferred and can becwambe2/33394
accordance with the general schenes and working exanpl es presented bel ow
N~O/ O~/~NO Ol) NHONNHNHNH2 100z O FBr ~N\ NON NN
ONI jJ N QA\>8HNHNHQgNOO O2 H2N H2N 13 WD 03/041708
PCT/U802/35IaNOpN aN NH~~-NSNHO ao OC

and or

the pharmaceutically acceptable derivatives thereof.

In another embodiment there is provided representative compounds of the invention
which are preferred and can be made in accordance with the general schemes and

working examples presented below:

10
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NHOHawoovo878\ ~ J |l- NI/ \H~A N N 3-0 ~ ~ HPCWU402/55494

"R, {
th'j\@[‘%w O\Ti©:\>_;>—©

OH . o
O\NO O>_(/\/I| O ')
OO QL 34
| N‘>—u S
: OH
0 0
CL a Q2
NJ\CE:\*”}—@ Q?‘ 1 IN\>—N>—(/j
N

14



14 WD 03/041708 PCT/US02/35494 p a NNNOp NOON NN VI NNHNH

ONHR2 ONF pO/ N~ NONNON\-N -H/ NH NNH O2 H2ZN; p NOO
N N ON NWO/BlHYEH S N H2N 0 15 WO 03/ 041708 PCT/ US02/ 35#04/US@/p54@ O A, () :
, NO~"I N\ N J N\> N1 \-NSNH/ NH O
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H NHO\ N. ~apo Op\ N~ aN\ N~/ | N\--NS\ NNH NHNH O
OO O\~-NNO~ I I NN-NS\}-HSNH NNH ONH2 16 WO 03/041708
PCT/ US02/\86494417@8 -N N O N NN p NHNHNNH2 NH2 O H RO2/USIABMo4+~ NH - N
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H2N 17 WO 03/041708 PCT/US02/35494 OBr O FNO\ NO N~ N-H N~H H2N H2N
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OOO \ NON NHNI i NNHN O O1),NH NH2 A\l V' I N OO OON H
N NHZ O OHz ; and NH2 or 21 WD 03/041708 PCT/ US02/ 35494 the

phar macewpDaalbkyosaccept abl e derivatives thereof. In all tReTaspsnds

di scl osed herein above in this application, in the event the 5 nonencl ature
isin conflict wwth the structure, it shall be understood that the conpound
is defined by the structure. The ipnyention includes the use of any
conpoundg~descri bed above cont ai none or nore asynmetric carbon atons
whi ch nma ¢cur as racemates and racépic mixtures, 10 single enantioners,
di ast ereorerine m xtures and i ndi vi dualN di astereonmers. All such isoneric

f or ns -of t% S€ corrpourtﬂs are expresgANLACl uded\in the present invention.
Each stereoge \ bo y-\be in the @ >£0}H€u\r>ati on, or a
. N H N/

conbi nati on of yur a | S.

N H
\\Q\(o
o N, NH,
2 2
: \N/
o)
o) N —
— \>\N N
W% NT N
\\O\(o
NH,
; and 2 or
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15 Sonme of the conmpounds of fornula (1) can exist in nore than one

tautoneric form For exanple, Xa Xa N2 NYR2 ,,-CC>- N>NNRPRS\ N
R3 R3 (wworn3Ri1768 H) ot her tautomers will be apparent to Po@asowss4etr di nary
skill in the art, the invention includes all such tautoners and nethods of

maki ng and using the sane. 20 All terns as used herein in this
specification, unless otherwi se stated, shall be understood in their
ordi nary meaning as known in the art. Al kyl, al kenyl, al kynyl, alkoxy,

al kyl t thphﬁ.ﬁl%euﬁ@gm%@égﬁgg@wﬁvata@ytwf, acyl am no, 25 al kyl sul fonyl and
all other al kyl cont’ai ning groups shall be understood unless 22 WO

03/ 041708 PCT/ US02/ 35494 otherw se specified as being Cl-10, branched or
unbr anche ere structurall ibl.e.. - | ially or full
ﬁlﬁtag al%\@a:f%orun%ggglo?éd ﬁ’e}riﬁg %g&e\% 1ﬁ i’tlellggﬁpslf?:%bﬁ) @ﬁ‘{ﬂeyevgﬁ{ thé y y

hal oge SPEc aré as follows: 5 BOC or

t - BGC ipmicatlatuaé ¥-ih ebofkigcaith tgydtructiire, Bushal be endérstogd that fHe. colipPuids

di met hyl formami de. EtOAc is ethyl acetate. EtOH and MeOH are et hanol and
net handp defireddydhe staacfure. 10 TFA is trifluoroacetic acid. THE i s
tetrahydrofuran. DMSO is dinethyl sul foxide.

The invention includes the use of any compounds described above containing one or
more asymmetric carbon atoms which may occur as racemates and racemic mixtures,
10  single enantiomers, diastereomeric mixtures and individual diastereomers. All such
isomeric forms of these compounds are expressly included in the present invention.
Each stereogenic carbon may be in the R or S configuration, or a combination of

configurations.

15 Some of the compounds of formula (I) can exist in more than one tautomeric form.

For example,
Xa

H Xa
N R, N R
\ . 2
Rf@:: N\ R; > N
N R, N
\R \
R
3

3
(when R, =H)

H

other tautomers will be apparent to those of ordinary skill in the art, the invention
includes all such tautomers and methods of making and using the same.

20

All terms as used herein in this specification, unless otherwise stated, shall be

understood in their ordinary meaning as known in the art.

Alkyl, alkenyl, alkynyl, alkoxy, alkylthio, acyl, alkoxycarbonyl, acyloxy, acylamino,
25  alkylsulfonyl and all other alkyl containing groups shall be understood unless

22



TBTU is O (1H benzotriazol-1-yl)-N,N. N, N -tetranet hyl uroni um

tetrafl uoroborate. 15 FMOC is 9-fl uorenyl net hoxycarbonyl. The term "aroyl"
as used iwotlbw4ppesent specification shall be understood troTmsan3s4¥benzoyl "
or "naphthoyl”. 20 The term "carbocycle" shall be understood to nean an

al i phati c hydrocarbon radical containing fromthree to twelve carbon

at ons. rbacycl es. i.ncl ud y r | i.ni mthree to ten
carbon § SW.SQ/Sﬁ?gglgd@glb%%lg@I'&%%fggﬁoéﬁgﬁfhﬁﬁfﬁ%?irglfzrﬂ&ginaglgnon- aromatic
ring sypbeivie, adddpitallgpattialy @i fillly halodeahted edthtemoreTspecifiordefinitiond i ¢ ring
systens may be nono- or polyunsaturated. Preferred carbocycl es include but
are 25§68 follafsed to cycl opropyl, cyclobutyl, cyclopentyl, cycl opentenyl,
cycl ohexyl, cycl ohexenyl, cycl oheptanyl, cycloheptenyl, phenyl, indanyl,

i ndenyl, benzocycl obut anyl, di hydronaphthyl, tetrahydronaphthyl, naphthyl,
decahydBOGaphtBOC,is etiagdpodxybapoaylyl and benzocycl oheptenyl. Certain terns
for cycloal kyl. such_as cycl obutanyl and cycl obutyl shall be used

i nterch b‘é%lfﬂ"t}a.ry%’ﬁty]“he term "heterocycle" refers to a stable nonaromatic
4-8 nenpgied filkihyRbghshal! y. 5 23 WO 03/041708 PCT/ US02/ 35494 or 6
menber ed) nonocyclic or nonaromatic 8-11 nenbered bicyclic heterocycle

r adi cal EtDAcis etieyl abefatei t her saturated or unsaturated. Each heterocycle

consi st at nd.one o e...preferably froml to 4
heteroa?ﬁﬂé“@@ﬁ&%ﬁgﬁp?ggs(ﬁﬁ?QFggg%§L%§@ﬁgxgghd sul fur. The heterocycl e may
be apt aqipadskbyflwtyacetioati@f the 5 cycle, which results in the creation of a

stable structure. Unless otherwi se stated, heterocycles include but are
not | i mitddstgrahydiefspRdi nyl , norpholinyl, thi onorpholinyl, dioxal anyl,

pi peri di Py ' .1.aziridinyl and tetrahydrofuranyl. The term
"heterogﬁ§$glgﬁgﬁ%%%%&%%g§istood to mean an aromatic 5-8 nenbered 10

monocy c MBI bis G- 1H-berrdiaazd- 1 bylE)CN N N Hegamethylakerimg tdirafluoetberatat ons such
as NNO and S. Unless otherw se stated, such heteroaryls include but are
not limted to thienyl,

15 FMOC is 9-fluorenylmethoxycarbonyl.

The term “aroyl” as used in the present specification shall be understood to mean

“benzoyl” or “naphthoyl”.

20  The term “carbocycle” shall be understood to mean an aliphatic hydrocarbon radical
containing from three to twelve carbon atoms. Carbocycles include hydrocarbon rings
containing from three to ten carbon atoms. These carbocycles may be either aromatic
and non-aromatic ring systems, and optionally or fully halogenated. The non-aromatic
ring systems may be mono- or polyunsaturated. Preferred carbocycles include but are

25  not limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl, cycloheptanyl, cycloheptenyl, phenyl, indanyl, indenyl,
benzocyclobutanyl, dihydronaphthyl, tetrahydronaphthyl, naphthyl,
decahydronaphthyl, benzocycloheptanyl and benzocycloheptenyl. Certain terms for
cycloalkyl such as cyclobutanyl and cyclobutyl shall be used interchangeably.

30

The term “heterocycle” refers to a stable nonaromatic 4-8 membered (but preferably, 5

23



furanyl, isoxazolyl, oxazolyl, thiazolyl, thiadiazolyl, tetrazolyl,
pyrazolyl, pyrrolyl, imdazolyl, pyridinyl, pyrimdinyl, pyrazinyl,

pyri dazi ryD,03pyr7ehyl , qui noxal i nyl, indolyl, benzim dazolpgr/usSbzssasxazol yl ,
benzot hi azol yl , benzot hi enyl, quinolinyl, 15 quinazolinyl and indazolyl.
The term "heteroatom' as used herein shall be understood to nmean atons

other than carbaon such as 0, N, S a .20 | | :akkyl ups or carbon
chai ns 9 @ Hembeire) %P?‘W"ﬁﬁ Pﬁﬁwowtécrrgli H?aeng’rereﬁobﬁé’dlg%%g%%% ons are
opt i onal gy T GRIAGEE 1Veihet Smaaleams uniurScar Ehh hidterdbydlé chgisundder st ood  t hat

if Nis not substituted then it is NH, it shall also be understood that the
het er oataben atensreep bacer wotd picferablyifioa | taf beiarogtamsselictsdf@Rnal car bon

atons W | hiﬁg%é)%gg%@n hﬁ&ﬁgr@ger be(rgera{gg}lg’/ﬁ:egrrn ﬁ[’?%&?@g@aﬂ §tO§p@ﬁ}.‘%tuti on on a

carbon & oups suc oxo resulf in

def i i t (RIS vrisredslts iahikoorsamnhsmystablesiticlurantnkess dtherwise stated.subst i t ut ed on
a ring can, for exanple, replace a net hy,eqe 8%’%5}3 -CH2- with a carbonyl
>C=0. 3betosyeles iclude Yni-arg goljgaHed oy BYrﬁ"lEJh%bi {1 t¥r st ood to nean
aromatig.car & t N shinesrihek it teEastrafuydnyDr

het er oaﬁ‘;ll mﬂ‘%?‘éi’s{ lodifkatar s’éﬁg%g‘{é|¥li@ge‘%4 S SR
includes its partially or fully hydrogenated derivative. For exanple,

O P e STE U B g 11
tetnahy o%@ﬂﬁ&{b}"ﬁﬂhlﬁﬁﬁﬁbé@&bﬁ?c]?@ﬁﬁé Sty 1E4thét¥roatomsogenas KO Ot her

partral [y or ydrogenat ed derivatives of the aryl and 5 heteroaryl
conpoundsd SeBoleshaticrwisesitatediishéh heferapiyly inpltde butsrenejrlingiter todkignylki 11 in the

art. Terns i ch are anal.ogs..of ,t.hg.abov i .2l hes as aryl oxy

or het eﬁga?%m’é%#@ °§‘ﬁ%ﬁ1V9ﬁaa%?Meﬁ‘éa{%iagaﬁfé’ﬁgt%fgﬁfl’w %érogﬁ ’ pﬁgﬁgf oaryl ,

het er ocyiglda, &1, §ofidingH pahevdEnyl ] yratinglc padddzmyl, pysanyb sppeetilieylf unct i onal
roup. .

? P indolyl, benzimidazolyl, benzoxazolyl, benzothiazolyl, benzothienyl, quinolinyl,

15  quinazolinyl and indazolyl.

The term “heteroatom’ as used herein shall be understood to mean atoms other than

carbon such as O, N, S and P.

20 In all alkyl groups or carbon chains within cycloalkyl groups, where one or more
carbon atoms are optionally replaced by heteroatoms: O, S or N, it shall be understood
that if N is not substituted then it is NH, it shall also be understood that the
heteroatoms may replace either terminal carbon atoms or internal carbon atoms within
a branched or unbranched carbon chain.

25 A
Substitution on a carbon such as a methylene carbon by groups such as oxo result in
definitions such as: alkoxycarbonyl, acyl, and amido , or if substituted on a ring can,

for example, replace a methylene group -CH,- with a carbonyl >C=0.

30  The term “aryl” as used herein shall be understood to mean aromatic carbocycle or

heteroaryl as defined herein. Each aryl or heteroaryl unless otherwise specified

24



As used herein, "nitrogen"” and "sulfur" include any oxidized form of
nitrogen and sulfur and the quaternized formof any basic nitrogen. For
exanpl e, worozam7es kyl t hi o radical such as -S-Cl_6 al kyl, pamlusez3savher w se
specified, this shall be understood to 15 include -S(O-Cl_6 al kyl and
-S(0 2-C1-6 alkyl. The term "hal ogen" as used in the present specification

shal | be dersto to a rom Nol@! ri i.odi ne. The
def i ni t {"GHEeE ﬁ%??rﬁ Iy OF %ﬁy?’gﬁﬁ%ﬁgﬂ% o%eéq(r{l%{“g%wﬁﬁxsa&@g?’i ulfj}?o é@gllblil}ggne or nore
hal ogeninteRiecdhyatdadrslih@ranaxerablydroqimptinylthaphthyl raytindlodifs deri vatives on

one or nore carbon atoms. A non-limting exanple woul d _ be a . hal ogenated
al kyl shidrogenatediqeamptives seghgasdetgahyerpga hﬁoﬁ%s‘“@fb?ﬂ@“?ﬁ(/%ﬁulﬂﬁn are only

t hose ' Ny ] : : will be

appr ec;,\g%lége 1%56% ﬁg@ésg%%ﬁ ggfultlﬁ %goggﬁ%&@%%ﬂaéﬁzﬁ&pfﬁ@% Ergl ngdS conpound whi ch
woul g hbeteroaryl damngbimiy desdridad Yiereirowilbbe appatzanioome ofioadinary skibripdiends
contenpl ated by the inventive nethods disclosed herein. The term "patient"
refers a war m bl ooded mammal and preferably, a human. 30 The invention
i ncl udes pharmaceutically acceptabl e derivatives of conpounds of formula

(). A "pharmaceutically acceptable derivative" refers to any 25 WO
03/ 041708mRCThidBeR BBLE4 of fieabare exslic sedi¢ties sachegstaaplony sahetersarydst er, or any

ot her conpound ich u adni ni s t t ' ' abl e of
provi di g ?&T?B%Iu?d%ﬁtog‘ﬁ& Peth ernygryfaﬁlgtg%?p 1h%t&8§§§éﬁae’§? E(? ﬁ]g(ﬁ)i%nvent ion, or
a phar nRgQhedicisii¥spretiieandtiinabgbip.e or pharnmacol ogically active residue
thereof. A pharmacologically active netabolite shall 5 be understood to

mean any conpound of the invention capable of being netabolized

enzymat i [. C 1. cabsl V1 «ThHE S | £ %3P Eé{p&[rfaxyl ated or
oxi di zeé‘%%léé‘%/}’%g’t“r %%%%p@ﬁ%dg‘h%”? %‘ﬁg‘id?%rﬁﬁﬁfﬂgp{e%?. Phglrﬁggceuti.cal ly
accept abhléursalttse quutdrbided fdrasel adgbiasie ditfogem Hoh axarepleufor emblkylthio accept abl e

i norgani ¢c_and qQrgani ¢ aci ds and hases. Ex | es qf ,,sui t agbl i ds include
hydr gc hrastisad Fuﬁ&%r'gﬂflfﬁrﬁ%&yi & Gﬁ}eé‘f" 156 F‘I?‘?G?fig,?i’ ﬁ’ésr @ﬁl@’? iu&aerlsﬁ’ﬂg%? c, maleic,
PhosphokiGude -S(0)-Cy.6 alkyl and -S(0),-C1.s alkyl.

The term “halogen” as used in the present specification shall be understood to mean

bromine, chlorine, fluorine or iodine. The definitions “partially or fully halogenated”

“substituted by one or more halogen atoms™ includes for example, mono, di or tri halo
20  derivatives on one or more carbon atoms. A non-limiting example would be a

halogenated alkyl such as -CH,CHF,, -CF3 etc.

The compounds of the invention are only those which are contemplated to be
‘chemically stable’ as will be appreciated by those skilled in the art. For example, a
25 compound which would have a ‘dangling valency’, or a ‘carbanion’ are not

compounds contemplated by the inventive methods disclosed herein.
The term "patient” refers to a warm-blooded mammal and preferably, a human.

30  The invention includes pharmaceutically acceptable derivatives of compounds of

formula (I). A "pharmaceutically acceptable derivative" refers to any
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glycolic, lactic, salicylic, succinic, toluene-p-sulfuric, tartaric,
acetic, citric, nethanesulfonic, formc, benzoic, malonic,

napht hal ewe-02/0$1ub$ uri ¢ and benzenesul fonic acids. O her &cirdsp2/34eh as
oxalic acid, while not thenselves 15 pharmaceutically acceptable, may be
enployed in the preparation of salts useful as internediates in obtaining

th d t hei h i | i dditi [ts.
Salt o TR gy PSSk o Ay SpREsRb R Spof T L1 00 B LS
al kal i ngaafki-hidiebal patientdis capBgd esprovikiingadirectl yusn indicbclly £tertidovaldky| ) 4+

salts. 20 In addition, wthin the scope of the invention is use of prodrugs
of conpwsefdrdhe inyentiqrs prapharmayologicaliy aiye il hose conpounds t hat,

upon sinple chem . IO nIRHS 54 ; HE® segppounds of
the i n\,pgﬁfrf%cr?ﬁlogélcaﬁrgl agtlg’%ge%ﬁifélgm@%drfgn%sq or rr%ﬁ?(g%ésd@gag Ilg%gl%%gdr (_)Isysi S,
oXi dat | W urRiBetdoddy elidaqany Spapifridad]theinvedizn capaje offbaing instabohdedi stered to a

patient, the prodrug nmay. be transforned int onpound 25..di scl osed herein

above, mE¥mateRlYRIS me@lli/-r%ﬂ%@gﬁ‘rd% %ﬁéﬁ%@oﬁ%@ﬁoﬁﬁtegﬂ 8é’td?ze§ METHODS OF

THERAPE&@H&P%%@%RQQHPQHT%@J ay.he invention are effective inhibitors of
am act

Tec ki nase rvity, 30 eSpecially of Itk. Therefore, in one
enbodi nent of the invention, there is provided 26 WO 03/041708

PCT/ US02/ 35494 . net hods, of treating.i ' i i d
of 't ho PHFBASRATY FooRpe e BrbRaE I i PR RRS T RO o

tregfi nﬂ:ch@%l@'ﬁ‘i@‘gﬁﬁ&’ afld 52BABRSIds UEd Pabes.ORRAMBIEsofsithble atidy entudon. 1 n yet
anot her "enbodi nent, there is provided methods of treating al|ergic
di sor dehglroclonig, bydisbuordis, sifuripenifriovperehlgric, fpmapemalpic) Phosphgrisy her

enbodi nent ... t her.e | fOoVi ds Qb BN RAAA : ;¥ cell generation

f or vaggliyﬁ%léc’ Easc:ilﬁ,gsaﬁgﬁ;pcoé%cggﬁi%?cﬂ P%%d}?%@ent f on. Ib,n“&gﬁ?glr%{l %’er embodi ment ,

t her e i methahavilfonid, foeinigdenzoic, hiabati¢, ngplabaleng?-ehifinér atdi ve di sorders using

conmpounds of the  invention. 10 Wthout w shing.to bound by theory, the
conpounbenzerespipaiciapiden iy 2 ﬂ&}l‘?ﬁ@_ OF‘_ah_Eé?IH’ ‘éfﬂ%e W&g‘?en&%# ®Sactivation via

ef f gcti ﬁfﬁaﬂnqg'élmcﬁﬂ}ogcc%f)tatfekmagr BE emPlilybd 1d BB pRiparktie bF salts useful as

intermediates in obtaining the compounds and their pharmaceutically acceptable acid

addition salts. Salts derived from appropriate bases include alkali metal (e.g., sodium),

alkaline earth metal (e.g., magnesium), ammonium and N-(C1-Cy alky1)4+ salts.

20 In addition, within the scope of the invention is use of prodrugs of compounds of the
formula (I). Prodrugs include those compounds that, upon s;mple chemical
transformation, are modified to produce compounds of the invention. Simple chemical
transformations include hydrolysis, oxidation and reduction. Specifically, when a
prodrug is administered to a patient, the prodrug may be transformed into a compound

25  disclosed herein above, thereby imparting the desired pharmacological effect.

METHODS OF THERAPEUTIC USE

The compounds of the invention are effective inhibitors of Tec kinase family activity,

30 especially of Itk. Therefore, in one embodiment of the invention, there is provided
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activation is therapeutically useful for selectively suppressing immune
function. Thus, the inhibition of Itk is an attractive nmeans for
prevent i /yoanmd4t7oeati ng a variety of imune disorders, i RCITABONGS494

i nfl ammat ory di seases, autoi mune di seases, organ and 15 bone nmarrow
transplant rejection and other disorders associated with T cell nediated

i nmune response. In partlc | ar he,c oun y be used
to prepehedsopf {rpdms ’é‘&‘ﬂ’t‘ ?,lhcbﬁor]ﬁl%s flm&%.'%f ]Pe %:éllgg&l (rzﬂg nt act

der mat i fjfher B oliﬂﬁén‘% thefé"?suﬁi%bﬂed rﬁéth&'tisl of freatfﬂg' infl@hmlafmyedlmdsrs type 1

di abetes, I nflanmatory bowel " di sease, Guillain-Barre_ syndrone, é:rohn S

di seaseysing cmnmunde Qfothet inyentiogn de ryet gpather gabedimentthe 13dP”§’(¥53§ (and

ot her for n r 9151?(@" a8, BNkt lsHRus

eryt hen‘ﬁ? f%ﬁ% % dfsog% ﬁXi’né nve t| on %titgb‘?ﬂ;ég effeci;% ve inhibitors

of Tec atn%fﬂelr ¥ribbfiasees$, thérehe prdvitiRa mhéthodsruflentanmgngt miemoTecell Bmieratiand Bnx and

woul d thus be useful in treatli;r]rﬁ1 25 dj seases a%% i}’?’gd \Mﬁag‘ the activity

of one for vaprinesoRsing coEPPERAS ghileyNKFHIQRaLD 2 ftost embedigpentglaptecy |

activatlon and ! b edigRa&s Olsit) komnpbendarst the

pro-i nf?gm‘?ﬁ@or%ﬁgn%sg?gtt%ﬁa{s gcg g@gll%fbﬁlgs 1ThUSSI nh@ébl to?s of Itk have

potentifmbentionl ity in treating inflamatory and allergic disorders,

i ncl udi ng asthma, chronic obstructive 30 pul nonary di sease (COPD), adult

respiratory distress syndrome (ARDS), bronchitis, conjunctivitis,

der ti JoBoHeCh N thsory IB 26 b@ﬂsdwtmsaﬁmbatmum T cell
L e ey S 3543‘ of )

mast cell nedi ated i mmune rl)onse will
be evi desit aﬂdmtahtos@l aftivatidn rvag yffmtnvp' linhihition eofltl. Hhegmkuition o Thelk r eat ed

with the co t i s of Itk
Bhd ot NER R Do icARE BT ob Keflvel MaprleBAL rhfiine conﬁ?fﬁé‘?f&%n 5 wi th
other t hfeﬁﬁﬁibﬁ%oﬂ of Tikhig alnr a&hmtmaefnslﬂafnpmsmmé hmamg/a varietyi éfer at i ve,

and al l ergi c disorders. nmpl es, thoygh not all encanga53|ng a]ﬁclude
co- adni nnmun@ﬂ1sgrdermmq%u@tlmlﬁiaa§nat? BP0 AROURTHED AISELST % % 2K} st ani nes,

cycl, zf ér'ge En%ow t?ar%)ggﬁﬁf %Jectlgﬁ"?mé %z{h@f Sﬂ}frdrei% 4SS AVE WACT icBld le@intétet hods. i s

to il e nu menor 10 cells generated. As described in the
Backgr ounghuné Redpbaseab e particntar, thle dompuiupds of the invention may be used to

prevent or treat acute or chronic inflammation, allergies, contact dermatitis, psoriasis,

theumatoid arthritis, multiple sclerosis, type 1 diabetes, inflammatory bowel disease,
Guillain-Barre syndrome, Crohn's disease, ulcerative colitis, cancer, graft versus host

20 disease (and other forms of organ or bone marrow transplant rejection) and lupus

erythematosus.

The compounds of the invention are also effective inhibitors of Tec family kinases
other than Itk including Txk, Tec, Btk, and Bmx and would thus be useful in treating

25  diseases associated with the activity of one or more of these Tec family kinases.

Inhibitors of mast cell activation and degranulation block the release of allergic and

pro-inflammatory mediators and cytokines. Thus inhibitors of Itk have potential utility

in treating inflammatory and allergic disorders, including asthma, chronic obstructive
30 pulmonary disease (COPD), adult respiratory distress syndrome (ARDS), bronchitis,

conjunctivitis, dermatitis and allergic rhinitis. Other disorders associated with T cell
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i ncreased nunbers of nenory cells are generated. Thus, within the scope of
the invention is the use of the present conpounds in the fornul ation of

i nproved wadsionees t hat generate increased nunbers of nmenpCY/UBIL3d4bs. 15
For therapeutic use, the conpounds of the invention may be adm nistered in
any conventional dosage formin any conventional manner. Routes of
admnistratio i ncl ude, but are not..lim t I v

i nt ranu%réﬁ‘fséF‘iqgll?le ]&{? JEIHES JgsRynse Wfrll]tbrefglc%ggtloéﬁ?sﬁ d}?bogéﬁlﬁn us?fo%,the

subl i ngyabdd/eantalsdndedarsdl with tteroahlpgunds@pd eainbysitionsf thisiiradntion.on. The
preferred nodes of adm nistration are oral and intravenous. 20 The
conpounds of this invention nmaybe adm ni stered alone or in conmbination with
adj uvani s..t.hat t-ahid | L phib bt b QS ihaehdbitabs

admi ni s bfﬁoasnoﬁgbﬁ{gﬁog?%a@%ut%#ygg;r%f)ég??ﬁ gﬁg{ﬁ%ontla}ynﬁng themin certain
enbogi neith Sthepttewipits fortieramient of Sisroing, inflanonatdiys pelidéretive, epd r ease
inhibitory activity, _provide adjunct_ thera and, the 25 I.ike,.including
ot her a@idrgie dlsﬁ@eé%i@ﬂ@le%m&bé‘@ h@c?mpg%@@’ %Hﬁeﬁgfaﬁ HOLpHE 0g_pi es

utili ze LOwer,iQ038868iAE ahRBoHoRVanihifaRnet NSt RBS3HH, @8 rapatiysinavoi di ng

possi ble toxicity ande adverse side effects incurred when those agents are
used as nonot herapi es. Conpounds of the invention maybe physically

conmbined with the.conventianal therapeuti ' into a
singl e 8?%&%@0%IH’QFOVc?ovr?ﬁ(élggtll?%W?t?’%%sqﬂgov{élﬁfegggetggéjpﬁbe]?ﬁfeﬂécl@ ounds may
t heny be ;afHehiraicar ad deQaRiclen thieoBaRkgilotgd, én dRsbgece b ltinin hiicss one

enbodi nents, the pharmaceutical conpositions conprising SL%Ch 28 WO

03/ 0417 08reReT uatErssanamortesbs gt searrateds Thusmpahinbe seaneatihess | east about
5% but ;nore preferabl RS i3 Soriul S UMRRALRA o badfogu! 2 (1)
(W W) oF‘nvﬁméoéﬁﬁ?tf'\ealfslg%rflyt{aﬁﬁgfgeegl?.% e H%)lpr)lt ﬁﬁorﬁﬁ%er cent agg (W W of a conpound
of the iHayeseimaintB3asatatiymisorslof siembtyrT vellst he purvi ew of those skilled in
the art. Alternatively, the conpounds may be 5 adm nistered separately
(either serially or in parallel). Separate dosing allows for greater

Flexibi b ¥ etaBerdt€isd Ot BIMPEMITRS the invention may be administered in any

conventional dosage form in any conventional manner. Routes of administration

include, but are not limited to, intravenously, intramuscularly, subcutaneously,
intrasynovially, by infusion, sublingually, transdermally, orally, topically or by
inhalation. The preferred modes of administration are oral and intravenous.

20
The compounds of this invention may be administered alone or in combination with
adjuvants that enhance stability of the inhibitors, facilitate administration of
pharmaceutic compositions containing them in certain embodiments, provide increased
dissolution or dispersion, increase inhibitory activity, provide adjunct therapy, and the

25  like, including other active ingredients. Advantageously, such combination therapies
utilize lower dosages of the conventional therapeutics, thus avoiding possible toxicity
and adverse side effects incurred when those agents are used as monotherapies.
Compounds of the invention may be physically combined with the conventional
therapeutics or other adjuvants into a single pharmaceutical composition.

30  Advantageously, the compounds may then be administered together in a single dosage

form. In some embodiments, the pharmaceutical compositions comprising such
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As mentioned above, dosage forns of the conpounds of this invention include
phar maceutical ly acceptable carriers and adjuvants known to those of

ordi nary whioBlo4i708 10 the art. These carriers and adj uvantPsTiusol/ssde4 for
exanpl e, ion exchangers, alum na, alum num stearate, lecithin, serum
proteins, buffer substances, water, salts or electrolytes and

cel | ul ose-pased substances. Preferred.do e f.ar | | et,
capsul efo@g’ﬁﬁté?r{s P?fﬂ?ﬂ‘,m(é(‘}f)ﬂttapb Jeagyd élﬁg%olﬁ],lt %Sn%lpg%}g%ggf%zléeaﬁges, syrup,
reconst LisdiabVe of PENESSundBTIBhEa (1 GRROTr b@bibaiuion tiesesfermiel  pat ch.

Met hods for preparing such 15 dosage forns are known (see, for. exanple,

H. C. Ansptimamdpéicadtagedpiy) efa comppeimndent che invantign@ay ¥aysngdds WHANDY ug

Del i very Syst.ems,..5th oy n i Q | evel s and
requi reﬁberﬁ{gVISWedf\F\l%’ls? -Slr%glgc(l)lgdr_uﬁlgé’%’ ?%%%ggl& tthgﬁg&%%/n%e% é}gg"feect ed by those
of osdi Bamihistkiell keparatélf€eittiet séridin mvmpiralidlp Sapntwedosmglalieehior ques

suitable for a ]_Ba_rti_cul ar patient. In sone enbodi nents, dosage |evels range
f r om ab@treter dlexibigpm thgdes88 1¢8Mea 70 kg patient. Al though one dose per day
maybe sufficient, up to 5 doses per day may be given. For oral doses, up
to 2000 ng/day may be required. As the skilled artisan will appreciate,

| ower oMshhghieneddses, dmygdforme glithcedmpepatsdif tigjs inysnipen incbdear factors. For
i nstance, specifig¢ dosage and.treatnent regi nens.will .depe .an_factors
such as PhHEI35Ytca a%ceﬁgﬁl?rcélm?{%éﬁ ?%BY%F%%WWQ%%S?S%P {c;11§£gﬁl&ﬁg%ur se of
the 185 R dreNMhcRe BirSiefsdRl a8fuvahts Rsthdd, B ckhifplef on cRélngls, jludiapnt of the
treating physician. BIQOL CAL ACTIVITY Itk Assay 30 Itk is purified as a
GST- f us iabmipnotstdarate, Tevéthial, servm pretaing, byilsrSubmbanes Svnters palt§ DELFI A

B
ot SRS U PP s et s, | o
UHTS sy posidet, raaplspuiepesiiars geirsisdsurslepisha P eoiniDERepBnRicy, and al so

o gggo%tfgﬁ%s ADRabIARRE, BF SRS, LY hokdrada NiGkbaRsgstgssay buf fer (50
P’harmace'uti’cal Dosage Forms and Drug Delivery Systems, 5th ed., Lea and Febiger

(1990)). Dosage levels and requirements are well-recognized in the art and may be
selected by those of ordinary skill in the art from available methods and techniques
suitable for a particular patient. In some embodiments, dosage levels range from about

20  1-1000 mg/dose for a 70 kg patient. Although one dose per day may be sufficient, up
to 5 doses per day may be given. For oral doses, up to 2000 mg/day may be required.
As the skilled artisan will appreciate, lower or higher doses may be required depending
on particular factors. For instance, specific dosage and treatment regimens will depend
on factors such as the patient's general health profile, the severity and course of the

25  patient's disorder or disposition thereto, and the judgment of the treating physician.

BIOLOGICAL ACTIVITY

Itk Assay
30 Itk is purified as a GST-fusion protein. The kinase activity is measured using DELFIA

(Dissociation Enhanced Lanthanide Fluoroimmunoassay) which utilizes europium

29



525 mMMd 2, 5 MM MhC 2, 50 mM KCl, 100 M Na3VQ4a 0. 2% BSA, 0.01% CHAPS,
200 M TCEP). Test sanples initially dissolved in DMSO at 1 ng/nL, are
pre-di | utwo oBos17d9se response (9 doses with starting finalPCrarsorst4pati on of
3 g/nm, 1 to 3 serial dilutions) with the assay buffer in 384-well

pol ypropyl ene microtiter plat es A 10 L volume/well of a m xture of

SUbS ! 2% R AL phOs Mo ARESA0 he o ALL o] QURET WRoRIAld MbiGeS o o

Bi oi nt erna s a travidin coated 384-well

whi t e platdeny ﬁ’tblEEi@E)p,ol}f Gllodyd GTYR). kel screee stiligenile & sudrkitAlagraand 20

L/ wel | | ut ed enz (7 anln C round | 1's are i ncubated
with b ﬂ$ SY?%PPH%?‘%’E% TSAEqNIS, m%r@@;@?@ 8?%%%“33% R, 8384t od £ or
30 mn ?latésoqms khﬁ@@s‘srs@& 14 O[f‘erfoﬁ%cﬂ MWkinbsd RReHPRIFL 150 LIV FASPRY, pbf alogs are
washed three times W tH 15 L wash buffer 50 mM Tris-HCL, pH 7.4, 150

mM NaCl 250mdb6 M guiseh n2d, MnCigo S0BSM . K@, 5l®)OLuMI N4, d¥ 2%uBS451 QrﬁlfVabeI ed
anti - phag 0Si 3+- PT66, W\l I ac  CR04-100 50 mv

Tris- ﬂoﬁffgﬁé,yi 1@5’6&% Nggey samples dlSGOIHS&&n %‘h a0, m oaB%A 0. 05%
BGG (1 &ﬁ{cﬁp t

r oom( t e%‘%éegg@gé g& p%%\esiégnéqgt%:a 8énsovgﬁﬁgﬁnﬂ@ fn gtg?cc?!rr\la ng“ at e i 21 \r/]vaghed

four tines setidihdili@6n) evith) the afsaydsailffedinf 3‘&11’-Wdhﬂol5ﬁrobylmﬁe bBEtdotifsr pldsancenment
Sol uti on SqV\aIIac) is added to each well. After m.n ti me-resal ved

f1 uor eseeh dili wlppgEEHad omitiwe mfmlbgtraﬁﬁﬁaqoygaem{lwéum\éﬁ% agd 9380 Inm
e %ﬁ' O@‘gﬁcYﬁ ?0901:111 @IS If':é{?ﬁi(?&ngﬁo%g )qhq{l sk Fbﬂffgr i@fatdﬁéd ?o H&thﬁa)élcﬁﬁ ggat}%gl 250 s.

Preferreée COI'TpOUﬂd e | nven 1 on have an activit mcro or

| ess.  234Iwelowiis plattdPTERCE), foMewtd 61 20QINWER tdstl bhnplursdﬁmmﬁd 20 he
follow ng exanples are set forth. These exanples are for the purpose of
i 11 ustrati'well of dilvicd etizyan® ¢dinie fingl edncohBackgrenpdnvelimare daepbated with t o be

83?32;$%§f§@r§%@%gg¢@ee§z%. ?1];: agsrelgl ﬂla{}\e/sea{]r% I11r(1)cr1]1bI 2430730 WaN at 130%n§ 0 Vo

temperature. Following incubation, the assay plates are washed three times with 100

15 pL wash buffer (50 mM Tris-HCL, pH 7.4, 150 mM NaCl, 0.05% Tween 20, 0.2%
BSA). A 50 pL aliquot of europium-labeled anti-phosphotyrosine (Eu**-PT66, Wallac
CRO04-100) diluted in 50 mM Tris-HCI, pH 7.8, 150 mM NaCl, 10 pM DTPA, 0.05%
Tween 40, 0.2% BSA, 0.05% BGG (1 nM final conc.) is added to each well and
incubated for 30 min at room temperature. Upon completion of the incubation, the

20 plate is washed four times with 100 pL of wash buffer and 50 pL of DELFIA
Enhancement Solution (Wallac) is added to each well. After 15 min , time-resolved
fluorescence is measured on the LJL’s Analyst (excitation at 360 nm, emission at 620
nm, EU 400 Dichroic Mirror) after a delay time of 250 ps.
Preferred compounds of the invention have an activity of 1 microMolar or less.

25
In order that this invention be more fully understood, the following examples are set
forth. These examples are for the purpose of illustrating preferred embodiments of this
invention, and are not to be construed as limiting the scope of the invention in any
way.

30
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The exanples which follow are illustrative and, as recogni zed by one
skilled in the art, particular reagents or conditions could be nodified as
needed f owoiondivbglual conpounds wi t hout undue experi nment alPCOMISOBs3L | NQ
materials used in the schenes below are either commercially avail able or
easily prepared fromcomercially 5 available materials by those skilled in
the art 7, GENER aM—ﬁ? HRs i i i processes
for rrakiT%lg corﬂ?gﬁﬁlﬁ\gﬁ?gﬁé‘&w 1a I vléﬁng_,ﬁ% réds% e%r%g?oﬁ%lf}ggésﬁ@\glé%%?’i ed

ot her wi perticRlas ndagbnts oeodrslitions cheldfbemmdified raleodedsfoainditidvad t he neani ng of

R substituents,in the fornmula.l of.the,invention,desctihed herein above.
| nt er me§PRPELNSIBEhqUE up %PEBE?@?@&G%?“%H%W&USS? 1 Sfl?ﬁ‘}‘éeﬁ!ti on a\r/e

ei ther pERWEREGitA dbnﬁﬁ@ficilaﬁfh@ai&blero@@déiwr@;m&ﬁﬁ&@l dnni@tiangs known to
those skilled in the 15 art. Conpounds of formula | may be prepared by the

met hod @ueilablreaatenalsbydhese skilledamthedrt] 31 WO 03/ 041708 PCT/ US02/ 35494 R7 O
HN OO0 HO N2 R5 R7.N NO2 RBNH2 R7°1 N NO2 X Coupling R5 X Base R5 / NH
R3 Il IIl IVOO Reduction RV~ NH2Z2 BFCNRZ NN Ni \>NH RS NHR5/ N2
R R3

GENERAL SYNTHETIC METHODS

10 The invention also provides processes for making compounds of formula I. In all
schemes, unless specified otherwise, R substituents in the formulas below shall have
the meaning of R substituents in the formula I of the invention described herein above.
Intermediates used in the preparation of compounds of the invention are either
commercially available or readily prepared by methods known to those skilled in the

15 art,

Compounds of formula I may be prepared by the method outlined in Scheme 1.

Scheme 1
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3VVI O0RCOC RIFNN-R2 RSN 30 Fi R31 According to this

nmet hod, a nitrobenzoic acid (I1) bearing a |eaving group, X, ortho to the
nitro growp ods4coetipl ed with an am ne bearing RS and R7. Swcraishz3iseavi ng
groups 5 include hal ogens, preferably fluorine. Standard coupling
conditions known in the art may be used, for exanple reacting Il and the
amne in the presence OF a coupling reagent such as

1- (3-di nethyl am nopr el ) - 3- et hyd car bodi i m de (EDC) inpa suitable solvent

such as ngt hyl eng~chl dzride. he |t esul t i ntermedgrat elll 111 qot hen react ed
with aroamn IS%fri ng’ R3, i%\-’\tﬂggge 0 r&i suﬁ abl -@. §uch as
triethyl am e -Q a %&: ﬁh‘ditabl 8; sa peRL, suclgags DMSORso B Gwinge 1V. |f

desi red, one may” per ofmthis step prior to the coupling of fR(err)R(err)NH
to the benzoic acid H The nitro gygpup of IV is then redpced®using methods
known in the art such as catal ytic hydrogenation. Suitable catalysts

include platinumor pallgdiumon carbon. The reactdon is run in a suitable

sol vent sucB.asiokt OH €l t Her _undgy hydrgggn at mysphre OLNi N the presence of
a 15 hydrogen_squrce <ol noni um-forsat e. Tgée | tY-AgHANi line is
then cyclized by treatiRen 4l cyanogen bromi des i m& SUitabl e sol vent

such as EtOH to provide the 2- am nobenzi mi dazole VI. Acykation of VI with
an acyl halide bearing R2 prgvi des the desired produgg of fornula I.
Further nodification of the substituents by standard 32 WD 03/041708
PCT/ US02/ 35494 net hods coul d provhde additional desired products of

formila | . Gegggunds mt N R,
&, e
R,

According to this method, a nitrobenzoic acid (II) bearing a leaving group, X, ortho to
the nitro group is coupled with an amine bearing Rs and R;. Suitable leaving groups

5 include halogens, preferably fluorine. Standard coupling conditions known in the art
may be used, for example reacting II and the amine in the presence of a coupling
reagent such as 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC) in a suitable -
solvent such as methylene chloride. The resulting intermediate III is then reacted with
an amine bearing R3, in the presence of a suitable base such as triethylamine, in a

10  suitable solvent such as DMSO to provide IV. If desired, one may perform this step
prior to the coupling of RsR;NH to the benzoic acid II. The nitro group of IV is then
reduced using methods known in the art such as catalytic hydrogenation. Suitable
catalysts include platinum or palladium on carbon. The reaction is run in a suitable
solvent such as EtOH either under hydrogen atmosphere or in the presence of a

15  hydrogen source such as ammonium formate. The resulting aniline is then cyclized by
treatment with cyanogen bromide in a suitable solvent such as EtOH to provide the 2-
aminobenzimidazole VI. Acylation of VI with an acyl halide bearing R, provides the

desired product of formula I. Further modification of the R substituents by standard
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formula | having R4 in the 6-position may be prepared anal ogously starting
with the p- nitrobenzoic acid derivative corresponding to Il. 5 The

synt hesi swofo3@4En8 nobenzi m dazol es using solid phase chenPsrrusoha=dbeen
reported (J. Lee et al., Tetrahedron Letters, 2001, 42, 2635-2638). If
desired, one may use solid phase chem stry techniques to prepare conpounds

of fornmul as.illustrated Jn Sche ri . As is known
in the &F ?‘hsacfotué‘i PReY a@ﬁﬁpﬂgf (_geflé%dgprgg%cgsr ?@@ﬁﬁ%ﬁbv@ %oteaﬁ!rﬁe)%fcti on vessel is
dr ai nedp,aRMatiMRyiIn HNn WESEPEsivbl Mag bt peegasedsamalogofly amribidwitiothepued by MeOH
and met hyl ene chloride. Conpletion of each step may be nonitored by

t echni quitrebdaoisracidderivative eorsespending 18 Ihi nhydrin test or cl eavage of a

smal |l sanple of resin and analysis by LC-Ms. Schene 2 15 33 WD 03/041708
PCT/ US02/ 35494 Fnoc-R -CO2H O R ' NHFnoc 1. Deprotect NH VIIT | o 2 NI -12

2. Noz Cwphiliegiskdd 2-avhihobekzimiQazdd@NisingGOoR HpRaseHedttyddsReen O R, \ | R5 0
EZN }q ! 1]:YC}EQHI](F%(7)(%P]|;iCGnC a}{., %et[r\lal_}'lzedgon l_é%terél 200(1), 4'1%2 26951\{63%? ffqdes%ae Hc():r}ei rga?y BrCN N
use solid phase chemistry techniques to prepare compounds of formula I as illustrated
in Scheme 2 and described below. As is known in the art, after each of the steps
described below, the reaction vessel is drained and the resin washed with solvents such
10 as DMF followed by MeOH and methylene chloride. Completion of each step may be
monitored by techniques known in the art such as a ninhydrin test or cleavage of a

small sample of resin and analysis by LC-MS.

Scheme 2
15
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OR \'1I RF/I~-NN NHR XI Of/ XIll ¢crNH 0JRS NR7 0 R2C(OC O i
cleavage RS~N I \ ~~H 31 RANN R7 NffW ~-RZ OR OR O XIVv HN-12 |
(R3 = -RWQOOMH2Y8 Using this approach, one starts w th aPsmiusabbwa94

am ne-bearing resin such as Sieber Amde resin (VIl). An Fnoc-protected

amno acid (M1Il) is coupled to the amne on 5 the resin using a coupling
reagent such as 1, 3-diisopropyl casbodiimde fddtfdctor O-

(1H benzot ri azoFmde-RHGQN, N, N' 3y~ t &HFanet hyl ur oni up t et raf | uor obor ate
(TBTU), ipNkhe pMdSence of a syitable basg stich as diisopropyl ethyl anine,

in a suivable sglvent such @S/ DVF to provfgely x ® Fnoc protecting group
is removed by t@Rg the regin with abodt” 2Q%jo 50% pi peridi ne in DWF.
Depr ot ectilon is fol |l owed by 34 %\D 03/ 041708 PCTMNOSU2/ 35494 treatnment with
4-fluoro-3-nitrobenzoic acid in the presence of a suitable base such as

di i sopropyl ethylam ne, in a suitable solvent such as 'F SO to provide X. An
am ne beari 0gNRS QIH s Rhgn coupled to e Wl i eR&@acid of X using

coupling conditi menabl e t@¢ solid phase synt 5, spch as reacting
R5R7NH R, 5 presencé—of brond RS PR i di Rb- phosphoni um
hexaf | uor ophosiphat e and Coupling H
o H, X O/NH2 X
QA R
0 N\
R5 R
H,N -
Reduction : 'T] BrCN /fl\ll\
. R' R7 —
° N HNT N
NH 0N
o Xl X
;H
QA R
N\
R, Q
R,C(O)CI 0 N cleavage R5\N N\ H
i — -
Ry N7 N 7 N )R
S R O#R' 0
TH XV NH,

| (Rs = -R'C(O)NH,)

Using this approach, one starts with a suitable amine-bearing resin such as Sieber |
Amide resin (VII). An Fmoc-protected amino acid (VIII) is coupled to the amine on

5 the resin using a coupling reagent such as 1,3-diisopropylcarbodiimide (DIC) or O-
(1H-benzotriazol-1-y1)-N,N.N",N’-tetramethyluronium tetrafluoroborate (TBTU), in
the presence of a suitable base such as diisopropylethylamine, in a suitable solvent
such as DMF to provide IX. The Fmoc protecting group is removed by treating the
resin with about 20% to 50% piperidine in DMF. Deprotection is followed by
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di i sopropyl ethylamne in DM, to provide XI. The nitro group on Xl is then
reduced using conditions suitable for solid phase synthesis, such as
treat mentwofo3®1798 t h about a 1 Mto 2 M SnCl2 hydrate sol RCIrars02/s54940 DVF,
to provide XI'I. Treatnent of XII with about a 1 Msolution of cyanogen
brom de in a suitable solvent such as 1:2 to 1:3 Et O4: DMF provi des the

resin-linked  2-am.mnobenzim.,dazole .XI] . t ' RRC(Od in
the pr e@%?ﬁ@@mowlﬂéd"_ﬂélﬂfc’{_ Biroazc gﬂ?ﬁﬁ glse pgésf%‘zé&pr@o%psyﬁé?lﬁlyb %gan%mr:lfé Q%mdq )

di met hy hiaphRepiiylirite, inf sitable talvt suctohsBRISCologhowide Bet Ay beire chl ori de
provides XIV. "Finally, treatnent of XV _under J}g cl eavage conditions such
as a 5Y%eoingRsand 8 it then cowrehiodhe sarhexsdiciagid Al PPBRREOUREor i de, provi des

t he desired.prao ’g W rger that
coul 4 bERHERArnIPlo el dnlEs SR MMERIONTEVRE ACIROT
SYNTHEThGsdnsAWPbiothoEx Bpir®lilinoSytrtsplemien béxafluorophosphate and

4- (5- (cycl ohexyl - net hyl - car banoyl ).- 2 E(t hi ophene- 2-

car bonyfjsoRmRy <SP HeRS RN ’otP-PiQ‘%’Tl‘}X utyric acid ethyl ester 25 35 WD

03/ 041708 PCT/ US02/ 35494 NH2 ci NH CO2Et EDC, Et3N 0 CH2Cl2 O DVvsO 0 HO

~ N0z rt 30 N~ NOz | NOz 90 NI / F 70-80% F 90-100% NH CO2Et  NHAHCOZ2
The nitro group on XI is then reduced using conditions suitable for solid phase

synthesis, such as treatment of XI with abouta 1 Mto2 M SnCl; hydrate solution in

10 DMF, to provide XII. Treatment of XII with about a 1 M solution of cyanogen
bromide in a suitable solvent such as 1:2 to 1:3 EtOH:DMF provides the resin-linked
2-aminobenzimidazole XIII. Treatment of XIII with R,C(O)Cl in the presence of a
suitable base such as diisopropylethylamine and dimethylaminopyridine, in a suitable
solvent such as methylene chloride provides XIV. Finally, treatment of XIV under

15  cleavage conditions such as a 5% solution of trifluoroacetic acid in methylene
chloride, provides the desired product of formula I (R3 = -R’C(O)NHy) or a precursor
that could be further mc;dified by standard methods known in the art.

20 SYNTHETIC EXAMPLES

Example 1. Synthesis of 4-{5-(cyclohexyl-methyl-carbamoyl)-2-[(thiophene-2-

carbonyl)-amino]-benzimidazol-1-yl}-butyric acid ethyl ester

25
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EtOH rt laN\ NHz EtOH, rt N~ N21 I/ 1/ \>NH2 NHCXREt / \ CREt S
COCl OO0 pyridine, rt 30 ~~/Jj S NCOzEt 5 To a solution of

4-f | uor o-omwBH#OBENzoi ¢ acid (6 g, 0.32 muol) in CH2CA 2 ( P0TNiSp2/3%I84 added
1-[ 3- (di met hyl am no) propyl ] - 3- et hyl car bodi m de hydrochloride (8 g, 0.42
mmol ), followed by N nethylcyclohexylamne (4.2 nL, 0.32 mmmol). The m xture
was stirred at roomt erature for 6 h. The resulting solution was washed
inturn with 10 1IN H 10 nmL) and sat urat ed, sodi um carbonate (10 nlL), and
the organic |ayer was ~ df ed over magnesiurhswdate. The sol vent was
evaporated and the remnd,ting oil was purleml by flash chromat ography with

100% Et OAc Jt o gi ve cy‘?:“l'zﬁhe N- et hyl - 4- |too benzam de (6.0 g,
67%, mup” 6587V 5 A edls utNo .- n@ g, 7.1
mmol ), et hyl am nobutyrate” h dr ori de—(‘ﬂ 2

triethylamne (2.5 niydi&%w mol o 3690!\@0@1,3/ 041708 ,\L,,EOZI 35494

(25 nL) was heated to 80 C for 8 h The reaction m xture was poured into a

separatory funnel containing dichloronmethane (150 nL) and wat er (15’@2’?&)

The organic,layer was washed with water (5 x 50 nL), dried over magnesium

sul f at e,py nd>2 t | v¢nt evaporated §g\gi ve

4-1 4- (I\I-Euy}ezlmhe@ th I-g,gr banoyl gtog- mltro@he m n[gl)] butyric acid
8, I I

ethyl ester (2. * \>_NH

NH

k/\Co Et

COzEt

U\COCI

S

pyridine, rt O\
&8 \%u

1

Y

CO Et

To a solution of 4-fluoro-3-nitrobenzoic acid (6 g, 0.32 mmol) in CH,Cl; (30 mL) was
added 1-[3-(dimethylamino)propyl]-3-ethylcarbodimide hydrochloride (8 g, 0.42
mmol), followed by N-methylcyclohexylamine (4.2 mL, 0.32 mmol). The mixture
was stirred at room temperature for 6 h. The resulting solution was washed in turn with

10 1N HCI (10 mL) and saturated sodium carbonate (10 mL), and the organic layer was
dried over magnesium sulfate. The solvent was evaporated and the resulting oil was
purified by flash chromatography with 100% EtOAc t6 give cyclohexyl-N-methyl- 4-
fluoro-3-nitro-benzamide (6.0 g, 67%), m.p. 65-67 ° C.

15 A stirred solution of the above amide (2 g, 7.1 mmol), ethyl 4-aminobutyrate
hydrochloride (2.4 g, 14.2 mmol), and triethylamine (2.5 mL,18.0 mmol) in DMSO
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A reaction flask equipped with a nitrogen line and a stir bar was charged
with 10% palladiumon activated carbon (0.22 g) and EtCH (5 nL). A

sol uti on wbD osloer7ebove amide (2.2 g, 5.6 nol) in Et OH (2Fcriysomaaadded,
foll owed by ammonium formate 10 (3.9 g, 61.8 mml), and the m xture was
stirred at roomtenperature for 32 h. The reaction mxture was filtered
t hrough (8§ 2l 9BC BEMEd &agdd@ fo%fhh irhg ré%ﬁ&l Bl e P ohnsa infdd trate

concentrat ed’to a vol une of L. he resu ng ol ution of

4- [ 2- amiseaatoyNunusl cbutaamyd dlbhllamglhanﬁ&tﬁbmwm)dwh@n%]lSSé)rmh)a]Thbut3t/)ri c gci d
(0.5 o Bustpic i P au TRRRE MG o Roure] B Bt e dna e e
resul ti g soDaut baPotdiéd 1o ea4 4-QEyE16RRS - AN-Hicthyl-Qirbafio1)-2-Hifs- SO vent vas
evaporated and t g resi ?ﬂv gl‘tl t1 oned bet weeer}l,l EtrOAcoﬁ 0 I]erL) and saturated

sodi &im eheBéHEmel-brtytic seil cthphester @ehg.d 00%)er was washed with water (10 nl)
and dried over magnesi um 20 sul fate. The sol vent was evaporated and the
resulting purple oil was purified by flash chronatography with 5-50%
MeOH di ehteactonefidsk IEQullppecgivltE aditickealina@nda stir bar was charged with 10%

- i m - 1]1-b d hyl
(07 g, Py ongertaes GrPat QdScol 14 BvEb> mhyé%ebﬁ%ﬁ%ﬁwa%ém?% Gazale
(0.7 g, %n@cfg%b) g,'5"6 Hﬁ‘ﬁdl}jhrE%OH((@@ rﬁi:?wé(!aaﬁid@&l%ﬁm%e& By %ﬂﬂﬁﬁ?ﬁﬁﬁ?‘pyr | chloride

(0.41 The reaction was complete In i ne was
evapor a(d8 gahti8 mgolt)wdltha mgctmﬁazvagestmadl aﬂromastempanahire ot 33yh. fThaes h

h h h | % Me th th d
(0. 610, "aBhmhalhte s RS ity B AR GRRECS58 Sl el e S BB e B0 6 2.
Synt hesifisirfé cdndehtrited & HHciMb ofes Ayl. - Tiad feauai ) Q;olatu{n(éff‘ll gpaﬁﬂ@, =R (N-

car bonyl ) - am no] - benzi m dazol - 1-vyl { butyric acid O
cyclohexyl- —methyl carbamoyl)-phenylamino]-butyric acid ethyl ester was used

immediately in the next step.
15
Cyanogen bromide (0.9 g, 8.4 mmol) was added to the solution obtained above and the
resulting solution stirred at room temperature for 24 h.. The solvent was evaporated
and the residue partitioned between EtOAc (20 mL) and saturated sodium carbonate
(10 mL). The organic layer was washed with water (10 mL) and dried over magnesium
20  sulfate. The solvent was evaporated and the resulting purple oil was purified by flash
chromatography with 5-50% MeOH/dichloromethane to give 4-[2-amino-5-
(cyclohexyl-methyl-carbamoyl)-benzoimidazol-1-yl]-butyric acid ethyl ester (0.7 g,
32%).

25  To astirred solution of the above amino benzimidazole (0.7 g,1.8mmol) in pyridine
(10 mL) was added 2-thiophenecarbonyl chloride (0.41 mL, 3.8 mmol). The reaction
was complete in 6 h. The pyridine was evaporated and the resulting orange solid was
purified by flash chromatography with 1% MeOH/dichloromethane to give the title
compound (0.61g, 67%), m.p. 82-84 °C.

30
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aN> 1T (aNN/ 1 NN | \W>>NSH/ NH COZEt 2 COZH To a stirred
sol ution of 4-{5-(N-cyclohexyl-N-nethyl-carbanoyl)-2-[(thi ophene-2 10

car bonyl )werBneil7evrenzoi m dazol - 1-yl }-butyric acid ethyl e®CerusiEsanple 1)
(0.5 g, 1.0 mol) in MeOH (10 nL) and water (10 nlL) was added solid NaCH
(0.12 g, 3 mmol). The reaction was conplete in 4 h. The m xture was

acidified with 1N HCI, s, .dilut W t The organic
| ayer Vixgnle %dSW@FS’ﬁﬁg%zg‘?%ﬁ{ogﬁ’Mﬁ’feg L4 lf%épa@ﬁ%ﬁ{tzéggg@r—%t ed andgt he
resi _dueca ;M i& -ngy_bg),zq,ﬁm&};m girrieyd W th 10% 15 McOH di chl or onet hane
to give the title ‘conpound (0.43g, 92%, mp. 256-258 C. Exanple 3.
Synt hesi s of 1-(3-carbanoyl-propyl)-2-[(thiophene-2-carbonyl)-am noj -

1H benzi m dazol e-5-carboxylic acid -N-cycl ohexyl -N-methyl -am de 0 0 O
a,kjo~N/ I NN/ NV NI \> NS NH/ NH2 COsH 3 CON\Hz 20 38 W

03/ 041708 PCT/ US02/ 35494 To a solution of o
L e.2) 05 g, 11
)(lé'r'gte éo 02 g, 16

4-{5-( | ohexyl - N- et Ryl - banmoyl ) - 2- i opene- 2-
car bonyl - %g] | Jl-yl }-butyr oI Ry
mol ) in (5 [ Naddet 1- hydrgxybenzot fli az

mol ) foll owed by - (di et hyl am no) propyl ] - 3-et hy car\p%im' de

hydrochl oride (0.03 g, mmol). 5 The m xture was stirr for I'h., and
anmoni um hydr oxi de (5 ni) giadded.  Stirring was continuedcbgy 48 h. The
solution was neutrglized wtH 1M HCl, and partitioneg bet ween” Et CAc (10
m.) and water (10 nL). The organic |ayer was

To a stirred solution of 4- {5-(N—cyclohexyl—N-methyl—carbamoyl)—2-[(thiophene-2—

10  carbonyl)-amino]-benzoimidazol-1-yl}-butyric acid ethyl ester (Example 1) (0.5 g, 1.0
mmol) in MeOH (10 mL) and water (10 mL) was added solid NaOH (0.12 g, 3 mmol).
The reaction was complete in 4 h. The mixture was acidified with IN HCI, and was
dituted with CH,Cl, (20 mL). The organic layer was dried over magnesium sulfate, the
solvent evaporated and the residue purified by flash chromatography with 10%

15 MeOH/dichloromethane to give the title compound (0.43g, 92%), m.p. 256-258 °C.

Example 3. Synthesis of 1 -(3-carbamoyl-propyl)-Z—[(thiophene-Z-carbonyl)-amino]-

1H-benzimidazole-5-carboxylic acid —N-cyclohexyl-N-methyl-amide
{

Il o€
< N

COH CONH
20 2 2 3 2
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washed wi th saturated sodium carbonate (1 Or) and water (3 x 10 nL). The

sol vent was evaporated and the resulting oil was purified by flash

chr omat ogwepbgp4ming h 5% 10 MeOH/ di chl or omet hane to gi ve t IReTHUSDY/B5480mpound

(0.02g, 40%, mp. 112-115 C. Exanple 4. Synthesis of

é-(S_— hydr oxly propyl)-2-(thi ophene-2-carbonyl )am no-1 H

enzi m dazo C id cl ghexyl - ] WD 03/041708

PCT/ USOZP 858 lonﬂ? ,42339@1 @mﬁm&b&@@@ﬁ@%}é?t NC2 900CO 0 a

0 N F Ncﬂbgﬂj I\Lal m]lgélhb?oﬁi&ador- Xl}-bmyl%eclwmaﬂmpqezy {0.05\6] M r@bl)@1 O a MeOH
'-~0 | stirred solution of Nc f1£hexa/l-|\|-m=3thyl

5511 or BME €m0 swenaded baygroxabraperizole hydraie0.08 1 6m810) 4l

3-am no-| 10 ]@}ﬁg ) Gt ed to 80

C for BbH 1%;@“’?&%%1%% 11?0%%1%?’ IL] et lgﬁg{))%l?ﬂel i'nto }g&gdé@rogt o\rlyg funnel

cont 3i NiThg AHixElit W0 REirba g l(hl,()iﬁdr’dn)maﬁdrnvl@dmm{elﬁﬁnh)_\)vas ddded.or gani ¢ | ayer

as Stirring was continued for 48 h. The solution was neutralized with 1M HC], and
partitioned between EtOAc (10 mL) and water (10 mL). The organic layer was
washed with saturated sodium carbonate (10mL) and water (3 x 10 mL). The solvent
was evaporated and the resulting oil was purified by flash chromatography with 5%

10  MeOH/dichloromethane to give the title compound (0.02g, 40%), m.p. 112-115 °C.

Example 4. Synthesis of 1-(3-hydroxy-propyl)-2-(thiophene-2-carbonyl)amino-1H-

benzimidazole-5-carboxylic acid cyclohexyl-methyl-amide
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washed with water (5 x 50 nlL), dried over magnesium sul fate, and the

sol vent evaporated to give

N- cycl ohew9l03441788 hydr oxy- pr opyl ami no) - N-net hyl - 3-nitro- Ppemamot/aa9{1.9 g,
79 %9. 10 A reaction flask equipped with a nitrogen line and a stir bar was
charged with 10% palladiumon activated carbon (0.19 g) and EtOH (5 nL). A
solution of the above amdg (1.9 g, 5.7 nmmol) in EtOH (15 nL) was added,
foll owed by ammonium formatie? (3.9 g, 62 nmmol), and the mixture was stirred
at roomtenperature for 7 h_"The! 15 reaction m xture wasyfjtdered through

di at omaceeus e8rt h, washi ng Stdﬂ Et O\ andythe 40 WO Oii:’dQﬂl??OS
PCT/ USO494 filt rage coggsnt r at & ajlvol umeygf 15 EdH, riThe resul ting
Of 1 2 2

solutio S p N —_—

cycl ohexyl - 4-|( 3- oxypr opyl am no) - N- netlhyl Ubegzani de was used i mredi ately
in the next step. & the sol ution obtai ned abovihwas added cyanogen
bromde (0.9 g, 8.6 mmvl), and the solution stir H oom t enperat ure

for 48 h.. The solvent was evaporated and the residue partitioned between
Et OAc (20°wl) and saturated sodi um gdrbponafe (10 nl). T@r&?ni c |layer
was was it wat er ng10 nBjenand dry edl ov8r  pRgngsi um subft at®  The

sol vent wWes @Vapy €d And Ef, rtesul t1'ng 'i‘pur i oi , [yridife, 8d by f1ash

10 chronat ograph / H5- 509t-ve®H di chl or'one o gi‘'ve~Z-am no-1| - (3-
hydr oxypr opyl ) - 1H benzi m dazol e- 5- carboxylic acid
N-cycl ohexyl - N- net hyl -awm H(O0.7 g, 37 %9. To a stirred solution of the

above ami no benzim dazole (0.7 g, 2.1 mmol) in pyridin®H15 (10 nL) was
added 2-thi ophenecarbonyl chloride ( 0.68 nL, 6.4 mvl). The reaction was
conplete in 6 h. The pyridine was evaporated and the resulting orange solid

was purg d flash chpoma raphma&\f'_lth OH di chl ororet h to give
t hi ophen -C i aé}-d-{j[’ MeOH N
3-{5-(cyclohéxy yl\>he|ar basoyl ) - 2H[@ t hi ophene-’iﬁ- Ca ny}\>)-—N S
ani no] - benzoi hi d {yIH-propyl ester £0.50 g, 43 WA Jgb-94 C.
@]

Loy ;o

A stirred solution of N-cyclohexyl-N-methyl- 4-fluoro-3-nitro-benzamide (Example 1)
(1.5 g, 5.3 mmol) and 3-amino-1-propanol (0.82 mL, 10.7 mmol) in DMSO (25 mL)

5 was heated to 80 °C for 8 h. The reaction mixture was poured into a separatory funmel
containing dichloromethane (100 mL) and water (100 mL). The organic layer was
washed with water (5 x 50 mL), dried over magnesium sulfate, and the solvent
evaporated to give N-cyclohexyl-4-(3 -hydroxy-propylamino)-N-methyl-3-nitro-
benzamide (1.9 g, 79 %).

10
A reaction flask equipped with a nitrogen line and a stir bar was charged with 10%
palladium on activated carbon (0.19 g) and EtOH (5 mL). A solution of the above
amide (1.9 g, 5.7 mmol) in EtOH (15 mL) was added, followed by ammonium formate
(3.9 g, 62 mmol), and the mixture was stirred at room temperature for 7 h. The

15  reaction mixture was filtered through diatomaceous earth, washing with EtOH, and the
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20 To a stirred solution of the above propyl ester (0.4 g, 0.72 mml) in
MeCOH (5 nL) and water (5 nL) was added solid NaOH (0.12g, 2.9 nmmol). The
reacti on wa3/oeonpl ete in 6 h. The m xture was acidi fi ed WCrhuSaM+@ , and
was diluted with EtOAc (10 nL). The organic |ayer was dried over nagnesium
sul fate, the solvent evaporated 25 and the residue purified by flash

chromat ography with.5% Me di chl t .verd he: 1141 e conpound
(0.09 gtﬁg@@ cenjpated 19 X0 01@2 Iﬁf%gfr% %&Qﬁn yrll'tul?ldens(?fs3t %?m{gcﬁerti c acid

3- [ 5- ( cyelonBeM - (3omfdaystypesyanimp)-N-Bethyl-benzamide was used immediately in

[(thi o;(%\ygne- - ca(rgbonyl ) - am nol - benzoi m dazol -1-yl }-propyl ester 30 41 WO
03/ 041 7tb8nextFIePS02/ 35494 To a sol ution of

1- (3- hydr oxy- propyl)-2-[(thi ophene-2-carbonyl)-am no] - 1H

benzoi m dazol e- 5- carboxylic acid cycl ohexyl - net hyl -am de (Exanple 4) (0.07
g, & 16To theblutibh oBiame BBovd Wasnakled dged garcepiddaihy gr§.6 snme),¢rdnl, 0. 19
nmml ), followed by triethylamne (0. 0..17  mol and.th 1 Xture was
st r r edtha solpBemstETadat 5T FERRPTpIHFC fgégﬁhn#heésc%%‘ﬁ I apagpiad F%‘flth\%]/as washed
Wi th 1'\465’%}'6 ﬁérﬁ?&lfeh 1R2RPednN80 A @OMIG) dnd¥Stirat@Bsodiun® daid¥Rite (HIAERI UM

sul f at e. e solvent was evaporated and the resulting oil was purified by
fl ash cHioomtmgtaphyasiveshed wile@pen(1Onby andetriedver magrgsin st t | e

conmpoungd (0.05g, 65 9 1 44-76,. C . - OV nple illustrates
t he synﬁ"?e%qlger‘gwaﬁe?ﬁ?%?rpn%do%e F%P%nﬁguquﬁgs;?ﬁlﬁg ggl:lﬁ%ﬁ g%ﬂg%g chenmstry

t echni QURSmafeEAPRY §ifh: 5-SyniVIesHAdi€loromethane to give 2-amino-1-(3-

2- benzoyl am i zo- 1- (car banzoyl - et hyl ) - | H bef Zi nzj gaz?l -5- 15 carboxylic

aci d cykydseespyonyét Hytbeariidazeleherrbprylgacid¥icyeloasy -&é{neél.y | /g, 0.052
nmol ) adﬁetg to a solid-phase shaker vessel. DVMF (20 nL) was then added
and t he''t &8 é’?NeIIed for 10 mn prior to reagent addition. TBTU (83 ny,
0.26 mol ) and N, N-dii sopropyl et hyl am ne (90

To a stirred solution of the above amino benzimidazole ( 0.7 g, 2.1 mmol) in pyridine
15 (10 mL) was added 2-thiophenecarbonyl chloride ( 0.68 mL, 6.4 mmol). The reaction
was complete in 6 h. The pyridine was evaporated and the resulting orange solid was
purified by flash chromatography with 1% MeOH/dichloromethane to give thiophene-
2-carboxylic acid 3-{5-(cyclohexyl-methyl-carbamoyl)-2-[(thiophene-2-carbonyl)-
amino]-benzoimidazol-1-yl}-propyl ester (0.50 g, 43 %), m.p. 92-94 °cC.
20
To a stirred solution of the above propyl ester (0.4 g, 0.72 mmol) in MeOH (5 mL)
and water (5 mL) was added solid NaOH (0.12g, 2.9 mmol). The reaction was
complete in 6 h. The mixture was acidified with IM HCl, and was diluted with EtOAc
(10 mL). The organic layer was dried over magnesium sulfate, the solvent evaporated
25  and the residue purified by flash chromatography with 5% MeOH/dichloromethane to
give the title compound (0.09 g, 28 %), m.p. 105-107 °c.

Example 5. Synthesis of acetic acid 3-{5-(cyclohexyl-methyl-carbamoyl)-2-

[(thiophene-2-carbonyl)-amino]-benzoimidazol-1-ylj-propyl ester

30
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20 mcroL, 0.52 nmol) were added in one portion and then Fnoc-bet a-al ani ne
(81 ng, 0.26 mml) was al so added. The vessel was then agitated for 24 h
at room werpetEbaire. The vessel was drained and the resi RCRASOMERMEd t hree
times with DM, MeOH, and nethylene chloride (20 nL portions, 10mn). A
ninhydrin test at this point was negative indicating reaction conpletion.

25 The F . d t and tect | ditions: 20 nL
of a 1% % it Bl R H By oo AR T RO EE AL T e e e
was agi Beﬁ&ﬁ%i&%}\e%dglé}b@iyl%%fﬂ dRIMRK AL HERyRdeidE (Bxamisiay eal0BgD. Wshed three

times wth DVF, , and nethylene chloride (20 nL portions, 10 mn). A

ni nhydrimot)dés {THER (10 male) wes atdedacetipompydridei(082 nHei Gkt Ml REO%ED of t he FMOC
tect, . 8 i th
el + ek e (' o8, B798hE0 oGt (it i e e 1 rosin was (hen

4- f Isuor emperdivre eReB820The asutling48lutign vais 2 siaiokih BMAHE] (10 mL) and the
Di i sopropyl ethylamne (90 mcrol, 0.52 ). The vessel s ,then agitated
for 24 ¢rsanie laysoway GiRdeaVer G1agnesya S@é@%ﬂﬁoﬁﬁa@e’aﬁ%?%eéfﬁp%fﬁ&e\ﬁ?aﬁgtt %

esi n was
washed 1 LoE ;@/ﬁ ' ; Ob/dicBRfombthae tines with
met hyl e‘%@%{#gﬁ?@%‘%@%&i %Sgﬁﬁ?%ﬁé%g&%%}ﬁg?ﬁ%ﬁst at this point was
negat i vteg'ivujuheaiﬂbnqnpmnmt(l()d}ﬁgp@ﬁr%)ampom-%ﬁ‘ig resin was then swelled for 10
mnin DV (20 nL). To this swelled resin was added

bromo-tris-pyrrolidi no- phosphoni um hexaf | uor ophosphate (PyBroP) (121 ng,

10 { 26 nmmol ), diisopropylethylamne (90 mcroL, 0.52 nmmol), and N

met hyl cycl ohexyl am ne (34 mcrolL, 0.26 nmmol ). The vessel was then agitated
for 24 The fllopoexewpissilustates thygenthesiselia spapound phidamiindl ysHie Stoggl n was
washed t.hree ti.nes i.th DMF, MeOH, and nethyl ene chloride (20 nL port.ions,
10ni n).plﬁsgﬁéﬁr?lstéﬂe&%%%me%f the resin was then cleaved and anal yzed by )
LC-M5 to ensure reaction conpletion. 15 To this resin was added a 2.0 M

solution of SnCl 2 hydrate in DVF (20 nlL). The .
Example 6: Synthesis of 2-benzoylam(ino-1 -(ca)rbam0yl-ethyl)-IH-benzimtdazole-S-

15  carboxylic acid cyclohexylmethyl-amide

Sieber Amide resin (100 mg, 0.52 mmol/g, 0.052 mmol) was added to a solid-phase
shaker vessel. DMF (20 mL) was then added and the resin swelled for 10 min prior to
reagent addition. TBTU (83 mg, 0.26 mmol) and N,N-diisopropylethylamine (90

20 microL, 0.52 mmol) were added in one portion and then Fmoc-beta-alanine (81 mg,
0.26 mmol) was also added. The vessel was then agitated for 24 h at room
temperature. The vessel was drained and the resin was washed three times with DMF,
MeOH, and methylene chloride (20 mL portions, 10min). A ninhydrin test at this
point was negative indicating reaction completion.

25
The Fmoc group was removed under standard deprotection conditions: 20 mL ofa 1:1
DMEF:piperdine solution was added to the above resin. The mixture was agitated for 3
h at room temperature and then drained and washed three times with DMF, MeOH,
and methylene chloride (20 mL portions, 10 min). A ninhydrin test at this point was

30  positive indicating removal of the FMOC protecting group.
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vessel was then agitated for 24 h at roomtenperature. The vessel was
drained and the resin was washed three tines with DVF, MeOH, and nethyl ene
chl ori de wB®3fi17090rti ons, 10 mn). A small aliquot of thecrason3sses then
cleaved and analyzed by LC- 20 M5 to ensure reaction conpletion. To this
resin was added a 1.0 Msolution of BrCNin 1:3 EtOH DW (20 nL). The

vessel was_then agitated f e t . T sel was

dr ai ned1§3BOYHEesIny %glt e‘Wé’%e Q@’Iﬁr( ée)mti[:)trfr%rrs%\?fn{@hwls %@E]\ﬁ%and met hyl ene
chlori %@dg@@ﬂﬁbm%ngg{gehgﬁ@w&@mmg 0.86 airadl) aed NNiot  of the resin was then
cl eaved and anal yzed by LC- M5 to ensure_reaction conpleti e resin was

t hen S\Misbpxg)pbfgﬂth}d@nme 99 mlqur@ﬁ%ﬁ’én@hl g Yresl 33S Hoy. agﬁateﬁ Eﬁ’rsz‘1 wel | ed
resin s added 4-di I J0e)

dii SOP%WP aéw%éem cr o{éllraggg%ﬁd gﬁ%e@gﬁg“%%nzoyl&t%%gﬁ%e (30

[n croL, ]?MFZQHCTermh DME: Fﬁ@ox(eﬂy,eindmse tiven waihi thethdend hoden(28tmk oom
enperature e vessel was 43 WO 03/041708 PCT/ US02/35494 . drained and th
resin ViestiansyhAdqinhydsa test ABisOuH WHSEReSHBED &ﬁﬂlgﬁﬁ%ﬁﬁ&?P&ﬁ@ lﬁ(ﬂ 1°Bri de (20 m_e
portions, 10mn). A cleavage solution of 5% TFA in nethylene chloride (20
m.) was then added, agitated for 3 h at roomtenperature, and the solution

col | ect'E rasid vesnhendweltd tbori 16 ramcu®NE (20 mdd Torbissmsdad resiswas yvel | ow oi | .

5 Typi caI ude url S >90‘V Pur tiQ b f
pr epar aatdf1 Hé’hgg%oéf bﬁﬁcfﬁlﬁ)@o @ﬁ%@ eg(g§$pg¥3f(? & Keuf iGt Fe
CO%OUWZ%#Z&) Qfiikopr létﬁylﬁﬁﬁﬁ 9041410@ 032Q4thd08ankdQT/ US02/ 35494 W Caim

conp t he f'ornul a 4 3 <6~ N RXa
methylcyclohexylamine (34 mlcroL 0.26 mmol). The vessel was then agitated for 24 h

at room temperature. The vessel was drained and the resin was washed three times
with DMF, MeOH, and methylene chloride (20 mL portions, 10min). A small aliquot
of the resin was then cleaved and analyzed by LC-MS to ensure reaction completion.
15
To this resin was added a 2.0 M solution of SnCl, hydrate in DMF (20 mL). The
vessel was then agitated for 24 h at room temperature. The vessel was drained and the
resin was washed three times with DMF, MeOH, and methylene chloride (20 mL
portions, 10 min). A small aliquot of the resin was then cleaved and analyzed by LC-

20  MS to ensure reaction completion.

To this resin was added a 1.0 M solution of BrCN in 1:3 EtOH:DMF (20 mL). The
vessel was then agitated for 24 h at room temperature. The vessel was drained and the
resin was washed three times with DMF, MeOH, and methylene chloride (20 mL

25  portions, 10min). A small aliquot of the resin was then cleaved and analyzed by LC-

MS to ensure reaction completion.

The resin was then swelled for 10 min in methylene chloride (20 mL). To this
swelled resin was added 4-dimethylaminopyridine (31 mg, 0.26 mmol),
30  diisopropylethylamine (90 microL, 0.52 mmol), and benzoyl chloride (30 microL, 0.26

mmol). The vessel was then agitated for 6 h at room temperature. The vessel was
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R}2 N 271 5 R3 wherein: R is hydrogen or alkyl; 10 R2 is chosen
fromaryl and heteroaryl each R2 is optionally substituted with one or
nore Ra; WB 03841208 10 al kyl chain branched or unbranched opCirarsat/b3194
substituted with one or nore 15 Rb, or R3is the group: -(CH2)"- L-R6,
wherein L is chosen froma bond, -NH+C(OQ-, -OCQ- -(O- and -S(Om

wh : ol bstituted
e 1l o Pyl BEEL TSR IONPMEDI BRI Y Subst] (ot e

al koxy, Chldﬂﬁbl(mﬂip(ﬂ'ﬁwmlﬁilﬁ| IAydl@avageykcdmyc@Ooﬁ%lTIEw in heth@ewear yl CO. 5
al kyl , oal | kyl het er 5 al k and i no said am no
is gptl Gﬁgﬂ (ﬁ%wg&as enysqﬁlﬂgq’lagﬁ?t ‘g%‘%& IY%{[S??TI" tepR P’tur%@r(l car bonyl ,

cycl oal %Miu%%oﬁédféd andaaoﬁééﬁ@m{ed@h w&wo tB"aﬂ%cht% yskéaga%s%l lowddil, 25
heterocycl yl1C0_5 al kyl; nisi-10; is the group: 45 03/ 041708

PCT/ ©S0 Z?y@mlaqrudelmn\y wasR9086. 7Pu11ﬁqagon was accomplished by use of preparative
TLC using 3% EtOH in methylene chloride to afford the title compound as an off-

white solid.
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wherein R4 is covalently attached at the indicated 5- or 6- position of the
formula (1); R5 is chosen fromaryl Clerr) al kyl, alkyl, heteroaryl C(err)

al kyl , cywbmalokyb€o 5 al kyl and 5 heterocyclyl CO0.5 al kyl , PeaalsofR55494
optionally substituted with one or more R,; R7 is hydrogen, al kenyl or

al kyl; or R5 and R7 together with the nitrogen atomto which they are
attached form to a 4-7-nenbered nonocyclic ring or an 8-14-nenbered

bi cycl iWeHH: wherein each nonocyclic or bicyclic ring optionally contains
an additional | to 3 heteroatons chosen fromN, 0 and S and each ring is
aromatic or nonaromatic, and wherein each nonocyclic or bicyclic ring is
optiondl.ly Subsmpoundef thyfosmeladh): nore R ; 15 each Ra, Rb or R are

i ndependently chosen from hydrogen, al kyl, al kenyl, alkynyl, cycloalkyl,
aryl, arylal kyl, aryloxy, alkoxy, alkylthio, acyl, alkoxycarbonyl, acyl oxy,
acyl am no, sul phonyl am no, _am nos foqgj,)glkylsulfonyl, car boxy,

car boxam de, hydroxy, | G ?{flubr hyl, nitro, nitrile and am no
aNkyl , acyl or al koxycarbonyl,

optionally mono-or-di 20% 4
wherein any of the above R&, 'R, arefgptionally hal ogenated where
possi ble; and Xa and Xb are okyge?sor sul fur; or the pharmaceutically
acceptable salts, esters, isoners B tautomegpy thereof. 25 2. The conpound
according to claim1 wherein R is hydrogen; 46 WO 03/041708
PCT/ US02/ 35494 R2 is chosen from phenyl, naphthyl, and heteroaryl chosen
fromthienyl, furanyl, isoxazolyl, oxazolyl, thiazolyl, thiadiazolyl,
t et razoMMpyrazol yl, pyrrolyl, imdazolyl, pyridinyl, pyrimdinyl,
pyrazi nyl, pyridazinyl, pyranyl, quinoxalinyl, indolyl, 5 benzim dazolyl,
benzoxazol yl , benzot hi azol yl, benzot hi enyl, quinolinyl, quinazolinyl

R; is hydrogen or alkyl;

10
R, is chosen from aryl and heteroaryl each R; is optionally substituted with one or

more Ra;

Rj; is Ci.10 alkyl chain branched or unbranched optionally substituted with one or more

15 Ry,
or Rj is the group:

~(CHy)a- L-Rg, wherein L is chosen from a bond, -NH-C(0)-, —O-C(O)-
, -C(0)- and —S(O)y- wherein m is 0, 1 or 2, and wherein said group is
20 optionally substituted by one or more Ry;
wherein R is independently chosen from hydroxy, alkyl, alkoxy, alkylthio,
arylCo.s alkyl, aryloxyCo.s alkyl, heteroarylCo-s alkyl, cycloalkylCy.s alkyl,
heterocyclylCy.s alkyl and amino said amino is optionally mono-or di-substituted by
acyl, alkyl, alkoxycarbonyl, cycloalkylCo.s alkyl, arylCo-s alkyl, heteroarylCy.s alkyl or
25  heterocyclylCo.s alkyl;
nis1-10;

R, is the group:
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and indazolyl each R2 is optionally substituted with one or nore Ra; R3 is
Cl-10 al kyl chain branched or unbranched optionally substituted with one or
nore Rb,wWO®30#1788 is: -(CH2),,- L-R6, wherein L is chosemCfrrusn/as4bond,
-0CO-, -C(O- and -S(Omwherein mis 0, 1 or 2, and wherein said group
is optionally substituted by one or nore Rb; wherein R6 is independently
chosen from hydroxy, Cl _5,alkyl, Cl.5 alkoxy, C1 5 15 al kylthi o, phenyl,
napht hyl , benzyl, phen , heteroaryl Co_ 5 al kyl, C3_7 cycl oal kyl Co-s

al kyl, heterocyclyl CO kyuaand am no said amno is optionally nmono-or

di -substituted by Cl-5 adyt,"7Cl1.5 al kyl, Cl_5 al koxycarbonyl, arylC0_ 5

al kyl, heteroaryl CO 5 alkzi or heterocyclylCO 5 al kyl; and wherein each
recited heteroaryl in this paragraph is chosen fromthienyl, furanyl,

i soxazol yl, oxazolyl, thiazolyl, thi.adiazolyl, = ft; yrazol yl ,
pyr r ol ywher¢iniReds 69 e,nﬂéfﬁttiafzjl?mt ?hedﬁ’z#‘?%?%g'n‘%ﬂé, ,p;c))%ll(rag{z] ??\ﬁ%r&lﬁ?g&m nyl and
pyranyl and wherein each recited heterocyclyl in this paragraph is chosen
from pyrrolidinyl, norpholinyl, thionorpholjnyl, dioxalanyl, piperidinyl
and pi pRyiazhoseh;fronRarylSo.calbyleplkyls betpioneityd-s a pm%%llfy)ig%%ﬂ,an henet hyl ,
Cl1_5 alkyl, h ro Co al k: [Flame t | is chosen from
t hi ehyl 1}e¥erf&‘?y§f?§t}§9-5 %ﬁ( S%%"IS%}T éﬁ%&%@éﬁuwﬂﬁ%ﬁﬁv&%%{& R azol yl,
tetrazolyl, pyrazolyl, pyrrolyl, imdazolyl, pyridinyl, pyrimdinyl,
pyrazinyl, pyridazinyl and pyranyl, C3_7 cycloal kyl CO s al kyl and

het er ocReisyiydogsn.alisayl op#EYlei n t he heterocyclyl is chosen from aziridinyl,
pyrrolidinyl, norpholinyl, thionorpholinyl, tetrahydrofuranyl, dioxalanyl,
pi peridinyl and piperazinyl, each RS is 30 optionally substituted with one
Or 1MDr eoRR; andt R, WReltiRt GAHTDS nOCEENS0RY 18 5vdch they ere aChedfoBR: R are

i ndependently chosen froqlh drogen, Cl_s alkyl, C2_5 alkenyl, C2.5 al kynyl,
C3_80cy%ﬂﬂ@ﬁ@?b?fﬂﬁéﬁVF¥35@%¥VF, phenoxy, C's al koxy, Cl1. 5 alkylthio, Cl 5
acyl, Cl,§1a3lhGAsHEeRpROAN ringl- 5 acyl oxy, CL.5 acylamino, Cl.5

sul phonyl am no, o . _ -
wherein each monocyclic or bicyclic ring optionally contains an additional 1to 3

heteroatoms chosen from N, O and S and each ring is aromatic or nonaromatic, and
wherein each monocyclic or bicyclic ring is optionally sub stituted by one or more Re;
15
each R,, Ry, or R.are independently chosen from hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, arylalkyl, aryloxy, alkoxy, alkylthio, acyl, alkoxycarbonyl, acyloxy,
acylamino, sulphonylamino, aminosulfonyl, alkylsulfonyl, carboxy, carboxamide,
hydroxy, halogen, trifluoromethyl, nitro, nitrile and amino optionally mono-or-di-
20 substituted by alkyl, acyl or alkoxycarbonyl, wherein any of the above Ry, Ry or R

are optionally halogenated where possible; and

X, and X}, are oxygen or sulfur;

or the pharmaceutically acceptable salts, esters, isomers or tautomers thereof.

25
2. The compound according to claim 1 wherein

R, is hydrogen;
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5 am nosul fonyl, C1.5 al kyl sul fonyl, carboxy, carboxam de, hydroxy,

hal ogen, trifluoronmethyl, nitro, nitrile and am no optionally

nono- or - aWoalst7ng uted by C1 5 alkyl, C1.5 acyl or Cl_5 acramsyzaisbonyl ,
wherein any of the above Ra, Rb or R are optionally hal ogenated where
possible; 10 R7 is C3_10 al kenyl or Cl1_5 alkyl; and Xa and Xb are oxygen.
3. The conpound according to claim?2 wherein 15 R2 is chosen from phenyl,

napht hyl and heteroaryl chosen fromthienyl, furanyl, isoxazolyl,

0XaZ 0l Yk, s bR FRbfhenkninaglho |l neiaest cholon iy tidemy) furayl, noxal i nyl - and
benzot hi'enyl each S ogl ional l'y substituted V\f Eh on? or .ore Ra; 20 R6
i s i ndepmwgdpl byazohdsthinzebybrihiagardlyl tetiazolyl, ayiagplyl. Byl wigazrolhheny | |

benzyl, nphenethyl... h ryl . al kyl, C3_7

cycl oaIWﬁmé’ﬂé’ygﬁP%}ygg?%% ﬁlg%/ﬁp&gdi;zslﬁg% %nr?gl’l %y &rr%%ligi-l%lr&g%?’sub.st ituted by
Cl. 5 acyhzinfidazdlyd) Yenkoxazdlyh tehksiinealybbeybthiergt,yulmlinyhiqrinazainyl
heteroaryl Co_5 al kyl; and wherein eaceB r.ﬁgi ted heteyoaryl in this paragraph
i s chosad indegaivl Isp@hiRe 1s opsionelly spboiituted SHLong QFMOTE Rey o yI | t hi azol yI

t hi adi azolyl, tetrazolyl, pyrazolyl, pyrrolyl and imdazolyl; nis 1-6; R5
I s chosen from phenyl, naphthyl, benzyl, phenethyl, C1.5 alkyl,

het er oaRyis@_salkylichhin Bnohké orimbrammied eptéamally yubstitnted veitlpene5mPe i s chosen
fromthienyl, furanyl, imdazolyl and pyridinyl, C3_7 cycloal kyl Co_5 al kyl
and hetBrocyclyl C0.5 al kyl wherein the 48 WO 03/ 041708 PCT/ US02/ 35494
het gy ocycl yl oigg, jghosen from aziridinyl, pyrrolidinyl, tetrahydrofuranyl,

t et rahydr opyri di nyl, norpholinyl, thionorpholinyl pi I di ? I agd

pi perazi nyl, each(CHs)ni b-Repmihstain Lyis chasen o abon t‘ﬁ"‘g ot ﬁbta@ R ,,; and

—S(O)m- wherein m is 0, 1 or 2, and wherein said group is optionally
substituted by one or more Ry,
wherein R is independently chosen from hydroxy, Cy.5 alkyl, Cy.5 alkoxy, Ci.s
15  alkylthio, phenyl, naphthyl, benzyl, phenethyl, heteroarylCo.s alkyl, Cs7 cycloalkylCo.s
alkyl, heterocyclylCo.s alkyl and amino said amino is optionally mono-or di-substituted
by Cisacyl, Cisalkyl, Ci.s alkoxycarbonyl, arylC.s alkyl, heteroarylCo.s alkyl or
heterocyclylCy.s alkyl; and wherein each recited heteroaryl in this paragraph is chosen
from thienyl, furanyl, isoxazolyl, oxazolyl, thiazolyl, thiadiazolyl, tetrazolyl,
20  pyrazolyl, pyrrolyl, imidazolyl, pyridinyl, pyrimidinyl, pyrazinyl, pyridazinyl and
pyranyl and wherein each recited heterocyclyl in this paragraph is chosen from

pyrrolidinyl, morpholinyl, thiomorpholinyl, dioxalanyl, piperidinyl and piperazinyl;

Rs is chosen from phenyl, naphthyl, benzyl, phenethyl, Cy.s alkyl, heteroarylCy.s alkyl
25  wherein the heteroaryl is chosen from thienyl, furanyl, isoxazolyl, oxazolyl, thiazolyl,
thiadiazolyl, tetrazolyl, pyrazolyl, pyrrolyl, imidazolyl, pyridinyl, pyrimidinyl,
pyrazinyl, pyridazinyl and pyranyl, Cs; cycloalkylCo.5 alkyl and heterocyclylCy.s alkyl
wherein the heterocyclyl is chosen from aziridinyl, pyrrolidinyl, morpholinyl,
thiomorpholinyl, tetrahydrofuranyl, dioxalanyl, piperidinyl and piperazinyl, each Rs is

30  optionally substituted with one or more Rq;
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5 and R7 is propenyl or Cl1_3 alkyl. 4. The conpound according to claim3
wherein R2 is chosen from phenyl and heteroaryl chosen fromthienyl,
furanyl, wemsazobs/|l, thiadiazolyl, pyrazolyl and pyridi npPCTA®0N3R24 i S
optionally substituted with one or nore 10 Ra; R3is: -(CH2).-C(O-R6 or
-(CH2)n R6; 15 wherein R6 is independently chosen from hydroxy, Cl1_5 al kyl,
Cl -5 al koxy, phenyl, thienylCO 5 alkyl, C3_7 cycloal kyl and am no said
amno is optionally nmono-or di-substituted by C1_ 5 alkyl or Cl.5
al koxy%%af)%%m ; or:igc e}r@ iﬁéﬁ&ﬁl&nﬁy emseh iyl hydvegeny Ci-s pligh€hhplkenyld C3_7

yl Lo_o al Ky

cycl oa eac 20 optionally substituted wt ne or nore R ;
each RaG,.shilksauyl, r@g.gay@oalkmlepbwérhen%ylcmwaﬁslé ﬁ‘»ﬁl‘é‘i‘ytscm Vﬁ“@s&sﬁ

cycl oal k phenyl Cl, 5 al m aRtd. enalshphonemeto; di - substituted
by C1. BE‘CQ’ Ky ?@Y@rboﬂgjkﬁgg%%ﬁyﬁf a!gglra‘g%(dég?ges, mhy r oxy,0 hal ogen,
trifs U%ﬂﬁ@slu'l‘ﬁbh?llr 0.t aeyROHomy1f ¢arbexy, 2fibuaerids, hiydroyyotialega, above Ra, Rb or
R, are optiona

_ y hal ogenat ed where sible; .and R7. i 3 al kyl. 5.
The contpﬂumn@éb&rfmrwlgﬂe apdhpRing %ﬂ@‘?"gﬁ’ﬁn‘?féﬁ)'ﬁ?dll’ssu%éﬁggeélﬁoy%%m phenyl ,
t hi enyl ... f.uran | soxazol yl d Bk Ebotlyl, eatdieia by on el dpovesRist i t ut ed
with onds réhﬁgégi%; 49 WO 037133?117085,PQT/ U802/ 35494 R5 is chosen from
phenyl Rper ®yatepeisyillyclzddgenpted ovietd gossiblesti tuted with one or nore and 5 n
is 2-5. 6. The conpound according to claim5 wherein R2 is chosen from
phenyl, thien-2-yl, isoxazol-5-yl and pyridin-3-yl each optionally

10 Ryis Cs.qpalkenyl or Cysalkyl;

and

X, and X}, are oxygen.

3. The compound according to claim 2 wherein
15 R is chosen from phenyl, naphthyl and heteroaryl chosen from thienyl, furanyl,
isoxazolyl, oxazolyl, imidazolyl, thiadiazolyl, pyrazolyl, pyridinyl, quinoxalinyl and

benzothienyl each R, is optionally substituted with one or more R,;

20  Rg is independently chosen from hydroxy, Ci.s alkyl, C1.s alkoxy, phenyl, benzyl,
phenethyl, heteroarylCo.5 alkyl, heterocyclylCo.s alkyl, Cs.7 cycloalkyl and amino said
amino is optionally mono-or di-substituted by Ci.s acyl, Ci.s alkyl, Ci.5 alkoxycarbonyl,
arylCo.s alkyl or heteroarylCo.s alkyl;

and wherein each recited heteroaryl in this paragraph is chosen from thienyl,

25  furanyl, isoxazolyl, oxazolyl, thiazolyl, thiadiazolyl, tetrazolyl, pyrazolyl, pyrrolyl and

imidazolyl;

nis 1-6;

Rs is chosen from phenyl, naphthyl, benzyl, phenethyl, C.5 alkyl, heteroarylCo.s alkyl
30‘ wherein the heteroaryl in this paragraph is chosen from thienyl, furanyl, imidazolyl
and pyridinyl, Cs7 cycloalkylCo.s alkyl and heterocyclylCo._s alkyl wherein the
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substituted with one or

hydroxy, nethyl, ethyl, Cl.3 al koxy, phenyl, thienyl CO-5 alkyl,

cycl oal kyWoa)n/aMHns no said amno is optional I y nono-or di-
Cl1.5 alkyl or Cl1_5 al koxycarbonyl; and 15 each Ra, Rb or R are

| ndependently chosen fromCl1. 3 alkoxy, am no optionally nono-

or-di-

substituted by Cl.3 al

nore Ra; 10 R6 is independently chosen from

C3_7

pPemlisbisuveEd by

br onp, heterdcylybisshedanfrom ﬁ?lflﬁéyér N Fﬁwﬂ“éeqfal;y@éﬁ.{ Q@{hp“ uero, chioro,

cl ai nB
posi ti

sy AR PP

ound according to

| @RbhyrpAblisddferilingliaad pAferazil caced 5-

8. The conpound according to clainms 1-6 R4 is

coval erRsllyoptﬁdxﬁﬁheﬁbsatutdsdwlthpn@lpt@péﬁjRé position of the fornula (1). 25 9.
A corrpound chosen from 50 WO 03/041708 PCT/ US02/ 35494 O o aN\
~NOF?T1N\N/ Il / N HS OgHO a C 00 \NI \>HO\NI \>-NO

5

10

15

20

25

30

and Ry is propenyl or C;.3 alkyl.

4, The compound according to claim 3 wherein

R, is chosen from phenyl and heteroaryl chosen from thienyl, furanyl, isoxazolyl,

thiadiazolyl, pyrazolyl and pyridinyl each R; is optionally substituted with one or more

Ra;

R; is:
-(CHz)s-C(O)-Rg or
-(CH2)n- Re;
wherein Rg is independently chosen from hydroxy, Ci.s alkyl, C;s alkoxy,
phenyl, thienylCo.s alkyl, Cs.7 cycloalkyl and amino said amino is optionally mono-or

di-substituted by Cy.s alkyl or Cy.s alkoxycarbonyl;

Rs is chosen from phenyl, benzyl, phenethyl and Cs.; cycloalkylCy.s alkyl each

optionally substituted with one or more R

each R,, Ry, or R, are independently chosen from C;.s alkyl, Ca.g cycloalkyl, phenyl,
C,.s alkoxy, amino optionally mono-or-di-substituted by Cy.5 alkyl, C1s
alkoxycarbonyl, carboxamide, hydroxy, halogen, trifluoromethyl, nitro and nitrile,

wherein any of the above Ra, Rp or Rcare optionally halogenated where possible;
and R7 is 01_3 alkyl.

5. The compound according to claim 4 wherein
R, is chosen from phenyl, thienyl, furanyl, isoxazolyl and pyridinyl each optionally

substituted with one or more Ra;
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Rs is chosen from phenyl and cyclohexyl each optionally substituted with one or more
R
and

n is 2-5.

6. The compound according to claim 5 wherein
R, is chosen from phenyl, thien-2-yl, isoxazol-5-yl and pyridin-3-yl each optionally

substituted with one or more R,;

R is independently chosen from hydroxy, methyl, ethyl, Cy.3 alkoxy, phenyl,
thienylCo.s alkyl, Cs.7 cycloalkyl and amino said amino is optionally mono-or di-
substituted by C_s alkyl or Cy_s alkoxycarbonyl;

and

each R,, Ry, or R, are independently chosen from Cj.3 alkoxy, amino optionally mono-
or-di-substituted by Ci.3 alkyl, carboxamide, hydroxy, fluoro, chloro, bromo,
trifluoromethyl, nitro and nitrile.

7. The compound according to claims 1-6 wherein Ry is covalently attached at the

indicated 5- position of the formula (I).

8. The compound according to claims 1-6 R4 is covalently attached at the

indicated 6- position of the formula (I).

9. A compound chosen from:
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or the pharmaceutically acceptable salts, esters, isomers or tautomers thereof.
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conposition conprising a pharmaceutically effective amount of a conpound
according to claim1l and one or pore pharmaceutically acceptable 5 carriers
and/ or vants. 12. A net hodreati ng an i mmunol ogi cal di sorder, said
met hod riii ng

N/

gocSaslig et
bl

oH ;
0 Q
O\TJKQ:N\}_H}—@ O\N j\@(\ om
| o
O— \\\\o
o) \

59



admnistering to a patient in need thereof a therapeutically effect anount
of a conpound according to claim1l. 10 13. A nethod of treating an

i nfl ammatwoyw3diwos der, said method conprising adm ni steriPag/USo2/as4pat i ent
in need thereof a therapeutically effect anobunt of a conpound according to
claim1. 15 14. A method of treating an allergic disorder said nethod
conprisin admnistering to a patient in need thereof a therapeutically
effect a f a compou accordj ng to claiml. 15. A nethod of treating

a di seas id inf contacto 20 oernatltls
psoriasis, rheu |d>aﬁthr§t|s 6 dlabetes,
i nfl ammat ory bowet” diisease, Quill ai or%gg r s di sease,
ul cerative colitis, aft versus host 8 s erythenatosus

asthma, chronic obstructiye OQulrmnary di sea%e ( D), adult respiratory

di stress syndronme (ARDS), nchitis, conjunctivitys, dermatitis and
allergic rhinitis said neth conprising adm nisteripng to 25 a patient in
need thereof a therapeutically’>effect ambunt of a conpound accordlng to
claiml. 16. A nethod of treating cance sald met hod conpr|3|ng

adm nistering to a patient in need tha!; + therape y effect anount
of a conpound gorddng to claym1l, 30627 08 S02/ 35494 17.
A met hod adni kj sgler g a_ vagci %) fin |nd|N|d '%&ﬂkedfﬁhereof
conprising co-adnini f ag¥acci ne and 3 rmaceutically effective
anount of a conpound 'Qace in@ toclaim1l. 5 18. A thod of nmaking a
conpound of formula (1) bel rein R2, R3, R5 and 7 are defined as in
claim1, said nethod conpr|5| N R7 OO NH,
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reduci ng @ nitro group of IV vi alytic hydrogenation with a suitable
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R2 provides the desired product of formula I, and isolating the product.
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or the pharmaceutically acceptable salts, esters, isomers or tautomers thereof.

11. A pharmaceutical composition comprising a pharmaceutically effective amount
of a compound according to claim 1 and one or more pharmaceutically acceptable
carriers and/or adjuvants.

12. A method of treating an immunological disorder, said method comprising
administering to a patient in need thereof a therapeutically effect amount of a

compound according to claim 1.

13. A method of treating an inflammatory disorder, said method comprising
administering to a patient in need thereof a therapeutically effect amount of a

compound according to claim 1.

14, A method of treating an allergic disorder said method comprising
administering to a patient in need thereof a therapeutically effect amount of a

compound according to claim 1.

15. A method of treating a disease chosen from chronic inflammation, contact
dermatitis, psoriasis, theumatoid arthritis, multiple sclerosis, type 1 diabetes,
inflammatory bowel disease, Guillain-Barre syndrome, Crohn's disease, ulcerative
colitis, graft versus host disease, lupus erythematosus, asthma, chronic obstructive
pulmonary disease (COPD), adult respiratory distress syndrome (ARDS), bronchitis,
conjunctivitis, dermatitis and allergic rhinitis said method comprising administering to
a patient in need thereof a therapeutically effect amount of a compound according to

claim 1.

16. A method of treating cancer said method comprising administering to a patient

in need thereof a therapeutically effect amount of a compound according to claim 1.
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17. A method administering a vaccine to an individual in need thereof comprising
co-administration of a vaccine and a pharmaceutically effective amount of a compound

according to claim 1.

18. A method of making a compound of formula (I) below, wherein Ry, R3, Rs and

R are defined as in claim 1, said method comprising:

R
HNT 7
(0] [IQ 0O O
el el
X Coupling 5 X Base 5 NH
R
1l 1] AV
0
Reduction BrCN Ry~ N
N S—NH,
R N
NH \
! 3
R3
\Y/ VI

ch ©)cl J\©:N
\>_
N

3

Py

|
reacting a nitrobenzoic acid (II) wherein X is a leaving group, with an amine bearing

Rs and R in the presence of a coupling reagent in a suitable solvent to provide
compound IIT;

reacting compound I1I with an amine bearing R3, in the presence of a suitable base in a
suitable solvent to provide compound IV;

reducing the nitro group of IV via catalytic hydrogenation with a suitable catalystin a
suitable solvent either under hydrogen atmosphere or in the presence of a hydrogen
source;

cyclizing compound V by treatment with cyanogen bromide in a suitable solvent to
provide the 2-aminobenzimidazole VI and acylation of VI with an acyl halide bearing

R, provides the desired product of formula I, and isolating the product.
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