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PROCESS FOR PREPARI NG 2- AM NOTHI AZOLE- 5- AROVATI C

CAl t BOXAM DES AS KI NASE | NHI BI TORS FI ELD OF THE

I NVENTION 5 The present invention relates to processes
for preparing 2-am nothiazol e-5- aromatic carboxam des
whi ch are useful as kinase inhibitors, such as
inhibitors of protein tyrosine kinase and p38 ki nase,
i nternedi ates and crystalline forns thereof.
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al kylene linker, and R2, R3, R4, and R5,. are as

defined in the specification herein, are useful as

ki nase inhibitors, IFEIROF THREINVENTION'tOrs of

protein _tyrosine kinase and p38 ki nase. Ihey are
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Provi si onal application Serimf Nﬁ' 604445, 410, filed
e { [

February 6, 2003 (herei er R pplication),
both of which are al 8o adsi BnedN-g/ptyf
assi gnee and incorporayed mereopﬂa;

o_“present
mef erence. The
conpound of formula (ﬁ%,
" N- (2- Cbeer Br 19850 &E&&&%}) 1.2s dd Grioftal GHeylene linker, and Ry, R,
hydr oxyet hyl ) - 1- pi per azi nyl [ - 2- met'hyl - 4- pyri m di nyl | am
i n&p-mdiRyi arp 8% ddned ndherspesificatia hereimird waeiubps kinasefinhibitors, in

g?&@g@g@ ﬂﬂ]iﬂl%rsucf_fl%}c;&lg ﬁ}élﬂ; 19&1{15%%&1@% kj%sep %9} ¢ ieﬁi”‘ezlct's:d to

be useful in the {reatment of protein tyrosine kinase-associated disorders such as

mmmunologic and oncological disorders [see, US Pat. No. 6,596,746 (the ‘746 patent),
assigned to the present assignee and incorporated herein by reference], and p38
kinase-associated conditions such as inﬂammafory and immune conditions, as
described in US patent application Serial No. 10/773,790, filed February 6, 2004,
claiming priority to US Provisional application Serial No. 60/445,410, filed February
6, 2003 (hereinafter the ‘410 application), both of which are also assigned to the
present assignee and incorporated herein by reference.

The compound of formula (IV), 'N-(2-Chloro-6-methylphenyl)-2-{[6-[4-(2-
hydroxyethyl)-1-piperazinyi]-2-methyl-4-pyrimidinyl}amino]-5-thiazolecarboxamide,

is an inhibitor of SRC/ABL and is useful in the treatment of oncological diseases.
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NNNO15 HON~/ PD Oher approaches to preparing
2-am not hi azol e- 5- car boxanm des are described in the
'746 patent and in the 410 application. The " 746

pat ent describes a process 5 involving treatnent of
chl orothiazole with n-BuLi followed by reaction with
phenyl isocyanates to give chl orohhl azol e- benzam des,
whi ch are further el aborated tg

am not hi azol e- benzam de fi naI er

protection, chloroto Am\ stltut on

deprot ection / \~ 1P rot
pr O

e
NHPh O=N:C-Ph5€SF€HNSOF€ H2 0 De 10The

' 410 application describes a nultl-step process

I nvol vi ng f| rst, converting ®unsubstituted

am not h rﬁ%h@@fﬁ?ﬂr!?ﬁn?ﬁﬁ %ﬁ&ﬁﬁlﬁﬂol&ﬁ-c%wﬂm&éta% Jescribed
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acyminaiigzqleraenzangidg tinahprogyotsyaftes Rrogsgiign, chlorodp-amigo g py

S/ Sutgnguogomtdmgﬁo{écga{ Ie)g coupling the acyl chlorides
Wi th anl Ines to afford bronot hiazol e-

N /k_) n-Buli

N

NHPh Prot. 7\ NHPh
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The ‘410 application describes a multi-step process involving first, converting
N-unsubstituted aminothiazole carboxylic acid methy! or ethyl esters to bromothiazole

carboxylic acid esters via diazotization with tert-butyl nitrite and subsequent CuBr,

") on R
HoN /QD\“/ T Br/(s
0

then, hydrolyzing the resulting bromothiazole esters to the coiresponding

ireatment, e.g.,

o

?

carboxylic acids and converting the acids to the corresponding acyl chlorides, e.g.,

N
r o\ ct
Br/L /\( —_— Br*}‘(
O

then finally, coupling the acyl chlorides with anilines to afford bromothiazole-
benzamide intermediates which were further elaborated to aminothiazole-benzamide

final products, e.g.,




benzam de i nternedi ates which were further el aborated
to am not hi azol e- benzam de final products, e.g., -2
Br/ \ /~( G PhNH2 NHPh R NH2 _ % S NHPh S ~~11
Br~S/11f1 FINN - / S O OO Oher approaches for
maki ng 2- am not hi azol e- 5- car boxam des include 5
coupling of 2-am not hi azol e-5-carboxylic acids with
am nes usi ng various coupling condi tions such as DCC
[ Roberfys, et al, J. (1972), 15, at p. 1310
and rsHbMMgt a I, WP, CRem, (1991), B4\ NHPh
94)) . The—ab&e th ds presentdr awtfdBiks af 1
respect to ¢ he production of &ide products, the use ©
of expensive coupling reagents, Iess t han desirabl e

yields, .gnd the .10 n mul.t.i ction st

to achi & 3@ F?Pé"?h%ﬁﬁoﬁ@(aﬁ%g(ﬁr’én%h‘ °|1eb 83%§ Oxomlges incifde

5Co ﬁig of ZMM%I@S—carboxyhc acids with ammes using various coupling
N, N- di_nret hyl - an1noth|ocarbonylg f or mam di nes mn%h

Cﬁ‘&iﬂéﬂ@éﬁm [Rabers ¢ 4l éi{e(;ec em. (1972), 15, at p. 1310 and

0 Zph&s (Tg),3eeh o et ed. See

L|n Yqﬂé#sa aﬁ'{g%@rgcycﬁ C% Fﬁégg? at
1377; |—ﬁh¢ ahmn methodepresdnt dawbgike mlthwpsaéo thp@rcrduntmn of side

e ety e e st Blind pnd B3, G Bl B yiegs, and e

10 Angest foﬂnemple(reﬂﬁﬂah stkpso' adlhie BB 2-aatimbtidanid-Skadoxanide
et al . Prakt. Chem/Chem-Ztg. (1996), 338, at
40§°m@@%@f|on of (3-ethoxy acrylates and thioureas to

Pr epar egésath BENN-aARS1N C(Q:ﬁ%ifﬁ’dc@ﬁb% 1R ksHRal@fndd 9fth o-

reported. See zhao, R, et ., Tetrahedron Lett.

( 20eidketont? amacstezs_@ﬂgiva—ﬁmgbwl 2@Inemth1@pﬂ¢8| Hag bex reported. See
br om n, |I| i d a
kngmnq?ohﬂhdg&ﬁgo 4ﬁﬂaﬁrona %H%ﬁ?na ﬁﬁaﬁdiaﬁ??BWmn

15 addbd. iRarkii Drdnhg20000,35 un%iaﬁumaatcdecawb dlatraieedppn(2002) bi & at

bonds, \R26 Aul.enri eLh, Mﬂ%@\%ﬂg ﬁ@g a%ﬁléant fon22o%r s

Transt préik Qﬁﬁ)m/cggn .’?tEg Ad8K3. 39ewy 40 drefdibh bEBlethoxy acrylates
processes for preparing 2- am not hi azol e- 5- car boxam des

ar end tipughas i preparSLiaviRhi QpleFHEUDORHENTS atyq Ipn been reported. See
' ”%593 ROn, 'f@ z“e%ﬁéaegn £ & BRI EISER 210, HORva! SPABhAAN

ani ot '&z6
20 bromination of acrylanilide and crotonanilide has been known to undergo both
aromatic bromination and addition to the o,p-unsaturated carbon-carbon double
bonds. See Autenrieth, Cheimn. Ber. (1905), 38, at 2550; Eremeev et al., Chem.
Heterocycl. Compd. Engl. Transl. (1984), 20, at 1102.
New and efficient processes for preparing 2-aminothiazole-5-carboxamides are

25  desired.

SUMMARY OF THE INVENTION
This invention is related to processes for the preparation of 2-aminothiazole-3-
aromatic amides having the formula (I},

30



aromati c am des having the fornmula (1), 30 -3 R3 N 2
Ar R4 . ni L RSSO mm wherein L, A, R2, R3, R4,
R5, and in are as defined bel ow, conprising reacting
a conpound having the formula (Il), oLAr M R3 - N
R2 Q (I'l), 5 wherein Qis the group -0-P*, wherein P*
is selected so that, when onS| der ed toget her with

the oxygen atomto which SRgtta Qis a
| eaving group, andpgy, \R2 &3 1 are as
defined below, with a ngagent in the
presence of water folkpvved by th| oure corrpound
having the fornula (111), S R4 NJLNH2 R5(III)

wher ei n wfRdexmhdARdei:eRaéisdafd mext alsdbf@wd below, pepmmsgt@ reacting
theco ou mul ). R3r Rz R4~ " Ar
S LM 6%1 ngt[‘elgr’\m%r(&?l is the sanme in

formul ae (1) and (1) and is aryI ~ het eroaryl ;
o JER)
Ra N\
__ Ry

@ ),

5 wherein Q is the group —O-P*, wherein P#* is selected so that, when
considered together with the oxygen atom to which P* is attached, Q is a leaving
group, and Ar, L, Rs, Rs, and m are as defined below,

with a halogenating reagent in the presence of water followed by a thiourea

compound having the formula (III),

s
R4'NJ J\NHz \

|
R
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wherein, R4 and Ry are as defined below,

to provide the compound of formula (1),

| 53
O,
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Rs

15 wherein,
Ar is the same in formulae (I) and (I} and is aryl or heteroaryl;
L is the same in formulae (I) and (II) and is optionally-substituted alkylene;
Rs is the same in formulae (I) and (II), and is selected from hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
20 alkynyl, aryl, heteroaryl, cycloalkyl, and heterocyclo;



Lis the sane in fornmulae (1) and (Il1) and is
optional |l y-substituted al kylene; R2 is the sane in
formulae (1) and (I1), and is selected from hydrogen,

al kyl, substituted al kyl, al kenyl, substituted

al kenyl , al kynyl, substituted 20 al kynyl, aryl
heteroaryl cycloalkyl and heterocycl o; -4 is the
same i nRE srthusame ip frmates 0 eng Measnd i 561%0&‘55&% Bydrpgs, halogen,
hydr ogen, hal.0 ,

subst i t ut ed Jaggﬁ]?logﬁ%g% L sug&fﬁ}aﬁ}{ e%héf{ uoptituted alkenyl,
aryl, het er oayy hsteroygl, eptlbalkyl, mddetaicgsiocycl o; R4 is

i) the._sa in each o and
(1) TSR AiBgbriamon gt Supbise g opd O gl ghipoincenty
sal kyl', subst Jdicadrot Kptroges) dﬂ%f],\@ubstﬁﬁt@@ ﬁl!d(luilﬁéhyl substituted
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heteroaryl, deiybalkgyl, suhptiutes ekk@mcaﬂlb hﬁterewl cycloalkyl, and
al ternati vel ) r

het er oar yl o%“ % Ciroécc){/ﬁ%%u&lgg S[aidm {?getgﬁgr‘rg{%; @ggahm
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egp

with R4, to Mk afaads BRpip kﬁ’é’fleﬁ‘ﬂe ¢rgaryh fyploalkyl, and
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sai d process for converting O ﬁ *)oxy acryl aromatic
anm des and thﬂ@umehmlbmﬁmydnum@thlazole derivati ves,
mhereinnthﬁ Zronatic am des are not subject to
furt her "H&F8Genati on produci ng ot her side products.

15Am not hi azol e-aromati ¢ am des, particularly,
2- anunot hi azol e- 5- benzam des, can thus 20 _be

ef fici eAPPYcantsdpus Raprpnahy dipfoyenss rid Brocess feficgRVepiing By (P*oxy

pértaﬁl ?s[andttfﬁ@m@ﬁset% mihSURRIE Q&u}aﬁvé?s' cvﬁ&éﬁqhe
to c ysta I ne forns of conpound of formula (1
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il e
BB LTS S R, 2SR U0 o s
20( C &t efficikingd pfeparsd afith mhic pooess th high esid.

In another aspect, the present invention is directed to crystalline forms of the

compound of formula (IV).

BRIEF DESCRIPTION OF THE DRAWINGS
25 The invention is illustrated by reference to the accompanying drawings
described below.

Figure 1 shows a simulated (bottom) (calculated from atomic coordinates
generated at room temperature) and experimental (top) pXRD patterns for crystailine
monohydrate of the compound of formula (IV).

30 Figure 2 shows a DSC and TGA of the of the monohydrate crystalline form of
the compound of Formula (IV).
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generated at roomtenperature) and experinental (top)

pXRD patterns for crystalline nonohydrate of the

compound of forrmula (IV). 30 Figure 2 shows a DSC and

TGA of the of the nonohydrate crystalline formof the

compound of Formula (IV). -5 Figure 3 shows a

sinmulated (bottom (fro t om ara ers refine t

room tg%ﬁdﬁ%?k{ﬁ’?”éfs né(@’é’ft?‘ﬁgﬁg PABREE'S ©© 18fined'at room

patt St ﬁnd“e!&}ﬁéﬁrﬁéﬂtél@@ Phttérad ﬁbabl@'st@ﬂme bin@nol solvate of
undo formula ( igure 4 shows a sinul ated

(bdtetammPO(llﬁdefrfpmldarfW)par ameters refined at - 5 400

and exper.i rre t I )

o hano! AR b sffaedTEouBR] (RERSdE phklfehidt a

Fi got® #ad skpm«aatas {tom)| pXRId pdtteatstfangrystdllimenatenohscdvate of the

parameters refl room tenperature) and

ex [SerpAEH: g’p&prRD patterns for crystalline neat

form ( NF@JI‘F,Oj shoWd@ sERTReY (I:@tt@zfn f(@bMlakciniC bMhmetbtd rEfifdra€ room

6 shows a sinulated (botto romatomc ar anet er s

r eftmmatme) %@cﬂwemmﬁr{@%]}g@-{) Paderas o £17) arwif%})(N-ﬁ) of

pX talline neat form (T1HLl-7) of

hgpeco Séggfé)ﬁﬁulgw (1V). DETAI LED DESCRI PTI ON OF

THE | NVEi\gﬁlra\bho% aAbileted étottoms (frﬁmratcems eaxtameters refined at room

reference, the foll ow tiops

o tanir e sl expnmpn o BRRD e R effRduig pbi Foh

buteyi H1-WportheBdhydunEbf forgitlYIv). Pr = propyl 1so-P =

i sopropyl 25 MeOH = net hanol Et(]—| = ethanol EtQAc =

ethyl acetate

DETAILED DESCRIPTION OF THE INVENTION

Abbreviations
For ease of reference, the following abbreviations may be used herein:

Ph = phenyl

Bz = benzyl

t-Bu = tertiary butyl!

Me = methyl

Et = ethyl

Pr = propyl

Is0-P = isopropyl

MeOH = methanol

EtOH = ethanol

EtOAc = ethyl acetate

Boc = tert-butyloxycarbonyl

CBZ = carbobenzyloxy or carbobenzoxy or benzyloxycarbonyl
DME = dimethyl formamide

DME-DMA = N,N-dimethylformamide dimethyl acetal
DMSO = dimethyl sulfoxide

DPPA = diphenylphosphoryl azide

DPPF = 1,1’-bis(diphenylphosphino)ferrocene
HATU = O-benzotriazol-1-y10 N.N,N’ N~ tetramethyluromum hexafluorphosphate
LDA = lithium di-isopropyl amide

TEA = triethylamine

TFA = trifluoroacetic acid

THF = tetrahydrofuran




Boc = tert-butyl oxycarbonyl CBZ = carbobenzyl oxy or

car bobenzoxy or benzyl oxycarbonyl 30 DMF = di

nmet hyl

f ormam de DMF- DVA = N, N-di net hyl f or mam de di net hyl

acetal DWVSO = dinmethyl sulfoxide DPPA =

di phenyl phosphoryl azi de DPPF =

1,1 -bis(di phenyl phasphi no)ferrocene 35 HATU =
O K& sppiassien hydrgside N, N, N, N - t et r amet hyl ur on
heXa€Ous pplaesiiyn g8 naOA = |ithium di-i sopr opy!

ium
am de

TEROElat#phemhyt(mﬂpm@thTﬁR = trifluoroacetic acid THE =

t eBDEhyrBIElr 2athyB3 Kidknethyuninspranyl-epdodianids

K2CO3

5 poDAREA eHdiisaprmyietbdamBOCL3 =phosphor ous oxychl ori de
ED@UBt=BDGtroxyenebthytol8hydtalé met hyl ami no) pr opyl -
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c anNpyt iNthfdthosieclalER = di i sopropyl et hyl ami ne
1- Wgwﬁﬁmgp%y@a%mﬁydr ate NBS =

N- a@mm e NWP = N-nethyl -2-pyrrolidinone NaH
@I,Hmi 0,3193 Ng()—| = Islod:]lum mF/)gr%m depd/l\l?:ZSZOB
= pal | adi um or =

? S.&ﬁwgél? ﬁllfaPmn g mnute(s) 15 L =1liter nL
e Rzl Gh bbb’ 9 = gran(s)

min = minute(s)

L = liter

mL = milliliter

ML = microliter

g = gram(s)

mg = milligram(s)

mo! = moles

mmol = millimole(s)

meq = milliequivalent

RT orrt=room temperature

RBF = round bottom flask

ret, t. = HPLC retention time (minutes)

sat or sat’d = saturated

ag. = aqueous

TLC = thin layer chromatography

HPLC = high performance liquid chromatography

HOBt =

LC/MS = high performance liquid chromatography/mass spectrometry

MS = mass spectrometry

- NMR = nuclear magnetic resonance
mp = melting point
DSC = differential scanning calorimetry
TGA = thermogravimetric analysis
XRPD = x-ray powder diffraction pattern
pXRD = x-ray powder diffraction pattern

Definittons

The following are definitions of terms used in this specification and appended
claims. The initial definition provided for a group or term herein applies to that group

or term throughout the specification and claims, individually or as part of another

group, unless otherwise indicated.



=mlligram(s) 20 not = noles mMol = mllinole(s)
g =mlliequivalent RT or it = roomtenperature RBF
round bottomflask 25 ret. t. = HPLC retention tine
(mnutes) sat or sat'd = saturated ag. = aqueous TLC
= thin layer chromatography' HPLC = hi gh performance

liquid t h LO/ NG, = hi
| : 33: d %Eir’ ?ﬁ%t"g‘g{ﬂggﬁ#ﬁggrgmsbgggﬂf 8%%@%%%%@%@3 refers to
S PQELEATRE bantMR cFiail YethRedd HYa@0&bYES, Eesaiiag & & 20garbons, 1 to

melting point DSC = differential scanning cal ori ma\tlrtyb 1
35 19@Abens, het Hohrakonsetueh &5 mefaYlyethyl, propyrisopropyl. Rptyl, Fbutyl,

o ORI A By Bl it

Fon ow ng are
5defpemiyl, nomg, dafyls werdeeylumdetyl. he Yariousiranihed i ispmers ghereof,

appended. clai ns he initi al finiti | de r

P Brotls e LEWR el Bronriia R affl f-{ipk o i betfonel

t hr oughqyt tdrihessReGidliaflan eferaddnati@l group substituied wathl ope or

or as part of another 1group unl ess ot heﬁrﬂgi se

i nanere setituents fapexagipla T 19 4apbotitugnts, e by o iR UGS at any

i tseh; : a f iBdyhelsBlectsd fromdk or

b o of Bfdflbn: RO Blery K@) By oclsBloctsd roin
101" tomor2 Qurdato Bpothe dllpwingl@oumsr bons, or 1 to 8 carbons,

bty B8 Bl R g RO o Wbt
4, 4- dpnmehd) yh pe Mgt case@rytips s@shasd-perfluoeiatiyl gouperdnylkyl group
Chai 174 & ChamlpkoR g ;R0 COWERea Ry (SO -
9" OURS..0f RAL s 2,1 L) IR UBE OPOR, -, 6RL, DOINRLRITEY: -
15 N(R4)-Uz-NRyR,, -Uj-NR¢-Uz-Rp, -NRoP(=0)R,, -P(=0)2NRpR., -C(=O)OR., -
C(=0)R,, -OC(=O)R,, -NR4P(=0);NRyR, -RyP(=0)Re, -Uj-aryl, -U;-heteroaryl,
-Ui-cycloalkyl, -Ur-heterocyclo, -Uy-arylene-R., -Us-heteroarylene-Re, -Us-

"33

cycloalkylene-R., and/or -U,-heterocyclene-Re,
wherein, in group (i),
20 (ii) -U;- and -U;- are each independently a single bond, —U3-S(D)t-U4-, -
U3-C(0)-Ut-, -UP-C(S)- U, -U%-0-U*, ~U*-8-U*, -U-0-C(0)-U*-, -U-C(0)-
O-U*, or ~U-C(=NR)-U*-;
wherein,
(iii) U® and U* are each independently 2 single bond, alkylene, alkenylene,
25 or alkynylene;
wherein, in group (i),
(iv) Ra, Ry Re Ry, and R, are each independently hydrogen, alkyl, alkenyl,
alkynyl; cycloalkyl, aryl, heterocyclo, or heteroaryl, each of which is unsubstituted
or substituted with one to four groups Ry, except R, is not hydrogen; or Ry and R,
30 may be taken together to form a 3- to 8-membered saturated or unsaturated ring
together with the atoms to which they are attached, which ring is unsubstituted or

substituted with one to four groups listed below for Rgor Ry and R, together with
8-



The term "substituted alkyl" refers to an al kyl group
substituted with one or nore substituents (for
exanple 1 to 4 substituents, or 1 to 2 substituents)
at any available point of attachment. Exenplary
substituents may be selected fromone or 10 nore (or

lto of the follo [Q
51 nofte ifiesh SapL iR o ARBr bl ;iR RobFs Broup e=c
f or MRp®), whele RP gnd B &r@Each aRRper@entiyisdsoget) alksl, @r alkyl substituted
per f 1 uor oal ky group or an al kyl group bearing O, or
CF3) vitha|zseundiyadicyano, nitro, oxo (=0), -ORg, - SRa,
-S(=0) Re, y, réfg O 2Re, -S(=0)3H, -P(=0) 2-Re,
- S( 0)2(Pe (=0 20Re, -Ui-NRbRC, -U 15

SN(Rd) - U2- NRBR@;,atemh dsiRg renge ﬁﬂepcnqlmﬂpgd@;tqj:féom alkyl, halogen,

A s SRS e, AT By,

-Ul - hﬁbiﬂk@@!f %&aloweﬂ&lkyah )éﬁbsﬁait&ly\lw.th mgl to ImettJ of ldygeh ocyano,
ene- Re et eroaryl ene- Re, -Ul-
cycl BX#'RW cRElD, SHga: emineeplkygnipe; halpallyd, and/or haloatkoxy,
whergid), in group (i), 20 (ii) -U- and -U2- are each
i ndependently a single bond, -U3-S(Ot-W-, -
0U3-C(O _ Lwhcreinu3 C(S)-W4-, W3 OW-, U3-S-W-,
USOC(O )”S C(O) O W-, or -U3-C(=NRg)-W-;
wher ei n, | | |? ]E%t and W are each independently a
single Hmadernﬁialw:hﬁhes usall keraipl bgriself 0248 part ofl hkofimy lgenug refers

e TRbE AR g e A 2 AT oape Ve P o,

CYGh@&d Kl 8 cadbohk in A hEMRE Misdi) whihh iRQL&S AR fiy bix dea@sd bedds in
which is unsubstituted or substituted with one to

15 oﬂ}e I@F‘E@iﬁélalﬂf such ae epyl, RerapenotbHe, @W%r“ HQBteaﬂd3‘
k f d
saPur 2 %’r }p&e{?ﬁ} SGHEJJE ei lfk%te y 3 &g%ﬁ hvétt iyh, 3octer f 8

sat ur a rn to OIT.B
to nw!mngh 4tdeeg1yhﬁmnd¢qeayih@d9dmny&,|4 & hzrtgradgcatnenyl and the like.
|u|n§ I t ¥ l%%y]grlf;feﬁgtg%ﬁt 1%}1 %avz%g & 09'@1?(}15 gubs&t{ﬂ%ntg fgluég%mple 1

ni to mg&:@tuatamm dr @ (v isalatitusery), adlectal fiasn Heek dalied aive fier
to forﬁwﬁ&#oup -N=C RgRh where R and Rh are each
20j nawhpd X hydrogen, al kyl, or alkyl substituted

W th a groupm Riikyny®dius¥d1@k&h By itself or as part of another group refers to
straight or branched chain hydrocarbon groups having 2 to 12 carbon atoms,
alternatively 2 to 4 carbon atoms, and at least one triple carbon to carbon bond, such

~ as ethynyl, 2-propynyl, 3-butynyl, 2-butynyl, 4-pentynyl, 3-pentynyl, 2-hexynyl, 3-

25  hexynyl, 2-heptynyl, 3-heptynyl, 4-heptynyl, 3-octynyl, 3-nonynyl, 4-decynyl,3-
undecynyl, 4-dodecynyl and the like. A substituted alkynyl refers to an alkynyl having
one or more substituents (for exaiﬁple 1 to 4 substituents, or 1 to 2 substituents),
selected from those defined above for substituted alkyl.

When the term “alkyl” is used as a suffix with another group, such as in
30  (aryl)alkyl or arylalkyl, this conjunction is meant to refer to a substituted alkyl group

wherein at least one of the substituents is the specifically named group in the

conjunction. For example, (aryl)alkyl refers to a substituted alkyl group as defined
-9-




5 (v) Rf is at each occurrence independently sel ected
from al kyl, hal ogen, cyano, hydroxy, -Q(alkyl), SH,
-S(al kyl), am no, al kyl am no, hal oal kyl, hal oal koxy,
or a |ower alkyl substituted with one to two of

hal ogen, cyano, hydroxy, -Q(al kyl), SH, -S(alkyl),

am no, al kyl am n hal oal kyl d/ ot | ga nd
20 hiisr rerein ST one b sipsRhengie ALK vore

as erl;uglr ﬁb&ps?@)ési'gﬁa‘ﬁ&ﬂ ..f()(@]kyl §ndJEEr(h1_ksaID, iasmtllﬂefe ugd@kstpod that
refers to straight or branched chain radi cdal of 2 to
20 tesspassn el atiarhraen it those) ipstancesarg to he PEYERE a0 J §pPme,

to, g&@?@ns in the normal chain, which include one to
si X dou "bonds in 15 the normal chain, such as

5vinyl, 2- piepediyl gr@pbes defiped ar divateah ., with peénsiagly bonds for

3- pentenyl, 2-hexenyl, .3-hexenyl . .2--hept
3" gttty pIBEY B, 57 ARG g IORE BB Sionilary, where
4- dagaN\roups as liBee Aydve add BRABLT @fdMps as defined above, respectively, are
4,8, 12-tetradecatri_egl3/I , and the like. A substituted
al Iévajant radicals dayige singls bRRARIPT AECHANL SHEONthergrqups. they are
su oy U d In d ; { Bxrafdbleb of
toqgrms?g b@?%u?beé%g%uﬁé‘gaglﬁ eglt(%ng 161%1?%%111 éﬁ(k)}?épb%ﬁé?%ed above

10f oralk3tens dienilent o adfskylene grepstiselnde: al kynyl " as used
herein by itself or as part of another group refers to
strai ght or branched chain hydrocarbon groups having 2
t o TXCarWon Gromsy, —aFRSHEFRIGHvEl y 2t1F=ACTafBor
atons, and at |east one triple ca&ﬂgn to carbon bond,
such as ethynyl, 2-propynyl, 3-bdtynyl, 2-butynyl,
4- pemtyR¥HT3; pen?%fﬁﬁ?g%-_yheXynyT’,c% 5 fiexynyl ,
2-heptynyl, 3-heptynyl, 4-heptynyl, 3-octynyl,
3- nony&%/l , . 4-decynyl, 3- undecynyl, 4-dodecynyl and the

15 | ke (ERdastj t utedS®l kynyl , r efer§8e—an al kynyl
having one_or nore substituents (for exanple 1 to 4
substituent;;,3 or 1 to 2 substituents), selected from
those(caﬁfzi—ﬁfd-arbmne—f aQr S'D‘b%f‘f'l]‘t ed alkytE:Tffen—t he
term"alkyl®? is used as a suftix with anotﬁer gr oup,
such as in 30 (aryl)al kyl or S¥ylalkyl, thfais
conjunction is nmeant to refer to a substituted al kyl
group wherein at |east one of the substituents is the
spe‘C‘icﬁtt@ﬂl'y‘f%m@d“@r’ouﬁ"fHﬁ'_tﬂ’iIé_CHéon?%nc’ti on. For
exanpl e, cgar vik) al kyl refers t%2a subStituted al kyl
group ag defined -9 above wherein at |east one of the

al kyl snr%’stituents is an aryl, such as benzyl.

However eqin g eHps. d&%%f % iSR! s B Ye oplidtlty ! ) -

it shoul d be understoo
20  independently substituted as valence allows with one or more groups as defined for

substituted alkyl groups. Thus, for example, a substituted alkylene group would

OCHj; i
(Cﬂz)s““l:"_
include CH CH;CH;— apd F | and so forth.

The term "cycloalkyl" as used herein by itself or as part of another group refers
to optionally-substituted saturated and partially unsaturated (containing 1 or 2 double
25  bonds) cyclic hydrocarbon groups containing 1 to 3 rings, including monocyclicalkyl,

bicyclicalkyl and tricyclicalkyl, containing a total of 3 to 20 carbons forming the rings,
-10-




the points of attachment in these instances are to the
oxygen and sul fur atonms, respectively. 5 Wiere al kyl
groups as defined are divalent, i.e., with two single
bonds for attachment to two other groups, they are
termed "al kyl ene"” groups. Simlarly, where alkenyl

IbGuBto T s Pyeing baging ae Jutienine s FULTCoR STGAIST mey bo
si nghé thaa 3;% g?H aridfdr FSRSERFouER oA} rBrh SfircOIrROHRS Exérdihiry

are terne kenyl ene groups" and "al kynyl ene
gr oppeiltkyl gmppeinclpde yyclcmmyb|0§@owyl,1@cmk%ﬁyleﬁ@lohexyl

s e N e
5 Cfd?clooote(n%ﬁc?oﬁexadu{n@l-ﬁycﬂeheptadle@ﬂlﬁ) 4 f 15 CH3
-(CH2) 2- | - CH2CH2- CH2IH ~ - CH2I HCH2- CHg CH3
C2l—|gC|—|2Cl—|—l—|-C|—|2Cl—|2l—l—C|—|27l—l—Cl—l3Cl—lgCl—lgCl—l3
CH3 C}LC}QC}E nd the_like. Al kylene groups may be
opt epende |y subst Mjuted as »al erce
al | VVI t h oups i ned “
sub ed a groups hus, for xanpl-, ;

substltuted al kyl ené group woul d  OCH3 F (CH)3-C
include CH-CHQO 2 do~ , and so forth "The ter

ycC oaI as us ' el rt /
anoiaa 3 refedﬂ»t()o> Maji ed
sateated B®pd parthatdy ated (Ccor

double 25 bonds) cycllc hydrocarbdn gr oups contalnlné
I

~1to 3 ngs, cal kyl, bicyclicalky
and r| cI| c nt ing aitotal of 3 to 20
car ngs, and tHeQiké. Car bons,

forn1ng thé ring. The further ri ngs of nultl-rlng
10cycl oal kyl s may be

N

Each reference to a cycloalkyl is intended to include both substituted and
' unsubstituted cycloalkyl groups as defined immediately below, unless reference is
made to a particular selection of substituents to be made for the cycloalkyl (e.g.,
wherein cycloalkyl is substituted with one or more groups R¢.) When no particular
15  selection is recited, the optional substituents for the cycloalkyl groups may be selected
from the following:

(i) halogen (e.g., a single halo substituent or multiple halo substitutents
forming, in the latter case, groups such as a perfluoroalkyl group or an alkyl group
bearing Cl, or CF;), haloalkoxy, cyano, nitro, 0xo (=0), -0R,, -SR,, -S(=0)R,,

20 -S(=0)R., -8(=0%H, -P(=0)1-Re, -S(=0%0R,, -P(=0),0R., -U1-NReR, -U-
N(R4)-UrNRR, -U;-NR¢-Uz-Ry, -NRpP(=O)Re, -P(=0)NRyR, -C(=0)OR,
-C(=0)R,;, -OC(=0)R,, -NR4P(=0):NRpR., -RyP(=0)2R,, and/or -U;-R., and/or

(ii) -Uj-alkyl, -U;-alkenyl, or -U;-alkynyl wherein the alkyl, alkenyl, and

alkynyl are substituted with one or more (or 1 to 3) groups recited in (i),

25 wherein, in groups (i} and (ii),

-11-




ei ther fused, bridged and/or joined through one or

nore spiro unions. Exenplary cycloal kyl groups

i ncl ude cycl opropyl, cyclobutyl, cyclopentyl,

cycl ohexyl, cycl oheptyl, cyclooctyl, cyclodecyl,
cyclododecyl cycl opentenyl, cycl oheptenyl, 5

cycl owt en cycl ohexadi en I, cycloheptadlenyl 0

0 N~ ccanéﬂhémrw%d‘UEGmEﬁﬁ IWEP@F@H%%aF@gEIE9€4dﬁﬁ%§pru£ -
is i Qﬂﬂﬁ 4t Q yi3 b bst iyt qmﬁo_ -
unSUEEtItUSéd 552?32?§y|qgﬁﬁﬁgs ag géf?ned ié%g%}gtéu <Or
bel o@-Ulmnbeds @é@ﬁ%bﬂ-e iIs mnade to a particular

sel ection substitu %ts to be made for the
cycloalkyprﬁ?n’ng“W&éheln cycl oal kyl is substituted
5with one gk) Ubimi G eaEh RdeperdbRIy NAngdabdddcsikdlene] alkenylene,
selection is recited, the optional substituents for

t he OYekEBNee§l groups may be selected fromthe

fol I owi ngypEledy, hal ogen (e.g., a single halo

substituent or multiple halo substitutents formng,

in the | atW&e RaBeRa. gtnd;Bpsregmné@eadepﬂr bydrogenattkyll alkenyl,

gr ou%k% o};(ly(’:ycﬁ)laﬁ% 13' %gl@rocgcqg ﬂ garyb%gchco':%@ﬁch is unsubstituted

hal o tro

10- S( =0y R&stﬁﬁ&d*u%—dﬁ):%%me—g%a‘f@)lﬁ chep?R;&)nﬁt Ralrogen; or Ry and R,
-S(=0) 20Re. - P(=0) 20Re - Lr NRORc, g&m NRbRc,
- Ur Nt Bs 14650 LOSRIRERP 070K, to Sppet ﬁeeate ung3pyied ring

aﬁ((j / g%ég_é‘fj ?v%ﬁreca%dg)@;g? Wﬁﬁﬁ? g!ﬁ%%a W}lﬁﬁ_ F@.‘) ¥RGbstituted or

R - Bvegiyed ke on Mo stocielounipr R anils i Baphggicr wits
ar e, alrbdoHuh hanRgy GF JFREE 406 cohylife Biofih QURRo -N=c

15-11 &R, whetdtR; aah By mHZaclanéepemEhﬂy hytepgndainyl] gr ﬂcyl substitutcd
singl e bonddR i§OC—U4- - U3-C(O-Wu-,
- Us- 8&‘%) P RO @BES -, - B3-S Ws-,
&BOQQm%mUBQQ Om-orMBQNR)m;
wherein, in group (ii 5 (1v)
i ndependekit g‘l& a*s“i"ﬁ‘@?‘@“ﬁ%‘ﬁ& 1“¢&P¢&¢P’§Wegeleé‘leﬁ @ﬁiﬂ %Hé hal‘lﬁen

al Ky Bydn8 NgidrddyeIRhiRyl), SH, -S(alkyl), amino, alkylamino, haloalkyl,

20 halcalkoxy, or a lower alkyl substituted with one to two of halogén, cyano,
hydroxy,'-()(alkyl), SH, -S(alkyl), amino, alkylamino, haloalkyl, and/or haloalkoxy,
and

wherein,
(vil) tis 0, 1 or 2,
25
When the suffix “ene” is used in conjunction with a cyclic group, this is
intended to mean the cyclic group as defined herein having two single bonds as points
of attachment to other groups. Thus, for example, the term “cycloalkylene” as
employed herein refers to a “cycloalkyl” group as defined above which is a linking
30 group such as

-12-



(v) Ra, Rb, & Rd, and Re are each independently

hydr ogen, al kyl, al kenyl, al kynyl, cycl oal kyl, aryl,
het erocycl o, or heteroaryl, each of which is
unsubstituted 10 or substituted with one or nore
groups Rf, except & is not hydrogen; or Ro and R may
be taken together to forma 3- to 8-nenbered saturated

or mg?r/urated m_together with the atons to which

t hey e attachéd, / g is unsubstituted or
substituted mnth one EWPW%LE ‘groups |isted bel ow for
Rf, or Rb and & together with the nitrogen atomto
whi ch they are attached may conbine to forma group

- N=C 15TheeeRh “alithest’aciay te Arlalii cms@bsu@mdwlksﬁa@ypﬁaé?ﬁﬂesl
hydh%v%%%ﬁde%l th%lugh %’n m;j‘ glég Ltl I U(g?t) Ietag t c'#r 'd%%ﬁerréﬂ{ % Bf s alkyl

5Ih@@gﬁﬁ@@ﬂhhﬁ;§elected fron1a|ky| hal ogen, cyano,
), am no, al kyl am no

hydr oxy, aIk - S(al ky
hZ\I oall K&Fhe gze hli-/syl%m "lasteys toem aﬁcyl @vsebstawﬁwkxlu%@m 35 Geliepd

W'OE,B? rﬁ%{l&éﬁé&f@gg@% 1?%1/‘ E}ﬁp(am‘iﬁ%n Qhel %{B\I)f S%-%w,lherem R, is alkyl or

haka@hkﬁ&iﬂﬁmd/or hal oal koxy, and mhereln (V||) t
is 0, 1 or 5 When the suffix "ene" is used

in
conj unc F'P%F?HW“P?Y ’afe@%fl% acagonyl grovprinkeq o 2 el suchpasy it not

10Me iR %, %M&l lafke Q1 CHRyn3E aﬁ&ffchx%&’ycﬂﬁf Ntefodyalyl, Rbrd YRticularly,
si ngl e bonds "as poi nt’s ‘attachrient t o of her groups.
Thike, sréer CekhiRp waereinhiy cee berselasyed| frsak kwleﬂbenywubstltuted atkyl,

r u f cycl oal kyl " group as
dgglneggmgﬁaﬁle i%ﬁgﬁﬁaﬁ%ilnklng 30 group such as -12

and the like. The term "al koxy" refers to arf al kyl or
subst i t Thetm|“dkbxygabopylasfaef nmboxsigmne (bdHd@d ) linked to an

un@RePRORR (& GRpf CCBko el ki St aoris B Rssl gygp e

“al kylthio" refers to an al kyl or substituted al k@l
1591 duer@sion s€OpEid usedthorstn, antetteddad @cu@lferao tdlgkanp ator—.

S ' th -SR, wh | k
gu bsz it Iapee@l% R]gylglrn?nuop refers 3 ammg r;g?olu?)s wherlelsn o%e Hjotg of the

hydrogen atoms is replaced with an alkyl group, i.e.,, NRiR;, wherein one of Ryand R,
is hydrogen and the other is alkyl, or both Ry and R; are alkyl
The term “halo” or “halogen” refers to chlore, bromo, fluoro and iodoe.
20 The term “haloalkyl” means a substituted alkyl having one or more halo
substituents. For example, “haloalkyl” includes mono, bi, and triflnoromethyl.
The term “haloalkoxy” means an alkoxy group having one or more halo
substituents. For example, “haloalkoxy” includes OCF;.
The terms “ar” or "aryl" as used herein by itself or as part of another group
25  refer to optionally-substituted aromatic homocyclic (i.e., hydrocarbon) monocyclic,
bicyclic or tricyclic aromatic groups containing 6 to 14 carbons in the ring portion
[such as phenyl, biphenyl, naphthyl (including l-naphthyl and 2-naphthyl) and
antracenyl], and may optionally include ope to three additional rings (either

cycloalkyl, heterocyclo or heteroaryl) fused thereto. Examples include:

13-



The term "acyl" refers to a carbonyl group linked to a

r
a

adi cal such as, but not 10 |limted to, alkyl,
| kenyl, allcynyl, aryl, carbocyclyl, heterocyclyl,

nore particularly, the group C(=O R, wherein R can

b

e selected fromal kyl, al kenyl, substituted al kyl,

or substituted al kenyl, as defined herein. O gThe term
"al koxycarbonyl" refers to a carboxy gro -0O)

linked to an alkyl radical (i.e., to f@r i), -

vvher@R ef@:ﬁ§ovyl her OX
11 7{I5 e-ugna h TICO2._ i g uged ein, s

inte dto &t to e @roup ’fic> The terf AN,

b

a

a
S

a
|:

n

a
a
b

I
C

C

10

15

20

al kyl am no" r ers to an1no groups wherein one or

oth gen at s repl aged « th an al kyl
N' R} of Rk dnd-R is
hyd t he ‘hervl , ror and Rl are

IkyI The t'erm "hal 0" or "halogen" refers to chloro,
oro and iodo. 20 The term "hal oal kyl" means
ituted. al kyl having one or nore halo
ubstituents. For exanple, "hal oal kyl" includes nono,
bi, and trifluoronmethyl. The term "hal oal koxy" neans

n al ko group @av one Q u~ hal g stituents.
or¢e w jﬁﬁé—t—er ns
"ar "0 ary1 d heren | t sel fwOEs part of
nother group 25 refer to optionally-substituted

romatic homocyclic (i.e., hydrocarbon
icyclic or tricyclic arona |c roups

g porft such~as”phen
n@?ﬁﬁiﬁf nclu aphthyl i
nébht yl) an a traceffyl ], and may opti8nally -
ncl y e to three addltlonal rings (either
yc dﬁ[k E heterocyclo or heteroaryl) fused thereto.
ncl I Frr\)yr~1r 1111
oNl #88“"19& " p | / NN/ |

Each reference to an aryl is intended to include both substituted and

unsubstituted aryl groups as defined he;ein, unless reference is made to a particular
selection of substituents to be made for the aryl (e.g., as when aryl is substituted with
one or more groups Ry, above). When no particular selection is recited, the optional
substituents for the aryl groups may be selected from those recited above, as valence
allows, for cycloalkyl groups.

The term “heteroaryl” as used herein by itself or as part of another group refers
to optionally-substituted monocyclic and bicyclic aromatic rings containing from 5 to
10 atoms, which includes 1 to 4 hetero atoms such as nitrogen, oxygen or sulfur, and
such rings fused to an aryl, cycloalkyl, heteroaryl or heterocyclo ring, where the
nitrogen and sulfur heteroatoms may optionally be oxidized and the nitrogen
heteroatoms may optionally be quaternized. Examples of heteroaryl groups include

pyrrolyl, pyrazolyl, pyrazolinyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl,

-14-



N/ ,500\VI1 N\, NIV /7 11/ " \NS\N /[ o
::Cand the like. Each reference to an aryl is
i ntended to include both substituted and 10
unsubstituted aryl groups as defined herein, unless
reference is nmade to a particul ar selection of
substituents to be nade for the ary

ar Shladl@O%bmﬂillﬁﬂl}édﬁlvﬁth thienyb %adl#@% nglgﬂp@”ﬁmy pyrimidinyl,

ke S B S S
s e bafzbﬂxﬂenfyr qmnb]imz.s eetre&;gdﬁomdqmbaﬂugl lslslagumallirr-yhcb@nzmldamisl
ST NSRRI TR T i e
5T et:ﬁn'i@hny‘i QuitRkhIgA ihdz YD pd b eidylTRAGSYIEY], dihpdibisoindolyl,

bi cyclic aromatic rings containing from5 to é@

at ¢vshydapquinelinyl Fabazslyl, bte@molvsIePl@ﬁﬁt&bf&H@Yb aehl
nl% “&ﬂdﬂiyggﬁﬁy psulfur, and such rings fused to

an-ary heteroaryl or heterocyclo ring,

mherg t he isf rogen gnd su et \.
opt on; Ily§ KDX| digZzedh and( thgmltﬁéo h t t oms
thna be q er ni axyl

groups i'ncl ude pyrrolyl pyr gzal vyl , pyrazollnyl

|Na °| ymdyl 20}yl aﬂ‘{ﬁatuw ?M&ﬁ,-ey&v 14' /‘/

oxa zol yra2|n Vi & pyPier’di n
pyridazinyl, triazigpw A yl henaoth|7 \ ~F=
be 0Xx0), benzox zoI ben ot eny

20K, aﬁ\r{iyg ] \\_)

1OquHQ Iynyl\_gﬁrr?h |so ohlnyﬁ i soqQ hpé irnyl
ben2|n1dazo yl benzopyranyl i ndol i zi nyl,

nz o,-.r|nyl benzopyranyl 5.
mélm 4 zoI yI pyrr ol opyr|[ dyI
furo el ﬁ@pydrqu|noI|nyl

carbazolyl ben2|dofyl phenantﬁ}o inyl, acridinyl,
phenant Eactmhefeydn% boevritetfeogtyl mhn&nﬁbd %hintl@R bofh @bstitmemand

\ lelsuﬁsutug\l d [ﬁéteroary'l\lgmups as deﬁne'\c{\ hereit, u'h!less reference is ngide\to S

, U

particular selection of substituents to be made for the heteroaryl (e.g., as when

15  heteroaryl is substituted with one or more groups Ry, above). When no particular
selection is recited, the optional substituents for the heteroaryl groups may be selected
from those recited above, as valence allows, for cycloalkyl groups. ‘

The terms "heterocyclic" or "heterocyclo” as used herein by itself or as part of

another group refer to non-aromatic, optionally substituted, fully saturated or partially

20  unsaturated cyclic groups (for example, 3 to 13 member monocyclic, 7 to 17 member
bicyclic, or 10 to 20 member tricyclic ring systems, or containing a total of 3 to 10
ring atoms) which have at least one heteroatom in at least one carbon atom-containing
ring. Each ring of the heterocyclic group containing a heteroatom may have 1, 2, 3 or
4 hetercatoms selected from nitrogen atoms, oxygen atoms and/or sulfur atoms, where

25  the nitrogen and sulfur heteroatoms may optionally be oxidized and the nitrogen

heteroatoms may optionally be quaternized. The heterocyclic group may be attached

-15-



S 10 NS I ~N and the like. Each reference to a
heteroaryl is intended to include both substituted and
unsubstituted heteroaryl groups as defined herein,

unl ess reference is nade to a particular selection of
substituents to be nade for the heteroaryl (e.g., as
when 15 heteroatyl is substituted with one or nore

gr elmy bRferoaimovedarbdafatem abthe sing prtinmiystese Wheevalngesllows.
regited, the optional suybsti .

o i S0 R BTt WD, el AR b B AR gh one
vabepes plrb@wens.f or cycl oal kyl groups. The terns
"heterocyclic" or "heterocycl ¢" as used h

rei.n.b .
el f  BRemEapeteraelic aioHER G1eTigl Gl ARy gpazglinyt , Sxazolidiayl,
non- i G.: L QN §”|ﬂ§ﬁ| - . QQLUS(@ ©8razi 1,

Sor nggézﬁﬁg%lf gﬂﬂ%&gﬂ’sﬁ%t ed c’ypgi i C gy%fgtﬂggah(n?or pipéraziny
ex &rpopipeiddinyl, 2-8xopymioledinyb Acurpetepinyl, Azapinyl, A-rpstisenyl,

or it dpwiing ool RS bl iR TR

havigambrpheasd sulfofe,e3-giogalanandnetathyd®dst-diorethicaylbon

atomcontajning ring. Each ring of the terocyclic
group co ADing a Oato By have ¥, 3 or N4
het er oat | ect Sd f;Eom ni t at ong, ygen@s
and/or s r atones re 25uwthe nitro and ’su

het eroat ons may optionally be oxidized and the

ni t 0QQgen hetqpﬁh nms ronal | yNhe at ep™ized.
The;ﬁé(é[g_yéT?e-g ofl y_ﬁg.atﬁgkﬁeq__;15“at afly
hetEf oxt oth or ‘sarbon at t hed%i Rg Or riny—system
where val ence allows. The rings of multi-ting ’
het er ocycl es used, bridged and/or joinedo

t hr ough oné moFe Spiro unions. Exenplary
het e lic gko i ncl wde oxe by 1 R da oldpyl
oxazal i diynyl, i s§xazaqli nyl, _ tlhitaz Ii_FhWF%

2- oxopiperazi nyl [~ 2-oexopi peridinyl, : ’ '
2-oxop¥rrolo 2- oxoazepi nyl, azepinyl,

4- pi peri~dony tetrah anyl , norpholinyl,
t hi r phol iyl , thi r ph
thia ol i ny ul f ope,

10

yl sul f oxi de, Ion

di oxojang~and o
t et r gfydno- 1, &< di §xot highyl C~?<§§]§Imsv luiﬂ@ O
ryl \ 0 1v o , . .

o and the like, which optionally may be substituted.
Each reference to a heterocyclo is intended to include bath substituted and
15  unsubstituted heterocyclo groups as defined herein, unless reference is made to a
particular selection of substituents to be made for the heterocyclo (e.g., as when
heterocyclo is substituted with one or more groups Ry, above). When no particular
selection is recited, the optional substituents for the heterocyclo groups may be

selected from those recited above, as valence allows, for cycloalkyl groups.
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O0) N NO UONO IIl/ -N, OCo 0O N/NN Oouwu
O/, VI O Oo and the like, which optionally may be
substituted. Each reference to a heterocyclo is

i ntended to include both substituted and 15
unsubstituted heterocycl o groups as defined herein,

unl ess ference, s nade tq a rticular selectiaon of
Subet; t BB b, Bo i o RRERAG (st SladlRrelt gh B Ble
WheRmshied ShBHEY 6F ThetePocFHIRS(. &, Uds@BedMeidin ARerifd atdmk Biclude carbon
groups Rr, above). Whén no partlcular selection is

r eahd ewf; totipis h@@@rqamm sebel@é fiop P and 9F St Al mEred Beapcl o
ar %&%?oc&?&%!)l Qﬁere % uggé l?eg e{ﬁ% % 4 ugl%ﬁiot:%% %E Q&&ocﬁﬁc) may

val ence’ a cyc
5"rmng&mﬁ&ﬁ@mpass&ﬁmhmnmﬁyﬂyummﬂmmmd as used hereln

|| th t " het
G e HelerContiaiandiodted 3R reriics P ddaeupemed
an %@ . tlstheﬁyw rcyél@il[%ﬂ%l'gOﬂﬁlcﬁﬁkﬁﬁhet@rcfcy@md\é ;gmndmy@ br

S, also referred to as heterocyclo), ere, as use

he rheﬁewarségm igHdagRlyDnulpes NH@WW %Pﬂéllflcﬂéftléﬁils%,t% |t1ilf-'cr)efeﬁ=&9e is
> DR Al gf.%sﬁ%;&@g@ th ¥, &0 ORIEHELs WS RUFA flse

Unl'ess ot when feference is made to
10a s@dted Abayalfdrythmane dycleallpl, h@ercg:yclo ph&os/hereroarylcdrormis kagl
( .g., q¥clohexyl) het erocyclo (e.g., pyrrolidinyl)
or PHEPM Baryl (e.g., imdazolyl), unless otherwise
. specifiqaé teyml“ﬁae:@aﬁo@@” sHall@ndlgfeaix@F@e sulfur ali,cmleagimd t 0

i ncl ude_rings haV|n% 0 to 3, or 0 to 2, %ﬁgnltue

sel ect edNf e FHBAWCHY) AT t EAIAlSE PR UISERrigmapasychic or
cy%hcgfakd% m%&{ﬂpﬁ&&@om@‘s aRehffoRal s, ©E RiRnclidfs

rlate The term "heteroatons” shall include
150x3¢g@ﬂalkxd @hd eyl vings. Fhe saghpeyclicTivg ntwéfrhmsmesat%blyd‘rhl@?'case the

R e R e

car bon. Whenshe teie “dmatorated isnded herein to refer to a ring or group, unless
otherwise specified, the ring or group may be fully unsaturated or partially
vnsaturated. ,

20 “Base” when used herein includes metal oxides, hydroxides or alkoxides,
hydrides, or compounds such as ammonia, that accept protons in water or solvent.
Thus, exemplary bases include, but are not limited to, alkali metal hydroxjdes_and
alkoxides (i.e., MOR, wherein M is an alkali metal such as potassium, lithium, or
sodium, and R is hydrogen or alkyl, as defined above, or where R is straight or

25  branched chain C, 5 alkyl, thus including, without limitation, potassium hydroxide,
potassium fert-butoxide, potassium fert-pentoxide, sodium hydroxide, sodinm fers-
butoxide, lithium hydroxide, etc.); other hydroxides such as magnesium hydroxide
(Mg(OH),) or calcium hydroxide (Ca(OH),); alkali metal hydrides (i.e., MH, wherein
M is as defined above, thus including, without limitation, sodium hydride and lithium

30  hydride); alkylated disilazides, such as, for example, potassium hexamethyldisilazide
and lithium hexamethyldisilazide; carbonates such as potassium carbonate (KyCOs),

sodium carbonate (NaCO3), potassium bicarbonate (KHCO3), and sodium
-17-




15 cycl oal kyl and aryl rings. The carbocyclic ring may
be substituted in which case the substituents are
selected fromthose recited above for cycl oal kyl and
aryl groups. Wwen the term"unsaturated” is used
herein to refer to a ring or group, unl ess ot herw se
specified, the ring or group fuII uns turated .

or bisarbopett (YaHEHs 1&?@@111% y q%ﬁ@mmum
%&&'rggﬁﬂe ?F]gﬁi{bgﬁﬁ G8rh. hygitgfﬂl deRipRig z@l&é‘éﬁi‘ ' a@ @Sod herein refers to

ounds such as a nia, that accept
pr atreagsnti memtcenple a caibbxydiotacid 2T o aming OnpY %irll}nf’da§@§1 an amide
u but are not d to, alkal t
P Ty oS aciptingade ife shen iGISt U o HoDg
sal kg, GENBPISS HE iR Sorsihaohl with aﬂoﬂieh&dmmlng)feageﬁmﬂ)l spﬂad up
and Ris hydrogen or al kyl, as defined above,

R |C§UE§WB@FQ?H%S anfl ipibipyideEAwiong HRAticuder PSP%WPPI%HEF@"““ may
' ”%MAJ@ gbb BT, BRNIE BOME EASHD U Py HBIU e APipU,

pota33|un1 ert - but oxI de, potaSS|un1tert[PentOX|de
SOd’@F“E@Rim BeAOBORYBOR, (RDATU SN TR U, TSTH, BRMT, BOP-CL,

ny St i ST Heot BB BORE HOTE PR
102l kgBiopTev@lop,ind MFEHS Seé “BeptiddEbupling RekgentsMNamesa dcronyms and
st ok i ko g o Sl oo

di %ﬁdo%rﬁ@fher&ﬂ%pr@&en&or exanpl e, potassium
hexanet hyl di sil azide and lithium

hexanet A tirws 1hakiegeating 4eenshon ‘GelogeraHnBLagnt J8edn fhagent or

I S 1B PR s

15bi ceagbms adcmdé hb:h-g?ﬁ&)and a:kgayic Immgamtlugrdagmts; ﬂm@es gEinorganic
as .n-tetr.abut

T
o HhicenRe e SATRAL (bt o Bine oafnb iR g Siom

r efgpschidRite. 20MzRBE BAbgdasia s rdagertOinflue N-hREd0xhintdeadias), N-
and an anine or an aniline to form {§ g %BF ?’%IOB It
mayPToTRRSuERmidec R Mdedogercininpise (S ffnl.3dic t
HO¥md toim 1 3 bonfd. 5, NaRheta mﬁ&oithiﬂ@dotpﬂL

wi th another coupling reagent to speed up coupling
20pr giregbylaydanioithi bit si de reactions. Particul ar

pepti dew£Qupl g reagent.s 0G| '

BBC, BDl\ﬁfglﬁ N "F%B%%(S m%’%*%%ﬂ.%’m Q%’%ﬂgf
BORS9RyARO%PyRER, 958BBTU, TNTU, TPTU, TSTU, BEM,

BOP- C BroP, BTEFH, Cl P, EDPBT

HOTT- PFG‘lﬁaﬂ'}ﬁE‘Bﬁz THeRES EORRS Vm%%(% abg‘é{ﬁ 8%@ P@‘géﬂ upon
" PepicliShe wieh U RLié18ehhiRe BRI T, MANESR,(A0L0 W B, is alkyl,

Ref erences,” Al bany Ml ecul ar Research, |nc.

25Te sHbftieHed Feponylsor hytsroaryl, asgsfinad herginl archwpakthases upleps, for
by e&ﬁgﬁ'é,e@%r. Examples of leaving groups include L, Br, Cl, and ions of methyl

(@

sulfate, mesylate (methane sulfonate), trifloromethanesulfonate, and tosylate (p-
toluenesulfonate).
In compounds of formula (IT) herein, the group Q is ~O-P*, wherein P* is
30  selected so that, when considered together with the oxygen atom to which P* is
attached, Q is a leaving group, i.e., Q has the capability of being displaced upon

reaction with a nucleophile. Accordingly, the group P* may be selected from alkyl,
’ -18-



The terns "hal ogenating agent” or "hal ogenating

reagent” nean an agent or agents capable of

hal ogenati ng conpounds of fornmula (R) herein.

Hal ogenating 15 reagents include inorganic and organic

hal ogenati ng reagents. Exanples of inorganic

hal ting~rgagentsqo nel.u chl Qrine, ¥ .

s 980 R 1 3ORE BRI Ry e SR, W R SR e above n he
haldegeitioh B0 “leaagegbdsp, T RalisakylNaghirdeesacd.iand Rigde selected from
( N- bronosucci ni mi de (NBS), N-iodosuccinimde

(NI vl and &¥lyi chl or 0- 5, 5- di net hyl hydant oi n,

1, 3- di b§QRBreRcReAt: ARhY BAAAR RidAed RNBfel to3r SidlOavent & weil
20 di net hyl hydantoin. "Hi gh yield" as used herein ]
Srre & snigtuses of eplyntsySekieats maydl sgloosd. g anpprepriaterfana sigggeaction

hag. 909 %, " i "
ot Ok st 3pithic pEERS R DF LI DRKSS,

r e aimethplpwipylenaursa, bhaapilpireclidocd (NWIRY ahd beBrmetBylphosphoric

R10SO2¢ wherein Ripis al upstituted. al kyl

et i aoiSeaty poe a8 gl Shhir Tl Aot S6in S e,

bas@@ethSxifkbtiaSe, 20 ethyREEBRLS dithi ethe 4 RORAI 861 vexts such

| eavi Et& groapsej ncl uge ngr, a, aﬁd?i ons of r‘rret h§/uIc *
IOSU!M@ , EtiE gndhisapropanch #pé halogengieaiaining solvents such as methylene

TR kAT RSHR, LY L otopr, s o

herselvnl;itstmea@owpid@biwasianﬁxtprGMer ein P is 30

sel ected.so that. when considered.tqgether w .

oxygen dvefrbio iy oh e PEhach B0 BlsIFE bbb Mon of e

gr @umpotndeof Fofgnila sl sd angpkiixidnkt amaaiht dfaha\¢nthiosnd affedmula

upo reaction with a nucleophile. Accordingly, th
157 Ghp PEEapelEPEERIOEE Fagr s qogipomnd Foriago i peap a sotvnt.
- SOZR10The Gkeséak BhéniRdcscRivefdrdstdlind\REHELNLEESnpcind of formula

defined as above in the definition of "Ieaving
gr 61y, in systantiallvpugs, formg A[usest herein, & pubstaptially pes” eans &
sel f 4 s Sl I l 3€8h "
e GRSt el Tt e Bloblopercalf hEIR 3 S590. D30 04, o5
~as b1, 98 Po%sndiO0tparcest. of sol vents. Sol vents may be
sel ected, as appropriate.faor _a given reactjion_ st
20 ¥ om 1 o1 %85 SRS Aapp i Tt afthe s oL BE foripufelpp can
DVibe siidbiotialth fieé Bylapingpytuaonefer, thaN-ovichyhtDyhee kliedomeining
(NMP), and hexanet hyl phosphoric  triam de; ether
sollsé fed 18 persentot mapsril fonrrises oter fiprmi(y) of thicomgprnd of the
metehhuid a0y fb/ofli&ion an@/bpﬁro&%‘i}si | \}gﬁi{ﬁ@s arfRiH Ry ene

gl ycol dinethyl ether; alcohol s such as 10
Ve @k¢paBtion, Agrpdtallsempealitbé corapraind af g énmubr{l @) iniswhytantially

2550 lp%ree ofin Sm%% %e?esforg%te Q}{'llpﬁ)l}gd in pharmaceutical compositions to which other

desired components are added, for example, excipients, carriers, or active chemical
entities of different molecular structure.
When dissolved, crystalline forms of the compound of formula (IV) loses its
crystalline structure, and is therefore referred to as a solution of the compound of
30 formula (IV). All forms of the present invention, however, may be used for the

preparatton of liquid formulations in which the drug is dissolved or suspended. In
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chl oride, chloroform carbon tetrachloride, and

1, 2-di chl oroet hane. M xtures of solvents nmay al so

i ncl ude bi phasic m xtures. The term"slurry" as used
herein is intended to nean a saturated solution of the
conmpound of Formula (IV) and an additional anount of

o GGGt P P P pir e S s R e dncprapyaed

andnta s61d feembilationkne present invention descri bes
crystalline forns of the conpound of fornula éIV) in
subst ant’} Betapeyigally sffeetive' amounysefdhg@yssiline forms of the compound of

ve ol | " ) .
gr copapliy 3l B sl e RRPR R bferty Bdipine
595 pha@@icer@ical @gpolfonsar thid D@empionc Byt the@Perralbyneffective amnount”
exanple, a crystalline faorm.of the conpound of the . .

£ o e pEey Aot thise W Ben Sttt Alpof G B ARGy b dginistered
pursithyangidatioRil thddageuiOafRel, Gefectivehe pRvEMSupfER dlafliorate the
l ess than 10 percent of mmterial conprises other

f ordHRERSF 06 FORIRONQS RhspRTessiontof the dissasepr goqditign.  and/ or
reacti on and/ or processing inmpurities arising fromits
preparation. A crystalline formof the conmpound of the
formula (1V) in substantially 25 pure form nmay

t heref ore be enpl oyed 'ﬁ rTRCeUt] conposi tions

to which other desir Ju-m added, for

exanpl e Thxaveptienis $elaed o d @bSess o tieqirépaeatioh on2-aminothiazolyl —
entipies,of‘ﬂifferent | ecul ar structure. \Wen .

di STEPRHIF AMIAGSSYIFY 1 ysqty) s inhaltitors of kingsesepaHCHLlY protein

f ORyrHdiAe ; ihisS. j of BB+ oS vocr B
t horoyn: hic AL pRFIhAS, TR HOER RS or B eoRy o
1530 upsatyreied crbary! ansriati¢ emidss @b (WheseipPS Seat definedimréinin such as

ho [ be used for t reparati,on of |iquid
P SR il Dbl B RRR b ol b s am o
sugpertdainothiizole-5radlatid dn@fss Jf fnly@) dbdsiréBsub@itidatsdn the 2-
the conpound of fornula (I may be i ncorporated into

£

V) !

s R BPIRAT Y Gife>- 1 ampiepraiyetat heaftpshed pitls beipes)or after th
amaiitotiRbzdid ¥rhAtCH! Fof &RGpIQ [ Bhe Rnbbgieh O MRAAHoRA of formula
formula (1V) is conmbined wth a pharmaceutically

20 5 €l it prentagedovds repetiontad 2 tioecwherpia R iphairomso cantlitleeiy hydrogen
co g bl IS, | [ "t herapeutical.l
or ot o2l 2 ok Wil eq Bouph HER AP DS Giigtiment,
adsibsiistepydmadiosse o ancer ambodimendi e catifdundSF esrmidia (1) is
wi th an additi.ona herap%%th agent,. i.s effective t

or BRI VR AHER af LA TISTeR B+ PRt daydsand pe pyrimidingt

co Bgﬂictdaﬂflisfﬂi%ﬁdﬂ ©1aB5AEH K5 Hiaafitiehal bitAifesS 38 Aebled.
condi ti on.
The process provides an efficient route for preparing 2-aminothiazolyl ~5-

I

<>

aromatic amides, essentially in one step and in high yield, without use of expensive
coupling reagents or catalysts. Surprisingly, with this process halogenation followed
by reaction with thiourea to form the aminothizole is achieved without an undesired
aromatic halogenation.

30 One embodiment of the invention is represented in Scheme 1.
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GENERAL METHODS This invention is related to a process
for the preparation of 2-am nothiazolyl - 5-aromatic
am des which are useful as inhibitors of kinases,
particularly protein tyrosine kinase and p38 ki nase.
The process invol ves hal ogenati on of (3-(P*)oxy-a43 15
unsaturated carboxyl aromatic amdes (lI1) (wherein P*
eefli ned herein), such as
(3 (al kyl') oxy-a, -unsaturated carboxyl benzam des, and
reaction with thioureas (I11) to give 5 f o

2- am not hi azol e 5- arona&ugmgghgggmggtfornw
Desi red subst ’ents on-t—h%%——arm—ne—grom@ and/pr th
5- aronaw oup can be attachgd either bef or eor

after t nepot hi ozole fo ,% For exanple, in
one eﬂdelﬁﬁﬁt t he corrpoundi f 6rnu|a 20 (1Ya|s
prepar ed™vi a reaction of a th|6hrea wherein R4 is )
hydrogen, and the R4 hydrogen atomis then el aborated
to nore functionalized groups such as, in one

enbodi. mas Schcn&llb Pk tid diryled hprdai,Ghdle §refdriblﬁiﬁl§¢, B®dn more

enbodj ound of formula prepar ed
3 PSR Oy S TR R S Fefitreh s e pldecss dvolving
9% rdompgbﬂié lwheRRHIAF RORBWN kBBt wirteit@ Bdd of alk§l, halogen,

furthér el aborated with additional substituents, as

des=NRaparmifs Nies66eds wpprcm Rydsalkyl, exfcfoeliivk ot hetergargl, more

222{)&&%&9@{\@@%{;}1@% {chgﬁ)g g%lgx }qethﬁ'? aﬁ(?exp dprg aﬂ%ﬁﬁﬂ) u]:Ew]m:em Ar
of i xqhertesi fien 2«:bl¢m 6-lr1']n@thyd;ﬂ@3yltB—cwlomapj&ll)aﬁétﬁylf-belnfmde and N,
S I

P e Th i el SR ers e 1B Ao Qi Best & s

ac fgr@.\pa_dls\{drésbxﬁ,uzts {8 FortEES biitQEvandeBs Rty the AR LAUS NdilcOily
30 One errbodl ment of the invention is represented in

Sc Héaghed to the ggrbagylarmige gitgen yprrgasiip formgja ().

?:a le g ;n ?Is'n%&lc\il{_'tﬁ@ g&iteq %Jbahgeﬁg wi39 bdactRRedNoShe g?btllp Rleifer

before or after the halo genatlon and cychzatlon process. Likewise, the thiourea

15 compounds (III) may be prepared, prior to the cyclization, having desired groups Ry
and Rj, corresponding to the groups on tht; desired final produet, or alternatively, the
desired groups may be attached to the amino-thiazolyl after cyclization. For example,
thicurea compounds (IIT) may be prepared and used in the reaction wherein Ry and Rs
are both hydrogen, or R4 and R are other groups, different from those of the final

20 desired product, and then, after formation of the aminothiazole (I) or (1a), the groups
R4 and Rs are elaborated to the substituents of the final desired product. All such
alternative embodiments and variations thereof are contemplated as within the scope
of the present invention.

In intermediates of formula (I} and (Ifa), herein, preferably the group P* may

25  be selected from alkyl, -SO;0 Ry, -SO2 Ryp, ~C(=0)Ry; and -Si(R12 )s, as defined
above, but preferably P* is an alkyl, more preferably a lower alkyl, i.e., methyl, ethyl,
n-propyl, isoP, or a straight or branched butyl. Preferably the group R; is hydrogen or
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111 In Schene 1, Ar is aryl or heteroaryl, nore
preferably aryl, even nore 5 preferably
optional l y-substituted phenyl. Most preferred is the
process involving conmpounds wherein Ar is phenyl
substituted with one to three of aIkyI, hal ogen,

-C(=O NR8, and/or NRSC(=0), wherein s al kyl, _

cy cPwar L, mee Prrderably By rpgennaids 15?@&@%@‘%%& EPty Rs

IS Lyl Lyns@0d bEnRfnfle8 BRI preferred,
wherein OBMSC{H?(E ;ﬁﬁengg{‘gg rom %ﬁ\éﬁ?gﬁgg 6- met I’?yl ph enyplr? o
N- ciyclhdipg @pybstituteirf-uimabaaunedlp-alkytvey-6, -tfsaturated carboxyl

car PGt VORGP ok ROt e P LGRS 05 e 1

5 oruBdbAnille istiptioRly 3MMsAERQLS ricited) SR T@TAAUR forBulh (3C iy
attached to the carb;wglantde nitrogen atom as in

fo rmteaec( B-aipsubstifuied Bedkylotyec.fambaterdted girbexvl bengamideg gre p-

t
¢ he oD ST o0, Qb Rl flek Wil BELPO AN el s
t heoptlbnﬂlyrsessuﬁﬁe&ammmﬂdsox(elfbﬂAr riageroveligesa fpareld [Tz peain e
o UM AR BTb e SRe TS PR o SHRe ot PG AikoRRerylos]
10°7 Qounddl MRk RFtrhakBlYB-ethby actf BLA-ARRE SRS MRYriBEd, for

attached to the am no-thiazolyl after cyclization. For
ex avpinple, int/Anhyel e Aom@éuh &Kodrs. IMe;d by e ttpiZ8Phr 24 abhid3;
use [ t i N

8gf]eorstﬁ % St gﬁ' g{ agm:o{iﬁer gr ?%Sat%é%f ?tpc'i)gm{ated herein
frdmntmﬂ&meof the final 20 desired product, and then,

after f tion of the ntnot iazole (1), or (la), t he

o oups. 1 PHEEA AR A it HEY R e e g e o
150f defiged hedéth c&R6lk 08 dalBEdtisd cordolindsWlY) as Alel@G4RHIURA herein.
enbodi ments and vari ations thereof are contenpl ated as

wi tiffpigredhegeaisaprdudediB mrd the Bishaiphyaniaing: Bmourpﬁ compounds (1IN
| ntgl 1% wedd thRLAML - &btasgmgméd t'hf&.\ NrN~disubstitutcd
pre era e group P* may cte rom

al ktyllopreaﬁmﬁz skipe pf habig2niion,and GXGh@)tl%lnlareacmhed&u( R:IaZS)lﬁabIe

as d fin above, .but refer bly P* | n a%kx

pr éf’ YEuLY e@}C}émﬁ%{}\}gﬁ'ngﬁ m?re golve uH Fs s, ethers esters,

20N~ i@ Pl and ketfs v eahest ﬁ;@ﬂl@ﬁ&xaﬁé pﬂefeﬁe@ hed butyl .
Preferably t he group IS hydrogen or -21 | ower

al kyl , rviothepsabodinpntypf Fﬂﬁdm@gew is gigtrased jnsSchpme @r abl y
hydroge@khgﬂgz conpounds (11),

(3-al kyl oxy-a, R-unsaturated carboxyl benzam des are
thus preferred, including (3-substituted and
0-unsubstituted (3-al kyl oxy-a, (i-unsaturated carboxyl
benzam des, with the latter nore preferred, wherein

t he phenyl group of the 5 benzam de is optionally
substituted as reC|ted above for Ar in fornmula (la).

Al so
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15

preferred (i-unsubstituted

13- al kyl oxy-a, (3-unsat urated carboxyl benzam des are
0- ethoxy acryl benzam des, again, wherein the phenyl
group of the benzamide is optionally substituted as
recited above for Ar. Internediates (I1) and (Ila) can
be prepared upon reaction of the correspo i ng

ani | i nes, NHR2 , WI a oyI 10 &p yonds.
Met hods for » PaBschARy RGGeH ar e@

descri bed, exanplze in sxshvvel I M A et y
Bi oorg. em Lett. Ilg'lﬁ% : at 3123; a
Yoshi zakl et at . Ph

Fn1 BuII (19$E), 28,
at 3441, ﬁhcorporated hereln wy reference:

hal ogenati ng agent(s) used in the process may be any
agent or agents as 15 defined herein capabl e of

hal ogenati nd& conpounds (11), as previously defined
herein. Y Xred agents include NBS and gfje

N-hal ohydagt o4ns. Thi oBr ea wds (111) N+mcl ude
unsubstitut §d t hi our %bst i t ut edf#thi our eas,

and N, N-di sffbsti t ut eql n{“ our easN-The st eps of

hal ogenati gp and cycl ion are i ed outsin a
sui t abl e—sorvent whi cR ‘may |nclude one or nore
sol vents such as hydrocarboﬂ% ethers, esters, 20
am des and ketones with ethers, with di oxane
preferred. Another enbodinent of the invention is

illustrated in Schene 2 2N—22 Ar 1.
hal ogenati ng reagent C H2N NH2 P.
11b Ib Ilia IR JX( Nf NH NN—H R

~NHNR2I 4 NN-~J5 R

As can be seen, in Scheme 2, the ﬁ-(P*)qu—acryl benzamides (IIb), wherein
Ro and R; are hydrogen, and P* is as previously defined herein, preferably a lower
alkyl, are halogenated with a halogenating agent, such as NBS, in a suitable solvent,
in the presence of water, then cyclized with unsubstituted thiourea (fffa). The
resuiting 2-(unsubstituted)amino-thiazole-5-aromatic amide (Ib) is reacted with a
pyrimidine compound 4, wherein R and R’ are hydrogen or optional substituents,
mbrc preferably hydrogen or lower alkyl, and X and Y are both leaving groups, as
defined herein, to produce éompounds Ic. Leaving groups X and Y are preferably I,
Br, CI, or R1080,0- (wherein R, is alkyl, substituted alkyl, aryl, or heteroaryl, as
defined herein), more preferably X and Y are selected from I, Br, Cl, methyl sulfate,
mesylate, trifluoromethanesulfonate, and tosylate, even more preferably from Cl and
Br. Thus, pyrimidines 4 include bis-halogen and sulfonyloxy substituted pyrimidines
with the former such as bis-chloro substituted pyrimidines preferred. Advantageously,
this step is carried out in the presence of a base, wherein the bases may include alkali

hydride and alkoxides with the latter such as sodium t-butoxide preferred. Suitable
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RRORHN!O RZN /NS NNHNA R Id As can be
seen, in Schene 2, the 0-(P*)oxy-acryl benzam des
(I''b), wherein R2 and R3 are hydrogen, and P* is as
previously defined herein, preferably a | ower alkyl,
are hal ogenated with a hal ogenating agent, such as

NBS, in a suitable solvent, 5 in the presence of
watse}venw eludppiventssughiap bYTRGAERODs cthersslcxter. Gnidas, ketages and

al@fols rcﬁ%ﬁ%ﬁ%g)f the abovehsolven , with ether such as THE %refe(rf%.)

2 (unsubstituted)am no-thiazole-5-aromatic am
is reac t@ahpmnm(la) capyhen ive diapted svithraoinmedVHERREE6 & tanprRvide

Sp gf‘r"g’upggfg‘g E%}H’EIB%E(FF) 8‘5‘“ Fgﬂ}@ﬁe« 3429(%% 22{3%1 ﬂ}ﬁqjhygro(%e;é, or Ry

Sotdad RgpsknItE lmegménu)as‘elecﬁ@ﬁbﬂﬂ@dm@ae'aueyl Ts@bsRERGHUTE,
conpounds | c. Leaving groups nd Y are preferably 1,
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bases, with organic bases such as tertiary am nes
preferred. Suitable solvent(s) include solvents such
as hydrocarbons, hal ogenated hydrocarbons, ethers,
esters, am des, ketones, |lactans and al cohols, and

m xtures of the above solvents, with alcohols such as
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benZ#iibed. (Jib), as in Schene 2, are hal ogenated
with a hal ogenating agent, then further reacted with a
nonosubsti tuted thiourea (I Ub) having attached thereto

1a functional pyrin dFERTHER EMBODIMENTS

In one embodiment, the process comprises preparing a compound of the
formula (Ie),

Z;
Z;
Ra~ )\HN 4 \
S Z3
Z5
Z (le),

wherein Z; and Z; are selected from hydrogen, alkyl, halogen, hydroxy,

15 and alkoxy;

20

25

Z5, Z3 and Z, are selected from hydrogen, alkyl, halogen, hydroxy,
alkoxy, C(=0)NRs, and/or NRgC(=0), wherein R is alkyl, cycloalkyl,

or heteroaryl;
comprising reacting a compound having the formula,
Z I3
Z1 Zy
Q
H_'—)\—NH Z5
@ . e,

wherein Q is the grdup —O-P*, wherein P* is selected so that, when
considered together with the oxygen atom to which P* is attached, Q is a leaving
group, and Z;, Z,, Zs, 74, and Zs are as defined above,

with a halogenating reagent followed in the presence of water by a thiourea

compound having the formuia,
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wherein R R and Y are as in Schene 2, to provide
internmedi ate 2-substituted 5 am not hi azol e-aromatic
am des of formula (lIc). The conpounds of formula (Ic)
may optionally then be reacted with am nes NHR20R21
(5), to provide conpounds of fornula (1d), and/or
optionally further el aborated as, desired, and/or
purified and crystallized. 10 FURTHER EMBODI MENTS I n
one enbodi ment, the process CONPriNegs preparing a
conpound of the formula (le),AIN\~IgI Z 11 2
R4-N,) ° 3 .74 (| wherein Z1 and ZS are
sel ect edéﬁrﬁ%@%rg%%%%@d%@&ﬁ ,)’ hydr oxy, 15
and al koxy; Z2, Z3 and Z4 are selected from hydrogen,
al kyl , hal ogen, hydroxy, al koxy =0O) NR3, and/ or
NRS8C(=0), wherein Rs is alaizl\ cl@al ky) , or
het eroaryl ; conpri si ngrye ale Y
formula,  Z2 Z3 Z1 Za OF NH Za Il c wherein
Qis the group -0-P*, wherein P* 45 Selected so that,
when considered together with the ox¥gen@jomto

ich P is attached, Qis a leaving group, and Z1,

2, Z3i Z4, and ZS are as defined above, with a
hal ogenating reagent followed in the presence of water
by a thiourea 25 conmpound having the fornula, -25 }SS

In the above process, in one embodiment, R4 is hydrogen, whereby the process

provides a compound having the formula (If),

0 Z
Iﬁ N ! Zz
/\S HN

HN
23

Zs
24 (Iﬂ

10

In another embodiment, R; may be a group having the formula,

. wherein Rys5 and Ry are as defined herein, whereby said process provides a compound l

15 having the formula (Th),
O 4
Rz:’N\(/K”/NH °om z
N ~ N 25 :
T %
© Ry (),
wherein Rys, Rys, Zi, Z3, Z3, Za, Zs, Rogand Ry are as defined herein.

In yet another embodiment, Ry is a group having the formula,
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R4, N-NHz HMC, to provide the conpound having the
formula (le), o0 zNzz RA-NLS HN 1 H~ Za Z Z4
(le). 5 In the above process, in one enbodi nent, R4
i s hydrogen, whereby the process provides a conpound
having the fornmula (If), NOZ | Z2 HNHN Z3 Z5 Z

4 (~. 10 In another enbodi nent,_ R4 may be a group
having the formula, R20 R16_N , ./ NONI R s
wherein R15 and R16 are as dén rein, whereby

sai d process provides a conpou d 5 having t he
formula (Ih), o z Rzo R15 1 Zz \[F?zl'NINHS/ ~ Z3
Ry

wherein Y, Ry5 and Ry are as defined herein, wherein said process provides a

compound having the formula (i), '

4] Z1
Y\.’/J\I/NH 5 HN
{ Z3
N N Z5 :
Y 3
Ris @)
5
In yet another embodiment, R, is a group having the formula,
HsC,, HaC,
T e Y
HsC HaC
10

In another embodiment of the above process, e.g., when Ry is hydrogen to
provide compounds (If), the process may further comprise reacting the compound of

the formula

15 with a pyrimidine compound having the formula,

4a, wherein X and Y are leaving groups, and Ris and Ry4 are
independently selected from hydrogen, alky! and substituted alkyl,

to provide a compound having the formula,

27-




N~ Nz5 !1ii77, R15 (lh), wherein Rl5, R16, Z1, Z2,
Z3, Z4, Z5, R20 and R21 are as defined herein. 1In yet
anot her enbodi nent, R4 is a group having the formula,
26 Y--/, N /N RL5 wherein Y, R15 and R16 are as
defined herein, wherein said process provides a
conpound having the formula (i), o0 R16 N J---'~
Zz Y/ NHSffid M'Ng5 ° W "I'nzyet anot her
enbodi ment, R4 is aygroup ha t la, H3CJ
H3Cr or H3C H3C 10 ¥ prdther e od 2f the
above process, e.g., N\ggml R4 is hydpeQen to provide
compounds (1f), the prdcess my further Zgonpri se
reacting the conmpound &s the fornmula O zN zggy, H2N' 's

HN ~ Z3 .,z z4
wherein'Y, Ris, Rug, Z1, Za, Z3, Z4, and Zs are as defined above,

In another embodiment of the above process, e.g., when Ry is hydrogen to '

5 provide compounds (If), the process may further comprise reacting the compound of

the formula
0O Z
N 1

2y

L an,

Z5

with a pyrimidine compound having the formula,

4a, (for example reacting with a base or by metal catalysis)

10 wherein X and Y are leaving groups, and Ry5 and Ry are independently
selected from hydrogen, atkyl and substituted alkyl,
to provide a compound having the formula,
0o Z
Ris N|,\>"< L%
Y\]/K‘/ /‘\\S EN
= NH
NN =
= Z
\‘/ 5 24
Fts {2).
wherein Y, Rys, Ri¢, Z1, Za, Zs, Za, and Zs are as defined above.,
15 Compounds (Ig) may optionally further be reacted with an amine having the

formula’ NHR29Ry;, wherein Ry and Ry, are independently selected from hydrogen,
alkyl, substituted alkyl, cycloalkyl, heterocyclo, aryl, and heteroaryl, or Rygand Ry;

can be taken together to form a heterocyclo, to provide a compound having the
formula (Ih),
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(If), 15 with a pyrimdine conpound having the
formula, Y X N _N Y R15 4a, wherein X and Y are

| eavi ng groups, and R15 and R16 are independently

sel ected from hydrogen, al kyl and substituted al kyl,
to provide a conmpound having the fornula, -27 N~ "O Z
Z2 Y-'- NHS\//~J'\\gN 4 R16l1_2Z3 JW\'N Z5 Z4 R15
(1g9), whereinY, RlEqmFﬁ_ﬁ Z8 X Z3,\Z4,zzand Z5 are
as defined above. Inhﬁno her enhdig i\ the above
process, e.g., mhéh1R4-(é| ydr ogen to ' ovd, de
conpounds (If), the prage may furthker conprise
reacti ng the conpound of[ the formula N G4zl Z H2N HN
/ 12 23 z6 za (1f), WWth a pyrimdi ne confibund

P:‘él:? |gnt q\ﬁf fzg'*'%gs%\(g? Zé‘@“rﬁzi EI%"S%Q?%I&%?%%%FE n

X and Y are | eaving groups, and R15 and R16 are
i ndependently sel ected from hydrogen, alkyl and
subst it @ewwmme%éhwﬁw% Roo HIBRRERENAD (4 OPtiRnally

5f OrgfttiButed\wih Bydroxy(alkyl), more preferably hydroxyethyl.

N
I

N
In one embodiment, the amine NHRgR,; is HO™ ™~

In another embodiment, when Ry is hydrogen to provide compounds (If), the

10  process may further comprise reacting the compound of the formula

23
Zg
L (1),
with a pyrimidine compound having the formula,
il:fzo Ry
Ray” N \%\”/ X
N > N

Ris  4b, wherein Rys, Ris , Rag and Ray are defined as above,
to provide a compound having the formula (Ih),

Hzo Rig jll\w

N 5
-
Roy ~ ] Za

N~ N Zs
Y 2
15 Ris (Th).




R75 ZzZZ \1 HN1 ~ Z NN Zs Za R15 (lg), whereinY,
R15, R16, Z1, Z2, Z3, Z4, and Z5 are as defined above.
15 Conpounds (lg) may optionally further be reacted
with an am ne having the formul a NHR20R21, wherein
R20 and R21 are independently sel ected from hydrogen,

al kyl , substltuted cycl oal kyl., heterqcyclo,...
aryl , afibREPEGa: 9ﬁat£ SvRBECEE 1150 EOETRRIAE pithin the
t 0%@@%‘%& tﬂeqnééaﬁﬂﬁ @ndﬂﬁuﬁ‘% R6¥ERLR involvifl RYthele]dofBIR tuhe 2-
havi the formila h -28 0Z1 NI Re S HN
RZMHO-NHZGEZ%&YONWW#EN Z5 R15 (1h), wherein Ris,
R16, Z1, Z 5 '

apove. TR aSe SR o e a8 a Bl Blonyarae
Spi mﬂt&mn@mﬁdﬂom@mﬂi@nal ly 5 substituted with

hydr oxy(al kyl ), nore preferably hydroxyethyl. NLL 1In
one enbodi ment, the am ne NHR2ZOR21 is HO I n anot her
enbodi nent, when R4 is hydrogen to provide conmpounds
(If), the 10 process may further conprise reacting

the conpound of the formula OzN, Z HZN'IS HN
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3 25 74 (I1)> wth a pyrimdine conpound having the
formula, R2Z0 R21i N X Nt N R15 4b, wherein R15, R16,
R20 and R21 are defined as above, to provide a
conpound having the formula (Ili), oz, Rao Rts Nz
R27 N/ NH S HN Z3 N\ N Zs z4 15 R15 (1h)- -29

G her variations of the above procgsses are al so

contenplated as within the s o) theg i ngention,
labof ati on of
am défs. ne

i ncl udi ng processes invo|vin
the 2- am no-thiazo 5-

enbodi nent, thg, sent_¥nv on pro®i
crystalline nonohydrate 5 of t\he conpound of fornula
(1V) -30 N H\~ ~HO /--\'S HO-NNN Oi (I1V). In
anot her enbodi nent, the nnnoﬁ@brate formis in

subst antn aabthyr d2bboBith€dk,the mbiolyaRkd¥8fm &R eshstERNAlLY %ﬂi‘@form.

nmonohydrate formis in substantially pure form

wher ei nogapidermiodimsnt.she monehydiagefoan 1in swbsgotiplb penform,
pu a@erejn@ugggégﬁjgg %,%fg‘%oﬁg@%m édﬁr&ﬁf}ﬂﬁ’é’. drate form of

t he conpoun
In another embodiment, the monohydrate form of the compound of Formula

(IV) is characterized by an x-ray powder diffraction pattern substantially in
accordance with that shown in Figure 1.

In another embodiment, the monohydrate form of the compound of Formula
(IV) is characterized by differential scanning calorimetry thermogram and a
thenﬁogravimetric anaylsis substantially in accordance with that shown in Figure 2.

In another embodiment, the monohydrate form of the compound of Formula
(IV) is characterized by an x-ray powder diffraction pattern (CuKo ?L=1.5418£°& ata
temperature of about 23°C) comprising four or more 26 values (alternatively,
éomprising five or more, six or more, or comprising 20 values) selected from the
group consisting of: 18.0+£0.2, 18.4x 0.2, 19.2+0.2, 19.6£ 0.2, 21.2£ 0.2, 24.5£ 0.2,
25.9+ 0.2, and 28.0x 0.2. o

In another embodiment, the monohydrate form of the compound of Formula
(IV) is characterized by an x-ray powder diffraction pattern (CuKo A=1.5418A at a
temperature of about 23°C) comprising four or more 20 values (alternatively,
comprising five or more, six or more, or comprising 20 values) selected from the
group consisting of: 4.6+ 0.2,11.2£0.2,13.8+ 0.2, 152+ 0.2, 17.9+ 0.2, 19.1+ 0.2,
19.6+ 0.2,23.2+ 0.2, 23.6+0.2.

In another embodiment, the monohydrate form of the compound of Formula
(IV) is characterized by unit cell parameters approximately equal to the following:

Cell dimensions: a(A) = 13.862(1);

b(A)=9.286(1);
c(A) = 38.143(2);
Volume = 4910(1) A*
-31-



(I'V) is characterized by an x-ray powder diffraction

pattern substantially in accordance with that shown

in Figure 1. In another enbodi nent, the nonohydrate

formof the compound of Forrmula 10 (IV) is

characterized by differential scanning calorinetry

t hernogram and a thernogravinetric anayl sis
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15

25

gro consi sting of. 18.0. O. 18 0. 2,
Ghere isppe wa@r molezuleweomgleculegf fyrroulz (IVand 28 o 0. 2.

LEnSESLS‘?%PﬂEE?%E@“% b Br SRR RN ol B R it g

pomﬂsate@fﬂ:ércampbmﬂqﬁﬁrtmtar(mK(X J'- 1.5418A at a 20

tenperature of about 230 corrpr|S| four or m)re 20
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nore, or conprising 20 ue eI nfro the
group consisting of _¢.6 3,0 .1 2 0. 1 0.2, 15.2
0.2, 17.9 0. 2, 0.2,/ 70.2, 2% 23.6
0.2. In another enbodi msnt m)nohydr ate form of

t he compound of Fornmul a 25 I's characterized by
unit cell parameters appr oxi eI y equal to the

follow ng: Cell dinensions: a(A) = 13.862(1); b(A)=

Cpace. ghIgTEOULo bt Bl st Barforbgind o Formua

(cavg i Gapdieritdl 1 nitke Qrai«fq{e@fsedpﬁmkb&tasa Eqaﬁymhé folldlving:

tenperature of about -5 | n anot her” enbodi nent

t he nonbAYByRENEoRS M of Hl%zﬁlﬂ%@und of Formula (V)
there is one water nohegil e, nol ecul e of fornula
(I'V). In-another errbo ?rrjéunt @qu present invention
provides a crystalli ne(Ar hnb436(3)

Volume = 2910.5(2) Al
Space group P2;/a
Molecules/unit cell 4

Density {calculated) (g/cmB) 1.283.

In another embodiment, the crystalline butanol solvate of the compound of
Formula (IV) is characterized by an x-ray powder diffraction pattern (CuKo:
}&.:1.541813 at a temperature of about 23°C) comprising four or more 26 values
(alternatively, comprising five or more, six or more, or comprising 20 values) selected
from the group consisting of: 5.9+0.2,12.0%0.2,13.0+0.2, 17.7+02,24.1 £ 0.2,
and 24.6 + 0.2,

In another embodiment, the present invention is directed to the crystalline
ethanol solvate of the compound of formula (IV).
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sol vate of the conpound of fornula (1V) N H\N < H C
5 NNNNOiIi S HO- N\ i 10 (I'V). In another
enbodi ment, the butanol solvate formof the conmpound
of Formula (1V) is characterized by unit cell
parameters approxinmately equal to the follow ng: Cell
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£ i X or nore, or conprising 20
?Ei dg%s I V@& :&g ¥ b group consisting of. 5.9
0 2 121nchnoﬁie?emﬂo'ﬁﬂﬁent Qnpredett iverldion is difbeibd tdihe crys@ifhe neat

. I'n anot her enbodi nent, the present
i n%ﬂ‘tqféli‘? QO@PQP’PCE‘EftféHmtIQ)(WP}e cryst alline ethanol

sol vat e0fy oihBEeAMRN dtth: h@at € of the’onkdbund of Formula
H-E &{b vad 8t 59

anot her enbodi nent, e cr |ne et hano ]
t h@Vg asrplomavit: rxzéd byfen Ity p(ﬂv&er dlﬁracdirﬂarm Kmhﬂ:rl_ a&um&l & b%k SHI8A at a
xra owder fra ion pattern ( a

Eﬁﬁg’f'ﬁ? Lﬁfe oot compysipg rFB‘n‘lu §¥ ﬁ’@‘“Fo%f’r Vélﬂ’e%?l@maﬁvel%

e e .

t h&rogp Qmpls@gmf sbBrgl.af 1. 5%8) 3, 10. 32_~¢ 0.21132 & 02,23. 7]:508, 16.7 +

0. %2‘22’6]_17%12_08, %gi()]?aéd 5491%,2 24.1t 0.2, 25.3t 0.2,

an .In auot.her. embodiment, the present invention describes a pharmaceutical
composition comprising a therapeutically effective amount of at least one of the
crystalline forms of the compound of Formula (IV) and a pharmaceutically acceptable
carrier.

In another embodiment, the present invention describes a method for the
treatment of cancer which comprises administering to a host in need of such treatment
a therapeutically effective amount of at least one of the crystalline forms of the
compbund of Formula (IV).

In another embodiment, the present invention describes a method of treating
oncological disorders which comprises administering to a host in need of such
treatment a therapeutically effective amount of at least one of the crystalline forms of
the compound of Formula (IV), wherein the disorders are selected from chronic
myelogenous leukemia (CML), gastrointestinal stromal tamor (GIST), small cell lung
cancer (SCLC), non-small cell lung cancer (NSCLC), ovarian cancer, melanoma,
mastocytosis, germ cell tumors, acute myelogenous leukemia (AML), pediatric

sarcomas, breast cancer, colorectal cancer, pancreatic cancer, and prostate cancer.
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I n anot her enbodi nent, the present invention is
directed to the crystalline neat formof the conpound
of formula (1V). In another enbodi nent, the
crystalline neat formof the conpound of Formula 10
(I'V) is characterized by an x-ray powder diffraction
pattern (CuKa R =1 ,5418A at a , tenperature of abouyt
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anti-angiogenic agents to treat disorders such as cancer and diabetic retinopathy.

“Protein tyrosine kinase-associated disorders” are those disorders which result from
aberrant tyrosine kinase activity, and/or which are alleviated by the inhibition of one
or more of these enzymes. For example, Lek inhibitors are of value in the treatment
of 2 number of such disorders (for example, the treatment of autoimmune diseases), as
30 Lck inhibition blocks T cell activation. The treatment of T cell mediated diseases,
including inhibition of T cell activation and proliferation, is a particularly preferred

use for compounds of formula (I) prepared according to the process herein.
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a therapeutically effective anount of the conpound of
Formula (IV) or at least one of the crystalline forns

of the conmpound of Formula (I1V). This invention also
enconpasses all conbinations of alternative aspects of
the 10 invention noted herein. It is understood that

any and_all enbodi nents of th resent invention.

maybe.  BREA thhCRERPTR ORPF kiR FIOlERINSSF Kot

t 0 jdesGlel RRord@A g LcApRtic €t Odi HRBL SN tbhRalf €5 RAbe of
invention. Furthernore, any elenents of an enbodi nent

ar disoslarstsuthoash ransplani (Feah agiorgan AYspiang 2yt trgisplapt or heterograft

el enents from.any. o . ' -0 '

aadt Erbett SRS Eheisea SRR R 3EE o rom

5f ongtérdic (ol yeppitear igfirpach aslisdgniio ot leperfusive mijimyencurred during
process herein inhibit protein tyrosi ne Ki nases .

es [9&%En Arepsplasfation. Ryqegrdial Hfarstion, strgke L ofbgg canges, (ransplagfation
S GoleryfS indiickion: Fethridy \@udd d¢ rhedithrd GrdirfidSpsufigidrihins bhe
treatnment, includin 0 prevention and therapy, of

pr ostedarthrijis) muhmladr:l%asses; skrowie ichstwigtive piymaRary diseast (GRPD),

} ?@n%oa%%pfysgﬁgbiﬁﬁrg@ingl hﬁ?@ﬁ ﬁfsgﬁé,gnch}fcﬁ&%/&l%m&w&ﬁﬁé)&d

receptor tyrosine
10ki masets disvaser tipag(skfdnit lepud ctyiiRMatos);tgndt e bost disease; T-cell

useful in the treatment of. proliferative di.sorders

o ch e iuprast g e o o fon Bl HobiSent . Bl Sea-type

co ﬂip@éim;ibiﬁr, A k1Rich-sEsRiv cafeopathly@Cel2e @Rpise); pkirfasis fntact

will permt their use as 25 anti -angi ogeni.c_agents to

t r dgrmagitis Gneluding Sakdreds peispr BY); Alsghignotasdhyrgiditis; Sjogren’s

re . L ' HeX YWy [ = ' ison’

i SoaBAL Moimnfih EE PRGBSk Suck s 3R TRRSL sison's
15ab eiscaset(attyinmeing diskisn € theadtenali glands)aAdiobnmuks relygiandular

al |l evi at.ed the inhibition )r .
o o Poslo s s Bithdbid Pty RinE sy onlth oA BBpecia
t heini@@lsmBehia; Gfiligo; aushemhued hypugituatirisar deillsin(Bare syndrome;

exanpl e, the treatnent of autoi mmune di seases), as. 30, .
LclOtieR ARBIEY dSeRERSancete ek o Rera g1 U el
Of 1 TnaG& she BB r& hi@ de il abRAt @SerexriGéd) thidhhs cHibh BarkinORa @fd

T cell activation and proliferation, is a particularly

20pr dsampqnes anderacqrphers Mo tamly kitase ativity saciiatesipmpngratyth or
ac %ervg}ap %1%%#1@%}3@#2& ?ﬁnpﬁ&ﬁéﬁ; utic%a; lzlﬁ@rtgf%fdi&gﬁs such as

conpound In treating profein tyrosine
ki nespaatonstbrgiat(ethrok, heylcer sillexgietham) of skaualleygiehut i s
not Iimted to, .treating a rapge o di sorders. such

Do solepalietrit aeovis i RoaeY actut AR Ry ok Ty 3¢ e

t r aRpRERBAL diffesdShaloaRraal ishciimi hespediisidd infusy) CerMStoiryositis;

enpl oyed in burn treatnent)) rejection;, protection. .
25f r @#gpecia areata; chronic actinic dermatitis; eczema; Behcet’s disease; Pustulosis

palmoplanteris; Pyoderma gangrenum; Sezary’s syndrome; atopic dermatitis; systemic
schlerosis; and morphea. |
The compounds of the present invention are useful for the treatment of cancers
such as chronic myelogenous leukemia (CML), gastrointestinal stromal tumor (GIST),
30  small cell lung cancer (SCLC), non-small cell lung cancer (NSCILC), ovarian cancer,
melanoma, mastocytosis, germ cell tumors, acute myelogenous leukemia (AML),

pediatric sarcomas, breast cancer, colorectal cancer, pancreatic cancer, prostate cancer
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5 ischemc or reperfusion injury such as ischemc or
reperfusion injury incurred during organ

transpl antati on, nyocardial infarction, stroke or

ot her causes; transplantation tolerance induction;
arthritis (such as rheumatoid arthritis, psoriatic

arthritis or eoarth ] mul ti scler :
ohreBfeleBIernde ]t?’%f‘s‘ﬁﬁﬁf 5‘}? VO&%@%EI such g, fo5 exagmple,

e NTHRAS BER-AHT 4TI Phe *é@ﬁé?&unﬁk SRS Bresdnf febvbisticAtire also useful

ulceratlve colitis and 10 ohn's di sease; | upus
( sy8 therfegtnpanb abcaneeys thafraie &0y togng Fesisiant totphgmotherapeutic

S S99 hor L BECRUBRIRETB Lty Pt

shy ge bseaiabddimertyf theritvegtion, ém’reaanﬁlelths/eomad obtat fyrmaala (IV?)

( di ease oriasis; tact . dermati

Ui e im0 ey e iy o B gRscribed berein
t hyster &kithé &ystﬁllﬁ&h%ﬁbtﬁrdra&:\l AORiEin (A QIMEM BE patients resistant or
Hypert hyroi dism such as Graves' Disease; Addison's 15

di deialeant to FlepverthSTdiSE Deferdigrasqsisuchpascarpaic mylonsagus
Autig] |
ut, k@ﬂé@?cﬁﬁ[) Y& oﬂf&gyz{.ug?rs g@/%lg(?ig%eshg %ﬁ%nﬁ%‘d&&mﬁd herein.

aut ol nmmun ol'yglandu aut o
10al opeci & anqﬂmr einbodimsntan e iayentivd & bompnund of Bormulas & is

hyp L £is Barre syndr .ot her

D BRI REE i @llnetton vl BarRl o R DRk arRhr o wher o
Lek or olshesd Br€n fiBaphryse “kithasphasSddginior Sinki-Aher agent” is
act.i vated or overex ressed, such as co]l on _carci nonn

andYBWYRRYHEih | hemathempeutic e ctnd/o, etk preliferative Agesk and

aCkbpdistdf cdrfdfdunl r | .
gl onerul on e%dﬁ]lrn | % ?@%@?%@?cﬂ%@%%ﬁﬁﬁ :Céél& fgﬁ' ‘é“}‘glpiym

154 davisprelifsrative agentsrpseyehtrcanesr ycll;|ft0@1t g:pbmlyéxghm (8 interfering with
h a¥ﬁe oEfFy abl tJ{ %rrgfélfca{erbﬂgl\tahé %{du&%% @%ﬁﬁiéaﬁ{ %dﬁﬁ 'aP%)tosm in the

scleraci er ma; ungol
resgnns@ms(such as acute respiratory distress

syndr o and i.shchem erfusio

cor at oGS of SO BRUErPsEh A et veatqtaic asents
dean@bi dntiSproBfer@i®age BRI detndifoBermg; Pustul osi s

pal nopl anterjs; Pyoderna gaqgrenun1 Sezary's syndrone;

205t opi ¢ Adeating peaits @pliding, withew MEiten, SirospRIMHRIgRe a.
Th% ?BHH&H@ gén%{wcts NS rsﬁ?cﬁﬁfes,' rﬂﬁ‘(%ﬂﬁﬂe%nanﬁ 1fazdn %5 YhradiPhustard,

reat ment of cancers such as chroni ¢ nyel ogenous
I eéﬂhbmnaﬂl(lﬁl\/cyqlog:aathamu@t(ésmﬂné@) $osfemite, Melpbalaf,G ST) ,

30 CHIPhLRES! biol 808 f A0ERL 1L OO B YRS L ShdcohdiRlne

nasnansahpsarmusmc Dorfedtine, [0PloZocif Dit £baAIG), BGETERzolomide.
| eukem a ( pedi atri c_sarcomas, breast cancer,

25 col or ecéavmefa dlidgs (m,s%w&ge%&t#@t bgigden, felicgard ainsenitider
- 3ByimAINE ARIREL, %uﬂfﬁk%‘ﬂﬁlo@arf&eadmﬁl‘é 'dé&ﬁ@laéé"lﬁtﬁblﬂfrgt ein
tyrosi ne ki naSes such as, for exanple
Methotrexate, 5-Fluorouracil, Floxundlne Cytarabine, G-Mercaptopurme 6-
Thioguanine, Fludarabine phosphate, Pentostatine, and Gemcitabine.
Natural products and their derivatives (for example, vinca alkaloids, antitumor
30  antibiotics, enzymes, lymphokines and epipodophyllotoxins): Vinblastine, Vineristine,
Vindesine, Bleomycin, Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin,

Idarubicin, Ara-C, paclitaxel (paclitaxel is commercially available as Taxol®),
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SRC, BCR-ABL and c-KIT. The conpounds of the present

i nvention are al so usef ul in the treatnent of cancers
that are sensitive to and resistant to

chenot herapeutic agents that target BCR-ABL and
c-KIT, such as, for exanple, deevec(r) (S TI-571). 5

In_one enmbodi nent of the_inventi for examl e, the
coAduREYRR. eesyeodPrmycn, WWYC’@ﬁ&"@&P%@%m%E%Wg ons

'ig%sg)lecggfgqﬁ}quhg,l ]%t’ByésE&', dda"enfpegias of that conpound

de such as the crystalline
nmonohy d Esltes hnti-proligeadtive ciyatoxiteagents andierrmtiorolfanatiemagents are

resi stant [ nt ol er ant 2C () -57 1) for

di 98533@53%%1éa'sa“%ﬁﬁ%‘i’i?’é“’thayg%‘fgo‘:gag%cg%%&%’ﬁlég%]ings (OW),

50r cQtib ogﬂﬁﬂﬁ@jﬁo{ahﬁdd,uﬁﬁdﬁgloaﬁﬁm | eukeni as) as

described herein. 10 In apother enbodi ment of the

nvent i Ghe AR TR fE1UAES. PUt I8 DO o iRg oy gpmma

CORLMRAEIHRe WhiivBred fronf@fkr Ak tdily BAIRRI sBiick SucR3S Bbeam or by
As Used herein, the phrase "anti-neoplastic agent" or

" anmplagtatiereef smplimediodetive spyrnssryResliation tkgsapy may be useful in

e he t p [-proliferative

ag Bl RE cofpSRESh BBl inBllde PLT L “Cancer

100r hypelTpé tiliotwgahayvasochel Usafuf when adaditistptediimgpmbfibation with

Anti-proli fF ative ar}q,ents prevent cancer cells from
nu|°?’i115?‘§ﬂdﬁ5 %Prefef)“ %% ering with the cell's

abi | i tyMigrotudRlel abfaécthglabibntdMebried) witth hliGan ehidsik hndlga ]l
and/ or apoptosis in the cancer cells. Classes of

c orkpein isthe i forfhgir a9é-nigléigrative afetpxip pefivitye Misiopbule affecting
cy i /: Nt - b '

R e A

15( i AOB0A), Hplichwridhio B (NSGHQ939 Foenlchiding GHfh7 igwotohipine derivatives

t | L. i i | | f 1 ] ]
o1 W g NP o un BT f37E sl i, R pE Pysc 153858), shizoxin
o ECEBhIoH, pa Mt PRAGINATC £250M TuaiEeritdtvel @, de,

Tr EHFVE el S i85 Dr fiaspleioanat 6 S8 ivigHisige (NSC

oA R B O S A2 47570

20( i nettheticregothilpnck dnstudingtivt avtilowitedito ppathitome ¢, epothilone B,

ant.adoni st.s, i rA dj |. , [j nd

o O CRIBMR'S cnoRibeD, Al ANRR0E n, BLABANB9T1 €

5- FIRQBRUEATRY, 105, DR, i 20i+(16S * VIt Hi-dibidrexy-8,8,10,12,16-

6- Mer capt opuri ne, 6- Thi oguani.ne, Fl ud bi n )
phdEHAaE ,1-%:%@6@'3%{%&6&25% Hikﬁﬁ?ﬁ{si%&%bwﬁm
Pr osiie bhepRbchites b-ddRk (Hialdu® i 06 PhtefEIM (B4, i¥iudE fuly 17,
al kal oi ds, anti tunor 0O antibiotics, enz

251 y ABADKIAS3RAAB* BT BBNY 1 R 5128 HSF)- iR minomsiny-4-
onci | e RaGR L AERRER T RE VRGN -10-
Ar gid@abipydd[il 4.2 0] heplpdarhnd- 52 elione $disdoged irc USEN 9/506,481 filed on
VR RS 725000 Y ekhrhles 7 and § herein, [1S
1R*3R*(E),7R*,108*,11R*,12R*, 165*]]-7,11-dihydroxy-8,8,10,12,16-pentamethyl-
30  3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl}-4-aza-17oxabicyclo{14.1.0]-
heptadecane-5,9-dione, [1S-[1R*,3R*(E),7R*,105* 11R* 12R* 165*]]-3-[2-[2-

(Aminomethyl)-4-thiazolyll- 1-methylethenyl]-7,11-dihydroxy-8,8,10,12,16-
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-36 Mthranycin, Deoxyco-fornmycin, Mtonycin-C

L- Asparagi nase, Interferons (especially IFNa),

Et oposi de, and Teni poside. Qher anti-proliferative
cytotoxic agents and/or anti-proliferative agents are
navel bene, CPT-11, anastrazole, |letrazole,

capeci t abi ne, rel oxafl ne, 5 cycl ophaospham de
1 DO ot ERBNCSIaP e lepiie Axbione, 4pd derigtives thereof;

thet ABer fnfb‘f%ﬂﬁﬁ dlsplgﬁm a9erROt Additinkh Bfhiiheoplastit AYeditsGhelude,

gamma rays |veredfrome|ther an
exﬁscurdatnhghda b5k iSetvio(108@ Ssienbe. 324:3005 gsivagrusiine, nocodazole,

t m&%@ %Pfiaéf? Hgf u@%ﬂ?nlgﬁle roﬁdl glaCt I Isé%'ﬁ rd\% ?ﬁecfﬁqhéa éCleglgfiC and

sof phib@ %r@ﬁ@pka ag enﬁmgm (19@7)Fhe'ezi §dil 083095 3954 2hisda (0%97)

useful when ad i nati.on
o RpNaS Aedc T 13 SR PGSR WRRIaah| 195 By Chpgges. 57:3344-
af g, N&lﬂ?@ﬁ) Wahgs s & %S\Mﬁhvsﬁlhwd@m) ML Bl TAN973-

are” wel known in the art for their
an®Bs; ;Ham!al (ﬂ%?@tfl Rigl. &Wmt%’k |288(HCZQ3\12t y. Mcrotubule

ffect
ar e ot esd i KSEbic b gl el Rt 1 9 oftbdeon
0l ehpnddwie, s 60928530t vt glgmﬂmmmﬂle(-d}d&‘ﬂwﬁﬁéﬂmds of the
col chi ¢ci ne derivative
10 IRREONSHYTSASS 20 Sﬂ%&%ﬁ%%ﬁé % @@ff’) ?azﬁ‘iﬂé(i“@adlol
( %@ﬁﬁ@éﬁel '@é’s%s'tér@ﬁ%ﬁ’reﬁﬂi@ddé' ﬂﬁﬁxynﬁ%@roh%ﬁgﬁostanolone

Taxol (r) derivatives (e.qg. derivatives
60@8pwpatet T\ﬁfstﬁé%ﬁt%i Mieg@tmlg@t% M@Q)}lpfetlmﬁftlwe &w&ﬁs@smﬂe

t
U BeecnBoRRE ROl A0 pibfonsitish bt aiRipaliede
15 sy dtnietghate il Esuamsstmndwaﬂpxng)rmstemcacmam Lﬁqulide
e hi l.gne. A, .epo hil on il one
o Mo o, 20 Saiiss BORMhEERE meiBidl
[ 1R*, 3RA(sE)suitdBle bP&e id 1 cotdiatidibSieldothbraptutit Myttlodeof e
, 8, 10 12,16- pentanet hyl - 3-]
1- HEERyAnage wlaﬁgpaﬁwcsauel}ﬁsa&mth@!lﬁlaﬂgﬂwlﬂ%@&owﬂd other

oX aicYighiBitolks 1l s OlHEPEGH 86@RAICR aftt ShANBoleAUSChO &Y D6474
in US Patent 6,262,094, issued July 17, 25 2001),

20[ 1804 &we@m g0 iptudady Santit Her? amikodissBom|Gegeirch gy Usthbe
no
et 1 Siable QTR IREI T ES B R aiog b 15
6- ﬁx&:lhlchﬂa’feflmlc}oﬁe dntibody dx%lrmymioqﬁe]:ﬁc]foﬂl}le EGFR, and src inhibitors.
heptade 5, one dISC|O d.in N 09/ 506,.4
£ Ped ofboRBiA{y B RS s i Cagodex”™
he Rﬁﬂzdh)rendeﬂs%nd@n-@%’éﬁ@m ZRindeS" nohlgrdlifdritle. Yet anothcr
16S*]]1-7, 11-di hydroxy-8, 8, 10, 12, 16- pentanlethyl

253 prample pha cypostatic e {4 the antiestsoasn TRnexifesryingh Hﬂ%them

X a?)f&%&!it?cln]oé} gﬂm% ‘of estrogen dependent breast cancer. Inhibitors of the
transduction of cellular proliferative signals are cytostatic agents. Examples are
epidermal growth factor inhibitors, Her-2 inhibitors, MEK-1 kinase inhibitors, MAPK
kinase inhibitors, PI3 inhibitors, Src kinase inhibitors, and PDGEF inhibitors.

30 As mentioned, certain anti-proliferative agents are anti-angiogenic and
antivascular agents and, by interrupting blood flow to solid tumors, render cancer cells

quiescent by depriving them of nutrition. Castration, which also renders androgen
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hept adecane- 5, 9- di one,

[IS-[IR,3R*(E), 7R*, 10S*, 11R*, 12R*, 16S*]]-3-[ 2-[ 2-

(Am nomet hyl ) - 4-t hi azol yl ]

-1- et hyl et henyl ] -7, 11-di hydr oxy-8, 8, 10, 12, 16 -37

pent anet hyl - 4, 17- di oxabi cycl o[ 14.

1. Q] hept adecane-5, 9-di gpne, and deri vati.ves, thereof; A

an QO ST RPBE AR OB dop dsp i vtlison S gty means

antHREMRh AfbicR AYERIoR of Bl ABw is SHobeP St bOLcHRER t.

Service, (1996) Science, 274;26%9)_estranustiné§ ©agen
doppaiaias clasgvipntivaspidan dytostatik ageniSigip cersbistasiatingy Other

no
So8RD B E AL, 45065 LGSR Mo P,

5 Sc iinhilfitbls Fabh-ra86:t addaectptor bAOIYe kiftises; inhiitors ofAG@grin

Sci. USA 94:10560- 10564 hl radt (1997) Cancer Res.
57 S§8%0E. %‘é&%’}lgwf% ‘aﬂ’im(%%“’t%éfﬁ&?fée% PI5968- 272;
Vasquez Afsd itabid\e antﬁia@}climgetbg:? dBindddicid B orPSeR: cytarabine

(1996) J. Biol. Cheat 271:29807-29812. I'n cases \§/\l’/here
i t AreCGyExiopui®); bohicginnine (Radeid @ imijoxantgine{Npranipac®) and

Cr soporits TepaRioditaldhe AU A ek BB ATID
10§ nvent i Sl componmdses tiendesttanvanten (nay bé usdful dn eonititeion avith

anal-agshr L7a- Et hi nyl estradi ol , et hyl sti | hestro
ToBRIREL shiBion af ke SRbA Bt i e GinatlS 137 o
Dr aiviis-t1aNahodenpopfi@fliodmddeRw Test ol act one,

Megestrol acetate, Methyl predni sol one,
Met hyl -t est osterone, Predni sol one, Treg

hl orotri ani sene, Hydr oxyprogesterone, .
Am nogl ut et hi m de_~Egt ranusti ne,

gi nol one,

Medr oxypr ogest er gpeaget gf e, ELeur oui d | ut am de,
Torem fene, Zol adeX“c alTs’ i b the
patient. Al so suitablelfom use ig thg corrbiha-,g\lon
chenot herapeuti ¢ nmet hods™ of 'the” invention ar

anti angi ogeni cs such as matri x netall oproteinase
i nhi bi t Bresompaends of the pregEcinventipbineobesyseBil hecasbination with

ang j - ' ' s nal l.ecul es. such a

15 S nbeefn SRS RE L PABTR porol iR S it B mutonosetzon
anddlisedoematranicGeraieaal, besacialuseb, bicalutinitié, zeglatid)
sui talgl e EGFR 'b.nhi l?i t(?r is, EKB-569 (an irreversible
i N BCEBPS cyiaaRige. qlopging epirupicin. Iawamisole. faremifensy futyesizant,
| NeOKS) e&hshioginf @lid Ritfafe Rastehab ! fitrdt ik HyBFcycaMadde,
suitable for use as an antiproliferative cytostatic
agérfamide. mferdrren gifacon; gefitinn grenisctrongdlenprerelic edronabinel,

20 Caped = LEerat | . Yet. e 3 | e ..
o e TR e DO iffpeint iSOk hea ety B,
whiilstanhidd thieth glperazing laiprdrelimg pégaspatgasg moubdiomib-EB3, pofiner

de dent breast cancer. Inhibito th .

¢ rORE Sopali® 3P o Rirainat, FpRist SPHLDS esf Gonara, sl

C ydoosathadl, etopagigé) S ptofeka WAr@Bici! fofetBRbABH ARpedfaR Mchnetium 99m
factor inhibitors, Her-2 inhibitors, MEK-1 kinase

i nif BinFgstge, opgsitabine, strptozocin, and ondansetron.

25 Thus, the present invention provides methods for the treatment of a variety of

cancers, including, but not limited to, the following:
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ki nase inhibitors, PI3 inhibitors, Src kinase

i nhibitors, and PDG- i nhibitors. 30 As nentioned,

certain anti-proliferative agents are anti-angi ogenic

and antivascul ar agents and, by interrupting bl ood
flowto solid tunors, render cancer cells quiescent

by depriving themof nutrition. Castration, which also
renders androgen cBgne@pisliemg thaiof thebiasder (including accelerated
non-Qr. ferative, i laZ.€e :

ol s i calfR, Bt gttt ool bl ity
andivke durex@rpidingoinai 20y hastmill elldgentancerAng hing iadetloasrcinoma),

class _of antivascul ar cytostatic ents is the

corBrBt Br e Kess EPRISPrIasy B iiphet ySem oty lapeg, pancreas
5 nchidefiRiddekolrildaahcrbaiicRiciens), eMMRagisNaAs8adhNPABARIES cervix,
5 inhibitors of non-receptor and receptor tyrosine

ki rfhgeid, adskinginclpdingoyqupmeusgell Rarcispgiabl i ng, and
i nhi bitors of i nsHéM é&;c g%ﬁ%pj(@gggrugg%qgaﬁi% Irllij.lkemia,

Al so suitable are ant ?#rdéc I nes oru

doxesntgyrophoryticlpnizradhiande 1yfrephebl@ticGpikesida, Bufet lymphoma, T-cell

6- t;hi ' .Tabl oi.d ' .

OOV BB et & RSPtz e ol R P B i et braplom.
10( ANBocyti 1§mphdmd, badBurkeds Ip@pkodgi d (ATRA). 10 The

conpounds of the Eresent invention may be useful in
conbi nati on wi t h bygesenemticitymems of ewelol jingagednclping pryfe and
i . e _ _
AN b e ERo bR BeicR T mibigia oukemia, and
N~ presnyelocytiplstikegnit N | U The conpounds of the present
i nvention may be ef i n i_nat i ith 5 . .
ant - cancer  compoliiier ¥ e oFEAMA BiaR-t o Brem foctoding
15i ntastréoytoomm, atrablasbomy glianasat schwantahaset r on
anastrozol e, exengstane, bevaci zunmab,. bi cal _jham' de,
cisplatin, dacar BEPFHRE mesenchymp g IBFIBﬁI'iUEiLiJ ppsarconia,
e pirhabdofilyBscalc6Ma ind ObtBosakcOm@dnkiene, ful vestrant,
| etrozole, tansulosin, galliumnitrate, trastuzumab,
al tretanmine, hydr#§idampisciding melgadragixepoderma pementosm,
al fk@fﬁ%'c thggxfa,l s%i‘nﬁHokﬁ‘la, i ﬁ)ﬁ%&lgﬁ Carlcgll,J RiPEfidcrcinoma.
dronabi nol, 20 megestrol, pethidine, pronethazine,
20nor phi ne, vi Mbe plefEnhimyergiog fprdvidea steithmds forltyrteemtant of a variety
ni '0%91'{‘1‘ éjnec t hi et.hyl perazi ne, |euprorelin,
pegaspa?ga%ré’}m?ﬁ? 5815‘85? por fi mer
The invention is useful to treat GIST, breast cancer, pancreatic cancer, colon

cancer, NSCLC!, CML, and ALL, sarcoma, and various pediatric cancers. }

The compounds of the present invention are protein tyrosine kinase
25  inhibitors and as such are useful in the treatment of immunological disorders in
addition to oncological disorders. U.S. Patent No. 6,596,746 describes the utility of
the compound in immunological disorders and is hereby incorporated by reference for
the description of the compound in such immunological disorders.
The present invention also encompasses a pharmaceutical composition useful
30  in the treatment of cancer, comprising the administration of a therapeutically effective
amount of the combinations of this invention, with or without pharmaceutically

acceptable carriers or diluents. The pharmaceutical compositions of this invention
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sodi um cisplatin, abarelix, capromab, samarium SML53

| exi dronam paclitaxel, docetaxel, etoposide,

triptorelin, valrubicin, nofetunomab nerpentan

technetium 99m Tc, vincristine, capecitabine,

strptozocin, and ondansetron. 25 Thus, the present

i nventi on row@es nmet hods for thg{t g}alt ment of a
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@({&ﬁ%ﬁ tr%h aﬁ%{% cgnﬁﬁg{{%%ﬁona, Hodgki n' s | ynphomma,

10n on- Hodgkirhe gretepnimlvm,n absaiproyides ibing thewhmypeynds dbained with the
hi stiocytic and Burketts hapa; .
nenbieBi ebesy CRERE prd iy BT e ER R BBORHR applp of weating
ac$rekiand assbbra&alcanmedsomemau@ thesisk@imbasdescribed above The said
nyel odyspl asti c syndrone, nyeloid | eukem a,

and
pr GAYEPSHUSPS iy | cenfRiBrAther thegapspie agents. Rhatmageutiral gopgpositions

pe rn'la(@)rrb‘é FmUBRENAHSn Y53 h 2B EG] oHal sBGd oﬂ-ﬁqlﬁ’@ Ifé'lﬁﬁéétd? QABuents, as
neur obl ast oma, dliomd, and schwannonas; tunors of

15rre9‘aﬂ@hyphamamngalﬁdﬁin@¢&n£ ia¥pefapplopgate totive mode of desired
rh % §SI?F agg,r@mp?e'ﬂgs 8@&&%&%38&%{35 %ﬂ%ﬁ%a&%&%

i nchuding ofra, Xeno pl gnen
keraactcmang antdimies Sehriasn tioss wﬂhlyrromrdnfﬂtd dru cnflplhaxmacamcdr
b‘ﬂ‘iat ocarci noma. 20 The present invention provides
' et HEWHP8T the treatnment of a variety of

n oNn- cancerdsidpikhhi@nadad ¥ensis8RAS £y bd AEninRegditiyQfly hfans
useful to treat G ST, breast cancer, pancreatic

20c arfeiéble fepihs sondiverciere trmed.ayhichvpay dapandapn the agsddgnaite-specific
AN QX Rch CUSARAY BF S (PRI Srod. TRBIAONIROHORRIRs Seirally

pr esent n ar proteln tyr I nase
I niprdferrasifor shimredatedsdisdasasr adusggémitici treatnhpat preéesednéortcarsferous or
| mlglflqua!ng !:ng:sacl,ongmor?sr gﬁhough other modes of delivery are contemplated. For
example, the compounds of formuia (I} may be delivered orally, such as in the form of
25  tablets, capsules, granules, powders, or liquid formulations including syrups; topically,
such as in the form of solutions, suspensions, gels or ointments; sublingually; bucally;
parenterally, such as by subcutaneous, intravenous, intramuscular or intrasternal
injection or infusion techniques (e.g., as sterile injectable ag. or non-aq. solutions or
suspensions); nasally such as by inhalation spray; topically, such as in the form of a
30  cream or ointment; rectally such as in the form of suppositories; or liposomally.
Dosage unit formulations containing non-toxic, pharmaceutically acceptable vehicles

or diluents may be administered. The compounds of formula (), prepared according
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addition to oncol ogi cal disorders. U S. Patent No.
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adm_ni stration ge.g., excigients, i nders

pridrerypippX) aethyl eedigiase EHRMO), spdivecgrbosymethyl calllese dSEMIC),
L QniBEhal %TL _.wﬁw '
pharna%%%%ﬁ%gvﬁwgg? é?ﬁggé. e salda%ﬂ%%ﬁgggﬁ%Fgg lease
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adm nistration is_generally preferred for

ski n-r el 4 EHIAR'E BHE EUTPSHIgn el pdministiati ey s s gompound of
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al t hough ot her nodes of delivery are contenplated. For
cellulose(intra-granular phase), croscarmellose sodium(intra-granular phase),

hydroxypropyl cellulose(intra-granular phase), microcrystalline cellulose (extra- '
granular phase), croscarmellose sodium (extra-granular phase), and magnesium
stearate (extragranular phase).

Exemplary compositions for nasal aerosol or inhalation administration

include solutions which may contain, for example, benzyl alcohol or other suitable
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exanpl e, the conmpounds of forrmula (1) nmay be delivered
orally, such as in the formof 25 tablets, capsules,
granul es, powders, or liquid formulations including
syrups; topically, such as in the formof solutions,
suspensi ons, gels or ointnents; sublingually, bucal I y;
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GANT REZWh)eA hdr%%‘i.jstc%&e in[rgvetngus? , ﬁ;erc%inpgl?nds ois t%e present invention,

including the crystalline forms of the compounds of formula IV, are administered

30  using the formulations of the invention. In one embodiment , the compounds of the
present invention, are administered by IV infusion over a period of from about 10

minutes to about 3 hours, preferably about 30 minutes to about 2 hours, more
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such as pol yacrylic copolyner (e.g., CARBOPOL 934(r)).
Lubricants, glidants, flavors, coloring agents and
stabilizers nay al so be added for ease of fabrication
and wuse. 25 An exanple of a conposition for oral

adm nistration is the conmpound of formula (1V),
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f i ncl udi n .
S clgshlﬁ og%iogg]éj&ys, p%@tematlvely one week. In one embodiment, a
compound of the present invention, for example, a compound of formula IV, is

administered once daily for 5 consecutive days, followed by 2 days when there is no
treatment.

The compounds of the present invention, the crystalline forms of the
compounds of formula IV, can also be administered orally, intravenously, or both

once every 1 to 10 weeks, every 2 to 8 weeks, every 3 to 6 weeks, alternatively every 3
weeks,

44.




20 nmetabolic stability and | ength of action of that
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m%ﬁbét@r,%.&’?‘%@-?@ty%ﬁﬁ@ﬁ&ﬁs&@ﬁsaﬂd T cell receptor involvement in

UV and HyO; induced T cell signal transduction”, J. Biol. Chem,; 269, 20718-20726
(1994), and the references incorporated therein. The Lck inhibitors inhibit the

tyrosine phosphorylation of cellular proteins induced by anti-CD3 antibodies.
For the preparation of G194, see Hansen, J.A., Martin, P.J., Beatty, P.G.,
Clark, E.A., and Ledbetter, J.A., “Human T lymphocyte cell surface molecules

defined by the workshop monoclonal antibodies,” in Leukocyte Typing I, A. Bernard,
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where there is no treatnment. In yet another enbodi nent
t he conpounds of the present invention, the
crystalline forms of the conpounds of fornula IV, can
be adm nistered 20 orally, intravenously, or both,
once a day for 5 days, with a period of I week to 3
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conpound of fornmulae IV are orally adm nistered on day
1 and intravenously adm nistered on days 7, 14, and
2813Accdmdﬁggmmggﬁu@ met hods of the invention, the
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ki nases usi ng the assays descri bed bel ow, or
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ski a!léng' Wett tgﬁ céﬁ%{mﬁunﬁ%lus anti-CD28 antibody to provide co-stimulation. After a
desired period of time (e.g., 3 days), the [3H]-thymidine is added to the cells, and after
further incubation to allow incorporation of the label into newly synthesized DNA, the

cells are harvested and counted in a scintillation counter to measure cell proliferation.

The following examples illustrate the invention but should not be interpreted

as a limitation thereon.

EXAMPLES

Example 1
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Cell assays (1) Cellular tyrosine phosphorylation
Jurkat T cells are incubated with the test conpound
and then stinulated by the addition of antibody to
CD3 (nonocl onal antibody G19-4). Cells are |lysed after
4 20 minutes or at another desired tine by the
addition of a lysis buffer containing NP-40

det er geRtepapier phisteynediaten. of proteins is detected by
anti - phosphotyrosi ne inmunoblotting. Detection of
phosphoryl ati on of specific proteins of interest such
as ZAP-70 is detected (Bjl-serBmppiegepi t ation with
anti-ZAP-70 anti body followed by anti-phosphotyrosine
i mmunobl otting. Such procedures are described in
Schieven, 25 G L., Mttler REB;, ¢ Nadl er, S.G
Kirihara, J.M, Bolen J. ﬁky/Kan r S.B., and
Ledbetter, J.A. "ZAP- 70 tyrosiie nase, CD45 and T
cell receptor i nvol venent in J H202 |nduced T
cell signal transduction", J. Biol. Cient.; 269,

20718-20726  (1994), and the referepges in
t her ei n 108l uf_iewf %HF%F‘E‘&#@“H“HEJ% 0 a0 ’ev%g‘%ﬁ A 0 L at
PSRRI A1y AR be Rl MbiocPinaiedl 1154 DJY.E @biP X‘Ig_ gmzture was

anti-CD3 anti bodies. 30 For ?ké preparation of
s eeliblrabenyar, 18.10°Qvendtstired FerO miBeEhe solvert s therfemoied under

105, Bl erEEn b traitidns SPOTRA Mo ER BB R 4fighequs

antsbindeh 89, mL) of Naenk@rgym € mBy)mﬁgadﬂcd tA.thiBedtftgond and AS mixture
Bounsel |, J. Dausett MIlstein, and S. Schl ossman,

edgvas sgd AGPIC fcsmﬁhg@h Theep Q) was shengomoyefundergedpced

anq, Jedbehk e rﬁ;s‘ldu% was‘%HH@d IIIQVZHEI"(DMI) nﬂﬁé Ig&'&fbnafe) Whs ’co]lected
G 0ssman, T., and Inbo

t r dyvdemi Bltration mdgilmedlmdpmv@c §f:ltx3r:©utyé~th1m¢aa(t16ﬂ3g, 9%% yield).

15, ndee2 oA eC B MR o VP BB G D8 71 T B .3, 676
(1988R), 4.420, Ga), ww'ﬂm@ﬁ%ﬁyom& Ji=ndi, blztmﬁolsllQ@,kJ 7.7 Hz, 3H);
caI ium nobilization in | s stinul at ed

ant %:C SMR (12886 d7ME0- Qaélﬁ|1§2 ér5é)$ S8 e tP-Hi 10 LRMS m/z 133.2
cal 4 [ r agnt

oA, BB, Caor N B P A o SR o ©
ands5c@l B &88;MR1I32zAt24E@T. | s nmeasur ed usi ng fI ow
cytometry by recording changes in the bl ue/viol et

indo-1 ratio as described in Schieven, GL., Mttler
R'S., Nadler, S. G, Kirihagxamhlés, Bol en, J.B.,

Kanner S.B.,. and Ledbetter J. A, "ZAP-70 tyrosine

ki nase, Propantignef tegasdiateocept or i nvol venent in W

and H202 induced T cel |l zpignap.dmpagpction”, J. Biol.

Lh

20.

Chen., 269, S
LA
25 " (R)-1-sec-Butylthiourea was prepared in 92% yield according to the general

method outlined for Example 1. mp 133-134°C; TH NMR(500 MHz, DMSO) §
0.80(m, 3H, 1=7.7), 1.02(d, 3H, J=6.1), 1.41(m, 2H), (3.40, 4.04)(s, 1H), 6.76(s, 1H),
7.20(s, br, 1H), 7.39(d, 1H, J=7.2); 3C NMR (500MHz, DMSO) &: 10.00, 19.56,
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15 20718-20726 (1994), and the references incorporated
therein. (3) Proliferation assays Lck inhibitors
inhibit the proliferation of normal human peri pheral
blood T cells stinulated to grow with anti-CD3 plus
anti-CD28 antibodies. A 96 well plate is 20 coated

w th a nonocl onal anti bogh*to CDB(isu_ch as 619-?, t he
ant $8k90-2Q 18P0 13823 MAidD): amnk ! of et lpNat & pa4l H,
wa N t4 1 | r 0
R LS E i R R S R
cells are added to the wells along with test conpound
pl us anti-CD28 anti body to provide co-stimulation.
After a desired period of tinme (e.g., 3 days), the
§3H -thymi dine is added to EhensleBl s, and after 25
further incubation to allow incorporation of the |abel
i nto neki§PAIRERESi zed DNA, the cells are harvested
and counted in a scintillatione@Qupnter to nmeasure cell
proliferation. The fokt#ow ng exa i Bl ustrate the
i nvention but shdlf t | NtRrpre

ag - N a

[imtation thereon. 30 Exarrploe 1 -46
Preparation of intermediaté: S) - 1- sec- But yl t hi our ea
Ca3 H3C S Na 5 Hz To a solution of S \

sec-butyl-amne (7.31g, 0.1 nol) in chloroform (80 niL)

at 3 C was slow y added benzoyl isothiocyanate (13.44
m., 0.1 nol). The mixture was allowed to warmto 10C
and stirred for 10 min. Th§ t was then renoved
under 10 reduced prgessuyre,lian r 8si due was i

di ssol ved in MeOH (8® LY. A ayue | s “CEp| ution (10
j01L) of NaOH (4g, 0.1 nol) wds adde® to this)sol ution,

and the mxture was stirred at 60C for another 2h.

The MeOH was then renoved under reduced pressure, and
the resi : b L b &igh- R ar . ;

pr eci pi trlg%th Zsoﬁngg}%l ect elg%ég@;l%a%ﬁtﬁﬁb%ﬁdg?? grrg) cgﬁ%dc(l'o &
dr i eamod ippepiingdl Bml) st (hwasdddedpyridined 1 21RL.21 Sgnmgh dsopwise

Y1 S hnk? TR0 AR 1500 M BNGR S e

15 reaction stirred at room temperature for 1 b. The solution was cooled again to 0°C

and 1IN HCI (1.5 mL) was added dropwise via pipet. The reaction mixture was stitred
for 5 min, then water (8.5 mL) was added via an addition funnel. The acetone was
removed in vacuo and the resulting solution stirred for 4h. Crystallization began
within 15 min. After stirring for 4 h, the vessel was cooledin an ice bath for 30 min,
20  filtered, and rinsed with-ice cold water (2 x 3 mL) to give compound 3A (0.99 g, 78 %
yield) as a white solid. 'H NMR (400 MHz, CDCls) & 8.95 (s, 1H), 8.12 (br s, 1H),
7.76 (s, 1H), 7.29 (m, 2H), 7.05 (d, /=79 Hz, 1H), 547 (d, J = 12.3 Hz, 1H), 3.48 (s,
3H), 2.54 (d, J = 4.7 Hz, 3H), 2.03 (s, 3H); HPLC rt 2.28 min (Condition A).
3B. Example 3
25 To a 50 ml. RBF containing the above compound 3A (0.5g, 2.0 ramol)} was
added THF (2.5 mL) and water (2 mlL), followed by NBS (0.40 g, 2.22 mmol}, and the
solution was stirred for 90 min. R-sec-butylthiourea (Ex. 2) (267 mg), was added, and
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i (s, 1H, 4.04 (s, 1H), 1.41 (m 2H), 1.03 (d, J=
6.1 Hz, 3H), 0.81 (d, J = 7.7 Hz, 3H); 13C NWR (125
MHz, DMSO D6) 8 182.5,50.8,28.9,19.9,10.3; LRM5S niz
133. 2 (MtH); Anal . Calcd for C5HL2N28: C, 45.41; H,
9 14.; N, 21.18; S, 24:25. Found: C, 45.49; H, 8 88;

N 2 i R 20, BT PSR g e

251({ R»)loibe@ﬁji tHBUHFikibi bOEMOBE( 19RSL)P veRad @8 mI v&?r%(adétl%h&i the
accordl ng to the general nethod outlined for Exanple

S Wﬁy jtgzedfeuls b, eRNRES o s Vitpreey togivediowi 3 B14 light

N T T et

51H, J=7.2);13C NI\/R (500|sz DVSO) 8: 10.00, 19.56, -47
28. 50, 50. 20 182.00; mz 13 .23 I>{I+H) Anal . Calcd for
C5Ht 2N2S: C, 45.41; H, 21.18; S, 24.25.
Found: Mepad&iodaf: H, 9. 15 N, 21.14; S, 24.38. 5
Exan'ple 3 Preparation of: H3C CH3 H H3C' N-~-3 N
-/1 ~i1~1~11{f 11 H O 3A FB 01 H3C 0"\ N\
N,CH3 HO CH; CHs

\/\’AN HN
H

Example 4 is prepared following the methods of Example 3 but using the

10 appropriate acryl benzamide and Exampie 1.

Example 5
Preparation of:

N-(2-chloro-6-methylphenyl)-2-(6-(4-(3-hydroxyethyl)piperazin-1-yl)-2-
15 methylpyrimidin-4-ylaminojthiazole-5-carboxamide (The campomd of Formula (IV))

o O HaC
HO N
ey I =
Y/;
- CHj
av)

SA.  1(6-Chloro-2-methylpyrimidin-4-yl)thiourea

H
cl N.__NH
W j.r 2
N /N S
\|/
20 Me (5A)

To a stirring slurry of 4-amino-5-chloro-2-methylpyrimidine (6.13g, 42.7
mmol) in THF (24 mL) was added ethy] isothiocyanatoformate (7.5 mL, 63.6 mmol),

and the mixture heated to reflux. After 5h, another portion of ethyl isothiocyanato ‘
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10 (3A) To a solution of

3-am no- N- net hyl - 4- net hyl benzam de hydrochloride (1.0
g, 5 mmol) in acetone (10 nL) at 0'C was added
pyridine (1.2 nL, 15 nmol) dropw se via syringe.

3- Met hoxyacryl oyl chloride (0. 72 mL. 6.5 mmol) was

ol ol s el addsed bt SREPBERR LS, o
H%klﬁwmahd%daﬁéi@&u% Qtﬁ’ﬂ’édsﬁil Mbre. TheShury Wﬁ@e\‘a@@ﬁl{dd(ﬁﬁder
m xture was stirred for 5 mn, then water

wasacatldel rapaye arostefdhe sabvent andrhsptanerffembhadds é@ %éﬂﬂdﬂe The

r enm: i £ r

£ 0Bl cPUARGHR, BEhl Aol o il POl herRhe s (A ) eiving
5st8ot icrn[gs $ooyield) df thd ineeruediste Iethyb@cldm@%mleﬂnymnmméat h

for ?“'g FOflItered and rinsed with ice cold
watEropo °§°F|1Lb3‘mf“8 gi ve conpound 3A (0.99 g, 78 %
yi eI d) ﬁ%ol@tl&ﬁ"bﬂ fﬂ@-dhﬂ)m ihhdﬂ%}&éﬁ@m%c:ar@ﬁﬁtﬁio Rarbamate
8.95 (s, br s Fgé
2HZ75 m®H3.0( 5 rq:non and goql-xgm h]_rﬂpmdg (mjeq) @/as gea&edlegldgn at 50°C

3 ’i'}ﬂ: ZEHiEf‘Cx(es?luag g%ﬁ%%a?c(‘oeée% o éo-zz T}%@lﬁ g(as c&}egég %g .

10 To v:a:uﬁﬁ firatidBFwasbed aith Im@rtdﬂ& dabxomeglmmaug df 13{6 oo -
.0 mvol ). was added THE 5 nb) and water 2rrL)
fome%é{n@}mNéS’DFEO%Ba @?1‘7023’@2) (&H%Mﬁ% MSE-803 B!
gs %H) . c?:fj(sf a5, 995 ()Y RJ.ﬁ?@, Pfg)t X6 bi"(so %H?a‘3(:'¥¥MR%125MHz,
7 my adde and -4 é sol ufion’ was heated
toDME{D-ﬂﬁ)rS 851&5 mérﬁﬁ. 130 N3® 16dd@d80@1adj ust t he pH
to 10 followed by the addition of EtOH (15 nlL). Water
(15 m.) was added and the slurry stirred for 16 h,

15 T i BBer ed)-\adCHBENS thelylphealt BEhbHaGhylenifxanpl e 3 as a
[ight brown solid (0.48 g, 69%yield, 98% purity). M
347.1; HPLC 2.59. 5 Exanple 4 Preparation of: H3C
cxg CH3 H N SO ~V7 110 Exa A.Ji's prepared
foll owi ng the nmethods of Exa but using the 10
appropriate acryl benza 2 ;

To a cold stirring solution of 2-chloro-6-methylaniline (59.5 g 0.42 mol) and
pyridine (68 ml, 0.63 mol) in THF (600 ml.) was added 3-ethoxyacryloyl chloride
20  (84.7 g, 0.63 mol) slowly keeping the temp at 0-5°C. The mixture was then warmed
and stirred for 2 h. at 20°C. Hydrochloric acid (1IN, 115 mL) was added at 0-10°C.
The mixture was diluted with water (310 mL) and the resulting solution was
concentrated under vacuum to a thick slurry. The slurry was diluted with toluene (275
mlL.) and stirred for 15 min. at 20-22°C then 1 h. at 0°C. The solid was collected by
25  vacuum filtration, washed with water (2 x 75 mL) and dried to give 74.1 g (73.6 %
yield) of (E)}-N-(2-chloro-6-methyiphenyl)-3-ethoxyacrylamide). 'H NMR (400 Hz,
DMSO-dg) 8 1.26 (t, 3H, J=7 Hz), 2.15 (s, 3H), 3.94 (q, 2H, J=7 Hz), 5.58 (d,, IIH,
J=12.4 Hz), 7.10-7.27 (m, 2H, J=7.5 Hz), 7.27-7.37 (d, 1H, J=7.5 Hz), 7.45(d, 1H,
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Exanple 5 Preparation of.

N- (2-chl oro-6-ntetl ayl phenyl)-2-(6-(4-(3-hydroxyethyl)
pi perazin-1-yl)-2- 15

met hyl pyri m di n- 4-yl am no) t hi azol e- 5- car boxam de (The
conpound of Formula (1V)) HO-~ON ~ NH 11 \\' 0 R3C

o _
1 Lok 828 (v by PR A0S, PP ddr 521896, 67 87, 799

NI 2 ' [ I ly Of
a2k 8000k LA T st Bhonl i 2,

mol) in THE (24 nL) was added et hyl

m SFar 0 FEREEN 2P PUIOAD EBBHERBEHEP B i on of

Sethyl isothiocyanato -49 formate (1.0 nL, 8.5 ntnol)

was added and after 10h, a final _portion (1.5 niL, 12.7

nmol ) was added and t he t upe irred 6h nore. The
slurry was evaporated u to renove nost of
the solvent and hept dhd (6 ni to the residue.

Cc
) a
The solid was collected by vac&.n1fig ration and
washed with heptane (2 x 5 nl) glend 5 8.01 g (68 %
yi el d) o atdierietiresRpsliralss Glo0Y, 20.86 mmol) in 1 .4-dioxane (27 mL)
6- chl or o- 2- et hyl pyri mi di n-4 yl car banot hi oyl car bamat e.
A el weten@7 gfl)eta pdded NBS (4.08 g, 22.9 mmol) at -10 to 0°C. The sluiry was

SRR A R, SRR S SR s

10 heatifidreaRtted td 0°€d AZler 2H) the Nt bolulHdE WabsaHIdd €820-22° and

slurry was cooled to 20-22C. The solid was coll ected
by ©as- YEEguiRmhyHToKiei(H R mInges added dropwiss: elhe resvdtingsiusty was
to c}fﬁrﬂ%e%%n R u )P? got(ag)bﬁmaﬁrv%%\%qe Q%d ﬁo%]]e% 50 0-5"&.'\'[”‘13 solid was

met hyl pyri m di n- I our ea

- ( 468lbizd bPMEOuLA)itratBR, Hashed $ith3bhd wlerqB0 frd.), abbifiriedtodfive 5.3

13

20

25

g ig% ?blﬁélgfof(ﬁénﬁ%o- -(Zl'gﬂc%%-ér?léthgﬂ'ﬁ?leﬁyl)gh:i)’agof\le-l\ﬁcarboxanﬁde. 'H
NMR (400 MHz, DMSO-dg) 8 8 2.19 (s, 3H), 7.09-7.29 (m, 2H, J=7.5), 7.29-7.43 (4,
1H, J=7.5), 7.61 (s, 2H), 7.85 (s, 1H), 9.63 (s, IH) ; *C NMR (125MHz, DMSO-d6)
8: 18.18, 120.63, 126.84, 127.90, 128.86, 132,41, 133.63, 138.76, 142.88, 159.45,
172.02.

S5D.  2-(6-Chloro-2-methylpyrimidin-4-ylamino)-N-(2-chloro-6-

methylphenyl)thiazole-5-carboxamide

gty
m\ﬁ/ﬁﬁ/ﬂﬂl ]

N._~N

\]/

Me (5D)
To a stirring solution of compound 5C (5.00 g, 18.67 mmol) and 4,6-dichloro-
2-methylpyrimidine (3.65 g 22.4/mmol) in THF (65 mL) was added a 30% wt.
solution of sodium #butoxide in THF (21.1 'g, 65.36 mmol} slowly with cooling fo
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DVSO- d6) 8:

25.'-15,104. 56, 159. 19, 159. 33, 167. 36, 180. 91. 15 5B.
(E)-N-(2-Cil oro-6-methyl phen), |)-3-ethoxyacryl an de

Oy i EEO HC (5B) To a cold stirring solution of
2-chloro-6-nmethylaniline (59.5 g 0.42 nol) and

pyridine (68 m, 0.63 nol) in THE (600 nlL) was added

3- etk LERBEFRNIE at H-30 (Ca dlhe Zgxiugwas sirred alggopserperature for 1.5

| keepi g4 t O '
se o SEPLIS Comale S8y RS M RRE LG e
( 1NMaixiudbstittell 1WESh @dded. dthe Qolidéas collb@edbytadingn filtmtion, washed

diluted with water (310 nmL) and the resulting sol utiqn
wa SVithcwaerddf iy @ad drefde sivedfhg 8-t uirldief sompqupd SPyeH

sl il st €5 (EATK
L0k B BRSO M LOLUAREa R 1 g Bl TE 954, (o
colAtg a+e), B4 ZHAMAC LHMIET.BY, 8&M (9 H)wHs02ad, M)t 12.2edsetH).

(2 x 75 nmL) and dried to give 74.1 g (73.6 % yield)

of :

( E)sEN ( Zxghprrso- 6- met hyl phenyl) - 3- et hoxyacryl ani de) .
"H NWR (r400 Hz, DI\/ISOdgz_ﬁS 1. Zﬁﬂg, 3H, J=_7 Hz),
2. 15 (s Tozpixtme ocompoundfD §4:0G g, 10)14 mmgBapgy =~ 1H,
= : - = i/
10y, ¥qtoylhstpifertind (1) & B o9 iy 0 iy farifigsdoreea
1H)(3.53 kB C20RR nfmdIOVFEe, sIuEiGER)heated at 118°C for 4.5h, then cooled slowly
R

2- Ayvaher %Vn](,)?arﬁi drle@r Théprogedtiny.i P?ﬁvﬂé@ diésbiva @ 1t 0% aOU-H,0
xam de OM | \'~ HRN-S.HNCIL (5C To a m xture, of

corfpdmher ans thessobytion was lagBedpibiilyration. The hat splutipa Wap slowly
RIS Tl R Sy e, B e
at c20ec@2®yf @eush filtakipmuwasbed Witl650% eth@atolrwatdrXS wis andidieadl
d.the 1 ' h 0C. . Af 2h
Fedtring el e (i1 % AT SniLeibt opebigin 4o
anTEy ok ety v sexdzite 1 {1 -Zmethylpwasidacl d sthntl O hidze k- 5-ddieox amide

resulting sl ur{x was concentr at vacuum t

ed under 0
abGS R 08 B DYSOFEE2- ki 3o 44D GredlD. 242 €.
20 2H,J=6), 2.48 (t, 4H, J=6.3), 3.50 (m, 4H), 3.53 (g, 2H, J=6), 4.45 (t, 1H, J=5.3), 6.04

(s, 1H), 7.25 (t, 1H, J=7.6), 7.27 (dd, 1H, J=7.6, 1.7), 7.40 (dd, 1H, I=7.6, 1.7), 8.21
(s, 1H), 9.87 (s, 1H), 11.47,

LA

EXAMPLE 6
25  Preparation of:
N-(2-chloro-6-methylphenyl )-2-(6-(4-(3-hydroxyethyl )piperazin-1-yl)-2-

methylpyrimidin-4-ylamino }thiazole-5-carboxamide

-52-



10

15

20

coll ected by vacuumfiltration, washed with cold water
(10 n.), and dried to give 5.3 g (94.9 %yield) of
2-am no- N- ( 2- chl or o- 6- et hyl phenyl ) t hi azol e- 5- car boxam
ide. IH 15 NWR (400 Mz, DVMSO-d6) S 3 2.19 (s, 3H),
7.09-7.29 (m 2H, J=7.5), 7.29-7.43 (d, 1H, J=7.5),

7.61 (s, 2H), 7.85 (s, 1H), 9.63 (s, » 13C NWR
(125MHz, DMVBSOmR) ~5:.-18.18, 120 26784, 127.90,
128.86, 132.41, 133.‘&,{ 138. 76, '?).Eg;% 5,
172.02. 20 5D. Ny - NH

2-(t-Chl oro-2-net hyl pyr unL}di r&-4-y| ar ni nq:)I- N- (2- chl or o-
6- met hyl pherzyl )t hi azol e-5¥carboxanide N O Cl. -c.
NHS HNN/ N Cl M (5D) &g a stirring sol ution of
compound SC (5.00 g, 18.67 nmol) and 4, 6-di chl oro-
2-nethyl pyrinmdine (3.65 g 28Y4/ mmol) in THE (65 nil)
was added a 30% wt. 25 solution of sodiumt-butoxide
in TI-1F (21.1 g, 65.36 mmol) slowy with cooling to

- 51 ked@p atsheryt PN whbrat-idhyhenyl Fiethoxydcnylemida §B (120

S D AP TSR il o 4o e AR50 by
angmbipg: oot Xthe p8xitd wasGfhrdhed Bndstitded At 20°22°0Rr S| TElthwaGas

collected by vacuumfiltration, washed wth water (15

miayldesinid(Giehilerg-2 welgyipwrinidgs4gyl)hesiren 54 (108|nag, 0P mmol), and the

c oyn 2l 344
ngﬁi)-ry%agtgé %)%d’ st%g'? ’a{\%ﬁg& f’o?g’h% f;l% ?}ggggoée%’ t% aﬁh %2 éﬂ’ld the
J3dlidgolledte@By YachOm(filtrati, gividg T4(Bing (BLIB Field) of 2H(H-chldd-H2

C ey bBing M B Ry hissols S Eafbokalice
hysdy, OxiGiARYlaBb RAEAD ) . , 6.94 (s, 1FD), 7.18-
n}sg{n anol (dj}g(bm_) \?ﬁh’gﬁg?%e%@%?gg&ﬁ)(@%sg%@@ %uo(.szeﬁ)
mY¥el4) ( mTRHE, B17 0+ %34n.46 Kb dle oT=8t5)18.810(sf bid), 408 (s, iHBA2.25 (5,
cq?#)ed slomy to roomtenperature. The solid was
col'ected by vacuum filtration, washed with n- butanol
(5 nL) Coampdutt 512 evas dlhsorped chidi(2-chiodls-ghethyipheniyl s 3-06-(¢e (-

in hot 80% Et OH-H20.  (80.nl), and the saqlution S .
c{LE?HOFY%WI}?\}PSF%ZW}'é{’c)i%‘ﬂ?thﬁ‘lﬂgé“ T4 ARl S pmide
15o0kiding sdpwit h water (15 nL) and cooled slowy to
roomtenperature. The solid was collected by vacuum
filtration, washed with FENAMBIRS| -water (5 nmL) and
dried

Preparation of:
N-(2-chioro-6-methylphenyl)-2-(6-(4-(3-hydroxyethyl )piperazin-1-yl)-2-

methylpyrimidin-4-ylamino thiazole-5-carboxamide

7A. 2-[4-(6-Chloro-2-methyl-pyrimidin-4-yl)-piperazin-I1-ylj-ethanol
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affording 4.27 g (83.2 %yield) of

N- (2- chl or o- 6- et hyl phenyl ) - 2- (6- (4- ( 3-

hydr oxyet hyl ) pi perazi n-1-yl)-2-net hyl pyri m di n-4-yl anu
no) t hi azol e- 5- car boxanm de as nonohydrate. "H N-' VIR
(400 MHz, DMSO-d6) S 2.23 (s, 3H), 2.40 (s, 3H), 2.42
(t, 20 2H, J=6), 2.48 (t, 4H, J=6.3), 3.50 (m 4H)

3.53 (q, 2H, J=6), 4.45 (t, IH J=5. 3) 6. 04

7.25(t 1HJ76) 727(dd 1HJ76 17)?40
(ddn. 1 76 17 é (s 9c§7(3 lj))
11. 47 Pat iRy

N-(2- 8 06rreh phenyl) 2|:(¢M(4 U3- 1t udr axyet hyl ) p
i perazip-J-yl)-2-

nt et hyl pyri m di n-4-yl am no) t hi azol e- 5- car bokxat mm de
-52 HOr Ay ch \/\(7®N ~~NHHS RN/ N NC @d (1V)

a slurry

( E) 2—@@&2&1—&@1@9}1@&@ 6% hawgal) was addedtoyasofupion of d6-dighloro-2-
( 1%9 vt\.grs}.ﬁqréra\@gé %stgr?llb mﬁoﬂ_ﬂﬁdlélgm%émfﬂaﬁe fB@qm‘I‘@tt&rTl(eomf%ture

mi Maalserwdabr twerr Imangs a!ddﬂsth)flﬂml@@ @b IIEDWQQ@dﬁ@) rThS WUXW'GF was

th|

B on B0 P ol s Sl T ke sl i
rrg didhiAOmefme) (20 adtyl 'EH&Eﬁltrﬁb W yoxhaﬂta&id tapte 8 bilr Ehisafl was
reflux for 2h. The slyrry was ¢ 0-2 nd.the
Gl e it sacubin A 20 879 A 10001 AP e ShRGd Ay Heptane
( 73(% Mﬂ)eit ﬁ)foxofh 381&1@&%‘&5% elCﬁS :!l@g) as a white sohd
nmet hyl pyri m di n-4-yl am no) (2 chl or o- 6- et hyl phenyl)
t hi azol e-5-carboxam de 5D. 'H NWMR (400 VHz, DMSO d6)

108 2-23 (s, 3H), 2.58 (s, 3H), 6.94 (s, 1H, 7.18-

7.34, (m 2H, J=7.5), 7.34-7.46 (d, 1H,, J=7.5), 8.31
(s,7BLH) Exda@pl0Z (s, 1H), 12.25 (s, 1H). Conpound 5D
was el aborated to ‘
N- ( 2- chl or o- 6- net hyl phenyl )-2-(6-(4-(3- 15
hydr oxyet hyl ) pi perazi n-1-yl ) - 2~mxe® ryl pyri m di n- 4-yl am
i no) t hi azol e-5- car boxam de; ) ol lowing Step 5E.

EXAVMPLE 7 C’WN HO\\\
W, & © Me NN e . N/\I H

\h’\)_( T l\/N N__s 0 Me

N e - W |

HN ol N, N N 4 HN
PA(OAC)2/BINAP/Toluene Y

) Me cl

(5C) {v)

15  To a 250 ml of round bottom flask were charged compound 5C (1.9g, 7.1 mmol),
compound 7€ (1.5 g, 5.9 mmol), K,CO; (16g, 115.7 mmol), Pd (OAc), (52 mg, 0.23
mmol) and BINAP (291 mg, 0.46 mmol). The flask was placed under vacuum and

-flushed with nitrogen. Toluene was added (60 ml). The suspension was heated to

100-110°C and stirred at this teraperature for 20h. After cooling to room temperature,

20  the mixture was applied to a silica gel column. The column was first eluted with
EtOAC, and then with 10% of MeOH in EtOAC. Finally, the column was washed
with 10% 2M ammonia solution in MeOH/90% EtOAC. The fractions which

-54.




10

15

20

25

30

Preparation of 20

N- (2- chl or 0- 6- et hyl phenyl ) -2-(6-(4-(3-1tydroxyetliyl)
pi perazin-1-yl) - 2-

nt et hyl pyri m di n-4-yl at nbt 0) t hi azol e- 5- car boxanti de
7A. 2-(4-(6-Chloro-2-ntethyl - pyrirridin 4-yl)

pi perazi n-1-ylj-ethanol -53 " DI PEA Cl /

NUpontned i eyr2d pexdunt were cpleciet A queeirtoRcs erve compound TV
[ et hanol (8.2g, 63.1 mmpl) was added

353%% %dlhggl(z)g 4 6-di chl oro-2- nethyl pyrim di ne

(5. 2g, 31.9 mol) in dichloronethane (80 m) at it.

The m xture was stirred for two hours and

triethylamne (0.9 nl) was added. The m xture was 5

stirred at it for 20ANALNETICESUMEIHODSO! i d was

filtered. The cake was washed with dichl oronet hane

(20 nu). The filtrate was concentrated to give an oil.

T@oﬁd@itéte @w‘iﬁ‘ﬁgﬂd@&%ﬁmﬁé @S_(N@ﬁﬁ?‘um for 20h to give
a |s SO was stirred wwth heptane (50 nil)

at |t for Filtration gave 7C (8.13g) as a white

m%%%'fﬁ@%&sﬁa% R

C|MHE NZMR( spedtrdnher. 1Bighqesvlitil spbetiaf were whthined tusing high-power
flask were charged conpound C 1.99, 7.1 mol .

c GHpBundecepling andy thes 132 Mot g@f@?% i%dé ramy 53"%?1‘“3 cross-
”]Bbllflorzzat?cgl (ﬁ@@’@l @gthrfﬁa%(tga@g:fe ﬂiﬁfﬁh@ (Nlﬁg) Bl DA x(nadidly 12 kHz

| aced under vacuum and

fl(axslﬁ}éﬂenwtt n:t nlm ofern. Plor.J8R% "Ws 635146 Mytiz.nXy WU gk S-O.
B L
t @mieerdahmrecanmibrtdbﬁgmmdmwmwapmd fed ebah expsiiténtaChemical

el . col.um. The coJum was first elute
g sh1fts (0) were referencecl to externai adamantane ulflith ghe\%gth frequency resonance

being set to 38.56 ppm (W.L. Earl and D.L. VanderHart, J. Magn. Reson., 1982, 48,
35-54).

x-Ray Powder Diffraction

One of ordinary skill in the art will appreciate that an X-ray diffraction pattern
may be obtained with a measurement error that is dependent upon the measurement
conditions employed. In particular, it is generally known that intensities in a X-ray
diffraction pattern may fluctuate depending upon measurement conditions employed.
It should be further understood that relative intensities may also vary depending upon
experimental conditions and, accordingly, the exact order of intensity should not be
taken into account. Additionally, a measurement error of diffraction angle for a
convve:ntional X-ray diffraction pattern is typically about 5% or less, and such degree
of measurement error should be taken into account as perfaining to the

aforementioned diffraction angles. Consequently, it is to be understood that the
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5

Et OAC, and then with 10% of MeOH in EtQAC. Finally,

the columm was washed wth 10% 2M ammoni a solution in
MeOH 90% Et OAC. The fractions which -54 contained the

desi red product were collected and concentrated to

give conpound IV as a yellow solid (2.3 g). 5

ANALYTI CAL METHODS Solid State Nucl ear Magnetic
Regostalforny sfSiwmRistant inverfiondire peftlanid 1@ thygrystal forms that provide

S e X 1
i Rkt Bal P Sy Sl B aididhon Bavrns
obieiicted mrs]nen gcdmn@hH)ngurqsr d:sdnsedelmmml mqy andtat fiems that
TPPM pulse sequence and ra a iL
PP B R iorRs FORRGTALY AR B fscioonja the
at a2l hi¢s a1 Witkin thé\sdope Be rbseBt inddntiod. THDWBility t
Phys. , ?Qghﬁﬁﬁgs S6951)mG. QE?Z ﬂ@ﬁ%ﬂ In ? B fo
Smaqcprtmg su al idendihigs opX-ray glgfjractpp(pattglrg Jggvl}m the purview of
Ap&kQﬁ%ﬂﬁgﬁ%XMﬁQnﬂEaﬂf sanpl e, 15 packed into a
cani ster Ign zirconia rotor was used for each
exper i néiRay Ovaler ddfract@hlcfatasfoq: $he woystelline ffenmende@ortypound (IV)

e Cutioc VSge dcopln PARLS ARKIE R She, FARF RARC Chery

=

10 J. pivh@ly MReS®RA, WIL982,1 d8A) (Genddl) AredODXedtaPDIMHQEtion System)

15

20

25

30

D'ffract|on One of ordinary skill in the art wl

shigplatirm gepiowngtery Ryvrder a@wlémwaramlwﬁ in thig wgled glass
Obé il[éﬁés U £l 3 TRERUG SRR th%rcﬁ}]ﬂfla.rg téecﬂ&l}ﬁfg%ﬁatcouecﬁon.
upon the measurement 25 condition enp oyed. I'n
paths swipde-detedtori distgren eraallV wook Mbevmadidnat wianCeddn (456Y lildmA, A

oo sy dfeRalFrElRE Sarayetit s amel Gapipaime of a

f urb Do tHRdgdsst ood that relative intensities may al so
vary dependi ng upon experinental conditions and,
accordingly, the exact order of intensity should not

beSin%@IgﬂJ%é!Fgf Raficcount. Additionally, a measurenent

error o raction angle for a 30 conventional X-ray
diffraction pattern is typicall y about 5% or |ess, and
such de asur ement err ul d

SuCh B SOl B SEENLSILPE, SO e L RRER s,

di frfel, 265 Bhst Mhglve Park@an SRAUeAIWY 53711 USA)X Kappe CCD 2000 system
understood that the -55 crystal forns of the instant

i nvaane Conkerradiginn (4 m L84S &) apd wars sergetedoprly fernthe Lorentz-

prﬁﬂél%non factors. Indexing and processing of the measured intensity data were
carried out with the HK1.2000 software package (Otwinowski, Z, & Minor, W. (1997)
in Macromolecular Crystallography, eds. Carter, W.C. Jr & Sweet, R.M. (Academic,
NY), Vol. 276, pp.307-326) in the Collect program snite (Data collection and
processing user interface: Collect: Data collection software, R. Hooft, Nenius B.V.,
1998).

The structures were solved by direct methods and refined on the basis of
observed reflections using either the SDP (SDP, Structure Determination
Package,Enraf-Nonius, Bohemia NY 11716 Scattering factors, including f'and f', in
the SDP software were taken from the" Infernational Tables for Crystallography",
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X-ray diffraction patterns conpletely identical to the
X-ray diffraction patterns depicted in the

acconpanyi ng Fi gures discl osed herein. Any crystal

forms that provide X- ray diffraction patterns
substantially identical to those disclosed in the 5
acconpanying Figures fall within the scope of the

pr &yenth Prasse Birimgaghaifih Bngliid, i1874; Mol Tdstablas 23 and 2.3.1) software

b t d i ff
S BRHRR (PPHETE AL R el B b b ARP R BRE g axus
ar {maXofRyhtdaWEe fefilbhbdtactvan selat a. Mackay @ ) aBiyasre) C.iBdevards,
forms of Conpound (IV) were obtained usi ng a Br k&{ﬁ )
GADBI TeBRIRER Hisegart, by Shanidangs meus: acnEpyer perapLioK yolution
5 W%@%%ﬁﬂﬂ%ﬁZ%&ns tu(e%ﬁ'{]cﬁffra@ﬁ&ﬁda%t ector

raction manual pl at f or m goni onet er.
Powder Fhendedwedigpmiqbaremetcisn(codriiimaisglané dergpeastyre factors) were

ve bt et Rl B SRR B R b Aihemens
sarmh &; gpivq%p’f Bdissibﬂmeas\m f[mFme EJhaureatu, at{):,’g(riFWap:ch/z

Data were col |l ected
f oﬂP GvheB5w\is aihappr@mtm \ge@xpiggfum@lon ibﬁ@d@n eaprs mshe observed

Ieast 300 seconds. Single Crystal X-Ra
Ocr yadensftiega Dyffehencs maps| Bere @aa%!ﬁedaatmwéﬁé {9§ *ERGR@@WS

AXQrere 28roil&ed: 1115&@5_112@@35031%1%' With Fsdopay teﬁﬁ:@l‘ﬁﬁ@ facf¥rs, but no
53711 USA) Kappa CCD 2000 system using Cu
radtbf@bgmﬁﬁmeﬁer&vvﬁmﬂ@nﬂq and were corrected onI y for
the Lorentz rlzatl C
pr ocess?ﬁg olflpet%heoxr{r“eca u?"gl te% ¢°§(§1r§%ntaf‘p %gifa V\%e?ge}gre factors) were
c atdfined tiouhghull ndtHe ldalk‘&saﬁﬁ@s STiet fvactdopaiciniged in the refinements

ls&“yé% 3B By K sdemas P B BT T STz,
T@ggmvﬁie’rezé IM %PPY e{ld(aﬁg\z tétﬂllglfgir?cﬁog %gged C?ﬂ eh]afs in the observed

t programs ection an processi ng

US @fterishegr REgerendeOhhRClére BRAMNEPhd LS of effinemeR. MRrdrogens

Hooft, Nonius B.V., 1998). The structures were sol ved

by WéFT @é{odﬁ@ﬁh@d@e@lﬁ&d rROPItiARS] Wi I6PtEnDira fgnaperpfure factors, but no

ob ng either the SDP ( SDP,

% (ﬁﬁé a%étlcg%nh%%ﬁagﬁa 30 Package, Enr af - Noni us,
ZOBohem a NY 11716 Scattering factors, including fand
[ vveretakenfromthe

| nterAat Fona kbt e SRS Crystal | ography”, -56 Kynoch
Press, B| rm ngham Engl and, 1974; Vol 1V, Tables 2.2A
and 2.3.1) software acka%e with m nor | ocal

modi f i czﬂl@ BRS igytrumeat Bieg 49 &Y tByPrapatiae framg Xge 2 Tinirgigiments®
model Q1000. The DSC cell/sample chamber was purged with 100 ml/min of ultra-

25  high purity nitrogen gas. The instrument was calibrated with high purity indizm. The
accuracy of the rﬁeasured sample temaperature with this method is within about +/-
1°C, and the heat of fusion can be measured within a relative error of about +/-5%.
The sample was placed into an open aluminum DSC pan and measured against an
empty reference pan. At least 2 mg of sample powder was placed into the bottom of

30  the pan and lightly tapped down to ensure good contact with the pan. The weight of

the sample was measured accurately and recorded to a hundredth of a milligram. The

-57-



(maXus solution and refinenment software suite: S.
Mackay, C.J. Glnore, C. Edwards, M Tremayne, N.
Stewart, K. Shankland. maXus: a conputer program for
the solution 5 and refinenent of crystal structures
fromdiffraction data). The derived atom c paraneters
(coordinates and tenperature factors) were refined
t hiYReny, vas Bﬁ’tgf?in)@?deﬁ)s hea ¢t 4PYs perTAENty fe theotgmperature range
M RLibZE8ls by 44pecr ef i nements was Em(1Fol - IFcD Ris
defined as EIIFol - IFPII/Z IFol while Rw = {w( |Eo0)
- | FcD) Zhéeheat fle@1 hich/v2asvivemnaizod bg aaamplp pretyht, edseplotted versus
wei.ght i ng function based on errors in the qbserved 10
| i nmeRrid SRS Mot Sae (P overs AFORER 18 (o of walt/gram
5st @0 0f Thiee bioh ewmsn inaddHysiild G8N SndoMr@id Pedkedpiehs Bown. The
i deal i zed, positions with isotropic tenperature
f aCRdpthermiq felfopeaky Hay gupluped £k esirapolaiade onast jteperatihes, peak
dekdnye; i e ARL . I nates and tenperature
' factr%ﬂr:és)uﬁ%\/\boirﬁg%rggi nedqltrl rougﬁ g'ul | matrix
| east-squares. The function mnimzed in the

re WIH)Z Ris defined as E

| F = (Y-w('IFol - IFJ) w

101 FO1 2)"2 where wis an appropriate weighting function
based Oﬂkﬂe{ﬁgs in the observed intensities.
Di f f er eh¥el Hagestiigeat wed i Ketdbasryspllingfogge wap @ TAInstruments®
I efoBANGIT0. SHEHIQ06NT 1B 6 nlitFRAAUGEE dhilyideRld FGlhs rate of
positions with isotropic tenperature factors, but ho'
hy #0°6geh npRireinehe fespaetie pags baiwad 27 € fnd gt 350°C.
Scanning Calorimetry The DSC i nstrument used to test
the crystalline forns was a TA Instrunents(c) nodel

15 QL000. The DSC cel | / sanpl EXpMBbER was purged with 100
mﬂ[ya{]ratﬁ)of Ol%ltra- 25 high purity nitrogen gas. The
i NSTFUNE was calibrated with high purity indium The
accur ac ycrﬂfmﬂihemﬁﬁcﬂ@dfa@éj?f%(m&iﬁo%%% wn?nmxlm(ﬁi S
method is within about +/- 1C,  and the heat of fusion
can B HEEL R FA B re- meindpyinidin-Eplarinathicaple it carboxamide
+1-5% The sanple was pl aceglnj nto an open al um num
DSC pan and neasured agai nst a% enpty reference pan.

20 At least 2 ng of sanple powder was placed into the

good ot Aaambty 6P (e "B Seiony gl BRRRS 1 PRaing e aline

wasommhsdraredornaizehowdh Bdry: and recorded to a hundredth of

amlligram The -57 ipstrunent was programed to

he‘gaargfté%i%@tb%?m?ﬁ%ﬂgg% E)Hﬂ'elﬁ g‘&)enper ature range

bethagge ipgioxaiidleld 2055 mi. (22 ml/g) of ethy! alcohol, or other suitable alcohol.
25  Charge approximately 144 mL of water.

Dissoclve the suspensidn by heating to approximately 75 °C.
Optional: Polish filter by transfer the compound of formula (IV) soluticn at 75 °C
through the preheated filter and into the receiver.
Rinse the dissolution reactor and transfer lines with a mixture of 43 mL of ethanol and
30 5mL of water.
Heat the contents in the receiver to 75 — 80 °C and maintain 75 — 80 °C to

achieve complete dissolution.
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The heat flow, which was normalized by a sanple

wei ght, was plotted versus the neasured sanple
tenperature. The data were reported in units of
watts/grani 5 ("WQg"). The plot was nade with the
endot herm ¢ peaks pointing down. The endotherm c nelt
peak was_eval uated for extrapol ated onset tenperature,

peak t rhpERaOPOXImBRLY r?e%&t mbf of UEdiesnal § tag such that the batch

anaj ysis (TGA) 10 The TGA

[ nst%@lﬂs}it use@ﬁg{taﬁs “Crystalline fornms was a

TAI nst r up@Nte(Ty °Cresel o Jﬁﬁﬁﬂly, 2A4B¢ @Sondhydte | 85 trydial g Seed
a

mII rarrs were analy t a heating rate of

alp grey 1ns epepkial ﬁ%@bﬁa@mﬁ’awg@amé@m by m@@d@hﬁtea s@rumi of the
5’350 staiRzdRSAMPLE 8 Preparation of: crystalline
nonohydrate of N-(2-cl zl oro- 6- et hyl phenyl ) - 2- (6- (4- (3-
hy deenlye 70 Ay hydinpistaar 7hd foyky.1 2 nzet hyl pyrint.idirz.

o TR 19 5 Er 8t 2 RR G CBMEE U popteait e 617G for

cry]sﬁsalzlhl ne nonohydrate formis shown here: Charge
Ig of the corrpound of forrmula (IV). Charge
app‘? i thaestgl sShsss ni (22 m1g) of ethyl alcohol, or

10t heasiSik Hab! Gral&R Q‘ﬁlxmwwzc'}_? oA, Qfaet}%’xg é}ﬁl ggabely. wét

mL of water. Dissolve the suspension eating to
appPoxthertagdrial #5< G0 °CptridemzbiucePerdssite imtlllttﬁds wager content is 3.4 to

e un f formula (IV) solution at 75 C
thr%ﬁ%% etoﬁﬂégdrg %ésﬁ‘f[?z’s‘er and into the receiver.

Ri nse the dissolution reactor and transfer lines wth
a jxture of 43 nL of ethanol and 30 5 nL of water.
tarpatel b mARQhyflFite 938 be eblaingéby:it 0 75 - 80 C and

15m5“ nt aiy Alﬁa uedif s6iuliGn 019159 kc%Ya%e &aﬁryf k&hﬁoﬂhﬁ%ﬁ%&eﬁ@d with

-58 Charge apprOX| mat el y of water at a
such t hatnaigbydsaie efd hqatﬂdpéS@f@Jm@lv%buﬂemnmmydmtt bet ween
75-80 C.

2) An aqueous solution of the acetate salt of compound IV was seeded with
monohydrate. On standing several days at room temperature, bulk
20 monolydrate had formed.

3) An aqueous suspension of compound IV was seeded with monohydrate
and heated at 70 °C for 4 hours to give bulk monohydrate. In the absence of
seeding, an aqueous slurry of compound IV was unchanged after 82 days at

25 room temperature.

4) A solution of compound IV in a solvent such as NMP or DMA was
treated with water until the solution became cloudy and was held at 75-85 °C

for several hours. Monohydrate was isolated after cooling and filtering.
30
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Cool to 75 C, and, optionally, charge nonohydrate seed
crystals. Seed crystals are not essential to

obt ai ni ng nonohydrate, but provide better control of
the 5 crystallization. Cool to 70 C and maintain 70 C
for ca. 11t Cool from70 to 5 C over 2 h, and

mai ntain the tenperature be en,0 gt f

least 2 h. SHASPRROR "B}P?'é‘ld;ﬁee B R g B, il was heated.
filter cake W tshed ofinchityRrdds wée addedad tethopsditioandd Gn

m. of water. Dry the material at < 50 C under reduced
pressure until cpoled-woeehydemin wasisaldeduppncgoling ap ?W“RF’*

to afford 41 g (85 MAH. Alternately, the nonohydrate

can be obtained by: 15 1) An aqueous sol ution of the
5acet at ecaalof oedinapskitiincdhé Yiwas appredett thit the monohydrate of the

nmonohydr at e .and_h ed at 80 C.t Y N .
rmﬁ%‘ﬂg % Orﬁul%&eg%%gﬁgepg%?ﬁ% t@nthgﬁ < @h elésa%:hé’fw 4% Figure 1 or
saky a ¥pr&e AR AmbNn¥eipeaitad 8Eowd iTableanohydrate. On -
standi ng several days at roomtenperature, bulk 2

monohy dRepreseniéive gepksdtaken from Abr SRED 3 shengpptivimte of the
conpal I W Fakehydrate and heated at
70 Pj%{?ldfyﬁagﬁl?{qa 0 gigfle bB’Fk nonohydrate. In the
10absence of seeding, an aqueous slurry of conpound IV

was unchanged after 82 days\.;%‘tﬂeIZS roomtenperature.

4) A solution of conpound I n e

a solvent such as NWP
or DVA was treat®thatht h wat ed(dinti| the Haghiti on
becanme cl oudy and was hel d at 73-?5 C fgﬂr sever al
hour s. anohydrat'g-?ﬁés i sol at 8d=after co 1isng and

filtering. 30 -59%¢48 sol utiongefs conpourdgl V in
et hanol , butanol, and water was heated. Seeds of

15nmonohydrate were BE8d to t he41$391 sol uti d#4and t hen

cool ed. Mnohydra s isola pon cogjgyng and
filtration. 5 Onefgg dégrdi naryt4§glszrl inthe art wll

appreci ate that ttie2sfonohydra#d7®4 the ddfipound of
formula (1V) rrayb%:jf Hepr esent ?%P%et he XI?% as shown

in Figure | or r epr esen sanplTng of peaks
as shown in Tabl exslog] 3.4371 133

20 28.052 3.1782 153

The XRPD is also characterized by the following list comprising 26 values
selected from the group consisting of: 4.6+0.2, 11.2+0.2, 13.8+0.2, 15.2£ 0.2, 17.9+
0.2,19.1+: 0.2, 19.6+ 0.2, 23.2+£ 0.2, 23.62 0.2, The XRPD is also characterized by
25 the list of 20 values selected from the group consisting of: 18.0+0.2, 18.4+ 0.2, 19.2x
0.2,19.6x0.2,21.2+ 0.2, 24.5+ 0.2, 25.9+ 0.2, and 28.0£ 0.2.

Single crystal x-ray data was obtained at room temperature (+25°C). The
molecular structure was confirmed as a monohydrate form of the compound of
Formula (TV),

30 The folowing unit cell parameters were obtained for the monohydrate of the
compound of formula (IV) from the x-ray analysis at 25°C:

a(A) = 13.8632(7); b(A)= 9.3307(3); c(A) = 38.390(2);
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Representati ve peaks taken fromthe XRPD of the
nmonohydrate of the conpound of fornmula (1V) are shown
in Table 1. 10 Table 1. 2-Theta d(A) Height 17.994
4.9257 915 18.440 4.8075 338 15 19. 153 4.6301 644
19.599 4.5258 361 21.252 4.1774 148 24.462 3.6359
250 25.901 3.4371 133 20 28.052 3.1782 153 The XRPD

i s al so VEAIMR65.8¢4): & e hyn 62t ol | owi ng | i st conpri sing
20 val ues. sel ectgd fromthe group consisting of: 4.6
0.2, 11°8*§5°"137%%.2, 15.2°0.2, 17.9 0.2, 19.1
0.2, 19m1&u2-,sfuiiﬁca10Q 23.6 0.2. The XRPD is al so
characteri zed hy 25 List of 20 val ues sel ected

fromth@eaﬁlwﬁal%ﬁ%fl)ég/mg) d#35418.0 0.2, 18.4 0.2, 19.2
50. &Vhér&n@ O—n’umb%ilof?drﬁ %oia%ﬂta?a agyml%érn% uQrtZVn@ﬂGl/(aﬁt &/ (z

0.2. Single crystal x-ray was obt ai ned at room
terﬂp@lat)hmées(wzw) The nol ecul ar structure was

confirnmgd noh rate .for th und

For nul g% g??) f"f’%%ﬁ%%b@b‘ﬂ?qat g?é‘copar Anep §¥(¥at° form
we log tielomip o Cff%l‘[ﬁlh@ (VD) Ry EREifed My unhieell pasmeRd of
formula (I1V) fromthe x ray anaIyS|s at 25C. a(A =

13 .2ppreBimaely equa) to tee fellowing) . c(A) = 38.390(2); -60
10V( A3) 4%@§dgﬁéh)mn; o &)y@%ﬁﬁl Space group Pbca

Mol ecul es/unit cell nsity (cal cul ated) (g/cm
1.354 5 Werein Z' = dhie?28i1l)dr ug nol ecul es per

cSYTIELT C Nl = QAN Bb}) (2 druo
Volume =4910(1) A
Space group Pbca
15 Molecules/unit cell 8

Density (calculated) (g/em® 1.300

wherein the compound is at a temperature of about -50°C, |
The simulated XRPD was calculated from the refined atomic parameters at

room temperature.

20 The monohydrate of the compound of formula (IV) is represeated by the DSC
as shown in Figure 2. The DSC is characterized by a broad peak between
approximately 95°C and 130°C. This peak is broad and variable and corresponds to
the loss of one water of hydration as seen in the TGA graph. The DSC also bas a
characteristic peak at approximately 287°C which corresponds to the melt of the

25  dehydrated form of the compound of formula (IV).

The TGA for the monohydrate of the compound of Formula (IV) is shown in
Figure 2 along with the DSC. The TGA shows a 3.48% weight loss from 50°C to
175°C. The weight loss corresponds to a loss of one water of hydration from the
compound of Formula (IV).

30 The monohydrate may also be prepared by crystallizing from alcoholic
solvents, such as methanol, ethanol, propanol, i-propanol, butanol, pentanol, and

walter.
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10

15

Single crystal x-ray data was al so obtained at -50C.

The nonohydrate form of the conpound of Fornula (1V)

is characterized by unit cell paraneters

approximately equal to the follow ng: 10 Cell

di mensions: a(A) = 13.862(1); b(A)= 9.286(1); c(A =
38.143(2); Volune = 4910(1) A3 Space group Pbca 15

Mol ecul es/unit cell 8 DenE]iM@e‘fcul ated) (g/cm

13;.00 vtvher%:i n the conmpound is at a tenperature of
abotH*™*SBE" The sinul ated XRPD was cal cul ated fromthe

r ef i nedrafallife G-t IReESfN-(2-cHdornd-aepelpbdyh)€-(646-(Ihe
nonohydrate of the_ c ound of for a.(l i.S .

r efpaREIRBlPIRFr e -m@gaﬂ%{éﬂ@ﬁ%bﬁmr%y}ﬁ?w.’fg)aé?@rfg"%é@m
I's characterized by a broad geﬁk bet ween

approxi mately 95C and 130C. This peak is broad and

vari abl e and corresponds to the |oss of one water of
hydr at i-Qn a .0t r :

char ac tigjf‘ icgyg ‘F@ﬁlg g 3%311%8'313%%%%% r‘r:gﬁlg P‘_\}“szg ‘5‘%&\%11?@??'5 %ﬁi’a&d by
C afigsepenaangoand () i 1tbuakol fterefl@b (Id6HYE"E) eda Lonoamtodiion of

t he coppoun fornul a . The TGA for .the .
OB L8 FHo GO BU PR PR R g grygfizes ou
| ot sbubsd. eFieradivadOy it Bilfardo@nd@s.  The TGA shows a 3. 48%
wei ght loss from50C to 175C. The m'e%?ﬁ%: | oss

cor r espdrdsawng upisell paragpiers fagre pbigmn g the Frray apglysis for
thge cr%%ﬁ'ﬁﬁé’&ﬂmﬁ% $ %tg[lblbféjr(e,dl\ﬁ IODEIOIC%P&EIW ohydrate may

al so repare y crystallizing om al coholic
sol ventagA) s 0z R1G2¢6)netAhaRdb?1(8); hdAbE 15430l |

i -prop h tanol,_penta , and water. -61
EXAMPL %Hﬁgéwt#ﬁnﬁﬁﬁ':ﬁ&st al | i ne n-but anol
sol vat epaéd\rbidr ChE@ 0- 6- nt et hyl phenyl ) - 2- (6- (4-( 3-

. hydr OXﬁYeIt hyl.) pi perazin-1-yl)-2-rnethyl pyri mdin-4-yl an

20

25

30

dselesiasiteal hokani de
Density (calculated) (g/cmS) 1.283

Wherein Z’ = number of drug molecules per asymmetric unit. Vm = V{unit cell) / (Z

zino)t

drug molecules per ceil).

One of ordinary skill in the art will appreciate that the butanol solvate of the
compound of formula (IV) may be represented by the XRPD as shown in Figure 3 or
by a representative sampling of peaks. Representative peaks for the crystalline
butanol solvate are 28 values of : 5.9 +0.2,12.0+0.2,13.0+£0.2,17.7+0.2,24.1 =
0.2, and 24.6 £0.2.

Example 10
Preparation of:
crystalline ethanol solvate of N-(2-chloro-6-methylphenyl)-2-(6-(4-(3-
hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-ylamino thiazole-5-carboxamide
{1v)
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5 (1V) The crystalline butanol solvate of the conpound
of formula (1V) is prepared by dissolving conpound
(I'V) in 1-butanol at reflux (116-118 C) at a
concentration of approximtely 1g/25 nL of sol vent.
Upon cooling, the butanol solvate crystallizes out 10
of solution. Filter, wash with butangl, and dry. The
following unit cell paraneters re Ob% ai ned €romthe
| PeCoulanal.

x-ray anal ysios far he crystal ;
obt ai ned at M%m ratur _{ﬁ:&& :922. 102
8.4691(3); c(A) = MA36Y 517N VPA3) 2919 5¢

1; Vm= 728 ég) Space group P21"a\ Mol ecul es/unit cel |
4 Density (caltcul at ed) (itcn) 1.283 Werein Z' =

nunber of drug nol ecul es per asynf®@¥ric unit. Vm=
V(unit cell) / (Z drug | ecul es per cell). 20 One of

ordinary skill in the art wll preci al,p that the

but anol solvate of the co &t{ﬁdlof Eor la (1V) may
be represented by ¥ XRPB{as $ho I gure 3 or by
a representativ @N‘ 9 peaksg Rent ative
peaks for the—<rys I i néi—put anol sodl v

te are 20
values of : 5.9 0.2, 12.0 *0.2, 13.0 0.2, 17.7 0.2,
24.1t 0.2, and 24.6 t 0.2. 25 Exanple 10
Preparation of: crystalline ethanol solvate

N ( 2- c Hicor W0pmbrseung botiemflayk wasqharged ¢80 g (10.1 g;mol) of 5D
RGP ESERS i s AN s
5 g (N02Iowhbl} of IDIFBA. Nfhe resulting sturry was heated to 120 °C and maintained at
120 °C for 4.5 h whereby HPLC analysis showed 0.19 relative Area% of residual SD
to compound IV. The homogeneous mixture was cooled to 20 °C and left stirring
overnight. The resulting crystals were filtered. The wet cake was washed twice with
10-mL portions of n-butanol to afford a white crystalline product. HPLC analysis
10  showed this material to contain 99.7 Area% compound IV and 0.3 Area% 5C.
The resulting wet cake was returned to the 100-mL reactor, and charged with
56 mL (12 mL/g) of 200 proof ethanol. At 80 °C an additional 25 mL of ethanol was
added. To this mixture was added 10 mL of water resulting in rapid dissolution. Heat
was removed and crystallization was observed at 75 — 77 °C. The crystal slurry was |
15  further cooled to 20 °C and filtered. The wet cake was washed once with 10 mL of
1:1 ethanol : water and once with 10 mL of n-heptane. The wet cake contained 1.0%
water by KF and 8.10% volatiles by LOD. The material was dried at 60 °C/30 in Hg
for 17 h to afford 3.55 g (70 M%) of material containing only 0.19% water by KF,
99.87 Area% by HPLC. The 'H NMR spectrum, however revealed that the ethanol
20  solvate had been formed.
The following unit cell parameters were obtained from the x-ray analysis for
the crystalline ethanol solvate (di-ethanolate), obtained at -40°C:
a(A) = 22.076(1); bA)=8.9612(2); c(A) = 16.8764(3);
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(7B) (5D) N HNV H ~1 NNHO- CNNOTo a 100-nL
round bottom flask was charged 4.00 g (10.1 mmol) of
5D (contained 2.3 Area% 5C) 6.60 g (50.7 mmol ) of 7B,
80 nL of n-butanol and 2.61 g 5 (20.2 nmol) of DI PEA.
The resulting slurry was heated to 120 C and

mai ntai ned at 120 C for_4.5_h whereby HPLC anal ysis
showed (49303l Hi); ¥e= A ¥au5 %8 resi dual 5D to conpound
V. Theg 1?35’%% Bequs, m xture was cooled to 20 C and
left stiyri ovér i ght. The resulting crystals were
filter eMoleEtnlesfumtce(ﬂaké was washed twice with 10-nL

portion toga d a white crystalline

pr oduct Ecai’mﬁ%i (&ci g ihz d this material to

5 CORf1Ridin 39 = huAbeeSHERAMoAEed Pér asiehrbktSe Aiiie aVmbLV (Witiecell) / (Z
resultl ng wet cake was returned to the 100-nL reactor,

drugneglepates et 61).56 nl (12 nml/g) of 200 proof
et hanol n@Bf]&ngr)ﬁHﬂl@ﬂg bl aﬂ%e%ﬁmﬁiate%aﬁhg' @ﬁ‘i@hol%ﬁ/ate of the

added. I's mxture was add wat er
r esempdlmg off formatfei BV ingy bé repiesented-hyathe XBEYD 2sevhowadn Kigyre 4 or

stallization was,.observed at, 75 - 7. CLVS .
S U7 e R, A pLRE S e Rebgpscneity ooy TorChré hfiatine
10WettheRH Golv@s ai«@emeﬂu@rtﬁe 3¢ k.21 01.50 ®F, 158 408t apalo.2, 19.5 +
wat er and once w nL of n-heptane. The wet cake

coRtZathéd 02. 850 #/Qi% é‘ﬂd%zl’aﬂ%nd 8.10% vol atiles by
LOD. The material was dried at 60 C/30 in H for 17 h
to afford 3.55 g (70 M9 of material containing only
0.19% wat er by KF, 99.87 Bxample by HPLC. The 'H NMR
spectru wever reveal ed that the ethanol 20

o) {Fgf‘%% “been formed. The following unit cell

15par anBluEhs NVEI-Ehiont GinaSslipheryn 2 (564X 3 hadroayeely))pipsrdzine 1-yi)-2-

t he crystal i ne ethanol soalv i -etha e

obt ai n&IRPYIHEER é)? ing) ”2?1"3?7%(:‘1’%”‘%( &%3(.%%84@('?%’6)
c(A) = 16. 8764(3) -63 V(A3) 3031.1(1); Z=1;, Vm=

758 Space group P21/a Mblecules/unit cell 4 Density
(cal cul &g aaixtpgy/od e8ppaund AP (175.45 g, 0.445 mol) and

hydroxyethylpiperazine (289.67 g, 2.225 mol) in NMP (1168 mL) was added DIPEA

20 (155 mL, 0.89 mol). The suspension was heated at 110°C (solution obtained) for 25
min., then cooled to about 90°C. The resulting hot solution was added dropwise into
hot (80°C) water (8010) mL, keeping the temperature at about 80°C. The resulting
suspension was stirred 15 min at 80°C then cooled slowly to room temperature. The
solid was collected by vacuum filtration, washed with water (2x 1600 ml.) and dried | ,

25  in vacuo at 55-60°C affording 192.45 g (88.7 % yield) of N-(2-chloro-6-
methylphenyl)-2-(6-(4-(3-hydroxyethyl)piperazin-1-yl}-2-methylpyrimidin-4-
ylamino)thiazole-5-carboxamide. "H NMR (400 MHz, DMSO-dg): 8 2.24 (s, 3H),
2.41 (s, 3H), 243 (t, 2H, J=6), 2.49 (t, 4H, J=6.3), 3.51 (m, 4H), 3.54 (q, 2H, J=6),
4.46 (i, 1H, J=5.3), 6.05 (s, 1H), 7.26 (t, 1H, J=7.6), 7.28 (dd, 1H, J;7.6, 1.7), 7.41

30 (dd, 1H, J=7.6, 1.7), 8.23 (s, 1H), 9.89 (s, 1H), 11.48, KF0.84; DSC: 285.25°C
{onset), 286.28°C (max).
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5 Wherein Z° = nunber of drug nol ecul es per asymetric
unit. Vm= V(unit cell) / (Z drug nol ecul es per

cell). One of ordinary skill in the art wl]l

appreci ate that the ethanol solvate of the conpound

of formula (I1V) may be represented by the XRPD as

shown in Figure 4 or by a representative sanpling of
peaks. TFepfoiswingamitwell parkesidrowerchubtanadsfrem thegrappanalysis for

et hanol, so| vate are val.ues, Qf,,:~.5.8 0.2, 11.3

0. E{e“ﬁF@’Sl . ,°°‘1‘9‘.’“£‘%q83§t,’tm5§54%23 G 2 24.1 0.2 253
0.2, aPiftAXQ.QZ.Qs@(.lg.b(E)eaSm&%(ﬁbiC(Ehelﬁi%(liﬁ(’j)on of . 15
crysta | ne

N ( 2- chV(a‘f"é?@ﬁ%b?ﬁWbﬁéhym =83Q 6- (4- (3- hydr oxyet hyl ) pi

sper azi nSé/aI:é’E?ioﬁ?' P2/a _ .
nt et hyl pyrim df n-4-yl am no)t hi azol e- 5- car boxam de (1V)
(Neat fMblolechle@nifeslla di xt ure of conpound SD (175.45 g,
0. 445 [)...and h } perazi ne (289.67 g,
2. 225 @F%S“?E“Nfr‘)éy"gi%zﬁ¥5§%3 added DI PEA 20 (155
L WHred® Zh @upnber df dngrapleasdesoper wsuhest edlt. aVmld ¥Qnit cell) / (Z

(saolutign obtained) for 25 mn., then cooled to about
godrugFpRlequiss BFRGeHY hot sol uti on was added dropwi se

10i Nto  hohe 6B HnaWAkAT in(180 4R)willlapprikEigRithd the@ystalline form of the

tenperature at about 80C. The resultin suspensi on.
wasompiund of formuls (Y )amagbraepressptedoy| g XRPRW s, shoyn i Sigure 5 or

]tc IGP? &'k fgsreﬁta\tligég ﬁzéndaﬁ\%\l# itoﬁ pg\ﬁé. %%%)@(&%%%8 q)\éaléé%yﬂﬁ] crystalline neat

ration, wat er m.) and dried
25 firm QBE)une 20 valeHEIC ABRALZI NG 402, U53 g 0(2B883.2490.2, 13.7£ 0.2,
yield) of N (2-chlqro-

e SR R0y E A 2088592t hy 1 ) pi per dzi n- 1-y1 ) -
152- met hyl pyrim di n-4- ylam no)thi azol e- 5- car boxam de.

1H NVR (400 MHz, DMBO-d6): 8 2.24 (s, 3H), 2.41 (s,

3H), 2.43 (t, 2H, J=6), 2. BramplelZp j=6.3) 3.51 (m

4 T

| H),

eP%’agéﬂ @, 2H J=6), 4.46 (t, 1H J=5.3), 6.05 (s,
) t, 1H, J=7.6),7.28 (dd, 1H, J=7.6,1.7),7.41
30 Exgskallibll N-02=Fhi@ro-CtmdthylpBerB-2--(44 Biyrydrox®Giy|)giperazin-1-yl)-2-

1H), 11. 48. KFO0,.84; DSC. ,285,25C .(0on : )
(o) Pl P Rl s R B R -
200bt ai ned fromthe x-rav analysis for the neat.

O XYoL TS oPEU Y, 002 A B B ot
252dmPbunl of formiativ) ¥Bbve B38eiydabas RnfeitiRe. P21 / a
The following unit cell parameters were obtained fromn the x-ray analysis for
the neat crystalline (T1H1-7) compound IV, obtained at 25°C:
25 a(A) = 13.4916; b(A)= 9.3992(2); ¢(A) = 38.817(1);
V(A% =4922.4(3); Z' = 1; Vm = 615
Space group Pbca
Density (calculated) (g/em®) 1.317
Wherein Z’ = number of drug molecules per asymmetric unit. Vm = V(unit cell) / (Z

30  drug molecules per cell).
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Mol ecul es/unit cell 4 Density (cal culated) (g/cnB)

1.286 Wherein Z' = nunber of drug nol ecul es per
asynmetric unit. Vm= V(unit cell) / (Z drug
nol ecul es per cell). 10 One of ordinary skill in the

art will appreciate that the crystalline formof the

conmpound of forrmula (1V) may be represented by the

XRPD asoseh ofvordimaryrsigl i e ast wﬂbypmemﬁp itheed et gt Giystalline form

sa sent a

cr oo, o R BboulE B FREMIHYY S B Fepklncd By tho XRPD as

6. &Q}M&L it Figife 8 ol By 3 EepibsdidatB@.s2mpBog/6F. Iﬁaks Representative peaks for

16.70.2,21.00.2,24.3 t 0.2, d 24.

Ex ifstaline neatdpum GF4HIn ) fe %‘Bﬂ&f’? G = 203,97%02,11202
s 25003 Q78-S0 AW bRNEY LbR24 Bulcz (3- hydr oxyet hyl)

pi perazi n-1 -2-

nnethylpyrlnudin 4- ylantino)thiazole 5- car boxanti de

! f. TIH -7 Th i
br epar caPBg he abiEgt tedgnny ardt BoRER ot PR inncon are
N Oﬁmi“’mﬂ “’fghfdfftliﬂﬂbw( iehehm@sones thaefate hylsbraiderstood that within the

erature. The fo g.unit cell paraneters, wer

obt PR tlﬂ? arened fla% y tnipatien pgy Pac e otherwiss than s

ocry E séribkilharé)n. compound |V, obtained at 25C. 25

4916; b(A)= 9.3992(2); c(A) = 38.817(1);

V(A3) 4922 4(3); Z° =1; Vm= 615 Space group Pbca
Density (calculated) (g/cnB) 1.317 Wherein Z' = nunber
of drug nol ecul es per asymmetric unit. Vm= V(unit
cell) 7 (Z 30 drug nol ecul es per cell). -65 One of
ordinary skill in the art will appreciate that the
neat crystalline form (T1H1-7) of the conpound of
formula (1V) may be represented by the XRPD as shown
in Figure 6 or by a representative sanpling of peaks.
Representati ve peaks for the crystalline neat form
(T1H1-7)) are 20 values of : 8.0 0.2, 9.7 0.2, 11.2
0.2, 513.30.2, 17.5 :1- 0.2, 18.910.2, 0.2,21.0
22.00. 2.
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Qovi ously, numerous nodifications and vari ations of
the present invention are possible in light of the
above teachings. It is therefore to be understood that
within the scope of the appended cl ains, the
I nvention may be practiced otherwi se than as 10
specifically described herein. -66 CLAIMS Wat we
claimis: 1. Crystalline nonohydrate of the conpound
CIOAINISr nul a (I\/) N HN{~ ~HC /-\ 3 N HO-NNN O I i
which is characterized by an x-ray powder
dlfﬂWh@ﬂMbﬂmﬁaﬁtern substantially in accordance wth
that shown in Figure 1. 2. The conpound of Claim1,
which is characterized by differential scanning
1. Caystallinembyoltieaterofj thercompduad of@molgr(é\&) metric
anayl sis substantially in accordgn Wi th that shown
in Figure 2. 3. CTystaII|ne nan@ ra g ofeithe

conpound of formul a HN~-g=HhCLN-1 ~~N - OX//,
N HO/ NNOI i fi V)‘ﬂngﬁle chaflacter Reed by an
X-ray powder ﬁl_,fr—ae\t_lpn gtyern (Cuka X 5418A at a
tenperature 8P about 230) c.%pri sing four“or nore 20

val ues sel ected fromthe grou consisting of: 18.0
0.2, 18.4 0.2, 19.2 0.2, 1419)0.2, 21.2 0.2, 24.5 0.2,
25.9 0.2, and 28.0 0.2. 4. A solid pharnaceuti cal
conmposition conprising a therapeutically effective

widtP i dhara@feriz6® b AiRQE fowlerdiffiantion pattkrasubstantially in

pharmaceutically acceptable carrier. -67
accordance with that shown in Figure 1.

2. The compound of Claim 1, which is characterized by differential scanning
calorimetry thermogram and a thermogravimetric anaylsis substantially in accordance

with that shown in Figure 2.

3. Crystalline monohydrate of the compound of formula (IV)

HN~</
e ]\U@

(V)
which is characterized by an x-ray powder diffraction pattern (CuKo. A=1.5418A at a

temperature of about 23°C) comprising four or more 26 values selected from the group
consisting of: 18.0+ 0.2, 18.4+ 0.2, 19.2+ 0.2, 19.6+ 0.2, 21.2+ 0.2, 24.5+ 0.2, 25.9+
0.2, and 28.0+ 0.2

4, A solid pharmaceutical composition comprising a therapeutically effective amount

of the compound of Claim 3 and a pharmaceutically acceptable carrier.
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5. The conpound of claim 3, characterized by unit cel
paraneters approximately equal to the foll ow ng: Cel
di mensions: a(A) = 13.8632(7); b(A= 9.3307(3); c(A
= 38.390(2); Volunme = 4965.9(4) A3 Space group Pbca
Mol ecul es/unit cell 8 Density (calculated) (g/cnB)
1.354. 6. A process for preparing the conpound of
claim3 conprising heating and di ssolving the
conmpound of forrmula (IV) in an ethanol/water m xture

and crystallizing the nonohydrate fromthe .
5. cklie9mInowed ef clai 8 fheragirized by Hns .Celgpaf%ﬁ'@te& Ypaedmgtely

j in a butanol solvate of the conmpound of
ot By

is dissolved in the ethanol/water
m xtGelkdim@nsidie conpound(A) =dB&6AR2I); wherein the

conpound is substantiall ur.e. The conpound of
claim 3, the conmpound beq(AS"igﬁ’l?’pﬁ@P characterized by a

differential scanning cadémgr@t_jg% aving a broad peak
bet ween appr oxi mat egy 95C and 13 whi ch corresponds
to tVWaumessdass. dmeAat er of hydration on

t her, ravit ric analysis. 10. The conpound of
cl ai%%g? gwpgﬁich further characterized by a wei ght

| ossviefeced8itf cdly tdhernogravi nmetric anal ysis between
50C and 175C. 11. The .,conmpound of claim9, wherein the

di  flaensiy (calculasedr(efsgn’tal.8%4 - metry further has a peak

at approxi mately 287C. -68 12. Crystalline nonohydrate
of the compound of formula (IV) NHN-~HC SN O
6. HOphbceds for Preparing the compound of claim 3 comprising heating and dissolving

the compound of formula (IV) in an ethanol/water mixture and crystallizing the

monohydrate from the ethanol/water mixture as it cools.

7. The process of claim 6, wherein a butanol solvate of the compound of formula (I1V)

is dissolved in the ethanol/water mixture.
8. The compound of claim 3, wherein the compound is substantially pure.

9. The compound of claim 3, the compound being further characterized by a
differential scanning calorimetry having a broad peak between approximately 95°C and
130°C which corresponds to the loss of one water of hydration on thermogravitmetric

analysis.

10. The compound of claim 9, which is further characterized by a weight loss of 3.48%
by thermogravimetric analysis between 50°C and 175°C.

11. The compound of claim 9, wherein the differential scanning calorimetry further has

a peak at approximately 287°C.
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(I'V) which is characterized by a differentia

scanni ng calorinetry having a broad peak between
approxi mately 95C and 130C whi ch corresponds to the

| oss of one water of hydration on thernogravitnetric
anal ysis. 13. A solid pharmaceutical conposition
conprising a therapeutically effective anount of the
conmpound of Claim 12 and a pharnmaceutically acceptable
carrier. 14. A solid pharmaceutical conposition
conprising a therapeutically effective _anount of the

12¢ Gipwseitine gronehydrate of thecompomad ehfammiac@V)y accept abl e

carrier. 15. The conpound of claim 12, wherein the
conmpound i s substantially pume.—</1 . The coimpound of
claim9, vvhereinth%c{)n'po_ I Ss Botially pure.

- 69 N N N N
HOI \_/ N‘< o

v)
which is characterized by a differential scanning calorimetry having a broad peak
between approximately 95°C and 130°C which corresponds to the loss of one water of

hydration on thermogravitmetric analysis.

13. A solid pharmaceutical composition comprising a therapeutically effective amount

of the compound of Claim 12 and a pharmaceutically acceptable carrier.

14. A solid pharmaceutical composition comprising a therapeutically effective amount

of the compound of Claim 9 and a pharmaceutically acceptable carrier.
15. The compound of claim 12, wherein the compound is substantially pure.

16. The compound of claim 9, wherein the compound is substantially pure.
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