PROCESS FOR PREPARI N&- AM NOTHI AZOLE- S- AROVATI C
CARBOXAM DESAS KI NASE | NHI BI TORS FI ELD OF THE

WO DMENTIO@N The present invention relates to prBCEESES5/003728
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for preparing 2-arninothiazole-5- aromatic

car boxam des which are useful as kinase inhibitors,

such as inhibitors of protein tyrosine kinase and p38

Ki nasprO(¥$S Kt pPREP AUNGV/AVANOTHIA ZOTE SLEROMA TIC
BACKGROUNDOF THE | NVENTI ON Anmi not hi azol e-aromati c

am des of for CARBOXAMIBER A% KINASE/INHIBRE®BSoar vyl ,

L is an optional al kylene Iinker, and R2, R3, R4, and

R5, are as defined in the specification herein, are
useful as kinase i ngiRi hOF THR IRVENPHHR! . | nhibitors

of protein tyrosine Rrnase and p3d Kinase. They are
expect Tte presdie inveafioh rdlates toeprocesss fenprepdringr baminothiazole-5-
tyrosi ne ki nase-associ ated_di sorders_such as o

| FOTNREE 6Ebexamdey WRIhawt essﬁﬂ@ﬁ pdibitoss, sughpspghibitors of
l\?roteqn ?ﬁgsiged' }Qingge%d &%ﬁ %ﬁ@é,q%}mgﬁﬁéé W&g&%hﬁ@ forms thereof.
present’ assignee and I ncorporate erein by

reference], and p38 ki nase-associ ated conditions such

as inflammatory and i mmune_conditions, as described in

US patent appli GACKGROUND OR THEINVENTION ¢ | ed
Februany . , LM F A to US Provi sional
appl i cé#g%thég%éﬁr&@wggé{f @&%ﬁﬁfﬁ | ed February 6,

2003 (hereinafter the '410 pligatior bot h of which
are al so assigned tq the ' @ and

i ncor por at ed her ei n]byNL{fe
formula (1V), i S m
' N- (2- Chl or 0- 6- net hyl Bhenyl ) - 29 [ 6-[ 4- ( 2-

hydr ox -] - Ll 2 ; LW diany,
o] CENERRHL AT s BRE TSR L& SOl RYEA TR AR UAR o
aR4 aind Ris@t ub définddhie the gatifieadordiereincat agifakds kinase inhibitors, in

di seases. (V). O her approaches to preparingT
opasticHak FbiEre obpretein breswcikaassrand pa8 kinage qThey are expected to

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

immunologic 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 inﬂamma{ory 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-piperazinyl]-2-methyl-4-pyrimidinylJamino]-5-thiazolecarboxamide,

is an inhibitor of SRC/ABL and is useful in the treatment of oncological diseases.



in the '746 patent and in the '410 application. The
'746 patent describes a process involving treatnent of

w@ bdosooks azol e with n-BuLi foll owed by react iPCT/vwb1005/003728
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phenyl isocyanates to give chlorothiazol e-benzam des,
which are further el aborated to

am not hi azol e- benzam de fi nal quac s ajjterg
protection, chloro-to-amno su st onn ang
deprotection, e.g., Déprog. y 410 afipl Npathon

describes a mul _défép_gyoc nvoIV|ﬂg
converting N-unsubstituted am t hi azol e ca oxyI iC
acid nethyl or ethyl esters to bronothiazole
carboxylic acid esters via di&bptization with

tert-butyl nitrite and subsequent. .Cu treat ne
e o . DX SPRRAYTSS 43 Pieg o LG A Do ATARSisee deseribed
e BE S74pdidlf 468 G2 POIFARG AR Whe 786 ﬁgtb&saemes a process

(ﬂpa& %%I@
converti the acids to the correspondi hg acyl
Chivohziil@ﬁeatmsgt of dhhweothiazokelwigh n-(BllllIL[D f¢lhgverdtey raayion with phenyl

chlorides with niI',ne o aff,

b}se%pﬁﬁemg@%ﬁ@mﬁl geolpherrami ?Sawéléd\m? Bthgg plgborated to
%aﬁll@g%ﬁ%ﬁﬁe ﬁﬁalg;%dﬁ%%é??}o%ec*ﬁ% Z&%rg—efo—fahﬁl%

pro cts, e.g er approaches ing

2substitutioh] adaleprdiectimnbeyam des include coupling of

2- am ot hi azol e- 5- car boxylic acids w th am nes using

vari gus\ coupPrHy condi Niqns asp [ Roberts
akl N ) d. n1 ( 91&% iMEF p. 1310] ?gfb aRGn Z)KWKNHPh
[Nhrshan1 =NgC- Cheln (1991), 34, at p.

1594)]. The above nethods present d cks with

respect to the production of side pPSBiRt s, the use of
expensi ve coupling reagents, |ess than desirable

yields, and the need for multiple reaction steps to

achi evené h?%p@ﬁbzﬂﬁhMe@c&tﬂe@a&mﬁlstl@tﬁmdéﬁnﬁ'@miglﬁﬁﬁ converting
Reaction o

NNNege bt anrinqthigzole ctpodictsilmpthyberaihv] gsteesstojremothiazole

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

N ‘ N
7\ OR 7 \ orm
P e
0 o

then, hydrolyzing the resulting bromothiazole esters to the corresponding

treatment, e.g.,

carboxylic acids and converting the acids to the corresponding acyl chlorides, e.g.,
N \ w \ cl
OR
g N
o) 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.,



hal oket ones and esters to give
5- car bonyl - 2- am not hi azol es has been reported. See

waRows/0Y94et al, J. Heterocycl. Chem (1979), 1BCT/EE2005/003728
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1377; Hartmann, H et al, J. Chem Soc. Perkin Trans.

(2000), i , at 4316; Noack, A et al; Tetrahedron

(2002), 58, at 2137; Noack, A ; et al.. Angew. Chem

(200 113 "at 3097; an Kantlehner, W et al., Jy
% 1/ CﬁbNHzZt% 96)NHPB38, RNHAO03. Reactj o NHPh

o'Fr b-&ho ac—r—yl—at ans”t hi\our eas_w_pr.eparBHN

2- am not hi%zol e- 5- car boxyl at & al so has been reported o]
See Zhao, R, et aI , Tetrahedron Lett. (2001) 42, at
2101. However, electrophilic brom nation of

acry| aQther arprasrhes Fosmeaking 2 PEENNRAzZeSPakbRRMRides include

SRS APSS BB AT RLE B0 gL IS bl D

AR N8 tilh 4IT8OT [ﬁ@Berts(el%@Ef) MeBSChe’:tﬁ (2BBD; 1 FraepeEd 0 tand
al., Chem Heterocycl. . %& Transl . (1984),
€

JDPP At[Mergem ek, érMeféf@hem élr9(91?3 s dg9 4)&)r prepari ng

2-am ngt hi.azol e-5-car boxa are.desi r

THE | RO et ot oS PR AR o AR S ice
f Hodddig 1Y @ééaff%kp&ﬁn@fcoap %rg RAtdARIRS Brah de@FMI@Yikkls, and the
am des having the fornula wherein L, Ar, R2,

R3,
Reked RS, maltiglameastipnastend ¢6 aﬂe@vektbt dwmiseihiseplsi heprboxamide
reacting a conpound having the formula (TT), wherein Q
| LORENGH-oup- O P*, wherein P* is selected so that,

when cRORyidf g? Qﬂﬁ&ﬁ‘l I W(irﬁnbﬁﬁodﬂ%?%} f@frﬁéﬁlfdﬂleWﬂﬂx

Pis attached, Qis a leaving group,
Rialolenshesnad estars talgivie rieccbrlbmibeanmnd)ttuaao]hahaaglmmtrq:ngted See

reagent in the pr ence @ db

Uhiod el bR Ry (EoH ﬁhgjﬁ Haimalip et 4L Jrgghem.

angd. Beﬁc‘i;?T%s.d@bb@)? 9 Reh9¥ Noack, A. ez al; Tetrahedron (2002), 58, at
2137; Noack, A.; et al.. Angew. Chem. (2001), 11 3,’ at 3097; and Kantlehner, W. et

al., J. Prakt. Chem./Chem.-Ztg. (1996), 338, at 403. Reaction of B-ethoxy acrylatés

and thioureas to prepare 2-aminothiazole-5-carboxylates also has been reported. See
Zhao, R., et al., Tetrahedron Lett. (2001), 42, at 2101. Hdwever, electrophilic
bromination of acrylanilide and crotonanilide has been known to undergo both
aromatic bromination and addition to the o,-unsaturated carbon-carbon double
bonds. See Autenrieth, Chem. Ber. (1905), 38, at 2550; Eremeeyv et al., Chem.
Heterocycl. Compd. Engl. Transl. (1984), 20, at 1102.

New and efficient processes for preparing 2-aminothiazole-5-carboxamides are

desired.

SUMMARY OF THE INVENTION

This invention is related to processes for the preparation of 2-aminothiazole-5-

aromatic amides having the formula (),



to provide the conpound of formula (T), wherein, Ar is
the sane in fornmulae (T)and (TT)and is aryl or

whedwsowoasyl ; L is the same in formul ae (T)and $¢dysaeds/003728
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is optionally-substituted al kylene; R2 is the sanme in
formulae (T)and (TT), and i sgsel ected om hydr ogen,

al kyl, substituted aIkyI Imenyl g ituted
alkenyl al kynyl , sypstlﬁu ed afkymn aryl ,
heteroaryl cycloalkyN erpeycl o; R3 is the sanme
in forml ae (1) and @@, and i g sel ected @%on1hydrogen,
hal ogen, cyano, hal oal kyl, al kyl, substittted al kyl,

al keny kuhefsitbB} Af, ReH;, atK R@ﬁnd nainglas detierl ddwy, comprising reacting

cycl oal kyl, and heterOCéD R4 is (i) the sane in
ea@hm@ﬂulfdohamgafée@r}m&m (1), and (ii) is

i ndependent |y sel ected from hydrogen, alkyl,
substituted al kyl, al kenyl, S/C]J_ ed al kenyl,
al kynyl , substltuted al k yI et er oaryl ,

cycl oal kyl, and heterB yce o.Nor altérnatively, R4 is

taken together with R #0 for rﬁZheteroaryI or
heterocyclo; R5 is (ig the sane in eaﬁ)of formul ae
(1) and (1), and (ii) is |ndependently del ected from
hydr ogerhered Qyik th@grbm +OR*e evhately [P* isbddentgd so that, when
substituted al ken

defel kynyl b d al k

aPysidepi Rejaery Wm¥ i RIARRYIPIn PP £ pehes! O a leaving
th R4 to f

PElEpRAId KETY R R, nd PKED ! QRHEATION o form

eroaryl mis 0 or 1. Applicants
have swuiigbrd hylmhyung ma@ne irethe padsengerafeesas fbidowed by a thiourea
converting b-(P* | aromatic am des and
tﬁ?laﬂ?%aﬁ’ﬁlgéh% fﬁ’é‘i%ﬁ ol e derivatives, wherein the
aromatic am des are not subjeag to further
hal egenati on produci ng othﬁr nge products.
NH,

Rs any
wherein, R4 and Rs are as defined below,

to provide the compound of formula (I),
R3
R
Ry / N
A L
N /QS \< m
Rs o D

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;

R, is the same in formulae (I) and (1), and is selected from hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, aryl, heteroaryl, cycloalkyl, and heterocyclo;



Am not hi azol e-aronatic am des, particularly,
2- am not hi azol e- 5- benzam des, can thus be efficiently

wee@parmds with this process in high yield. |n BODUN®N5003728
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aspect, the present invention is directed to

crystalline forns of the nd 0 (U M),

BR o etk BAOR foE el ERD PR O s Pk Bolitvthogen, halogen,
i 'l ustrat ed. Q¥ MaiRNGMCEk OsubbieufaGUERAMYENYT satstithted slkenyl,
described b Io(\;\’/. Fi glﬁ)rl]e 1}tlshows a sinmul at eg (bottom W

(cal cul at eda;r&h hgueaiaqrh ychatiytiiandthetsragaeler at ed at room

t enperature). an ) [ tal, (t D .1 er. f

Cr yot ok 10 o aeattboperHe® o Y R b fifepeRtently
(1V). Fi gurﬁle%te%l*}?cyi‘ﬁ ihg%@?&,%ﬂgrfl:g%tﬁﬁteﬁ Eﬁcyﬁ%ll%&fl?l, substituted

nonohydrate crysta orm t he conpoun
For mul a (| VAlkdriyllleyn$l, shiostisuted slikymylatrgld hé¢tentarydngycldatiytn and

cxpor i ment SPPOH|O SRR A0 1 BReR P aT P to form
but anol So'ﬂeqér%a&i Oltltﬁqergg%@@und of formula (1V).
I mul at

Figure 4 shows a-’s (Cbotton) (from atomc

par ameReissi)thd san@dinadach offotinulan dl) exid €lill) yamat (&) is(ihdgpendently
pXRD patterns for crystalline ethanol sol v?t of tgg,
conpound of selestas fir %In%b’@l)ogel?;ia&iwéu@“gﬁ‘@@én%’ @ﬁ??BV]ats tituted
(bottom (f t. QU fi 0

{enper at ur ke i REBRREH RS iR ReRlod A ciqalion, and
crystal | i nendigadtydi@romaliémalivedy, Rsiie takempapatidr ofithfRy toifban
(I'V). Figure 6 shows a sinulated (bottom) (fromatomc
par anet er s hes¢rioplonheteroayple:éider at ure) and

experi rre?rl&%l (top) pXRD patterns for crystalline neat
form (FLHI7) " of the conpound of formula (1V).

Applicants have surprisingly discovered said process for converting 3-(P*)oxy
acryl aromatic amides and thioureas to 2-aminothiazole derivatives, wherein the
aromatic amides are not subject to further halogenation producing other side products.
Aminothiazole—aromaﬁc amides, particularly, 2-aminothiazole-5-benzamides, can thus
be efficiently prepared with this process in high yield.

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

compound of formula (IV).

BRIEF DESCRIPTION OF THE DRAWINGS

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 crystalline
monohydrate of the compound of formula (IV).

Figure 2 shows a DSC and TGA of the of the monohydrate crystalline form of

the compound of Formula (IV).
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DETAI LED DESCRI PTI ONOF THE | NVENTI ON Abbr evi ati ons For
ease of reference, the follow ng abbreviati ons may be

waisedormeei n: Ph = phenyl Bz = benzyl t-Bu = tRCT/U82095/003728

butyl Me = nethyl Et = ethyl Pr propyl |so-P =

;i Z'to Q?Igglgs BE 84{”@ PTSIIBE]?%&&@%% %l%lc gg}a%%erg reef}nm{ Iat room
%%ép%gﬁ@)ydn@)&)ipéﬁmgﬁﬁlb&% %%(FW Dﬁ/%feim YHyRiYIGR @m0l solvate of

et hyl ~ f or mam de
Lthe dbdpaoratdoflfbonuta@vie d| met hyl acetal DMSO = di net hyl

S U| f O)k%lglgel‘&Pf P] AW);I aghgge g(?t? hgt{g%rﬁ Stqmic ZI d%at%eters refined at -

k ggg? %‘rﬂfo %ﬂgﬁéﬁleﬁt;a% g[b%)&w pattﬁ!na trfn&fj({r | Sggér( %%51%’1 'as?nﬁhtg of the
Tdofpouhd b fdryrubndvig

Figure 5 shows a simulated (bottom) (from atomic parameters refined at room

temperature) and experimental (top) pXRD patterns for crystalline neat form (N-6) of
the compound of formula (IV).

Figure 6 shows a simulated (bottomn) (from atomic parameters refined at room
temperature) and experimental (top) pXRD patterns for crystalline neat form

(T1H1-7) of the compound of formula (IV).

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

Iso-P = isopropyl

MeOH = methanol

EtOH = ethanol

EtOAc = ethyl acetate

Boc = tert-butyloxycarbonyl

CBZ = carbobenzyloxy or carbobenzoxy or benzyloxycarbonyl
DMF = dimethyl formamide

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

DPPA = diphenylphosphoryl azide

DPPF = 1,1’-bis(diphenylphosphino)ferrocene

HATU = O-benzotriazol-1-yl0 N,N,N’ N’-tetramethyluronium hexafluorphosphate
LDA = lithium di-isopropyl amide .
TEA = triethylamine

TFA = trifluoroacetic acid

THE = tetrahydrofuran
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TFA = trifluoroacetic acid THF = tetrahydrofurankKOH =
pot assi um hydr oxi de K2CO3 = pot assi um car bonate POC 3

chpﬂwgphms ous oxychl ori de EDC or EDCl = PCT/US2005/003728

3-et hyI - (di met hyl.am no) propyl - carbodiim de DI PEA =

Qﬁg e Iet L, am (#D HOBt = 1- hydr oxybenzotri azol e
TB &@t% Bifosucci nani de NWP =
x%%ypotzssaw%lf P8fRone NaH = sodi um hydri de NaOH =

RACL mphyshhexdrd @xychlpd» 8= sodi um t hi osul fate Pd =
[EIDC anl BIDETRe3-€thyi-3Pddidethyfraninalpronyl-crragdiigde m n =
NbIrEe£Sllisdprapylethglantihe = milliliter nL = microliter g
:H@B@-miﬁ])ydf&yﬁeﬂ%b{ﬂaz@ledﬁﬁﬁle mol = noles mmol =
NBSI IR Gofost&Snamifk ! | T equi val ent

NMP = N-methyl-2- pyrrohdlnone

NaH = sodium hydride

NaOH = sodium hydroxide /

Na,S,0; = sodium thiosulfate

Pd = palladium

Pd-C or Pd/C = palladium on carbon

min = minute(s)

L = liter

mL = milliliter

UL = microliter

g = gram(s)

mg = milligram(s)

mol = moles

mmol = millimole(s)

meq = milliequivalent

RT or rt = 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

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 ~

Definitions

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.
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10

15

20

25

30

chr omat ogr aphy HPLC = hi gh performance |iquid

chro ogr aphy, LG/ M5 = -hi i Ui

chr ol BaP BRI Res Tesditplh pRsCIP pERIEL QL AUl group refers o
Hi @RE bfaic AR hzin WG &ad hjlgoebos, casdnmgdeornd carbons, 1 to

mel ting point DSC = differential scanning calorjnmetr

Ti&carbarseombtyr Sedrhestss sushas anaflil setixrppyopylx iSPBSDPMb\PH’é’Lyt'bUtYL

diffractio atter = Xsra i f i
oseteitrpostrt Foo creRhensaay At el sl S et
t a) g of b VIC e ivaF i '
T
hz&rdet_hafa likppLoes: allayltgrmxpsgh@ujp, ableyltgeoups o i do d lsexpon tafpans.
speci fication and claipns, individual .

ot hoPieieBts G CTA a6 2 AL Eean s TRt pith one o
) Iﬁbﬁyéu'l')st?ﬁeﬂ@ ?@r g%?l@ |11 BY 4 st5@iden®, 0AS tPRElbsBiucARP LBy
group refers to straight and branched chain saturated
hasdiilalsla pbimn of attehtnantni Exgniplary s@tsticeenkzonsy bel selepteddfrom one or

carbons, or 1 to_8 carbons, such as nethyl, ethyl,
pRepylor 1ite dhefdhs Folloming Eroups:hyt y| i sobutyl, pentyl,

26)2(3”4 ‘ Ir ﬁﬁ%ﬁﬁ%’%ﬂ’p(g%?%s?ﬂgle Aa18 50 STRIRY bPgRiiple hdS6 s¥stitutents
forming, in the latter case, groups such as a perfluoroalkyl group or an alkyl group
beéring Cl, or CE), haloalkoxy, cyano, nitro, oxo (=0), -OR,, -SR,, -S(=O)R., -
S(=0)2R., -S(=0)3H, -P(=0)2-R¢, -S(=0),0R., -P(=0)20R;, -U;-NRyR, -Us-
N(Rg)-Uz-NRyR,, -U-NR¢-Uz-Rp, -NRpP(=0)2R¢, -P(=0);NRR¢, -C(=0)ORe, -
C(=0)R,, -OC(=0)R,, -NR4P(=0);NRyR¢, -RpP(=0):R¢, -U;-aryl, -Uj-heteroaryl,
-Ur-cycloalkyl, -Uj-heterocyclo, -Us-arylene-Re, -Uj-heteroarylene-Re, -Uj-
cycloalkylene-Re, and/or -U;-heterocyclene-Re,

wherein, in group (i),

(ii) -U;- and -U,- are each independently a single bond, ~U3-S (O)t—U4—, -
U-C(0)-U*, “U3-C(S)-U*-, —-U-0-U*, —U3-8-U*, -U*-0-C(0)-U*, -U-C(O)-
0-U*-, or -U*-C(=NRy)-U"-;

wherein,

(iii) U® and U* are each independently a single bond, alkylene, alkenylene,
or alkynylene;

wherein, in group (i),

(iv) Ra, Ry R 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 Re
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-
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nonyl, decyl, undecyl, dodecyl, the various branched
chain isonmers thereof, and the |ike. Lower alkyl

w@e@ap3794% hat is, al kyl groups of 1 to 4 car boPCHUSI085/003728

The term"substituted alkyl" refers to an al kyl group

tituted h
S5 AR08 B R AU U f R ae) v
aV R h{%%&r@a% Md Rf ardthachagrhderfyeiyat ey, Bkiissr dikid rsmssututed

may be sel ected fromone or nore (or 1 to 3) of the
f olwitwa grpugrRyupsd; (i) hal ogen (e.g., a single halo
substituent or nmultiple halo substitutents formng, in
the |att¥&he "#8se, groups such as a perfluoroal kyl group

or an al é&%’kf 1) %&Iﬂ%ﬁfr&&e%&p@ﬁd&ﬁ?kele&@ﬁ aahkalkyl, halogen,
cyano, oxo (=0 -SRa, -S(=OQRe, -

( @ﬁﬂRéldeOﬁ@—'@(alﬂdyl) m—ﬁmkﬂé ami S}, Y 2TRAO, haloalkyl

- P( O) 20Re, U2- NRbR

_ uhapgalkasy. @5 al:cl)W[nglgér st?tggf 1%% g’halo&lb)c&?o

] cl‘{gl'dax@, %Ua{l@% g@)?(g}]kyb %ﬁg) g%ﬁ&)l;m% halbfalk?f, ahd/éRgaloalkoxy,
- heindr ocycl o, -U -arylene-R e, -Urhet eroaryl ene-R e,

-Ul- cycl oal kyl ene-R e, and/or -U -heterocyclene-R e,
wher ei n, Wh§felr oup (i), (ii) -Ul- and -U - are each

I ndependgnt . gle bond, - W-S(Ot-W4-, -
us- C(O)d@zflyoal?bf &S U L mou, - lsu, -

U3- O Crad téﬂrrﬁ-alkenle&s @60 herén B4-itselfor as 1Bt G anNRg) gtogp refers

e iy o

K a?&o Ilnt g8 p arhor n?x?th@ n)oamélbc\él)ﬁm cﬁhncﬁﬁ?( éigey oA dEBI@BEds in
the normal chain, such as vinyl, 2-propenyl, 3—butenyl 2- butenyl 4-pentenyl, 3-
pentenyl, 2-hexenyl, 3-hexenyl, 2-heptenyl, 3-heptenyl, 4-heptenyl, 3-octenyl, 3-
nonenyl, 4-decenyl, 3-undecenyl, 4-dodecenyl, 4,8,12—tetradecatrienyi, and the like. A
substituted alkenyi refers to an alkenyl having one or more substituents (for example 1
to 3 substituents, or 1 to 2 substituents), selected from those defined above for
substituted alkyl. |

The term “alkynyl” as used herein 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-
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 exa1;1ple 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

(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-
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and R may be taken together to forma 3- to 8-nenbered
saturated. or, .u urated.ring '
cBeiprerrenayer SPbE Y URRRaRE: Ao dyh SulkR RBATS

biih s @esigaisd 1O Mat- (gIRgl) tiosould bgumdepsood that
ILI?@?%? ’bellgg(\g/iﬁ)for %fj or R%mlgg)d Rc t(oggt)her wi t ht he
rth¢ poigesrofatiechment b ihebe inaycesraze tgtthaereen Ay seldwmtonas,
to forma group -N=C RgRh where Rg and Rh are each
i5RepEYRYEnt |y hydrogen, alkyl, or al kyl substituted
With a oRQER difyligréiidas defRAr-8d Mivalerd, i & with tdo s@@ddbonds for
occurrence 1 ndependently selected from al kyl, hal ogen,
catanimmerttytd twoa pther Soabk\thdy, arSkermed('akylpng” grawisn Gimilarly, where
alkylarrino,hl_oalkl,hlalklox,or l 0 alke\él .
S BrovBkAY O ARV e fefagd o e, ekpectively, are

it & Ai T | | |, Ry are

B B e e e e S T
lteane® alkEhglehe groupsll delnplkynplsnaigedpsiaesientigly.i Exahplenof
as part of another group, refers to. straight or
pilkyletre alkeREPRF ?réjoql%&ygen&fgr@l?’ts et ar bons,
alternatively 2 to 12 carbons, and/or 1 to 8 carbons
in the normal chain, which include one to six double
bones— REth€Haor nal THWERF=SGBMag viT§F—CZ-repenyl ,
3-butenyl, 2-butenyl, 4-pentenyl, & pentenyl,
2- hexenyl , 3-hexenyl, 2-heptenyl, |3-heptenyl,
4—hept@hyt— 3- oct @y S "nonenyt CACH ec iy T
3-undecenyl, 4-dodecenyl, 4,8,12-tetradecatrienyl, and
the like. A substituted al kenyl refers to an al kenyl

haw+ (ug, oRe or rmr_e(cggt;s.t_itu,ents—((émzme*a le 1 to 3

substituents, or 1 to 2 substituents), selected from
t hose defiT:le,d above for

—(CHz)z_IC_CHZCHz— . ——CHZTH— , —CH2|CI-ICH2—- )

CHs CHj CoHs

_CHz—fH—?I-I—CI-Iz— , —CHz—cle—CHz—(l;'H—— ,

CH3 CHs CHj CH;

CHj3

CH——CHCH;— | and the like. Alkylene groups may be optionally
independently substituted as valence allows with one or more groups as defined for

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

OCH; F
(CH2)3’_(|:_
include CH——CHCHy— and 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
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-
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to 12 carbon atons, alternatively 2 to 4 carbon atons,

e‘fl ?NHVI el})St ,[gn S rthg LQ;S% u?y n@.]'}thtagnggsr &ﬁﬂﬁllﬁorgrggpcey%}&h( rilay be

?bli?l%f‘fu)ééﬁ’ |br1d§éch§ﬁ@’6l)ﬁbme§ thrbextyohd or rdorB 8piry ﬁmlons Exemplary
hept ynyl , heptynyl , 3-octynyl, 3-nonyn
mwmu«w kroBps inatide yRgibpronyld exrdeRmiyl cs@meﬂw CWPIF@BeXYA

Bl € Betis b AP Sy O G BB

b om t hose defi ned
%&gg?ﬁ?l slité?%téﬁe% %ﬁgﬁef)ﬁ%}a&% the term"alkyl" is

used as a sufflx W t h anot her group, such as in
(aryl)al kyl or_aryl al kyI thi s conjunction is meant to
‘ !tut ro erein at |east

|tue sthe \ficall "o
unct For  ex , (gr 3
: bs ituted aIkyI group as defi nedabove

wherein at |east one of the al kyl substituents is an

aryl, guch as be Plowever, in groups de |gnat-

QA 3 - ( ' ‘

t att

0 ul fur ‘ A\ , ,
groups as defined are dlvalent i. €., with two single
bonds fior att to t groups, they are

t ered| Sal kyllene”)| gropps.l_ 'Iarly, wher e al kenyl

gr&ups] defin e yl .Qro as defined
above, regpectively, dre dlvalentzmdgﬁeH?s havi ng

single bonds for attachnent to t wo ot her groups, ;they
are terned "al kenyl ene gr oups" and "al kynijl ene_group

res pecEadeﬁﬂlerEﬁmm@o kylds injendaé to mclkida p@w%lbatr%}ted nd
?@sﬁ@” end%gcrlgaﬂ%?’l érggps as %eflnedq_rﬁme te%low qﬁ'%e%&&ence 18

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
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, oxo (=0), -ORy, -SR,, -S(=0)R,,
-S(=0)2Rc, -S(=0)3H, -P(=0)2-Re, -S(=0)20Re, -P(=0)20R., -U1-NRyRe, -Us-
N(Rg)-Uz-NRpR., -U1-NR¢-Uz-Rp, -NRpP(=0)2Re, -P(=0)2NRpR,, -C(=0)OR.,
-C(=0)R,, -OC(=0)R,, -NR4P(=0):NRyR, -RyP(=0)2Re, and/or -U;-Re, and/or

(ii) -U;-alkyl, -U;-alkenyl, or -Uj-alkynyl wherein the alkyl, alkenyl, and
alkynyl are substituted with one or more (or 1 to 3) groups recited in (i),

wherein, in groups (i) and (ii),
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CH2 - CH2C=CCH2 - , - C=CH - CH2- > (CH2 ) ; (CH) 3
(CH2 ) , CH2CH CH2CHCH2 , - CH2 - CH - CH - CH2

W@R5/078s CH2 - CH CH3 CH3 CH3 CH3 anc i e A k(yt/esﬁmS/oosns

groups may be optionally independently substituted as

val ence al. wi.th one | hedsf 4
substit u@’éijﬂﬁfé @fl 'QF o?fﬁse%hl'ﬁ%%se[g% g% Smﬁléj%ﬁ& = SOy, -
subgt i co-ed. altvegyargr ovhougtl d_vhslutle_sho-E(d)-8Md-U3-c(0)-
SO forth The tern1"cyc|oa|ky|" as used herein by

i t S@Hf*-oor -4%- @ém‘RgHtianother group refers to

opti onal | é substi t ut fd saturated and partially

unsat ur at e Uh#8FRIHY 1 or 2 doubl e bonds) cyclic

hydr ocar QenyBsQLPS a6 %R&ﬁﬂnﬂéﬁlﬁdémlﬁa singlb ‘B@ﬁd dlméﬂéd hiREnylene,
nmonocycl i cal kyl, bicyclicalkyl and tricyclical

condradlkynytena; t otal of 3 to 20 carbons form ng the
rings, or to 7 carbons, formng the ring. The further
rings of VRUFt%-ring cycl oal kyls may be either fused,

bridged t
uni ons. gﬁp aJrRS |Rgi ég1(?10%'31‘31 %Lj 9&5 ?gﬁ r?sg i ér@?ﬁlga RIghH alkyl, alkeny,
cy cdlbyprydytloalkyt lacyy the}ﬂrocwjm loo hetatoatyl, aagh bf)wmcjnl 1$ unsubstituted

cycl oheptyl, cyclooctyl, cyclodecyl, cyclodog
cy C‘Préb‘bﬁfté‘ﬂl Wi | Q5 Fa5E EFRAPS Réfé‘P% dhpet hy rogen ‘or Rpand R,

Cy PR e Dt XL AR B Rk T or T Rt R PR R Bing
unstosther wite dlecamhgaul Wiyich gieyups atteshels fwtieitrin grivasisatiseibyted or
bel ow, _unl ess reference is nade to a particul ar

sel BoBtigFdoTiths eiesqriere ranps disise bekogefor & qrth and Re together with

o hEaH g MRS Bl L ch B -
Rth, where R; and Ry, are each independently hydrogen, alkyl, or alkyl substituted
with a group R¢ ; and;

wherein,

(vi) Ry is at each occurrence independently selected from alkyl, halogen,
cyano, hydroxy, -O(alkyl), SH, -S(alkyl), amino, alkylamino, haloalkyl,
haloalkoxy, or a lower alkyl substituted with one to two of halogen, cyano,
hydroxy, -O(alkyl), SH, -S(alkyl), amino, alkylamino, haloalkyl, and/or haloalkoxy,
and

wherein,

(vii) tis 0, 1 or 2.

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

group such as

-12-
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substituent or multiple halo substitutents formng, in
e | at per case roups such as a perfluoroal kyl group
al kyl aring d3 or CF3), hal oal koxy,
cyan nl’tro a)nd %a -SRa, -S(=OR e,
_SC=0) 2Re, - S( 0) 320 e [5(=0) 20Re, - P(=0)
20Re, -UL-NR Rc, -Ul- N(Rd)-U2- NRbRc, - U1- NRd- U2- Rb,
- NRbP( =0) %@,-thzwmm,-q:QCRe,-q:QRa,
OC( =OIR @rm-NRoRy=Rfer NF%Jdeyl drigEifstid)te@ Ryl gnodp os defiied
and/or (ii) -U -a ken
oafy Bynd degkfbiovich a{lﬁé.‘/%ﬂw?(m QngéﬁyﬁL ﬁpap%mer%%i is alkyl
sub 'ttUtﬁd th one or nore (or 1 to 3) groups
r ¥c %& fe 1%%1 wherein, in groups (i) and (ii),(iii)
- Ul-  amfb el ﬁhi%a%fetsﬁgﬁﬂﬁ E61t dubsiduidriit ths defined
US(O)_U_alfk%'C( lk?c()mﬁgbﬁﬁb
Lﬁ)o@ banded-thta@gBalgyliur atom:l:{ EG) @(eQ)the group -$R;, @hejein R, is alkyl or
or - U3-C(=NRg)-U4-; wherein, |ngroup(|||)
(&ﬁ?ﬂmﬁ?Q%M@dLM are each |ndependently a single bond,

al kyl e’f refth < ah ER6s t(?ﬁ X % &! £cha(l\§ﬁchaf§ but not
I il saat

and are eac rogen,

allMéd toabiken lkengl, KNy, anyy chibatycyyl, hadémbyclyl more particularly,
het erocycl o, or heteroaryl each of

6 GO B Grheatin gy P esse et ket ksl sitstipged alkyl
tali(sgﬁxt?tﬁi%ﬁta;ﬁn&r? éﬁr@‘l%r n; or Rb and Rc may be

oge o m-a 'to 8-nenbered saturated or
unsaturated ring together mnth the atoms to @hich they

are at Teehed, “aldk gdarbdnyl’ fefersipsaidigbodyuireap OT-C—0—) linked to an
%ﬁ;ﬁkﬁ%e(gﬁg t(;qg)r;?fg@?ﬂrqb %Dhrﬁeqilg {{?ilél %ﬁ dle%ir?etdeg)ogees lfc?rvglc;fl(.) %Vhen the
designation “CO,” is used herein, this is intended to refer to the group —C—0— .
The term “alkylamino” refers to amino groups wherein one or both of the
hydrogen atoms is replaced with an alkyl group, i.e., NRiR;, wherein one of Ry and R,
is hydrogen and the other is alkyl, or both Ry and R; are alkyl.
The term “halo” or “halogen” refers to chloro, bromo, fluoro and iodo.
The term “haloalkyl” means a substituted alkyl having one or more halo
substituents. For example, “haloalkyl” includes mono, bi, and trifluoromethyl.
The term “haloalkoxy” means an alkoxy group having one or more halo
substituents. For example, “haloalkoxy” includes OCFs.

The terms “ar” or "aryl" as used herein by itself or as part of another group
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 one to three additional rings (either

cycloalkyl, heterocyclo or heteroaryl) fused thereto. Examples include:
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conbine to forma group -N=C RgRh where Rg and Rh are
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substituted with a group Rf ; and; wherein, (vi) Rf is

at each -occurrence i ndependently selected fronmalkyl

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

am no, al kyl am no, hal oal kyl, hal oal kox

al KyTysu », ™ t Og ha yano, S '~
), | SH arky! i no, amlno,
or, ha ‘bxy d erein, (vi?) t £ /,

kyl
O 1 or 2 t he sufflx ‘ene" is used in
a cyclic group, this is intended to
ad\T e X cI| gnoup a ed heréI lh Lhg two
ds ag_pdints chnen er ,groups.

Thus for exanple, the term ‘cycl oal kyl ene" as

herein refers to a "cycl oal kyl" group as
pf ed ve which is a linking group such asThe term
" Oxy¢* refers to an al kyl or substituted al kyl group

as defined above bonded through an oxygen atom (-0 ),
|.e., the group -OR1l, wherein Rlis al kyl or

ted al e termnns | thio’w s to an
ky orsubs tu edjat kyI <gr up deil ned “above
hr dugh ur ‘atom (%), i.&v, e group

-SR, wherein Rlls al kyl or substituted aI vl .
term"acyl" refers to a carbonyl

radical such as, but not | t cd to, & ,
aryl cycIyI S
rt cufaTIyN

Ve A
RN

= 7 ' and the like.

Each reference to an aryl is intended to include both substituted and
unsubstituted aryl groups as defined herein, 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 5to
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,
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the group C(=O R , wherein R can be selected from
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"al koxycarbonyl " refers to a carboxy group ( i nked

L BTN St LR R A i
dazﬂéysl H?a%i%gf‘ SRy, bénribﬁndz%ly‘l meﬁiﬁiﬁ@(dlﬁ bﬁfz@iazto@yll he

term "al kyl am no" refers to amno
Qfenzmmemﬁeqmnnluqm,etemahyldmlkoqmﬁnqhmﬂ ispdvingbrylapeynidgzolyl,

R Rrgpy i ract e e bR cbieE B Pty O

dd 1. Rpbyrid9t, ditak@gsiAdol
re I{ler11§§ lt’ gﬂgﬁﬁlﬁ{gﬁ @‘%ﬁéfl p}F[% k;npghgirlld i 0 Id@’Th(];_*ﬁy?erh?ﬁ[fi dolyl
"tb@it@ﬁtctqyli hg?]anarbazdylbhénzidaﬂ}ddplwhklgthldhlawl,rﬁ@ndme’l,or
nore hal o substjtuents. For exanple hal oal kyl
inhenapileadipynsanthgnyl and trifl uoronethyl. The term
"haloalkoxy" means an al ko y—Qqr oup havi ng one or nore

subs u7ents exdnpl-eg " hg nal udes
3——4he "af b " "/as & : bT__
it f or as part anothe’/éroup refer to

optional | y- substltutqg aromat j eﬂhonnc C|IC U

hyql\\qcar yrocy gl 1D, bI

Yic ps//wconE )l ng D_I\;|.4 he rl ng
porte on [Such &s pheryl , blphenWF n\pﬁthyl |nclud

1- napht hyl and 2- maﬁhthyl —amd anUFaﬁenyI] N_ﬂ
0 {Zgall ZIycl ud to/t ee a d| onaI J
(e§| Zer cyc_:_pal ky ,\S eter s €l o or\ tero fuseg\

th nples |nclude Each reference to an aryl I's

|nta.de- 0 | ncl u ot 2 tltuted and unsubstituted
unless reference ts
makle - “ N d ﬁ fﬁtltuents t0 be
nmade’ f or the aryI {e:g., as mhé%la %5 substituted

Wi th  pach reference to a heteroaryl is intended to include both substituted and

unsubstituted heteroaryl groups as defined herein, unless reference is made to a
particular selection of substituents to be made for the heteroaryl (e.g., as when
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
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 heteroatoms selected from nitrogen atoms, oxygen atoms and/or sulfur atoms, where
the nitrogen and sulfur heteroatoms may optionally be oxidized and the nitrogen

heteroatoms may optionally be quaternized. The heterocyclic group may be attached
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|
tPirabpOraRyT T, ARAEBRIIyl, (hiPEgf i {iamprphgligyl sulfoxide,

| l,
L o e ot

benzodi gOQ] y ben azq_{ yl, t hi enyJN_qui nol i
tetrahy .oquin [ 7 1S0 UI i nyl,
benzi m\dazdglyl, banzowyrapyl,b\ in oI|Z|n I

benzof uranyl, chrononyl’, counarlnyl benzopyranyl
ci nnol i nyl, quidqoxalinyl |nda;olyl pyrrg opyrldyl

f Saopyidy! i hyyr @i soj d%r \g\t i
ca zol [ on X ph nth ac |d| i,
pfen | di n xant he Each ef ce to

heteroaryl is intehded to include both substituted and
unsubsti t ut ed ryl groups as defined here|no
unless ref made to a particul ar sel ecti“on

sub uents made dS the he{\ r oamy! gN, as
n he er oar sub t| th o or
Rfy aboye). pakt i ar seI rﬁ/}e0|t ,

t heNepti onal tituents—Por ,th eter 121 groups
may be sel ect eﬁl fromthose recited above, as val ence
al | for al kyl groups. The terms
"hét ero¢ycHe" or "heter as used hereigl by
itsel f _or as of | d
0 1
o]
%%J@
0 and the like, which optionally may be substituted.

Each reference to a heterocyclo is intended to include both substituted and
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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SulbsE A arrscisaIsg T Ive FEC b b der FG oA d and aryl groups.

het er v when het er oc: | ' 1
R S et L
sethe&liécdpetifict ot tiag or plvap apty terfally sudsirated on partizBy

the heterocyclo groups may be selected fromthose
ressetuetedibove, as val ence all ows, for cycl oal kyl

gr oups.ghe. term " ring" a ty o
e oo RE; BEET g e SRR AR b R afhorides,
" IRIrRIE) GY ebingouds s@ch as@mmeeid, thet &icept prbiens inngatet @nselvent.

| '? 1(1:1|1sl,'I g}?engslzrar?f%gses include, but are not limited to, alkali metal hydroxides and
alkoxides (i.e., MOR, wherein M is an alkali metal such as potassium, lithiuIﬂ, or
sodium, and R is hydrogen or alkyl, as defined above, or where R is straight or
branched chain Cy.s alkyl, thus including, without limitation, potassium hydroxide,
potassium fert-butoxide, potassium tert-pentoxide, sodinm hydroxide, sodium tert-
butoxide, lithium hydroxide, etc.); other hydroxides such as magnesium hydroxide
(Mg(OH),) or calcium hydroxide (Ca(OH)y); alkali metal hydrides (i.e., MH, wherein
M is as defined above, thus including, without limitation, sodium hydride and lithium
hydride); alkylated disilazides, such as, for example, potassium hexamethyldisilazide

and lithium hexamethyldisilazide; carbonates such as potassium carbonate (K,COs),

sodium carbonate (Na,CO3), potassium bicarbonate (KHCOs3), and sodium
-17-



and one to four heteroatons selected fromN, O and /or
S, also referred to as heterocyclo), where, as used

whegosionro4®ach of which (honocyclic or heterocyeCT/T2008903728
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be saturated or partially or conpl etely unsat ur at ed.

P Wﬁaﬂgﬁ 31?9 ﬂ(‘lgvi@%mﬁ eny %%%-bééﬁaﬂﬁﬁﬁat?]&onium

(@dﬁvquec Aiexd o foltRY Q‘h@ %‘éfﬁﬂ ‘Qoﬁ}ﬁn@ read¥bT 3l useld hsten refers to
eteroaryl” (e.g., imdazolyl unl ess ot herw se
speagdni osdd ty comie aam@dxyhohwd af ejog an ppilipg &yforg an amide

l.ud
dBpde figt MeRet Ao i Bisnas FOL BRBRb, 100hn:
Y650 MNEPIShELRRE¥EbRaBRHvRh ah6hEr (Qﬁlbldhg ﬁsfa@ékﬁ&o speed up

appropri ate. e term"heteroatons” shall include
@oygkig pooéss and ardbinsitle ugtenonsTtPemoaimpépfaida@clehg teagents may

Sreyas COL oG, PRCHREch TP, BERE: BRCARITAp Ry chmy. Tapipy,

C&bPOﬁD?he o {6}&8# BoObNEbEIes Tm Ogh MY TSING, BEMIT, BOP-CI,

ocyc c ring may ubstituted in
VEMoPhBTHEH, Cig E]RBT iDpeal, FED@, EePRHed TR OIS BF4,

S e IR0 P A
Oliefgre%&%’” Xﬁlaﬁiﬁf{o%cﬁﬁa&\fﬁe‘?&rép gl‘féoITe%ﬁmcﬁ f?e[ﬂoh@ 9ver 4, No. 1,

group nay be unsatura artia

URSEhUfabdda rein Bﬁﬁerembten used herein incl udes met al
oxi des, hydroxi des or al koxi des, hydrides, o
conpouRepsterne thabegenringAzant 1ha 9318%@5{18 kﬁag?rgn geap an agent or

\é\é?gtgg tapzibﬁeo agcg%enlﬂgs% ﬁ%%ﬁﬁ% QJT %ﬁﬂﬂ@ﬁ?ﬁ? ges a%galogﬁtatmg

kiaslublé irdrgandddRd ovbatie hﬁlogénaangfbagbﬂtal Exaraplab of inorganic
suc as potassium lithium or sodi um and Ris
Hw@g@getmngaﬁeagﬁnwmclud@, chlerippdiomBgyiedingy flypiice 2pd sodium

txrp?flco‘]%gt o:%)rfgér?l? glgl%gerﬁpi% eaf%glts 13(%}{?%4)( %’Ja%{ﬂ&%sdc@ﬁﬁrﬂfﬁer{&CS), N-
bromosuccinimide (NBS), N-iodosuccinimide (NIS), 1,3-dichloro-5,5-
dimethylhydantoin, 1,3-dibromo-5,5-dimethylhydantoin, and 1,3-diiodo-5,5-
dimethylhydantoin.

“High yield” as used herein means a yield of greater than 80%, greater than
85%, than 90%, or than 95%.

“Leaving group” means groups having the capability of being displaced upon
reaction with a nucleophile including I, Br, Cl, Ri0SO,0- (wherein Ryo is alkyl,
substituted alkyl, aryl, or heteroaryl, as defined herein), and weak bases, such as, for
example, HSO4-. Examples of leaving groups include I, Br, CI, and ions of methyl
sulfate, mesylate (methane sulfonate), trifluromethanesulfonate, and tosylate (p-
toluenesulfonate).

In compounds of formula (II) herein, the group Q is —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, i.e., Q has the capability of being displaced upon

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



potassiumt rt-butoxide, potassium e/t-pentoxide,
sodi um hydr oxi de, sodiumtertbutoxide, lithium

whyasoxivde, etc.); other hydroxides such as nmapCEES2005/003728
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hydr oxi de (I\/g(()—l) ) or cal cium hydroxide (Ca(OH)2);

PR R ﬁfa%.snlg% PREE Ryl bR o5 above in the
S@&iﬂﬂmmﬂqéﬁﬁlga%du "Ry mrﬂmohi%rldﬁhetemdﬁw afdERl;, is selected from

di si |l azi des, suc for exanpl e, potassium
hakgreedlayyldi si | azi de and Iithi um hexamet hyl di si | azi de;

car bong 8oie elzeeys BRIRER L FERORT Biske @%%%%W%g well
sedhUThES 8f Ranate ﬁd}@éﬂgﬁhy bé& Eé‘lé’dte@ 151& dsraxdit@Breaction

such as n-tetrabutyl ammonium hydro BAH) ; and so
fsicp HrorT,Her ¢xammple, caplmicmm@rrseh/gmmsucm DMAeD MSO,

by B e G en - e, B Pas s Bfisphori
E%Arﬂlwg sGivéaity! Qlkdh(r)@ &g lte'tﬁé? TﬁF,CliM-@ﬁ)x@@ mdiBit-butyl ether,

used in conbination with

ammdnlmxyﬁmﬂmhe,rvgadre&w@mmtglywl ’elmhiyl whegal@ihiohsplpente el as
and inhibit side reactions. Particul ar

MS’QI‘B &1O5, pnd rgrroRarlntnd l}%@gep rrOPGYEE$qlventyfuchasmethylene

: g%?n%, cﬁ% ca%-ﬁ%tlm%fﬁe RS- chﬁr?dnEQhaM MiRdees of

TDBTU, TNTU, TPTU, TSTU,
BédPvetits mBy alfp nB:TlEEI-lmPlﬁsi% mEdDEBéI.’ Dpp a, EEDQ FDPP
HOTT- PE6, TOTT- BF4, PyBrop, and TFFH See .
Pe pt i dBe s Py ReutsdheLcin F@alFﬁ% %t@rrgmagﬁate solution of the

Tec clﬁ{:ﬁgl‘%ﬁ orr@!rll?‘”(‘ \?I}@' aﬁ%ihﬁ'fonﬁeﬁﬁﬁfn? Bf the QSt gound of Formula

, 1 ncorpora herein
b Vi) &6 give lameterd'gmﬁechﬁrsnmti'bh@lf dgeatpongd af;Emn‘ulm (IV) and a solvent.

g orra AR hordl, AN 23R A5 Frmmuta
;@ng%mtaﬂaaﬁ;g@&s B | @5{1&@%&&9 rnga&kaqluang e Adafs

enatin ents. I'es of i norgan

h@drﬁgﬁﬁﬁthaﬂ@gramﬁﬁgﬁeauenﬂiau% petdent, inedyditg 90iA1e92, 93, 94, 95,
i odi ne, fluorine, and sodium hypochlorite. Organic

h2¢ &ge%’l%gamb%mf%eﬁtncl ude N-chl orosucci ni m de
(NCS), %BQ QS%H&&' aﬂ':r%tgﬁne form of the compound of the formula (IV) can

be substantially pure in having a purity greater than 90 percent, where the remaining
less than 10 percent of material comprises other form(s) of the compound of the
formula (IV), and/or reaction and/or processing impurities arising from its
preparation. A crystalline form of the compound of the formula (IV) in substantially
pure form may therefore be employed 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
formula (IV). All forms of the present invention, however, may be used for the

preparation of liquid formulations in which the drug is dissolved or suspended. In
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(NBS), N-iodosuccinimde (NIS), |, 3-dichloro-5,5-
di net hyl hydant oi n, |, 3-di brono-5, 5-di net hyl hydant oi n,

w@r@slo7B4%li | odo- 5, 5- di et hyl hydant oi n. " H gh BCPUS2008603728

used herei n means a yield of greater than 80% greater

P I R RN e
1ﬁmlgqoﬂﬁlal&snucl eophl [ e i ncludi ng I, Br, d,
wherein Rl is al kyl, substit uted al kyl ,

ar yI Arthdnqbesno&lkyy&ffecase' redunied theegrygstaljine ﬁmjlsm die compound of

h
an a5 b i P BRec AL AR ANE CEfchia pigfluce the
B Ia% 5&11&5@%}5111 i[ §>ﬁ§e(§fl}ﬁf§ eneilibR. nBP@%hgrapeutlcally effective amount"

ur onet han onate, and tosyla
(iptsahermnes ainbumaha) whbmadmmm!mmﬂ glooé of an ambuant(When admmisteled

herei n, .the oup Q wherein P* is selecte
Swith prpdifipne thesnsite P%fdlt’tl%ﬁg?‘}‘i’é@ EPIH R EIPRSF 8h al&?%‘???te the

tcﬁsé’ﬁ(?%&ﬁco%dﬁ{)oi &&ﬁ@@@g%m& bBh dlks% QodiiBHR, 1., Q

has € capa el ng di spl aced upon reaction
with a nucl eophi | e. Accordl ngly, the group P* may be
sel ected from al kyl, - SO20 R10, -SO2R10, -C(=O R and
-Si (R12 ) 3, vvherein R10 is defined as above in the

definition of "leavi nﬁ%@ﬂ%ﬂ_ﬁl kyl, aryl or
het_eroaryl, and R12 |g}§ﬂi 0D kyl and aryl.
' Sui t abhie isehienis relatedus e grdvession thesprepurativiad 2-amineftgdzolyl —
to a single solvent as well as m xtures of sol vents.

Soupatis amigespehisle W@&S@fﬁl awh&a@f%ﬁrlﬂwés ﬂJé’r'UC&la&iY\Pé‘PFem
SRSk 35 SR L8 R O SRIRL oS B GbREt - Peyosy-c
RS PELBIAYE BRI A3 an ¥R ITH Wv]%f&hqi’“ iH ap gefitMerei@N Such as

hexanet hyl phosphoric triam de; ether solvents such as
Oﬁﬂlh)}lbommérqnsmtecﬂqaannybhmmdr@t mdl regctiontwith didveeas (I0T) to

SIEATRELDARS andoel i enp el RSt on o -
anginb 3L APERIRR MBS A FHght R Y Bad BRUSHACIRR IBEMHIER®r after the
aminothiozole formation. For example, in one embodiment, the compound of formula
(D) is prepared via reaction of a thiourea wherein R4 is hydrogen, and the R4 hydrogen
atom is then elaborated to more functionalized groups such as, in one embodiment,
substituted pyrimidines. In another embodiment, the compound of formula (I) is
prepared via reaction of a thiourea wherein Ry is a pyrimidinyl, and the pyrimidinyl
optionally is further elaborated with additional substituents, as desired.

The process provides an efficient route for preparing 2-aminothiazolyl —5-
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.

One embodiment of the invention is represented in Scheme 1.
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chl oride, chloroform carbon tetrachloride, and
1, 2-di chl oroet hane. M xtures of solvents may al so

WO p@b0d®4Hi phasi ¢ m xtures. The term "slurry" BST/USHA5/003728

10

15

20

25

herein is intended to nmean a saturated solution of the
cggpouﬁr'::g of Formula (IV) and an additional anount of

t ound of Forrmula (l1V) to give a heterogeneous
sol ution of the conpound of Formula (1V) and apRs

sol vent. The present invention describesgcrystalljne
forms of the conpound oOf hfiQfeRthrehded 1N u |aI l'y
pure form sed herein,  "substantiall ynspure

a co ou vVing a purpty greater than 90 perc'iz
i nclu 90g, 91, 92, 93, 94, Jo5 96, 97, 98, 99,

100 p cent As one exanpl e, Na 6"?"’yst alline form of the
corrpour‘pel of'@t he fornula (FV)Bap be substantially pure

in having a purity greater than 90 percent, where the °
remai ni ng less than 10 percent of material . conpri ses

other fo s) .of the f the for
and o Inr%i% ¥ dna il SR GBGE M RSO O ey
@F@rkﬂl ; hg@?bﬁﬂuteé\pg&)ﬁﬁt Pdsi El%fefn%ﬁrﬁ e &%ss involving

npoun ormul a I'n substanti al pur e
f compavagds wttnelreﬁf Ar & ghengmnobgiteidd iwithpdrertotioeel bf aiyl, halogen,

conpasitions to whjch other desir conmp are
S AERIN Roranios BTG-Sk RS & LRt PTG O eierorgyl, more

I
VRS SE RE R Ul R Y A mBTHEIeE R, pherein Ar
f Brsalgtiad flovh 2-IchBJ&$6+Ih¢Sthjzlphaiydi,lN—Ic?nﬂoprbp}d(—:l-ﬂtedtyl@anizanmde and N,
therefore referred to as a solution of the conpound. of

f bidimethylchappamide; Theimengye prgess eyt agﬂp,%?ﬁt Wjere a linker
h b
R Fe PRt R ML e REERSEAN 8P A proh drecty

sutsehadiedhe bﬂﬁdxfﬂﬁmﬁh nlﬂi'@n(a[qtﬁtéﬁhh lfasrmma)ﬂa)s of t he
conmpound of formula be incorporated into

sol i d foppigheihe éﬁeredﬁubﬁév%e@@y bapitached fotheisiapatbtitier
Olgeft)p-: orES lh%io%@nzftf%rﬁd %§701 tAfof Bf&é’ééf“i';n&fwme, the thiourea

compounds (I) may be prepared, prior to the cyclization, having desired groups Ry

and Rs, corresponding to the groups on the desired final product, or alternatively, the
desired groups may be attached to the amino-thiazolyl after cyclization. For example,
thiourea compounds (IIT) may be prepared and used in the reaction wherein R4 and Rs
are both hydrogen, or R4 and Rs are other groups, different from those of the final
desired product, and then, after formation of the aminothiazole (I) or (Ia), 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 (II) and (Ila), herein, preferably the group P* may
be selected from alkyl,\ -S0,0 Ryp, -SO2 Ryp, -C(=0)Ry; and -Si(Ry2 )3, 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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formula (1V) is conmbined with a pharmaceutically
acceptable carrier to produce the pharnmaceuti cal

W@ oiop0%ioes ons of this invention. By "therapeut PCHIUB3005/003728

effective anpunt” it is nmeant an anount that, when

e e T T
Peoayefihds éioj,f B{&Eﬁé/‘foﬁ%@[@lshﬁfﬁé@c&%y@ b&LARRIR are thus preferred,

condi tion ession of the di sease or
Ciaeldtinig@rsubeiiNtERAln dNEIOBS i thitd $-Alkyler-ogruhsatureted carbox yl
to a process for the preparation of 2-am nothiazalyl

cheapamisies.ovilih dastopmase praferads Bhareinbe DR STl ke

AR R LA AP L LG8 BF A 3 ap R
?pvrméf%’fr)a,@ BuRubstitkBe gteﬂkﬁb oJRERANNhteAEABBEY Getrintlass 4rb B-

erein P* is as defi'ned herein), such as .
betliartykackyl dreyzaamites) again uviedreid thapizayl/grobe nf theibdazamide &
reaction wi th thioureas (l).tq give .

SO sbas s S ok s T S apql {Ila) can be

' ' t ig AT PARREHOAKA loyl
S e R e ey loy
adonggouhtie Mieihodt furazaklieg B-ethoay iactyl béoamédearpd dso descubed, for
enbodi nent, the _conpound of fornula (I) is red
PRI g? PRl M ATt &bt Med. hem ey D27, aid 23:

t g ) i tyed, t . :
P, 3P o B T R R P b Crporated hercin
swbetdréadeed pyrim dines. |In another enbodinent, the
compound of forrmula (T)is prepared via reaction of a

t hi our Ele hiegeaptingegentS)isgd i e drospss manhe ppgpagent or agents as
oy i di . Ly | I i . .
RUfioP B BB BF B ofing YihRind (AR Iy dbfined herein.
PPrefridsgads BicfideNBS andtheN-halohpdaapand. nFThiourea compounds (11T
2-am not hi azol yl -5- aromatic am des, essenti al

Iy
onelude apsuiptuicd thiogteag: Nampnogihshbied thiguress, Wﬁﬁfl{ﬁgbsﬁmwd

P SabE SR st A Yl S SHBLBb oy by
t Jy1 Rk 8RicdhAndPinBlutib 8né 83 Mefd ol dush ACHyRYEEbMs] &tBets, esters,

an undesired . L
amides and ketones with ethers, with dioxane preferred.

Another embodiment of the invention is illustrated in Scheme 2.

Scheme 2
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aromati ¢ hal ogenati on. One enbodi nent of the invention
is represented in Schene 1.Schene 1 1. hal ogenati ng

wo e@gono4i n Schene 1, Ar is aryl or heteroaryl PCHDS®05/003728

preferably aryl, even nore preferably

optional ly-substituted phenyl. Mst preferrg is the
process |nvoIv g CONPRIbAEEtNGR@ERKhN Ar |s,|d@
-t o threeof -alky

substituteg wi one I ®eq4
- C(=0O) NRs, \anglor NR&Q=0), wherein Rls al kyl , N@
cycl oal kﬁl:)lor het er oaryIH, dﬁbhg preferably wher ei
is cycleg ropﬁ or nethyl, 28ndNB¥en nore preferably
wherein B iS sel ected from 2yghl or o- 6- net hyl ﬂﬁ]enyl

i V-cycl opropyl - 1- et hyl - benzam de, and N,

1-di met hyl - benzam de. The inventive process may be
carried oug where a linker group L is present, as in

f or mul ay, ﬁ)\blgt;( advant ageousl y the Ar group d s directly
attached to he car bo>§yl nltrogen atom]\I _@s in

formul a N As ng '\Rr d substitglents may
be attachez?to t he ggjﬁg ®i t fer _hef ore—ofabter the
hal ogenati on and cy tion p c Li kewi se, the

t hi ourea_donpounds (1 H)may be prepared, prior5 to the
cyclization, having désired;groups R4 and R5,
corresponding to the groups on the desired final
product, or alternatively, the desired groups nmay be
attached to the am no-thiazol yI after cycl i zation. For
exanpl e, thiourea conpoungsg @ [y epar ed and
used in the reaction whergin e both
hydrogen, or R4 and R5 dee t\h\ r gr ferent
fromthose of the final desN{FeU product d t hen,
after formation of the am notghi azole (1) (Ia) t he

groups R4 and R5 are el aborat ed tadt he substltuents of
the final desired produc such alternatiyve

enbodi f& AESPRIERVANCRETS sthe rﬁetPe XYaAEy] ﬁ%aéwe%@@a wherein
2 aﬁfdrkg, i€ hy&8E&,, Qha PREs B ﬁéﬁgﬁslﬂf BN Hfkin, 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 (Illa). The
resulting 2-(unsubstituted)amino-thiazole-5-aromatic amide (Ib) is reacted with a
pyrimidine compound 4, wherein R and R’ are hydrogen or optional substituents,
mere preferably hydrogen or lower alkyl, and X and Y are both leaving groups, as
defined herein, to produce eompounds Ic. Leaving groups X and Y are preferably I,
Br, CI, or R1050,0- (wherein Ry 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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In intermediates of fornula () and (a), herein,
preferably the group P may be sel ected from al kyl

WO 3RORID, -S2 RIO, -C(=OR and -Si (R12 )3, BGI/US2005/003728
defi ned above, but preferably P* is an al kyl, nore
pref er abl | ower, al kyl .. 1..e. . nmethyl, ethyl. .
et B 5V o gt ginEerpe T el s B prpides. Ketones and
Pi1ed 1N @Rl YnikiGes W Pate sSvOUE MAGLENE JuBNaS TRIF Eferred.
nore preferably hydrogen, and R3 is preferably
hydr og€nmpFand dongaa ulmehsbe(tpactésd with phnone/NHRaeRp1 691 torpadede

EECSBSE O EAa - e, Beeta for oin bEtE be hydibgen, or Reo
bs I 3 - j i

T R S S o R
t tyeldatinyg drtedecyick, apil,i anddleteyoasyibst Ripahé R, asanrtecthkedogether to
above for Ar in fornula (I a%% Al so_ preferred

bloBRARSSTPENA @ dPIsTest Y. Ros §ucbRa1sueikar (egthets e trbikiRoRor
RBAEE R A ELRT YodpiK, AESEATL AR« RakAne -

ofuibkianaddl witls sihstituted iklylagoregirefeedbl phairex fettiyl AAdvantageously,
Internediates () and (a) can be prepared upon_reaction
10 othist hep is 6aried Whi e PERsPIGepE 8 basg-reclyding igofganic and organic
ryl n . ki -
UG et pERTRRA der ML B, rRliR Sl SNBSS
Asblvak kolvdhts ducheds hgtisocdrboli, halogendllhydceionks dthers, esters,
(2001), 24, at 3123; and Yoshizaki, S., et al. Chem _
PHBidas, keignes, 1gctgspynd ggoholy, andimixtures ob tismbaye solkarsiwith
b ef e ce. .JThe enat.i ng_agen ) in the
e HBENEREE ol & ARG PR Sl TG Dt oi
15 CRRash§IfGimMAIOYBNIA i(BighetipnRetintite)and NSIPANEMeMYHyYrolidine) as
defined herein. Preferred agents include NBS and the
Nethen exap@ingt diha somppvisisrod foraunpddhdys forppedinps) qpienally be
unsubsti.t uted thiourea N- subst i tut ed thi oureas,
R et o Ry QRS RSE o
hal ogepatiteRaaappysdch Zailiudiated B Scblefe@d whidtein B nfbno-substituted
sui tabl e sol vent whi ch may include one or nore
sthiopegateomnewnd dlbhisdrsedar bons, ethers, esters, ami des
and ketones with ethers, with di oxane preferred.
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Anot her enbodi ment of the invention is illustrated in
Schene 2. Schene 21. hal ogenating reagent As can be

W@ e@s/ 07795 Schene 2, the b-(P*)oxy-acryl benzanPdBsS1003/003728
wherein R2 and R are hydrogen, and P* is as previously

def i h i bl | ky] ) )
el ogersteah B rtar IR BRal A AP helec Y bpoih Sidong®), psin
aSEhihED) Lo BAbYSHRAted with b RROPLAAEE sgen@{%i?fu‘%q]ﬁ% {H&84 with a

cyclized with unsubstituted thi ourea
r esmbsubsgtuged(thivsidas{ilh)itae theantactiedithiranal fandti@dpRimkiine group,

amde.(Lb),is reacted with a pyrimdine conmpound 4,
ARLPBIhRRR L RSP anlroBH Fatodte 2-substuted-
jat E ) f r-eee | kyl
5 S H&ﬂdtﬂgﬁ%ﬂé aro & rc%%iﬁﬁfs S BRhMa ?%g p’gt?e %Sl’i?%)é#ﬁ%f fof{i' (Ic) may

and X Y ar eaving g I ned
heptiimlly tiengreadacta] wishpotioned NHR,oREE8Y,it6 grdi dqgnpbuadélof
Y. are prefercﬁbly I, Br, A, or RLOSGQ2O- (wherein Rl is
afarpula ddp and/er grsignally frthenelpboraisd ap desitedaand/or pusified and
def.i erein), nore preferably X and Y are sel ected
f?rglrsrt??ge‘gr, d, nmethyl sulfate, nesylate,
trifluoronethanesul fonate, and tosyl ate, even nore

preferably fromd and Br. Thus, rimdines 4 include
10 pj s-hal ogen and sul Wﬂ@ﬁﬁﬁm&yri nm di nes

with the e S bis-chloro substituted

pyri ni |()r1J(eeger ngfog%@érgﬁr%g%% PR AR CAYAB PP L CupRoprd of the

ciormupdIut in the presence of a base, wherein the :

bases may include al kali hydride and al koxi des with

the latter such as sodi unNtputoxi d@ prgferred.

Sui t abl esol vent (s) ingl ud/& | vent sosych as

hydrocar bons, ethers, e8f er8, et ones and

al cohol's, or nixtures off the aboye’Sefvefits, with

et her such as THF preferred. Con";:’ﬁoun4(|c) an then be

reacted with am ne NHR20R21 (5), to provi c@e tonpounds

of formula whethin ZamdsamPidsctdd?@a thylobet A HdlodeR, hydroxy,

hydrogen, or R2o0 and R21 can be independently sel ect eay
15 from hydrogen, aadalkossiybstituted al kyl, cycl oal kyl ,

e takon 1 GG ChEN ZoRE SR EE AR e AR B Bedgrosy,
R2 and R21 fkexy, @hen)NRYehdBF NROCHR, whbRZORZE alkyl, cycloalkyl,

or heteroaryl;

comprising reacting a compound having the formula,

20 @ e,
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 Zi, Z,, 73, 7,4, and Zs are as defined above,
with a halogenating reagent followed in the presence of water by a thiourea

25  compound having the formula,
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forms an optionally-substituted piperazine, nore
preferably a piperazine N - substituted with

wawsoiws ed al kyl, nore preferably hydroxyet hpeT/US2005/003728

Advant ageously, this step is carried out in the
presence of a base, including inprgani c and organic
bases, with organi c bases sych §§\tertiary am nes
preferred. Suitable solvent($)NTRaHude sol vents such
as hydrocarbons, hal ogenated HydrocaHbons, ethers,
esters, amdes, ketones, |act an | .cohol s, and

m xt uré%p@mfehtge Sphundhayg the Wﬂa @‘F)e:ohol s such as
n- but anol as one nonlimting exanple, and DW

(di met hyl f ormam de), DMA (di met hyl acet am de) and NWP
(N-met hyl pyrrolidine) as ottrer anmpl es, The conpounds
of formula (1d) thus forned y \opt F?y be further
el aborated as desired 4ns/ orS pulNfi and
crystallized. An alternafive approgek/isZl!|ustrated
in Schene 3, wherein a nono-substdtuted thiourea
conpound (Ib) is used. Schene 3 1. ha bgen@fﬁng
reagent As can be seen, in Schenme 3, the

b- (P*) oxy-acryl benzam des (Db), as in Schene 2, are
hal ogenated with a hal ogenating agent, then further

r eact egrﬂ\ﬁl'letg a nonosubstituted thi our.eag(sl Hb) havi ng
at t achdbUF HBY Yt RFOSESPLRORP 6FRPAiFAnE. Radp REdrgeesprhereby the process

WhRN el aRomBoud @%@ﬁgfgggﬂgﬁ cheme 2, to provide

internmedi ate 2-su tute thi azol e- aromatic

am des of fornmula (lc). Tﬁe%ouﬂds formula (Ic)
may optionally then be redct i t hapes NHR20R21
(5), to provide conpoumssS of f &N Id), and/or
optionally further el aborated as desifeds and/ or
purified and crystallized. FURTHER ENBODI MENTS | n one
enbodi ment, the process conprises prépari 0§ -a conpound

10 of the

15

In another embodiment, R4 may be a group having the formula,

Rao Ry

Ris5

- . - . 3 ]
. wherein Rs and Ry are as defined herein, whereby said process provides a compound

O Zq
i320 R16 W Z2
_N P NH S HN

| Z3

4
- P (Ih),

wherein Rys, Rig, Z1, Za, Zs, Z4, Zs, Rygand Ry are as defined herein.

having the formula (Ih),

Raq

In yet another embodiment, Ry is a group having the formula,

26-



formula (le), wherein Z1 and Z are sel ected from
hydr ogen, al kyl, hal ogen, hydroxy, and al koxy; Z , Z3

w@pasA47935 e sel ected from hydrogen, al kyl, hal pPgENS2005/003728

10

15

hydr oxy, al koxy, C(=O NR 8, and/or NR8C(=0O, wherein
R8 is al kyl, cycloal kyl, or het %rwoaryl ; conpri sing
reacting a conpound havi ng t\pe flormul a, wherein Qis
the group - O P*, wherein P* % ted so that, when
consi dered together with the yggn atomto which P
is attached, Qis a |eaving groyp, and Z1, 72, 73, Z ,
and Z are as defined above, wtR,@a hal ogenating
reagent followed in the presence of water by a

t RhABIER, QAR RNMarBay HehddRrdiervdréin Haidgrodeds profidede

t he compound having the formula (le), In the above
peoseEsind hpving the fonbvldi(hbnt, R is hydrogen, whereby the
process provides a conpound hayi nggt hg formula (1f),
10 I'n anot her enbodi menf,, R />,b< [¥2havi ng t he
formul a, wherein Ry _and R16 i
wher eby sai d processYyfr rO8s a conpo
formula (1h), whereinRly, R16, 71,772,
R20 and R2i are as def\[/ned herein. Li ye4 anot her
enbodi ment, R is a growp having the formula, yerein Y,
R1S and R16 are as defined herein, wherein said
process provides a conmpound having the fornmula (1i),

In not h Fent, R4 | : '
for %ﬁ}lgaye? gnoecﬂereem % irrrlréent} Rsisa érgupaha%lggu e gr\r/rllqu the

HsC,, HaC
.

o]

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

AL 3=

N~ S HN

the formula

Z3
z
Toa
with a pyrimidine compound having the formula,
Rig
A
Ny N

Ris 4a, wherein X and Y are leaving groups, and R;5 and Rys are
independently selected from hydrogen, alkyl and substituted alkyl,

to provide a compound having the formula,

-27-



I n anot her enbodi nent of the above process, e.g., when
R4 is hydrogen to provide conpounds (If), the process
woregosoumsher conprise reacting the conmpound of PE€TES2005/003728
formula with a pyrimdine conmpound having the formul a,
wherein X and Y are | eaving grQupso aqg Rl and R16 are
i ndependent |y sel ect edrfgr om Ry d¥yo al kyd2 and
substituted al kyl, havi ng t he
f ormul a, wherein Y, X X4z, and Z are
as defined above. pent \of the above
process, e.g., when R4Jis hydrogen to prévide
compounds (If), the preess may further conprige
reacting the conmpound of the forrmula with a pyrimdine
conpoumdbeteay YnBist Res, ZordmVa, Zs( dnsk Zexa ap Hefinedaboveg
W th a base or by netal catalysis) wherein X and Y are
| eaving groups, and Rl and R16 are independently
sel ect gy FRPMHBEREER of ﬁfe@ﬁbv@ﬁ&%c@s’é beS% | huber, o llﬁlﬂlmgen to
to provide a compound having the formifa, wherein
5 RfrovidRlk®mpotnds/2f), 18 pratéss maylfifthar eorprisdetaatiog tlxbmmgound of

Compounds (1g) may optionally further be reacted with

efMmeanhavi ng the formula * NHR20R2i , wherei n R2oand
R21 are independently selﬁ ed brom,hydrogen, alkyl,
substituted al kyl, cycl oa et efocyel o, aryl, and
het eroaryl, or R2oand ILC - toget her to
forma heterocyclo, to %rovide a cf # havi ng the
formula (l1h),wherein R15, Rl , Zi;y Z2, Z3, Z4, 75, R20
and R21 are as defined above. In one:%nbodﬁhent t he
anlne NHR2 lis erazine_in turn optionally

13 RYGE NG CORPA %W(%ﬁhmr utl?mr e preferably

hydroxyethyks

Ris  4a, (for example reacting with a base or by metal catalysis)
10 wherein X and Y are leaving groups, and R;s and Ry are independently
selected from hydrogen, alkyl and substituted alkyl,

to provide a compound having the formula,

Ris (),
wherein Y, Ris, Rig, Z1, Zo, Z3, Z4, and Zs are as defined above.

15 Compounds (Ig) may optionally further be reacted with an amine having the
formula'NHR29R»;, wherein Rop and Ry are independently selected from hydrogen,
alkyl, substituted alkyl, cycloalkyl, heterocyclo, aryl, and heteroaryl, or Rypand Ro;
can be taken together to form a heterocyclo, to provide a compound having the

formula (Ih),

-28-



In one enbodi nent, the am ne NHR20R21 | n anot her
enbodi nent, when R4 is hydrogen to provide conpounds

W@ bdop/079k® process may further conprise reacti PQI/UR®05/003728

10

15

conpound of the fornmula wth a pyrimdi ne conpound
havi ng the fornula, R 4b, vvher LN RS, R16 , R2oand
R21 are defined as appve M a gonplund havi ng
the formula (i), Clheﬁfvrla s~ of 3
processes are al $1’co ed as wit e scope of
the i nvention, |ncludNng rocesses ipyol W ng further

el aboration of the 2- 5ﬁno-t hi azol e-5-ar@mati c

am des. In one enbodi mefs, the present inventi(m,
provides a crystalline nonohydrate of the conpound of

f or mul ahdreM)R 1b\B1s, Zin Za¥at BeZsshhadd Renare ap Hefined above.
nmonohydrate formis in substantially pure form In

anot her errbodi ment, the nonohydrate formis in

subst aﬁtdn% Wt f1RE %nﬁ@h@ﬂﬁ%o‘kz?ﬂ @bl MrospiRnbSy
greater 8 percent pure n anot'her enbodi nent,
tJu®stivoted yidr ]@gtcboﬁy@mlhyl@;fmmlb@rezfmmbbah}drmeﬁw mul a (| 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.form
of the conpound of Formula (1V) is charactefized by

di fferential scanning calorinmetry therppgram ahd a

t her nofgraneiembiodinterd,thy hipire NHBsdRantsi 3P y ™1 n &ccor dance
with that shown in Figure 2. In another enbodi nent,

t he nonohydrate form of the conpound of ‘Fornmula (1V)

i's chay; aa%&ﬁ‘{%g éﬁga&lé‘mﬁp whieh &, iPRYHEEertbiph6Bad ¢ é(ﬁﬂpounds (If) the

pattern 418A at a tenperature of abou

230€9ss amuyfnithdrngnipoise reactingihe c@Qpaindsf thafareukeat | | vely,
conprising five or nmore, Six or,nmope, or conprising

2Qual ues) sel ected from W Z
mN~ S BN

Z3
o m,
| with a pyrimidine compound having the formula,
20 Rie
Ray” N w)\I/ X
N~ _N

Ris  4b, wherein Rys, Ris , Rag and Ry are defined as above,

to provide a compound having the formula (Th),

Rot” NH

-29-



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
wa@2@5/07948Nn0t her enbodi ment, the nonohydrat e fpeTUs{005/003728

t he conpound of Fornula (1'V) is characterized by an

X-ray powder diffr n patter Ka | =1. 5418A at..a

t enpe r‘ﬁ&%ﬁ? ‘ém@po%gﬁ ©83%j° IEB?F&?‘?S?&%S? Sﬂ}te%plaﬂﬁ%iraé within the

%%%J&ﬁﬁe (ehGON Y EhY Ero%@ﬁ?é’ in%bﬁ/%g fu‘{tﬁeloélalﬁﬂ}ﬁt‘i‘on Stithe 2-
or conprising lues) selected fromthe

gmmno4ﬁmmﬂe§%mﬂgmﬁdamﬂbﬁ 0 2, 11.2 0.2, 13.8+ 0.2,

15.2 0.2, 17.9 2, 19.1+ 0. 2 19.6+ 0O 23.2.0. 2,
23 6 OnpneribRgii: (BRrBEatWRICtiOh BIGYIfIES ﬁfaﬁfsg?ﬁlénef Bppehydrate

la (IV) is characterized by

1%§Q éﬁﬁﬂpgggggggrsf gproxinately equal to the
fO||OMAng Cell dinensions: a(A) = 13.862(1); b(A)=
9.286(1); C(A)= 38.143(2); Volume = 4910(1) A3Space.
group Pbca Mol ecules/unit cell 8 Density (cal cul at ed)
(g/cnmB) 1.300 wherein the conmpound is at a tenperature
of about - 50C. In another enbodi nent, the nonohydrate
formof the compound of Formula (IV) there is one
wat er nol ecul e per nolecule of formula (IV). In
anot her enbodi nent, the present invention provides a
crystalline butanol solvate of the conpound of fornula
(1v) (1V). In another enbodi ment, the butanol solvate
formof the conmpound of Fornmula

-30-
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(1V) is characterized by unit cell parameters
approxi mately equal to the followi ng: Cell dinensions:

W@ EoRs/077929. 8102(6); b(A) = 8.4691(3); C(A) = 15. RABEEHPS/003728

Vol une = 2910.5(2) A3 Space group P21/a Ml ecul es/ unit
cell 4 Density (calcul ated) (g/chBQ 1.283. In another
enbodi nent, the crystalline b ol \4.ateanf t he

compound of Formula ( ra § ‘

powder diffraction ,{t\i%}n | =1. "A“ a
tenperature of, Q;z(uJQ i sing o hor e
2Qval ues (al ternat ively, conpriksing five or nore, six
or nore, or conprising 2Qual ues) selected fromthe

group conS|st|ng of: 5.9 0.4dV)12.0 0.2, 13.0 0.2,
17.7 0.2

errbodﬂﬂéﬂ‘?the‘i‘ﬁ’é orgglélglgtn fhel Iﬂé@)ﬁggl lge fl%gm I@lrnecggtjéﬁt{lallyt%lre form.

Cryst g lh e ClriGiPne SOt ahSh ol Erdﬂatkﬁfoﬁlﬁﬁpﬁllﬂﬁ@st@ﬁtwﬂgﬁpﬂﬂé form,
(1V).I'n anot her enbodi nent, e crystalline ethanol

swhereih gulstartially puwp@ grﬂateothaﬁ&m@n( PWER. i s

(Cura nasobarenliofihel LRmP LBl St JSpRhact Rormul

il Cﬁhlﬁ&e%?éﬂr byPin TR AFIER iR ECHR fatbABdubY@hiYally in

rising five or erre Si X or nmore, or conprising
ﬁmdm)wmmhatmmmﬁgurhé. group consisting of: 5.8

11.3 0.2, 15.8 .2, 17. 0.2 .5 0.2, .24.1
0. 2, 38 otgs ivecfipents he Thercbiviraie ok eBPASL Formuta
t
(30 RSP i e ool st i
thermogravimetric 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 ?»=1.§418A ata
temperature of about 23°C) comprising four or more 20 values (alternatively,
comprising five or more, six or more, or comprising 26 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 28.0+0.2. -
In another embodiment, the monohydrate form of the compound of Formula
(IV) is characterized by an x-ray powder diffraction pattern (CuKat A=1.5418A at a
temperature of about 23°C) comprising four or more 26 values (alternatively,
comprising five or more, six or more, or 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, 23.6x 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®
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In anot her enbodi nent, the crystalline neat form of
the conpound of Formula (1V) is characterized by an

wo200ap7eswder diffraction pattern (CuKa | =1. 54RGEUS1005003728

tenperature of about 230C) conprising four or nore 2Q
val ues%é alter nat# vely, conprising five or nore, six or
nor e 2Q/al ues) selected fromthe group
COHSISMOI&uQE/unﬁc&I 0Og2, 11.1 0.2, 12.3 0.2, 13.2
0.2, 13.7 0.2, 16.7 0.2, 21.0 0.2, 24.3 0.2, and
24.8 Demityl(calanagtdeig/carbotiBhent , t he present

i nvention descrihes a ar maceyt | cal osition
C\B%Flinsth‘?l@C’I&P‘t"ﬁ’élrl%\ﬁteauttegﬁ’ﬁﬁwe ? é@ nount of at

| east

CER e R .
C@VYy thefe is lone ana Ii’tﬁﬂecetrtdOpa@Hmmmule bhferpulgEVIL | nventi on

describes a nmethod for the treatnent of cancer which

conpr i Begotgnrmbedigient gha esenhEwention prawdest ciyg@Hne butanol
t D ¥nef fective anount of at

SrO? Eggfr:&eleg?ﬁlpﬁﬁen%c&ﬁs) |Lj gforms of the conpound of
Forrrul a (I'vV). In anot her enbodi rre
i nvention describes a nethod dﬂN‘l—zea in
di sorders which conprjses agm |st§r|
need of such treat Nt aN uti cal
anount of at one—of t rystalli
compound of For nul a (I'VvV), wherein the di sorders are
sel ected fromchronic nyel oggﬁgus | eukem a (CW),
gastroi ntestinal stronal (A@ST), small cell lung
cancer (SCLC), non-snall ceII | ung cancer (NSCLC)
ovarlan cancer, nel anoma, nmastocytosis,

t unor sin aRetheecReliBgBh JirsPutangk splvaie (fsatmfgt%s@amawqdcof Formula
gwgfmrac{gm@cﬁgy SROCA! parkRbORSEh A IHARGYanaRBAL RoWing:

ncer prostate c rrent t he
pr esenCeli dinssnkioan i s aiA)ecaxgil®w)a use of the at Ieast
one of the crystalline.fornms of the conmpound of
Formula (IV), in the]b(f@ OGN of a

c(A) = 15.1436(5);
Volume = 2910.5(2) A3

t he present
oncgl ogi cal

Space group P2;/a
Molecules/unit cell 4

Density (calculated) (g/cm’) 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
’?»=1.5418A 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: 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.

In another embodiment, the present invention is directed to the crystalline

ethanol solvate of the compound of formula (IV).
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medi canment for the treatnment of oncol ogi cal disorders,
such as those described herein. In another enbodi nent,

wo b@sprmsent i nvention is directed to a net hodPOf/US2005/003728

Lreating of oncol ogi cal disorders, as described
erein, which . istant qr i I t tq G
(1) ( Siaehes bR Mg aimling P& AgEs X UeoSrincnd of

; ' oL .
IEEAR CTYBRuMERHERN & 1 BB SRR B o e
=1t 918 8Ar At sltahbéragird oF IPoupl30)eospripiay fichraf ntae D8 lvalues
(I'V). This invention al so enconpasses all conbi nations

dhlterhativehy cbmprisiop éive o ofore, [six onmenst Prgennvisey Heyaduas) selected

g i S e iy > B2 0 kB 10 SdAHOT Sh2 O Sy 02
hel 081894i 1Bht o886y ) be additional embodi nents of

4

%e present Tnvention. Furthernore, any el enents of an
enbodilmanbthar enbehment, thelpeeseoninverdobnvis tiireced/todhel cigistalline neat
ot her elements from any of the enbodi nents to descri be
afaanpfgﬁaonm%%%@ﬁ%% Of)-LI TY The conpounds of

formulg a%b?hePEﬁBﬁ(ﬁﬁ'%fl??%?%%tﬂl@né QedtBrrh %E ﬁﬁtéo\‘rg)ound of Formula

process herein | el n tyrosine kinases,
qEVERI @atacteDized beninl 3 rii pases dffektias phitdin (EyRo Ayh5418A at a
Src, Yes, Hck, Fgr and Blk, and are thus useful in the
ttempenabme | ofi alboul d2HE) praemring fouh drt ereapy, valpes (alternatively,
protein tyrosine kinase-associ ated .di sorders ucr? as !
RRRSINGGIES A MBFotl B TB0R: SbRGBRESIE g Kl flpgtegy from the
f ; S } R Pk i 0S| i-na
e R S e Y Reray e e el S ne Chg 167
t.2alfen 0. 2024 Br00.2f @rddt4.& e Odd.sor der s such as psoriasis
and cancer. The ahility of these conppunds to. inhibit
HER afﬁ&neihﬁ%?m?gcg@ﬁ%?hemrﬁssg%"%tmn_ Jiasiihes aphaipacguical

e ' .
R R i A G

ldrysesl Brafsms ioéttectodippond ef Bérnar e (1Vh asea ghsoradentgallp aodeptable

result from
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
compéund 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 tumor (GIST), small cell lung
cancer (SCLC), non-small cell lung cancer (NSCLC), ovarian cancer, melanoma,
mastocytosis, germ cell tumors, acute myelogenous leukemia (AML), pediatric

sarcomas, breast cancer, colorectal cancer, pancreatic cancer, and prostate cancer.
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aberrant tyrosine kinase activity, and/or which are
alleviated by the inhibition of one or nore of these

wWe@ngneE®4s For exanpl e, Lck inhibitors are of veCT/ES1005/003728
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t he t{eatnent of a nunber of such disorders (for

exanpl.e e tr ment _.of aut

, nhi bilR Iaaﬂttlllsﬁ %‘EE%&HFGE% |ttfe Riesent 4 %ﬂﬁ gﬁﬁ&? cg t;bz an%s%fof ltl?é‘at least
%%'flth gétéﬁlﬁg f&hﬁ@ﬁ%ﬁé@orﬁ;ﬂﬁh&l dF Pernhulf (V) inGhe Ffepﬂ’raﬁon of a

ce activation and proliferation, is a particu

pnech&rmaﬂi forsthe freatmeoipbonvdlgishl disenden SaSU(CE)aS prasp desseibed herein.

according to the

of 1 orlranatier spoERES ER BRb RS Ryt durried © TR o
ktiélﬁfig ap %‘ﬁ&')l@gi%gl Hi 6Ll sSeb GitRY %@Rﬁﬂ i 18ch A% reddthntios intolerant

reatlng a range of disorders such as:
ttoa@Fleplea® (YHLUEHN ) aongrgang ainamsiplingtq a h@anuleandar@pq:}aﬁ@atment

or heter ft h h
Soner ety oeoraet e GHUp e O s on o
Otlile cﬁ@ﬁ[l AASh AR bfYinkT é{mﬁ&ﬁ{}l (ﬁﬁﬁoﬁfﬁﬁﬁe(Wf or reperfusion

y incurred duri organ transpl antati on,

”y 0 carhiginvenfiad alko Gm;onqtaswk all obmbtﬂmﬁons:aﬁﬂiEmatlve aspects of the

transpl antation tol erance induction; arthritis h
a@wm@gm@qﬁ Iy:r@pt Hyip pp@erstﬁ%ma%‘qqycangra&ﬁm%qdémgqt of t%e present

ost e9 art h
o’Bg?I} ctl ?rr%){nﬁgéroli/l g%lgg]etﬁ %%Ser %B&ﬂhfém to describe

ez[’ﬂblliw&ﬁl’f@mbd)dlfﬂeﬁmitlw pfemmlvemcse a‘ﬁﬁthermmieuahyregements of an
ul cerative colitis and Crohn's di sea

(epkadimert arg m%ntetp% [serRinsdvash argra&#t%ﬁ\fgherﬁg'g%ents from any of
Idtiyﬁlg |%a e%negg nttoa e%@:ﬁde%dﬁﬂlo%pe‘?ﬁ%%gﬁéﬁtk vity diseases,

ersensitiv del ayed-t ype
hypersens!t|V|ty, and gl uten-sensitive enteropathy
(Celiac disease); psoriasis; contact dermatitis

(i ncluding that due to pmM; Hashi noto' s

h
R

dh§EiasenibR l];bhﬂél ind keR8&e ePlcibhe Sadfaaribl kighsan sis:}l, as Lck, Fyn,
Aut oi mmune andul ar di sease (al so _known as
aliyroiSnevifes. ran@mlaran@whwfula@m tFppAEAL, including

opeci a; r 0
SRS NS LT U B S
aﬁﬁ@hmw%ls aflll 58@6S ¢ dRORTeY. SThel doedpedhdgofcfanaelagT) atvemeay
Lck or her Src-famly
inhibit receptor tyrosine kinases including HER1 and HER2 and therefore be useful
in the treatment of proliferative disorders such as psoriasis and cancer. The ability of
these compounds to inhibit HER1 and other receptor kinases will permit their use as
anti-angiogenic agents to treat disorders such as cancer and diabetic retinopathy.
“Protein tyrosine kinase-associated disorders” are those disorders which result from
aberrant tyrosine kinase activity, and/or which are alleviated by the inhibition of one
or more of these enzymes. For example, Lck inhibitors are of value in the treatment
of a number of such disorders (for example, the treatment of autoimmune diseases), as
Lck inhibition blocks T cell activation. The treatment of T cell mediated diseases,

including inhibition of T cell activation and proliferation, is a particularly preferred

use for compounds of formula (I) prepared according to the process herein.
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the treatent of cancers such as oni c

[ glerasi maveny arpiet PoPhestERa s PR AR g

s (Rfds WJ I

c ancer %@Qﬂ%@ﬁ ?%Sn can cgéﬁr)bﬁ?rlgn anoryri[l1 Oﬁﬁly d1§e'd§b9(COPD)

lrmel?( acyhplsissmagiafimmartdry bowel diseaae indudipe blgestiya solitis and
eukem a (AM) ediatrjc . t

c@qoanéetssasec@aess&yst%faheﬁ%&t%e@ﬁﬁoéﬁrg%%ig@-iﬁ%&t‘%ﬁééases T-cell

Crﬁ@cﬁ&ﬂé@'ﬂ e%éﬁ%rtl%lté eE qn«?ﬁdﬁ %Qﬁﬂa&tkﬁ@eﬁ%ﬁsﬁi\%éfﬁﬁhybd—type
yrosi ne’ ki nases xarrp e RC, BCR- ABL

&B@eﬁcﬂﬁ’ﬂ’wty]’hﬁi glut‘qnes&nsiﬁv@énteﬂmpat}hy ¢éGelivc dispasm)i psoniagis;econtact
al so useful in the treatnent of c

f@ﬁ@a&lﬁlwnql@ﬂla& that dug torpRonigy)e H@ 5t eﬁ%‘%‘&?&ﬁhes Z%]%%FF% s
b 5o R g Rt Ol i pbSon

i diveRsd (@ imine disange! of thd iter:d ghads)d Aafoimeme polpglaadular

(I1'V) (includin but not | ted to t tall
iasanee @sq@wn%@@wuaegéi?g@%emﬁ& Fomngy o ealopeca:

%I lgln % arTICESI S 91H r%(ﬁ%{ﬂ r?ﬁ{)}ﬂtug{%sﬁlh e}u‘iﬂa?@%@tsyﬁﬁlome

eevec

' (@Héra'ﬁ?&ﬂmﬁtﬁé d@he&@@,&ﬁﬁcﬁ@,&hcl&ding keamercwhare Lok enotier Src-family

| eukem as (CM.), or other cancersﬁﬁjﬂ ncl udi g ot her
| linacepPuad)as S5C HEEHYHeHOHRYCEIRRIesp SR 80 AT nd

Ot%yrtnlgr%ai, I c%&eg'p w%elceogfe—qyrﬂﬁy ?Inagéjﬁ(m%t?%&hﬂat%s tumor growth or

survivél; glomerulonephritis; serum sickness; uticaria; allergic diseases such as
respiratory allergies (asthma, hayfever, allergic rhinitis) or skin allergies;
scleracierma; mycosis fungoides; acute inflammatory responses (such as acute
respiratory distress syndrome and ishchemia/reperfusion injury); dermatomyositis;
alopecia 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),
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, prostate cancer
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synonynous wi th "chenot herapeuti c agent " and/ or

oRkerheS kan B0 b sRelees Bl Rl SHoutdaf RE RS, foF Brampte,

nykt:' BORLABL At m Offhef &Jh%duﬁ@s SABBDRsBiLENRAiof AL useful
celIs§ frommultiplying by: (1) interfering with t

cial the sreathieht d)fycahcers that arceabﬁuﬁmﬂtoamd r@si’s)tantm@qlmnmghuepéutm
deat h and/ or apoptosis i e canc cells. Clas e f
c%ﬁ?ﬁwﬁ%réa&gﬁfa% W%éﬂﬁﬁﬂﬂéﬂfi&ﬂ% f%ﬁ PERTRIE, G (STE571).
C [ f

e i BARR oF BRI Al Yo Rl B Sk RIS formula (V)

Witdiadihg | butinbelimbed torthe togailinefetny efthateiompoend deseeibed herein,
derivatives, alkyl sulfonates, njtrosoureas and

t fYich 28 ﬁ@sc)ryst@}lg@ monpRkap s ugsfibin the Hpgtment of patients resistant or

PRI A0 Rt

ora ene-

Tietledrhiyis €0RIL )] cﬁpiﬂm RAyealiitdudifty 6thef Bﬁketﬁaﬁ)msﬁlesd“tﬂ)ed herein.
Lonusti ne, St r%gt ozoci n, Dacarbazi ne, and

Tenoz olncarother empedimsnheiohe inven(ioma Fem@poKnd %E%@ukas Lis
Acﬂ}u‘ﬁ%&érgcp in co%idn%tlgt? {;v(i.jth%y g 316%}1& ne efflaétiy

0gs, 0gs an enosi n eam ase

i nhi bi p® ﬁ§f)d helih g EE@Q@& €antiondoplieti©afeAL] dr, “anti-cancer agent” is
Fl oxuri di ne, Cytarabine, 6- I\/brcaptopurl ne, 6-

T&ym@@m@nwnh mlwm@mméumg@pmd@l "w@np@quptm@ageaﬁ'oand

b duct
(r,regl‘,;rs La%()lrggéeogn f %reya?r{goﬁlgc%&s {Hflferatqzrn e\ﬁ% Versnultlplymg
ERAN RS ifetayiiP ALt RS v darfiet é&ﬂqwi\ﬁ( Uil By (1) 1nterfer1ng with
Vi nblastine, Vincristine, Vindesine, Bleonycin,

Dhe pelh@ﬂpﬂitm to 1epkigast DBiAcand Cindveimsicell ﬁeatE@nd/Qb pRIptosis in the

ICdarubl ﬁ Ara-C, paclitaxel (paclitaxel is
O S | y available as Taxol (r)),Mthranycin,

De oxy COtak&k ¥ ebmpodvdt @R elay-Heuséd ASHAL AOlifa&Bse cytotoxic agents
Interferons (esp eC| ally 1FN-a), Etoposide, and
T@ql{qr@gndgohferanve agents include the following:

Alkylating agents (including, without limitation, nitrogen mustards,
ethylenimine derivatives, alkyl sulfonates, nitrosoureas and triazenes): Uracil mustard,
Chlormethine, Cyclophosphamide (Cytoxan@), Ifosfamide, Melphalan,
Chlorambucil, Pipobroman, Triethylene-melamine, Triethylenethiophosphoramine,
Busulfan, Carmustine, Lomustine, Streptozocin, Dacarbazine, and Temozolomide.

Antimetabolites (including, without limitation, folic acid antagonists,
pyrimidine analogs, purine analogs and adenosine deaminase inhibitors):
Methotrexate, S-Fluorouracil, Floxuridine, Cytarabine, 6-Mercaptopurine, 6-
Thioguanine, Fludarabine phosphate, Pentostatine, and Gemcitabine.

Natural products and their derivatives (for example, vinca alkaloids, antitumor
antibiotics, enzymes, lymphokines and epipodophyllotoxins): Vinblastine, Vincristine,
Vindesine, Bleomycin, Dactinomycin, Daunorubicin, Doxorubicin, Epirubicin,

Idarubicin, Ara-C, paclitaxel (paclitaxel is commercially available as Taxol®),
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mayt ansi ne (NSC 153858 rh| Zoxi n NSC 33 598}11
pacl i t Bhesiollpwineomay §1so Re BR{sFqd ip colbination with

tives (e g., NSC 608832),
%ﬂﬁopcgﬁa%@égmgg& %‘%{L%g trityl cyst ei ne (NSC
8326 5);Mldtbmbhla&lfﬂ‘eﬁ@n§agehatmteﬁNSGvﬂlQ S R)ar mritasiy arsltarqwell
sul fate (NSC 67574), natural and synthetic epo

i eromucin e atforBer pRtirPEGldeTRY HYRIAKIC SRV 1‘4&6?%13‘1118 qifecting
Oaggﬁg%tsgf'uk ﬁﬂﬁog}wegﬁ(‘ﬂf Flg el ,IG%P arc IG5 TRV RRS NilofRhiine (NSC

OXy€epo
401683?; Q—lfgcﬂdﬁdr1iﬂ§(N$d} 80931%5§*colcﬁﬁﬁilc} (NSC [75@), byldhioke-dBrivatives

plers N Ry# 10D, dolasigtimi OSSQ 37648 ymevansieaPGy | Y8 RL Apizoxin

(VLT bR Bl N R Ry et

2801 hsives (e. ng* NSC 608832), thiocolchicine NSC 361792), tr1ty1 cystelne (NSC

Lﬁlﬁ;ﬁ%[ﬁi];kzkmgzsung sulzath; (liII-gC8*49£34|12F)z’c Vl:rl-lgr?sktln:!éiﬁlfglte (NS 7[574) natural and
synthetic epothilones including but not limited to epothilone A, epothilone B,
epothilone C, epothilone D, desoxyepothilone A, desoxyepothilone B, [1S-
[1R* 3R*(E),7R*,10S*,11R*,12R*,16S*]]-7-11-dihydroxy-8,8,10,12,16-
pentamethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17 oxabicyclo
[14.1.0]heptadecane-5,9-dione (disclosed in US Patent 6,262,094, issued July 17,
2001), [1S-[1R* 3R*(E),7R*,10S*,11R*,12R*,16S*]]-3-[2-[2-(aminomethyl)-4-
thiazolyl]-1-methylethenyl]-7,11-dihydroxy-8,8,10,12,1 6-pentamethyl-4-17-
dioxabicyclo[14.1.0]- heptadecane-5,9-dione (disclosed in USSN 09/506,481 filed on
February 17, 2000, and examples 7 and 8 herein), [1S
1R* 3R*(E),7R*,108%,1 1R*,12R*, 16S*]]-7,11-dihydroxy-8,8,10,12,16-pentamethyl-
3-[1 —methyl—Z—(2-methyl—4¥thiazolyl)ethenyl] -4-aza-17oxabicyclo[14.1.0]-
heptadecane-5,9-dione, [1S-[1R*,3R*(E),7R*,10S*, 1 1R*,12R*,16S*]]-3-[2-[2-

(Aminomethyl)-4-thiazolyl]-1-methylethenyl]-7,11-dihydroxy-8,8,10,12,16-
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110: 3055 3064; Panda (1997) Proc. Acad.. Sci,. USA

10 gg:gmsﬁl@wplo&mor VN tp HGRLCRb I the g0t hEReL Tptogts of the
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R Wyn%{m@gg Akt %ﬁ? F)ld's\gl{ngf}\gmiéggt%gg C@@%syg%%lﬁﬁmylestradlol

EiDl@J[h lsﬁl’lﬁﬁﬁr&71"e§%8ﬁ&3né’,%écﬁusdnﬁ Flasegnestezoee, Dromsstanolone
desi rabl e to render aberrantly prol.i ferat ve ce
qubrionant Tasiplasonicu NMogpurplagetate. dlethylpesrniss @Pé‘éﬁ%ﬁ?smswfone

oS G RBRATRS Hhor GRS Tl Bk MR O
15 Ariddshituingige IRstiaalustidd, Mdiydsiprddeststanehcetate, Leuprolide,
Test ost erone, Predni sone, Fluoxynesterone,

Drlotnsdea ﬁbtflmléel]@s 391@6%@8@ alspeagy siaistsyed to the patient.
I\/legest ](lgl ac.

Met hyl“ 8§'(“gas fd(g ﬁlge géﬁgﬂﬁ Ao rolt%er% eutllc 6rr1]eethods of the

hh&fRfoh iaf A RAGIogEMEY Qiélvi Rk agest sealieproteinase inhibitors, and other
Am nogl ut et hi mde, Estranustine

MEBGD yibisers stueh o aait-METanthediss and sraall malecaissgach as ZD6474
Tor ol adex. can _al

N e R
C&ﬁfi@@l.hﬁrsﬁﬁ%ﬂe IFGEReiihgsitor &f EKBE569 (an irreversible 1nh1b1tor). Also
included are Imclone antibody C225 immunospecific for the EGFR, and src inhibitors.

Also suitable for use as an antiproliferative cytostatic agent is Casodex™

which renders androgen-dependent carcinomas non—proliﬁ;rative. Yet another

25 example of a cytostatic agent is the antiestrogen Tamoxifen which inhibits the
proliferation or growth 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 PDGF inhibitors.

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

quiescent by depriving them of nutrition. Castration, which also renders androgen
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ant 1 body nospecific for the EGFR, and src

i A pabictiar slassddfentisasculabtyostatic ageetsas thgreombretastatins. Other
antiproliferative cytqs ' ent. i.s. Cas whi ch, . .
rSRERrLY aﬂa%%t@fg%gea@5%%8@%@3?%?@5@“’ B e inhibitors,
NAALRER!dr Bk Hdekor anPlocBAL NedsiRNBREE iffibAoRIE AL C

agent 1s the antiestroge noxi fen which inhibits the
P grlalifi g aaidiinkibiosrs @F matitin-bike gstwib dantorde@haient br east
cancer, Inhibitors of the transgucti aon .of _cel

l.ul a .
Aopbigjani S oriBiGp cggrabine

-&h L2 0 '

T G AL Rt han Bt P QlIbR kA Tpisy Movaptrone®) and
| i d8i deqVePedti®), sthédotihe (AMSA)carld dibgensi ratindic badKATREY).
PDG- i nhibitors. As nentioned, certain ) o .
ant i prbhs gospaupdseolihe presen daveaten My be ygeH! @ compination with
f’ég‘:kz‘@ﬁﬁ Wihitdg Sch]Sas%\ﬂ'noPMnﬁea{i i 'HPAVed BhaR fdB%A9 or
sor unors, frender’ cancer cells quiescent by
dEPIN-YOT\Ghd EempcindRHéWh bEleR. Castration, which al so
renders andr ogendependent carci nonmas E
non-proliferative, may also be utilized,
nmeans ot her than surgical disruption of
anot her exanpl e o cytostatic agent.
class of antivasculdr cytosHatic a ‘
conbretastatins. N Npoent s

i ncl ude MET ki nase i nhjl bi 'naée i nhi bNt or s,
6 €ceptor tyrosine

tarvation by
pl ood flow is

i nhi bitors of non-recep
ki nases, inhibitors of integrin signaling, and -

T e e

dRxQiau BirGompousdstsatia bi fetdn&l, doLorubl¢ing §Aerfddon hifa-n3, palonosetron
6-t hi oguani ne Tabloid(r)g, m t oxantrone . )
(dadasainer arpsiTpiole, sHEmestanfo SPHSiuysbekirdptamide ¢ispktinn e

(VB in@Wrdlbind LARRIAE LhAMiEin2 el SnlAE S emifene, fulvestrant,
letrozole, tamsulosin, gallium nitrate, trastuzumab, altretamine, hydroxycarbamide,
ifosfamide, interferon alfacon-1, gefitinib, granisetron, leuprorelin, dronabinol,
megestrol, pethidine, promethazine, morphine, vinorelbine, pegfilgrastim, filgrastim,
nilutamide, thiethylperazine, leuprorelin, pegaspargase, muromonab-CD3, porfimer
sodium, cisplatin, abarelix, capromab, samarium SM153 lexidronam, paclitaxel,
docetaxel, etoposide, triptorelin, valrubicin, nofetumomab merpentan technetium 99m
Tc, vincristine, capecitabine, strptozocin, and ondansetron.

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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strptozocin, andy 8{}&{8{)‘?511(?%5 &Pﬂ ord. ?ﬁﬁy?lgm%r@a %ﬁl@%ﬂdlng acute and

i nventi on DTOVIde rea
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fol |l owi ng: carci noma including that of the bl adder
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Césmeytoﬁﬁdnéw@tgaa&ﬁ@ Qgidhsi, ANRhwadi@hys, prostate,
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hemat opoi eti ¢ t ugdestugford MERIAG OmblianGag eehbddridipignentosum,
| eukem a, acute |ynphocytic | eukem a, acute

| Kevptnedsentbemne, seatikana, ahyrgiddelliculay aevermand fergleparcinoma.

The present invention provides methods for the treatment of a variety
of non-cancerous proliferative diseases.

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
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
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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| ynphoma, Hodgkin's | ynphoma, non-Hodgkin's |ynphons,
hairy cell |ynphoma, histiocytic |ynphoma, and

w®oket1985 | ynphoma; hemat opoi eti c tunors of nyRCDUS2005/003728

| i neage including acute and chronic nyelogenous

| euken as dyspl asi 0
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ﬁ)ﬁﬁﬂn%@ﬁ@dall?%&é@%léyaiﬁ&m Thchethodgeasil thw.)sé ©ffa neoplastic agent
urobl astohma, glioma, and schwannonmas; 1 tunors of

fie sembingtied. withiagformiukecl aedipegnd. Fhesomnesitigns of the present

rlﬂ%ﬁﬂéﬁynga?%{ﬁ%%ﬁ%%ﬂﬁ%ér?rﬁér%éo Bace B o2eped R dional
%\‘Qﬁlgﬁ'fgs:)%{i&}b%umsﬁ%ﬁ%@ anhhi{&@bﬁl hgdnkd, Bffark, &)Miﬁ%f agents,

ocaf ci noma. The present invention provides
rﬂblvbﬂﬁig agents, bdievanteandiit likef Bheweatineapjastif agents, Formula I,

%gwgﬁggsga&ﬁ@ggo%@%segﬁtﬁlé\égetsg%Zﬁ%ﬁzl ion m %ﬁeagpﬁ@séere% o1asﬂly or
}%%%?Jraﬂfﬁ%ﬁlﬁlr%atﬁg GltravDinids! Qntr%scu% GinfiaporitSadag, C&[chutaneous

vari-ous atric cancers. The conpounds of
péﬁﬁﬁﬁﬁibpmﬁnbummoﬁmhnmummMom tyrosi ne ki nase

ol and e syl e ool v LS o i o
qb?&f%lglg E)?(}cegn 5 fmFt)ﬁér%?%Pﬁ%haﬁmgc%tﬁél@oggﬁ&hbﬁﬁ é)taﬁl% of treatmg

i mmunol ogi di sorders and
l&clkﬁ{a@@yssbﬂ@téﬂmon@heds ycludihgthervorditions ddfsenbed above. The said
description of the conpound in such jnmunol ogi cal

HOSTOgEI08S MK EOBRESUNT (NSTORHER RCTH < DA REGTHIRALGmRgsitions
Rhar o Po%%{ﬂa?e% by 1'n§' ﬁ‘velﬂlﬁslfléi lsolid of R&uill VEREREBE difents, as
Igél‘"% er, a

conpri mnl stration O
twhar th@éﬂuhyale\ﬁﬂﬁ@m ME& type appropriate to the mode of desired
administration (e.g., excipient§, binders, preservatives, stabilizers, flavors, etc.)
according to techniques such as those well known in the art of pharmaceutical
formulations.

The said pharmaceutical compositions may be administered by any means
suitable for the condition to be treatéd, which may depend on the need for site-specific
treatment or quantity of drug to be delivered. Topical administration is generally
preferred for skin-related diseases, and systematic treatment preferred for cancerous or
pre-cancerous conditions, although other modes of delivery are contemplated. For
example, the compounds of formula (I) may be delivered orally, such as in the form of
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 aq. or non-aq. solutions or
suspensions); nasally such as by inhalation spray; topically, such as in the form of a
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 (I), prepared according
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anount of the conbinations of this invention, wth or
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S ?Vl‘ieélsg&%?rﬁl fﬁt@e&ﬂfs g}]&ﬁ EINES %tb(f?uern%s col ori ng
agents, ]f( Egﬁﬁ&% fof“fﬂpiﬁéﬁﬁ’drﬁlm%ﬁoﬁ RRIddekopitiecarrier
anti neopl a c age ts, Formufa I, conpounds and

csaam@sP]LAS’ﬁBmsE(D f{mineraseigelled mmpoéycﬂm&@nebe

adm ni stered _orally aqr enterally including the . .
. i nt r aver&ggp! WF?’&‘H‘B%EWf roqaﬁfl%%léf-ﬁag é%Il & suspensions which

si‘g%? o 31‘? %IS exaﬁn%#} HhricAIAly st L @uldRY T&%m%firtmg bulk, alginic acid

t1on present Invention al so provi des
Ltﬁlsﬁ@uhfﬁgm@m@ umd@mﬂ@glagad m&hlcbﬂdosmasancmlty enhancer and
process to further prepare pharnaceutical conpositio

@a@a@n@rS@r flayrng aggniSPECk ALY OSEP AReH b Pediale release
osﬂ{ig’ Ha? SRR £ %%ngl ﬁﬁdr g St ARBY Eellul R, &@Mglum

I'ons” may Cont her rapeutic agents.

ﬁh@ﬁ;ﬂﬁ&@ @tat&ﬁkna@@é‘ﬁﬂﬁﬁ stchresandiyt linﬁos‘emlndimll attedebaipients, binders,
npl oy |ng conventi onal solid or qui d vehicl es. or
dfiXFQEléﬁltSs isinteahants, digenss a%%@&%qtﬁ:%%chéﬂ those kaawpyfn the art. The

téé%gaoﬁﬁgs SALHRY Al gﬂ%&;&g JRAS R ddBRtd dersvi, s%%ﬁhglia‘{’taﬁc%f Bikcal

Xcipre ers, preservat

Sddalihisiredrs e. of  IveiuD bisoldet Goﬁlpﬁsswr ol ﬂn@zédrléé cdbvits)uBsSemplary
such as those well known in the art of phar rr,aceuti cal

chwrmrsiéiona) gy iranheiesfaﬂdﬁiﬁﬁmi%%iﬁpﬁcswh adomaBaitql; Bresegycrose,
e
g)r cycgﬂac%x?uzg @%ea A dﬁﬁ% %ofﬂﬁgg%ﬁesn a}ﬁ@ Ién%]oé% éllar

f\%l Bl dx@i éu‘ch @s tElRAGIEE (A VICEN®AOE pdlyetbjllenkr gﬂgcdilm (RH}) an
del | vere Topi cal administration is genera

parXéfPé‘?m é«datﬁcmu@ﬁal dhesion Bigh@s B&r@é@m@ﬂ &elé\}l@ff‘e%l%%
%%x%pgpy Ihy{ (:I‘Rllc];sg r(H%ME)? U1 ¥m Larboxymethyl cellulose (SCMC),

and/or maleic anhydride copolymer (e.g., GANTREZ®); and agents to control release

such as polyacrylic copolymer (e.g., CARBOPOL 934®). Lubricants, glidants,
flavors, coloring agents and stabilizers may also be adde‘d for ease of fabrication and
use.

An example of a composition for oral administration is the compound of
formula (IV), lactose monohydrate (intra-granular phase), microcrystalline
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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pre-cancerous conditions, although other nodes of
delivery are contenpl ated. For exanple, the conpounds
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| Ripgsrsnslutipn, @olsatgmcwndmni cidoriflagalwis, coother svitable dispersing or

non-t oxi ¢, pharmaceuticall acc pt.abl e v
dvettiamead sspendingagents: oc ToHitic a?ﬂau%‘i}gia TS pcefatty
(&thﬁgﬁ@hggﬂggggﬁdlngto the inventive process, may be
er

I'n a formsuitable for i nedi ate rel ease
or ext erigiethplalyeaspositionetdr adceal ndinbAsention isolodabpdositories
rel ease may be achieved with suitable pharnmaceutjca
cwhaﬁb@w.ceﬁ@lrb for exampice spEablenqMyirpiREng %%Pl@?tse% R 6902
r | e | 7P
obgltt%?%gmhx\aé @&g&%@@g&% ﬁ%ﬁa{a@%ﬁf g}rﬁcthop Lapf & Rdinary
&Gﬂip@ﬂaﬁiréﬁidt (llE]udzﬂy@hd/@E dBsdl0P irﬂfhb r&ddl chdty suelkasesthe drug.
PLASTDGASE(r%ﬁn1neraI oil gelled with pol yethyl ene)
Exenpl arlhecdipses emewy of @rcog»paun%eﬁﬁomgwﬁthQ %ffrafa%ed by

20
SHRRERRYRDS B AT ok AR, grpoung o g il
asti febr bb &R 0105 A0 infigk € oflsody \ﬁaglﬁt&ﬁdbﬂil@- ca;glqnmnd per day, which
neth | cel lul ose as a viscosity enhancer

m@ls@re¢ ineiingla gosgyeirin dhestosm Oéénfilwé%l dévigeshdesgs, such
agﬁf ’to : ﬁ‘ines n@?&%}?tf wiff Lg 9&&@8&{1 %%?th%k)?éjﬁlgﬂgse level and

for m Crocrys ne ce

dﬂré‘cﬁl'eﬁctykb'ﬁ d@b@g%ﬂbaa@ pﬁﬁ@nmbjmgmeyswmﬁddmﬂama @ pélidupon a
| act ose and/ or other excipients, binders, extenders

diasient cefgfacaﬂmmcbmmgeth@ gctaﬁw of ¢l snesiic sompenndiemployed the
P et e
weight, general health, sex and diet of the subject, the mode and time of
administration, rate of excretion, drug combination, and severity of the particular
condition. Preferred subjects for treatment include animals, most preferably
mammalian species such as humans, and domestic animals such as dogs, cats, horses,
and the like. Thus, when the term “patient” is used herein, this term is intended to
include all subjects, most preferably mammalian species, that are affected by
mediation of Src kinase levels.

When administered intravenously, the compounds of the present invention,
including the crystalline forms of the compounds of formula IV, are administered
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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h drox L opy el | ul ose ra hase X
&F }DPﬁile Ieeﬁﬁﬂmﬂgééﬁ? Ekthiogs o %ﬁﬂ Werla% s dosing

%&6&&5 g@h'a@%ﬁcéggé)ufgr 08810 g%fé%ﬁlggk}@ﬁgm 93@%3 more

gnesi um st earat e extragran
pozfpablytdveryst food dayasall nast pefdraldy eve‘rt:a élchgzs oln one el’nbodlment
adm nistration jnclu ge sol uti ons which may contain,

ithgre é%@aPﬁS’rOél of Qéﬁiﬁ/ o 3 Medlse pligpatiiehed days to 4 weeks, or 5 days to 3
SekaR SRIRRIS 3K EIn pBRREE egaesnwﬂérg AR ELsShol ReafRORN 98

rption and |oava|Ia ot he
sobthbi émlzcbdmemrthei c&ppanmds of a@mégnsmcdsntam irhhﬁimgmhe \orystalline
in the art. ary conpositions for parentera

dermshidhe %ﬁmmvnrlﬁ ef fomuianlVeeandis admipisigrgdgnally Antravenously, or
SUEPERS! LS 15 Sy TRy hCa RBlayr 1fv9éek§2§§'we!e§s nﬁ%&v@&l Scles

non- t oxi c, parenter’al cceptabl e uen

SﬂiebﬁQﬂhb& is a0 Qhatﬁﬁanﬂalmryet e)lhqthér esntodimdie dhaodo;mpmlh&i of the present
Ri nger's solutjon, an isotonic sodi um chl ori de
é‘b‘{eﬂfl%ﬁhe eystalling forgns qf by eorapapaf of fagmsla IV, can be administered

orally, intravenously, or both, once a day for 5 days, with a period of 1 week to 3
weeks in between cycles where there is no treatment.

In another embodiment the treatment cycle for administration of the
compounds of the present invention, the crystalline forms of the compounds of
formula IV, is once daily for 5 consecutive days and the period between treatment
cycles is from 2 to 10 days, or alternatively 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.
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Aavi@idng In)éhﬂingf c&ﬁﬁpﬁhﬁds omkmd]aa dVide admimstclte;i vofil thhgatient

speci fic conmpound enpl oyed, the netapolic stabili
hOH S| STATRORSH HOTLXENIPIE. 3EEqUGHPD HHIHROE SHS, QBT ‘ig%%ﬁ lgﬁf{mg
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tgggzitg&%re%%k}\/@ mode and time of administrati on, rate of

excr eCo@pourtlisagitin i sapd offorand (Bewsy et tysted fctrhetlvrcy as
particular condition. Preferred subjects for treat
nhiitgtreofayiotetl linasepysing therassayp rif;SCﬁ@ﬁ%? PHn Ok riatigEs t fheteot

h_as.hu t. mal s such as dogs,
B o R o AR B B ™ e er
"patient” is used herein, this termis intended to

i nclude all subjects, nost preferably mammali an
speC| eell agsans are affected by nediation of Src kinase'

(P e b oeenovsl e, sompounes
for ”Bhﬁf{attlh&ell% QRPRULIsBeDFith Bidiestaomypouad endidien siimtiredhy the
addition of antibody to CD3 (monoclonal antibody G19-4). Cells are lysed after 4
minutes or at another desired time by the addition of a lysis buffer containing NP-40
detergent. Phosphorylation of proteins is detected by anti-phosphotyrosine
immunoblotting. Detection of phosphorylation of specific proteins of interest such as
ZAP-70 is detected by immunoprecipitation with anti-ZAP-70 antibody followed by
anti-phosphotyrosine immunoblotting. Such procedures are described in Schieven,
G.L., Mittler, R.S., Nadler, S.G., Kirihara, J.M., Bolen, J.B., Kanner, S.B., and
Ledbetter, I.A., “ZAP-70 tyrosine kinase, CD45 and T cell receptof involvement in
UV and H,0, 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 G19-4, 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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enconpass dosi ng protocol s such as _once a day f
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- eMEhdr rr%ﬂ wlgéﬂ?@%ﬁto% y%&c&ﬁﬁggﬁﬁﬂ %nﬂﬁ@ Wue%lgﬁy V\nglg_s ratio as

one e ere rs”a sto
ali¢seribad invSvhievén,day.s Nitlek, Rﬂi‘klgadl&t SA5. dKMﬂlata) J M)L\%II’&L, J.B.,

~or. 1 week to 2 weeks, in between cycles where there

B annsod Rernd Ledbaiiotbs “GABOM HaNIICHimsedrghyMILT g#ll receptor
t Pl%f) eﬁ%ﬁ{”n U{}V 4 ﬁzﬁn mdu@?& Jf%%}n gllghgletra%g&f‘ctu%h’l’ A O(Il OEREN., 269,
0 S O ormu

e conpoun m ni st’er e

02@71I8y207|26t([9949m&hyrefaen&@ﬁﬂmm@ted thegidy. for 3 days,
wth a period of 1 week to 3 weeks in between cycles
where there is no treatnent. In yet another enbodi nent

t&ﬁ COEBR¥Qgé0££$£Ee present invention, the
t he conpounds of fornmula IV, can
be adnigk sihesiggls Rhiil e pidliféranenotisdrinal BimaoOpdriphert 8lodd T

day for 5 days, with a period of 1 week to 3 weeks in
bedllsstimuigied Bgranerith eHefD3i dusntc £D38 aatikodies. A 96 well plate is

coated with a monoclonal antibody to CD3 (such as G19-4), the antibody is allowed to
bind, and then the plate is washed. The antibody bound to the plate serves to
stimulate the cells. Normal human peripheral blood T cells are added to the wells
along with test compound plus 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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10 SUAIGAINEEL e RIROA Bhokon IAREH ot Ohdons
LRy 10 mIDbf NadH 28, 0Acnal) dian gddal tolikis seluhionsindfthe fexture
i nvention, the conpounds of the present inventi (i)n

i wiel idier gt 6076p Exinaather 217, dinaefdFWes thgneremaypt pages Festyeed
til th t . '
lr'lpga%?g{q, gﬁd Iﬁl% rI sﬁ@r%er»\ﬁgs?sé\f%r’ea Cl)l? 9‘%‘%? :2?(? x&%g.gﬂreﬁ%@gpiﬁ%e was collected

tgpdaeirhi filGrati @pGtTediedCo FROLIIS- 1 Wet-butyl-thisuse 612 gf 92% yield).
formula (J)may be tested for activity as inhibitors of

15  pnptl833# GaEeNMR (509 Mhe, BYEYDee JA40 Bldih 120upr HAH), 6.76
VBB WSS 90 (om, 280, 1.03 (d, 7 = 6.1 Hz, 3H), 0.81 (d, J = 7.7 Hz, 3H);
3¢ NMR (125 MEz, DMSO-Dg)  182.5, 50.8, 28.8, 19.9, 10.3; LRMS m/z 133.2
(M+H); Anal. Calcd for CsHjoNoS: C, 45.41; H, 9.14.; N, 21.18; S, 24.25. Found: C,
45.49;H, 8.88; N, 21.32; S, 24.27.
20
Example 2

Preparation of intermediate:
(R)-1-sec-Butylthiourea
S
A,

25 " (R)-1-sec-Butylthiourea was prepared in 92% yield according to the general
method outlined for Example 1. mp 133-134°C; '"H NMR(500 MHz, DMSO) &
0.80(m, 3H, J=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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that are wthin the level ordinary skill in the art.
Cell assays (1) Cellular tyrosine phosphoryl ation

wQeokar79ds cel | s are incubated with the test cor@DUSIN0S/003728

10

15

20

25

and then stinmulated by the addition of antibody to CD3

(rrono ala.ib 9-4)..  Cel re | d .tr4.
bt a0 Laf Ot T8 e e SR Tor ENT P Gresir: B
%?1 SNS #§f§f24%nhehﬁli g 458244, 9'@58N9@m4 S, 24.38.

‘phoryTl ati’on. of protei’ns is det ect ed
anti - phosphotyr osi ne i nmunobl otting. Det ectr on of
phosphoryl ati on of specific proteins of interest such
as ZAP-70 is detected by i munoprecipitation with
anti - ZAP-70 anti body follo fnti - phosphot yr osi ne
i mmunobl otting. Such pr oce%%negea're described in .
Schl evea m@udmofM ttler, RS., Nadler, S. G, Kirihara,

F Kanner, S. % and Ledbetter, J.A.,

" ZAP 70 tyr osr ne ki nase el | receptor

i nvol venrent in Wcan nduce ceI _Signal
transduction", J. 69,7 20T18- 28726
(1994), and the refere c %ﬁyr porate@d therein. The

Lck inhibitors inhibit the tyr®si ne phosphoryl atr on of
cel lular proteins induced by anti-CD3 antibodies. For
the preparation of Gl9-4, see Hansen, J. A, Martin,
P3A., Beatty, P.G, Cark, E A, and Ledbetter J. A,
"Human T | ynphocyte cell surface mol ecul es defr ned by

t he wor kshop nonocl onal aé@? " in Leukocyte
Typing |, A Berr%é B unsgl . Hpausett, C
M| stein, and S. "Schb N~ ed (ilewctor k:  Spri nger

Verlag), p. 195-212 (1984) Hand Leetter(3A3 A, June,
C. H, Rabinovitch, P.S., Gossman, A, Tsu, T. T., and
Lnboden, J.B., " Si gnal transducti on through ™4
receptors sti mul atory vs. i bitory actiyit

regul al'ed Sg];l,«ltlg‘g@f éﬁggpqﬁ\{ﬁylethgrﬁﬂ%et GRZATHgq h§¥drci)6chloride (1.0¢g,
C',gfr‘gr_?(g?nfnaascggljﬁz (lO] mLI) T BEwas ]aﬁde(f’&?idﬁﬂeg@@ mL( 23 mmol) dropwise

via syringe. 3-Methoxyacryloyl chloride (0.72 mL. 6.5 mmol) was added and the

reaction stirred at room temperature for 1 h. The solution was cooled again to 0°C
and IN HCI (1.5 mL) was added dropwise via pipet. The reaction mixture was stirred
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 cooled‘in an ice bath for 30 min,
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, CDCl;) 8 8.95 (s, 1H), 8.12 (br s, 1H),
7.76 (s, 1H), 7.29 (m, 2H), 7.05 (d, J = 7.9 Hz, 1H), 5.47 (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

To a 50 mL RBF containing the above compound 3A (0.5g, 2.0 mmol) was
added THF (2.5 mL) and water (2 mL), 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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Lck inhibitors block calciumnobilization in T cells
stimulated with anti-CD3 anti bodies. Cells are | oaded

WOwRak/0t19es cal ci um i ndi cat or dye indo-1, treat ePCTMIS1005/003728
anti- CD3 anti body such as the nonocl onal anti body

G2 B oC ALELIE TRBI ] €3 (Ol STBASHLEAGHEIE B i o

recordi ng C ges I'n
i Ilﬂfbﬂbwéaiby@hsaﬁld@ﬂﬁ%ﬂ HOH (18 n@ﬁlw&a (15<inL) wa%adeld%d the
R S., Nadler, S.G, Kirihara, J. M, .
khwrestirred far 16 Anfiltereditsat veashediwith Wa'tﬁ‘ZAGF’gIW@ Eﬂﬂnméﬂ hes a light

SR R A B o S b B o5, W e

5 Chem, 269, 20718-20726 (1994) and the references
i ncorporated therein. (3) Proliferation assays Lck
inhibitors inhibit the proExdmpkt4 on of nornmal hunman
perip aI bIo T cells stinmulated to grow with
anti - 1ti-CD28 antibodies. A 96 well plate is
coat ed W|th a nmonocl onal ant i bxgdy to CD3 (such as
Gl9-4), the anti body S alleﬁled Bt nd, _and then the
pl ate i s washedg,dh htl dy bo o the plate
serves to stimul at\e/f\h oral “Yfu eri pher al
blood T cells are add vveIIs apong W th test
conpound plus anti-CD28 antl bdbly to provide

co-sti .

3 day e AR prpbb Bl R HETBERH ST piisthg e
10  abpmpribterdchd behenibabsdPxdngplalil ow i ncor poration of the

| abel into newly synthesized DNA, the cells are

harvested and counted in a scintillation counter to

measure cell proliferatio |1 ow ng exanpl es

illustrate the invention g%?%ﬁlgufd not be interpreted

as a IBrapetrﬂidrmf t hereon. EXAMPLES Exanpl e 1Prepar atl on

of intermediate: (S)-I1-sec-Butylthiourea
N-(2-chloro- 6—methylphenyl )-2-(6-(4-(3-hydroxyethyl)piperazin-1-yl)-2-

15  methylpyrimidin-4-ylamino)thiazole-5-carboxamide (The compound of Formula (IV))

HO -~ 1\(/\| '; j\ll\w H3C
S HN
NmNH
=
\,/
CH;

av)

Cl

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

Cl N._ NH
RS 2
T
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 ethyl isothiocyanatoformate (7.5 mL, 63.6 mmol),

and the mixture heated to reflux. After 5h, another portion of ethyl isothiocyanato (
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CH3 H NH2 To a solution of S- sec-butyl-amne (7.3lg,
0.1 nol) in chloroform (80 nL) at 0 C was sl ow y added

Whenwz0y1943 sot hi ocyanate (13.44 nL, 0.1 nol). TPET/US2005/003728

m xture was allowed to warmto 10C and stirred for 10

Jpiuas 0 Bl S e b orilef ST MR SR SR L gt 127
Hrshol) @ﬂas AAYEPMR 18O btk fuedst{rAed dllnhoref Tha Gldrfygas raporameldJunder

was a dto this solution, and the m xture was
stacuure ¢ MG @1dsopf tesblvent 2 hepaae (EOk) wdded tabe residue. The

o rea B A Sty BB MG FOBE S Y58 v
gsoqd ggége% Jf?é’lfﬁ/@xﬁtﬂé' Mkl AL bap Qpdofy- Q%%tﬁﬁpj&hﬁi&ﬂﬂ—

lourea (12.2 g, 92%yiel d).
Eﬁﬂdﬂuo&lda%a(dsoo M—|z DVSO-D6) d 7. 40 (s I H),

Z |-|)20 g_Abr@ghSJtlan '(;%ethylbg _q_hl&ED Z%hylérggldEIHLyic%m&otﬁéyﬂzg}bamate

LS mglgogmgﬁﬂ?}éé Wg@@%ﬁﬁ 83363 Pas (Rl and Briffed at S0°C

Gofig NP reSultift sl‘hiry Vbits Bolkd to 2002223, T8¢ s&id ds é’nﬂlected by
Found: C, 45.49; 88; N, 21.32; S, 24.27. Exanple

Wa@umpiﬂiaatlcmnwmhqdny@r wg@r,gapé dn(:qtg}o give 185 mg of 1-(6-chloro-2-

%‘giéﬂﬂ%g%ﬂ il Gutes <3L"€vafrl§?%g%@lﬂ LR PO 251
%15‘3%3’ & %9%‘@1 (%311&?4@;913&' NW(IE‘(;}@JMHZ(MSMHZ

3H7

IDX¥BOMI6R325.25318456, 45941}9( $59. 334)1675575&0591 IH), 7.20(s,
br, IH), 7.39(d, I'H J=7.2): 13C NMR (500MHz, DMBO) d-
10. 00, 19.56, 28.50, 50.20, 182.00; mz 133.23 (MH);

A o, (P B lorbgthaiiPpety S dbackgamidk 5,

S, 24.38.

o
Eto/\/u\ p
Cl (5B)

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
(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
mL) and stirred for 15 min. at 20-22°C then 1 h. at 0°C. The solid was collected by
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-methylphenyl)-3-ethoxyacrylamide). 'H NMR (400 Hz,
DMSO-dg) & 1.26 (t, 3H, J= 7 Hz), 2.15 (s, 3H), 3.94 (q, 2H, J="7 Hz), 5.58 (d,, 1‘H,
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 3 Preparation of: 3A. To a solution of
3-am no- N- net hyl - 4- net hyl benzam de hydrochloride (1.0

w@2005/0myed ) in acetone (10 nL) at 0 OC was added/UusS2005/003728

pyridine (1.2 nL, 15 nmol) dropw se via syringe.

Tt A oh . T ECOML Biob B2 Ticioh e ko7 11,5799
o T e P o0 VLG et on

m xture was stirred for 5 mn then water (8.5 nL) was
added via an addition funne The acetone was renoved
iS¢ va@uérfzmth(ﬁ@hloe@@rm@tﬁ@lpémymlwl@wﬂf@&aw 4h.
Crystallization began within 15 mn. After stirring
for 4 h, the vessel was cooledin an ice bath for 30
mn, filtered, and rlns Wlt |Mee cold water (2 x 3

m) to give corrpound 3 %vyield) as a

white solid. 1H NVR g d 8.95 (s, IH),

8.12 (br s, IH, 77 (m 2H), 7.05 (d,
J -120|

J =7.9 Hz, IH, 547(d (5C , 348(s,
3H), 2.54 (d, J 4.7 Hz, 3H), 2.03 (s, HPLC rt
2.28 riica (rﬁdnﬂ:id:flcompm)lnd 5B(5. mgrﬁ:ﬂ%ﬁlﬂ@)m B-dinxaRBE27 mL)
cont ai ni n? t he above co gund

GO ST ) v dah I SaUd R & 20-Ripmon i Ted -y TRy was

. .22 | )vo he. . ' '
&@I 2 9nd 8 Ag‘ﬁﬁﬁ% 4, a'ﬁ%légllegg | 80 gp5P m:}édlf §8ad @ and the
Qﬁ!&ﬁﬁe héqted Resee! WitednPh'ae réiboliion s cbeled %o QO 22° and
NHAOH was added to adjust the pHto 10 fol |l owed
kwggd; Laam@tdum hydlrcmﬁdeE(t‘l@t—le @asrgglded\xh@wls@ 1’5h¢np)suls3amg slurry was
ed a e slurry stir t

aRsraials tqraH%\faé\lurf%o LR 5@3 é(ﬁ%f%@ %1%)0% dytp §r§’%b rﬂWt‘?Ohd was
gglol%cqecggy éﬁ*]ugﬂl BBAN, S he PEUR UbidtWater (YB 132! add ARG give 5.3

g (94.9 % yleld) of 2-amino-N-(2-chloro-6-methylphenyl)thiazole-5-carboxamide. 'H
NMR (400 MHz, DMSO-dg) 8 6 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, 1H) ; *C NMR (125MHz, DMSO-d6)
5: 18.18, 120.63, 126.84, 127.90, 128.86, 132.41, 133.63, 138.76, 142.88, 159.45,
172.02.

5D.  2-(6-Chloro-2-methylpyrimidin-4-ylamino)-N-(2-chloro-6-

methylphenyl)thiazole-5-carboxamide

0
il
CI\‘/\KNH S HN
I .
N._N cl
T

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 to
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Preparation of: Exanple 4 is prepared follow ng the
nmet hods of Exanple 3 but using the appropriate acryl

whenwzamode and Exanple 1. Exanple 5 Preparati orCD1S2005/003728

N ( 2-chl Ior 0- 6- get hyl phenyl ) - 2- (6- (4- ( 3- hydr oxyet hyl ) pi
perazin - 2- . .
e WeﬁWPgﬁ%gUa? A Y- 50° G T RS 8128 SETRG PSR BP AR PR or 10

0

mL d
SEMRRURISE PR 88 2N 1 i s sadcd o o e
anixbdre %ﬂlﬁ@d $179mray 0og°d: atrne@@hé web olletat byetdayhm filtration, washed
ryrimdine (6.13g, 42.7 rnnol) in THF§24 nm.) was

additfedater A4 miLy @mmdmtamecﬁ 6% gwBe4 (% ysldhof cempaund Py | H

and th m xt {
; A0St St SE it o it feo D D bysn il 43 734, (m
afjler t
e el e SIS e G kg
Tpe ﬁl urrly was evapor ated under vacuumto renove nost
of the solvent and heptane (6 mL) added to the
S| dugvampieS sol i d was col | ected by vacuum filtration

a”d ""afhggfg#u@ofcgy?ﬁr@giﬁ%éﬁ & )ﬁmtb.lg'xﬂrhﬁﬂ aBd01 g (68 %

ield)" 0o
E}ryahi OryBipeeidiyd @60 g‘ﬂS@lG@-rﬂmol) in n-butanol (40 mL) was added DIPEA
yl car barmt hi oyl car bamate. A sol ution of

e{3 B 10k.02R26vemninf). plie shiray wamh@ﬂtfecb&tdalﬁo@ ﬁq?rd’ygfe dheponled slowly

Hadve tmeerder - oy SPsteopBRSTby YRR poh, 3o B0 o-
VRRarfc?Ps £1)! £1d%01d2Che Eftﬁiu@@dﬂ d gyasascitsobet elhby80% EtOH-H0

vacuum filtration, water, and dried to
g(80erﬂ:l)85ndrgle(sblult10n (s ghdrl@p@ by filtration. "The hot solution was slowly

M_&}/tfll m.di T% 5nL35 @éé CE Sw ? o%)ogmggl%zaera%l\‘fﬁgsoéxg was
(c%lllewed b3 Qalfank Bitratih, wiBed Wil S0% Ehhanol Jd4teNISF1L) and dried
(affordmg 4.27 g (83.2 % yield) of N-(2-chloro-6-methylphenyl)-2-(6-(4-(3-
hydroxyethyl)plperazm—1—yl)-2—1nethylpyr1mld1n—4-ylammo)th1azole—5—ca.rboxarnide
as monohydrate. "H NMR (400 MHz, DMSO-dg) & 2.23 (s, 3H), 2.40 (s, 3H), 2.42 (t,
2H, J=6), 2.48 (t, 4H, J=6.3), 3.50 (m, 4H), 3.53 (q, 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, J=7.6, 1.7), 8.21
(s, 1H), 9.87 (s, 1H), 11.47.

EXAMPLE 6

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

methylpyrimidin-4-ylamino)thiazole-5-carboxamide
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DVSO-d6) d: 25.25, 104.56, 159.19, 159.33, 167. 36,
180.91. 5B.

W@ E)osdF7025 Chl or o- 6- met hyl phenyl ) - 3- et hoxyacr y| Bem/tis2008003728

10

15

20

a cold stirring solution of 2-chloro-6-nethylaniline
(59.5 g 0.42 nol) and pyridine (68 m, o0 mol) in
THF (600 nl) we - et hoxyacyYy yho chlioride (84.7
g, 0.63 nol) slivﬁqggjgéi ng the aﬁNO-The

m xture was then war " ed for 2 W /At 200C.
Hydrochloric acid (IN, 113l was added at 0-10C. The
m xture was diluted with (310 nL) and the
resulting solution was concegfrated under vacuumto a
thick slurry. The slurry was diluted with toluene (275
mL) and stirred for 15 mn. @V)20-22 0OC then 1 h. at
00C. The solid was collected by vacuumfiltration,
washed with water (2 x 75 nL) and dried to give 74.1 g

Frony 56 SHGrRbE PP el o5 b B B TR s SH oy merjopmige 5B (120
Ghe,®.50 Béndly in 1 (175 diHEd waterl®. S BIL) 8k ad&AMBS (98 2ig, 0.55

J="7 Hz), 5.58 (d, IH J=12.4 Hz), 7.10-7.27 (nl1 2H,
Juifioh aHAJC. TheRmugngawgsdwanngd apd ptigedat 20-22°45{og 3h. To this was

5 5 e b iy 75 D BB o

to 20-22°C and the
%Wﬁ%l—t ﬁ E gggﬁrle%rggr-eé?fr%t y?%ﬁenyl ‘?ﬁ? %(g%\?%- 5- car boxa
nfotle cdlectedbyctacnemdiltratopgiving 138 s (1% yielD®f 36(6rnubdry-2-
in 1,4-di oxane (27 nl) and water (27 rrLi was %gde NBS.d
(methBlpyrimpding-apine) R -(2-glforasdarethytphenyDiiyazplg garboxamide

5 RN R RSB RRC aa HEphy  ae

Af £1 2 pH Uhe.55,e634-746dd SELUTEDS) 831 GpOHEd 0t02 (ROHD212.25 (s,
and cone, ammoni um hydroxide (4.2 nlL) was added
diidpwi se. The resulting slurry was concentrated under

Sol 1o eBeaar R PR Ol AT PRBIES sietnfpimatn-2Hef(-c-
qgjdgo)é)%gfﬂ)pfp%&zm-i sylyancheehyiBeinti@indd-YRinind)tigatdde-5Eafooxamide,

yi'el d
2fomvimg-MNery 2Echl or o- 6- met hyl phenyl ) t hi azol e- 5- car boxam

Ide. 1H EXAMPLE 7

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

methylpyrimidin-4-ylamino)thiazole-5-carboxamide

TA. 2-[4-(6-Chloro-2-methyl-pyrimidin-4-yl)-piperazin-1-yl]-ethanol
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NVR (400 MHz, DVMSQd 6) d d 2.19 (s, 3H), 7.09-7.29 (m
2H, J=7.5), 7.29-7.43 (d, IH J=7.5), 7.61 (s, 2H),

WO 2@50(¢5 | H), 9.63 (s, IH) ; 13C NVR (125Mz, POVBR0dS)03728

10

15

20

d: 18.18, 120.63, 126.84, 127.90, 128.86, 132.41,

133.63, 138.76, 142.88, 159.45, 172.02. 5D. OH
2- (6-Chl or 0~2-net hyl pyrim di n-4-ylam no)-N-(2-c W/O\-G/

- met hyl phenyl )t hi azol e- 5- cnm~boxam de To a sti w

salution_gf compound 5C (5.00 g, 18.67 1), a
4, fli\-ﬁ/;\%ﬁor % 3 net ﬁo?'m dpﬁ’@”( 3. 65 %m) - 2¢mmol ) in
THFENEESN M) V\/aS\a_dm\gy30%V\DCMSO| ution qf_sgdi um
-butoxide in THF (21.1 g, 65.36 mmIl) slowWy with

cool i ng tokeep the tenperature at 10-200C. The m xture

was ghirred at rfa,@ywten'perature for 1.5 h angrgool ed

to 0-5C. Hydrochloric acid, 2N (21.5 nL) was added

sh Pihataand-fleanbk(Sule 63tlimmet) wias28ddd mta @IERN GfHet-dichloro-2-

solid was collected by vacuumfiltratio shed with
waetbylpyrigiding (Sa2a 34:9 Bmoldn gidhéorgmetiiage gl}%) nj aggty i'lﬁlnp dyixture

g R0 e el Qe .0 IR R oo was

ITifred)at rt for3Zotl - HHe réehltahtbolid Was filkyed. STHIcaks wab Mashed with
10.02 (s, IH), 12.25 (s, IH. 5E. Exanple 5 To.a.. . .
rdishlorometiiane @A oA dTI@[fﬂ(m‘c_eo@asg:,onqqyl_trft@dﬁﬁgme agil. This oil was

hydr oxyet.h I perazi 6, . 504-H: ke :
B! B BA 20680 p 2B R Bl bt eprne
&I ati orInU IHiNrates shralC (. 88g) b 8@/HirrsoidSh, then
cooled slowy to roomtenperature. The solid was

coll ected by vacuumfiltration, washed wi th nbutanol
(5 nm.), and dried. The product (5.11 g) was dissol ved
in hot 80% EtOHH 20 (80 nlL), and the solution was
oh?.ri feedyhy7filtration. The hot solution was slowy
ITuted with water (15 nL) and cooled slowy to room
tenperature. The solid was collected by vacuum
filtration, washed with 50%et/@/rm.l-water (5 nm) and

dried N
Cl N Q HO
N .
HzNYS O Me NN @) . "Q ﬁ o !
| M RS S, e
Pd(OAc)2/BINAP/Toluene Y
cl Me cl
(5C) ()

To a 250 ml of round bottom flask were charged compound 5C (1.9g, 7.1 mmol),
compound 7C (1.5 g, 5.9 mmol), K,COj; (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 temperature for 20h. After cooling to room temperature,
the mixture was applied to a silica gel column. The column was first eluted with
EtOAC, and then with 10% of MeOH in BtOAC. Finally, the column was washed
with 10% 2M ammonia solution in MeOH/90% EtOAC. The fractions which

-54-



10

15

20

25

30

affording 4.27 g (83.2 %yield) of
N- (2- chl or o- 6- et hyl phenyl ) - 2- (6- (4- ( 3-

wWhyasoxie: hyl ) pi perazin-1-yl)-2-nmethyl pyri m di PEBUg1085003728

no)t hi azol e- 5- car boxam de as nonohydrate. 1H NWVR (400

plntangg?h %S&gd d}o%u é13 cgﬁ%‘t&d %ndg"d’ Eértra%agto g@v %ﬂ{;}o’und v
?aE:'ay}lfl‘I@ﬂ)wsoﬂd %5 IH J=5.3), 6.04 (s, IH, 7.25 (t,

(dd, IH, J=7.6, 1.7), 7.40 (dd, IH,
J=7.6, 17) 8. 21 (s, IH, 9.87 (s, IH, 11.47.
EXAMPLE 6 Preparation of:
N- ( 2- chl or o- 6- et hyl phenyl ) - 2- (6- (4- ( 3- hydr oxyet hyl ) pi

perazin-1-yl)-2- ANALYTICAL METHODS
met hyl pyri m di n-4-ylant 7i o)t hi azol e-5-car boxam deTo a

slurry of

(E) N-(2 chl or o- 6 rret hyI phenyl 3- et hoxyacryl am de 5B
id Siatg NuglognMags pPOTUICC g Y ) and wat er (0.5

m_) was added NBS (98 ng, O. 55. nmol ) at O0C. The
m?(ture was warmed and stirred at 20-220C for 3h. To
t Al Son@stagodderB NMR measurements were made with a Bruker DSX-400, 400

I-6chI0|(}2 met hyl pyrimdin-4-yl)th a5 00. .
o i e SHGp SIS OB g pigh-pover

refl ux for he

gl 0 AL S48 40 St s

(poldfazatieh R AMP-2Pf ﬁqﬁlhh%l&aﬂgle spinning (MAS) at approx1mately 12 kHz

(A o Bloncst banbok Aihedt. Bk SN F8DNFr M hﬁﬁii dpd S.0.
%w%hzilMggz?, I%e)zfon A 39974?’2%10 21@?'24&) Ah@? ggatélg 70/ mpX ot sample,

ﬂﬂ}:kecﬂ-ﬁrt@ 2 cfaﬁhstek—ﬂkmgﬂ- %H&ﬁuﬁ Sotoi tihs u@!ﬂnﬁ@@ letﬁk(h @emnt Chemlcal
el aborated to N-(2-chloro-6-nethyl phenyl)-2-(6-(4-(3-

@dﬁtm@ otdny Irdfpieperdatoi external adamantane with the high frequency resonance

O@mg gﬁqt hyl;g%l‘%ﬁwgg EM@ n\? ! g{rﬁalp IJe MSag(i:z.a k?&%?}nl]%Z, 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.
Tt 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
convéntional X-ray diffraction pattern is typically about 5% or less, and such degree
of measurement error should be taken into account as pertaining to the

aforementioned diffraction angles. Consequently, it is to be understood that the
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met hyl pyri m di n-4-yl am no) t hi azol e- 5- car boxani de 7A.
]2 c:rgés;‘f:ﬂ(a‘[ﬁgtpc%‘ %ﬁrh%ilgg?nrﬁzlggﬂtlgﬁ{gh%ng&m (%/ %ﬁh@ é;? 5331 éﬁl)rrr]ﬁsl t_hé{tI provide
(2129, dlﬁl?%tc&o %rﬂ‘é’aéo APERH tl@erf-ilcﬁlo |té‘tth9 rKQﬁ d1ffract10n patterns
4,6rd|choro met hyl pyri m di ne 9y in

ddepidtat dmehd aneor(lﬁé)lymg) Faurest dlsdlheedrhmteur e Ams csytstaﬂ rfedns that
for twg hours _and triethylam

(0.9 m. dded. .
THEVide X uFYY didaction, padigrist S‘%bﬁta%élg’zéffnﬁ%q%\é\gftggqﬂ disclpsed in the

oSl g0y e S o, i
tcgtaie sabstaitlal identidenof Xwas diffiaedon paktsrm isgiwithiacthe purview of

for 20hto give a solid. This solid was stirred with
lerﬁ’édl(lwslﬁl§1néheﬁ$ for 5h. Filtration gave 7C

8. 13 |

$80" XS, Bl Srpahd B (RATRLRAE R o clgfina av)

(dzex%gobtzméd rﬁmlg) a Bmmroambﬁs: BRUKEBR 5X$ mrml )54652@@8 Cheryl
q& 115. Pd (OAC%Z (52 nmg, 0.23 mm(};é[f

B axjayay :Madlmgl 148 TV A ﬁﬁ@nwahs%e%\d%etfﬂt@rc f{?ﬁ’a@? System)

CBOMAT T ko 25fhotieiet: Bt BB SHogt 651489 BRI e gl

Sdapll2e@s of 1ihi & L&A liRhdtére tHe@apiiahy waS fowte@@mﬂgr@ta llection.
roomtenperature, the mxture was applied to a silica

gElhe soiplerdeteTioe dstingerwands chi. (e rediatienwas Ch Fu GREYV 111mA, A

oMbl RASIHT® YT Ep i B s LS SEp IS PApRsure time of at

(l;{gg#?,g@fgcgh \C. The fractions whichcontained the
esired product were collected and concentrated to
gi ve conpound IV as a yellow solid (2.3 g). ANALYTI CAL

METHODS
Single Crystal X-Ray

All single crystal data were collected on a Bruker-Nonius (BRUKER AXS,
Inc., 5465 East Cheryl Parkway Madison, WI 53711 USA) Kappa CCD 2000 system
using Cu Ko radiation (A = 1.5418 A) and were corrected only for the Lorentz-
polarization factors. Indexing and processing of the measured intensity data were
carried out with the HKI.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 suite (Data collection and
processing user interface: Collect: Data collection software, R. Hooft, Nonius 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" International Tables for Crystallography",
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Solid State Nuclear Magnetic Resonance (SSNWR) Al
solid-state CG-13 NVR neasurenents were nade with a

wBrwkeT7IESX- 400, 400 MHz NWVR spectrometer. Hi ghCT/US2005/003728

resol ution spectra were obtained using high-power

o oR sl OB e P B8 PRI B e
N e

aRAXSs Gvluboh tid refineMbgisofiRasosuite AS.. Magew, CI1Gilmore, C. Edwards,

219- 227 i
M Sl N YA ot e IR PN ATEBG VB PHGEGER fof (e Soluton

& ent f ferenced to
e‘%%@ e&&%mﬁ%ﬁ%“&mﬁ?‘# f%?jm hﬁf}ra%nre%%ﬁéncy resonance
bei ng 'Flﬁ:t dérdvedBatbmid paratibidrs (Esurdinatesl abd Ltf:m‘pfa]mdﬁe Hactbys) were

J. Magn. Reson., 1982, 48, 35-54). x-Ray P
Dﬁﬁmedatbmugh foll anasfix deagi-praiayess @he|funﬁ1061r}€mémtzewm the refinements

g e S e e AL A L G AR
ng di NHH i\dﬁ%re \3?%‘5&3 g]?ﬂ}é%r?aqg q}e%éhﬁﬂg f@ﬂ%ﬁﬁ%%ged derrors in the observed

erall Intensities In

Anténbifts. dDifER6L ﬁg?]so%feeéﬂnﬁﬁéﬁ 4! é1P§tH$éseomﬁﬁéiﬁéﬂﬂg Hydrogens

upon neasurenment conditions enpl oyed t shoul d be
fwigrt hatroduuddr it tiedlizedapositeinat Witk isottaps ittinperatyeg fadiers, but no

vary dependi ng upon exgerlnental condi tions and,
BN RYTAICITH E B or der, i ntensity shoul d not

be takﬁ% g&?\%da%ﬂﬁ'@tpar % (Q&Q’Mnﬁﬁes %nﬂeﬁﬁiﬂ)"eﬁﬁﬁetfactors) were

e_r I or raction angl e a conventional X-r ay -
diefihdcdauticduh ﬂthmarm least—tquarasal']]"lye fabdian Binimizeddgs ghe whigements

such degree nmeasur t I d t ak [

a‘&@o&wfﬂ&bs [Fpls tRalSrﬂe%‘QSggsnF Iﬂgl ng@HEiﬂgﬂt YVB%E‘A:BW&: W(I |190t| 2 [FeD/Zy
ction I Co tly, it i b .

JhdaiEvhen v ing ?3@8?5»%?% Siiiogafingiop st Sprs in the observed

|nven|onae t ted t h
AP UAEERE-BE b b b JRTRoh R siens
| J&Rt inGBhude@ fnhRietizedy pﬁhlﬁélfsaﬁlitholﬁolii@ﬁ& @émMperature factors, but no

hydrogen parameters were varied

Differential Scanning Calorimetry

The DSC instrument used to test the crystalline forms was a TA Instruments®
model Q1000. The DSC cell/sample chamber was purged with 100 ml/min of ultra-
high purity nitrogen gas. The inétrument was calibrated with high purity indium. The
accuracy of the rﬁeasured sample temperature 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
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
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t he acconpanying Figures fall within the scope of the

CupiRee) Rl Dheal e G R RRTfh s tcmmggature range
I $eMbdeRinB dhigsowr vi ew of one of ordinary skill in the

art. X-Ray powder diffraction data for the crystalline

f or s dihe GeapBowmdwhick)waserczmalizeal yea samspla gveagiBy whe plotted versus
DDS (BRUKER AXS, Inc., 5465 t Cheryl Park

AR SUSHEONGA SBPIET oA OF AFCAPRE RN P s of wattsgram

Di ti t i I One

PO s A P AL e B RIRHBRE, ol oB e down. The
capddthenmiesmelf paxtn ons |evalated fhiraestapolatddhensa piehiparajure, peak
was r ot at eg@iigri n? data col l ection. The

s &mpheEatyesy fat gf E1siRdE g analysie m  The radi ation was

Cu Ka (45kV 111mA, | = 1.5418 A). Data were coll ected

for 3<2Q<35 with a sanple exposure tinme of at |east
3Qbeswondmetrs Aodlesi(NGARl X- Rav All single crystal

data were col |l ected on a Bruker-Noni us ( BRUKER AXS,

Inc., 5465 East Cheryl Parkway Mdi son, W 53711 USA)

Kappa i | at | =
15416 T Tera e Elelhael s B RIPRAR v dTATsuments
L atoelsl QP00.arSazngilésont 4taledstr1®. milig@isngeranflalybar 855 he@ing rate of
of the nmeasured intensity data were carried out with

t AR GRernotesigithetemperier agrse betwiendrskiand zbow, 300or |

W (1997) in Macronol ecul ar Crystall ography, eds.

Carter, WC. Jr & Sweet, R M (Academ c, NY), Vol.

276, pp.307-326) in the CatXaMPIH ®9gram suite (Data

col l ection and processing user interface: Collect:
DRfeRakaEPR &6t i on software, R Hooft, Nonius B.V.,

1998) . crystalline monohydrate of N-(2-chloro-6-methylphenyl)-2-(6-(4-(3-

hydroxyethyl)piperazin-1-yl)-2-methylpyrimidin-4-ylamino )thiazole-5-carboxamide
(1v)

An example of the crystallization procedure to obtain the crystalline
monohydrate form is shown here: |
Charge 48 g of the compound of formula (IV).
Charge approximately 1056 mL (22 mL/g) of ethyl alcohol, or other suitable alcohol.
Charge af)proximately 144 mL of water.
Dissolve the suspensidn by heating to approximately 75 °C.
Optional: Polish filter by transfer the compound of formula (IV) solution 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
5 mL 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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Package, Enr af - Noni us, Bohemia NY 11716 Scattering
factor i ncludi n in the, SDP sof tware re
t aken épﬁrﬁ?t?@ O’Pﬂ?@?ﬁiﬁ omdt ofaBiRled $lop rate such "fhat” the batch

qeyfi;e Q9 &4 }5@%@ £ Bi rmi ngham Engl and,
R'Uu V, Ta%%y %}Zyaﬁg .3.1) software package
wi th nCoer td 96arC,mast, f¢1m@ha1q>y130mrge1 hmnohyhhel de0@r@pdtals. Seed
package, MAXUS (rmXus sol ution and refinenent software
sefystals age nhessential @I ob@ining menolydragnaitdyovile better control of the
Trrerp% 0N Stewart, K. Shankland. maXus: a conputer
?8’% Iﬁ?'?oq’ the sol ution and refinement of crystal
SEHHGH YHBE efnﬂqmlﬂﬂairf"f@@ f@Radppa) . The derived atomc
paraneters (coordi nates and tenperature factors) were
r €bolnfeaint/rto gl ovet 2 hyred maintea sthe seuperatsre Hétereen 0 at 5 °C for at
fﬁnctl on mnimzed in the refinements was SW| FQ -

Rls defined as S [|FO | - |Fp|[/S [FO| while
F‘Wlta {hEQrystal shulfi§] ) 2/ SW | FQ 2] 1/ 2 where w is an
appropriate wel ghting function based on errors in the
oW&eh wedilian teleswith @ nixiré 6£9@md cofretipsolvarded exarif vestkrat
all stages .of refinenent. %dr ogens were introduced in

i Beaitenaepdsiits s Cuindsr rasgesdbpressire ik eyrater content is 3.4 to
f@?@y%e}éKFQggffg&ﬂ g{:ﬁg\g{@gpar ameters were varied. The
er

atom C (coordi nates and tenperature
factors) were refl ned through full matrix
| east - squar es. The function mnimzed in the
r aHerRatebh the Marohgiatewean he qbtaingdby:R i s defined as S

| | F0|21 ]) 1 f\% F&#c{u‘? 51)15910}!1 ome a%etF%’ salt BF Qorh %Lhr{d Ig ')v% see%{v d Wth

| FQ WS an ap roprlate we unc

based omofélydife hid héa%@h%@r"md iVt rioh 8By drate.
D fference maps were exam ned at all stages of

refinement. Hydrogens were |ntroduced in idealized
positions ,wt ot e factor

hydr oge p‘?‘ar élneﬂe?%rsgfu\%é’ re fIt/haeF%%e aitfoe r 8mP|Olél?d ]élb gﬁ%fer? Sed with
Cal ori nbhdhydrate. On standing several days at room temperature, bulk ’

monohydrate 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

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.
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ul trahigh purity nitrogen gas. The instrunment was
calibrate T c

the measurti g 8 e it ay a8 b T DR RS MM fas heated
wi t hi n about Séedslﬁ,m@Mydﬂae werandddd tb wiss loot sobatioband then
measured within a relative error(ﬁﬁ?ibout + 5% ﬁg

sanpl e was pl seddd NMogohydragevisat lﬁgﬁn% ration.
nmeasur ed agai nst an enpty reference pan. At least 2 ny

of sanple powder was placed into the bottom of the pan

and | i@ by of@RESEKIDW tHeOare RENrappaoie dmntthn:tnomohydlate of the
the pan. The weight of the sanple was neas

aoopoabd by family G¥d m@e’dJeter@SWEﬁddl?Béﬁlﬁr?ﬂéPDaas rf’hP‘fVPglil Figure 1 or

Thei nst runent was h 1Q0C per

RYRACBIS PR ﬁaB’er‘g ? ﬁ%%"é” g‘tafmaé’gwl '25 and 3500C,

The hef@éprééeﬁt‘.@(u WieaRs Wagen BoiRlthe SRPIY 8f sAdTRhénohydrate of the
wei ght, plotted versus the measured sanple
tmnmuaduffmmﬁtae(mhm shewein €gdetded in units of

watts/gram ("Wg")i. The plot was made with the

endot her m ¢ peaks pointing down. The endotherm c nelt

~peak was eval uated for extrapgkated onset tenperature,

peak tenperature, and heat of fusion in this analysis.
Ther mogr avi net ri 2-Thatl ysi s ( T&®) The TGA Height ument
used to test the talllnef was a

TAI nstruments(r)l | @600. ﬁ'gj(ses of atg ?east 10
mlligranms were pnakyzed at ajsheasing ratg3@f 100C per
mnute in the tenperature range between 25C and about
3500C. EXANMPLE 81®i&par ati on 4630tryst al | bfé

nmonohydrate of N-(2-chl oro- 6~ phenyl) (6- (4 (3-
hydr oxyet hyl ) pi p a1 n- | -yl ) :aré% hyl pyri ?fgh 4-yl am
no) t hi azol e- 5- cappoxam de 4.1774

24.462 3.6359 250
25.901 3.4371 133
28.052 3.1782 153

The XRPD is also characterized by the following list comprising 20 values
selected from the group consisting of: 4.6x0.2, 11.2+ 0.2, 13.8+ 0.2, 15.2+0.2, 17.9x
0.2,19.1% 0.2, 19.62 0.2, 23.2 0.2, 23.6+ 0.2. The XRPD is also characterized by
the list of 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 28.0+ 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 (IV).

The following 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); bA)= 9.3307(3); c(A) = 38.390(2);
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approxi mately 1056nL (22 ni/g) of ethyl alcohol, or
ot her ' cohol .(,Chagge approxi mately 144nlL of
\/\/ater&g%‘ﬁgg{ﬁg&b% %Ls%%’n‘sé%ln by heating to

appr oxgﬂ@ggwﬁpwp&g. Optional: Polish filter by

transfer the conpound of fornula (1V) solution at 75
0C t hrMolfeukeklenppcelheal ed filter and into the receiver.

Ri nse the. dissolution reactqr and transfer lines wth
a m xt]é?lé“téff(c %ﬂﬁ‘fﬁé)oélcé‘f ﬁaiw'gpéland 5 nL of water. Heat
¢ ents i : _ > @i .
ekl S ASRALTE b f e Gietryial s 2

appg molemleslpgr 38Y. n of water at a rate such that the
bat ch tenperature is maintai ned _between 75-

0 C. Cool
to 75 Tnglgcaysta priay dalrwas aéq«?aqb@@n%%ﬁ%(;.a?ﬁe g@gghyd?rate form

RS B P R FEI TR 3 R LRl AR Xl Rk 1 1O
Ce[pﬁd)ﬁinbiezé\géﬁlmﬂtotﬁ‘@ﬁﬂlohﬁngo OC and maintain 70 C for
ca. 1 h. ol from70 to 5 C over 2 h, and nmintain

t he t ehplbfiamansionset wet @) B8&(D:for at least 2 h.

Filter the crystal slurny. .the filter cake with a
m xture of 96 nlL of ef#({ﬁ&ﬁglé%zg)’% mL of water. Dry

the material at < 50 gAyrdsg.14%pyiced pressure until
the water content is, 3.4 to

Volume =4910(1) A

Space group Pbca

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.

The monohydrate of the compound of formula (IV) is represented 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 has a
characteristic peak at approximately 287°C which corresponds to the melt of the
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).

The monohydrate may also be prepared by crystallizing from alcoholic

solvents, such as methanol, ethanol, propanol, i-propanol, butanol, pentanol, and

water.
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4.1% by KF to afford 41 g (85 M49. Alternately, the
nonohydrat e can be obtained by: 1) An aqueous sol ution

wotoosherdatet ate salt of conpound |V was seededP@i/Uk2005/003728

nonohydrate and heated at 80 OC to give bulk
nonohydrate. 2) An aqueo%n of the acetate
salt of conpound IV was s th nonohydrate. On
o 39 oteveral days at roomtenperature, bulk
noﬁ%%%?ate had forned. 3) An aqueous suspensi on of

conpoungtdiihavadbumeelselyard biN-Drablayetd arehgphieriydad-6d(4at3-

70 OC for 4 hours to give bulk nghydrate, .l n the .
albydroppet byl BRI ar it - ikd e Y BYE G ’6’?"0?‘81%@6}143“17(’/0’“‘””‘16
was unchanged after 82 days @fy)r oom tenperat ure. 4) A

sol ution of conmpound IV in a solvent such as NWP or

DVA was treated with water until the solution becane

cl oudy and was held at 75-85 OC f | h .
omsoeie S el s T AT popar o
filtering, ohtH i - | .

A S TRAERS 121 RnpLIPREE 5318 a0 copssion o

\%bﬁbxﬂﬁﬁl@@ 1923 . dieblvem Wpodrcoalitg, tthebutanallsetyate crystallizes out
nohydrate was isol ated upon cooling and filtration.
@fsolgfionr Hilisaryashryith butgnalipadaly. wi || appreci ate t hat

t he ohydr at e of. f oo ol Ry '
o e B e LRSI USA! 2B 0 s o
BPESSRNR uRob R, RBtdiedne adcin asnsdiawre: i n Tabl e 1.

Repr ésentati ve peaks ,taken fromthe XRPD of the

nonohyedAxEE26F102(60; tenpSied 1 &) eeMml14388):are shown
N Tablgslog JRBLS. A= AVRE Agd(A) Hei ght

Space group P2j/a

Molecules/unitcell 4

Density (calculated) (g/cm®) 1.283
Wherein Z’ = number of drug molecules per asymmetric unit. Vm = V(unit cell) / (Z
drug molecules per cell).

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 3or
by a representative sampling of peaks. Representative peaks for the crystalline
butanol solvate are 20 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
(IV)
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17.994 4.9257 915 18. 440 4.8075 338 19. 153 4.6301 644
19.599 4.5258 361 21.252 4.1774 148 24.462 3.6359 250

WQ2008017985 4371 133 28. 052 3.1782 153 The XRPD PGI/@ER05/003728

characterized by the followng list conprising
2Qval ues sel ected fromthe group conqqstlng of . 4.6+
0.2, 11.2 0.2, 13.8 0.2, 15.2 0. —

19. 6+ 0.2, H#8 2+.0 23.6 0. 2.

characteri zed by flhe i st

t he group con3|stﬁ*@y :'ﬁg$0 .2, 18.4 ®
19.6 0.2, 21.2 0.2, 24.5+ 0.2, 25,9+ 0.2, and 28. 0+
0.2. Singl el ystal x-ray|data was obtai ned at room
tenperature (+25C). The | ecul ar (8Dy uct ure was
confirmed as a:nonohydrate form of the conpound of
Formula (1V). The follow hg unig cell paranmeters were
obt ai ned for the monohydratg_of the c-orrphnd of
formula (1V) fromthe x-ray/ an s 3

13.8632(7); b(A)= /9_“3§07 37 y C(A)

4965.9(4); 1 vV = Space ¢

Mol ecul es/unit cell 8 De y (cal cul at ed) (g/ cnB)
1.354 Wherein Z' = nunber of drug nol ecul es per

asymmetric unit. Vm= V(unit cell) / (Z
To a 100-mL 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 mL of n-butanol and 2.61 g
(20.2 mmol) of DIPEA. The resulting slurry was heated to 120 °C and maintained at
120 °C for 4.5 h whereby HPLC analysis showed 0.19 relative Area% of residual 5D
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
showed this material to contain 99.7 Area% compound IV and 0.3 Area% SC.
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 |
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
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); b(A)= 8.9612(2); c(A) = 16.8764(3);
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drug nol ecul es per cell). Single crystal x-ray data
was al so obtained at - 50C. The nonohydrate form of

wo b@sooimpdund of Formula (1V) is characteri zedP@lyUs2u0$/003728

10

15

20

25

30

cell paranmeters approxi mately equal to the foll ow ng:

Cell dj ' L a(A) 5,13, (1); b(A)= 9.286(1);

ﬁ(biA) :duié@n%gié%gi(;gi%l"uhevn—lﬂ (1) A3 Space group Pbca
ec R Cedla 8 Density (cal culated) (g/cnB)

1. 300 V@%I‘gl ﬁlbt he 1caonpound is at a tenperature of

about Mok@0les/unit €eleé s4 mul at ed XRPD was cal cul ated from

the refined at neters at roomtenperature. The

et
nonohydensity (??ﬂC‘%Tﬁgd)E@?Fg‘bﬁln&%% formula (1V) is

r r te i i .9 he -
SREFIFZ S Oy fade e e G o

956 andechBRPer celhi s peak is broad and variabl.e and
corresponds to the | oss of ong water of hydrathi orl a
seen i Ang REomrapery skibhin the @il apPEesialg dhat the ethano solvate of the

characteri-sti ' ' I
COPEEhTRhT5 ) ity RERERKLTELBY IhZRRE, ATHSp ip e 4 or
COyTROkpELsBitalias Ruthplifd b .peike TiFprésentatine peakwofigrd thet erystalline

of* t he conmpound of Formnul a (3% is shown in Figure 2
adtbanpl whlvhictahe2@salueyiof | Teh=Hibd 3ot 8. 24 80Pvied ghl 7L gd2, 19.5 %

|G A S B0 e R P from ihe "

Example 11

Preparation of:
crystalline N-(2-chloro-6-methylphenyl)-2-(6-(4-(3-hydroxyethyl)piperazin-1-yl)-2-
methylpyrimidin-4-ylamino)thiazole-5-carboxamide (IV) (Neat form N-6)

To a mixture of compound 5D (175.45 g, 0.445 mol) and
hydroxyethylpiperazine (289.67 g, 2.225 mol) in NMP (1168 mL) was added DIPEA
(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
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-ds): 8 2.24 (s, 3H),
2.41 (s, 3H), 2.43 (t, 2H, J=6), 2.49 (t, 4H, J=6.3), 3.51 (m, 4H), 3.54 (q, 2H, J=6),
4.46 (t, 1H, J=5.3), 6.05 (s, 1H), 7.26 (t, 1H, J=7.6), 7.28 (dd, 1H, Jr:7.6, 1.7),7.41
(dd, 14, 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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conmpound of Formula (1V). The nonohydrate may al so be
prepared by crystallizing from al coholic sol vents,

W@ awk/oz®4sret hanol , et hanol , propanol, i-propanedT/US2005/003728

10

15

20

25

30

but anol , pentanol, and water. EXAMPLE 9 Preparation of:

ot o BB B! SRBHBIS: ppeeng o e o o
| L 0v ) stk tdy! pyri mi di n- 4-yl ami
ChEr oo v o urmtoy by oyl o

3_0| valtag_Awﬁ 212t9é7(:10n1}§t§z)1|4@-5:&‘30f50r o )e= (11?-‘%)3@%; prepared by
I ssol ving cQ in 1-butanol at refl
(116- 1Y@ 86)2555)-%%'0%@ nY Pt %%(E of appr oxi mat glxy | g/ 25

nmL of %%ggml L#’PJA cool i ng, the butanol solvate
crystalfl1zgs But of solution. Filter, wash with

but ana\ipleatilds/dniy cellThed f ol | owi ng unit cel |l paraneters
were obtained fromthe %-ray_analysis for the

cryst dPensHE (ealgudaied) @6 At %,¥8€bt ai ned at room

CFBE{EAE Sy 8Ae P R el

QT oRuled pbbéadiyul es/unit cell 4 Density (cal cul ated)
(g/cnB) 1.283 Wherein Z = nunber of dr utg nol ec 1,es
per asymivef pidéinagy plell iythe-anyviHiappregiafs that the cgysigjline form of the

nol ecul es.per_ce ' i ' . )

RS EF A m OIS AhpRi g8 AL i i s o
eaprekeafativokmuplng bipedksy Reprasemneeepdaks fluytheeystalline neat

XRPD as shown in Figure 3 or

form (N-6) are 20 valuesof : 6.8+0.2,11.1+0.2,12.3+0.2,13.2+0.2,13.7 £0.2,

16.7+0.2,21.0£0.2,24.3 £0.2, and 24.8 2 0.2.

Example 12
Preparation of:
crystalline N-(2-chloro-6-methylphenyl)-2-(6-(4-(3-hydroxyetiyl )piperazin-1-yl)-2-
methylpyrimidin-4-ylamino)thiazole-5-carboxamide (IV) (neat form T1HI-7)

! The title neat form may be prepared by heating the monohydrate form of the
compound of formula (IV) above the dehydration temperature.

The following unit cell parameters were obtained from the x-ray analysis for
the neat crystalline; (T1H1-7) compound IV, obtained at 25°C:

a(A) = 13.4916; b(A)= 9.3992(2); c(A) =38.817(1);

V(A% =4922.4(3); Z'=1; Vm = 615

Space group Pbca

Density (calculated) (g/cm®) 1.317
Wherein Z’ = number of drug molecules per asymmetric unit. Vm = V(unit cell) / (Z

drug molecules per cell).
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10

by a representative sanpling of peaks. Representative
peaks for the crystalline butanol solvate are 20

woadse%79¢3 : 5.9 0.2, 12.0 0.2, 13.0 0.2, 1FCTUSNN003728

24.1 0.2, and 24.6 0.2. Exanple 10 Preparation of:

g; KI?E gbl'&f},] Bg Pgﬁgﬁ%iﬁ%ﬁg:@s )m]% _a]é)%r_efi&t_e( té\gt the neat crystalline form
XHe I RGIAA! 8F fordbla- @viyahhy beyehibdhidt By YhaXRPD

m;itiﬁi ?z%ﬂljgi-%&car Q%Eaﬁi f<§)éﬁﬁlg?a\/) TO aﬁ%oo- round %o; tom *

fdhasik indSgurbaraydy adrep@sent4tive. sampting pf pfaks DRepisaeditinedpeaks for

2.3 Area% 5C) 6.60 50.7 ), of 7B, 80

rihe GJEY&WHF?@&W)@F f@.r@l(Tg 20) %re%gr’%m%ﬁro D %@A& 5'1%@ £0.2,11.2+02,
r [ty I nd mai nt ai ned at
1@38é‘€()}%37}1 %bgymr&e(gg’a%&gﬁabgzﬁg%&s%%howed 0.19

relative Area% of residual 5D to conmpound IV. The

honpbgeneous m xture was cooled to 20 C and | eft i )
st r ri Qevievdymugrrrouspredifisafigng apg varigtiang|of thgprgsent invention are

filtered.. The. wet. ¢ | i - R
oo bl ighU G R Eqclfilpy B8 Bbrditeil b BertBpdthar within the
PIcOp! &F - théRipberaeal ysins, Siowe@ntibh Sna@be rpradtick® ofigivisenthan as
99.7 Area% conmpound TV and 0.3 Area% 5C. The resulting
vepecifigilly desstibasthpreind to the 100-nl reactor, and

charged with 56 nL (12 nlL/g) of 200 proof ethanol. At

80 C an additional 25 niL of ethanol was added. To this

m xture was added 10 nL of water resulting in rapid

di ssol ution. Heat was renoved and crystallization was
obser'ved at 75-77 C. The crystal slurry was further

cooled to 20 C and filtered. The wet cake was washed

once with 10 nL of 1:1 ethanol : water and once with

10 mL of n-heptane. The wet cake contained 1.0% wat er

by KF and 8. 10% vol atiles by LOD. The material was

dried at 60 C 30 in Hg for 17 h to afford 3.55 g (70

M4 of material containing only 0.19% water by KF,
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wo odosowmyy unit cel l

99.87 Area% by HPLC. The 1H NMR spectrum however

reveal ed that the ethanol solvate had been forned. The
par anet ers were obt ai ned PCDIB100&003728
x-ray analysis for the crystalline ethanol solvate

&gkéiigfnolate), obtai ned at -40C. a(A) = 22.076(1);
9612(2); c(A) = 16.8764(3);V(A3) 3031.1(1); Z
= 1; %T‘Z?glag)%ce group P2 /a Mol ecules/unit cell 4

DenS|ty culated) (g/cnB) 1.271 Wherein Z' = nunber
of drug nol ecul es per asymetric unit. Vm = V(unit

cell) (Z drug nnlecules r cell f ordinary
kit PlOF‘?ﬁstf?ffeprﬁPEtn% 3 cfongk%lp F“é‘flé ﬂf‘#ﬁfn%]ﬁéﬁet hanol

sol vate of the conpound of rfor nul a
represented by the XRPD
representative sanBhi ;M\
for the crystall|ne hagol G
5.8 0.2, 11.3 0.2,R45.8 0.0, 17.2 0.B, 19.5 0.2,
24.1 0. 2 25.3 0. 2 and 26.2 0.2. Exanple 11

re 4 or by a

Pr epar\ah@rqn IofAr, Bg,}&;;t Rl Rsmend m are as defined below, comprising reacting

ééﬁq@'nﬁ%gyﬁgﬁép&mgﬂ(ﬂ” 2-(6-(4-(3-hydroxyet hyl) pi

met hyl pyri m di n- 4-yl am no) t hi azo}e=5- car boxam de( | V)
(Neatform N-6) To a m xture nd 5D (175. 45 g,
0. 445 nol) and hydro&yet | f perazine (289.67 g, 2.225

mol) in NVP (1168 ni) wag a ged DI PEA (155 ni, 0.89
nol ). The suspensi on s heat®d at 11 (solution
obt ai ned) for 25 mn., then cool ed t dBbout 900C. The

resul t{AgeAch iSAb YrdpLovps, fHdes B+ QMR BltRat, when

considered together with the oxygen atom to which P* is attached, Q is a leaving

group, and Ar, L, R, R3, and m are as defined below,
with a halogenating reagent followed by a thiourea compound having the

formula (I1I),

(1) ,

wherein, R4 and Rs are as defined below,

to provide the compound of formula (I),
R3
X
Ry / N
. L .
N /QS \t m
Rs 0 @.

Ar is the same in formulae (I) and (I) and is aryl or heteroaryl;

wherein,

L is the same in formulae (I) and (IT) and is optionally-substituted alkylene;
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25

- x-ray Rl 9§1ilf‘ssafﬁé?rmteﬁ%h plelormplag £b ap

hot (80C) water (8010) ni, keeping the tenperature at
about 80C. The resulting suspension was stirred 15 mn

w@ro08009%Hen cooled slowy to room tenperat ur epCTNB2005/003728

solid was collected by vacuumfiltrati on, washed with

vt er {2 000 ) 200 il £ b sk Qﬁg{t??ﬁrg{%%%dr%en alkyl,
net hyl phenyéu))st%u{e@ a(lékfl (a'iké?xégj IQNSRIEY hikBhB SAIRE Y- SJUbéﬂtﬁltEd

2-nmet hyl pyrimd t hi azol e~5- car boxam de.
NVR (400 I\/I-Mkw@l{fﬁ@d Ee)terodryz c&dloelkyl 3#{] hetgrogyclps, 3H) ,

2.43 (t,. 2H, J=6) t, 4 4H) |
3. 54 (1&3 ISQIW sapegy foﬁn‘ﬁéeé ind (D, 8 %%léc"%dg Hlé@drcra%'%l halogen,
(7 d§6 I(}-I ] "l'?r é %fﬁ)a)lkﬂ a:f%ré(%@sutuéd aflcyl: a@kenil Zﬁbstlzuté&alkenyl
flll I48 KFO. &4, h&SﬁarﬂB@cRﬁ[&yQ mnéhbi)arog%zﬁ 28;: §rmx) Ehe
ol lowing unit ce araneters were ai ned. from:t
i (10 %0d b tsrndapendentty

et R BAES SR gs

Space gr OUpall?aﬂyA allyblyE cubseisuted hlky oy dry14 h&erwiglycycloalkyl, and
(calculated) (g/cnB) 1.286 Werein Z' = nunber of dru
mol ecul es daerteragmﬁw@r plternafiyaly, Ryt takw tgetheg BfRs o f ortn

drug nol ec e of ordinary skill in the
art wll a&ber%%glg e énl%)qfcgg]é crystalline formof the

conpourg(ipis thegamd ia sativdf foayuiae (1) apd 631 unddiibis ihdgendently
XRPD as shown in Figure 5 or by a representative

sanpl i ng ofseﬁéﬁ@sfm@élﬁ@@g@mt ARbgiiaied afkyt. atuﬁ‘@yl substituted

R s

0.2, 21.0 lﬁbtéiroc%, r aflerdatividgl R4s Biked together with Ry, to form
heteroaryl or heterocyclo; and

misQor 1.
2. The process of claim 1, comprising preparing a compound of the

N A 0 Z 2,
|
MN

Z3

formula (Ie),

Ra~y

Z
Tz (),

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

Zo, 73 and Z, are selected from hydrogen, alkyl, halogen; hydroxy,

alkoxy, C(=O)NRg, and/or NRgC(=0), wherein Rgis alkyl, cycloalkyl,

or heteroaryl;

comprising reacting a compound having the formula,
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Exanpl e 12 Preparation of: crystalline
N- ( 2- chl or 0- 6- et hyl phenyl ) - 2- (6- (4- ( 3- hydr oxyet hyl ) pi
WEeraniTe4s - yl ) - 2- PCT/US2005/003728
met hyl pyri m di n-4-yl am no) t hi azol e- 5- car boxam de(TV) (n
eatformTIH -7) ' The title neat fgrm may be prepared
by heating the nonohydrate fornm?of fhe conpound of
egperature. The
following unit cell paranetefs obtai ned fromthe
x-ray analysis for the neatQrystalNine (T1HL-7)
compound IV, obtained at 25 ENH(A) %= 13.4916; b(A) =
9.3992(2); c(A) = 38.817(X)7 V(A3) = 4922.4(3); Z =
1; Vm = 615 Space group ®bca Density (cHtcul at ed)
(g/cnmB) 1.317 Wierein Z = nunber_ of dr%g nol ecul es
per asYhereiyQ & agrflefinedip day Lrfnd % el Yay Z4 gndify gre as defined
ggul es per cell).One of ordinary skill in the art
w || "appreciate that the neat crystalline form
( TLH1-wjth ethalogenaipgpedgemt ilowed By b ahibtié) compolt] having the
represented by the XRPD as shown in Figure 6 or by a
rf@HPE]@ent ative sanpling of peaks. Representative peaks
for the crgstalline neat form (T1HL-7)) are 2Q val ues
of : 8,0 .2, 9.7 0.2, 11.2 0.2, 13.3 0.2, 17.5
0. 2, 1%“.‘9« NB; 21.0 0.2, 22.0 0.2. Qbviously,
nurer ous thodi f ildk.i ons and variati ons of the present
i nventjon are_ possible.jn.light of the above
t eachi RELOVI{l§ the Lompapng h?véng @l%%ﬂ%fﬂ%rer st ood t hat
Wi thin the scope of the appended clains, the invention
may be practiced ot herw se thanoas specifically,
descri bed herein. CLAI M5 Wﬁlw cl &tm 15
S HN

Ra~

N
H Z3
Z5
2 (o).
3. The process of claim 2, wherein Ry is hydrogen, to provide the

compound having the formula (If),
O Z4
N
, D/( “
N~ S HN
~Z;

Z (1D,

4. The process of claim 3, further comprising:

Z5

reacting the compound of the formula

0] Z
N~ S HN
Z3

Zs5

2 (),

with a pyrimidine compound having the formula,
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1. A process for preparing a conmpound having the
formula (1), wherein L, Ar, R2, R3, R4, R, and mare

wa@soodefiomed bel ow, conprising reacting a conmpoRETUS2005/003728

having the fornula (), wherein Qis the group - O P*,
wherein P hﬁ sel ected so that, when considered

together W th {he oxygen atomto which P* is attached,
Qis a ' group, and Ar, L, R2, R3, and mare as
definedPEg%ggg(mﬁth a hal ogenati ng reagent followed by

a thioureayconpound having the fornula (JE), wherein,

R4 and R a%,e as;defi I t j co n

of formula 1(§| ) ,4a\7\ﬁ{£lre %?IﬂxbairdO%N? et1 %ﬁ%%gfsﬁﬁﬁgﬁ%@gym%e
(1) and () hiddpdiglentlyielatedRb@mgarogkn, dikyl and hébstan®l AlRyl, to
formulae (1) and () and is optionally-substituted

al kyl ene; RePfogiderpecosanaangd hayipg thel faemgle) and (), and

is selected from hydrogen, al kyl, gubsgtituted alkyl,

al kenyl, substituted akkenyl abkynyl,\sufatituted

al kynyl, aryl, hetgroaryl,
heterocyclo; R3 is t
and is selected fronmn 'ogen, hal ogen,

hal oal kyl, al kyl, subsfituted al kyl, al k&nyl,
substituted al kenyl, dhyl, heteroaryl, cycloakkyl, qnd
heterOCﬁpr; R4 is (i) the same in each of fornulae
(1) andh¢min YaRd, Ris ¥1.i%e, Zndepadderare gs defingd e dlajm @m
hydr ogen, al kyl, substituted al kyl, al kenyl,
substituted al kenyl, alkynyl, substituted al kynyl,

aryl, heterppg pfﬂocesféy)‘fkﬁﬁlllﬁyfuﬁféﬂgolﬁﬁﬁﬁﬁ%&ﬁ@ﬁl% th€ compound
alternatively, R4 is taken together with Rto form

het er oaryl vikgthe fomyds.o;
o z
R4 6 TI\/M Z
Y NgE S HN

=
| Z3

N ﬁ/ N 25 Y
4
Ris dg),

with an amine having the formula NHR,oR>1, wherein Rygand Ry; are

independently selected from hydrogen, alkyl, substituted alkyl,
cycloalkyl, heterocyclo, aryl, and heteroaryl, or Rypand Ry; can be
taken together to form a heterocyclo,

to provide a compound having the formula (Ih),

N S HN
R21/ = ] NH Zs
N& N Zs
Y 3
Ris (h),

wherein Rys, Rig, Z1, 7o, Z3, Za, Zs, Rog and R, are as defined above.

6. The process of claim 5 wherein the amine NHRoR»; is piperazine in

turn optionally substituted with hydroxy(alkyl).
-70-



R5 (i) is the sanme in each of fornulae (1) and (TS),
and (ii) is independently sel ected from hydrogen,
wa@bdoglo779gubst i t ut ed al kyl, al kenyl, substi t ut eBICT/US2005/003728
al kenyl , al kynyl, substituted al kynyl, aryl,
het eroaryl, cycl oal kyl, and heterocyclo, or
alternatively, R5 is taken together with Rto form
het er oqryl The BRICBEUTEE iR 1, 3bEpMihs pfephrids the- coﬁﬁ)%und having the
process of claim 1, conprising preparing a conpound of
t he fornul afqrhmllg, wherein Z1 and Z5 are sel ected from
hydr ogen, al kyl, hal ogen; deroxy, and al koxy; Z2, Z3
and Z4 are sel ected fron1H ogenN_-Ikyk)Hgglogen
hydroxy, al koxy, C(= ())NR8,Nan / or INR8C(&0O) , \wherein R8
is al kyl, cycloal kyl, or h t er 4h\ '
reacting a conpound hav )
defined in claim1, afd , 22, Z3, Z4 phd Z are as
defi ned above, with a genati ng reagent followed by
a thiourea conmpound Raving the fornula, to provide the
conpound having the formula, 3. The process of claim
2, wherein R4 is hyiorogen, to provide the conmpound
having the formula (If), 4. The process of claim 3,
5 further conprising: reacting the conpound of the
formula with a pyrimdine conpound havi ng the
formul a, wherein X and Y are | eaving groups, and Rl and

Rl areg, The process of claim 3, further comprising:

reacting the compound of the formula (If),

(0] Z
mN~ S BN
Z3

Z D,

10 wherein 7, Z,, 73, 74, and Zs are as defined in claim 2,

Zg

1

with a pyrimidine compound having the formula,

R1s 4b, wherein Ry5 and Ry are independently selected from
hydrogen, alkyl and substituted alkyl, and Ry and Ry; are
independently selected from hydrogen, alkyl, substituted alkyl,

15 cycloalkyl, heterocyclo, aryl, and heteroaryl, or Ry and Rp; can be
taken together to form a heterocyclo;

to provide a compound having the formula (Ih)

g J\

T1-



i ndependent|y sel ected from hydrogen, al kyl and
substituted alkyl, to provide a conpound having the

wcb eoosior @45 wher ei n Y RlL , R16, Z1, Z2, Z3, Z4,PEnusz05/003728
are as defined in claim2. 5. The process of claim 4,

further, ca r g

for ml SRS dHe g fe Heirh A TR BPrar & REsbarDhTe
wherein R20 and R21 are independently selected from
hydrogen, al kyl, substituted al kyl, cycloal kyl,

het er gty ®hepraaessiof chimt DethercimRy is,a gouRhavpg tRrormua,
be taken together to forma hgter cyclo to provide a
conmpound having the fornula (] 3 erein RL , R16, Z1,
Z2, Z, ZA, 75, R20 and R2g,4d I ned above. 6.
The process of claim5 wherein hekpn1ne NHR20R21 i s
pi perazine in turn optionally substituted with
hydroxy(al kyl ). 7. The process of|§%ain11, conpri si ng
preparing the conpound having the tormiula, 8. The

proc es\ﬁhéi’&ncﬂlﬁhﬁﬁ Ry drtl [ddé?énd‘éﬁﬂl@ﬁlédtagfrom&@dfdgeg, g and
conpound of the fornula wherein Z1, 72, Z3, Z4

and Z are mbstdﬁted@&kw,randllho DR\ mdapq@gipm}ﬁ tlgsed from

conmpound hav f.or rein

i ndependenﬂ]l %@Pe@l‘gd 'Hﬁg%’t% é’ﬁlo%yz’y SR c}% I ary1, and
substi t ut echeal bk oBRY, ﬁ%@aﬁeﬁl lEQﬂaké’f[ ﬁ)gbﬂh@ﬁ@%ﬂﬁﬁtﬂetérocyclo
sel ected from hydrogen, al kyl, substituted al kyl,

cycl oalkerthy dait prooess prayidesradompandd havieg e fprmuler(ii 0

and R21 can be taken together t fobm az1heterocycl 0;

20 R1g
N\ N

R15

7

wherein Rys, Ry, Z1, Zo, Z3, Z4, Zs, Rop and Ry are as defined above.

10.  The process of claim 2, wherein R4 is a group having the formula,/.

wherein Y is a leaving group and Rys and Ry are independently selected from
hydrogen, alkyl and substituted alkyl,

wherein said process provides a compound having the formula (1),

O Z4
- 3
S HN
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to provide a conpound having the fornula (Ih),wherein
R15, R16, Z1, Z2, Z3, Z4, Z5, R2 and R21 are as

waledosne4mbove. 9. The process of claim 2, wheP€l/nSRA5/003728
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20

is a group having the fornmula, wherein RL and R16 are

i ndepe tly selected fro dro and
s‘ﬁgesrglintnﬂf%é’ %16@1’,%’ dzﬁfng:%%f&afqgﬁge(?%@e%éndem ly
sel ected from hydrogen, al kyl, substituted al kyl,

cycl oal kyl, heterocyclo, aryl, and heteroaryl, or
RPloandTiR2fdrocass ob elatma k@ nfuttbgretomenrising eatipggaid compound of

het erocycl 0; wher.eby sai roces i des_a_.conpaund
niavhG (R thahadiae byt firdpan: Rl pydvig R85 und
%Atwir%ﬁge?gr (IB) 1 are as defined above. he process of
clai , e

rein R4 is a group havirag the formul a,/
wherein Y is a | eaving group RLl,-and{'R16zar e
i ndependent |y sel ect fom hgﬁé%, Va

k and
substituted al kylg, . d Spr JEESE '
conmpound havi ng tRE £ dr mull a (1), wher epif, L,

z1, 72, 73, Z4, and Z B as definedsaboye. 11. The

process of claim 10, fu?fher conpri si ng react i@% said
conpound of fornula (i) ™with an anine havi ng tHe

formul R2R 16t | 92 A ROMARIHaRaNidBEnd B claim 10.
f or mil 3008 ﬁﬁ%%é?heéﬁ%%ﬁﬁiss ou %g? 73, 74, 75, R
and R21 are as defined in claim10. 12. The process of
claim2, wherein R4 is a group, having the fornmul

[ 3, 13.
The pr Blé@g@ceosg; of Fia{t2g Whergin Ry 1817 S&pUR Rhaving the formula,

optional | y-substit ut@@l enyl . 14. |_ITEe rocess of

claim1, in which Ar % | ected frd . The process
of claim1, in which L/is optonally-gubstituted

al kyl ene and mis 13C16. The proce&§of claim1, in
which mis 0. 17. The process of claim1l, in which R2
i s hydrogen or |ower alKkyl;

13.  The process of claim 1, in which Ar is optionally-substituted phenyl.
14. The process~ of claim 1, in which Ar is selected from,
HaC H3C H3C
§ N N
N ~
K VA s
cl , o , and o .

15.  The process of claim 1, in which L is optionally-substituted alkylene and m is
1.

16. The process of claim 1, in which m is 0.

17. The process of claim 1, in which,
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R is hydrogen or lower alkyl; and R is hydrogen. 18.
The process of claim1 in which the hal ogenati ng agent

WO 20080F™a3 ed from NBS, PCT/US2005/003728

10

15

20
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|, 3-di chl oro-5, 5~di et hyl hydant oi n,

|, 3-dibr.opo: 5, 5-di.net h ydantoi n, and 1, 3-

diiod5g5§ WHP%%&WQPW?%%%@Din. 19. An internedi ate
usef ulgp.i; i SOARAY useful as kinase

| nhi biay LArBEEH or 1owR fofﬁlugcfa, wherein R18 is

Cl- 4alReyik hydthgand Z are sel ected from hydrogen, | ower
al kyl , and hal ogen; and Z4 is hydrogen, or -C(=0) NR8,
wherein R8 is al kyl, cycloal kyl, or heteroaryl. 20.

yst i ' t ag¥ht fs@eRBled from NBS,
?lrgv) ?ﬁl{%ﬂ}gﬁp{)\gﬂ%ﬂg 2%‘%‘88%3 B (ranﬁg%,g%?/\lhi chis
dhmarbloes-is7edinteyhyainydentodny; 1pbdibesmotstI-diawtliydiydeatoimrand 1,3-
substantially jn accordance with that shown in Figure
diiogdo-5,5FRiEned APIDF G aim 20, which is
characterized by differential scanning calorinetry
t hernmogram and a thernogravi netric anayl sis
SI9h&h afiérndldiare usefid de prepaningcompduntlb asefslhskindse ifhilitors having
2.23. The compound of C aim 20, which is characterized
the fmmwla ay powder diffraction pattern (CuKa | =1.5418A
at a tenperature of about 230C) conprising four or
nmore 2Qvél uey sql ected fromthe group consisting of:

. : NI 19.2 0.2, 19.6 0.2, 21.2 0.2, 24.5
dri20” 2579 @ 2, and428.0 0.2. 24. A pharmaceutica
conposition cofprising a therapeutically effective
amount of the conpound of Claim20 and a

flceutical ly acceptable carrier.

Ris is Cy.qalkyl;
7. and Zs are selected from hydrogen, lower alkyl, and halogen; and

Z4 is hydrogen, or -C(=O)NRg, wherein R is alkyl, cycloalkyl, or heteroaryl.
20. Crystalline monohydrate of the compound of formula (IV)
) N
HN— | H ¢
/N ﬁ _<S]\[( Nt
N N \ N o
HO—/_ \__/ N/<
V).

21. The compound of Claim 20, which is characterized by an x-ray powder

diffraction pattern substantially in accordance with that shown in Figure 1.

22. The compound of Claim 20, which is characterized by differential scanning

calorimetry thermogram and a thermogravimetric anaylsis substantially in accordance

with that shown in Figure 2.
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25. A nethod for the treatnment of cancer which
conprises admnistering to a host in need of such

woe@anmms a therapeutically effective anount PET/ES2005/003728

conpound of Claim20. 26. The conpound of claim 20,

TR SRR Yo b SEhlen RATARRLS! 30 B9 Q1 Bb bt

oW n nSI ons

F=9. 533@,51 (7S et Sfas °CVed
ﬁﬁ%@%&g atterﬁg@&s%%ce group be:eg@ﬁl\/bltgcul es%%lbt %:/elrﬂp@smg

ﬂi?ms?rtmor(a Qéhaldeataelted FounBY gloupSonsiing athd Sdkrhduldi+ 0.2,
0 20, wh th t I I
T BBl 03y LHOCh U585 2R el IR o f ng

oncol ogi cal di sorders which conprises admnistering to
a host in need of such treatnent a therapeutically

eff ecpharmassmical copfpositioarpmprisingfa thkrapenti2élly effeeriee amount of
the disorders are selected fromchronic rryel ogenous

e senpernd obClaimyandy phassacenbiralst 3csaRIpDIE GRBIET- (G ST) |
smal | cell lung cancer (SCLC), nonsmall cell |ung

cancer (NSCLC), ovarian cancer, nelanom,

78S L0 A8 85 the @fehingedt bf éano®r whichcoinprisaseldogemnetisg to a host in
| eukem a (AM.), pediatric sarcomas, breast cancer
oepbpewchireguie p thasenatienlly effegiyramount ol 2 speaewrdkof Claim 20

cancer.29. Crystalline butanol solvate of the conpound
of formula (I1V) (1V). 30. The conpound of claim 29,

olsaImetceipsastl yciyini 20, ‘éﬁbﬂact@ﬁﬁéﬂw ®fiScapfiaxéteBtappoximately
equal to the follow ng:
equal to the following:
Cell dimensions: a(A) = 13.8632(7);
< b(A)= 9.3307(3);
c(A) = 38.390(2);
Volume = 4965.9(4) A’
Space group Pbca
Molecules/unit cell 8

Density (calculated) (g/cm’) 1.354.

27. The compound of claim 20, wherein there is one water molecule per molecule of

formula (IV).

28. A method of treating oncological disorders which comprises administering to a
host in need of such treatment a therapeutically effective amount of a compound of
Claim 20, wherein the disorders are selected from chronic myelogenous leukemia
(CML), gastrointestinal stromal tumor (GIST), small cell lung cancer (SCLC), non-
small cell lung cancer (NSCLC), ovarian cancer, melanoma, mastocytosis, germ cell
tumors, acute myelogenous leukemia (AML), pediatric sarcomas, breast cancer,

colorectal cancer, pancreatic cancer, and prostate cancer.
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Cel |l dinmensions: a(A) = 22.8102(6); b(A)= 8.4691(3);
C(A) = 15.1436(5); Volune = 2910.5(2) A3 Space group P2

WO 2008 meul es/unit cell: 4 Density (cal cul at edpCT/US2005/003728

5

10

15

20

(g/cnmB): 1.283. 31. A process for preparing

crystal l ermnoy rate of the co nd rmul a
(P% C(W)l ‘5 ﬁ]gaﬁ%@aﬁ#?wr%m&nap el rrwﬁ’qqg{'?
compound of forrrula(l\/) in an eth | /water m xture
and crystal lizing the m)nohydrat\le—{r mthe O

et hanol / wat er mxture | s. MNe process of
claim 31, wherein butn sal vat e f torrpound
of formula (I VHoi d| Ssolfve NL—r<the et haroN/ wat er

m xt ure.

V).
30. The compound of claim 29, characterized by unit cell parameters approximately
equal to the following:
Cell dimensions: a(A) = 22.8102(6);

b(A)= 8.4691(3);
c(A) = 15.1436(5);
Volume = 2910.5(2) A®
Space group P2;/a
Molecules/unit cell: 4

Density (calculated) (g/cm3): 1.283.

31. A process for preparing crystalline monohydrate of the compound of formula (IV)

N
HN— H cl
/—\ﬁ—{sj\f”
HOIN\_/N \NJ<\I 0
| Iv)

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.

!

32. The process of claim 31, wherein the butanol solvate of the compound of formula

(IV) is dissolved in the ethanol/water mixture.
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