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target. &Sr’rgn'tly, of spe/mal interest, is the role of erbB family PTKs in
hyperproliferative disorders, particularly human malignancies. Elevated EGFr activity

30  has, for example, been implicated in non-small cell lung, bladder, and head and neck
cancers. Furthermore, increased c-erbB-2 activity has been implicated in breast,

ovarian, gastric and pancreatic cancers. Consequently, inhibition of erbB family PTKs
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forms tOher %fllshed as WO 99/35146 on July 15, 1999, discusses PTKs including erbB family PTKs.
This published application discloses bicyclic heteroaromatic compounds, including N-
{3-Chloro-4-[(3-fluorobenzyl)oxylphenyl }-6-[5-({[2-(methanesulphonyl)ethyl]
amino}methyl)~2-furyi]-4-quinazolinamine; (4-(3-Fluoro-benzyloxy)-3-chloro
phenyl)-(6-(2-((2-methanesulphonyl-ethylamino)-methyl)-thiazol-4-yl) quinazolin-4-
15 yl)-amine; and (4-(3-Fluoro-benzyloxy)-3-bromophenyl)-(6-(5-((2-methane
sulphonyl-ethylamino)-methyl)-furan-2-yl)quinazolin-4-yl)-amine  as  well  as
hydrochloride salts thereof. These compounds show inhibition activity against erbB
family PTKs. However, problems exist with the di-HCl salt in that it sorbs very large
amounts of water at the humidities to which it might be exposed (e.g., 20-75%
20 relative humidity (RH)) if utilized in a medicament. As a result, suitability of the
compound as a medicament could be compromised unless special handling and

storage procedures were instituted.

The present inventors have now identified novel ditosylate salts of 4-

25  quinazolineamines, which are suitable as erbB family PTK inhibitors. These ditosylate
salts have moisture sorption properties superior to the di-HC! salts of 4-quinazoline
amines disclosed in the art. Furthermore, the compounds may be prepared in crystal
form and therefore have enhanced physical stability. That is, the ditosylate salts of the .
present invention sorb much lower amounts of water when exposed to a broad range

30  of humidities and can be prepared in a physically stable crystal form, thus enhancing

its suitability as a medicament.



«i's provided a conpound of forrmula (1), or anhydrite or hydrate forns
thereof, for use in therapy. 25 In an ei ght aspect of tfie esent
A (A
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phar maceuti cal conposition including a therapeutically effective anmount of
a conpoungvéz/fesarul a (11) and anhydrite or hydrate forns poEUS®f207d0 | N a
fifth aspect of the present invention, there is provided a nethod of
treating a disorder in a mammal, said di sorder being characterized by
aberrant activity of at |least one erbB famly PTK, including: adm nistering
to said manmal a therapeuticall f i a conmpound of formula
(I'), or anhydrite or hydrate fﬁ%@%&%ﬁ@@‘“ﬁ"@“‘g xt h aspect of the
present invention, there is provided a nmethod of treating a disorder

medi ated by aberrant protein tyrosine kinase activity in a manal,
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powder X-ray diffraction att/%n of N-{3-Chlloro-4-[(3fl uorobenzyl)
oxy] phenyl - 6- [ 5- ({[ 2- ( met hanésuiHs m no~net hyl )-2 35
furyl]-4-qui nazol i nam ne di 'f'osyl ate e.l WO 02/ 02SS2
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oxy] phenyl }-6-[5- ({[ 2- (et hanesul phonyl )ethyl] am no} rret- 2
furyl]-4-qui nazol i nam ne ditosyl ate nonohydrate. 5 Fiﬁ% e ‘a) and (b)
depi ct water sorption curves of (a) N-{3-Chloro-4-%(3fi"uorobenzyl)
oxy] pheny4} - 6- [ 5- ({[ 2- (et 4~anesul phonyl ) et hyl ] ami no} met hyl ) - 2
furyl]-4-qui nazol i nam ne nonohydrate ditosylate and (b) N-{3-Chloro-4-[(3
fl uorobenzyl) oxy]phenyl}-6-[5-({[2-(net hanes i) phonyl ) et hyl ] am no} net hyl ) -2
10 furyl]-4-quinazolinamne di-HCl salt. Figure 4 depicts a conparison of
the water sorption curves of N {3-Chloro-4[(3-fluorobenzyl)
oxy] phenyl }-6-[5- ({[ 2- (et hanesul phonyl ) et hyl ] am no} net hyl ) - 2
furyl ] - 4- cindrenhoda teeon e rate ieksdhatef, diht sy Rak €1 andl; Hiis CICIN, 9aCFmndl5 Fig. 5

depicts, th L X- 1 diffraction patterns for
N {3 ] of Bt %%?'F@bf@%@'nzw )
oxy] phenyl }-6-[5- ({[ 2- (et hanesul phonyl ) et hyl ] am no} net hyl ) - 2

In a second aspect of the present invention, there is provided a compound of
formula (1),

o = [N
S _ OH
N Oss]
IO
2 HC
15 (1)

and anhydrate or hydrate forms thereof.



furyl]-4-qui nazol i nam ne anhydrate and nonohydrate crystal forns before and
after stability testing. The top panel shows the patterns for the pure
crystal fqo®yidfre 20 m ddl e panel shows the initial and lpegpyssiesudet s for
a slurry with water activity equivalent 40 7% RH. The bottom panel shows
the initial and 1 day results for a slurry with water activity equival ent
to 150/0 RH 25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, the
term"effective anount” neans that anmount of a drug or pharnaceutical agent
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5V anhydrate or hydrate form thereof, effective to inhibit at least one eroB family

20  protein.

In a seventh aspect of the present invention, there is provided a compound of
formula (1), or anhydrate or hydrate forms thereof, for use in therapy.

25 In an eight aspect of the present invention, there is provided use of a
compound of formula (1), and anhydrate or hydrate forms thereof, in the preparation
of a medicament for use in the treatment of a disorder characterized by aberrant erbB
family PTK activity.

30
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts the powder X-ray diffraction pattern of N-{3-Chloro-4-[(3-
fluorobenzyl)  oxylphenyl}-6-[5-({[2-(methanesulphonyl)ethyl]  amino}methyl)-2-

35  furyll-4-quinazolinamine ditosylate anhydrate.



In one enbodinent, R is Cl; Xis CN, and Het is fu ran; preferably a
conpound of Fornula (11) and anhydrate or hydrate forns thereof. The

conmpound @lo d2anpgsonul a (1'1) has the chem cal name N- f 3- Chper/0sdi7do¢30

fl uor obenzyl ) oxy] phenyl}-6-[5-(~[2-(nmetshanesul phonyl)

et hyl ]am no} net hyl )-2 furyl]-4-qui nazol i nam ne ditosyl ate. WO 02/ U2552 -
PCT/ USf 11/ 20711C 7 I n one enbodir~nent, the conpound is the nonohydrate
formof the conmpound of formula |i. In one enbodi ment, the rrror~ohydrate
formhas a water content of 7.5 to 3.0, preferably 1.7 to 2.5, nore

preferably 1.8 figurd. 2dRRESSRE pBX dVEX G dufﬁadtrbnamtdmrofe\mqgcbm@ﬂu, [3he
conpound is the anhydrite formof the conpound of fornula . In one

_enbodi rrentfjuqrol@navihycnxwlpéem‘d}fﬁ-ﬁaé{ Z(methenesstpoayiietion | @@yn«b}i@mhxﬂ)ﬁ-
preferably, | than 1. ref |l ess than 0.5 percent by weight.
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.charactseri zed by a powder x-ray diffraction pattern including the peaks of

Table |I. Table | Two theta (de )~"d-spacing
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radi ati on rermv [ odi ment,
fihe corrpofl%ocﬁgbesn corrpoﬁﬂ’cﬁ‘ ¥‘? (IRE'%J(%F ‘5%@%' (r?%g%‘g ggﬁngéﬂ%&h er x-ray
diffracti omrppuieﬁrnmzbnfdlmde ngndriwymeﬁ:ksm@ds iabl end | (b), M«’:{bL@nder Zﬂm thet a
(de )~"d- s‘pam ng (angstrons) 6. G133. 31011 57.718 .14.921.14.2 20 ~" Based on

Cu Ka radiuarebenzih2  weaxviresvidcb-pr{de- m@th@éaﬂuWwewﬂqtbvi]anmn@}m@thvléﬂnat| ve
nmbodi t Het t hi I f bl X d
enbodi Inafu(\ﬁ @‘g}%&bgﬁ}wﬁ? ﬂ—gc%ﬂ i's I azole; preferably a conpoun

of for hydrate forns thereof. VWO 021 025; 2
PCT/ US01/ 20701 8 H3~~ Il \.- NS r F OH The conpound of formula 111 is
(4-(3-Fluoro-benzyl oxy) - chI or opheny I% (6(2-((2-net hanesul hon?/I -ethylamn
0) - met hyl ) - t hi aF@ire 4 §apjeiup saPpiisen £f 9W§Fﬁfﬁ@rPQOH|CUW§§PENe3pH of4ar t her

e e FIPRIEN g ol B R D 2
O furyl]-4-quinazolinamine monohydrate ditosylate and di-HCl salts.
15
Fig. 5 depicts the powder X-ray diffraction patterns for N-{3-Chloro-4-[(3~
fluorobenzyl) oxylphenyl}-6-[5-({[2-(methanesulphonyl)ethyllamino}methyl)-2-
furyl]-4-quinazolinamine anhydrate and monohydrate crystal forms before and after
stability testing. The top panel shows the patterns for the pure crystal forms. The
20  middle panel shows the initial and 1 day results for a slurry with water activity
equivalent to 7% RH. The bottom panel shows the initial and 1 day results for a slurry

with water activity equivalent to 15% RH.

25 DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term "effective amount” means that amount of a drug or
pharmaceutical agent that will elicit the biological or medical response of a tissue,
system, animal or human that is being sought, for instance, by a researcher or

30 clinician. Furthermore, the term "therapeutically effective amount" means any
amount which, as compared to a corresponding subject who has not received such

amount, results in improved treatment, healing, prevention, or amelioration of a
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pharnaceutical conposition. Accordingly, the invention further provides
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admi ni strafjjq +or inaformsuitable for adm nistration by inhalation or
insufflation. The formul ati ons may, where appropriate, be conveniently
presented in discrete dosage units and may be prepared 30 by any of the
nmet hods well know in the pharmacy art. Pharmaceutical fornul ati ons adapted
for oral adm ni/sstnea'ttécbabcmaytlhecompes&dst@‘dhasardbisicilnecttﬁiqmrimlsdsumhpfamdsapsuI es
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above, and 10 fi| atin ts an ubricants such
as col | oi adflFosppiadl) ap[daqlﬁqydrate or hydrate forms thereof.
The compound of formula (Il) has the chemical name N-{3-Chloro-4-[(3-
30  fluorobenzyl) oxylphenyl}-6-[5-({[2-(methanesulphonyl) ethyllamino}methyl)-2-

furyl]-4-quinazolinamine ditosylate.



magnesi um st earate, calcium stearate or solid polyethylene glycol can be
added to the powder m xture before the filling operation. A disintegrating
or sol ubiwbakngssagent such as agar-agar, cal ci um car bonat eecwusedozemn
carbonate can al so be added to inprove the availability of the nmedi canent
when the capsule is ingested. 15 Mor eovef, when desired or necessary,

sui tabl e binders, lubricants, disintegrating agents and col ori ng agents can
al so be incorporated into the m xture. Suitable binders include starch)

gel atin, naturaln smtgaﬁbocﬁumht dse gmuse ivthebedrohydatofem aaha csmpedrener s,

nat ural and z§nthet| 8 .h as ﬁca0| tra acagth or sodium 2
al ginate, &4 Bwyh@tﬁy Berm P jEent, 5bg (RopAYAEae T B8 @ WaksreRoniEnd o A | i ke.
. Lubricantsyggd Heﬂ:.émfse HosRaRr PFe‘F&g&lEQ'a%% fe@i PR GagR, sodi um

st earate, nagne5|un1 earate, sodium zoat e |un1ace ate, sodi um
chloride and the like. D sintegrators include, mnthout limtation, starch,

. et hyl eIIqus bent oni t e, xanthan m and the |ike. Tablets are
formul a ed for ?réx%ﬂ%gi‘eé ewoglmsﬁﬁér thfg C&'“;% r's Z@enﬁwﬂ\(ﬁi‘%te B‘i’ra’hlﬂfafl?eng or

sl uggi ng, %&Lﬂp&mdao% tbirh A2 Th), e gl sdricRanant tﬁ’é‘ggw S8l A sCa LARtbEL S A
powder , m xture Is prepare y mXxing the conpoun sui tably connlnuted
with a dil cemenoof lbasbams. Slpstaratie thsathavd 0, arle pptitrablslitsy thav 0.5 parcbmnder
such as carbox&gethylcellulose an aliginate, gelatin, or polyvinyl
pyrrolldom?y WL ution retardant such as paraffin, a resorption

accel erator such as a quaternary salt and/or an 30 absorption agent such as

bentonite, kaolin or dicalciumphosphate. The powder m xture can be
granul &0 ed by webt & ngripet rengbodinmahey tisucbmasursly isup, cat ol phémmuladﬂlji a

muci | age or solutlo of ¢ ul osic or pol mecl ¢ |aI rcing
through a SB#'aEiRrizeas Va%p%‘i"&érxn@ﬁ’l raf‘a‘)@?a& il qulfé}“ag ﬁ'ﬁé’eﬁ Xture can
be run through the tablet ggehi ne and the result is |nperfectly f or med
slugs broken into granules. The 35 granules can be lubricated to prevent
sticking fo thdwpabttt(dégdt r ~ni hg dispsciby (amgstnems)f W O 021 02552 11

PCT/ USO1 /20700 thesggddition of stearic Bcid, a stearate salt, talc or

m neral oifT. " The Tugyicated mkiure 1s tHign conpr & sed into tablets. The
conmpounds fof—tte “PTERENT Tnven on CAT g U be cOT ined with a free fl ow ng
i nert carnter ‘c.lg ressed—+nto—tabtetssdi-recf+iy w t hout goi ng t hrough

t he granulﬂfhnﬂ‘nﬁ-u!'"gLng—st,ps A—clear—or—opaque protective _ 5

coating cqnsisting: A0 a3 seal i coat of At;%pl lac,—a {coati ng of sugar or

pol ymeric material 224d a poI|s1 coating 4® wax can lbe provi ded. Dyestuffs
can be addé@aten drh@s Ko cadibiorgsKdDweal wirionglipsdr tdipkfleloeatioruni t dosages. Or al
fluids such as solution, syrups and elixirs can be prepared in dosage unit
10 forpsso thafip aarwtr«r@n eﬁ%ﬂﬁﬂénl{ Wtc@m'ﬁéur?d R§ efebaipaung do BN qfl) t he
conpound. ﬁrups can be prepared { di ssol ving the conpound in a SU|tany
fl avored adghewotrizes b # pawdehi-ray dififiagtions paitesn pradyhinethe prauefiabled!. use of a
non-toxi c al coholic vehlcl-'%b §ﬁspen5|ons can be fornul ated by di spersing
the conpound in a non-toxic @ icle. Sofubilizers and emul sifiers such as
et hoxy| at ed-i-sostearvl —al cohols-and-polvoxy 1 | ene sorbitol ethers,
preser vat ilves _HoAUet @emi + i ve|sudhsrasing &ssiromalt or natural sweeteners
or saccharin or oth66 artificial sweetendts, and the | i ke can al so be
added. Wiere approps8Bate, dosage unit formulations for oral adm nistration
can be m groencapsuiiag ed. The forr~nul atzpn can al sjo be prepared to prol ong
or sustairn the 20 rg€ase as T)r exanpl g §y coat i ng| or enbeddi ng
partlculate‘naterr?§11 M POl ymenTS,  Wax 0142ne tTke—The conpounds of fornula

I d & d t d
e o A ek T AT, L et teove hapt BPeak IRt am et | o

-vesi cl €8, | arge unilanmell ar vesicles and nmultilamellar vesicles. f-iposones

can be formed frlﬂ%%lt\éﬂ'[alngg ?émﬁ r%@ﬂ?‘?{hf% W g%H %H& egE tﬁg%lg p}rg%f’%b’ly

st earyl am ne or phosp |nes npound rul

“anhydrite aaehpoyuad af&»rfncarar(runsanﬂhahﬁnﬁterﬁa}ﬂya@t@mms Beretdl | vered by the use
of nonocl onal antibodies as individual carriers to which the conpound

nol ecul es are coupl ed. The conpounds may al so be coupled with sol uble
polyners as targetable drug carriers. Such polynmers can include

pol yvi nyl pyrrol i done, pyran copol yner,

pol yhydr oxypr opyl nmet hacryl am de- phenol , pol yhydroxyet hyl aspart am dephenol ,
or pol yet hyl eneoxi depol yl ysi ne substituted with 35 pal mtoyl residues.
Furt hernore, the conpounds nay be coupled to a class of biodegradable

pol ymers useful in achieving controlled rel ease of a drug, for exar~nple,
pol yl actic acid, polepsilon caprolactone, polyhydroxy butyric acid,
polyorthoesters MD 02/02552 PCT/USOl/ZO?OC 12 polyacetals
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epiderrrris of the recipient for a prolonged period of tinme. For exanple,
the active ingredient may be delivered fromthe patch by iontophoresis as
gener al | ywdarmpesshed i n Pharmaceuti cal Research, 3(6), 318 Kch98&) 200
Pharr~naceutical fornul ations adapted fer topical admnistration may be
formul ated as oi ntnents, creans, suspensions, |otions, powlers, solutions,
pastes, gels, sprays, aerosols or ails. For treatnents of the eye or other
external tissues, for exanple nouth and 15 skin, the forr~~ulations are
preferably applied as a topical ointnent or' crearrr. \We rmul ated in an
oi ntment, the active ingredient may be enployed with eith ® paraffinic or
a mater-ntscrbhg; ntr~nent base. Alternatively he e gr edi ent may
. be fornmulated in / eamwith an oil-in-water base or a water-in-oil
base. 20 Pharnacefftic fgrnula@ions adapt ed ﬁr Opiggal admi nistrations to
t he eye include &ye drops n tlhe active Tngredient is dissolved or
.suspended in a suitable car N\ especi aqueous sol vent.

Phar maceuti cal fornul ati ons adapted Pg al>nadm ni stration in the nouth
25 include | ozenges, pastilles and no g /JaPharnaceutrﬁal
formul ati ons adapted for rectal adm ni~Stratton y be prese

suppositories or as enemas. 30 Phar r naceut i caV formul at aa pted for
nasal adrrrinistration wherein the carrier is a solid pde a coarse
powder having a particle size for exanple in the?2 *%Qnge 20 to 500 mcrons
which is adm nistered in the manner in which snuff is taken, i.e. by rapid
i nhal ation, through the nasal passage froma contajner of the powder held
close up to the nose. Suitable fornulations wherei®illthe carrier is a

liquid, for 35 administration as a nasal ray or as nasal drops, include
aqueous or oil T&el@Mmpengd of iorieulaclihl@é%( uate-BRpZyloxyindr digropresy )-(6-

PCT/ USGL/ am&lmtaqaﬂean@meuttwah..t@rmtthwtﬁraﬁoraﬂ %@%ztnr @ﬁﬁbﬁiw&”at' on by
i nhal a |on |n u e fine particle dusts or msts, e generated by
means of types of netered, dose pressurrsed aerosols nebul i zers or
|nsufflators 5 Pharmaceuti cal fornulatrons adapted for vagrnal
adm ni stration resen ri agpaqn
gel s, pastes, I nyﬁPB gﬁ%ngﬁorﬁhP&ﬁﬁgﬁgif é%hgggu¢icaﬁgﬁgﬁﬁﬂHEEWOns
adapt ed f cmefpeabé,nta enmlpoardiw‘iﬁosmrzlat(%and adlydorde agbats fares Wereohqueous
sterile injection solutions which may contain anti-oxidants, 10 buffers,
bacteri ostats and sol utes which render the formnulation isotonic with the
bl ood 18f the intended recipient; and aqueous and non-aqueous sterile
suspensi ons whi ch may i ncl ude suspendi ng agents and thigkeni ng agents. The
formul ations may be presented in unit-dose or multi-do ont ai ners, for
exanpl e seatgd @npoul es and vials, and may bg or'e Preeze- dried
(1 yophi |l i zed) ‘sidndi ti on requiring only thet| on of the sterile
l'iquid carrrerﬁ?fo exahmpl e water for injectrans g mediately prior to use.
Ext enpor aneou®y’ i nj ecti O i gns and su5o@nsrons may be prepared from
sterile powders, granule ;
addition to the ingredients parti enti oned above, the
formul ati ons may include other age onveneLonaI in the art having regard
to the type of formulation in quest NG anpl e those suitable for ora
admini stration may include flavouring agentls. Al so provided in the present
invention, is a nethod for treating a disorder in a 25 nalip@H characterized
by aberrant activity of at least one erbB famly PT pctrd ncl udes
adm nistering a therapeutically effective anount of bnpound of fornul a
(1), and anhydrate or hydrate forns thereof, fo{&e re&fimal . The conmpounds
of forrrrula (1) and anhydrate or %ﬂrate foris fhereof are as described
~above. 30 The aberrant PTK activity‘Yeferred to herein is any erbB famly
PTK activity that

The compound of formula (IV) is (4-{3-Fuoro-benzyloxy)-3-bromophenyl)-(6-
(5-((2-methanesulphonyl-ethylamino)-methyl)-furan-2-yl)quinazolin-4-yl)-amine
15 ditosylate.



deviates fromthe normal erbB fam |y protein kinase activity expected in a
particul ar manmal i an subject. Aberrant erbB famly PTK activity nay take

t he for mwb,02fo@¢s2i nst ance, an abnormal increase in acti Vi tpgT/0%0120706
aberration in the timng and or control gof PTK activity. Such aberrant
activity may result then, for exanple, from 35 overexpression or nutation
of the protein kinase |eading to inappropriate or WO 02/ 02a52

PCT/ US01120701 14 uncontrolled activation. Furthernore, it is also

under st ood t hatThereapbeisRifi€oanela i)t ipcleing rtes icdmpbwuhmfdbnnmlaal(ll)sﬂuﬂr ce,

such as a, tl'(\)/?r]ﬁaﬁé’e wﬂﬂﬁtt tHgﬁ sbB&esdb%ﬁjtlaIRf pLPI'glqﬂ%r'at@ &yhy’éj‘?%g BRhs, Bave to

be abnor ma cons %@d ri ves rom an
_abnormal  elir @sembgureRof didiriasad ashydrateniaras( 11y isaplae andgafotethst sHeldr at e

forms t herg@boudseinkiné RiysedlHneObr %QrﬁhbumrﬂtseiﬂdBmﬁﬂme‘s)bfPT%$aIﬁlﬁEja@($ such
have u%| lity i.n tge treatment of disorders in nmammals which are

_char act er @TOEPHRISAB®ST ant PTK activity, particularly humans. In one
enbodi ment of the present invention, the disorder treated is 10

characteri zed tWhl?etlt'l?ﬁ&nb@“ﬁta?rnguﬁealWﬂh)flaB Whe%k@t‘?@a‘ﬂ? eFfe@iMcELAbunts - er b- B2
and c-er b[%?@ exhi bi t| ngPa erﬁ'?%tédvaeﬁtl VI not her_ enbodi rrent the

di sor der Rospougd oh Apaeit'e ;ﬂsét"w%ra?to't e FRrmstRerspT P be
sel ect ed faﬂmm&a%rd asct:herrbw&%emrtdl Gt srpb;sme teXpnésbht tmgacahemﬁg&edlemcts yity) In

one enhodi nent of .t he treat conpoun ds o or mul a
onhyaft e PopmarRhuta; S RRERE: cArboraRos ¢ af | B e ke bRt v prc
sel ect ed fphermd&EEHtical ceammsB@nandhich einbluBd . thevaperittahe reffeetibo dimoents of t he

treat ment @BQﬂds bihehe RJFR%“Q)S%EI ?ﬁlﬁ{dﬁtE&F Fatf‘w%ﬁjsr %o@rﬂgﬁ@to? forms

t her eof |nh| 't at Ieast t wo ected from rb- B2
and c-erb nBye nb@r'n@,c@atlgﬁllmgqcyept@hlg@arﬁﬁmd'&@at& gr exqifderHed Tl cqmwnﬁﬁgfa

di sor der rtﬁ@'féttnﬂﬂa )’aﬁ@%ﬁﬁyﬂ:‘?éteﬂﬁ CHyﬁtaFBe ‘Fd’rh@%h@r‘%ok'a?@ﬁ@dé’&hbéﬂ é%vbn Tﬁe manmmal ,
to said mal an anount a comnpoun ornula

|nclud|ng ad
(1) ortSanHgHtcEk @Euent@droétww } Heysé obe %F%etlﬁv@ tttse.%enwow? B§INY east

one erbB fcamptaMbuarmtteltltb othar Qfgee(ﬁéﬁwdf etaantornmta@omtiq%tldatﬂtwﬁ@ to the
adm ni steri| anh dr at e. or

ot i o OFTPERLHERRY AR 33 TRaMER AR et S Bbfibe SherE AT &oFio
prot ei ns. dip@celssor ﬂm srepafadion ef at hanmyceodica nprrdils bom évcluding hdmiing a

charact eriggfhoB¥d of the formula (1), or anhydrate or hydrate forms thereof, with one or more
20  pharmaceutically acceptable carriers, diluents or excipients.

Compounds of formula () and anhydrate or hydrate forms thereof may be
formulated for administration by any route, and the appropriate route will depend on
the disease being treated as well as the subjects to be treated. Suitable pharmaceutical

25  formulations include those for oral, rectal, nasal, topical (including buccal, sub-lingual,
and transdermal), vaginal or parenteral (including intramuscular, sub-cutaneous,
intravenous, and directly into the affected tissue} administration or in a form suitable
for administration by inhalation or insufflation. The formulations may, where
appropriate, be conveniently presented in discrete dosage units and may be prepared

30 by any of the methods well know in the pharmacy art.

Pharmaceutical formulations adapted for oral administration may be presented
as discrete units such as capsules or tablets; powders or granules; solutions or
suspensions in aqueous or non-aqueous liquids; edible foams or whips; or oil-in-water

35 liquid emulsions or water-in-oil liquid emulsions.



aberrant PTK activity. As recited above such disorders include, but are not
limted to, cancer and psoriasis. In a preferred enbodi nent, the disorder

i s cancerwggeassore 30 preferred enbodi nent, the cancer ipgchHosmaoalsl cell

| ung, bl adder, prostate, brain, head anggneck, breast, ovarian, gastric,
colorectal, or pancreatic cancers. WO 02/ 02552 15 PCT/ US(11/2070G A
therapeutically effective amunt of a conpound of fornula (1) and anhydrite

hydrate f f i ncl , but
oot it ed Lo PO RS, ool fGRE SREERdn Hamam Of ReBRl capsE drg,
requiring atcp%ﬁd Eorﬁ@é’néntt%aﬁedéeédtﬁyneé Bet&h Wrs %nit&ﬁcf %MHC@M&WI and

the route o mniStration ultimately be at 'the discretion of
_the attendamptpbiysntrartaorervsetlerananthml gqunrfdawaw aridetheolieo doddensfart or nul a

! d anhyd hydrat e f t her gof t t i
he range RFOR5E By Gorth N 4 B BT ° of pe FeciRe CHGES SHE 2 day and

-nore ugualdnyildey édhemiRRae pRfrmbedicdOcdrBdkéichomyanediBletcaRRihydiaYe, alChept abl e
daily dosages, nmay be from about 0.1 to about 1000 10 ngy/day, and

pr ef er abl yexarrn(pha. aﬂaocdt o0 MBnnigolafdavoringopnesgrekdiye, dispergrmpodicdoriog apertsul a (1)
and anhydrlte or dra e forns thereof, described above, are useful in

t her apy arfd"i | E)aration of medi carrents for treating a disorder in a
manmal , whi ch |s characteri zed by aberrant activity of at |east 1S one erbB
famly PTK. In one enbodi ment of the present invention, the nedi canent

pr epar ed |s uself&plsuheﬁ atq mﬂcrbg preparégr aepowsinn maExies aiddscm6<htabo\@a§t1done
erbB f

sele ted fr crd c-erhb- xh| |t|ng
aberr d g oy GOATEEHERT, it Alt MiEa R et A T (et u
intreati ﬂﬁa@e@ﬂuﬁﬂit@'ﬂétecBﬁélaﬁ\t&édréﬁfbrbdhoﬁﬁolg Agknd YiPcd chBoé addddytoRRKs,
selected fromEGFr, c-erb-B2 and c-erb 0 exhibiting aberrant activity.

I'n one entrsaNdesmixbre tisforedbe filllig ersipiiamda djﬂﬂ'feGFa’mWDaOV(SOjUWFZl%RWl te or

"Last one wRber Sy RaRaR o Spdler o BOlPE Sa5 " MRNbe iRl ' T

anot her enapdbveaht aodilabhiey oSe .ﬁémca@cermwe@l$heoéap§merwhges€dd) or anhydrlte or
hydrate forns thereof, which are used to formthe nedi canent, inhibit at

| east ttswo er bB 2S famly PTKs sel ected from EG-r, c-erb-B2 and c-erb-B4,

The disorders treated are as des Cél bed above. The fb 3 HCI,c salts
of the conpound¥CBOVELr Mlithe F5I€d (O ) NEEFFTTY, AR [el win %'6 "B Sr epar ed
accor di ng disintdgeatimgoayedtsr @sl aflorinyt @yendst cannato Baireotpotgipdl iidtatthe mikiure.

PCT/ EP99/ Oﬁf‘? Ble di h&l{%&"r&ﬁ@%@f&(%@geﬁﬁﬁ%at%%@d@ &r@ﬁ'ﬁgglﬁgos\é\% Rel3Rifge on July

15, 1999, erre ures 1s presénted in
Schenme A corn sweeteners, natural and synthefic gums such as acacxa tragacanth or sodium

20  alginate, carboxymethylcellulose, polyethylene glycol, waxes and the like. Lubricants
used in these dosage forms include sodium oleate, sodium stearate, magnesium
stearate, sodium benzoate, sodium acetate, sodium chloride and the like.
Disintegrators include, without limitation, starch, methyl celiulose, agar, bentonite,
xanthan gum and the like. Tablets are formulated, for example, by preparing a powder

25  mixture, granulating or slugging, adding a lubricant and disintegrant and pressing into
tablets. A powder mixture is prepared by mixing the compound, suitably comminuted,
with a diluent or base as described above, and optionally, with a binder such as
carboxymethylcellulose, an aliginate, gelatin, or polyvinyl pyrrolidone, a solution
retardant such as paraffin, a resorption accelerator such as a quaternary salt andfor an

30 absorption agent such as bentonite, kaolin or dicalcium phosphate. The powder
mixture can be granulated by wetting with a binder such as syrup, starch paste, acadia
mucilage or solutions of cellulosic or polymeric materials and forcing through a
screen. As an alternative to granulating, the powder mixture can be run through the
tablet machine and the result is imperfectly formed slugs broken into granules. The

35 granules can be lubricated to prevent sticking to the tablet forming dies by means of



WO 02/ 02552 PCTI USO01/ 2070G 1G foll om ng. The specific page references given
are to WD 99/35146. The free base of 5 10 15 the conpound of fornmula Il is
used as amoexeixete of the general schene. Schene A Procedwca/usot/2React i on
of an amine with a bicyclic species containing a 4chloropyrimdine ring (p.
55, lines 21-33, p. 69, lines 30-34 and!p. 74, line 35 - p. 75, line 4). C
/' 11/ OWv FI~JNNN\VC / Ovv'FHC | \ ~NI ~ N (p. 60,

| ines 15-16) (p. 64-65) Procedure B - Reaction of Procedure A product with

het er oar yl 4t.i 0.5 .l sod il FEJ O F ~
P 0 e dhtelﬁdgﬁ)%%%era?(g 6§§’ g ske@@"{?%‘alﬁ, tﬂﬁ or Shindrh NG, 9I)l'1e”lhbt’l|calced/ mfRdive
5- (1, 3- di oigdhemeamiyeyses irtortpblgisy Tse sAMPPYNds f A presertinveation (camakso bs- 98)
. Procedure Gmbifed¥ed aOfre@ flowingliiR&®! @rictYhnd cBinBresiclings Ocuaeisodiréc[igﬁr ate an
al dehyde (P, 56, I_|n«?s 11-18) /°/ OV V "F HN ~ | gl /1 O01 \ \'N ~/ 1
/ Ov v 'EWikeyt g(ou@]t“@zkg thg granulatjggsor lugging steps. A clear or opaque protective
5  coating consisting of a sealing coat of shellac, a coating of sugar or polymeric material

and a polish coating of wax can be provided. Dyestuffs can be added to these

coatings to distinguish different unit dosages.

Oral fluids such as solution, syrups and elixirs can be prepared in dosage unit

10 form so that a given quantity contains a predetermined amount of the compound.

Syrups can be prepared by dissolving the compound in a suitably flavored aqueous

solution, while elixirs are prepared through the use of a non-toxic alcoholic vehicle.

Suspensions can be formulated by dispersing the compound in a non-toxic vehicle.

Solubilizers and emulsifiers such as ethoxylated isostearyl alcohols and polyoxy

15  ethylene sorbitol ethers, preservatives, flavor additive such as peppermint oil or natural
sweeteners or saccharin or other artificial sweeteners, and the like can aiso be added.

Where appropriate, dosage unit formulations for oral administration can be

microencapsulated. The formulation can also be prepared to prolong or sustain the

20  release as for example by coating or embedding particulate material in polymers, wax
or the like.

The compounds of formula (1), and anhydrate or hydrate forms thereof, can

also be administered in the form of liposome delivery systems, such as small

25  unilamellar vesicles, large unilamellar vesicles and multilamellar vesicles. Liposomes

can be formed from a variety of phospholipids, such as cholesterol, stearylamine or
phosphatidylcholines.

The compounds of formula (I) and anhydrate and hydrate forms theréof may

30 also be delivered by the use of monoclonal antibodies as individual carriers to which
the compound molecules are coupled. The compounds may also be coupled with
soluble polymers as targetable drug carriers.  Such polymers can include
polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide-phenol,
polyhydroxyethylaspartamidephenol, or polyethyleneoxidepolylysine substituted with

35  palmitoyl residues. Furthermore, the compounds may be coupled to a class of
biodegradable polymers useful in achieving controiled release of a drug, for example,
polylactic acid, polepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,



N Procedure D - Reaction of an al dehyde with an am ne by reductive

am nation (p. 20 56, lines 20-32; Exanple 29 - p. 100, |ines 18-29) WO 0
2/ 02552 1wdo2lo2s2\ F H3~\ OHN ~ C- + O OHC | \ ~" PCT/US01/20706

2- met hanesul phonyl et hyl am ne ~~-J N PCT{1JS(11/20706 The conpound of fornula
(11), i.e., N{3-Chloro-4-[(3-fluorobenzyl) 5

oxy] phenyl } - 6-[ 5- ({[ 2- (met hanesul phonyl) ethyl Jam no}nethyl)-2-furyl]-4

gui nazol i nam ne ditosyl ate has been prepared in two distinct fornms, an

anhydrite Hobyare taso paitiydropyrians, olvsiendeyryiates andrsrnshjidkest er ﬁmphu(aﬁnc mul a

1" in Schese vihaR dreh@tdgeeshi p of these fornms is illustrated in Scheme
B bel ow. The acﬁkogrrte fg gl of N-{3-Chloro-4-[(3-fluorobenzyl)

., oxy] phenyl }-6-[5- ({[ 2- (et hanesul phonyl)ethyl] 10
am no} net hyl ) - ZPHaT\wéeLﬁéfl%hﬁt’i‘%ﬁér’as@dﬁp% fr iR @RS TBYinerRbRRALFEe PY ()

reacting the tos
.5-(4-[3- cmrésearw e -dise(rde arasehey | istapedidpl remsin 6 gatinaolcratacy Mittarthe- car bal

dehyde (f aipiérisBof the SebiprRt Rir :Wp?&or?ge@ pmlmrm@n¢beEM@m e ddfive
t et rahydr qf ur

nthe ese e of r, et hyl am ne by (b)
the Lt r odugerant By RS e webl QRGPS o tttayesctbed in
t ri acet oxytharehoedticd Rebaardhh 363 t318yeBedf uran at room tenperature, (c) adding
5N sodi um hydroxide to adjust the pHto within a range of 10-11, (d)
separating the organic tetrahydrofuran phase, and then (e) adding
par a- tléul enesul Rrenineceatical fordndetonts oadaptedorfgartppicghadmintigraioovindg bhe

i t o=y at croARRKE it ERANEISLRRSLA: IBTTRARKL 8 iR ARRE 4 L 1e

anhydrite 0 té sal ounds nvention 1S as” depi ct ed
in Scheme SBraWW@méO‘StOb@&H ate salt of
5-(4-[3-chl oro-4-(3-fluorober~zyl oxy)-anilino]-6- quinazolinyl) furan2- car ba

| dehyde is prep red fromthe HCl salt, of the carbal For | a A of
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include eye drops wherein the active ingredient is dissolved or suspended in a suitable
carrier, especially an agueous solvent.

Pharmaceutical formulations adapted for topical administration in the mouth
25  include lozenges, pastilles and mouth washes.

Pharmaceutical formulations adapted for rectal administration may be
presented as suppositories or as enemas.

30 Pharraceutical formulations adapted for nasal administration wherein the
carrier is a solid include a coarse powder having a particle size for example in the
range 20 to 500 microns which is administered in the manner in which shuff is taken,
i.e. by rapid inhalation, through the nasal passage from a container of the powder held
close up to the nose. Suitable formulations wherein the carrier is a liquid, for

35 administration as a nasal spray or as nasal drops, include aqueous or oil solutions of
the active ingredient.
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prepared by various synthetic strategies, other 10 that the strategy
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commer ci alM&erahAPS BIESUESS ?%%O-SQU?WPWBSPWW aW'd in the Suzuki reaction.
Synthesis (2) through (5) represent various enbodi nents of the present
i nventLon which,|n 1 ( ti f .
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5-fornyl -2-furylboronic acid from 2-fural dehyde via in situ protection of
the fornmyl nmoiety with N, O-di nethyl h%glroxyi amne, and its in situ use in
the Suzuki couphpiitaceyiigal faraylatioRsnadaptel o ﬁgﬂen’@mlu@wmﬁ@m@ IBeHeE f rom
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ACOH, - 30 f51d Gndi nhay?odisfred in a freeze-dried (lyophilized) condition requiring only the
15 addition of the sterile liquid carrier, for example water for injections, immediately
prior to use. Extemporaneous injection solutions and suspensions may be prepared

from sterile powders, granules and tablets.

It should be understood that in addition to the ingredients particularly
20  mentioned above, the formulations may include other agents conventional in the art
having regard to the type of formulation in question, for example those suitable for

oral administration may include flavouring agents.

Also provided in the present invention, is a method for treating a disorder in a

25 mammal characterized by aberrant activity of at least one erbB family PTK which
includes administering a therapeutically effective amount of a compound of formula

(1}, and anhydrate or hydrate forms thereof, to the mammal. The compounds of

formula (I} and anhydrate or hydrate forms thereof are as described above.

30 The aberrant PTK activity referred to herein is any erbB family PTK activity that
deviates from the normal erbB family protein kinase activity expected in a particular
mammalian subject. Aberrant erbB family PTK activity may take the form of, for
instance, an abnormal increase in activity, or an aberration in the timing and or
control of PTK activity. Such aberrant activity may result then, for example, from

35  overexpression or mutation of the protein kinase leading to inappropriate or
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fol I ow ng Wbk ERGSLEMR FulBEMESt kGso st 3hdBlnwanted PTK activity

may reside in an abnormal source, such as a malignancy. That is, the level of PTK
activity does not have to be abnormal to be considered aberrant, rather the activity

derives from an abnormal source.

The compounds of formula (1) and anhydrate or hydrate forms thereof, are
inhibitors of one or more erbB family PTKs and as such have utility in the treatment of
disorders in mammals which are characterized by aberrant PTK activity, particularly
humans. In one embodiment of the present invention, the disorder treated is

10 characterized by at least one erbB family PTK, selected from EGFr, c-erb-B2 and c-erb-
B4, exhibiting aberrarlnt activity. In another embodiment, the disorder treated is
characterized by at least two erbB family PTKs, selected from EGFr, c-erb-B2 and c-
erb-B4, exhibiting aberrant activity. In one embodiment of the treatment method, the
compounds of formula (I) or anhydrate or hydrate forms thereof inhibit at least one

15  erbB family PTK, selected from EGFr, c-erb-B2 and c-erb-B4. In another embodiment
of the treatment method, the compounds of formula | or anhydrate or hydrate forms
thereof inhibit at least two erbB family PTKs selected from EGFr, c-erb-B2 and c-erb-
B4.

20 Accordingly, aiso provided is a method of treating a disorder mediated by
aberrant protein tyrosine kinase activity in a mammal, including: administering to said
mammal an amount of a compound of formula (1) or anhydrate or hydrate form
thereof, effective to inhibit at least one erbB family protein. in one embodiment, the
method includes administering an amount of a compound of formula {1) or anhydrate

25  or hydrate form thereof, effective to inhibit at least two erbB family proteins.

The disorders referred to may be any disorder which is characterized by
aberrant PTK activity. As recited above such disorders include, but are not limited to,
cancer and psoriasis. In a preferred embodiment, the disorder is cancer. In a more

30 preferred embodiment, the cancer is non-small cell lung, bladder, prostate, brain, head

and neck, breast, ovarian, gastric, colorectal, or pancreatic cancers.



oHC / | OO0 LIN(Owve)Me DVE, -30 CMO N~ 1 LI~-OOyz R~O WD 02102552
PCT/ USOL/ 20701 20 NUH/ p~~ Np ~J N((C NUL ~~NJ N (B) in (1) of
Scheme C, wde@esprer ci al |y avail abl e 5-fornyl - 2-furyl bor onper@shthorée ©-

t he conpound of forrrula (A) wherein Ris -C(O)Hand Zis -B(OH) z, (Frontler
Scientific, Inc.; Logan UT), undergoes cht al ytic pall adi unm(0) - nedi at ed
coupling (Pure Appl. Chem 5 1994, 6G 213; Synth. Common. 1981, 7 7, 513)
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t hen cool ed to anbl ent tenperature and filtered. The solution is

t r eat edOwi trhg/dayriane pedferablydraom amtd}‘gmbouaw@jmgkiwh as p-tol uenesul fonic
acid nonhydrate, and the conpound of formula (C) is isolated in high yields
as its mneral acid salt or p 20 toluenesulfonic acid salt. WO 02/ 025S2
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described above, are useful in therapy and in the preparation of medicaments for
treating a disorder in a mammal, which is characterized by aberrant activity of at least
15  one erbB family PTK. In one embodiment of the present invention, the medicament
prepared is useful in treating a disorder characterized by at least one erbB family PTK,
selected from EGFr, c-erb-B2 and c-erb-B4, exhibiting aberrant activity. In another
embodiment, the medicament prepared is useful in treating a disorder characterized
by at least two erbB family PTKs, selected from EGFr, c-erb-B2 and c-erb-B4,
20 exhibiting aberrant activity. In one embodiment of the use, the compounds of formula
()} or anhydrate or hydrate forms thereof, which are used to form the medicament,
inhibit at least one erbB family PTK, selected from EGFr, c-erb-B2 and c-erb-B4. In
another embodiment of the use, the compounds of formula (I} or anhydrate or hydrate
forms thereof, which are used to form the medicament, inhibit at least two erbB
25  family PTKs selected from EGFr, c-erb-B2 and c-erb-B4,

The disorders treated are as described above.

The free base and HCl salts of the compounds of Formulae (1), (I1), (1), and (IV),
30 may be prepared according to the procedures of International Patent Application No.
PCT/EP99/00048, filed January 8, 1999, and published as WO 99/35146 on July 15,

1999, referred to above. A schematic of such procedures is presented in Scheme A



solution of a conmpound of formula (A} wherein Zis B(OHtz and Ris
-C(QG{T)Wwhere Qand T are 0-al kyl, where alkyl is as defined herein and
is preferady/mbiyl, and Wis hydrogen in a palladiun(0) pegusses& aryl
coupling (Suzuki cross coupling with inigitu 5 generated boronic acids is
described in J. Og. Chem 1996, 61, 9556, and references cited therein)
with a conpound of forrrula (B) wherein L is iodine or bromne and !J is an

organi c gr . Usi,n an het.er oge al I adi um
on car bon. %%ﬁ'ﬁgu Fc'f' p@ﬁ'ﬁde Frggge.s AN %8&5%?559?%%4?% @e\qﬂﬁ e@% Yett.
1999, 1, 968 cofpund6ORes6iaRes usdden.an kR Apledf tRdFeneddldelkdid. ahedron Lett.
1994, 35 3277. A preferred enbodi ment 10 of this approach, partially
depicted in (2) of Schene C, provides for (i) the in situ generation of
furanyl :é?hl at a conpound of forrmula (A), wherein Zis Li and Ris
CQ(MHW %and T are 0-al kyl, preferably ethoxy, and Wis hydrogen,
-(ii) sybsequent generation of the correspondi ng boronic acid, wherein Zis
B(OH)z and Ris -C(Q (T)Wwhere Q and T are 0-al kyl, preferably et hoxy, and
Wi s hydr ogdtigcegues ?u)n eactien D5 avalamaeti wity @)blmlﬁasmdeblcangalll1lnmml4r ng to
construct dhhwoplgdnidind rogmbp badlines 2fl 33ml @9, (iGks 30F3é apd @c@4,dinatdd + pess,

et hereal dilevdnts. These ethereal solvents can include, but are not limted

to, diethyl ether, tetrahydrofuran, dioxane, 1,2-diethoxyethane and DME
The preferred solvent is DME. This preferred solvent served to offer
V

significant inprevements over pu hed procedur FCommun. 1998,
28, 1lal3) i 220 format | ¢ myl=2=f ug, gni ¢ acid synthesi zed
from 2-fural d¢ diethyl tal. Another,s |t bl e precursor to in situ
gener at ed 5- T myl - 2- f uf3l bor ofhic acid |n (2-furyl)-1, 3-di oxol ane.
Advant ages of this process include deprotons of the corrpound of form
ula (A, i i ydf,,0 nd Ris -C(Q)(T)there Qand T are

0- al kyl \rl)\,ggf%g'rlgg §5§tdzox§p, 6E0 fiW| s hydrogen, with alkyl [ithiuns,

preferlébly n-butyl 25 lithi um at higher tenperatures (-20C in DMVE conpared

to -40Cin tet d f f th
it 12 SIS BN AT b D B 1
pref er abl y'“@t%o&? 6aHee W/l s hydrogen, with trialkyl borate, preferably

triisopropyl borate in DVE al so provided higher conversion to the borate
ester of the conpound of formula (A), wherein Z is B(0-isopropyl)3Li and R

is -CQ(T)Wwhere 30 Qand T are 0-al kyl, preferably et y, and Wis
hydrogen. I n preparatio or the subsequent Suzuki .coupl the in situ
gener at ed bor at e@@ fnydrol yzed to the boro aci d of the conpound

of formula (A, gin Zis B(OH z apd hs - Cf W WD 112/ U2SS2
PCT/ USQL/ 2Q7Q6 V\_pere Qand T are Q_W al kyl is as defined
herein, pre 0 iZ#st treating with acetic
acid foll owe yAad‘Sd {él'%‘%“%"ﬁ%Mm‘rﬁyfsa?'xﬁ’fa"?hat specific order at anbient
tenperature. It wadr.& es Bb®erved that the superior process inprovenents
fromthe use of DME, as corrpared to tetrahydrofuran, extended to the 5
pallalur'r(O) nedi at d a upln wi.th_boronic, acid inte diate to
gi ve a° ‘C’l &é aSuéh‘%B’ch?feggl PIRSE SN nBiouR YonwEdEe ABr e
consi stent fl%’ﬂ%l 5§h'5‘re§éﬂ action tinmes, and enhanced purity profiles. In
anot her enbodi rrent conpounds of formula (C) can be fornmed froma 10
pal | adi um( 0) medi ated bi aryl union of 5-forr~nyl-2-furylboronic acid, the
conmpound of forrmula (A whereln S -B(OH)z, generated in situ a
conpound of formula (B), i odi ne or brom ne and SO ani c
group (See (3) of Schene |s pfocess enploys an in si ot ection of
the al dehyde bungty onal sfy~a¥ an aninal |ithi atg.{nletfi 1992, 615), as
in the react@}%ﬁxaml e, 2-fural dehyde wtH"t @ |‘tjh| um ani on of a
N

P
N

Procedure D - Reaction of an aldehyde with an amine by reductive amination (p.
20 56, lines 20-32; Example 29 - p. 100, lines 18-29)



15 secondary ami ne chosen from norpholine, N, O-dinmethyl hydroxylam ne, 1
met hyl pi perizine or N, N, NZ-trinmethyl-1,2-ethanediamne. The preferred
anm ne in W @opsacess is N O-dirrrethyl hydroxyl am ne. For ngty/0801207dshe
amne lithiate is acconplished by treatnment of the amne with an al kyl
l'ithiumreagent, preferably n-butyl lithium in an ethereal solvent such as
tetrahydrofuran or DVE at | ow tenperature. The solution of the 20 am ne
lithiumanion is then mxed with 2-fural dehyde to formthe in situ am nal
lithiate, a conmpound of formula (A), wherein Z is hydrogen, Ris -C(Q(T)W
where Qis NRR', wherein R is O-alkyl, preferably nmethoxy and R' is_an
al kyl as defi ned her ein, eferably nmethyl or R and R' are |ndepeny
s 0-Li and Wﬂas;,H This solution i er F
| Tithi 5

the furanyl lithate,

pr ef er algtey Jithiunt at |ow tenperafure t r
.a conpound Of @ rgu a 2¢mgthangpiéptenyietyidngng i and R is w
NR R' where R “is"0-al kyl, preferably nethoxy and R' is L,Jpreferably
methyl or R and R' are independently al kyl as define herein,¥T is O-Li and
Wis H This solution is then treated at | ow tenperature vvith a

trial kyl borate, preferably triisopylborate, to forma conpound of formula
(A), 30 wherein Z is B(0-isopropyl)3Li, Ris -C(Q(T)Wwhere Qis NRR,
where R can fiR Ocgthfotind PoeEf &rrﬁqlalav (Bt hpxy ROG- E%loroma[m ﬁhhwbmw def i ned
herein, prefer any nmet hyI or and R' are mde&@gdentl yl as defined

her eiSn; oxyipheoyl}i6-&and{ (v mthw\@wb@mvl]and hy detby I@O}me’fhym (mld}21552
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pal I adi um(0) - medi ated biaryl coupling to forma conpound of formula (C}. 5

The procleselatesdip béthdsa farms iphivsteatrahin pelrearsr Bipplowt dhetsmnhivdrate foompound of

{odiney Sobs{FERIR S FTHERsRAAE MR- s (AR F st GohSnyBe e ©
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brom ne and s - H (Se (4{) of Schenme C). 10 Alternati velﬁ anot her
synt het i &1estt¢saltaéfg3pattooéoﬁwr&bn[ﬁmé ofF-4f @rituareeszylesyl-waingk-6ctneazeliddled from a
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group, Wetiahborbalrogein- Zhd ermfhéeuroandud,apnowtmszlamnﬁehabndwaedabszoma)omed of
forr~nula (A) where Z is 15 bromne or iodine and Ris - é\'q H(See (5) of
r

Schene dntrogugiaic 8§ shisotolutipakinig ta NSH@WepBé@meBMﬁMv%p gelrrredi ate
of T Mg, @rgﬂ[ﬁ}mla\”?éonﬁ *%ng SAREER oy m gﬁ%&’nw{‘%@&x.&é’&wbﬁs&@a wher ein

L i s iodine are organi ¢ grou magnesi-um hal i de
r eagent , ppteféthibh yamdehofl Teagned) wpmtmtmgltbleorgﬁhe tetraloydrofurarsphgse famdmed i n an

th | | t h t et r ahydr of 20 Thi
e eI dinega B S EF O NE AR YRR it B PeHG PBE O P daifopal
borat e fa}.'twwam IdetQWIrﬁ@Qbﬁ\'/é?ﬁorP{%ﬁﬂ bk matt@bh% 2 & GE aRh brate

n-butyllit mal ntai ning t ereactlon at w tenperature. This is
t hen fol bbvtﬂzddlbgsyllattes&ltzldd)mpmmdefofathmlmnabn dcagdepicted gardcleerae Bd, Ther ef er abl y

acet]c aci Thi s | boronic,acid internmed ate of
f or 2 fasyatent of é@@ﬁﬁ ity %enév?%fw%f’efaﬁécgwwg"WVﬂ- &t on. To
this 'S ﬁ%ﬂ)aldehyde is plepared from the HCl salt of the carbaldehyde (Formula A of

Scheme B). Preparation of N-{3-Chloro-4-[(3-fluorobenzyl) oxylphenyl!}-6-[5-({[2-

.al kyl as defined 3@{
treated WI <gpnal mol ar _equi,val ent//oh_ap al
b

(methanesulphonyl)ethyll amino}methyl)-2-furyl}-4-quinazolinamine ditosylate and
the anhydrate and monohydrate forms thereof are utilized as an example. As
25  recognized by those skilled in the art, other compounds of formula | and anhydrate

and hydrate forms thereof may be prepared by similar methods.



25 added 5- hal ogen-2-fural dehyde- (hal ogen is brom ne or iodine),
preferably 5-bronp-2 fural dehyde, a co-sol vent such as

N, N- di mret\Wwgloaeedsanm de, an aqueous base, such as sodi um carframgdoe2eced a

pal | adi um cat al yst, such as 18

di chioro[ 1, 1' bi s(di phenyl phosphi no) f errocene] pal | adi un(11) di chl or onet hane
adduct. This soI ution is then heated to a sufficient tenperature to provide
conver si orlg; g e desired conpound 30 of forrmula (C). WO 02/ 02582

PCT/ Cl S(1 387 C 24 A different synthetic strategy for thcg| construction of
a conpound of for mula (C), is to use a Heck-type reaction (8udl. Chem Soc.
Jpn. 1973, 46, 1220; Fbterocycles 1990, 37, 1951; Synthes 19%4, 488; J.

~Org, Chem 1985, 50, 5%7 to couple 2- fural de f formul a
(A) wherein Z is hydrg d Rls in @ reghessregtiv granner
with anlnter dlatm 1Tg2l\(Al_élgHLlsmdlr)bromne and Uis
an or ganl n'€eg I ect i um cat al yzecP' arygation of

2- f ur al dehgde, e) 5-position is unprecedent ed in the mgﬂal

literature. O her sl talh e substitutes for 2fural dehyde,d hi's process

i ncl ude 2-fural dehxde di et hyl acetaf; 2-(2-furyl)-1, 3di oxol ane, 2-furanoic
acid and esters of " 2-furanoic acid such as net hyl 2-fur&noate or 10 et hyl
2-furanoate. The process for the synthesis of a conpound of forrmula (C
enploying this strategy entails m xing an appropriate solvent, such as

N, N- di et hyl f or mam de, Nmet hyl pyrrolidi none, toluene, dinethyl acet am de,
wat er, acetonitrile oreem xtures thergof preferably N, N-di metflyl for mam de,

with an organic am n such as "‘s t hyl am ne and diisop hyl am ne
or an alkali metal Hg Late bas ?.'gsucH"”as sodi um bonat ﬁIOt assi um
car bonat e, " cal cium carbonaje, |

pot assi um cef’at gyef er gbl y pot asmfmraNatcet ate,{_gnd 2- I¢dehy>de This is

then followed by th tioon of rof'g aryl phosp ;%%such as
tri-o-tofyl phosphine, cﬁﬁhenqumﬁé’c = adw'm,(s sﬁ,ﬁb]'pt ertPI but yl pﬁwm
tri-2-furyl phosphine, tricycl ohexyl ph@ﬁaphl ne) preferably

tricycl ohexyl phosghine. A palladiumcatalyst is added 20-Awhydmoas|i st t hat

i ncludes, but is not limted to, palladiunm(ll) acetate, paliadiun(ll)

chl oride, palladiumon carbon,

di chloro(1, 1' - bi s(di phenyl phosphl no) f errocene] pal | adl Wfq )

tetraki s(triphenyl phosphine) pallladiun(0),

tris(di benzylideneacet one)di pal | adi um(0), traps-dichl orobl S

(triphenyl phosphine)pal l adium(11), preferably palladiun(ll)chlogi de. This

m xture is then heated and a solution of a conpound of formla )o wherein
L is iodine 25 or bromne, preferably iodine, is slowy_addeg,

reaction mixture is then heated for 1028 rhours at whpir€hl pai th action
mxture is cooled to anmbient tenperature-and - filtefed. A io}u of, a "
mneral acid or organi cladirllydraifch -as—p-t ol usnesul c?nl c acid,N sicdes an

i sol ated conmpound of fornmula (C) as itwatssalt. 30 ’'n“ne enbgqil m of the

present invention, there is provided a process for N~ UH~~~~NJ 0 4 ~
N tcl II” - Monohydrate

Compound A of Scheme B may be prepared by various synthetic strategies, other
that the strategy recited in Scheme A above, utilizing the palladium(0) mediated

10  coupling of quinazoline and substituted furan intermediates.

Scheme C depicts five palladium(0) mediated coupling strategies, to synthesize
compound A of Scheme B. Synthesis (1), the prior art method, involves the use of
commercially available 5-formyl-2-furylboronic acid in the Suzuki reaction. Synthesis

15 (2) through (5) represent various embodiments of the present invention which include:

(2) generation of 5-(diethoxymethyl)-2-furylboronic acid and its in situ use in the



WO 02/ 02552 PCT/ US01/ 2070C~ 25 preparing a conpound of fornula (O,

i ncluding the steps of 5 reacting a conmpound of formula (A) yz R (A 10 15
with a cowpagngssef formula (B) NUL ~ ~NJ N (B) to formudweusmanpegnd of
formula (C), wherein Uis an organic group, and the conpound of fornula (A)
is generated in situ, and 20 L is iodiné%r bronine; Ris -C(Q(T)Wwhere Q
and T are independently selected from-0OCH3, or -OCHzCH3 and Wis hydrogen;
and Z is B(OH)z; or 25 the conpound of formula (A) is generated in situ,

and L is i Sﬁiidkﬁc@tﬁé)lm O(B) RRheratidNGT E2fdrhyb2JuRibb & bé/dZQJlﬂQ'fl?rﬁldawoﬁe

-Q(0)H, and Z is z, or the conpound of fornula ( is generated.in
situ, and Vviaig sgwm)tzetloy qf the fargybypietawih 2V, Osdunefdirﬁhm@mxwamm@ea%waund of

_formJIa(B agt e it f ( vely,
oL 2 B SRStk b OTRONE Lo S5 B SRRSO L,
and 10 L i s-brofhonBf@aldeh@d Wi in situ protection of the formyl moiety with N,0-
5  dimethylhydroxylamine, and its in situ use in the Suzuki coupling, and finally (5) the
reverse  Suzuki  coupling of in  situ generated  4-{3-chloro-4-[(3-

fluorobenzyl)oxy]anilino}-6-quinazolinylboronic acid (prepared from N-{3-chloro-4-

[(3-fluorobenzyl)oxy]phenyt}-6-iodo-4-quinazolinamine) with 5-bromo-2-
furaldehyde.
10
Scheme €
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15 The reactions of Scheme C, are described following with reference to formulae

(C), (A), and (B).



Ris -C(0)H, and Z is hydrogen. As indicated above U may be any suitable
organi c group. In one enbodinent, 15 U represents a phenyl, pyridyl,

3H i m dazwbwk/2dsadol yl, isoindolyl, indolinyl, isoindolinywgr/dsodzimndazol yl,
2, 3-di hydro-1 Hindazolyl, 1 H benzimdazolyl, 2,3-dillydro-1
Hbenzi m dazolyl or 1 H benzotriazolyl group, substituted by an Rz group and
optionally substituted by at |east one independently selected R4 group. 20
Rz is selected froma group conprising benzyl, halo-, dihalo- and

tri hal obenzyl, benzoyl, pyridqugthyl, pyri dyl met hoxy, phenoxy, benzyl oxy,
hal o-, di hal o- ano i hal obengy1O0xy and benzenesul phonyl; or Rz represents
tri hal onet hyHhenzyl §r trihal dmet hyl benzyl oxy; 25 or Rz represents a group
.of formula n wherei ' 3\ Ndependent |y sel ected from hal ogen, C, -4
al kyl and C, - 03. WO 02/ 025S2 PCT/USI | 1/2(17UC 27 In
a preferred e nts a phenyl, indolyl, or 1 Hindazolyl
group substituted by an RZ group and optionally substituted by at |east one
i ndependently sel ected group. 5 1n a nore preferred enbodi nent U
represents a phenyl or H i ndazol yl group substituted by an Rz group and
optionally substituted by at, | east one independently selected R4 group. 10
R4 is selected fromthe ggo hydroxy, halo, C -4 alkyl, CZ-4 alkenyl, Cz.4
al kynyl, C,-4 alkoxy, amno, C -4 alkylamno, di[C -4 alkyl]Jamno, C -4

al kylthio, C -4 &K g 'Ryl, C, -a al kyl sul phonyi, C, -4 al kyl carbonyl,

car boxy, carbanoyl, 6§oxycarbonyl, C -4 al kanoylam no, N(C -4

al kyl ) car banoyl , N, N al kyl ) car banoyl, cyano, nitro and
trifluoronmethyl. 15 In a Nor e preferred enbodi nent, where U represents a
phenyl group the group RZ is in the para- position relative to the bond
fromUto the linking NB)group. In a further nore preferred enmbodi nent,
where U represents a 1 Hindazolyl 20 group the group RZis in the
1-position of the indazolyl group. In a preferred enbodi nrent Rz represents
benzyl , pyri dylindihgfi Schemerasths commercially available 5-formyl-2-furylboronic acid, i.e.,

the compound of formula (A) wherein R is -C(O)H and Z is -B(OH)z, (Frontier Scientific,

is

Inc.; Logan UT), undergoes catalytic palladium(0)-mediated coupling (Pure Appl. Chem.
5 1994, 66, 213; Synth. Commun. 1981, 71, 513) to form the desired compound of Formula
(C) in high yields. Specifically, a compound of formula (C) is made by mixing a compound
of formula (B), wherein L is iodine or bromine, preferably jodine and U is an organic
group as described herein, and 1.0-1.5 molar equivalents of 5-formyl-2-furylboronic acid,
in an ethereal solvent such as, but not limited to, diethyl ether, tetrahydrofuran, dioxane,
10  ethylene gylcol diethyl ether also known as 1,2-diethoxyethane and ethylene gylcol
dimethyl ether also know as 1,2-dimethoxyethane or DME. A palladium catalyst is then
added from a list that includes palladium(l) acetate, palladium(ll) chloride, palladium on
carbon, dichloro[1,1"-bis(diphenylphosphino)ferrocene]palladium(li),
tetrakis(triphenylphosphine)  pallladium(0), tris(dibenzylideneacetone)dipalladium(0),
15 trans-dichlorobis(triphenyl phosphine) palladium(ll). The preferred catalyst is palladium
on carbon. This reaction is then heated to between 25°C and 120°C for 1-24 hours and
then cooled to ambient temperature and filtered. The solution is then treated with a
mineral acid or an organic acid, such as p-toluenesulfonic acid monhydrate, and the
compound of formula (C) is isolated in high yields as its mineral acid salt or p-

20  toluenesulfonic acid salt.



benzyl oxy, hal o-, dihalo- and trihal obenzyl oxy and benzenesul phonyl. 25 In
a further preferred enbodi nent RZ represents tri hal onet hyl benzyl oxy. In a

further pyefeniad enbodi nent Rz represents a group of for mdrase Ve
02/ 02552 PCT/USOL/ 2U701 28 O-N~ 1 | -ptHal !'* wherein Hal is Br or O,

particularly Cl, nore especially wherein the Hal substituent is in the
position marked with a star in the ring as shown. In a nmare preferred

enbodi ment Rz r ent.s n o] o) | @XY. S |

3-fl uorobenzyl M‘?esrb%)rpi?/%ﬁ ﬁ%én%)x% oghgqﬁeﬁgﬁﬁ%s@peﬁngﬁé‘ﬁﬂﬁ%%@é ér frﬁ’gF nor e
preferred sﬁmﬁ@ﬁidﬂﬁnéon%umﬂpff%ﬁﬁl&@ (RYy @neRrRNZ ¥ BOY).(@ege el -at(Q)T)W where Q
3-bronobenzyl oxy) and trifl uoronethyl benzyloxy. 10 In a further preferred

enbodi nentandthaere Onglkyl wheigoalky ubgsidelinedl hsirihanikas gresamblyi ethdn aedplicisal |y

et ur ¢ Moo e At eefeu B el e LR aRlatiho (RHRS S bR AR R ol
15 sel 6ct e@néracdt baboic acidCis-des@ibea Xy ). @gpeiesnal 096,087, 98386, afd tdeéreneds dietl hoxy.

In a nore ﬁref rred enbodirrrent the rin U_iﬁo_subs_tituted by an R4 group
wher ei n RANEIEHY d¥Ehescommaynd d Feemale | (§). 3hergip lois 1odng gr Rroraigpaaday |is an

preferred I%ﬂ} o) 1 WM e h s

fl uor ophen@@ﬁgrgi uo#gﬁe‘fq%Fgﬁ%séuyb&grﬁ’%ghfﬁ{so%ﬁﬂ%% anggbé%@g%gs%aé%?'}il |y

pref err ed Sirthade wértigdidtlege tgadiadiwint ik ré¥briedpn eBgntett. MOBHOXYJBIC Y. Process

fl uoropheg%lg.PZS In an especially preferr enbodi ment the group U together
S

with the P 68%%-(%)2413:52&%@1'1@(’36#@5];@%&3%41 Ben¥4/7ox otigteyicd embodimen
g‘;}'eﬁg)rg%ﬁe”tﬁﬁh%‘)éb;%SBX | parkiFNAENERSRNEY) RAERY e, RENAW FAYEZ e/ n Yty
generation of furanyl lithiate, a compound of formula (A), wherein Z is Li and R is -
C(Q)(MW where Q and T are O-atkyl, preferably ethoxy, and W is hydrogen, (ii) subsequent
generation of the corresponding boronic acid, wherein Z is B(OH)2 and R is -C(Q)(T)W
where Q and T are O-alkyl, preferably ethoxy, and W is hydrogen, and (iii} the

15  palladium(0)-mediated biaryl coupling to construct the desired compound of formula (C).
The process utilizes ethereal solvents. These ethereal solvents can include, but are not
limited to, diethyl ether, tetrahydrofuran, dioxane, 1,2-diethoxyethane and DME. The
preferred solvent is DME. This preferred solvent was observed to offer significant
improvements over published procedures (Synth. Commun. 1998, 28, 1013) in the

20  formation of 5-formyl-2-furylboronic acid synthesized from 2-furaldehyde diethylacetal.
Another suitable pecursor to in situ generated 5-formyl-2-furylboronic acid included 2-
(2-furyl)-1,3-dioxolane.  Advantages of this process include deprotonation of the
compound of fornrula (A), wherein Z is hydrogen and R is -C(Q){T)W where Q and T are
O-alkyl, preferably ethoxy, and W is hydrogen, with alkyl lithiums, preferably n-butyi

25  lithium, at higher temperatures (-20°C in DME compared to -40°C in tetrahydrofuran).
Subsequent treatment of the compound of formula (A), wherein Z is Li and R is ~C(Q)(T)W
where Q and T are O-alkyl, preferably ethoxy, and W is hydrogen, with trialkyl borate,
preferably triisopropyl borate in DME also provided higher conversion to the borate ester

of the compound of formula (A), wherein Z is B(O-isopropyl)sLi and R is -C(Q)(T)W where

30 Q and T are O-alkyl, preferably ethoxy, and W is hydrogen. In preparation for the
subsequent Suzuki coupling, the in situ generated borate ester was hydrolyzed to the

boronic acid of the compound of formula (A), wherein Z is B(OH)2 and R is -C{Q)(T)W



VI~" O (12/ 02552 PCT/USO01/207U1 29 In a nore especially preferred enbodi nent
the group U together with the substituent(s) R2 and R4 represents

benzyl oxyploesyz2ss2( 3- f | uor obenzyl oxy) phenyl , (benzenesul phopgt/bpheoyls or
benzyl i ndazolyl. I n another nore especiably preferred enbodi nent the group

Utogether with the substituent(s) Rz and R4 represents
( 3- bromobenzyl oxy) phenyl, (3 trifluoronethyl benzyl oxy) phenyl, or

o o i) TR DY BRE dysHEM DSnT SRS B et =

repr esent sny@rdded ObyO BRI Ztrb inyg- With mc@ﬁ@mwnvdrmwlaewbwuo@wm Wa@d?hiﬂnma,t
benzyl oxy-3-trifl uoronet hyl phenyl, (benzyl oxy}-3-fluorophenyl, (3

.f I uor obenzspreiiig orde3- at| s dphiemperasure( 3t Masorshehserey ithataths! Spperiompracessst
Sﬁggtc: ?LL% r{f}?g‘?’ %Ze%gsgfégl ’9\%' e lfl\lﬂg %’enz aPedt Pcﬁgettlt}ﬁgldr\lg'h}lgnteh en]ded to the

represen
(3-fl uarotmmzcnbm((cn}mhmmeu b¥al ocaupling owlthrxmmh»e. aélﬂ umrt@meeme.or% Mergro or

i odo; preferably it is fluoro, chloro aor brono, nore preferably f?uoro or
chl oro. 2Cﬁomnoané|qufprwa (Ebr Swshapiorcess impravpmentstingiude Prospyepisistespiday |
butyl, 1isq eferably it is methyl, ethyl
propyl, i ség‘gr%pgy' ﬁM%Q’ n%iﬁagl ckd E\W‘t&fb?y met hyl . Cz-~ al kenyl i s, for
exanple et henyl, prop 1- enyI or prop 2-enyl ; preferably it is 25 ethenyl.

Cz-a al kynyl |s for exanple, ethynyl, prop or prop-2-ynyl;
preferably it il apoieyembodimeny) R@ngour@s qfofOYWém(ﬂ Jecar ﬂxet’qmw fr@mhaxy,

Pt ERORRE o 3 R S BEGR a gPYo

pr ef er abl yfo'rmullaS(Ahthﬂ@PQYZ is ~-BA3H)z, G410 58t PEAL & ddud@ B9 Gorafuia (B), where
L is iodine or bromine and U is an organic group (See (3) of Scheme C). This process
employs an in situ protection of the aldehyde functionality as an aminal lithiate, (Synlett

1992, 615), as in the reaction of, for example, 2-furaldehyde with the lithium anion of a

15 secondary amine chosen from morpholine, N,O-dimethyihydroxylamine, 1-
methylpiperizine or N', N', N*-trimethyl-1,2-ethanediamine. The preferred amine in this
process is N,O-dimethylhydroxylamine. Formation of the amine lithiate is accomplished

by treatment of the amine with an alkyl lithium reagent, preferably n-butyl lithium, in an
ethereal solvent such as tetrahydrofuran or DME at low temperature. The solution of the

20  amine lithium anion is then mixed with 2-furaldehyde to form the in situ aminal lithiate,
a compound of formula (A), wherein Z is hydrogen, R is -C{Q)(T'W where Q is NR'R",
wherein R' is O-alkyl, preferably methoxy and R" is an alky! as defined herein, preferably
methyl or R' and R" are independently alkyl as defined herein; T is O-Li and W is H. This
solution is then treated with an additional molar equivalent of an alkyl lithium,

25  preferably n-butyl lithium, at low temperature to form the furanyl lithate, a compound
of formula (A}, wherein Z is Li and R is -C(Q)(T)W where Q is NR'R" where R' is O-alkyl,
preferably methoxy and R" is alkyl, preferably methyl or R and R" are independently alkyl

as define herein, T is O-Li and W is H. This solution is then treated at low temperature

with a trialkylborate, preferably triisopylborate, to form a compound of formula (A),

30 wherein Z is B(O-isopropyl)sLi, R is —C(Q)(T)W where Q is NRR', where R’ can be 0-alkyl,
preferably methoxy and R" is an alkyl as defined herein, preferably methyl or R' and R"

are independently alkyl as defined herein; T is O-Li and W is hydrogen, and hydrolyzed to



C -4alkylamno is, for exanple, nethylam no, ethylam no or propylam no;
preferably it is nmethylamno. di[C -a alkyl]amno is, for exanple,

di et hyl awio/o28k2et hyl ami no, N-nmethyl -N 5 et hyi am no or dipropsdi207080;
preferably it is dinmethylamno. Cl-4 alkylthio is, for exanple, nethylthio,
ethylthio, propylthio or isopropylthio, preferably nmethylthio. 10 C -4

al kyl sul phiny! is, for exanple, nethylsul phinyl, ethylsul phinyl,

| sul phi [ | sul phi.nyl, prefecably.methyl sul phinyl. C -4
B ko1 sl prObyT- oo f R raf eI bR 8RS e BB e SHish g nerel o
propy!l sul phgani¢ a8, srPPaoREks WeRhomyk in Bitefrenabled sEbMANesHIpbodYlc add C -4
al kyl carbonyl is, for exanple nethyl carbonyl, ethylcarbonyl or

pr opy| car beadjly. uclerdoes| k melladivmEiynediated fliaryle xewiding, tondertosey campesnd of

et hoxycar bfgrr}?{ll ( 0 propoxycarbonyl, butoxycarbonyl or tert-butoxycarbonyl.
C, - ~ al kanoy 'é?n’ 0 (where the nunber of carbon atons includes the CO
functignality) is, for- exanple, formam do, acetam do, propionam do or
butyram do. 25 N-(C; -a al kyl)carbanoyl is, for exanple, N-nethylcarbanoyl
or N et hyl car baieyprocessNdeseiigd- ip ek prepedind patagraphs to fabtaiexarpheound of

30 v 03P BgR e Fud P AR W B HER o Bl s S, G R o0

i |l ustratis@bstRlted ao@ragchyie oderivafiRedpekfémblyi Bldromhbe-sARFulh, tie: iigvention
in any way. The ph\éSl cal data given for the cogounds exenplified is
o]

consi st entcopponnd hefaswilgife whsterdis reraine ind RaseC(Odh{Ssa i of Ssheme C).
10
Alternatively, another synthetic strategy to compounds of formula {C) can be
constructed from a palladium(0) mediated biaryl coupling of N-heteroaryl boronic acids,
such as a compound of formula (B), wherein L is B(OH). and U is an organic group, with
5-halogen-2-formylfuran derivatives, that is a compound of formula (A) where Z is
15  bromine or iodine and R is ~C(O)H. (See (5) of Scheme C). A process for making a N-
heteroaryl boronic acid intermediate of formula (B) involves the treatment of a
compound of formula (B), wherein L is iodine and U is an organic group, with an
alkylmagnesium halide reagent, preferably ethylmagnesium bromide. The reaction is
performed in an ethereal solvent such as tetrahydrofuran or DME at low temperature.
20 This mixture is then treated with a trialkylborate, preferably triisopropyl borate followed
by slow addition of an alkyllithium, preferably n-butyllithium, while maintaining the
reaction at low temperature. This is then followed by the addition of a mineral acid or
organic acid, preferably acetic acid. This gives an N-heteroaryl boronic acid intermediate
of formula (B}, wherein L is B{OH): and U is an organic group in solution. To this is then
25  added 5-halogen-2-furaldehyde- (halogen is bromine or iodine), preferably 5-bromo-2-
furaldehyde, a co-solvent such as N,N-dimethylacetamide, an aqueous base, such as
sodium  carbonate and a palladium catalyst, such as dichioro[1,1'-
bis(diphenylphosphino)ferrocene]palladium(il) dichloromethane adduct. This solution is
then heated to a sufficient temperature to provide conversion to the desired compound
30 of formula (C).



EXAMPLES As used herein the synbols and conventions used in these
processes, schenes and exanples are consistent with those used in the

cont enpor @yg/osRkentific literature, for exanpl e, the Journapcpissir@rdreri can
Chem cal Society or the Journal ofBiolagical Chem stry. Standard
single-letter or three-letter abbreviations arelO generally used to

desi gnate am no aci dresi dues, which are assuned to be in the
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{C)



20 (i) In situ Preparation of 2-diethylacetal-furan-5-boronic acid A 20 L
reaction vessel was charged with 6.7 volunes of DVE and 0.67 wt., (740
grans, 4100w2/0245235 nol ) of 2-fural dehyde di ethyl acetal apdrgeslRdyto -40C
under reaction~contents control. n-Butykfithium 1.32 wt. (2.5 Min
hexanes, 1.45kg, 5.22 25 nole) was added over ca. 40 mnutes using a
Chenifech CP120 netering punp containing a ceram c head. The internal
tenperatureegpse to -Slg. ??e r%agéion m xture turned very dark, but was
honngeneodg.pAwpé?u¥W%méaéﬁ PG ' conplete, the lines were flushed with
ca. 0.17 volunes of hexane directly into the reaction vessel. Wen the
internal tenperature decreased to -40C, the reaction m xture was 30 stirred
.for an additional 2.5 hrs. After 2.5 hours, 1.1 vol (0.89 w, 982 grans,
5.22 nol) .of triisopropylborate was added via the netering punp over 20

m nut es. A”gPé@ﬂﬁﬁ%gﬁPﬁédn1mas observed during the first half of the

.addi ti@én, which peaked at about 31C.  An additional 0.15 vol of hexane was
used to flush tractignpcamprindigifermiald) wo 02/ 02552 PCT/ LI S(11/207f 11 34
reaction tank. After 2 hours, (with 30 mnutes at -40C), the tenperature of
the reaction was ranped up to 25C over 60 m nutes. Wen the internal
tenperature reached 25C, a 1 nL aliquot was renoved for an in-process
check. [Sanple preparation: Two dropS\ef the reaction m xture were diluted
with 1 nmb of CH3CN and 5 100 p,L of]!1 ] and subjected to LC at 280 nM]
The boronic acid/2-furfural rati sO119:1. At this point, 0.29 vol of
acetic acid was added and the réaction mxture was stirred for 30 m nutes.
Water, 0.36 vol, was added after 30 m This reaction m xture was used
directly in the next step. 10 (ii) Preparation of
5-(4-j%—ch|oro-4-(3-f|uorobenzyloxy)-aniIino]-6quinazo|inyI)-furan-2-carbaI
dehydé 4- met hyl benzenesui fonate using in situ prepared
2-diethylacetaiWShBGPBWPB”%QfH”mﬁhﬂﬁg reacti on m xture from above was added
3.4 vol (3.7L) of ethanol over a 5 15 mnute period via vacuum addition.
Triethylamne) 0.69 vol (760 nL, 5.45 nol) was added followed by 1 wt
(1100g, 2.18 rrrol) of

N-{3-c3l oro-4-[ (3-fluorobenzyl)oxy] phenyl } - 6i odo- 4- qui nazol i nam ne and 3wt %
of 100/o0 Pd/C [Palladium 10 wO0/o (dry basii% on Activated Carbon, 50010
Water Wet, Degussa Type E101 NE/W. The regetor, in reactor control node,
was set to 62C. The internal tenperature was observed to rise to 58C 20
over ca. 2 hrs. After ca. 14 hourd; al j was renmoved for an

i n-process check. [Sanple preparatio s diluted with 1 nL of MeCOH
and 250 ~.L of 1 N HO and subjected gk LC at 220 nM] At this tine,
the reactor was cooled to 25C. The dark redction mxture was transferred to
the second reactor through a teflon-lined stainless steel jacketed transfer
hose outfitted with an in-line 5.0 p,mctBXridge filter (Pall part no. 25
R1f 050, lot no. F.10807) and an in-line 0.45p, mfilter (Meisner CLMF
0.4-662, lot no. 4087 R #F). The first reactor was rinsed with 0.5 vol of
DVE and wak fors dbeicompaugoftfaemule &)sf er hose so as to wash the solids

t hrough t he filtﬁr cartri.d phgoluenesulfonic acid nonohydrate, 1.55 wt

{1700 g, 8“4 FEWH¥9ﬂW§§§ﬁWé& n 2.27 vol of deionized water arid the

sol ution wag cagpednd of fdreulc@d isig@RemtegtidsBuwar 5 rrrinutes. After stirring
30 at 25C for 1 hour, the product was collected in a ceramc filter lined

wi th i um filkBdogiaper brovieeir eact or and filter cake were rinsed with 0.9
vol of a 1:1 DMEJwater solution. After suctioning dry for 4 hours, the
yellow filter cake was transferred to two glass trays and placed in the
drying oven (50R&Q(QYNKewhBRUS end/ BeteunddptBddnilySelkctell Flama-0tH. &@gen WO
*02/ 02552 PCT/US01/2070G "' 35 bleed. The two glass trays were renoved from
the oven and al t&tEHs et Bols hydropes@nt enper at ure and sanpl ed accordingly.
The isol ated yighﬂ38h2t§p title conpound was 1230 grans (1.12 wt., 870l ot h;
"1410 g Th) whic ei !é as a yellowi sh solid. "H NW\R (ds DVsO 8: 11.44
(s;j }1232) the3Bmpoun@ b foruldl(A] &, geheddied iB.580,dnd, 1 H), 8.39 (dd, 1 H J =8
an :

(3

&l

L is iodine or bromine;



57.89 (d, 1 H J=12Hz), 7.84 (d, 1 H J =4 Hz), 7.60 (dd, 1 H J =8
and 4 Hz), 7.47 - 7.42 (m 2H), 7.44 (AA BB, 2H, JAa =8 Hz), 7.35-7.25
(m 3H), Wwoddwid2 1L H J =4 Hz), 7.1 ~ (dt, 1 H J = 8 amdruddi)pe7oé. 06
(AA'BB, 2H Jns = 8Hz, 6.84 (d, 1 H Je& 4 Hz), 5.27 (s, 2H), 4.43 (s,
2H), 3.fi1l-3.50 (m 2H), 3.47-3.36 (m 2H), 3.09 (s, 3H, 2.23 {s, 6H. 10
Exanpl e 3 Preparation of
5-(4-j 3-chl or o~ 4.-(ﬁ@%uordobenzyl oxy) - ani |l i no] - 6- qui nazol i ny!) -furan2-car bai
dehyde using im & rBt%ct ed” 2-fural dehyde | U, O di net hyl hydr oxyl ami ne
hydr ochl ori de (zqggL(yH);;gJ;r 6.32 mmol ) was 15 suspended in THF (19 ni; 40
Vol ), and the flask was cooled to -40C (Cryocool controlled isopropanoi

bat h). n- Boae¢ gormpaunduehfommBa (Blseyencrased insithextthes; 5.3 nl; 13.2 mmol ) was
added at a droq;gvi gﬁ)é'hate while the internal tenperature rose to -12C
However, the mi?t tui ckly cool ed back to -40C. After 30 min at -40C,

. 2fural gehyde {48t -c(d)H; Md’4 mol ) was rapidly added to the m xture which
caused the 20 internal tenperature to rise to -28C. Again, the tenperature
dropped qui ckl ¥ BaEKNING; 0r40C. After 15 min at -40C, n-butyllithium (2.5 M
solution ip_ h Sy 2 '8 : I ise rate, while
the inter ﬁfg‘f- c?’ﬁﬁ‘g@}da?fﬁro ﬁ“%émm%?e%f%é% %@?SWQQ@@f&JﬂP?'ﬁnge course of
addi tion, rediesemcitely,aviicié Reither of Hianeondousts dvermaldi(A) arrBWagenoatel et e, the

m xture was allowed to stir at -40 Cfor 1 h. 25 Triisopropylborate (2.0
m.; 8.62 rfitvlgndnas added at a dropwi se rate, while the internal tenperature
was rrg'bnt ai ned bel%we- 3r50C Afet,er the addition was conplete, the cooling was
turned-of f. A I—[PE&) IHd?' caPBd'“83. 70/ 0 of desired boronic acid, 6.2% of
starting materipls.-Cf#i@nahdie i nternal tenperature reached-20C, the mxture
was quenched by addition of acetic acid (462 p,L; 8. 04 mmol) and allowed to
warmto 30 ambilkelthyé@aperature. The material was advanced w thout
purification or isolation directly to the Suzuki Coupling reaction. WO
02/ 02552 PCT/ US01/ 2070G 36 To the reaction vessel containing crude boronic
acid was added Mihﬂi@éﬂ&ﬂtabwwmﬁ?mkdﬂy Slithbrgrgardic Foull &ElbROEELONDERS
solution (7.3 nL; 7.38 mmol), o i o o

3- chl do- 4! (qpeeseniserdtsevz pylidwydbiteidgaohs-indaly. iacigdelnaingplinvarsoinsolinylg7 g;

5" i o or oL TRVt Brere s My N E B RS R 23 SRR e b,

t he inter ngnzinfdarenabul 8-beRssrib D drouddsibsilined e R'arotp Nidiogtionaty heat ed
to 50C (internal tenperature) with an oil bath. The reaction m xture was

filtered tMbgilyteddyctnersbanciadprendentivasierted FagiPurhe sol i ds were washed with
THF. The isolated solution was then diluted with ethyl acetate and aqueous
hydrochl oric acid was added. The 10O | ayers were separated and the aqueous
was next r al i zedRdnsklett¢difrec agrobp edrhplisiracemaylehaldhdinabyend tikealebeheyar at ed

and the organic |ayer was drjed over sodiumsulfate, filtered and
concent r at &9 dé’r”)éwgt?\é\ﬁﬁnR\’é'dbh*\?g‘qxbie(i‘l“-f‘?W&%Wﬁ&lﬁ‘é!oi ‘i‘e]@’t ion tinme of
title conpo i LAYGLES, IJreAGP! € 4 Preparation of

5-(4-] 3- gﬁ?‘ﬁ?%piﬁy%-xﬂaugrg@zgﬁé%@yg{?ani | i noJ- 6- qui nazol i nyl J-furanz- car bal
dehyde hydrochloride using in situ protected 5-brono-2-furai dehyde

N, O- di net hyl hydr oxyl am ne hydrochl orid 3.0 00,49 mof) was 20
Suspended | n T FAOP RS GElomanfresdd of et wHbEEIORC {dry i oo -
acetong bath). n-Butyllithium (2.5 Msolution in hexanes; 24.4 nlL; 60.98
mol ) was added dropwi se to this cold suspension, which becane honobgeneous.
The acet one/ COzomRftrhpresenty @ptonped frynude wat er /i ce bath (0C), and the mi xture
turned pale yellow After stirring for 15 mn at 0C, the solution was

cool ed back to -788 and 5-bronp- 2-fural dehyde 25 (5.00 g dissolved in 10
‘mL of THF;, 27.72 dded at a dropwi se rate. Fifteen

3
—N (R )n
0O

wherein each R® is independently selected from halogen, Cisalkyl and Ci.« alkoxy; and
nis 0 to 3.



m nutes after the addition had been conpleted, the reacfion m xture was
allowed to warmto OCin a water/ice bath, and 15 mnutes later, it was
cool ed bagip ¢>@25588C. ten minutes later, triisopropyl borat epddBs8/20k06 83. 16
mmol ) was added to the cold m xture in gne portion, followed by dropw se
addition of n-butyllithium (2.5 M 30 solution in hexanes; 27.7 nL; 69.30
nmmol ). After 30 mn at -78C, acetic acid (6.5 nL; 102.6 mmpl ) was added to
the cold reaction mxture, which was then allowed to warmto anbient
tenperature. The material was advanced w thout purification or isolation
directly to thQn%ﬁ%&‘#&he@@H\Bleﬂﬁnf @aEﬁrleﬁﬂtsa p%@y%ﬁ%ﬁﬁ%ﬁﬁ%&é&%ﬂ&l 20701 37
To the reaction vessel containing crude boronic acid was™added

. N, Ndi net hgramemmﬁ’imuéeo( BytamR) groupbed optidnalty pybstituted by at least one

N ~3-chl or.0 uo xy] phenyl } - B-i odo- 4- qui nazol i nam ne (10.78
g; 21.32 dﬂﬁEﬂPF[‘é ‘Vu feg@ﬁ@%@ 85 g: G3.97 mml), and dichloro[1,1" 5

.bi s(di ghenyl phosphi no) f errocene] pal | adi un(11) di chi oromet hane adduct (174
ng; 0.21 nmol) to yield an orange reaction m xture. The reaction m xture
was heated to 906G, mamcprtf@rrcd)bmbodjman’glé repxesentstachenilf arel-@agolyi groural

reaction ti reagtion s, all d tq cpol tq ambien

t enper at ursg[ﬁlmtela%y égrWa%a'H{(‘?Fﬂfogﬁl\f\%utbﬁ'tﬁ‘&ﬁVSEAﬂ?ﬂff?net Wﬁ&ﬁ%ﬁe%‘\f h 100
mesh Dar caglette®* Aedpvat ed Carbon (69B ny), Hyflo Super Cel 10 (348 ng) and
stirred at ar~nbi ént terrperature for > 2h. The precipitates were renoved by
suction filtration through fritted funnel |oaded wth Hyfio Super Cel and
washe wnth THR,(.5X , 2 til e THF s ent isplaye RO 1xor e col or.
The fitl%rate was 1 ?%%‘%%(g}_éﬁ”%ﬁeQBWBZWN%YJH?%EUE%@ % ﬂ%.?ﬂ waAVgH 3 mol )
and wat er M(&m&? ad1fo ajuawqmﬁrq) afiCL, aﬂ@yl]@rﬂhioeohatll@)ﬂﬂhﬁf al. umw&@sh@ylh The

precipitate was Itered through a 15 fritted funnel and rinse

i sopr opanc>¢1JtW<H¢vl§ldlp(ﬂslil\"nﬁb)4 allwmaémnylwrh@gy eatiok 3@/ O- 4|HH<O}9YC©MWL Owat er (54
and t a Th brown, sol i,d was

transf erre méﬂQ,g“ hﬁmah‘é%?aé%é l\ﬁ}l' '(811’fﬁwﬁﬁa'th'“SP/E/CYaH"v%lHB&”Sver ni ght .

The reactlmﬂugmtﬁ 101 g of the t|tIe conpound (83010 yield) as a

bei ge- brown powder. LC retention tinme of title conpound: 4.9 mnutes. 20 25

Exanpl® 5 Preparation of

gl ((jéelhglgecrjls: (r)1£:10|nr? rgpﬁp g‘%ﬁ%%{"@ﬁd'ﬁ’g vxﬁré'rf! b?é)prgseﬁts u;')hne%%l grouﬁ'lrhe gr 80 an2- carb

4- { 3- chl or R*-i¢in( 1hdph 4 arositien zahth@x]tht bbhd ﬂ@n&iﬂpﬂhraamlngmw peni ¢ aci d
N ~3- Chl oro- 4-[ ( 3- fI uor obenzyl ) oxy] phenyl - 6-i odo- 4- qui nazol i nanm ne (200 ny;
0.395 mml) was dissolved in THF (2.0 nlL), g| ving a yellow sh solution. The

m xture was cooj e L Wi

et hyl magnesi um lgragfn%tr%epﬁf eom%{:ewefj fn gﬁﬂﬁeﬁ}fﬂ%ﬁie ggg&ﬁgef?é%?ﬁ?@até%l ) to

yi el d 20 hogroge tieograup RF ghi tE01-pesitiowobtheutdazbly! gouph was cool ed, to -78C.
Triisopropyl borate (373 pL; 1.582 mmol) was added rapidly, followed by slow
addition of n-butyllithium (2.5 Msolution in hexanes; 395 p.L; D.989
nmol ). Waen t hep,r 2 ico,acid (84 ~L;
1. 463 nmol ) vvaslnaae(;@%fjér% eq'ﬁ%ﬁ‘c”ﬁé”?ﬁe ééaég'ﬂs bbﬁgjrg% E@l"é&rh&’g@m% (12/ 025; 2
PCT/ US( 11/ nz0iag&alpe] d lbﬂlosialtdtrmahnbermroamand aenzdnésalphbRylwas added

5- br ono- 2- fur al dehyde (107 ng; 0.593 mml ), followed by

N, N- di net hyl acetam de (2.0 nlL), which caused the m xture to becone

honog ous, 1. ally

di chl gir%[ 1,1 - bﬁlia?%!}lgﬁ )F‘/eﬁgﬁeodﬁﬁ%?é@rﬂf5&(:}%%55%%;@%!6]'%8%'!&“%&%%%l or onet hane
adduct 5 (16 ng; 0.020 nmmol). The m xture was heated at 80C. A HPLC check

after 15 h In a further preferred embodiment R* represents a group of formula



i ndi cated 95010 cl ean conversion to the title conmpound. LC retention tine:
t=4.9 mn. Exanple 6 Regiosel ective preparation of

5- (4- ~3- cloanmao( 3- f | uor obenzyl oxy)-artilino,]-GLlO PCT/US01/20706

qui nazol i nyl)-furan-2-car bal dehyde 4-nethyl benzenesul fonate A m xture of
2-fural dehyde (5.7 nL, 69 mmol }, potassium acetate (1.4 g, 14 nmol), and
pal l adiun(l1)chloride (61 ng, 0.35 mml) in 35 nL of DMF was degassed for
10 mi nutes by vigorously bubbling Nz through the m xture while stirring.
The catal yst 15 niéfure was subsequently warnmed to 110C. A sol ution of
N-{3-chl oro-4-[ (3 f|'warobeénzyl ) oxy] phenyl - 6-i odo- 4- qui nazol i nam ne (3.5 g,
6.9 mmol } in 55dyNof wé%mdegassed in a simlar manner and then added
to the catal yst m Xt vi a’syri nge punp over 10 hours. After the addition
was conpl ete, the rgaction tenperature was maintained at 110C for an
additional two hour@®. After cooly ; LML ure was
.poured into 125 nL of water. Th@hgggﬁﬁﬁf§§$E*§£§§@EPPQ§523H§E% gg%g% filter
paper and wishiadheiiahsubstitentis&n the puokifion Treekeslolvitld a wies i thedirgssiskiedni N war m
(50C) DVME. To this solution was added (2.0g; 10.4 mmol) of

p-tol uenesufl oni ¢ aci d nonohydrate. The tenperature was |owered to 35C and
the m xture was A I 0 3 I . m.) was
added to inducelnﬁ#?ﬁg‘?e%‘rvreeg?gﬁg gﬁ%‘ﬁ? ;FEFeE%%@ggg@ty%sﬂu\Zégé%Ff@g’t ed on

coar se 5f i | (especiplypa+fiuncbesaysxgentyl ypheastysthdiienzer@dulgiionyl. of DVE/ wat er
(1:1). The filter cake was dried at 50C under house vacuum overnight to
provide 2.5 g (550/0) of the title conpound. '"H NWVR (ds-DMSO) 8: 11.44 (s,
1H, 9.38 (s, I%"é)ﬁur@e?—ﬂﬂo(egﬁze\aen'é)i’enﬁrog@ne(rﬁ’R" fepsentd bASmétihzyidxyt J = 8 and
4 Hz), 7.89 (d, 1 H J = 12Hz), 7.84 (d, 1 H J = 4 Hz}, 7.%0 (dd, 1 H J =
8 and 4 Hzlespetialy 3-bramaRerzytoxPidnd titflderomatiyB@nzyl®ly, Jne = 8 Hz), 7.35 30
7.25 (m 3H), 7.24 (d, 1 H J =4 Hz), 7.16 (dt, 1 H J 8 and 4 Hz), 7.06
(AA'BB', 2H, Jas = 8Hz, 6.84 (d, 1 H J =4 Hz}, 5.27 (s, 2H), 4.43 (s,

2H), 3p1l-3.50 5 Fina- s, 6H). WO
o2 0258 e us"d&%%%{ p%&@%@@@”&%é}” (P8 ot sutithuted by &

5- (4- ] 3- cl gibop;an 4n(eSpdcialip podfemed/érobgdimant-l isi pha)ylGr dudaralglobnsnidtitufedr ar ~2- car
bal dehyde 4-neéh | benzenesul fonate 5 A 2 liter, 3 neck round bottom fl ask
equi pped wWt#! %@%manical stirrer' was charged with 74.95 grams of the HC
salt of

5-(4-[3-chl oro-4-(3-fl uorobenzyi oxy) ani | i no] - 6- qui nazol i nyl ) -f uran-2-car bal
dehyde (prepar el attcthedpredertas dPnbgdentehCring dge s@BtibftedNly 99RIGOUG: See
Scheme, A, Procedure C above) and 749. THE. To this slurry was charged
54 45 T ol AT I i SHERE AR AT PP FfoBb 10" mi mut s, The

| ayers were separated and then the organic | ayer was washed with 1fi 0 nL of
HzO. The organic layer was slurried with 3.75 grans of Darco G50 and
filtered through bl prefenied epibotingne thrakdng Ulid sbstédtany a1 B\gryupadded to
33.54 grans of.Hgluenes¥“f?nic achdﬁgfnohydrate with rapid stirring. The
solids sl OW'VEB]r (E?%Fﬁeg e bGP S A RBTENY tenperature. The m xture was
cooled to OC and stirred for 10 mn. 15 The m xture was filtered and pul |l ed
dry with a rubber darn, then dried in vacuo at 50C overnight. The yield of
5- ( 4- [2 chl or o- I-qreespeciahabeferpd emppdiment UriegetbeuvitlaRotepregents f ur an- 2- car bal

e e AT e T g S

j 2( et hanesul phonyl ) et hyl ) am no} net hyl ) - 2-fury!) - 4- qui nazol i nar ni ne

ditosyl ate anhydrite (anhydrite form of _corrgound of formula I1) 25 To a 20L
reactor was adddidc® mareespegialiyrprofarred smbadiegnbl tougbenwith B igaresgity of

NaBH( OAc) 3 set to maintain contents at 20C. A second
‘20L react oWC@ZV@%QV’Be v%‘?%h\@?g'oo grans, (1.55 nol) of

5-(4- [ chl oro-4-(3fl uor obenzyl oxy) - ani fi no] - 6- qui nazol i nyl ) - f ur an- 2- car bal
dehyde 4-nmet hyl benzenesul fonate prepared by the procedure of Exanple 7 and
‘6.7 vol of THF. Inmay especially preferigd embodimest the group U together with the

5-(4-[3-ch - (3l uone -ani | - QU | hayl ) - furan2-car bal
dehyde 4 RO BRigE aldr BRRA R R RN BT LG RO

di i sopr opy (behrenesuipienyf)phdrgivedndylindhz3R| avt piehoRdmphemflhy! sul f one) et hyl ami ne,
(321 g, 2.6 nol) and 0.15 vol of IPA After 1 hour, the preforned im ne/ THF

solution was transferred by vacuumto the stirred suspensi on of NaBH( OAc) 3
in the first 20L reactor



WO 02/ (12552 PCT/ L' SO1/ 2070C 40 over 10 m nutes. After 90 m nutes, 4 vol of
5N NaOH was added over 40 min via a punp. This solution was allowed to stir
for 15 mwetes2abter which the stirrer was sw tched of f ametbsilawers were
al lowed to separate. The aqueous | ayer was drained fromthe bottom of the
reactor and the organic |layer transferred to the enpty 20L . 5 reactor
through a teflon-lined stainless steel j acket ed transfer hose outfi tted

with an in-lin 045 mfilter hi. S THF
solution of 4 %6 pec@“% pmﬁ;résd %)Pb%d”fqg'l% oﬁ‘?ggg?ﬂ Wﬂ*hzt" ohydrate
over 5 ni rgubs‘tqtu@{ttspw @J(u W@ﬁﬂe@dn&ﬁlﬁ@z%ﬁypﬁbﬁﬁr(\z%&@b@@ﬂﬁxﬁpﬁenw sol ution
and this was allowed to stir at roomtenperature for 12 hours. The reaction
‘was dr ai ndberzeogsutphenyirheavhasbenzylindazatyi-or 10 and filtered through a
ceramic filter lined with paper. The yellow filter cafe was washed with 1
vol of a 95:5 THF/ water solution and allowed to air dry overnight. After
suctiosi ng dry lhahothér hows Espetiflgy M@fdr@Wefﬂbeﬁfen@&MegMﬁﬁUttbgmfﬂewrth!d to two

gl ass trays and placed in the drying oven (42C Wgnder ouse vacuum (18 in
Hg) with ahapubssiusnte) Rend rﬁ@orﬁmtsgﬁﬁgmpb%\wlo penvefbved from the oven

Sl at ed i L ar§ftybsh=UBAb Ak GREER BRI S FRUAGLBRERLC! N0l Y- The

oxy] phenyl }-6-[ 5- ([ 2- (et hane- suI phonyl ) et hyI ] am no
met hyl ) - 2furyl | - 4- qui nazol i nani ne ditosyl ate (anhydrite) was 1264 grans
(1.3 wt, 88010;!Inenatgr meye awec'a}%prsfey@meawogbmq'ﬂt 2eroup briogethat Wit) 50 ny of

e Prig0uGhe iSRS €140 B Ak bR RNl SR b atus

( model t'st s oper acc i'ng to the
manuf act uraat:hlsmpmawlmlzwaw BItHﬂuammedmymmnwtthzw@mJanmuom;shedsalt @-mned to
be 0.310/0. 25 Exanp Diffraction of Anhydrate Ditosyiare Salt An

anhydrite &IW@WP‘&@’@/)S&QU%%M %K%ﬁ@pwew&wﬂ@m{y to Exanpl e 8 was dust ed

on to a silicon zero background plate of a Scintag XDS2000 Diffractoneter.
30 The powder x-ray diffraction pattern of the sanple was obtai ned under
the foll ow ng la@ndostieseilly Gaderedd ymbdfiReisheigroudOBakther Wb tA2/ 02SS2

PCT/ US| 1/ 2 70C> é @; ert Hgh VoI tage 1D3000, generator, S/N 90 67 1422
X-r ay PubeSUPHHEENEE pae B tepprachis bengylogypheay! or4@ fhorpesnzyixalEnyl-f f r act i on
tube: AEG FK-60-10 copper anode tube, BO kV max, 2 kW nax, normal focus (1
x 10 mr~n) 5 Scintag Peltier cooled Si(Li) Soli d State Detector Model B3A,
Goni onet er r adilaisis, ﬂﬁ@xmpl%rcmoidhg)rﬁ;dmdhbiooiwb;p@efeagbwz itbeflvebf ddeo 45kV
X-ray tube current: th 0_Scan nd|t| ons: chopper: 0.02 deg continuous
scan node Y5pMPLpRIe Fﬁef”’di’ oflugsp @ ghloro.

20 Ci-s alkyl is, for example, methyl, ethyl, propyl, isopropyi, butyl, isobutyl, sec-
butyl or tert-butyl; preferably it is methyl, ethyl, propyl, isopropyl or butyl, more
preferably methyl.

Cz-1 alkenyl is, for example, ethenyl, prop-1-enyl or prop-2-enyl; preferably it is
25  ethenyl

Cz-4 alkynyl is, for example, ethynyl, prop-1-ynyl or prop-2-ynyl; preferably it is
ethynyl.
Ci- alkoxy is, for example, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
30  isobutoxy, sec-butoxy or tert-butoxy; preferably it is methoxy, ethoxy, propoxy,

isopropoxy ot butoxy; more preferably it is methoxy.



sanple spinner: ON (1 rotation/sec) 15 DS = 1 nm SS(i) = 2 nm SS(d) = 0.5
mm RS = 0.3 mm DS = divergent slit (incident beam) SS(i) = scatter slit

(1 nci dentwoS3(0d3s2= scatter slit (diffracted) 20 RS = receipgmgs@EltosThe
data was obtai ned and anal yzed usi ng DVBINT v. 1.37 software avail able from
Scintag, Inc. The x-ray diffraction pattern obtained is shown in Figure 1.
25 Exanple 70 Preparation of N {3-Chloro-4-((3-fluorobenzy!)

oxy] phenyl } - 6-] 5- o . . .

j 2( mef i hanesm([piﬁawa 1 9L PSSO B oe SPYRRING o BT RV M i ne

di t osyl at eyrelpydiahehiprigydrate form of conpound of formula I1) 30 A
20L reactor was charged with 1 w (930g, 1.0 nol) of

.N-{3-Chl oro- 4- [(3f|uorobenzy|

h | }-6- h I
?)J)r/]ylo] ezqu| na‘%@l %&@a&éﬁﬁt&'sﬁ Q?f#%t{)@' Q‘ﬁﬁ{@@%l‘@rﬂéﬁwgﬁm&s HBgtmﬁe procedur e
of fxanpi etBylamMotdtidipropapmdesreldadipltus@imedtylanippe- m xed 8: 2 THF: dei oni zed

wat er solution and the reactor was heated to 65C. Conpl ete di ssol uti on was
observed at 35 SOC The clear reaction mxture was transferred to anot her

20L reactor t St ai.nl ess ste jacketed tran hoset

equi pped with aﬁ ﬁ(ﬁfltﬁlo B %%' ‘a%mr%l é‘lﬁﬁ}wég{j}e @-yﬁ?g.rpro g‘%ﬁrp'ls?/m%‘t act or and
the fil terpr&fem(w\meﬂ) wamhed with 0.2 vol of the pre-m xed 8:2 TNF: dei oni zed
wat er solution. An additional 1 vol of pre-m xed 8:2 THF: dei oni zed wat er
solution was used to wash the material into the reaction m xture. 40 The

20L reactor ] was then ranped
W0 02102592 \S%Si‘f%@ﬁ W?B&b&%%’é@%ﬁ .f&@@%ﬁ@vﬁeﬁ'@ﬁh&hﬁ”‘?ylnd then to 45C
over 10 houbpylsuhbiieyl ol@obmpylsmphllﬂ?l pref@etiaietie/soRsmirgdlj usted to 25C and the
reaction mxture allowed to stir at roomtenperature for 45 m nutes. The

yel low precipitate was drained fromthe bottomof the 20L reactor into a

Crlter Crate very AEabRYRERG oa PR, PMadBbaRY BTN n 0.6 vor unee
of a pre- mrsp@siBplbniH i opyiisteshowal @fefeﬁéﬁlrtﬂemnmﬂbﬁdﬂ?] yel l ow solid was

air- dried for 4 hours and placed into a glass tray. The glass tray was
pl aced? n a vacuum oven under house vacuum (~18 in Hg) at 60C with a

ni trogen bl eed-f qjf r | t [ e material was
sanpl ed accorgfl:ncél v&a%&é‘?wﬁw8{3"@%gﬁ&%@wo&gyl%%g&x‘tog00/O; 930 g th)
as a bri ghmropﬁhdrbmyl.crystal line solid. Approximately 50 ng of the product
was transferred to a fCarl Fisher Volunetric Misture Apparatus (nodel

DL35, Mettler, H ghtstown, NJ), which was operated according to the

manuf acturer’ s e’b‘ilioéggrﬁﬂﬂﬁs fEP@x Qhﬂaﬁ%arﬂ@qﬁretﬂ%ggﬁ%ﬁm nas

determned to chis agr ee t heor'eti cal val ue
20 propoxycarbonyl, butoxycarbonyl or tert-butoxycarbonyl.

Ci-+ alkanoylamino (where the number of carbon atoms includes the CO

functionality) is, for example, formamido, acetamido, propionamido or butyramido.

25 N-(Cs-a alkyl)carbamoyl is, for example, N-methylcarbamoy! or N-
ethylcarbamoyl.

N,N-di(Ci-s alkyljcarbamoyl is, for example, N,N-dimethylcarbamoyl, N-methyl-
N-ethylcarbamoyl or N,N-diethylcarbamoyl.
30



of 1.92% Exanple 11 X-Ray Diffracfiion of Monohydrate Ditosylate Salt 20 A
nonohydrate ditosylate salt sanple prepared according to Exanple 10 was
dust ed onwigo2azsial i con zero background plate of a Scintag pESE8E20706

D ffractoneter. The powder x-ray diffragfion pattern of the sanple was

obt ai ned under the follow ng conditions. 25 Geonetry: 0/0 Asset: 0038018
Seifert Hi gh Voltage 1D3000 generator, S/N 90 67 1422 X-ray tube tower:
Seifert type 0.kV nma di ffraction tube: AEG FK-60-10
copper anode tﬁ'lS'E%IW'RQ/eﬁ%R e%arEWt}erﬁQe‘f%’Oa%éV%‘P” prf¥ ad @te Qotiipterdsd Scint ag
Pettier cagl e 0 r Lus: 250
mm QOper at ﬁggchgﬁﬂgle%&%@% tﬂ?ib%ﬁmge bo?ﬁgggwg?keﬁ%@ ?’gayﬂ% efof:ﬁtﬁéent: 40
.MA Scan CaordipouotssexempiNied & 2602882 VAQT HISB4g R0 A¢IuCtuS ot thappeomp@ur@i2 deg
conti nuous scan node scan rate: 0.25 deg 26/ m n sanple spinner: ON (1
rotation/sec) 5 DS =1 mm SS(i) =2 M SS(d) = 0.5 M RS =0.3 mm DS =
.divergent slit (incident beam SS(i) = scatter slit (incident) SS(d) =
scatters slit (diffracted) 10 RS = rpgspipsy slit The data was obtai ned and
anal yzed using DVBNT v. 1.37 software available from Scintag, Inc., The

x-ray diffractignuseathesdim tiebéy@ibasdandscorleyibnk Misdd mumes@proéésséxmhﬁsn
Preparati on of

(4- (3- Fl uchng-axemples ase/goraistend mithribasa ysed & (@qm@mrwawe@ntlﬁhbwawrmyl am no
fo?errLIhgll ? one% :Fﬁ{gylj‘%:?ujggﬁfql # t/4 e %Berrcg}) nﬁve%lcacfsyoca}fty 0|(ﬁwe”9c())bjrﬂgl %f
5- (4- [ 3- br Bislgal THehisiFobeBembangy kingr-lettan] orGtiret Ned! iaBleviations are
10  generally used to designate amino acid residues, which are assumed to be in the L-
configuration unless otherwise noted. Unless otherwise noted, all starting materials
were obtained from commercial suppliers and used without further purification.
Specifically, the following abbreviations may be used in the examples and throughout

the specification:

15 g {grams); mg {milligrams);
L (liters); mL (milliliters);
uL (microliters); psi (pounds per square inch);
M (molar); mM (millimolar);
N (Normal) Kg (kilogram)
20 i. v. (intravenous); Hz (Hertz);
MHz (megahertz); mol (moles);
mmol (millimoles); RT (room temperature);
min (minutes); h (hours);
mp {melting point); TLC (thin layer chromatography);
25 Tr (retention time); RP (reverse phase);
THF (tetrahydrofuran); DMSO (dimethylsulfoxide);
EtOAc (ethyl acetate); DME (1,2-dimethoxyethane);
DCM (dichloromethane); DCE (dichloroethane);
DMF {(N,N-dimethylformamide); HOAc (acetic acid);
30 TMSE (2-(trimethylsilyl)ethyl): TMS (trimethylsilyl);

TIPS (triisopropylsilyl);

TBS (t-butyldimethylsilyl);



f ur an- 2- car bal dehyde (prepared according to Procedure C, page 56 of WO

991 35146) was converted to the tosylate salt according to the procedure of

Exanpl e 7wold289sul tant furan 2-car bal dehyde t osyl at e propligiisasrdésed to

prepare the

(4- (3Fl uor o- benzyl oxy) - 3- br onophenyl ) - (6 (5- ((2- et hanesul phonyi - et hyl am no
)-nmethyl) 25 furan-2-yl)qui nazolln 4-yl)-am ne ditosylate according to the

procedure of m? Pr epar a |on of

(4-(3-Fluoro-b |5593)P'§55%rﬁ HiaFnEe °9fa(’ Y(z ((2- mef i hanesul phonyl et hyl am
i no) -met hyl ) -thiazol -4-yl)quinazolin-4-yl)-am ne ditosylate (conpound of 30
formula I'll) The HCL salt of

(4- (3- Fl uor o- bedgdsoathp rv@se fihdicadprh eall [tgm peBaluzes( a& expressed in °C (degrees

| neth h | - th th | | 4 i
wae: pronartt Gtk AR BoBr ol ukic nSag shndwhd Aapen/esaagdRa t hon
-conver sed st BtifeRise noted.

(4-(3-Fl uoro-benzyl oxy) - 3-chl orophenyl ) - (G (2- ((2- met hanesul phonyl
et hyl am no) - net hyl ) -t hi azol - 4-yl ) qui nazol i n-4-yl)-am ne di tosyl ate salt

ding to th d f PCT/ US01/ 2070G 44
E)i;g;)l Ien%4 CC)Jonvglr @N@f}e it ﬁl'-sv{%eéﬁ(f%a@ ﬁnja(%arral\/%é@ﬁ %5’”3” 33/0%
oxy] pheny|\arfen[ Gnityd-k86 MRithanasubPo Gehdret BetlrRMAALOET UMJ:r}rrcar fstt\é' dred- qw na

zol i nam r~e dit osyl at enonohydr ate to anhydrate 5 Approxi mately 50 ng of
N-{ 3- Chl or&xpze-srfe(dﬁnfplacterpabmnihw Jppax \B] whishyCdupbing Gonstants are in units of hertz

h h -2- I i
0 t osyat Ao BHTFES At SE e i B Hi¥ pot e bretedambre 10
ves vl ghegiobeiog Bl RIURR, 4 Rt Tl Mg, 2- ot hoxyet hanl

was added. T urr was 1 ed I'n a wate ath for 4 days, after
whi ch the solid was separated by filtration and dried under house vacuum at

40C for 1 da The x-ray diffractio ttern of the dr both
MeOH and 2- rrgtILocY&VéP‘;r’é'ﬁBIm?Féts@ﬁ%téa {Ma wste Reconlegrmy OSF(E Mgﬁgé enzyl )

oxy] phenyjoet sxGd25of & SCIEX-APIiii spectrometer hl?h resolutron MS were obtained using
[ 2( met hanesul phonyl ) et hyl ] am no} net hyl) ] - 4- qui nazol 1 nam ne

di t osyl5at ea 130&In % etRAe speEirametas. 7sllcmmesrps¢tm vrafe taken under electrospray
N-{3-Chl oro-4-((3- orobe

oxy] phenyrrn@féﬂ (e CHEPTEA 2 chizatiemy e elfsimom iRy b5. 5 A9 qui na
zol i narni n&)rﬂiér@r%&ﬂrtaﬁmgpnﬁﬂmr ahRarkd (IRPRPEYArBér® obfaifled ok BNRERKE&AQr ound
bottoned fl ask equi pped an overhead stirrer was placed 77.0 ? (0.08
mol ) N-{ 3-E@rlRospsctome By fuslmgra)ﬂenmyNyCl cell. All reactions were monitored by thin-

o LT ittty B R p R e b dsL pletes {60 258 iless! Witipar e

accor diong U lighe, BIOeeRnbEe @ho?prwemmdinac.J Oortbl%n}éﬁ?lHEWesﬁilwbﬁ/\/aSFlﬁﬁded
dei oni zed wat er flo vols) and the slurry was left to stir at RT. At one

hour ti mepeflwng chermatparaphywes §€r\ﬁ%rmfdr®n%‘rﬁé’cﬂ6| f33|0r@0emmﬂvémgﬂ pagerl on a

Buchner fu S | e was
submitted ';bgare&%?%ﬂgeanab&%édqfsﬁl%égwm 2y E@tdep?& ﬁ(ﬂérn gﬁ's!\ﬂem%oﬁg{gg;

t =3. 5 hr s, waiexdetdrenirdd L&ﬁhgamwurrameumppmhudraaﬂere ireadrdgtted, nonohydrate.] The
reaction slurry was left to



stand at roomtenperature for 36 hrs. The bright yellow material was then
filtered through paper on a Buchner funnel and air dried overnight. The

mat eri al wasol2ged in a vacuum dryi ng oven at 55C with a pétgeaenzdkl eed
for 96 hrs. The isolated yield was 74 gsans (96/0 Th). A sanple was
submtted for XRD which indicated it was N-{335 Chloro-4-[(3-fluorobenzyl)
oxy] phenyl }-G[5-({[2 WO 02/112552 45 PCTI US0112070G

(et hanesujl%ﬁo%l ) et hyl ] am no} net hyl ) -2-furyl]-4-quinazol i nam ne ditosyl ate
anhydr at e Tteia Jrate Exanple 76 5 Moisture sorption testing

N-{ 3- Chl Orﬂ)‘eﬂurbf@n bF @[@@@%}&4WUBP&JEWW@Tﬁnﬂlfvo]-E-qumazolmyI] ~furan-

j 2(rnef hangsy} et hyl ] am no~net hyl ) -2-furyl]-4-qui nazol'i'nam ne
di t osyl at efr%r.fu)r?gﬂﬂgyate salt Approximately 12 ng of

N- { 3- Chl or o- 4- [(3 f1uorobenzyl) oxy] phenyl-G[5 10
({[2- (et hanesuiphaayttt Deskdl vaaxi m}eﬂavnstam&owt(ylf]uoﬁlowlzﬂﬁﬁ(wphewr}rse

-di tosyl ate nonohydrate salt prepared accordin was wel ghe

into a sanipfie-4painezolinamisiestl 00 éngs ot 18 @i‘moé)péaf%émﬂﬁﬂe'mﬁd@mh@n&%* FSMlCIOO

et g1 oslenriRPaZBEP 3o FindllBoh Aladilin ESNaRa NpldotE b b BV Ry
was then I(wﬁw@ﬁ%qujﬁornmIaﬂa)trnmyﬁmuﬁé@% 3 l@fte}%eaﬁﬁ a%%o‘)@%. 7hh §5 and

950/0 - at each step, equilibriumwas ined as a wei g change of |ess
t han 0. 0158PLE indicstedia8uive sleakenveedicat | N MB D MEOWaS] itdvefs, tiilcs.sasedH),

d t 80, 605 40, 30 d 20% with th
i 118§ o Llsmaih PSR D B0 v 4 Yok L b 2Mb7 B4datthe vs.
i Ol t ed | t
oo s 00, 16088 BuTAUILD B2 10, RSN ER 11
j 2(rnet hank%l-m:%dnyBHbUtﬁw (]3 HiviJro3 hie), hyBthZillﬂulrg/B)andﬁfqiz) B INABRY 24 Jdi - HCl

salt 25 Appr, y qal ar Q- 4 | uor openzyl

oxy] phenyl = %?5%?%' d, 1r"éﬁh<’;1n%f5|7§7trl %7{ %y? kAt 6. 361 3.50 tm, 27?% 347 3.36 {

am no} net hy|1|)3§9f§1 Ml b-4-@Hpazol i nam ne di - HCI salt was wei ghed |nto a
sanpl e pan of a r(m?s]ture (gorgtl on apparatus (nodel nunber SGA 100 , made by
VTl). Ibhe sanple was dried at 60C under a nitrogen streamuntil the wei ght

| oss was | ss than 0.015%in 5 mnutes. The relative humdity was then 30
i ncreased F' tlon) to 5, 15, 25, 35, 45, 55, 65, 75, 85 and 95% - at

each step, pegy ﬂoprolf 4’"?§c%ﬁd REY_ AR rébe pﬁm%bygjggp@ggg ddv(n DR LAREO: 015%

|n5mnut§§_, |ve hum dity was esor tlon) to 90,
80, 70, 60, gff’ 0 and 20% with the sane equilibriumcondition. The
sorption curve (y aX| s: Weight - 0/0 change vs. x-axis: % RH) is depicted

in Figuwe 3(b). ()insitu Preparation of 2-diethylacetal-furan-5-boronic acid

A 20 L reaction vessel was charged with 6.7 volumes of DME and 0.67 wt., (740
grams, 410 mL, 4.35 mol) of 2-furaldehyde diethy! acetal and cooled to -40°C under
reactionfcontents control. n-Butyllithium, 1.32 wt. (2.5 M in hexanes, 1.45kg, 5.22

25 mole) was added over ca. 40 minutes using a ChemTech CP120 metering pump
containing a ceramic head. The internal temperature rose to -31°C. The reaction
mixture turned very dark, but was homogeneous. After the addition was complete,
the lines were flushed with ca. 0.17 volumes of hexane directly into the reaction
vessel. When the internal temperature decreased to -40°C, the reaction mixture was

30 stirred for an additional 2.5 hrs. After 2.5 hours, 1.1 vol (0.89 wt, 982 grams, 5.22 mol)
of triisopropylborate was added via the metering pump over 20 minutes. A slight
exotherm was observed during the first half of the addition, which peaked at about -

31°C. An additional 0.15 vol of hexane was used to flush the pump lines into the



WO 02/ U2552 PCT/ LI SO01/ 20701 46 Exanple 78 Rel ative physical stability of
N-~3- Chl oro-4-[ (3-fl uorobenzyl) oxyJphenyl ~-& [5-(f

[ 2( met hangguhpbeny! ) et hyl J am no~net hyl ) - 2-f ur yl J- 4- qui nazedt/0u1120m6
ditosylate 5 anhydrate and nonohydrate srystal fornms A slurry equilibration
met hod was used to determine the relative physical stability of

N- ~3- Chl or 0- ~4-[ (3-fl uor obenzyl

)
oxy] phenyl - 6-1 5- (~[ 2( pet hanesul phonyl ) e ] 0
am no~met H§?c)t{°§- %ﬂ#yéﬁgﬁgqﬁ?q{&z@'ﬁni%"_Hh‘l}# ta(gs—;rpa(‘[),et%twqr@ta eaPh ﬂ?fnd
nonohydr atigaGiofiSa rdn@scBup 1H25TEHOHB0 MRte dWPERRAE a4 teATal @mperature
organi c/ aqueous slurries of known water activity containing mxtures of the

_anhydr at e raahedp2@Ry dr dt élf oligent Wae remaved der ajuin-pcessedhack {ennlowvest

free ener forom _.from whi t he r.el at. hySh. iLit erm ned
as s functerrraroy PR ik dfecyBh Fakds RSB B Sbb of IR 88 Nere
prepargd byoovial HMeN MY 2G@RRGELEH €0 LOAS 260 ANREY tTRE bbRynTDAEd LLAefurDRatiolV

usi ng nol ecul'ar wei ghts and roomtenperature densities (0.787 g/nL for MeCH

and 1.00 grasil1Br. ARD)is puiat 2%l iof iaestic(ariy wakadded| andl the eepctiopmiixRoe aH, =

0.0056 + 1.398X V, 64.7 0.1 ~ + 0, (-4&hu . YU C,
Gant, D. VK %‘rTnggr gpﬁpinﬁﬁ C;‘N%tFr'spg{éeYOI’a‘gﬁ gﬁ@ﬁ%” g?ﬂﬂ' E‘T@%re@gﬂ?n + wat er
m Xt ures oRixkkte wisluELdigdetlty hetieriest gkp.i zi ng drug phase. 1. Theophylli ne.
Int. J. 25 Pharm 135, 151-160.) A 1:1 ratio of both crystal fornms was

added to vials and reconstituted with the MeOHIHzO m xtures. After initial

m xi ng, an aliquot was re e nd ,di s ed for anal ysi.s by powder X-ray
di 1 fradion ( m@gf’repgfg\;{ongg}éﬁ@ ygﬁﬂfﬁ‘e‘gﬁlﬁﬂ?méﬁ(}zy°6V1|é¥{y{&'i“é'é§o that peaks of
bot h cryst #iINaZefimd)-Weoa-216978e108Brde 4-BaHHYIbeazaRsT HIagats 30 HritkudERd $Pr at ed
at 25C i n &digibdacaseitfrboromg e 02/ 02552 PCTI US0112070G 47 The results in
Table 11l illustrate the crystal formconversion pattern as a function of

Cal cul ateg v o et ekl AR R L AT T el RO 55
oot AN o BRI S0 L) ool pagRPritanc

monohydr at ®llowhe byi Hoite(1p@0wI2.18 mol) of N-{3~chioro-4-[(3-fluorobenzyl)oxylphenyl}-6-

iodo-4-quinazolinamine and 3wt% of 10% Pd/C [Palladium, 10 wt% (dry basis) on

Activated Carbon, 50% Water Wet, Degussa Type E101NE/W]. The reactor, in reactor

control mode, was set to 62°C. The internal temperature was observed to rise to 58°C

20  over ca. 2 hrs. After ca. 14 hours, an aliquot was removed for an in-process check.

[Sample preparation: 15 ul was diluted with 1 mL of MeOH and 250 pL of 1 N HCl and

subjected to Fast LC at 220 nM.] At this time, the reactor was cooled to 25°C. The dark

reaction mixture was transferred to the second reactor through a teflon-lined stainless

steel jacketed transfer hose outfitted with an in-line 5.0 um cartridge filter (Pall part no.

25  R1f050, lot no. FJO807) and an in-line 0.45um filter (Meisner CLMF 0.4-662, lot no. 4087-

R-#F). The first reactor was rinsed with 0.5 vol of DME and was passed through the

transfer hose so as to wash the solids through the filter cartridges. p-Toluenesulfonic

acid monohydrate, 1.55 wt {1700 g, 8.72 mol) was dissolved in 2.27 vol of deionized

water and the solution was added to the reaction mixture over 5 minutes. After stirring

30  at 25°C for 1 hour, the product was collected in a ceramic filter lined with medium fifter

paper. The reactor and filter cake were rinsed with 0.9 vol of a 1:1 DME/water solution.

After suctioning dry for 4 hours, the yeliow filter cake was transferred to two glass trays

and placed in the drying oven (50-55°C) under house vacuum (18 in Hg) with a nitrogen



illustrates that the 1:1 m xture converted to the anhydrate in the liquid
phase with a water activity equivalent to 70/o0 RH Likew se, the bottom
panel dermgpsieaisas that the nonohydrate is the stable fornmp@tusoimatosr
activity equivalent to 150/0 RH. The susgprary in Table Ill notes that in
general , the nonohydrate beconmes the 10 thernodynam cally stable form
sonewhere between 7 - 150/a RH and renmai ns stable up through 100% RH. WO

021102552 kIS €7 GAa TR rbhbiclPfSh YE'F o681 MMEA 56 MY & R o

RH (ol 0)

For r n00. 0QeAp&YElrah R Sarfigtédaduseliadi@ Sthelidolatvb Rl 6 the akRGod(peMP R Y ds@t €200
. 3643Monohydr at e400. 6066l\/bnoh%grat €600. 7780Monohydr at €800. 9091Mdnohydr at €90

0. 9595l\/bn(§1ﬁ§m$ 4.2 001 .8380tb0 b b b yiew arréclseastsd@gracmllmlhs@dnpcbbhlw 6=t he

i b1 tor YR i S RERLR B, FECE AT Y 1L Bl R ) £ 87

-proliferatigyqdasgays 1208, ﬁs%r ﬁﬁtﬁ— RNes ey hait on- 3aaY HAS SUbUhahe

phosphorylatlon assays use bacul ovirus 'expressed, reconbinant constructs of
the intr ac%l)lbﬂ@fAkiB)BraiHlslAno# 8dizbr7F5-2.28 6, 3He7 BB.(d, thdt= 4He), dI6d0t, t1ik i vel y

measurea. (hE o4 7 0F AR T S RS d el e Gt + 4G B8 o

the g 15 rymsgrg@t@ iHPWﬂéﬂﬁQl—ﬂW e resi dugg. in a biotinylated
synt hetic pepti de Bi oti nd u3@ uGd uGI yr PheG uLeuVal) Substrate

phosphoryl ati on was detected follow ng either of the follow ng two
proce ére gw? g ErbB-2, c-ErbB4 or EGFr were incubated for 30 m nutes, at
room Aff re, with 10mM MO 2, 10nmM ATP, 5 nmM peptide, and test

conpound Pr%r@ﬁéﬂ@ﬁ@ ﬁ@éﬂ#&ﬂﬂﬁ%%b@ﬁzyﬁ )Hhmﬂo bRtz SAuPgC 1N

DMBO, fina em)(y(}c%rﬁg{ﬁ t%ct%gz%r ES buffer, pH 7.4. The
reaction vvas st oppe | tron o fi naI concent rat| on 0.15mV)
and a sanpl e was transferred to a streptavi d| n-coated 96-wel|l plate. The

plate was washegl cagichethi@hydesglanile PRAEBENSNIOSIE29 QRgt Ne3PeRimelp Was
determ ned 5 using a Europiumlabelled antiphosphot ér osi ne anti body and

quant i15i ecuskanded: 1o iTiiér @§onbiedo MOUOEI@*sébmcf@S't sehrfogled. top- ‘}0°Er(§-B®Cmis

i ncubated fo ATP,
025 o 19hreiy RedPhaRy Bl R LRELR Cdy Sablor B M s o b una
(diluted fmﬁhlﬁﬂ)aNéschﬂdeﬁtal(‘d(dldpw@WSﬁke Whn@kh@hﬁ@nﬁbf@ﬂﬁrdtatd A3e its AWC.in 50
mM MOPS pH 7.2. The reaction was term nated 0gﬁathe addition of 200 m of

PBS cont ai Hﬁwrglez Hengiiyrestyiey £0086 hagbde edt0SPhA Aérd30 (Mire?ts 4l Ac. ), 50

mv ATP, 10 DTA 0. 0. Th | .ed d
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counter (Packard Instrument Co., Meriden, CT). The conpounds tested were
t he product4°6f Aftlrahpher aB-40f0, n -ah‘d’”ttt?slumﬁi fSDbr’f@ﬂ is dexanesr2.-&eli 8P cat ed.

PP 222 SR P oF 5 SAPLE L, L i e B0 R VB P B,
salts of Eb’eMWLGS“(S DlAng and cd@dsabe ag@divem. the mixture turned yellow. After the
addition was complete, the mixture was allowed to stir at -40 °C for 1 h.
25  Triisopropylborate (2.0 mL; 8.62 mmol) was added at a dropwise rate, while the
internal temperature was maintained below -35°C. After the addition was complete,
the cooling was turned off. A HPLC indicated 83.7% of desired boronic acid, 6.2% of
starting material. When the internal temperature reached-20°C, the mixture was
quenched by addition of acetic acid {462 pL; 8.04 mmol) and allowed to warm to
30 ambient temperature. The material was advanced without purification or isolation

directly to the Suzuki Coupling reaction.
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15 Example 4

Preparation of 5-(4-{3-chloro-4~(3-fluorobenzyloxy)-anilino]-6-quinazolinyl)-furan-
2-carbaldehyde hydrochloride using in situ protected 5-bromo-2-furaldehyde

N,O-dimethylhydroxylamine hydrochloride (3.04 g; 3049 mmol) was

20  suspended in THF {40 ml), and the flask was cooled to -78°C (dry ice - acetone bath).
n-Butyllithium (2.5 M solution in hexanes; 24.4 mL; 60.98 mmol) was added dropwise

to this cold suspension, which became homogeneous. The acetone/CO: bath was
replaced by a water/ice bath (0°C), and the mixture turned pale yellow. After stirring

for 15 min at 0°C, the solution was cooled back to -78°C, and 5-bromo-2-furaldehyde

25  (5.00 g dissolved in 10 mL of THF; 27.72 mmol) was added at a dropwise rate. Fifteen
minutes after the addition had been completed, the reaction mixture was allowed to
warm to 0°C in a waterfice bath, and 15 minutes later, it was cooled back to —-78°C.

ten minutes later, triisopropylborate (18.8 mL; 83.16 mmol) was added to the cold
mixture in one portion, followed by dropwise addition of n-butyllithium (2.5 M

30 solution in hexanes; 27.7 mL; 69.30 mmol). After 30 min at -78°C, acetic acid (6.5 mL;
102.6 mmol) was added to the cold reaction mixture, which was then allowed to warm

to ambient temperature. The material was advanced without purification or isolation

directly to the Suzuki Coupling reaction.
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10 (348 mq) and stirred at ambient temperature for > 2h. The precipitates were removed
by suction filtration through fritted funnel loaded with Hyflo Super Cel® and washed
with THF (5x 22 ml) until the THF solvent displayed no more color. The filtrate was
treated with concentrated aqueous HC! (7.1 mL; 85.3 mmol) and water (80 mL) and
allowed to stir at ambient temperature for 2 h. The precipitate was filtered through a

15  fritted funnel and rinsed with 33% isopropanol/water {54 ml), water (54 mL) and 33%
isopropanol/water (54 mL), and then allowed to air-dry for 2 h. The yellowish brown
solid was transferred into a vacuum desiccator and allowed to dry in vacuo overnight.
The reaction gave 9.01 g of the title compound (83% yield) as a beige-brown powder.
LC retention time of title compound: 4.9 minutes.

20
Example 5

Preparation of 5-(4-[3-chloro-4-(3-fluorobenzyloxy)-anilino]-6-quinazolinyl)-furan-
2-carbaldehyde using in situ generated 4-{3-chloro-4-{(3-fluorobenzyl)oxylanilino }-
6-quinazolinylboronic acid
25
N-{3-Chloro-4-[(3-fluorobenzyl)oxylphenyl }-6-iodo-4-guinazolinamine (200

mg; 0.395 mmol} was dissolved in THF (2.0 ml), giving a yellowish solution. The
mixture was cooled to 0°C ( waterfice bath) and then treated with ethylmagnesium
bromide (1.0 M solution in THF; 475 ul; 0.475 mmol) to yield a homogeneous bright
30  vyellow solution, which was cooled, to -78°C. Triisopropylborate (373 ulL; 1.582 mmol)
was added rapidly, followed by slow addition of n-butyliithium (2.5 M solution in
hexanes; 395 pl; 0.989 mmol). When the reaction completed as verified by HPLC,

acetic acid (84 pl; 1.463 mmol) was added to quench the reaction. To the crude



(I') and anhydrate or hydrate forns thereof, wherein R, is Cl or Br; Xis
CH N, or CF;, and Het is thiazole or fu ran. 10 2. A conpound of Fornmul a

(1), H3Cwou@2s2 O\ FN~NHC O/ / ~N~J N OS OH ~G&r/bsds/ e
anhydrate or hydrate forns thereof. YO 02/ 02552 PCT/ USOL/ 207(1( 54 3.
The conpound of claim2, wherein the conpound is the anhydrite form 4. The
conpound of claim 2, V\/nerel n the conmpound is characterized by a powder 5

Cangut r oo SBENAT PR B o dd P LY B 5055452 WIRGERTICT 4158 rgoc 10

conpound Orhrrml)af(moﬂl,edVM%N&V—ﬁmﬁd‘lE?yI@@mamM@dZOSmL)hwhr’nhn@duséd ahe nfigiupe t6. The
conpound of claim2, wherein the conpound is characterized by a

owde
x-ray diffReseMEdIPmRaenesys, 1 Q3R iagreryst MaeChe &l :mlisT. 18 Ml and fma"v/;2 ,
d d- 5a
bty Usor, 200 oGP S GREEN Rt ehobenelpd kbl S dpelifns I, 2
.conpoursd off16Fag;nmd2z0 (ndl). 5hd—|3rﬁ3(tu€é @as hyated at 80°C. A HPLC check after 15 h

indicated 95% clean conversion to the title compound. LC retention time: t=4.9 min.

Example 6

Regioselective preparation of 5-(4-[3-chloro-4~(3-fluorobenzyloxy)-anilina]-6-
10  quinazolinyl)-furan-2-carbaldehyde 4-methylbenzenesulfonate

A mixture of 2-furaldehyde (5.7 mL, 69 mmol), potassium acetate (1.4 g, 14
mmol), and palladium{ll)chloride (61 mg, 0.35 mmol} in 35 mL of DMF was degassed for
10 minutes by vigorously bubbling N2 through the mixture while stirring. The catalyst
15  mixture was subsequently warmed to 110°C. A solution of N-{3-chloro-4-[(3-
fluorobenzyl)oxylphenyl }-6-iodo-4-quinazolinamine (3.5 g, 6.9 mmol) in 55 mL of DMF
was degassed in a similar manner and then added to the catalyst mixture via syringe
pump over 10 hours. After the addition was complete, the reaction temperature was
maintained at 110°C for an additional two hours. After cooling to room temperature, the
20  mixture was poured into 125 mL of water. The precipitate was collected on coarse filter
paper and washed with water (ca. 7 mL). The solid was re-dissolved in warm (50°C) DME.
To this solution was added (2.0g; 10.4 mmol) of p-toluenesuflonic acid monohydrate. The
temperature was lowered to 35°C and the mixture was stirred at this temperature
overnight. Water (60 mLl) was added to induce further precipitation. The product was
25  collected on coarse filter paper and subsequently washed with 30-40 mL of DME/water
(1:1). The filter cake was dried at 50°C under house vacuum overnight to provide 2.5 g
(55%) of the title compound. 'M NMR (ds-DMSO) &: 11.44 (s, 1H), 9.38 (s, 2H), 9.11 (s,
1H), 8.90 (s, 1H), 8.39 (dd, 1H,J = 8 and 4 Hz), 7.89 (d, 1H, J = 12Hz), 7.84 (d, 1H, ) =
Hz), 7.60 (dd, 1H, J = 8 and 4 Hz), 7.47 - 7.42 (m, 2H), 7.44 (AA'BB’, 2H, Jax = 8 Hz), 7.35-
30 7.25 (m, 3H), 7.24 (d, 1H, J = 4 Hz), 7.16 (dt, 1H,J = 8 and 4 Hz), 7.06 (AA'BB', 2H, Jas =
8Hz, 6.84 (d, 1H, ) = 4 Hz), 5.27 (s, 2H), 4.43 (s, 2H), 3.61-3.50 (m, 2H), 3.47-3.36 (m, 2H),
3.09 (5, 3H), 2.23 (s, 6H) |
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through celite. The filtrate was collected and slowly added to 33.54 grams of
toluenesulfonic acid monohydrate with rapid stirring. The solids slowly precipitated
out at ambient temperature. The mixture was cooled to 0°C and stirred for 10 min.

15  The mixture was filtered and pulled dry with a rubber dam, then dried in vacuo at
50°C overnight. The vyield of 5-(4-[3-chloro-4-(3~fluorobenzyloxy)-anilino}-6-
guinazolinyl)-furan-2-carbaldehyde 4-methylbenzene sulfonate was 84.25 grams
(88.8%).

20  £xample 8
Preparation of N~{3~Chloro-4-{{3-fluorobenzyl) oxylphenyl}-6-[5-({]2~
{methanesulphonyl)ethylJomino}methyl)-2-furyl]-4-quinazolinamine ditosylote
anhydrate (anhydrate form of compound of formula 1)

25 To a 20l reactor was added 13.3 vol of THF followed by 0.62 wt (2.93 mol) of
NaBH(OAc)s. The 20L reactor was set to maintain contents at 20°C. A second 20L
reactor was charged with 1000 grams, (1.55 mol} of I5—(4—[3—chloro-4-(3—
fluorobenzyloxy)-anifino]-6-quinazolinyl)-furan-2-carbaldehyde 4-methyl
benzenesulfonate prepared by the procedure of Example 7 and 6.7 vol of THF. To the

30  THF solution of 5-(4-[3-chloro-4-(3-fluorobenzyloxy)-anilino]-6-quinazolinyl)-furan-
2-carbaldehyde 4-methylbenzenesuifonate  was added 0.325 vol (1.86 mol)
diisopropylethylamine followed by 0.32 wt of 2-(methylsulfone)ethylamine, (321g, 2.6
mol} and 0.15 vol of IPA. After 1 hour, the preformed imine/THF solution was

transferred by vacuum to the stirred suspension of NaBH(OAc)s in the first 20L reactor
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suctioning dry for 12 hours, the yellow filter cake was transferred to two glass trays
and placed in the drying oven {42°C) under house vacuum (18 in Hg) with a nitrogen
bleed. The two glass trays were removed from the oven and allowed to cool to room
15  temperature and sampled accordingly. The isolated yield of N-{3-Chloro-4-[(3-
fiuorobenzyl) oxylphenyl}-6-[5-({[2-{methane-sulphonyl)ethyllamino}methyl)-2-
furyll-4-quinazolinamine ditosylate (anhydrate) was 1264 grams (1.3 wt, 88%; 1443g

Th) and was a yellow solid.

20 Approximately 50 mg of the product was transferred to a Karl Fisher
Volumetric Moisture Apparatus (model DL35, Mettler, Hightstown, NJJ, which was
operated according to the manufacturer's instructions. The anhydrate water content

was determined to be 0.31%.

25  Example 9
X-Ray Diffraction of Anhydrate Ditosylate Salt

An anhydrate ditosylate salt sample prepared according to Example 8 was
dusted on to a silicon zero background plate of a Scintag XDS2000 Diffractometer.
30  The powder x-ray diffraction pattern of the sample was obtained under the following

conditions.

Geometry: 0/0
Asset: 0038018



5 reacting a conpound of formula (A) f yz ~o R (A) 10 15 wth a conmpound of
formula (B) NN\UL ~ ~NJ N (B) to formthe conpound of formula (C), wherein
Uis an opw@pdesgr oup; and the conpound of forrmula (A) is gepesaiethe N
situ, and 20 L is iodine or bromne; Ris -C(Q(T)Wwhere Qand T are

I ndependent |y selected from-0OCH3, or -OCHzCH3 and Wis hydrogen; and Z is
B(OH)z; or the corrpound of forrrula (A is generated in situ, and 25 L is
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Y
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t he conpourd®abfocioinul@mMM) or (B) is generated in situ, and L is iodine
or br o5 ne§cirRag Beltie @oitd Sl Solid State Detector Model B3A,

Goniometer radius: 250 mm
Operating Conditions:

X-ray tube voltage: 45kV
X~ray tube current: 40 mA
10 Scan Conditions:
chopper: 0.02 deg
continuous scan mode
scan rate: 0.1 deg 26/min
sample spinner: ON (1 rotation/sec)
15 DS = 1 mm; SS(i) = 2 mm

SS(d) = 0.5 mm; RS = 0.3 mm
DS = divergent slit (incident beam)
SS(i) = scatter slit (incident)
SS(d) = scatter slit (diffracted)
20 RS = receiving slit
The data was obtained and analyzed using DMSNT v. 1.37 software available from

Scintag, Inc. The x-ray diffraction pattern obtained is shown in Figure 1.

25  Example 10
Preparation of N-{3-Chloro-4-[(3-fluorobenzyl) oxylphenyl}-6-[5-({[2-
(methanesulphonyl)ethyllamino}methyl)-2-furyl]-4-quinazolinamine ditosylate
monohydrate (monohydrate form of compound of formula 1)

30 A 20L reactor was charged with 1 wt (930g, 1.0 mol) of N-{3-Chloro-4-[(3-
fluorobenzyi) oxylphenyl}-6-[5-({[2-(methanesulphonyl)ethyllamino} methyl)-2-~
furyll-4~-quinazolinamine ditosylate anhydrate prepared using the procedure of
Example 8. To this was added 10 volumes of a pre-mixed 8:2 THF:deionized water
solution and the reactor was heated to 65°C. Complete dissolution was observed at

35 50°C. The clear reaction mixture was transferred to another 20L reactor through a
stainless steel jacketed transfer hose that was equipped with an in-line 5.0um
cartridge filter. The empty 20L reactor and the filter line were washed with 0.2 vol of
the pre-mixed 8:2 THF:deionized water solution. An additional 1 vol of pre-mixed 8:2
THF:deionized water solution was used to wash the material into the reaction mixture.

40  The 20L reactor was heated to ~80°C. The reaction temperature was then ramped
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109 () - ! 'ewultadpivean R-caghaiderydg -tosyiate product was used to prepare the (4-(3-
Fluoro-benzyloxy)-3-bromophenyl)-(6-(5-{(2-methanesulphonyl-ethylamino)-methyl)-

25  furan-2-yl)quinazolin-4-yl)-amine ditosylate according to the procedure of Example 8.

Example 13

Preparation of (4-(3-Fluoro-benzyloxy)-3-chiorophenyl)-(6-(2-((2-methanesuiphonyl-

ethylamino)-methyl)-thiazol-4-yl)quinazolin-4-yl)-amine ditosylate (compound of
30  formula lll)

The HCL salt of  (4-(3-Fluoro-benzyloxy)-3-chlorophenyl}-(6-{2-{(2-
methanesulphonyl-ethylamino)-methyl)-thiazol-4-yl)quinazolin-4-yl)-amine was
prepared according to Procedure F, pages 57-59 of WO 99/35146 and then converted

35 to the (4-(3-Fluoro-benzyloxy)-3-chlorophenyl)-(6-(2-((2-methanesulphonyl-
ethylamino)-methyl)-thiazol-4-yl)quinazolin-4-yl)-amine ditosylate salt according to

the procedures of Example 7.
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({[2-(methanesulphonyl)ethyl]amino} methyl)-2-furyl]-4-quinazolinamine  ditosylate
monohydrate prepared according to the procedure of Example 10 was weighed into a
1-dram vial to which 1-mL of MeOH or 2-methoxyethanol was added. The slurry was

10  stirred in a 25°C water bath for 4 days, after which the solid was separated by
filtration and dried under house vacuum at 40°C for 1 day. The x-ray diffraction
pattern of the dried solid from both MeOH and 2-methoxyethanol matched that of N-
{3-Chloro-4-[(3-fluorobenzyl) oxy]phenyi}-6-[5-({[2-
{methanesulphonyl)ethylJamino} methyl)-2-furyl]-4-quinazolinamine ditosylate

15 anhydrate.

Example 15
Conversion of N-{3-Chloro-4-[(3-fluorobenzyl) oxy]pheny!}-6-[5-({[2-
(methanesulphonyl)ethyllamino}methyl)-2-furyl]-4-quinazolinamine ditosylate-
20  anhydrate to monohydrate
To a 1L 3-necked round bottomed flask equipped with an overhead stirrer was
placed 77.0 g (0.08 mol) N-{3-Chloro-4-[(3-fluorobenzyl) oxylphenyi}-6-[5-({[2-
{methanesulphonyllethyl]  amino}methyl)-2-furyl]-4-quinazolinamine  ditosylate |
25  anhydrate prepared according to the procedure of Example 12. To the yellow solid
was added deionized water (10 vols) and the slurry was left to stir at RT. At one hour
timepoints, small aliquots were removed, filtered through paper on a Buchner funnel
and dried in a vacuum oven at 60°C for 12hrs. Each sample was submitted for XRD
analysis [t=45 min, anhydrate; t=2.5 hrs, anhydrate; t=3.5 hrs, mixture of
30  anhydrate/monohydrate; t=>12hrs, monohydrate.] The reaction slurry was left to
stand at room temperature for 36 hrs. The bright yellow material was then filtered
through paper on a Buchner funnel and air dried overnight. The material was placed
in a vacuum drying oven at 55°C with a nitrogen bleed for 96 hrs. The isolated yield
was 74 grams (96% Th). A sample was submitted for XRD which indicated it was N-{3-
35  Chloro-4-[(3~fluorobenzyl) oxylphenyl}-6-{5-({[2-

~
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25 Approximately 15 mg of N-{3-Chloro-4-[(3-fluorobenzyl) oxylphenyl}-6-[5-
({[2-(methanesulphonyl)ethyl] amino}methyl)-2-furyl}-4-quinazolinamine di-HCl salt
was weighed into a sample pan of a moisture sorption apparatus (model number SGA-
100 , made by VTI). The sample was dried at 60°C under a nitrogen stream until the
weight loss was less than 0.015% in 5 minutes. The relative humidity was then

30 increased (adsorption) to 5, 15, 25, 35, 45, 55, 65, 75, 85 and 95% - at each step,
equilibrium was defined as a weight change of less than 0.015% in 5 minutes. The
relative humidity was then decreased (desorption) to 90, 80, 70, 60, 50, 40, 30, and
20% with the same equilibrium condition. The sorption curve (y-axis: Weight - %

change vs. x-axis: % RH) is depicted in Figure 3(b).
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Methanol (MeOH)/H20 mixtures were prepared by volume and composition
was converted to mole fraction (Xw) using molecular weights and room temperature
densities (0.787 g/mL for MeOH and 1.00 g/mL for H20). Water activity (aw) was
calculated from:

20
a, =0.0056+1.398X, ~0.647X2 +0.153X2 +0.0845X"

(Zhu, H., Yuen, C,, Grant, D.J.W., 1996. Influence of water activity in organic solvent +
water mixtures on the nature of the crystallizing drug phase. 1. Theophylline. Int. J.
25  Pharm. 135, 151-160.)

A 1:1 ratio of both crystal forms was added to vials and reconstituted with the

MeOH/H20 mixtures. After initial mixing, an aliquot was removed and dispensed for
analysis by powder X-ray diffraction (model PADV, Scintag, Cupertino, CA) to ensure

30 that peaks of both crystal forms were detectable. Samples were stirred and

equilibrated at 25°C in a water bath.
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lustrates that the 1:1 mixture converted to the anhydrate in the liquid phase with a
water activity equivalent to 7% RH. Likewise, the bottom panel demonstrates that the
monohydrate is the stable form at a water activity equivalent to 15% RH. The
summary in Table Ill notes that in general, the monohydrate becomes the
10 thermodynamically stable form somewhere between 7 - 15% RH and remains stable

up through 100% RH.
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40 0.60 66 Monohydrate

60 0.77 80 Monohydrate

80 0.90 91 Monohydrate
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100 1.00 100 Monohydrate

5 Biological Data

Compounds of the present invention were tested for erbB family protein
tyrosine kinase inhibitory activity in substrate phosphoryiation assays and cell

proliferation assays.

10  Substrate Phosphorylation Assay
The substrate phosphorylation assays use baculovirus expressed, recombinant
constructs of the intracellular domains of c-erbB-2 and c-erbB-4 that are
constitutively active and EGFr isolated from solubilised A431 cell membranes. The
method measures the ability of the isolated enzymes to catalyse the transfer of the g-
15  phosphate from ATP onto tyrosine residues in a biotinylated synthetic peptide (Biotin-
GluGluGluGluTyrPheGluleuVal). Substrate phosphorylation was detected following

either of the following two procedures:

a.) c-ErbB-2, c-ErbB4 or EGFr were incubated for 30 minutes, at room
20  temperature, with 10mM MnCly, 10mM ATP, 5 mM peptide, and test compound
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b.) ErbB2 was incubated for 50 minutes at room temperature with 15 mM

MnCl2, 2 mM ATP, 0.25 mCi [g—33P] ATP/well, 5 mM peptide substrate, and test
10  compound (diluted from a 10mM stock in DMSO, final DMSO concentration is 2%) in
50 mM MOPS pH 7.2. The reaction was terminated by the addition of 200 mi of PBS
containing 2.5 mg/ml streptavidin-coated SPA beads (Amersham Inc.), 50 mM ATP, 10
mM EDTA and 0.1%TX-100. The microtitre plates were sealed and SPA beads were
allowed to settle for at least six hours. The SPA signal was measured using a Packard

15  Topcount 96-well plate scintillation counter (Packard Instrument Co., Meriden, CT).

The compounds tested were the products of Examples 8, 12, and 13, in
buffered solution as indicated. Representative results are shown in Table IV for EGFR,
erbB2, and erbB4 tyrosine kinase inhibition, Also, structures for the free base of the

20  salts of Examples 8, 12, and 13 are given.
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Cellular assays: Methylene Blue Growth Inhibition Assay

Human breast (BT474), head and neck (HN5) and gastric tumor (N87) cell lines

and human foreskin Fibroblasts (HFF) were cultured in low glucose DMEM (Life

10  Technologies 12320-032) containing 10% fetal bovine serum (FBS) at 37°C in a
humidified 10% CO2z, 90% air incubator. The SV40 transformed human mammary

epithelial cell line HB4a was transfected with either human H-ras cDNA (HB4a r4.2) or
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counted using a haemocytometer, and plated in 100 ml of the appropriate media, at
the following densities, in a 96-well tissue culture plate (Falcon 3075): BT474 10,000
cells/well, HN5 3,000 cells/well, N87 10,000 cells/well, HB4a ¢5.2 3,000 cells/well, HB4a
r4.2 3,000 cells/well, HFF 2500 cellsfwell. The next day, compounds were diluted in
DMEM containing 100 mg/ml gentamicin, at twice the final required concentration,
from 10mM stock solutions in DMSO. 100mi/well of these dilutions were added to the
100ml of media currently on the cell plates. Medium containing 0.6% DMSO was
added to control wells. Compounds diluted in DMEM were added to all cell lines,

including the HB4a r4.2 and HB4a c5.2 cell lines. The final concentration of DMSO in

all wells was 0.3%. Cells were incubated at 370C, 10% CO: for 3 days. Medium was
removed by aspiration. Cell biomass was estimated by staining cells with 100ul per
well methylene blue (Sigma M9140, 0.5% in 50:50 ethanol:water), and incubation at
room temperature for at ieast 30 minutes. Stain was removed, and the plates rinsed
under a gentle stream of water, and air-dried. To release stain from the cells 100ul of
solubilization solution was added (1% N-lauroyl sarcosine, Sodium salt, Sigma L5125,
in PBS), and plates were shaken gently for about 30 minutes. Optical density at 620
nM was measured on a microplate reader. Percent inhibition of cell growth was
calculated relative to vehicle treated control wells. Concentration of compound that
inhibits 50% of cell growth (ICs0) was interpolated using nonlinear regression
(Levenberg-Marquardt) and the equation, y = Vma*(1-(x/(K+x)})) + Y2, where "K" was
equal to the ICso.

Table V illustrates the inhibitory activity of compounds of the present
invention as ICso values in uM against a range of tumor cell lines. Using HFF as a
representative human normal cell line, values for cytotoxicity are supplied as [C50

values in micromolar. A measure of selectivity between normal and tumor lines is

provided as well.

Table V
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and anhydrate or hydrate forms thereof, wherein Ry is Cl or Br; X is CH, N, or CF; and
Het is thiazole or furan.

10 2. A compound of Formula (11,
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and anhydrate or hydrate forms thereof.
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Two theta (deg) d-spacing (angstroms)
6.6 13
8.3 10
11.5 7.7
18.1 4.9
21.1 4.2
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5 and anhydrate or hydrate forms thereof.

8. The compound of claim 1, wherein the compound is a compound of Formula
(V)

NH
o) 74 \
0 Z Y
o |
N
g o
oy
2 Hao
10
(V)

and anhydrate or hydrate forms thereof.
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forms thereof, as claimed in any of claims 1 to 8.

10  11.  The method of claim 10, wherein said erbB family PTK is selected from the
group consisting of EGFr, c-erb-B2, and c-erb-B4.
12.  The method of claim 10, wherein at least two erbB family PTKs selected from
the group consisting of EGFr, c-erb-B2, and c-erb-B4 exhibit aberrant activity.

15
13. The method of claim 10, wherein at least one erbB family PTK selected from
the group consisting of EGFr, c-erb-B2, and c-erb-B4 is inhibited by the compound.

14, The method of claim 10, wherein at least two erbB family PTKs selected from
20  the group consisting of EGFr, c-erb-B2, and c-erb-B4 are inhibited by the compound.

15, The method of claim 10, wherein the disorder is cancer or psoriasis.

16.  The method of claim 10, wherein the disorder is cancer.

25
17. A compound or anhydrate or hydrate forms thereof as claimed in any one of
claims 1 to 8 for use in therapy.

18.  The use of a compound or anhydrate or hydrate forms thereof as claimed in
30 any one of claims 1 to 8 for the preparation of a medicament useful in the treatment
of a disorder characterized by aberrant erbB family PTK activity.

19.  The use of claim 18, wherein said erbB family PTK is selected from EGFr, c-erb-
B2, and c-erb-B4.
35
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26. The method of claim 25, wherein an amount of a compound of formula (1) or
20  anhydrate or hydrate form thereof, effective to inhibit at least two erbB family

proteins is administered.

27. In one embodiment of the present invention, there is provided a process for
preparing a compound of formula (C),
25

(C)
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with a compound of formula (B)
15
U
N
L
2
=
N
(B)
to form the compound of formula (C),
wherein U is an organic group; and
the compound of formula (A) is generated in situ, and
20 Lis iodine or bromine;
R is ~C{Q)(T)W where Q and T are independently selected from ~OCHs, or
-OCH2CHs and W is hydrogen; and
Z is B{OH)z; or
the compound of formula (A) is generated in situ, and
25 L is iodine or bromine;

R is -C{O)H, and
Z is B(OH)z; or
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L is B(OH)z;
R is -C(O)H; and
Z is bromine; or
5  the compound of formula (B) is reacted with the compound of formula (A)

regioselectively, where neither of the compounds of formula (A) or (B) is generated in

situ, and
L is iodine or bromine;
R is -C(O)H; and
10 Z is hydrogen.



