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FORMULATI ONS CONTAI NI NG EPOTHI LONE ANALOGS 5 Cross-Reference To Rel at ed -

Sori al muSBAPRERFEEE 228, 111 ed. JRNMAIMIEEITEO0T, | noor por st Ma REME n by
reference inits entirety. to Fi ﬂmmmnmmﬂmu" venti on The present invention
relates to an inproved formul ation fegyparenteral adm nistration of certain
epot hil one anal ogs that are characterized by enhanced clinical efficacy. 15
Background of the PAREFBERSNFEPBLATTOReSONTAEN HC EBPTHIEOED APSLAT®s havi ng
utility in the pharmaceutical field. For exanple, Epothilones A and B

havi ng the structures: 20 Epothilone B R=Me nay be found to exert
“mcrotubul e-stabilizing effects simlar to paclitaxel (TAXOL(err)) and

hence cyt st oxic activity ag@i‘d’s§-tl}eff§i¥eébg«%’l‘0@{eﬂti:§ gﬂrpﬁi'hg?oncel s, such as,

tumor cell's or 25 other hyperpro Ive ce Sease, see Hofle et

“al., Angew. Chem - - ; e : ~ 6); WO
93/10121 publ | Shed i pg%“o%%]é‘?sgﬁg}ff?@él}/p[i\%d%@%é%ﬁ’l@ﬁé%%&3“‘%?‘%1997.
Derivatives #§264228oblsd danuapiothi208hdacomeyagd Bereivly wwéapnaesyindlnenlizebd and
may be used to treat a variety of cancers and other abnormal proliferative
di seases. -1 Epothilone A REH WO 02/0(2338 PCT/US02/111 102 OCH O
Such anal ogs are disclosed in Hofle et al., 1d.; N colaou et al., Angew

Chem Intjg Ed. Engl., Vol. 36, No.Fiél, of tROTnvehfign(1997); and Su et al.,
Angew Chem Int. Ed. Engl., Vol. 36, No. 19, 2093-2097 (1997). Anal ogs of
t he epot hi | ones t haie prepoR ipeqation selalgs toamiaysodarmaaiiendor patepteraly 5 are

represented by GG drcertain epothilone analogs that are characterized by enhanced

clinical efficacy.

15 Background of the Invention

Epothilones are macrolide compounds having utility in the pharmaceutical

I
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field. For example, Epothilones A and B having the structures:

20 Epothilone A R=H
Epothilone B R=Me

may be found to exert microtubule-stabilizing effects similar to paclitaxel (TAXOL®)

and hence cytotoxic activity against rapidly proliferating cells, such as, tumor cells or

25  other hyperproliferative cellular disease, see Hofle ef al., Angew. Chem. Int. Ed.
Engl., Vol. 35, No.13/14, 1567-1569 (1996); WO 93/10121 published May 27, 1993;
and WO 97/19086 published May 29, 1997.
Derivatives and analogs of Epothilones A and B have been synthesized and

may be used to treat a variety of cancers and other abnormal proliferative diseases.
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RE QRo/ OH4 RLRR2 NH- ~R3 1 | | wherein the various synbols are as
defi ned bel ow. While these conpounds possess 10 significant therapeutic

propertiego ‘;zrbgy%@ so present difficulties to those skill ggrjRosfgoprt of
pharmaceutical conpounding, as a result of certain properties, as wll be

det ai | ed hereinbel ow. In accordance with the present invention, a
fornul ati on ISashpadpgs aadisclosed wgjolieras abpldt:Avicelaau gird), dpgewddem. BdEdhove

can be safel is a3 _ni st .Yl Al D Bct, .1 haut ciable
o9s of pot el T80 SBNE"( 3697 2GRS, Mol MRS Ay CHebl Bl pRRSHGE:
PCT/ USO02/ 011 Nd. I6)&NQpresx93-2097€mMa97on descri bes a fornul ation and the
preparation thereof for OH O epot hi |l gne anal ggs .represented by forpula I.
"' Rs QR6 4 Rt R F&nal@gw?éhm@l ngs ihat heye RRen uﬁdfmﬁawﬁvwenggyare
as defineq b . tions of the present invention, the
_epot hi | ong a%?%lésgnt%ﬁﬁiff&a}?lfﬂyﬁgol ubilized with a mxture of
tertiarybutanol and water and then |yophilized under optim zed conditions.
The lyophilized drug is reconStituted £irst”w a mxture of a
pol yet hoxyl ated castor oil suffactant/and 10 aniydrous et hanol, and
thereafter diluted w tR%Lact i pger's | njectlion tgoa concentration
appropriate for adm nistr : ai | ed Degextpti of the Invention The
process of the present invention|providewlan advahtjageous fornul ati on for
1s the adm nistration of epothil resegnted by formula I: RS Q
REaRR RR/ NH

H

wherein the various symbols are as defined below. While these compounds possess

10  significant therapeutic properties, they also present difficulties to those skilled in the
art of pharmaceutical compounding, as a result of certain properties, as will be
detailed hereinbelow. In accordance with the preserit invention, a formulation has
been found whereby the epothilone analogs described above can be safely dispensed
and administered via injection, without appreciable loss of potency.

15



| OHR3 -3 VWO 02/ 0l 2338 PCT/ US(12/01102 As used in formula | and
t hroughout the specification, Qis selected fromthe group consisting of R~
R~ M/\ k el ected fromthe group consisting of ox r, NRS8,
and %Ri@?dey}ggﬁsﬁl, R2, R3, R4, R5, R7, Rl11l, R12, R13, ng%glnsg?/&fgyis,
i ndependently, selected fromthe, group consisting of hydrogen, alkyl,
substituted al kyl, aryl, subst i tY}imapa of theIaventiod ocycl o, and wherein RL
and R2 are al kyl, : L O] X : ed
fromthe group co%§?§¥?ﬁg%8?ﬁ‘9@9@%@2%9%%@§F?ﬁ§ﬁ%@?#%é%%ﬁﬁgPE?F?&¥§8%ry|,
substitut ed apgthiloneyanhlogs tepkesetted by daymilol.and substituted heterocyclo; R8
is selected fromthe group consisting of hydrogen, alkyl, substituted
“alkyl, R11C=0 R120C=0 and R13S@; and each d R is, independently,
selected fromthe group consistijng of 15%y hal ogen, al kyl,
substituted al kyl, aryl, gieterogycl o, = R150C=0. The
"followi ng are definitions l escri be the
present invention. These definitiong apply ko R as they are used
t hroughout this specification, unleks otherw d in specific
i nstances, either individually or oup. 20 The term
"al kyl" refers to optionally sufastitutled strhi hed- chai n
sat urated hydrocarbon groups having fr
preferably from1l to about 7 carbon atens. exppession "l ower al kyl™
refers to optionally substituted al kyl groups having from1l to about 4
carbon atons. The term "substituted alkyl" refers to an al kyl group
substituted by, for 25 30 I

wherein the various symbols are as defined below. In the formulations of the present

invention, the epothilone analog is initially solubilized with a mixture of tertiary-

butanol and water and then lyophilized under optimized conditions. The lyophilized

drug is reconstituted first with a mixture of a polyethoxylated castor oil surfactant and
10  anhydrous ethanol, and thereafter diluted with Lactated Ringer’s Injection to a

concentration appropriate for administration.

Detailed Description of the Invention
The process of the present invention provides an advantageous formulation for

15 the administration of epothilone analogs represented by formula I:




exanpl e, one to four substituents, such as, halo, trifluoronethyl,
trifluoronethoxy hydr oxy, al koxy, cycl oal kyoxy, heterocylooxy 0XO0,

al kanoyl , way s ﬁfyl oxy, aral kyl, al kanoyl oxy, am no, alkyj q,g]sgg 1102

aryl am no, “ar aﬁ( am no, cycl oal kyl am no, heterocycl oam no, disubstituted
am no in which the two substituents on the am no aroup are selected from

al kyl , aryl, Asuetin OIWl@alr?@Qlﬂaﬁvng)m theoprafitation. Qinsalestas fremithrogroup
substi t ut edC_aF @%ﬁm substituted aryl am no, substituted -4 WO
02/ U338 PCTP 11 U2 ar al kanoyl am no, thiol, alkylthio, arylthio,
aral kyl thi o, cycl oal kyltluo, hetergcyclothio, al kgrlt hi ono, arylthiono,

ar al kyl t hi ono, al kyl sul fonyi, ary}sul fonyl, aral sul fonyl, sul fonam de
" (e.g., SO2NH2), substihited suIM&Q)nEm de, nitro, ano, carboxy, carbanyl
(e.g., CONH2), substituted carb’ my, €. Gnd alKyl, CONH aryl, CONH
aral kyl or instances where therle are two substlituent;s on the ni trogen

" selected fromalkyl, aryl or aralkyl), alkoxycarbonyl, [&i subs {ut ed
aryl, guanidino ad lﬁéﬁl%(ﬁ@c@@né@ gr@tmhoressstmg@ﬁougen, Jubfun AVR, gind CROR

thi enyl, thiazolyl PV dyl o Py Bl th V\her’ei n,
as not ed t:§1bove thegclgu sl?ﬂ' #u’entlé’t gs R/ 1{ ?e %‘Eﬂﬁhéﬁ" "%CE:B cﬁlﬂl[’ed such
further substselevediffondiiR galpawhsisting OMMyldaczed] Ak, adRtiutdialgy] HyIof hal ogen,
al kyl', al koxy, aryl and aral kyl. The definitions_given herein for al kyl and

substituted SPRSHUER Y aa%h%@nowa% andavharap R god R érﬁ afyl.dhwosap bgrieingd . The
term " hal ogeqof%i@érﬁ% jrefer s to fluorine, chlorine, bromne and iodine.
The term  "ring sy efers to an optionally substituted ring system

cont ai ni ng one to RH is selectédfjemaindigratip Icen.mmgrméhymgﬂnall@l cabsianedigitpl, e bond

n at |least 15 one rin rin ncl but, are not
: imited tg Alas Stl{.‘)‘tt %a?lggﬁn“ﬁ%ﬁﬂa I&F:telg‘ﬁﬂ %@P@Hgﬁwﬁé’;é‘%cycl icri ng
system which nay ltﬁqs@ﬂEéth‘ﬁbﬂthﬁ%ﬁg ﬁﬂl °m2d‘t°§ﬁav. Bstmﬁt@{l)?ﬂ(?l S

nonocyclic or bicyclic aromatic on gro rom a
about 12 car kR)ﬁCﬁOQRﬁ‘OGF@hmiRi ﬁ@"pmdtl on for exanpl e, phenyl napht hyl ,

bi phenyl and di hen r OLDE),. be _substituted. 20 The term
alroal kgl referg te8‘ g gv 6'3%135‘6‘{?8@}“ Steg g“ﬁ% Ty the SEOHR Gpsistingdfgh an
al kyl group, Hygfog%ﬁamég%n ﬁkﬁeﬂinl{ﬂltuﬂard%'l@yl éEpleh&t@fo@clg u&gﬂ}d;@yuké'd::«@f ¥ihd

ou

refers to an é roup substi t ut ed by, for exanple, one tod
substituddts BUOR=85 al kyl ; substituted al kyl, hal o trifluoronethyl,

L1 wor omet hoxy, el e Ahd R0t XSl OB @t BERSLACHCLBORY @l kanoy

25 al kanoyl oxy, anino |"an no am no,” ara

cycl oal kyl ani pwsenhmtzemtﬁmyqrhewdeﬁmm@h Iapplwd; eI tedns dshh@l are aéeldyhﬂohgﬁbut
cycl oal kyl t hi o het er ocycl ot | uo ureidq, nitro,_ cyano, carboxy, .
car boxyal kyl ,thisspegi tiongynless pe m&sﬁymlfeéulkmc}ﬂ%ﬁ%amsﬁ WPPF la jgidually or

al kysul fonyl ,, f FRIH-LE yl oxy and the like. The substituent may be
further substl ?Hh g b{i/ggon m%ﬂ' nore nmenbers selected fromthe group

consi stirg of 30 hﬁlaxpmniiaikyiiéy@feraltkyptioxmllllycsulystiuaecybtraignbmtbranmledi-chduhyI
substituted aryl a cIo refers to onaIIy
substi tuted SSQ%('E‘? ﬁ‘?géﬂg F%lrbgrﬁ % stoé’ﬁ‘ébonﬁqé?sep%?%g?{’

containing 1 f&nd tb'aﬂ&ﬁ mgbo’a atthni P@éé@%éssﬁﬁ"‘lov?ér alkyf¥ fe¥eks ¥/ optéaas, PCT/ |
S02/ 011112 ri ug whi ch may be further fused with an Unsaturated C3-C7
&fi

car Ibocyc!tlf: rs lwﬁﬂaﬂwampghmfrﬁmdl t@t%ouq,‘?a@lpmmwmsdcycl obuty: dodecyl
cycl open cycl ahexyl . . cl ooc cl odec cycl ododec
a%d agama%tyl Y aﬁfﬁ %?‘;’i %"ﬁ P?&L%il re&%&%%&%ﬂegr%%% éfl@'iyér oups a>s/

descri bedsabas@mply, ofé fohr fbEueits,is0eh &, AulpstIRBEIThIIRA, @iIRYRNAFhoxXy,
substltuents for al kyl groups. The terms heterocxcl e' heterocycl ic" and

_"het er ocycl o"hydeps a xwreyelealkporgl hyteengnloory. axedalkanes h o earglexy paalicykl | v
saturated, Oralfcﬂlo&)’ox??ﬁxﬂfn@} ﬁgylaﬁ{rfw&ty'lagm%, aralkylamino, cycloalkylamino,

heterocycloamino, disubstituted amino in which the two substituents on the amino

group are selected from alkyl, aryl, aralkyl, alkanoylamino, aroylamino,

30  aralkanoylamino, substituted alkanoylamino, substituted arylamino, substituted
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nonaronatic cyclic group, for exanple, which is a 4 to 7 nenbered
nonocyclic, 7 to 11 nmenbered bicyclic, or 10 to 15 nenbered tricyclic ring
system WaigdhhAss at | east 10 one heteroatomin at |east ggq,/lf‘sg{/plq&
atomcontaining ring. Each ring of the heterocyclic group contarning a

het eroatom may have 1, 2 or 3 heteroatons selected from nitrogen atons,
oxygen at onsatabdneylpmino, thiokrslkylikierarylthie, arplkyltijercystvalkyithiour het er oat ons

may al so optjgnal | e oxidized and.the nitrogen t eroat ons al so
opt i onat 1y bieERstfiio Al MRS ENEiHS e SR, ARG SRRt L *any
het er oat om la@[lglsutRaPR Buldsamid s @THGINILNRABSHGted SulRsHaBi @S Yitd, GyMo0UPS
i nclude pyrrolidinyl, pyrrolyl, 1ndolyl, pyrazolyl, oxetanyl, pyrazolinyl,
" imidazol yl, Fabersspibapy! (4.4 dadbh), aubﬁylltqtedv)s@abmx/h (,e-gomlﬁﬂiaaiyﬂ»ﬁQNH

i soxazol i pyl , .} Y. ' I L adi i hdi
i sot hi az o?iil M’@ﬁ%ﬁ%gky h‘?lﬂk}gﬁf %lrvi}?lrem[légg Wgﬁopﬁw%n%ﬁ{lhg ﬁ‘wg"n
- oxadi azol yl , sgleqed frdinnatkyl, 291 @i qpeik}, ialljoky ca2benydirple bwbistitydd, aryl, guanidino

2- oxopi peridinyl, 2-oxopyrrolidinyl, 2-oxazepinyl, azepinyl, 4-piperidonyl,
pyridyl, N oﬂ%i/ hgtetogyelos, sychuas; 1»991\5'15 ardagelyl. Ayayl, g yld@ﬂZﬁfva pyrroﬁdyl,

tetrahydro Ay, I r I f Qne,
nor phol>/i nylo?/f) ?ﬂ%@rgﬁ%‘ﬁ%ﬁ@& 'p iﬁ‘? %?%#d Ia? %@FH g%b@%% ggﬁﬁe?%y%?%%éﬁ%nyl
sul fone, 1, 3awifoxhdravabstitndd] sach Alrthgosubstituedis diexselztted droph thegrapasonkisting
isothiazolidipyl, thietanyl, thiiranyl, K 2s triazinyl, and triazq]yl, .and
the It kel® xehifiasdp BRef alfoty Havendaitivle T B608tPieiiuambostn fon skl bey
benzoxazol yl suiRaRa&t 51!:?1%&31 &‘Jl&/é’!lttlﬁ!tﬁéjdll@M'pon?dﬁ Mﬂtdok?';ﬁroﬂﬂ! nol i nyl - N- oxi de,

t et rahydr oi soqui nol i nyl, i syoqw nol i nyl,” benzi m daz benzopyr anyl ,
i ndol i zi nyl, benzdhatari “halngemberyhalod cefemsrtd Aybring ichlovine,rbydmingwnd godaheé. ny|

i ndazol yl, pyrrol ridyl, furopyridinyl (such.as .3a furol2 SEgipyridinyl,
Fur o[ 3, 1+ b] pyr 1 di APETeeEY ringypSRA Rt b RYRT Syl S sy

di hydr oqui naggthifitlg dre46 hras ridgimd iahed§t@né vaen @itBEPHduBYE Bond in at least
benzi sot hi azol yl , benzi soxazol yl, benzodi azi nyl, benzofurazanyl,

benzot hi épyr angting.bBreropleryating syistems dncludey butiare natlinpiggigto p@rryISirippagtiallyl 2
benzpyrazol yl i hydrobenzof uryl .. di hydrobenzot hi enyl . . .

i ny 0t obenz oPhT AR PERGRTR e RbE¥IH AR Mol Béoprgnatty subsituted.

di hydr obenzopyr anilhe tératthylnydfersits mohsomriayt bichdid aeahiidiyfdrodasit daytpsdi ny!
pht hal azi nyl ., pi peronyl, Euri nyl 5 pyri dopyri dyl, . qui nazol i nyl,
tetrahydroquha\@pgfwm abqul B H AP0 12 CAThone#emy iR Hipringmertiqns fari exapple, aci d t he

l'ike. Exenpl @ﬁanyg,#%@h@g%mnﬁ%ghlb%eﬂasggg&é;r's]!édaﬂ of Wil Thay bd\ebsiRRUC! €

"heterocycli erocycl o™ Inc e or nore substituent groups as
descri bedo above f diheserhstaralkiylé defeds iy bhn anyl giolp hohdedetd adarger, ergitydthsoahl aar

het erocycl os, ,,such as, epoxi.des, aziridines and the like. to The term
> al kanoyl " F@gg@upoﬁ!@?ﬁ@ﬁi%ﬂ?ﬁﬁﬁ@ﬁ erm " substituted al kanoyl" refers

to -C(O -substit utred @dksdubstitiied h@rme%é?@foearnogyp%s"p sitaliturddy! REexSUYREN.
sul fur and nitrogen. The conpounds represented by fornula I formsalts with
a variety of one tfafoue sehstituenissyedrnisallead; substitsied lalkysibalo, inifbioseracthilose f or med

wi th hydrogen.ehloride. 15 hydrqggen brom Jret hanesul f onic aci d,

hydr oxyet han gré uqurglﬁleg‘Oﬁ’i]tB',dr%ﬂl’ @E?)Tyc c%‘g?ﬂf{jﬁg@g?’iegr Uer f”"f’?:l}‘_raflﬁgr oacetic
aci d, nabei C aB@hbyloREHAENE MY HRinG, Aalkami), dRMggathingNéyelaliiythn@ing, var i ous
others as are recogni zed bﬁ( those of ordinary skill in the art of

phar maceut i c&pteEesiploaming. glkasudamisg, thiol.alky . erelopliyltkachdtarecyslaidapound
wh ch 20t he tLein o Ryand. Bodfl ek Y, BB, BloREBf kfedolB S v 1T
evapor at i on. arylthiono, alkysulfonyl, sulfonamido, aryloxy and the like. The substituent may be
further substituted by one or more members selected from the group consisting of
30  halo, hydroxy, alkyl, alkoxy, aryl, substituted alkyl, substituted aryl and aralkyl.
The term “cycloalkyl” refers to optionally substituted saturated cyclic

hydrocarbon ring systems, preferably containing 1 to 3 rings and 3 to 7 carbons per



In addition, zwitterions ("inner salts") can be fornmed and are incl uded
within the termsalts as used herein. ‘A particularly preferred epothil one

anal og wighi e represented by formula | is TS0 102
[1s-[1R*,‘§g*‘?’r¥§{,}3€e*, 10S*, 11R*, 12R*, 165*]] -7, 11- Di hydr oxy PLT/LS02/0110

8, 8,10, 12, 16- pent anet hyl - 3-[ 1-net hyl - 2- (2- et hyl| - 4-t hi azol yl ) et henyl ] - 4-aza
-7 oxabi cycl shgavhichmayphedteherfased withgromsapeedkSehr 4By disrigi a 11 7 WO

e
02/ 062338 PCE/. U ] O ' [g?c:jgﬁg, AN - Me ||
The corrpoungs%xFlgé%gsé%#ééﬁ%§u%??%%§Eylr Cyacgl%c})%ltyﬂ’cbo € mygﬁg‘%{sl’pr epar ati on
are descri bedydlohdgtyd, cypabsunfl, aRMdeeat dyotddSédcyhlandadarditl7 Exediplard i | ed
Cctober 13, 1998, the disclosure of which is incqrporated herein by

“reference. THebstigiptiinelads eps ervapieatkybgropy ﬁﬁﬂeééulPedaW_BV?:IOTQB‘E)Q"emH’é‘Ferxi st
as mullipke oplh6als JABIHRLdoGe oORBRhANCR APERUpYNI | € Lhe compounds
pl cte or| énfat

shown hereéein ar or one optica on, included wthin the
" present inventi on Theeeradsl‘hereomtk” dhetervcytliv” aad fhetetohpele’dfeferthan conpounds
represented by fornul ae_ | above tub Le stabilizi ngagﬂent S.

d Il . '
They are t hu§Ptirally|supstitpic t ?@é@fﬁ‘@m?%%ﬁgs%%{egt OF 191y satiralsds 20ometiG O er
proliferati V?xoﬂ&gﬁﬁﬁg §%ci:1fbcér?ﬁgt,% exBthbleN@hidhiifh 484 7tembdred MehdHOT: to

carci noma, including that of the bladder, breast, colon, ki d.ne?;éSI I'i ver,
| ung, 15 ovarly memberedbicyclt, omh@ tn 15ceembered trivyclié ting sybtenk. which has atidgasiy

squanous cel |l carci noma;, hemat opoietic tunors.of lLynphoid.li e,

el g ng | o REAFEIORTR I b ABE YT AR O o PR TR | o

| eukem a, B- gglebody¥i® contafifthgd a hoteBAeAPmay RA@KI, 2%r 3YHERRE4Bms Bélectédddgki ns
| ynphoma, hairy céll Tynphoma and 20 Burketts |ynphoma; hemat opoietic

tunors of mydtaph dittdiger atpes, pxicdendtone aad suldunioms wlsse themjiaogsgand selfur
eukem 25 ot OS] BSLLE AEHAIL R oYt TRAERERTRLNL iy
optionally be quaternized. The heterocyclic group may be attached at any heteroatom
15  or carbon atom.

Exemplary monocyclic heterocyclic groups include pyrrolidinyl, pyrrolyl,
indolyl, pyrazolyl, oxetanyl, pyrazolinyl, imidazolyl, imidazolinyl, imidazolidinyl,
oxazolyl, oxazolidinyl, isoxazolinyl, isoxazolyl, thiazolyl, thiadiazolyl, thiazolidinyl,
isothiazolyl, isothiazolidinyl, furyl, tetrahydrofuryl, thienyl, oxadiazolyl, piperidinyl,

20  piperazinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 2-oxazepinyl,
azepinyl, 4-piperidonyl, pyridyl, N-oxo-pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl,
tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothiopyranyl sulfone, morpholinyl,
thiomorpholinyl, thiomorpholinyl sulfoxide, thiomorpholinyl sulfone, 1,3-dioxolane
and tetrahydro-1, 1-dioxothienyl, dioxanyl, isothiazolidinyl, thietanyl, thiiranyl,

25 triazinyl, and triazolyl, and the like.

Exemplary bicyclic heterocyclic groups include benzothiazolyl, benzoxazolyl,
benzothienyl, quinuclidinyl, quinolinyl, quinolinyl-N-oxide, tetrahydroisoquinolinyl,
isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuryl, chromonyl,
coumarinyl, cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl, furopyridinyl (such as

30 furo[2,3-c]pyridinyl, furo[3,1-b]pyridinyl] or furof2,3-b]pyridinyl), dihydroisoindolyl,
dihydroquinazolinyl (such as 3,4-dihydro-4-oxo-quinazolinyl), benzisothiazolyl,

benzisoxazolyl, benzodiazinyl, benzofurazanyl, benzothiopyranyl, benzotriazolyl,



CVvO 112/1102338 PCT/ L' S02/A 102 other tunors, including nmelanons,

sem nomm, teratocarcinoma, neuroblastoma and glionma; tunors of the central
and peri p{g,g;@}",%gvous system including astrocytona, neupehhass ek
gliom, an scﬁwannomas; tunmors of nesenchymal origin, incl UC}I ng
fibrosarcoma, rhabdonmyoscaroma, and osteosarcomm; and other tunors,

i ncl udi ng melbarrpyEaZolys rddlaestrohengind ndibsdrabenzethisnyh dshydnahenzothiopy raoya,

thyroid fol li : r.an at ogar.cihnoma. 10 cofmpounds represent ed
by for mul ae. (TR eFANE SRR LR MR- D yrelh MR R
af fecting t hesopidolial, eiphityritisylastdhalianylhipeohylepidiEipyellopyayls and

tunor-rel ated disorders. Such anti-angi ogenesi s properties of the conpounds
" represent ed IgpnpEelyl detrahydipguineligyh, thienoBuyl triepopyriflyl, thienedhienydanddhe  of

ot her condi ti@gs responsive to anti-angi ogenesi s agents including, but not
limted to, 1 certain forms of blindness related to retinal

vascul ari zati on, &uxeinplary sybstiteatsifad thy tenns ‘dngretseony,” &hdtbrocydls,” nmul tipl e
sclerosis, restinosis and psoriasjs. ounds represented by fornul ae |
and 11 will rhelGReYdR: e @P&erwsbt a%q?ﬂép%eﬁhy@r% Weheant Hepps elsdiigd ocess
critical for 4 t t i f ' f optotic
pat hways contapl e{;@gsﬁﬁﬁt}e parlr%ggﬁse@? és’@%?f’gﬁd\l/%ﬁdg%r&l%%ﬁ dé'glbﬁh%ﬁgggi seases.
Conpounds r eppesdes, exriines andhe dikel and |1, as nodul ators of apoptosis,

will be useful in_the treatnment, of a variety of human di seases with
aberratidfis in apopf&dfs ai?lf‘i’élP%irﬁ%‘},rs tBt]&(d")c')"ﬂlH\éYli mted to, cancer and
precancerous | esi qpg terhd™MpRithied ARSI Rifak 65-q 08888 uted blldl. | nfecti ons,
degenerative di seases of the nuscul oskel etal system and ki dhey di sease. 25

Each of the conpolidscrmeihetseatoms’” shallfindlvde eeygén, snldud andmiirogdnso be
formul ated or co-adni nistered with. ot,her the eutic agents.th ar e
el eotod for ¢ hei iaPEPR G etteRA TR L RRR LSRR Bicky S et
associ at es Wghh iﬁdﬂ%rﬁﬁ &1 @TESHch aRSlineRag thobORemed Withdyarides chea@as of the
conpounds of formulae | and Il may be fornulated with agents to prevent

nausea, Hyperdweéregen bipmige, ragibangselionieaqid, hiydepeyehanesuléonig gcidssudfiric aeidet i cs,
d H1 d H t 1k stam . i t | d

e HL a5 05 8, OB SRR O S

WO 02/ 0G2338 abidlendSafiddsldthdd as hieaseogaived by shase df ediredy sldlltihencPhysl ci ans'

Desk Reference (PDR) or as otherw se determ ned one of ordinary skill in
the fart._Furtpi@mﬁf@g}ca&wﬁwwg@gofs%ﬁﬂmaa%}msﬁlB?re%\}g BESHANN <t or ed i n
conbi nati on %Qrbse%éa tf%fg?hla?%P&:?E%Lﬁvﬁ%lﬁiéﬁl%ﬂﬁdﬁl?@&%wa ﬁ%ﬁi\ﬁr{ RAVRERT S

useful in the treatne cancer oOr er proliferative diseases.

Especi al 129 ushd sdlt pre@pitatts ordaan equeanns neginot wllowed by gvapmritionat i ons wher ei n
the second drug chosen.acts .i.n.a different, manner or.different phase of the
coll overe, oo, TRALRE Srtdicheunnsal SO forRd it A greAd Wikha | )
whi ch exert theletmehfieatiedbertte G2- M phase. Exanpl e cl asses of anti-cancer

and cytotoxic agents include, but are not limted to, alkylating agents, 10
such as nitrogen rupudicderly aratgredenothilone avplogiwithingbeseaapresatdd/eni m nes,

and formula I is [1S-[IR* 3R*(E),7R*,10S* 11R*,12R*,16S*]]-7,11-Dihydroxy-
25  8,8,10,12,16-pentamethyl-3-{ 1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-7-
oxabicyclo[14.1.0]heptadecane-5,9-dione represented by formula IT



triazenes; antinetabolites, such as fol ate antagoi usts, purine anal ogues,
and pyrim di ne a.naiogues; antibiotics, such as anthracyclines, bl eonycins,
m tonmyci nyodampkisaenycin, and plicanycin; enzymes, such aspkrRA’haé@e Nase;
farnesyl -protein transferase inlubitors; hornonal agents, such as

gl ucocorticoids, 15 estrogens/antiestrogens, androgens/anti androgens,
progestins, and |uteinizing hornone-rel easi ng, hornone anat agoni sts,
octreoti de acetate; nicrotubule-disruptorgpg nts, such as ecteinascidins or
their anal ogs and derivatjves; microtubul @gfabilizing agents such as
paclitaxel (Taxol), docet (Taxomere); = - det~Ned products, such as
vi nca al kal oi ds, eﬁ' hyll\toxin , taxgnes; and topoi sonerase
“inhibitors; 20 pre &I-pr ei nilg ransflgrase Ji nhi bitors;] and njggcel | aneous
agents such as, hydroxyur pr b7, ' aet hyl nel am ne,
~platinum coordi nation conpl exes such ag ci spl agi_nMandmzaf bopl atin; and

ot her agents used as anti-cancer and cytotoxic a S sugh as bi ol ogi cal
response nodifiers, growmh factors; inmmu nocl onal

anti bodi es. Conpounds represented by for °so be 25 used
in conjunction with radi ation therapy. Represenlati vellexanpl es of these

cl asses of anti-cancer and cytotoxic agenf% i ncPdde, But are not linited
to, nechl oret ham ne hydrochl ordi e, cycl ophospham de, chl oranbucil,

mel phal an, ifosfam de, busug an, carnustin, |onustine, senustine,
streptozocin, thiotepa, dacdrbazine, nethotrexate, thioguanine,

mer capt opuri ne, 3o fludarabi ne, pentastatin, cladribin, cytarabine,

fluorouracil, doxgrubicin drochl or,i de, daunoruhjcin, idarubicin, .
bl ool - sul  at el MFRBRERN BTSSR B e e fedr aud Ml reprisons
qui nocar ci NS greiesGRAR IAPIS. daknt ¥pphehtii SR Nol6b/170/4320 & B&dBer 13,

PCTI US(12/ U1l (12 vinblastine, vinorelbine tartrate, etoposide, teniposide,
paclitaxel, 1298 hef disclosasy ofwbich imiacorpetatedrhesdtin hy referosgsh dhe cempounds
flutam de, buserelin, l.euprolide, eridines, diyneses,..|evam sole

af Lacon, | nt EEFEPBRD by FOURISAdnadT Bhautb ol a° mEs Seicen R Gientnds 1 m
rituxinmb, BSereotsofifels)OWhile theloRipdaAds JMHh deRiPire depicled farndicpsione,
genti t abi ne hydrochl oride, altretam ne, and topoteca and any anal ogs or
derivatives rentaidi, irptusedryitdn thermpesent ipventivagre all isemers and adixaiees but are
not Iiniggd h%r(gaclitaxel, ci splatin, carboplatin, doxorubicin,

car m nomyci n, d%uhorubicin, am nopterin, nethotrexate, nethopterin,
mtonycin C, ect eThasaipounds 4ehreseatetibydoymilie I mdll abdviewuwns midramblile-

6- mer capt opuri pg, . genti t abi ne, cytosine, arabi nosi de, podophyl | ot oxin or
podophy| | ot oft2hiligig;agants.y dhexye Iﬁh%suséﬁlgﬁtf%‘i? freatmeplfaYasie Do raperss ancyy

teni posi de, Bﬁleggﬁ;'li ativé c}i?éa@é.tih&ﬁdin ,'Elﬁ'hgﬂfidaﬁ@d tol HIFORSWHnE, VI ndesi ne,

and | eur osi ne. anpl es of anti-cancér and other cytotoxic agents include
the follow ng: cychricimosapimehdintg thatnefske bladden, Hreass cabonf kidnely, iliveM\i@9/ 24416;
and prenxl-protein 15 transferase iphibitors.as found in WO 97/30992 and WO
98/ 54966.° W LYt PATEICAY S%B‘i&?? =W‘é‘n§‘>’f%6‘i‘ skith JuGliFIAG SRR celln or

nmor phol ogy, thgimegpounds represented by fornulae | and Il may al so be used
to treat conditions other than cancer or other proliferative diseases. Such
condi ti ons i ncl udégmptapoigtie tuears pf himpheid neage, anclidinglevkemia, sath as

her pesvi rus, ; ROXVi I US 1ejns AL i ndbi i and adenovi rus;

aut oi nmune dll)gr%% oggfi'%{%.ﬁé)rglsa, %@é%@%p@%F%%bdsle%eﬁlﬁe%ﬁ%g?\éﬁsﬁh%ﬁﬁwg hcgﬁmadi at ed

gl oner ul onephyrhphdina, Hodpkak Ointpiinid) hohHodglaolyngtoma, hdify GlMemphymb ene!

di seases and_aut oi nmune di abetes nellitus; neurodegenerative disorders such

as Al zhei2fer Bawkptisdymphoma;ps. r el at ed dementia, Parkinson's di sease,
anyotrophic |ater I 0S| WUt $1: 0 j ul ar

' a{?’ ophypand cer ebgeﬁng@bglgﬁgggg%%ggw Sfr?'“ﬂl\‘f?éﬁ%&q%g@g%?@gi’ g@ Flgglzl;éndr ones;

apl asti ¢ anemyelogeacirdeaulkeniiag attdypromyelocytic leukemia;

tumors of mesenchymal origin, including fibrosarcoma and

rhabdomyoscarcoma;



associ ated nmyocardi al infarctions; stroke and reperfusion injury;
restenosis; arrhythm a; atherosclerosis; toxin-induced or al cohol induced
liver di sqzs@an2d3gmatol ogical diseases such as chronic an%@rﬁ:s@ﬂﬁ’nﬁ?' astic
anenm a; degenerative di seases of the nuscul oskel etal system such as
osteoporosis and arthritis;, a[s&,i rin 30 sensitive rhinosinusitis; cystic
fibrosis; multipl ONSEMEIYS;iacluding majanommae sSLpomA EFatOSAICEIONRI n. -11  V1' O
02/ 0C2338 P%H%Qﬁls{aﬁl]a%dgﬂﬁnﬁffeﬁi ve amount of a conpound represented by
formulae | and Il may be deterimned by one of ordinary skill in the art,
and i ncl udes exenphraoty oflisagetrarandpesplicval rervoussystent, ifcloding hstodcyridg

ng/ kg/ day to abo 200 / kg/ day,. which may be adm nistered in a single

" dose or in tlﬁ‘émpg OW’Q?RW PHe SPhAPPREY doses, such as from 1 to about 4

times persday. Pr %quﬁ&%%Mueséd%ﬁyﬁmﬂ,%cla&iﬁ%?iﬁfﬂs&&jcféﬁﬁ,rxﬁgb&dh sdasage of
| ess than about 100 ny/kg/day, 1n a single dose or in about to about 4
" di vi ded doses@nd bstegdatdontaganthder st ood t hat the specific dose |evel and

frequency of dosa%&f&)r any. @ar.t icular subéeﬁt ngi( betvari ed and w ||
depend upon a var ety "BOTF-4R 8?@"?’?1%?1{?3?31’1_@ PRETEAFVTTP G the specific
conmpound enpliepeshcakthiSmAREMRRINL tHyreidSbRRiat éncand tea@bircifonpct i On of that

conpound, the species, age, body weight, general health, sex and diet of
the subject, the node and tine of administration, rate of excretion, drug

conbi nati.on, and ver| 0 rid cul ar,_condidion, Preferred.subjects
for tr eatlﬁrent i ncISIE1 201%&%%{%4%%& ﬁ%eglfe dpbryetgrenr%él%? f;a%@ltrlrﬁa?‘fea‘ﬁﬁlsaﬂ%ocli“@ims uch as
humans, and dag®génesispibreby affsdtiig ths gboas of iddoss aldcroviging th@tméilofect to
the 15 aforenenti oned disorders. The conpounds represented by fornul ae |
and |1, partitenemang tupe-relpfqdedisorders. §palnanizngingentsts mepsriehel the ewpoi nt  of
conpoundi ng it ahl latd Weh L {4 0ssess
very | ow sol %8?#) ?}?&irﬁprg%&g@gu@tfﬁeﬂg}ﬂfggf ﬁlgdpj)ﬁg{' %}%gégjrg gg%fuil 1% té%ﬁ%%é}gﬁ%v/\?fgh
aqueous nedi athezkcenditnsirtspoasivetd mui-pidiodeacsis apeswlindluding, tat aotAdnitedat
sensitive, are "C assScﬂI?' Ccyt ot O)ii c.and .hgve excepti ona{}rlé,ty poor,aﬁetti ng
char act erlP st ic€4ain pgnspfdliginasielepd fqetinal caspulpsizalions pthidtisnegpaeiay
conpensat ed fiQfi, ATRAKAR AYIIP geudii cal Jophation for intravenous
adm ni strati 6ﬁf,iafg1§?$t he cg%bfl%na i o%@%rgﬁéll 10? t?i‘{eérzg; prgéslgent s a form dabl e
chal l enge to the plemprandinteprsaéntedhypbumdiacd anth rmvdlind@evor mttibie apapiedis,ai nt
that material s, to be.utilized in 25 ¢ undi n n_.intravenqus fornulation
miat be. appr RSB s LB oS sRAFR A eraR P EPRER AR ACSAT TS ded
i n accor danc e Iyritibrk e appeSRPathvisRtbh@ButsRe ¥ReHIRGENesIWaT af ke dfo be
suitable for overcom ng the di sadvantageous properties of the Subject

epot hi | 028 ahamsgdlisgesenoCempapredsaeptesintaddiy fprmiae bkl ofs meduldtaxstoft hat t he
subj ect epothil l,0 - Ln iajand, in
fact, rapidl 9‘1 P gﬁgaglé’g‘p@@eeq}%ﬁﬁg%n@gg{eg%h%ﬂéﬁﬂ%&yi ?ﬁ@éﬁsa% ec] cl%d’% flhat t hey
shoul d be f oraeiraticdd i Apdpysiintludidg, Bwmat limitddto, candé? &hd/ pkeadd&ous lesions,
PCT/ USU2/ (111U2 It has been found that a suitable nedia o form.a sol ution
of the subj edfEBeFeRAES relgled dssasss) visal dnfgeilons, degsregatiyedisopses of the
tertiary-but t Ofndi i ES i This m xture nust be at |east
about 50% v/ \a/}f,m%}le erl%@lsggtfi;nor% a %lﬁe?dé%?/gefo about 80%v/v tertiary butanol
to prevers5 degr addfachef tie colmpovuds reptesenpast by foomalaahandld snayralsa beer , due to

t he exceptional | or wetting characteristics.of the. subject eppthilone
anal oge. "t he PmmYIFEA OF oy I HES S oo B i pean SRtk St ot oy
| east about G%ictla usELRESS iaRIbhidiseIh@ BRI A%okted RAtH thd afc¥eiéifiont@r ti ary
but anol and water. Once the solution 1s nade, the requisite anount of water

or terti ary- onditiohs.WEarexanbple: each of dlie dompeyndschfifornzdag kang H maytbenal

concentration. for ophi li zat i as, st at abave. .10 s unexpect edl y
“beon found + nerniiet SRR AeefRsd BBt BuBRE Al shd st HHEREHE

signi fi cayt | yasentiasnetids, aid TR ahY i) Gnfibistablites P TP abdVei therapdutic Agerd s witdnon at a
.tenperature bel ow anbient, preferably from about 5C_to_about 15C nore
preferably atﬁ%ﬂlommlfgmbﬂ@g?n Béthihe prmpnved o4 forpulaed ofila gayibe used ik i on and
subsequent |yophilization are to be carried out in vessels such that the
epot hil one 15 anal ogs are protected from exposure to light. It is also
beneficial to carry out the |yophilization in conparatively snmall batches
so that the epothilone anal ogs are exposed to an aqueous mnedium for a

m ni rum anount of tinme. The primary drying stage of Iyophilization of the
solution formed as descri bed YT




above is carried out at tenperatures from about -10C to about -40C
preferably 20 about -25C, under high vacuum i.e., fromabout 50 mllitorr

to about 3@Q, sk torr, preferably about 200 millitorr, ferraRBey§Nded
period, i.e. ?%rsom about 24 hours to about 96 hours, pref erng?/ about 48

hours. Lyophilization in this tenperature range produces an anor phous
product whi cHoseageunts idicateddp t hqulaaxseﬁsﬂ’slgﬁfﬁréﬁ%@ﬂ@mr AT RESEVISE

ordi nary ski h\%\%ﬁﬂin&éﬁ'ﬁg%éo%ﬁina@%ﬁﬁiﬁ% +«t hat conventional procedures,
er X-ray di i

such as 25 po ractiion, can be utilized to confirmthe
anor phous nat ur e ®hrthéreokey opinpdurkis df forachliet ] or Thiday bs adinmistaed wvent s in t he

product are renpved by, econdary dryjng stage that is carried out at
Gonpar at i vel §omEwstenh st gi-c cegartd Cﬁ?taﬁacgg%% ar@d@%@l&m&%@eé}e
pref erably aﬁfaahe_%@gf caBY oﬁieggrloYi?&'Hﬁ% dibeas&: zEsf)éc?amyG\B@le m%%nméahbﬁor rto

. 30 about 300 militorr, preferably about 150 mITitorr for an extended
period, i. eapdéytotoxadybug c@bihatinns whereib thet sedéhdirug ehospn efte imdliffeadnout 48

h . -13 WO (12/ G233R PC T/ | | 12/ 111102 1t .h t edl
found that ATt GG dasanE e PoICGERe B Eers MBI B L SR P I ey o

are not enhageffmita B IDvRIh Bx6@ MEfikectitdt teZGAM Hass UCthniblé BRSRS of SUCh as
| act ose, mannitol, dextran and the like. Certain of these excipients nmay

actual | y haventircasnaideytetbric @gergninchulesbuiiard nat yimgted tvalkyjaspigi dgented pr oduct

(l'yophile). Hence, .t he epothilope I f.ornul ated in.accordance with the
pr esent iﬁnveﬁ‘[“i oh rg]lro‘ggelnﬁtﬁﬁalrﬁlsl, ?@ql %‘gg}“?’g?a“é.r?sowe?%ic?ﬂlyl%‘ﬁ‘y“&gﬁn?i ent. The
| yophi l'i zed ef@thés; ametméemtsdlags suchRs €slart@chobiist Ofuiink aalbgadsgadd are

reconstituted with a m xture qof equal parts by vol une of Dehydrated
Al cohol , USPpyrimniding apalemvies aglipioties, sweh aspodragyshnsg, bleorysins paitopycned

castor oil s | E Wolsl Jve, New
Jer sey, unde lrdaétﬂie%}@r&gld én n%?%%gcgph%%ﬁgé&ﬁ&ﬁ gO{SE%%%}lﬁgi téaéﬁ%yl;%r l? ?‘t‘ﬁ and

vehi cl e for nteasfeske inhititors; hornqnatigeges suwhpaghicetorticaidgppr opri atel y
light-protected vials, To m ni 31 ze the, agpunt of surfactant.in the

reconst i tdit e @SEQHCHY PHIFSITOIANY ARAWgeRy/ Antiandroghps, Rtoesng+And JKINFIRE i s provi ded

to forma sohuti ~ L etolnl ! . _ 4 15
ng/ L of thehg%%t |{égéréglﬁgrl}a 0g. %%]Q%g&g:stg,;bgf}ggl oﬁdd%t?%f ﬁ:gérgiﬁlggﬁidggg |Ieved,

t he resul ti nggemus, sucloss deteifaseitlingor thdinanaldgp andderivatives; sucrotmbulerstabibzing

suitabl e parenteral .dil uent. ch. di l.uent s e well known to.those of
ordi nary Siki B s g ELEOE dare e i g PR bR e e
clinical facighétdsefincd dlkdl§ids, RPUWRMEShy M dxiisDtab s SAAREpISorh &8s InBIBRBHS;
i nvention to package the subject epothilone analogs with a third vial

cont ai ni A8 2@reyi-praieis irengferesminbibiorsi and migcelapepiseapgnts sueheast hydioxyurea,

concentratio 1 Ni .0 1 lu 1S i pger' s
Injection. T é&%bﬁ%ﬂl@g%h@%%%%ﬁ#%% g lgﬁe%algﬁnllé’ﬁjﬁg bjéﬁ%%dlg%ﬁn?%p e1 St ?El)‘{hg;/
cont ai n fr omaabiaplatii ahd 6@beplating afd other Agéhtypkdhs afti-tdheerepdidytdtoxie agdind 0g.

The final dilution of the reconstituted epothilone analog in the
formul ati on &Rchpas biplegicalzesnonsmmadifiess groyyth factorsummpnemmeduiderspitdhar at i ons

havi ng sim | f ] : % j i ted
Rnger” o and Heiselpat ibbats. XA s 2 REHEABS Fab AR kI SRR | ke,
However , 28ecauskinodonjunstiorawitbwadidtionstherapy.pH 6.0 to 7.5, Lactated Ringer's

O e Bl e 00 ok ASE A FyOGhe S A SE 20, 0 oL
include, but are not limited to, mechlorethamine hydrochlordie, cyclophosphamide,
chiorambucil, melphalan, ifosfamide, busulfan, carmustin, lomustine, semustine,
streptozocin, thiotepa, dacarbazine, methotrexate, thioguanine, mercaptopurine,

30  fludarabine, pentastatin, cladribin, cytarabine, fluorouracil, doxorubicin
hydrochloride, daunorubicin, idarubicin, bleomycin sulfate, mitomycin C,

actinomycin D, safracins, saframycins, quinocarcins, discodermolides, vincristine,

-10 -




30 0.03 g and Cal cium Chl oride 2H20 USP 0.02g. The osnolarity is 275

nOsnol /L, which is very close to isotonicity. -14 ~' ~~0 02/ 06233H
PCT/ USW2/ Q34336 constituted preparation according to thetRIESENh:2
invention, 1.e., the solution of the epothilone analog in the

al cohol -surfactant, vehicle, can be stored for Iuig to_about 24 hours before

bei ng f ur t hervighlpsingdvineyelbmeriaiiates ploppHide. tenipeside, packifaxeb taverXifea: t he

i nci dence of j i fdue . of the 5

sur f act ant 1 o eREnfE, SFARLARIIBHRANIANGS Ml hiGCB SSERITE, | o0 o

the mi ni mrum ekl Yiyhaes ldaatisdqlafata) imérfébe, inedtdkihgaRlesdsating. Further,

the incidence_of such reactions is about the sane as has been experienced

"with other pdPSisEpRasargramasHp, Husimad, Bt HeHaoin; Hastscadndsediarile | such as
cycl osporine. i I : I i i t

formul ation ibs? @%%@P ;ﬁ%gﬁ@%ﬁbﬁfc{)ﬁeﬁ r&éﬂg‘%ﬁcﬁgg&ﬁa@ﬁﬁéﬁ%&&g&eﬁg&;?f %/l\nﬁ?

" certain ot herordededtdgythegefit s, such as Paclitaxel. The final dilution is

adm ni stered by in{ravenous infuysion, . typical over a.period of .up to an
nour | The ol | ow MBS MeRoerl e LA bR 5% pdtJERHe. ebHieho: oo
of the presenfic e Blrb&atid-4888uBicik® carminomycin, daunorubicin, aminopterin

[1S-[1R*, 3R*(E), /R*, 10S*, 11R*, 12R*, iGS*é] -7, 11-Di hydroxy- 8, 8, 10, i2, 16
pent anmet hyl - 3ngthotrexate, methopterin, mitomycin C, ecteinascidin 743, porfiromycin, 5-

1- met hyl - 2- (2s met hyl.- 4-t hi azol yl ) et hen -4-aza- 17gxabi.cycl 4.1, 0] hept ade
cane-5, 9-'di oﬁl}fo_r@%%%l’é,'m%@%%‘h%dg%?{ailbkﬁer g;%m%es%%%s@%mg%llﬂ@x a 9:1
m xture of tejrtjodbphyltokiPderivatvddiuet af &bpdsiiescibperide $HdsylE by tRipokiaen
pre-cooled to 5C. Once the drug powder had becone conpletely wetted, 20

di ssol uti on vaelphdap|vinbdasting vinrsisdrrileureridiae, dadesivg, apfl leureside.ni xt ure of

tertiary butanol d er, If I i . : i re of
tertiary butanol ﬁ’b&ﬁ%&f%of#ﬁ grg(@ #@lﬁr %?tg%éggé%{wnggudgé%e %’tlalgln\%ﬁ ‘e-cool ed
to 5C t her ebycyohk dagntifie kidas@inhitiowd asofourd i WO99(24416; anthsresljigsolelif | on was
carried out under protection fromlight. 25 The salution formed above was
pronpt | y 1Syoprnsfesasy inhibiforsps fopad lfl\fghﬁwf’g) diWOI84349606C under 1 ght

prot ectant conditigf i ) . ?iﬂgé ilized
product (I yophil e)wvgg&;ﬁ%fenﬁagoﬁrﬁéhggnﬁl}%@ %gwfﬁlérﬁ%gaeéﬁﬁ:% v %Al}é%g?%ér 48
hours. No detmmimpnhds @pgsadat byoformblaeAand lugayeso bbesed e teatuwondigiohhese

pr ocedur es. Thﬁ I oghi | e was packaged under st%' l e conditions into 30 nL
50 vial's, eacHheidhe FARFEPT PERCHBIBHCTAN VRydisFaiesst hsonliaansdnelids, by M0 or
vi al / needl e/ syhi J): : : : : hil e
is reconstit ulty%%:tl&g\nﬁ)t\ﬁﬁgﬁlgemnééﬁucﬁ%{p\g%%ﬁérr’gp W%ﬁg%ﬁ%ﬁigﬁgﬁ é%mAf cohol
USP and Qoenuoyphsrangadenstvirod) abipphogmhé diseases supd as gygidnie dupuistenythéreatdsusg i n a

te vial. t hj. final dr. trati. f 2. mg/4rl.
i Seotut i on ERTanrge L glsRPyerbhs FRESER SRS B CHTmERED) ut i on
is diluted topaedidesedasdagsitimaie dabedds el Brbiditodoyeriehivediotd@osieh 9 Nl

of Lactated Ringer's for Injection for each mlliliter of constituted drug
product. -16 asAlzheimer’s disease, AIDS-related dementia, Parkinson’s disease, amyotrophic

lateral sclerosis, retinitis pigmentosa, spinal muscular atrophy and cerebellar

25  degeneration; AIDS; myelodysplastic syndromes; aplastic anemia; ischemic injury
associated myocardial infarctions; stroke and reperfusion injury; restenosis;
arrhythmia; atherosclerosis; toxin-induced or alcohol induced liver diseases;
hematological diseases such as chronic anemia and aplastic anemia; degenerative
diseases of the musculoskeletal system such as osteoporosis and arthritis; aspirin-

30  sensitive rhinosinusitis; cystic fibrosis; multiple sclerosis; kidney diseases; and cancer

pain.
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WO f 12/ 062338 Wat is claimed is: O OH O PCT/U S02/01102 1. A process for
formul ating, for parenteral adm nistration, an epothil one anal og
representg ; mulal: RS QR6 OR R R2 ~-NH~ R3 wh b R },Zs
sel ected ??’o@n%t( 3gﬁgr oup consisting of: R~ R7 My / and ~" ?,E%M%R/f/@s} sel ected
fromthe group consisting of oxygen, sulfur, NR8, and CROR 0; each R, Rz,
R3, R4, R5, R7, Rie eﬁf?}vem@,unéqﬁa sorapqng rerresenirddyfamaas JandsHimsytked f r om

th ) ; R .
Subst] ot ed Atsphirdd 1dlond$FERGREy 9l £ tne AR WClEC BN Bkiee 1oy can
be j oi ned t o ahmuntsdprd bahiydf fré26 absuti)eﬂ)femgé«g/daymmlbdlmgzm ﬁ'llgllkg(ldn‘}?iwﬂi}fdll(m? of

hyd , al kyl, tituted alkyl, aryl, substifuted aryl,. cycloa ,
hateraoyel o R BARRMSIEHTASAARIH 8 Toen obmubiwal fivided eessgristp
consi sting ofysef P@c%bc?u%h Kidtles p&u@a?. 'ﬁ%ﬁ@lﬁkl@éowp%&&&‘ﬁ ahinideh 3ng

t
R13S2; and each R9 an 0 1's, independently, selecte rom the group
" consi sting ofdobagtrafdess thanabogtel®0 rag/kgiday,dn b sirigladme ominkapont 2toydbout 4

h | o, fhv. , = d R =0 d | ts, |
v at oa.t nerBURe Bt STGE PREHERS Bl R sBrape s preba eagert
protection fiiesade fohiny pakticular WhjeQdhAPBSvRicdGhl 's@@@éﬂéndl@gn alvaflbig22! Vi ng

sai d epothil one anala‘g in a mxture of at |east about 50% by vol une

tertiary- but daaprsiincluding thetagtivigy of the sproifi¢ emmpdyind gawlayedithgmetabeticy dryi ng

of said spl utjoen. rad from -10C t 0 .about .-.40C under

i gh vacam oo hpdIshEFREGR Ff s dorBRRATIHR sosif b8 SR Wit fenkd
health, sex and diet of the subject, the mode and time of administration, rate of

excretion, drug combination, and severity of the particular condition. Preferred
subjects for treatment include animals, most preferably mammalian species such as
humans, and domestic animals such as dogs, cats and the like, subject to the

15  aforementioned disorders.

The compounds represented by formulae I and II, particularly the latter, are
disadvantageous from the viewpoint of compounding a suitable formulation for
administration in that they possess very low solubility in aqueous media, rapidly
degrade in contact with aqueous media, are sensitive to low pH when in solution, are

20  light sensitive, are “Class D” cytotoxic and have exceptionally poor wetting
characteristics. Any one or two of these characteristics might be compensated for in
compounding a pharmaceutical formulation for intravenous administration, but the
combination of all of them presents a formidable challenge to the pharmaceutical
compounding chemist. Given the constraint that materials to be utilized in

25  compounding an intravenous formulation must be approved for intravenous
administration, the formulation provided in accordance with the present invention
unexpectedly was found to be suitable for overcoming the disadvantageous properties
of the subject epothilone analogs as noted above. Initially, because of the fact that the
subject epothilone analogs are poorly soluble in aqueous media and, in fact, rapidly

30  degrade in contact therewith, it was decided that they should be formulated in
Iyophilized form.
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mllitorr for from about 24 hours to about 96 hours to forma |yophilized
product; c) per form ng secondary drying of the resultant |yophilized

pr oduct rature of fromabout 10 C to about 30C vacuum
of froma outh)g%@% Ilitorr to about 300 mllitorr for fro%agﬁfsﬂ%lﬁlggb

about 96 hours; and d) packag said_|yophilized product ina first vial
in conbi nation wi tfhhas begr fad i PSEW%mﬁdﬁéo formy g saleicarnt thasabigcty of an

equal m xtur ous
et hanol to e??g%)f) soslufgital ohhl Mhﬁ??hﬁ tﬂ%&q eg&g&go E@?gﬂaﬁ%ﬁﬁﬁm I said
epot hi | one amhlisomixtarermeypt besﬁdéadalhqutﬁb‘vorm{/,q;réﬂerably fram abbet J00oresmupf cl ai s

1 or 2 wherein jn step d analog is fjrst wetted with a mxture of at
" | east about §§% Y/é(rt?lit‘&?@g tegrreyent gegradation of theupjeg gpothiloap analeger, or a

Feaul 1 ng sor %L“%%ﬁ%‘%?%%“?r oy R EARLEb oA b line
" anal og in a amhalbps,eéhoinitial miutahummt%%fﬁeotedluuhmng@%Mtgara/mﬂajnh&st about 60%
tert but anol f claim 3 where ins

sai d ani og. 1ovim Pl GPabu b0 GRS Rl Gt huianeb et wesve Pl bou

95% by vol umgnd &htic ¥ nkidb &H@feqhﬁlﬂé‘@ltn%ﬁnt dfl@xtergrgj‘tlé?y butnc]-(aflle HikhL 338
PCT/US02/ A 102 5. The process of clains wheréin said primry drying

in step b) i sawskepddad toachieye the ﬁanlmne@nma@omfordmmhza@mamte@amx@ssur e of

ahorci n 981 d secolrERR Tt Rl apd e U RHEG Thn e lont ot ur e of

about 25C andnalop$ mngﬁﬁca@ﬂwhhalﬁ@d BY Crking buiftBé p@pﬁwﬁoﬁl&ﬂﬁe%lﬁuoﬂ The
process of clainms 1 or whereln said surfactant is pol yet hoxyl ated castor

oil. 8. The @t@@@@rmecbeénwwmbmtemfwa@mfwmehqmd°6}it<aabo<ubh5°@ m¥oran anount
of said mxture, sufficie m olution of fro ut 2 ng/nL to
about 4 ny/ ml_’r?ff” LY%PO EQJCOQFO“F{]F@ (—?Pﬁ'tﬁ@pmﬁeﬁﬂ; Byt eéaf utignapdr at i on
conpri sing, isib&BREAY SHiMiAfich ard td upeé}hl:a 664n SBQERI LA RathE Eﬁ&gg?% & s

guantity of a sol'vent” therefor such that when the contents o
are conbilhed antlogs arequéicitediren exppame tolighdi s also heraficiat toamy/out theo about 4

ng/ mL of sai o] sai d solve C ri.sing..a of about equal
parts by vol Ld%‘ﬂ’q‘g]f g8ﬂylb‘f°é’?1@ﬁa Qﬁﬁaﬁ??ﬂ?%ﬂwés@ma{ g’lﬁleg0 Weoemag’géﬁfq‘ act ant ,
said anal og Repodh6 Rk 8§RBELHMYnT BF Flifinkhim Bnohnt¥ekel n: OH R3

The primary drying stage of lyophilization of the solution formed as described

above is carried out at temperatures from about -10°C to about -40°C, preferably

20  about -25°C, under high vacuum, i.e., from about 50 millitorr to about 300 millitorr,
preferably about 200 millitorr, for an extended period, i.e., from about 24 hours to
about 96 hours, preferably about 48 hours. Lyophilization in this temperature range
produces an amorphous product which is desirable for an intravenous preparation.
Those of ordinary skill in the art will appreciate that conventional procedures, such as

25  powder X-ray diffraction, can be utilized to confirm the amorphous nature of the
lyophilized product.

The residual solvents in the product are removed By a secondary drying stage
that is carried out at comparatively low temperatures, i.e., from about 10°C to about
30°C, preferably about 25°C, under high vacuum, i.e., from about 50 millitorr to

30  about 300 millitorr, preferably about 150 millitorr for an extended period, i.e., from

about 24 hours to about 96 hours, preferably about 48 hours.
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-19 OOHO VI'O 02/0@&335 PCT/US02/f11102 Qis selected fromthe group
consisting of OOHOR-M and "",.. Mis selected fromthe group

consi sti ngofg¥sgen, sulfur, NR8, and CROR10; each R, R3ctRRu2/e2 Ro: R7,
R11, R12, R13, R14 and RI5 is, independently, selected fromthe group

consi sting of hyd en, alk

| bstit d, al kyl. |, . tituted aryl
and heterocycl o, 2{ S\HH‘S’f%eF%d!fél bsé%?li"‘iﬁé%g?e‘éhg‘ft%'ﬁ?’ ﬁ%‘ip}‘b%% %%‘I)t u?‘?f‘ed tg

form cycl oal kithlogRescibseetsih af rot OMaNBE] B SHRHISRY ShitbRE

al kyl, substituted al kyl, aryl, substituted aryl, cycloalky

&i{lizg%g{rgrg‘g{gg/cl o]

and subst i t uPEEPOses; suabiApdacinse RBannitod glesrareand tho tke.h€ertprin ofthesneicipients) of

“and w0 i s, PhvasBReh s Faid e PO s bR

3S(2; and each RO
iMgdust hydrogen,

hal ogen, &l kylyophild)s Hentd, @itk poKilone &ﬁaﬂhd)gs foRh@aREYE h&or l%jé Qi_lf_% tehe%iégﬁp and

R150C=0, and_any salts, solvates, or drates thereof.

" phar maceut i c #1veptien aredyorivlizse neatai ¢n withgrseay axeipient. epot hi | one anal og i s

d by f | ; N [ I, =20 Vi-' O
03] 0233t POy UAIP TRz epedidre hoalndf rdbfesk et By P mibiah 08 4 481 on or
cl ai m 9 wher e¢constituttdrvith omixtus wf Eqed paits by vlay of Dekydratea 16l ASPi |

and a nonionic surfactant, preferably a polyoxyethylated castor oil surfactant

10  available from GAF Corporation, Mount Olive, New Jersey, under the trademark,

Cremophor EL. The lyophilized product and vehicle for reconstitution are packaged

separately in appropriately light-protected vials. To minimize the amount of

surfactant in the reconstituted solution, only a sufficient amount of the vehicle is

provided to form a solution having a concentration of about 2 mg/mL to about 4

15 mg/mL of the epothilone analog. Once dissolution of the drug is achieved, the

resulting solution is further diluted prior to injection with a suitable parenteral diluent.

Such diluents are well known to those of ordinary skill in the art. These diluents are

generally available in clinical facilities. It is, however, within the scope of the present

invention to package the subject epothilone analogs with a third vial containing

20 sufficient parenteral diluent to prepare the final concentration for administration. A

preferred diluent is Lactated Ringer’s Injection. The final concentration for

administration would preferably contain from about 0.1 mg/mL to about0.9 mg/mL

of the epothilone analog.

The final dilution of the reconstituted epothilone analog in the formulation of

25  the invention may be carried out with other preparations having similar utility, for

example, 5% Dextrose Injection, Lactated Ringer’s and Dextrose Injection, Sterile

30

Water for Injection, and the like. However, because of its narrow pH range, pH 6.0 to
7.5, Lactated Ringer’s Injection is preferred. Per 100 mL, Lactated Ringer’s Injection
contains Sodium Chloride USP 0.6 g, Sodium Lactate 0.31 g, Potassium chloride USP
0.03 g and Calcium Chloride-2H,0 USP 0.02g. The osmolarity is 275 mOsmol/L,

which is very close to isotonicity.
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12. A process for formng a pharmaceutical conposition for parenteral

adm ni stration conprising mxing the contents of the vials of the

phar maceulifplosPisgparati on of any of clainms 9, 10 and 11 teRf86t050! Ution
of said |yophilized epothilone analog and diluting the resultant sol ution
with a quantity of a suitable parenteral diluent such that the
concentration of JAFgonsiiiutedprepapddmacsprdingte the prese suenon eyl t o about
0.9 Mo/ 19y, f08 oPAREHRiIAe ShRlTh iR MOSHP biea bl HilbSBh teSukaftat od
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e e o TP e T e STged g o
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PCT/ US02/ 01102 substituted, ar and het erocycl 0,. an erein RL a R2 are

Kyl they OEMBASIGIRSE LGNS e By GarLotetieg oy SO Bes atE AT t ne
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clo
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R120C=0 and R 3S2: and, each and is,.in epdent | v,~sel ect.ed.from
the gr ougb coRSPEHY B RO R AL Uil iaasiniy REFBBETERY  RIEF bffuod o)
het er ocycl o, jdwdihiRicfereRb¢ EHaverdns ifRIGE T Picabv@ny perddd & upselaiabas, or
hydrates thereof, conprising adm nistering to said patient, by intravenous

i njection, an eff ddei wdowingunen-bmitingperpmide seivet 40 idustplesthe ipsectise ofl hem 12.
15. The process qﬁ clq{g114 wherein said diluent is Lactated Ringer's

I njection. - PIFSCI RVFHR™
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lyophilizer at -16°C under light protectant conditions over a period of 48 hours. The
resultant lyophilized product (lyophile) was then further dried at 15°C under high
vacuum for 48 hours. No detectable degradation of the drug was observed during
these procedures. The lyophile was packaged under sterile conditions into 30 mL
30  vials, each containing 10 mg of drug and standard excess to allow for

vial/needle/syringe loss.
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10(4 109&' ()-1.10%& (w 109 ()- +10%& ()-)109%& ()-' glo9& (

GK LM NIAlnpmc:sem@(l dommnle Y- 10%@x ()- 10 10 10L<10%& ()- 8 10%& ()-
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10%@h& ()-0S 10%@& ()- Y. S10%& (

wherein:

Q is selected from the group consisting of:

R’ R’
M.
i ad

M is selected from the group consisting of oxygen, sulfur, NR®, and CR°R'®;

each R', R?, R%, R% R®, R”, R', R, R®, R and R" is, independently,
selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl and heterocyclo, and wherein R and R? are alkyl, they can be joined
to form cycloalkyl,

RS s selected from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, heterocyclo and substituted heterocyclo;

R3 is selected from the group consisting of hydrogen, alkyl, substituted atkyl,
R''C=0, R'>0C=0 and R"*SO;; and

each R® and R'? is, independently, selected from the group consisting of
hydrogen, halogen, alkyl, substituted alkyl, aryl, heterocyclo, hydroxy, R*C=0, and
R0C=0;
and any salts, solvates, or hydrates thereof, comprising the following steps carried out

under protection from light:
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2. The process of claim 1 wherein said epothilone analog is represented by

formula II:

I

3. The process of claims 1 or 2 wherein in step a) said analog is first wetted with
a mixture of at least about 60% tertiary-butanol in water, and then sufficient water, or
a mixture of tertiary-butanol and water, is added thereto so that the resulting solution
contains from about 2 mg/mL to about 30 mg/mL of said analog in a mixture of from
about 50% to about 80% by volume tertiary-butanol in water.

4. The process of claim 3 wherein in step a) said analog is initially wetted with a

mixture of from about 60% to about 95% by volume tertiary-butanol in water.
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10g "10%9& ()-109F& ()- 10z 10z
10z<- 109%& ()-710%& () - 9610%¢& ()-JLL. MeMVENdEbC 10g109@& () -
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T0010008 () - 1o E TR oA TR e st SHE-RRREY ving Busiee s i
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10998’ () -, T0%g&" () - &L0%& () - $100g8 ()~ - T00g& () - L1 10%g& ()- R]]]]]]]]]bC
' 109" 10%& () hoosg& ()- 10g 10g
10g&<- 10%g&" () - 9610%& ()-4mL0%& ()-]' ~ acbbcdEbC 10g° 10%g& ()-z 10%& () -
C10%& ()-yz 10%& ()- S 10%g& ()-L10%g& ()- cCGecc@d: edEbC
10gF( F1099& () - &10P@SrbdesSbAMEE 1(31*2%&%&(1(&%06@11@’/&&1 in step ) is
109%9& () -: eeeel fffdEOC 109310%&' () - 2n0%&’ () - 010% 9& () - &
T0vg& ()-+-  PO%igd o af NsOPSTRIEI0CHIDG 25 T0sacks RLELE LU IO
109&<@0%g& 8} 0@3 %) f5!10%& () ghii & uj f kdBbC
10g! , , ! 109%& @f& BT - 31092 & ()- 109%& () - F10%& ()-10%& () - f kk
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10%& ()-! @,7&! 10 e(momm%g@alp s-1 orPowk@ein)saidowigiagtoniss pplypdroxddied BaterSqbgbC

oil.

8. The process of claim 7 wherein said second vial contains an amount of said
mixture sufficient to form a solution of from about 2 mg/mL to about 4 mg/mL of

said analog therein.

0. A pharmaceutical preparation comprising, in separate vials, a lyophilized
epothilone analog and a quantity of a solvent therefor such that when the contents of
said vials are combined, the resulting solution contains from about 2 mg/mL to about
4 mg/mL of said analog, said solvent comprising a mixture of about equal parts by
volume of dehydrated ethanol and a suitable nonionic surfactant, said analog being

represented by formula I

wherein;
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10% - & () - &10%u&'() 3 10%u&'() %u&'() 1 %5&-() |||+}7}B}}}[<bC
10g#10% u& ()-! 109Bu5u& ()-! 10 ) f 1094 u&: ) - MLO% U& () -

" 10%>& () - & ~~~~/ dEbC 1090 10% ) 3@110%u& ()-:-10% u& ()-, 10% u& ()-
*710% u& ()- " 100 é. 10-u 10-u u&L< % U&S() -9 oo 0
10% u& ()-17@ 100aM &9 ol }6“& e(%‘owwﬂ%g? OXygBB R and CR'R

each R', R?, R’, R*, R°, R7, R, R"?, R"®> R™ and R" s, 1ndependently,
selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl and heterocyclo, and wherein R! and R?are alkyl, they can be joined
to form cycloalkyl;

Réis selecfed from the group consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, heterocyclo and substituted heterocyclo;

R? is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
R =0, R”0C=0 and R”S0,; and

each R® and R is, independently, selected from the group consisting of
hydrogen, halogen, alkyl, substituted alkyl, aryl, heterocyclo, hydroxy, RM*C=0, and
R”0C=0;

and any salts, solvates, or hydrates thereof.

10.  The pharmaceutical preparation of claim 9 wherein said epothilone analog is

represented by formula II:

II
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) (:/10%5 L&' ?)‘2-! 160/R(f%38?y56 or f?wsn)&'a(m%%kt&aé FOIPRQRILQugtor parenteral 00998, () - x 1
dEUSL !'| SH10% L& () 0 Lh&: ():o 0% L&
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E]‘%ﬁﬁéﬁiiﬁg"(f@q #1%’%%8%@/ & ()-1V0

' &10% P- P& ( preparation of any of claims 9, 10 and 11 to effect solution of said lyophilized

epothilone analog and diluting the resultant solution with a quantity of a suitable
parenteral diluent such that the concentration of said analog therein will be from
about 0.1 mg/mL to about 0.9 mg/mL.

13.  The process of claim 12 wherein said diluent is Lactated Ringer’s Injection.

14. A process for treating a patient in need of treatment with an epothilone analog

represented formula I:

wherein:

Q is selected from the group consisting of

7 R7
of
> Kéﬂ

M is selected from the group consisting of oxygen, sulfur, NR®, and CR°R!%:
eachR!, R%, R?, R RS, R7, R, R"?, R, R and RS is, independently,
selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
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1'10% TJ- u& ()-! lO%/eRF-isl gel¢oted fromithd group consisting of hydrogen, alkyl, substituted alkyl,
! - ) ! - ) ! - ) ! - 0, - ! -l <= 0, ! -
o0 ) sl Qe O SRR IR D 0 O
"Headi ng 53]c" " L om. J 5 o { e [ 93] c"A
Doty Par gy aph Fpnt (R Sr PRI P A s Bg e
q'~$' *u+. 0Q SP8B{"OC=@rdid BYENESIIYR) | c: ef gf knpbgSt uzzT| | }! x KF|

P"#P9R' () *+, -./012346Tbnes,New.RonanAri.al Couyi,er w'h Root . ..
Ent ryW)E éIDocurrent 02 E‘ %%f/% (l§’*“l‘,?ep.e? ilg%’éﬁgc%?%g:%foml\lﬁm group consisting of

<:>?@\BCDEFG1H J ];’l M]M’Y Bsﬁxtédaivl % t‘h‘: Bll B,Cﬁ / ==| ’.._
| " #SUR ()*+,-.yao%23456%9:; Aol QAR bt RFEB AR SYIRY TH0, 3nd

<:>?@\BCDEFGR§QQWQODQQSTUW\XYZ[ \]~_abcdef ghi j kl mopgr st uvwxyz{|}~
RSV () * 'an/dgjxl& "éé]l?s? Zolvates, or hydrates thereof, comprising administering to said patient,
by intravenous injection, an effective amount of a pharmaceutical composition of

claim 12.

15.  The process of claim 14 wherein said diluent is Lactated Ringer’s Injection.

-22 -



