; e3e<Rz6Tiv | 16 February 2005 POLYMORPHS OF Aif EPOTH LONE ANALOG 5 Field
of the Invention The present invention relates to crystalline pol ynoi phic
forms of a highly potent epothilone analog that is characterized by
enhanced properties. 1 p Background of the Invention Epothilones are
macrol i de conpounds that find utility in the pharmaceutical field. For
exanpl e, Epothilones A and B having the structures: 15 E ot hil one. B R=Me
may be found to exert nicrotubul e-stabilizing effects silGifedruany 3048 it axel
(TAIITOL"~) 20 and hence cytotoxic activity against rapidly proliferating
cells, such as, tunor cells or other hyperproliferative cellular disease,
see Hofle, G, et al., Angew. Chem Int. Ed. En2l., Vol. 35, No.l| 3/ 14,
15Gr7-1569 (1996); W93/1 5383 97/ 19056

publ i shed May 29, 1997. iﬁkaggﬁg%i%&ﬁd‘?moﬁ%ghgs ﬁN%%Q)bde/\gn synt hesi zed
and may be used to treat a 25 variety of cancers and other abnornal
proliferative diseases. Such anal o ed in Hofle et al., Id.;

Ni col aou, 5C et al., Aneew Che E%E%?ﬁwgh&ggﬁil .. Vol. 36, No. 19, 2097
103 ( I997) and Su, D.-S., et al., Aneew Chem Int. Ed. Enel., Vol. 36,
No. 19, 2093-2097 (1997

particul arly advant 8 l%issente1 ot L gﬁggﬁﬁmeﬁ&?mﬁggkﬁﬁOfggg%}élﬁto have
advant ageous adctoient etpythnlane[ahSog that is characterized by enhanced properties.

[1R*, 3R (E), 7R*, |1 OS*, 11R, 12R*, 16S*] ] -7, 11D hydr oxy- 8, 5, 10, 12, 16- pent anet hyl

1- met hyl - 2-1@- net | ryl - 4- t hi azol yBackgreerd ¢f]tae lyentiop. oxabi cycl o[ 14. 1. 0] hept ad
ecane-5, 9-dione. In accordance with the present invention, two crystal
forms of the subject epothilone anal og are provided. These pol yrnor p

whi ch have been desEgethilaads ars mBerplids cAMpads] atl‘ﬁég[HBEWIW/@F?IEHQ?C@MFF&\/M

crystal forns eBiru&hireblescri pti on of the
Drawi ngs 10 FI gﬁa%%[%lroge}g%ggv\%e(%tﬁ%n%%%{d@%rvgﬁgtﬂl on. patter, (C IKn a-1,5406 A
at roomtenperature) of Form A of the subject epothilone analog. FIG 2 is
a powder x-ray diffraction pattern of FormmB (Cu Ka ~=1.5406 A at room
tenperature) of the subject epothil one angl: 5 FIG 3 is a powder x-ray
diffraction pattern of a m xtyyefof|j Fo fsfA and B& Ka =1.5406 A at room
tenperature) of flee subject epot\hl g=enal 4 is a conparison of
the sinul ated and actual powder x-ray di tter ns of Forns A and B
of the subject epothilone analog. FIG S lis man spectrum of Form A of

t he subj ectiepothilone analog. 20 FIG 6 ?s QHRQman spectrum of Form B of
the subj ect epothilone anal og. Fl @yodildne A2 BAgNan spectrumof a mxture of
Forms A and B of the subject epothilone anal FIG 8 depicts the solid
state conformation in Form A of tﬁ?—?‘@@ﬁ‘i%ct ég%t hil one analog. 25 FIG 9
depicts the solid state conformation in Form B of the subject epothilone
anal og.

e .. . ey B
may be found to exert microtubule-stabilizing effects similar to paclitaxel (TAXOL™)

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

other hyperproliferative cellular disease, see Hofle, G., et al., Angew. Chem. Int. Ed.
Engl., Vol. 35, No.13/14, 1567-1569 (1996); W093/10121 published May 27, 1993,
and WO97/19086 published May 29, 1997.

Various epothilone analogs have been synthesized and may be used to ireat a
25  variety of cancers and other abnormat proliferative diseases. Such analogs are
disclosed in Hofle ef al., /4., Nicolaou, K.C., et al., Angew Chem. Int. Ed. Engl., Vol.
36, No. 19, 2097-2103 (1997); and Su, D.-S., ef al., Angew Chem. Int. Ed. Engl., Vol.
36, No. 19, 2093-2097 (1997).



16 February 2005 Summary of the Invention In accordance with the present
invention, there are provided two crystalline pol ynotphs of the epothilone
anal og represented by fornula |I. One of these pol ynorphs, designated Form
A, has been found to have particul uly advantageous properties. The present
invention is directed to crystalline polynotphs Form A and Form B as wel |
as m xtures thereof The present invention further 10 pertains to the use of
these crystalline forns in the treatnent of cancers and1ﬁﬁﬂ%¥UQERQQQ5arating
di seases and phannaceutical fornulations containing them Detail ed
Description of the Invention 15 In accordance with the esent invention,
there are provided‘%B@Vﬁﬁ?bﬁgwﬁﬁgﬁﬁsQﬁﬂ?ﬂF?ﬂﬁ@gQHﬁFﬁgm? PELRAPEd by
fornula | bel oaavm@ge@@pscmibqgl%sam#gg*(@,pm,sma@*byk#,oﬁsmqml11- chemical l'y
is[1S 20 [1R* 3F§(E%,7R‘ 10S' ~, | 1R* 1~R'",1§ *LJ_7-A%ijhEdBOX -8,

8,10, 12, 16 penP%lp@pﬁx,- ,_861_0{12,16~pentamethyl-3-[l—methy!—_.- 2-methyl-4-thiazolyl)ethenyt]-

1- met hyl - 2- ( Z'MahMLGAbﬁWIQI@LgIhQ Ry Jo-dlo@Z @n de€ordance with the present

oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di qne. TQLF aQ%lo%Iand,%ge reparation
thereof 3 ° Hecubighrtyarysolfonrsef beguuect Frosyiopnanglog arapiederd gB‘ﬁ‘Fi cation
Serial No. 09/dolnstBid, which 86hc GednRQENld as FHUB A 4B, dspeckiogyae: wbelwhi ch is

i ncor porated herein by reference. The %olynnrplis of the anal og represented

by formula | o856 fpE apd #F slepisf 8erewBBiYi zi ng agents. They are thus usefu
in the treatnment of a variety of cancers and other proliferative diseases 5
including, but not limted to, the fallowng, - carcinom, including that
of the bl adder, breast, col on?"l?fﬁ?fé??t“ﬂ ¢fdHe DFAIHBS® ovary, pancreas,
stomach, cervix, thyroid and skin, including squanous cell carcinoma; -
hemat opoi eti c t uMDIESGOf ish poRORkGayl diffQa)e, paitera O dig-11 @0k &mt somacut e 10

| ynphocytic | eukem a, acute | hopl astic. | eukem a, B-cell |ynphoma, T-cel

| ymphoma, I—bdgtﬁ?lﬁ%mtf”jfﬁﬁﬁjd’r?ﬁ,‘“%—Sﬁgaﬁﬂ’%ﬂqw %a, hairy cell |ynphoma and
Bur ket ts | ynphoma; FIGIelapepd &irdycdiffiatin andrn ofBdrmi RI(Qu Kekges406 Ack udi ng
acute and chronic el nous |.eukem as and, promyel ocytic | eukem a; 25 -
tunors of neséﬂ@ﬂﬁ%&F“%ﬂ?ﬁ&ﬂ?Sw%%%aﬁWH%n??ngéarcona and rhabdonyoscar cona
- ot her homors, i nGIGd i8gpoei=arevadiffieainmpenan of ematwe aff BormoAmanpd B

neur obl ast oma an i - - tumors of the.cent.ral and peripheral nervous
system i ncl uQ@Hg("%s“tl%g?‘ift*&h%??lggwﬁre%“%’?&?tSSd%‘%e%ﬂ%i“g"r’%g?ﬁ% d schwannonas;
tunors of mesenchyip. 4 b gbmparisonclf datishgilftedbadsandeowdernkapdidimeoscar ona, and
ost eosarcoma; a - her .t unpr Lnel udi ma, Xerodenna

pi gnment osum I?ea[r}%ﬁmo%%é)ﬁ%‘éﬁaﬁ, gg%ﬁﬁ%ﬁeﬁ?eptoﬂglf%? ﬁ% | i cul ar cancer and

t erat ocar ci noma. 25IGHes s Bbnacpequmafdomnd ofitiel subjeg opdtmivinbantalagngi ogenesi s,

t hereby affecting ] ]Ij_ld[ﬁD [yelL - of tunors
and tum)r-irogl at ed E,@ﬁégﬁé&%ﬁg an({f?-(@@ngioggg\ég \lgégg%ért%g)gér??@ "will also be
useful in the treaFfHértis sRanttrmectworndiemivme aiomen's i plBhesubiectangi ogenesi s
agents i ncl udieggﬂn-l tanElQé limted to, certain forns of blindness related to
retinal vascularization, arthritis, especially inflanunatory 30 arthritis,
mul ti pl e scl erosi sFlGdsiepngdiesolidahtpemidrastien inFaen Hof hesriees of the anal og
represented by,fafifl.gahe Wi |1 induce or inhibit apoptosis, a physiological
cell death progess critical for normal devel opnent_and -4 16 February
2005 honed®t asi s. HAG-&rdgpicisihs solid dasoennbrmationip Fay 8 of b ewigstenethilong he

pat hogenesi s q{mlgg_vari ety of human di seases. The subject pul ynorphs, as
nodul at ors of apoptosis, will be useful in the treatnment of a variety of
human di seases with abberrations in apoptosis



including, but not limted to, cancer and precancerous | esions, inmune
response rel ated di seases, viral infections, degenerative diseases of the
nmuscul oskel etal system and ki dney di sease. Wthout wi shing to be bound to
any mechani sm or norphol ogy, the such crystalline fornms of the epothilone
anal og represented by fornmula | may al so be used to treat conditions ot her
than cancer or other proliferative diseases. Such COndItI%D% |Rclude

but are not limted to viral infections such as hetpesvr@ &or

EpsteinBarr virus, Sindbis virus and ad%ﬁﬁvhw%n [Aut oi mune diseases such
es systenuc | upus erythenmat osus, SR ate glonerulonephritis
rheumatoid arthritis, psoriasis i nfl ammat ory bowel di seases and aut oi nmune
di abetes nellitus; leurodegene t|v s di sease,
Al DS-rel ated dement! OIB% Ei‘r‘i’}so 163 < englm&mgl?i%rg%ggf&?de#‘%qﬁ%@#gl

scl erosi s, retmnhhmsmoo@m@qtﬂﬁmneapbgahunm@@ﬂhébumﬂabphy and cerebel | ar
degeneration; Al DS; nyel odyspl asti c syndrones; aplastic anem a; ischemc
injury associ ated nyocardi al infarctions; stroke and reperfusion injury;
restenosis; arrhythm a; atherosclerosis; toxin-induced or alcohol induced
l'iver diseases; hematol ogical diseases sudh as chronic anem a and apl astic

anem a; 20 degenerative di sease t He oshcel etal system such as
osteoporosis and arthritis; Yasphyif:s nsi Yi ' oapmu5|t|s cystic
fibrosis; nultiple sclerosis; ki dney” di § X ‘cancer pain. The
effective anount of the subject pol ynorphs L rly FormA, my be

determ ned by one of ordinary skill in th i*hcl udes exenpl ary
dosage 25 aounts for a human of from aboagt 0405 %t o0 200 ng/ kg/ day, whi ch
may be administered in a single dose or iin the formof individual divided
doses, such as from1l to 4 times per day. Preferably, the subject

pol ynor phs  ar e Qadad théss pelyerabp daﬂ%éeé@émbﬁ }i""é§'§"'ntflal%fl‘i1 tq byewgtRgray, in a

single dose or ,ifnge Jogs ofkiridsd8 e BRFRSInventionVs bilredd! b BYSABHORMydigts t he
speci fic dose Level frequency of dosage for any particul ar 30 subject

may be vari ed EW@1ﬁﬁﬂqF%@H%ﬁﬂwﬂbﬁnmémV%ﬂF@PQ13FPF§@¥6W§WOH@F@8ing t he
activity ofjot N@erRRed ik GseCAMBIERIstATR fOxRdn the heatﬂﬁﬁt&ib@aidc&s sddajuiel i ty and

| engt h of action of that conpound, the s ecres, age,. &% wei ght, general
heal th, sex and“@ﬁ%¥mﬁﬁmﬁﬁ%“§dPmﬁ@“ﬁ@h@h@FVl?6@%0 Mt he made and time
of adninistration, rate of excretion, drug conbination, and severity of the
particul ar condition. The subject pol e preferably adm ni stered
parenteral Iy, however, other Httiede ‘pa’dﬁf’ﬁihgtrl?afflf?)’h are contenpl at ed
herein as are recognized by those skill |n the oncol ogy arts. Preferred
subj ects for treat cl ud: ref erabl speci es
such as hurfdns) ancri?3 88%‘@??3 Wﬁh@hﬁre%enéla hggagﬂge P ‘8&‘9%‘* P”ﬁ‘a“‘t”ii‘é ?

subject to theelaﬂlﬁroewrﬁiatolgomdeidecsmrfdemealﬁhev preparation of the epot hi | one
anal ogs represented by formula | described n U S. patent application
Serial No. 09/170, 582 produced the subjec%% pot hil one 10 analog as an oi

that can be chromatographed an rifmed an anor phous powder. A
preferred preparation is d ed. inja
No. 09/528,526 filed on March 20% 2000,“

|'i cati-on under Seri al
‘t‘i‘re of which is
i ncorporated herein by reference. In thi iQn, as pertains to the
anal ogs represented by fornmula I, epothil redtted with an azide
donor agent and a 15 buffering agent in the ce of a palladium
catal yst and a reducing agent to forman internediate represented by the
formul a A macrol actam zation reaction isjythen carried out on the
internediate to formthe analog represented by For It has now been
found that this anail§§pPothilpur praleryeptpsFaied Py foﬁéulﬁ BPli*ﬁ‘m‘E?HYrésiiést s of a mxture
of Forns Av@nd[@a arsfH) Ry, 1@@89&1*&@@ It@m}nn Dheddrps Eiau fcor m of the
epot hil one ana represented b can be_taken_up in a suitable
sol vent, pref eP%Pg?“ thy!-pl kg thebst z?ewrﬂ%lutttlaa%lﬂéetﬂwrﬂ 4-aza-17-
acet at e/ di chl oa,aaﬁpdidsrameb]irepteadaydea&v-dene PIiisl shh166l artdtdpragardiyn telebCa gel pad
filtration, and crystallized by cooling to a tenperature of about 5C to
froma crystalline 25 material that is agmxture of FormA and Form B. The
purification step using a solvent m xture containing a conponent such as
di chl oronet hane renoves residual solvents fromthe synthesis that could
interfere with the crystallization process. Generally, taking the purified
material in a limted anount of ethyl acetate and -6 16 February 2005
heating the resultant slurry to about 75-80C will cause the fornation of
FormA By limted anbunt is neant fromabout Sto 16 m" preferably from
about Sto 12 nL, of ethyl acetate per gramof purified nmaterial. As the
solution is heated a thin slurry forns mhich has been found to be

I T T 1 res I —— e~ . 1 I




procedure, the purified material is taken up in a limted amount of ethyl
acetate as described above and heated to about 75C, seed crystals are added
and the m xture nmaintained for about 30 m nutes. An anmount of cycl ohexane
as descri bed above is then added dropw se mai ntaining the tenperature at
about 70C. The m xture is 20 thereafter cooled to 20C and held with
stirring for 18 hours after which it is cooled to 5C and the white crystals
of Form A recovered by physical separation, e-g. filtrafP&iabiuary<Qdmd
procedure, the initial solution of material in ethyl acetate is heated to

75C for at |east _gn _hour. il a solutiqn.is,p ced-.. The solution is
cooled to aboutarggfécrd]\g/)eed;m:dﬂ% PEEY} AR lcgtfon%%alﬁq% @\%%&ﬁrsﬁlﬁ‘gﬁftﬂlﬁriged crystal s
of Form A when PBS3}thediseiopes aivhich if Rachescdlinotth bHREGrenCE. yBiegloBmiaedk Bf t 0

appear at about ,55C, The te rature i.s agai n reduced t.a about C over a
further two houl&*H8 1%136%%73&63 o IlaIﬁ'\%"&%‘eé‘ﬁmﬁw&‘ﬁ'ftalﬁ)‘%‘mﬂ%/?ﬂeﬂﬁeig‘?e as
descri bed aboveart twadedd igthe petsient ofhevdeiyrndkamsbi axdyothes pfolifdrdliet deaedésed over
two hours t05-1.Oc ?pd bh?l ql.at.,%{gaﬁle\}ﬁ%? erature for an additional hour- The
sherry is then FHFEERSH P "EHFOPY "Merystals of FormA. 30 In a further
al ternat e procedur e catchenapihendiad thitof thakddaibreast, eolbmkigesy, GveUnig, 1 .e. at

| east about 40 rgﬁl/a,g aqfc el hyl cetate a_aﬁat(?q‘iireswtant sl urr% heated to
about 80 C unti9 & BOICUE T SH™PE™ £ 9 fre 20, KL TCfRdnE SBBMRLS ¢ about  70C
over the cour seaginoatagut 16 February 2005 one hour. Seed crystals of
Form A are added when the .solution.tenperature.reaches. about 70C. The
tenperature is t hen%Flgatﬁg%e 16 thmers gy ™ gtg’&[ %%?3 & glﬁﬁlpg %81‘%%98‘&3 bout s.
Crystal s beli n lyoplappéaleulsinia boud lymbkiblafivd etlemye Batkl iyvenphsms,ddestied t o - 10C

over an additiqnal hr our,s. durin thi.rtyv mnute.perjiod thereaof a
Chont oy 20 b QD Bbndlll B e N b BRI WA BB SR RS

t enperat ure i s Brakatts fiogedmat - 10C for a further hour. The final slung is
filtered to afford i 1 The vi urity of FormA
by these procedur esﬂ@éétg%oﬁést?ézﬁenggergDfajtéyre&%]g%é.e’ ng?;%%Bﬁ%u?e %ﬁghrgﬁlﬁj ect

epot | ril one anahxsipsenaplakenipeahdipyonfeiondicdekemipve i s obtai ned by fornming a

slung of t cr.ude el L Aheck i nd AL BET; gugg{' | acetate, 10 i.e.
f rom about h§0 to 50 0{)er egs.l, I%?lé%ﬁ%g’tlflng ﬁﬁ%s@%xg?%@é for an hour to
forma sol uti pﬁhahﬁ'bfaYPSF%‘CQ%n hel d at tenperature for about thirty m nutes.
The solution is coolgd ﬁ&o@?xﬂ&i&dit?%gelﬁl%gf sten,,?%o QUESEEingRoUL two hours,
crystal s beginning to appear at about §’C e tenperatur€ is further
reduced to abo@euroblggmyend gs@ahour during which a quantity of cycl ohexane

as described above jyspdsec &ﬁ@ﬂ%@ﬁﬁgx@mm&és édl,%mngta@ér&mnm nut es.

The final slung is held at -10C over urther two hours and tered to

af ford whi t¥8 cRgupipssons, efepamail schyfangameg t er nati ve preparation to that
above, the crude Me&BiokAdf rheSershydial bi§Hn, Wichid AvkdsSrctHAMbldmPRbeaaidly! acetate

and heated to about 78C to forma solution that is then held at t énperat ure
for about t hir#849ffeRearednasntb sol ution is cool ed to about 10C 20 over the

course of about twWooth@WiBordNAleRRdndintih AefodefmalpinBnds@he added when the
tenperature reaches about 10C. The tenperature is again reduced over a

ENpE g
further two hotfargntheme sguimeRg tyredfeligilarcanserang &ale@r™9BReof an anount
of cycl ohexgne as dBfGubRaGoBROMAs Wil ARAEMDbiE4 RIS, tHheby EBRREHeUre s
mai nt ai ned at -10(_£F%pr tvvo%égour.ﬁ_. The fi n?I sl_urr%/ IS fi%red to afford
white cryst al s8I WRers apdpepyidine fregiment pt tymogsapd fumoprelateddisorders he purifi ed
Bat erial ibs t akesh aﬂﬂé—ahﬁio@dmeﬁhﬁ’bpe‘ﬁt&k wgm?]o u@r@gmriameyreﬁtﬁieﬂmem]]gi n an anount
et ween about 10 and 20 nL per g., .an eated to,75C to, 80C for 3Q m nutes
and then all om%cﬁld?l(gn%%ﬁ‘f011151885’(5‘@93%0%?3?%taﬁ?%selBCIF%?g’ %‘ét “f%@?’“éedvﬁ)’tcﬁmé’ii rring.
Whi t e cryst al sfoofis dfdilimifsaretatadec oviad] @ kel ptuntibh) artisriisy dsyeckyly piiMminaaky
separation,, The,yi.el d d purity of FormB.by these procedures 30 is
consi der ed3(\)/er%t}é&%’dlml%]&é&foﬁ%%{e(ﬁmmén ar er x-ray diffraction
patterns of Forns AheBobnebrgs of tht anbgtripessenéd by fespect wildhduce afinflilkie subj ect
analog. FIG 4 _is a conparisq wder ) 16 February 2005, x-ray
diffraction pattBrag 2" Slflé)?]g{c] Céfg@ ((l)e?arl%tpﬁoeces’fi'c%&f%foéP?/rg{ag‘flevglto %/Iﬂ%{%ﬁ?des for Forms
A and B with the actual pattern for each. Y-ray diffraction patterns were
generated froma Philips Xpert with a geperator source of 44kV and 40 nmA
and a CuKa filanent of 1.5406 A at roomt{enperature. tn the results shown
in FIGS1-4, as well as in Tables 1 and 2 bel ow which contain the data in
summary form the differences clearly establish that Forns A and B of the
subj ect epothil one anal og possess different crystalline structures. In the
Tabl es, Peak Intensities of from1l to 12 are classified as very weak, from
13 to 32 as weak, from33 to 64 as average, from65 to 87 as strong and
from88 to 100 as very strong. 10 Table 1 V aloes for Form A Peak Position

T T % S o~ 17 — AN o o o N ™~ 1 a2 -~ 1 o




16 February 2005 Table 2 Values for Form B Peak Position (two theta) (CuKa
?L=1.5406 ~. at roomtenperatureRel ati ve Peak IntensityPeak Position (two
theta) Rel ative Peak Intensity6.]l7Very weak2l. 73Aver agel0. 72Very

weak?22. 48Very

strongl2. 33Wak?23. 34Aver agel 4. 17\Wak23. 93Aver agel 4. 93Aver age24. 78Aver ageQQ
I 15. W Average7G 1 ~ 25.15xx7 L

Weak16. 17Aver age25. 90Weak17. 11Aver age26. 63Aver agel7. 98 keprumy0p5
weak19. 01Very

st rong28. 66Véa@P@ﬂE¥%Weﬁ&§é%@SB@W@%W%Gmﬁgﬁﬁ%Fﬁﬁ@gﬁt%@?@ﬁk%ﬁ“%?ﬂgérage3L22we

ak FIGS 5 throyghy oﬁfxﬁmaﬁﬁ%e&s&s%é SubRtt JORMRALS 2 Gl MiseARY agptdse/will A, B and
a mxture thereof,” respectively, of the subject anal og. The.s ectra al so

denonstrate twhe diedilimee “6#‘5?@‘1‘8]-03 Y%‘F%f h‘l“ﬁ““ﬁ%"‘fei‘ﬁe%mﬂé?be?ﬁ%onﬁ 8PIQES 3130
cm 1 and 3115 GdybingDhditabNghiteald, Bﬁc&hﬁ@f@@hc&&@ﬂ@%@Iimﬁltm@ﬁsmﬁset he two
pol ymorph forms are shown in Tabl e

ow. . Sol utjon cal ori {mi‘)}/
det ermi ned dsi rtjeted dirrdpsroried ’i“feﬁ‘é““MdEveﬁﬁré’i“@rqlW%? themueHgs5Icah S?%’C The
sol ubi l'i ties wgpfkilmhdyMeae. det em ned at 10 25C. It is further evident from

certain of the data articularly g heat qf sol utlogb1 t hat F rmAis the
more stable and, th# P‘Hr"éSh“ngPH‘?'N“P OFAPEFPRE™ TS5 §g5@ﬂ§ HCteristicForm

AFor m BSol ubi | ich¥tallie W}IngBﬁméé?p%ﬂﬂoﬂe%m@fdphsdnteﬁmy|fdsmﬁ%1Ei@lyyts;obbamee 80
(Aqueous) 0. 25110. 5799 10 Heat of 16 Febru H2 sdz g-‘ t'%
kJ/mol Form A #ngeakepnditenpethe ian sseier P Ffepr ISFES5T (Slilufoé‘&‘ a for mul a |

above can he T wichiae out Adhadingtel Zodrabyifeditink sl lab h@pa’samsllmxs]mbmmmed from
single crystal X-ray crystallog ra(?Fhlc anal ysis as set forth bel ow. A
det ai | ed accouRew Figy S0 gfrpsand ArFapdr s G ”W"t‘f‘“(ﬁ'ﬁ’éb‘%”r"“é“b ¥ Sl§at? e Jensen,

X- Restructure bstiRhAtoiad h@ﬂune&eﬂﬁfaﬁﬁgioﬁ*ﬁ*ulcﬁhp}dms rhdaetvloid drdunitiCpsoriaflew Yor k,
[:I_Y E)196§2) 7%(()2}%8 alngldalioq—g v{i E]Esgsag% a%f?ﬁ%muniﬁﬁrte?&feﬂl st F%o@ ea?i‘g%\b 1115152( 6)
Mol ecul es/ uni t dzeddbrs Iaeﬂ]sas tzlyzh(eﬂai‘ ¢ tikeate dYDE-gll aeiBlemivziag Paﬂgmmisrduseﬂs@, Cel |
di mensi ons l?pa amyc%ropﬂ?: lateral sclerosis, retinitis pigmentosa, spinal muscular atrophy and
cerebellar degeneration; AIDS; myelodysplastic syndromes; aplastic anemia;
ischemic injury associated myocardial infarctions; stroke and reperfusion injury;
restenosis; arrhythmia; atherosclerosis; toxin-induced or aleohol induced liver
diseases; hematological discases such as chronic anemia and aplastic anemia;
20  degenerative diseases of the musculoskeletal system such as osteoporosis and
arthritis; aspirin-sensitive rhinosinusitis; cystic fibrosis; multiple sclerosis; kidney
diseases; and cancer pain.
The effective amount of the subject polymorphs, particularly Form A, may be
determined by one of ordinary skill in the art, and includes exemplary dosage
25  amounts for a human of from about 0.05 to 200 mg/kg/day, which may be
administered in a single dose or in the form of individual divided doses, such as from
1 to 4 times per day. Preferably, the subject polymorphs are administered in a dosage
of less than 100 mg/kg/day, in a single dose or in 2 to 4 divided doses. It will be
understood that the specific dose [evel and frequency of dosage for any particular
30  subject may be varied and will depend upon a variety of factors wncluding the activity
of the specific compound employed, the metabolic stability and length of action of

that compound, the species, age, body weight, general health, sex and diet of the
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epot hil one-B m xhtre. e conbined mxture was stirred for 4.5 hours at 30
C. The conpl et ethryaafrthasostedavay evotmursthd°§ prdtheldeg thatfempergyis f@@m d
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W ih a HPLC ar oataf AP pH R aRg b L RO A O E b

1-[ 3- (di net hyl amtttnx)apmotpyﬁIf¢}1¥1@etNh5chmhmpled1cciaéwW@F%etﬂr@tﬁlcellese(ﬁ@bltu) (3.82
g, 2 equivalents), |-hydroxy-7benzotri azo]I e hydrate (HOBt) (1.68 g, 1.1
equi val ents), potassium carbonate (L38 ¢g," 1 equivalent), N,

N-di et hyl fonnam de (DNIF) (40 nrl) and tetrahydrofuran (THF) (160 m ). The
m xture was warnmed to 35C and the filtrate from above was added thereto,
dropwi se over a period of three hours. This m xture was then stirred for an
10 additional I hour at 35 C Vacuumdistillation was then applied to the
reaction m xture to reduce the volune thereof to about 80 nmi. The resulting
solution was partitioned between 100 nL, of ethyl acetate and 100 m, of
wat er. The aqueous Iayer vas then back extract ed W|th IOO m et hyI acet ate

N e~ o




product, [ 1 S-[ 1R*,3R*(E),7R*,10S*, | 1 R*, 12R*, 16S*]]-7, 11-di hydroxy
8,8, 10, 12, 16- pentant et hyl - 3-[

1- net hyl - 2- (2- et hyl - 4-t hi azol yl ) et henyl ] - 4-aza- 17 oxabi cycl of

14. 1. 0] hept adecane-5, 9-dione, with a HPLC area of 99.2i0. -18 16 February
2005 Exanmple 2 [ 1 S-[ 1R, 3R ~(EB),7R*,1 CS*, 11 R*, 12R*, |

GS*]1]1-7,11-Di hydroxy-8, 8,10,12,16

peut anet hyl - 3-[ 1- met hyl - 2- (2- met hyl - 4- t hi azol yl ) et heny!| ['6£eearyZhmi cycl o
[ 14. 1. O] hept adecane-5, 9-di one, Form A. A 250 ntL three-neck flask was
charged wi th U Gl iguOfsetdi@yiiit bErdr QPR Aicd BRin et REE Rnfitahid Skntsi 1 ca
gel pad filtration with Et &cl hexanel Et sN as the el uent) I-iPLC area of

96. 8S) and et hytborici®fat Ehq te@pernture igBemretiyctd t9)abo¥RE°G exsuh fuather thieeir ry was

heated to 75C. i I i ter. the shi S irred at
75C for 10 60 mﬁ’rj??ff 3%@%%%%?%&&@%%?? gh%{}\%tsemg%%ﬁ“reeds F%%E?’s‘éﬁido 50C
over 120 m nut esver sesiditionslsiired souof dufiog athiybeinmg patbdeltkrads a 6QanGryyst al s

appeared at 55C e enperat ure was. thereafter cooled to 20C oyer 120
m nut es, whi?e %’3?@?% aré?(%ﬂ‘%?c(r 'é%é #fwe 1S§§deﬁ1@°fmg55" waestmgﬂed%&wdsr%%a’g%&?o t he
m xXture over a 6% foda 6frthGiChant. MlHeefmal sTine iofiteddne dffat omyte westalc 6ffFced t o - 10C

over 120 m nutegs)..and i ntained for, an 15 additional .60 m nutes. The shiny
was filtered an‘% T%ey ‘%%E?%‘P%W Wﬂi—otr% Acti’y&g?sgp@‘:%@‘rgémcff’i“é‘g”?do"eaﬁ 5?8‘?‘0. 514 g of
the title conpound, Fbou BioftheistbjSf eihthiloyi¢ #laldgsrdepidsented HPEGmaNaabode i99. 4. Form
A - Altemate Procedure .20.A 250 t hree- neck .flask was .charged with D.51 g
of the ttle cOMBUUHEY Fom S A mRE et PPEGS L p Prees Ter S LAty et e on

w t h Et OAc/ lexdrefrdth abbuaso toli il pent, andthdlidg Area o 80Uihr alltbuelolyin aACet at e
(8.5 n, 16.7 ni/ 1 . The resul tant sl ur was, heated tg 80C. The afforded
sol uti on was 0&8‘“8%‘9%?‘5%56%%13&1a’ff?@%‘i?%‘ie %’f\;"’bﬁ‘i‘tﬁ]ﬁﬂ‘éﬁm%‘?eah"c? RIS of Form

A being added abolédfo.abdir0tE®oRE filchiige WaBow bvd HhaFsealdtas bepariido ipea0C over
| 80 m nutes. stal s _appeared at 65C. The solution was further cooled to

Cr
-10C over 180 r#ﬂm'b%sc P mpFeiusHe e redigedto ghout 3§°Grpyer opphass added
dropwi se to t hewfhgWhitRa QialiybrRlbHRGne s RQcr[FeMbbo®s is 2diQ PRieRSL S Urry
was cool ed nai ntai ned for an additional 60 m nutes. The slurry was filtered
and the af flor d@griegnftlrty pymres; Ihopad siyny sdeldet ¢Pfeoer afugegiobpestitl e 30

conpound, For my4y ﬁjtﬂqecﬁt{g.ay@Mﬁ{qu)MaiSQf@&lfﬁLC area of 99.7. -19 16
February 2005 Form A- Alternate Procedure A 500 nL three-neck flask was

charged with |8.3 glfgR 2epiRiERr@ghorgthesabavaihe cgidematerinbia siyaied wihei f i ed
(silica gel pagufildfigidienyicttheBhéRaldicbarRaeinanch Hidladte shkael vent,
HPLC area of 99) and éthyl acetate (183 5 nL, 10 ml/1 g). The resultant
slurry was heatheld at tempgauresforabont thisty atigutesf TEosontion isesoeled thabdutd A t he

t enper at ur gyna i i 1 I 5 n/1 Q)
was added P op\?’myi{g&e{}%gl'l{sﬁgpﬁog{tgrggo e%t#sggd%r e Stog%gﬁg%%%g%fw%&c Af ter
conpl eti on of tdmpembivd teadis ahonel °Enfies wnperatunasagamwedueel dver 2BEhaiteo t he

m xture mai ntained w tirring for a further. 18 hours. The tenperature
was 10 ther eaf ;hcéurrs 10\(l)ﬁ\/\/(£ecjr&ec§mfl%a g(]yarrlf‘lcP uf?&’leﬂ?cg"lth?ﬁe‘?%f’ a@”%ﬁf%yfﬂ "$Hi ny was
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ethyl -3-[1-nmethyl -2-(2-net hyl -4-1thi azol yl)ethen - 4-aza-170xabi cycl o] 14. 1.
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with 0.108 g oficatedeo 751 te S6Whfoo BNGhin2 s tlkithenidwebio cbgen2vQrandi ed as in

Exanpl e 2, N, N-di et hyl rnam.de . (0.0216 nd. et hyl acet at 5 nL, 46
m/1 g). The r@?ﬁ%ﬁﬁ%orsl}cgg’wrﬁ ‘W%“é?@%t @i“t‘? %g’%%@f r’?ﬁméqﬂf feéﬂ’efegtﬁg’g’o m nut es
to di ssol ve al thesiatri 8g phyEivel @pdratictle G'hs aikld tzh Opurivast Foan Bag these pro8det 0 30C
over 120 mputes, ¢ tal s appearing at 38C. Cycl ohexane (7.5 nL, 69.5 nL/1
g) was add 6(; dlrsgtﬁwdépée%tvgryﬁ%gm xture over a period of 30 mnutes while the
25 tenperat ure was FGol duough 3-atOfovalect-raf Aiffrhatioh psterrand Formis A, Biang¢d f or an
addi tional 120_m nutes. rry.was .filtere d the af.forded ite
crystals were ?X}mé%lhlte%oéﬁ\}gecgl%%%thc?fsaf]'lﬂ’loéarfalf}otgl g@%ﬁ%ﬁ?ﬁ“@’,“@é‘ro %)"yg?n 76%
yield wth an HPLC area of 99.6. Form B_gAlternate Procedure 30 A 250 niL
t hree-neck flask was charged with 0.458 g of the title conpound that had
not been purified as in Exanple 2. and contai ned about 6% of N, N-di et hyl
formam de and ethyl acetate (10 nL, 21.8 mi/I g). The resultant shiny was
heated to -20



16 February 2005 78C and sowed for 30 mnutes to dissolve all solids. The
af forded sol ution was cooled from78C to 10C over 120 m nutes. Seed
crystals of Form A were added at 10C. Cycl ohexane (20 nmi, 43.7 ni/1 g) was
added dropwi se to the m xture over a period of GO m nutes while the
tenperature was cooled to -10C over 120 m nutes, and maintained for an
additional 120 m nutes. The slung was filtered and the afforded white
crystals were dried to give 0.315g of the title conpound® Fediream 2Q0% 68. 8%
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Distinguishing physical characteristics of the two polymorph forms are shown

in Table 3 below. Solution calorimetry was determined using a Thgrmometrics

Microcalorimeter in ethanol at 25°C. The solubilities were likewise determined at

25°C. Itis further evident from certain of the data, particularly the heat of solution,

that Form A is the more stable and, therefore, Form A is preferred.

. Table 3
Characteristic Form A Form B
Solubility in Water 0.1254 0.1907
Solubility in 3% Polysorbate 80 (Aqueous) 0.2511 0.5799
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16 February 2005 addi ng said seed crystals thereto when the tenperature
reaches about 60C , cooling the solution to about 30C over about three
hours, further reducing the tenperature of the solution to -10C over about
t hree hours during one hour of which said anount of cycl ohexane is added
thereto dropwi se, maintaining the resultant m xture at -10C for about one
hour and recovering the crystalline. FormA therefrom 11._ A pro for
producing a crystalline polynorph that is Form B of 't e1%5@&@ﬁ%@ nal og
represented by formul a Ileat ot Solubm 1 conpr | si g Hémtli ng a Siaddmplof paid
anal og repr esented-by formla—t—n—t+romabout—40—to—about—50Ttof et hyl
acetate 10 per gram of said analog to about 75C to SOC, maintaining the
tenperature for abopyQnend¥euh Btdieepythifone ahags spseémrd byriommte Inbavyeni ng t he

solution at tenperature for aboyt 3| i nut es, oling the, s i kan,to about
30C over about 40§ THEREF l?a"?cﬁ’f?‘ilg’? “Plg&eg?éjlaﬁﬁw ehse"% aénr?gglsr%é ek C%%S%t he $ol ution
to -10C over abguyhllenehhauilydiasistdortitictty. andaniodatcownft ofyil cohestahe in a

ratio to the anount of ethyl_.acetate aof ,fram ab $..12:2 15 is
added t hereto 6‘?"6‘5\‘/{] @léapff\‘}glﬂ%%m‘ﬁgfﬁﬁﬁn Ryp SRR I%III%IIB'QA@?&&W% nt ai ni ng
the resul tant mudeUmiechilliankDCNearyoalQOl¥t (1068). hour s and recovering the
crystalline FormB therefrom 12. A process in accordance with Caim11,
wherein said slurry of said analog 20 represented by formula | in ethyl
acetate is heated to about 78C UfieCdiBardnatars ofgoem ol uti on, cooling the
solution to abouhél:gLOC over about JLwo, ﬂqﬁait addi ng seed crystals when the
SIeip h

t enper at ur e_r eSCHETTHES ¢ yr t her Je ( e tenperature of the solution
to -10C ovel about two hours duri ng W % sai d anount of cycl ohexane is
added thereto dropw se over a per‘;‘éﬂ;ﬁé’:zﬁﬁ?ﬁwthi rty m nutes, maintaining
the 25 resultant m xture at -10C§,}c§2about wo hours and recovering the
crystal | i ne ForRif®&HEr ef rom 13.0’T éﬁ]roﬁ]%%ss for producing a crystalline
pol ynor ph t hat isl For m | 9 t he eloht I'T'one anal og represented by fornula I
in daim1 o ‘?%‘E& “ng{%}/ &S| 4ry of 30 said anal og represented by
formula | in ftb?ijg ?J?t“a_L )t?%mé o]lg{h_lgg, Sndb@lodgne per gram of said
anal og to abou B ROYM80C, mmi ntaining the tenperature for about 30 -25
16 February 2005 mi nutes cooling i bgy p%g&ég&g:appotng gbout 20C, nai ntai ni ng
the tenperature for about 18 hours wth stjrring and recovering the
crystal | i ne20ForGeliBitbéreives r om 14.3 AlGpHAdPekeut i cal conposition which
conprises as an active ingredi entbags.e83fBetive amount a crystalline

pol ynorph as claimed in Cains 1,c268543)A&nd qne or nore pharmaceutical ly
acceptabl e carriers, excipients oYolant aéméDither eof 15. A pharnaceuti cal
conposi tion in Speagrdance with CRAEl4, wherein said crystalline pol ynorph
is FormA. 20 16. A pharnaceuti calrihoshgbsd tion in accordance with daim 14
wherein said ovigistuddsiuniteelpol r‘rpr‘gh is FormB 17. A pharnaceuti cal
conposition in Iéﬁn@im(ddn@@te%(%m@ 1% 14, wherein said 15 crystalline

pol ymorph i s a Melitap@ntof For m A ERdRSF (e@mPPRIoN) net hod for treating
cancer or other proliferative di seases which conprises admnistering to a
mamral in n¥ed thereof an effective amount of crystalline ql nor ph as
claimed in Clains | ,Tth’éﬁﬁfeB?eS?GWE@‘.F%“%?‘I‘%%O?& 3@%8???3?1‘8'8‘%& ?ﬁé/ﬁ: ai m 18,
wherei n sai d_crystabilidRRe P HERIR atk Sorfetilidhs 0P&hch A5 ifedvhrd ii FiGag aar dance

with C aim 18, whereln sai crystalline polynorph.is .
FIG. 9, respectively, base% on the fractiongl atc;{mc cc%rdmatcs listed in Tables 4

through 7 below.
35
Table 4

Fractional Atomic Coordinates for the Epothilone Analog of Formula I: Form A
Atom X Y Z Ul11*10e2

1 0.3879( 3) 0.4352( 1) 0.5503( 9) 60( 6)
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10% & () - *

10% & ()-* 10% & ()-* 10% & ()-* 10% & ()-* 10%

mvk OB5 10% & () - * 10% & ()-*5W ;Y 10%

i M OB5 10% & ()-* 10% & ()-*5W;Y 10% & ()-* 10% & ()-* 10%

)OBSW ;Y 10% & ()-* 10% & ()-* 10% & ()-* 10% & ()-* 10%

ATABAIDOBSW ;Y 10% & ()-* 10% & () -* 10%&() *10%& ()-* 10%
£l 10%
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160( 8) -3(5) -26( 6) -53( 6)
745 107( 6) -18( 4) -17(5) -15(5)
100{ 4) 98( 5) -26( 3) -13(4) -19( 4)
129( 6) 6G6( 5) -13(5) -5( 3) 10( 5)
58( 4) 113( 6) 13(4) -11( 5) ~9( 5)
139(7) 187(9) 1(5) 54( 6) 29(7)
116( 6) 123( 8) 10( 6) -19( 6} 22( 6)
86( 6) 338(15) -8( 6) O(11) 21(9)
80(5) 108( 6) -29( 4) -S5(5) -6( 5)
261(11) 237(13) 28( 8) 54( 9) 146(11)
111{ 6) 117 -5(5) 3(5) 21(6)
96( 5) 119(7) -12( 4) 2(5) -2(6)
192(7) 114( 6) 2( 5) -6( 5) 3(6)
165(7) 125(7 -5( 6) -13( &) -19(7)
128(2) 173(2) 12( 1) -25(2) 0(2)
122( 6} 166( 9) 4( 5) 3(6) 43(7)
443(17) 150(10) 45(10) I8( 7) -17(12)
Table 7
Hydrogen Positions: Form B
Atom X Y Z U*10E2
H21 0.1283( 0) 0.0616( 0) 0.7084( 0) 4.86(0)
H22 0.2159¢ O) 0.0306( 0) 07857 O) 4.86( 0)
H31 0.1272( 0)  0.0969( 0) 1.0910{ 0) 4.51(0)
H3 0.2243( 0) 0.0785( 0y  1.3075( 0) 6.11(D)
Hol -0.0043( 0y 0.0983( 0) 1.2199( O) 4.99( 0
H71 -0.1059( 0} 0.0964( 0} (0.8057( O) 5.69(0)
H7 -0.1609( 0} 0.1655( 0)  0.9542( O) 7.62( )
HE81 0.0313C 0)  0.1244( 0)  0.7484( 0) 5.58(0)
H91 -0.0180( ) 0.2062( 0) 1.0453( D) 6.10( 0)
H92 0.0520( O) 0.1619( 0) 1.1189( 0) 6.10( O
H101 0.1365( 0y Q.18 0) 0.7953( 0) 7.47(0)
H102 0.0691( O 0.2349( 0) 0.7527( 0) 7.47(0)
HI11 0.0976( 0) 0.2651( 0) 1.1204( O) 7.74(0)
H112 0.1633( &) 02170 00 1.1686( 0) 7.74(0)
HI131 0.3308( 0) 0.2613( 0) 0.8107( O) 7.31{(0
HIi41 0.3779¢ 0) 0.2094( 0) 1.1016{ 0) 7.61(0)
H142 0.2780( 0) 0.1920( 0)  1.1530( O) 7.61{ 0)
H151 03046 0)  0.1836( )  0.6859( O) 5.74( 0)
Hlo6 0.2693( 0) 0.1161( &) 1.0487( O) 5.71(0)
H171 0.0304( & -0.0088( 0) 1.3753( 0) 6.33(0)
H172 0.1318( 0) 0.0064( 0) 1.4171( 0} 6.33(0)
H173 0.0577C 0) 0.0512( 00 1.4165( O 6.33(0)
H181 0.0633( 0) -0.0501( 0) 1.0184( ) 5.58(0)
HI182 0.1192( 0) -0.0207( Q) 0.8122( 0) 5.58(0)
H183 0.1655( 0) -0.0370( 0) 1.0628( ) 5.58(0)
H191  -0.1481{ O) 0.0774 0)  1.3099( O) 8.04( 0)
H192  -0.1459( 0) 00330 O 1.1036( 0) 3.04( )



10% & () - *MAMANGDOBSW ; Y 10% & ()-* 10% & ()-* 10% & ()-* 10% & ()-* 10%
*AAANAAATVE OBS 10% &' () -
& ()-*5W; Y 10% & () - *"AA iMCB5 10% & ()-* 10% & ()-*5W;Y 10% & () -
_)OBSW ;Y 10% & ()-* 10% & ()-* 10% & ()-*
dDOBSW ; Y 10% & ()-* 10% & () -* 10%

& ()-
10% & ()-* 10%

*10% & () -

& ()-*

* 10% & () -

*1 3302( 0) )035&/24{?) 10% & ()-* 10%

* 10% & () -

* 10%

v O F B P05

7.89( 0)
7.89( 0)
11.47(0)
11.47(0)
11.47(0)
6.57( 0)
7.73( 0)
13.05( 0)
13.05( 0)
13.05( 0)

10% & ()-* 10% & () - *8 9 > | QT
& ()-* 10% & ()-* 10%&'() - % 10% & () - hl_j 0.z
& ()-* 10% & ()-* 10% & ()-*5W ;Y 10% & g)
& ()-*5W;Y 10% & (?{19*3 1090% )0) * PO%R%
& ()-* 10% & ()-* -0.0094( 0) 01955(0
H202  -0.0763( 0)  0.1475{( O) O 5059( )
H203  -0.1024( 0)  0.1951( O) 0.6816( 0) °
s H211 0.1596( 0)  0.2386( 0) 0.6259( 0)
H212  0.1382( 0)  0.3292( ) 0.8404( 0)
H213  0.2355( 0)  0.3265( 0)  0.7267 O)
H231 0.5051( 0)  (.1602( 0)  1.0559( 0)
H291 0.5291( 0) G.0702( 0) 1.2584( 0)
10 H301 0.7003( 0) 0.0920( 0) 0.4744( 0)
H302  0.7623( 0) 0.1165( 0) 0.6811( 0O)
H303 0.7525( 0) 0.0542( 0) 0.6572( 0)
15 Based on the foregoing data, it is concluded that Forms A and B are unigue
crystatline entities.
The following non-limiting examples serve to i]iustrate the practice of the
invention.
20
Example |
[1S-[1R* 3R*(E),7R*,108* 1I1R* 12R* 16S*]}-7,11-Dihydroxy-8,8,10,12,16-
pentamethyl-3-]1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-
oxabicyclo[14.1.0}heptadecane-5,9-dione.
25
To a jacketed 125 mL round bottom flask, fitted with a mechanical stirrer,
there was combined epothilone-B (5.08 g), tetrabutylammonium azide (BusNN3)
(3.55 g, 1.25 equivalents), ammontum chloride (1.07g, 2 eq), water (1.8 ml, 10
equivalents), tetrahydrofuran (THF)} (15 ml), and N,N-dimethylformamide (DMF) (15
30 mi). The mixture was inerted by sparging nitrogen subsurface for 15 minutes. Ina
second flask was charged tetrahydrofuran (70 ml), followed by trimethylphosphine
{(PMes) (1.56 ml, 1.5 eguivalents), then tris{dibenzilideneacetone)-dipalladium(0)-
chloroform adduct (Pda(dba)y CHC13)(0.259 g, 0.025 equivalents). The catalyst
mixture was stirred for 20 minutes at ambient temperature, then added to the
35

epothilone-B mixture. The combined mixture was stirred for 4.5 hours at 30 °C, The

completed reaction mixture was then fittered to remove solid amumonium chloride

(NHLCD). The filtrate contained (5, eR, {5, 1S, 2R, 38)-3-[(28, 3E)-2-amino-3-
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10% & ()-* 10% & () - * dDOB5W ; Y 10% & ()-* 10% & ()-* 10% & ()-* 10%
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10% & ()-*5W;Y 10% & ()-* "% . / 0 4" i MOB5 10% & ()-* 10% & ()-*5W;Y 10%
& ()-* 10%& ()-* 10%& ()-*4'2° G J U™ _'_)OB5W:Y 10% & ()-* 10% & ()-
10% & ()-* 10% & ()-* 10% & ()-*_ e p ‘{“dDCBSW Y 10% & ()-* 10%

& ()-* 10% & ()-* 10% & ()-* 10% & ()-* 10%&'() \\\\\\\ &()
10% & ()-* 10% & ()-* 10% & ()-*5W;Y 10% & ()-* " 1@%{}18_{@3%%
10% & ()-*5W;Y 10% & ()-* 10% & ()-* 10% & ()-*" "~ _)OB5W ;Y 10% &' ()-*
10% & ()-* methyl-4-(2-methyl-4-thiazolyl)-3-butenyl}- B, {~dihydroxy-y, 1, & 1, 2-pentamethyl-
d-oxooxiraneundecanoic acid, tetrabutylammonium salt (1:1) with a HPLC area of
94.[%.

In a 500 mL fiask there was combined 1-[3-(dimethylamino)propyl]-3-
5  ethylcarbodiimide hydrochloride (EDCT) (3.82 g, 2 equivalents), | -hydroxy-7-
benzotriazole hydrate (HOBt) (1.68 g, 1.1 equivalents), potassium carbonate (1.38 g,
1 equivalent), N, N-dimethyiformamide (DMF) (40 ml) and tetrahydrofuran (THF)
(160 ml). The mixture was warmed to 35°C and the filtrate from above was added
thereto, dropwise over a period of three hours. This mixture was then stirred for an
10 additional 1 hour at 35 °C. Vacuum distillation was then applied to the reaction
mixture to reduce the volume thereof to about 80 mL. The resulting solution was
partitioned between 100 mL of ethyl acetate and 100 mL of water. The aqueous layer
was then back-extracted with 100 ml ethyl acetate. The combined organic layers
were extracted with 50 ml water and then 20 mL brine. The resulting product
15  solution was filtered through a Zeta Plus® pad and then stripped to an oil. The crude
oil was dissolved in dichloromethane (20 mL) and washed with water to remove final
traces of synthesis solvents and stripped to a solid. The crude solid was
chromatographed on silica gel 60 (35 ml silica per gram of theoretical product) with
an eluent comprised of 88% dichloromethane (CH2Cla), 10%-30% ethyl acetate
20 (EtQAc) and 2% triethylamine (EtsN). The fractions were analyzﬁ by HPLC, the
purest of which were combined and stripped to give the purified solid. The resulting
solid, approx. 2 g, was slurried in ethyl acetate (32 ml) for 40 minutes at 75°C, then
cyclohexane (CgH;z) (16 ml) was slowly added, and the mixture cooled to 5°C. The
purified solid was collected on filter paper, washed with cold ethyl
25  acetate/cyclohexane, and dried. The yield was 1.72 g (38% yield) of the white solid
product, [1S-[1R* 3R*(E),7R*,105* 1 1R*,12R*,16S*]]-7,11-dihydroxy-
8,8,10,12,16-pentamethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-
oxabicyclo] 14.1.0]heptadecane-5,9-dione, with a HPLC area of 99.2%.
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pentamethyl-3-[1-methyl-2-{2-methyl-4-thiazolyl)ethenyl]-4-aza-17-
oxabicyclo[14.1.0Theptadecane-5,9-dione, Form A.

A 250 mL three-neck flask was charged with 0.61 g of the title compound that
had been purified (silica gel pad filtration with EtOAc/hexane/ErN as the eluent,
HPLC area of 96.88) and ethyl acetate (28 mL, 46 ml/1 g). The resultant slurry was
heated to 75°C. All of solids were dissolved after the slurry was stirred at 75°C for
60 minutes. The afforded solution was cooled from 75°C to 50°C over 120 minutes,
seed crystals of Form A being added at 60°C. Crystals appeared at 55°C. The |
temperature was thereafter cooled to 20°C over 120 minutes, while cyclohexane (35
mL, 57 mL/1 g) was added dropwise to the mixture over a period of 60 minutes. The
obtained slurry was cooled to —10°C over 120 minutes, and maintained for an
additional 60 minutes. The slurry was filtered and the afforded white crystals were
dried to give 0.514 g of the title cornpound, Form A, in 84.3% yield with an HPLC
area of 69 4.

Form A — Altemate Procedure

A 250 mL three-neck flask was charged with 0.51 g of the title compound that
had been purified (silica gel pad filtration with EtOAc/hexane/EGN as the eluent,
HPLC area of 96) and ethyl acetate (8.5 mL, 16,7 ml/1 g). The resultant slurry was
heated to 80°C. The afforded solution was cooled from 80°C to 70°C over 60
minutes, seed crystals of Form A being added at 70°C. The temperature was
thereafter cooled to 30°C over 180 minutes. Crystals appeared at 65°C. The solution
was further cooled to —10°C over 180 minutes, while cyclohexane (10.2 mL, 20
mL/1 g) was added dropwise to the mixfure over a period of 30 minutes. The
obtained siurry was cooled maintained for an additional 60 minmutes. The slurry was
filtered and the afforded white crystals were dried to give 0.43 g of the title
compound, Form A, in 84.3% yield with an HPLC area of 59.7.
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A 500 mL three-neck flask was charged with 18.3 g of a mixture of Forms A
and B that had been purified (silica gel pad filtration with
EtOAc/dichloromethane/Et;N as the eluent, HPLC area of 99) and ethyl acetate (183
mL, 10 mil/1 g). The resultant slurry was heated to 75°C, seed crystals of Form A
were added and the temperature was maintained for 30 minutes. Cyclohexane {90.2
mL, 5 mL/1 g) was added dropwise to the mixture keeping the temperature at 70°C.
After completion of the addition, the temperature was lowered to 20°C and the
mixture maintained with stirring for a further 18 hours. The temperature was _
thereafter lowered to 5°C and maintain for 5 hours. The sturry was filtered and the
afforded white crystals were dried to give 16.1 g of the title compound, Form A, in
889% vield with an HPLC area of 99.49.

Example 3
[1S-[IR*,3R*(E),7R*,10S*,11R* 12R*,165*]]-7,11-Dihydroxy-8,8,10,12,16-
pentamethyl-3-[1-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-
oxabicyclo[ 14.1.0Theptadecane-5,9-dione, Form B.

A 250 mlL three-neck flask was charged with 0.108 g of the title compound
that had not been purified as in Example 2, N,N-dimethy! formamide (0.0216 g) and
ethyl acetate (5 mL, 46 mi/1 g). The resultant shurry was heated to 80°C and stirred
for 30 minuies to dissolve all solids. The afforded solution was cooled from 80°C to
30°C over 120 minutes, crystals appearing at 38°C. Cyclohexane (7.5 mL, 69.5 mL/1
g) was added dropwise to the mixture over a period of 30 minutes while the
temperature was cooled to —10°C over 60 minutes, and maintained for an additional
120 minutes. The slurry was filtered and the afforded white crystals were dried to
give 0.082g of the title compound, Form B, in 76% yield with an HPLC area of 99,6,

Form B — Alternate Procedure

A 250 mL three-neck flask was charged with 0.458 g of the title compound
that had not been purified as in Example 2 and contained about 6% of N,N-dimethyl
formamide and ethyl acetate (10 mL, 21.8 ml/I g). The resultant slurry was heated o
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cooled from 78°C to 10°C over 120 minutes. Seed crystals of Form A were added at
10°C. Cyclohexane (20 ml., 43.7 mL/1 g) was added dropwise to the mixture over a
period of 60 minutes while the temperature was cooled to —10°C over 120 minutes,

5  and maintained for an additional 120 minates. The slurry was filtered and the

afforded white crys.tals were dried to give 0.315g of the title compound, Form B, in
68.8% yield with an FIPLC area of 98.2.

Form B - Alternate Procedure
10 A 5-mL Wheaton bottle was charged with 250 mg of the title compound that
had not been purified as in Example 2 and toluene (3.75 mL, 15 mL/g.) and the
resultant slurry heated to 75°C and held for 30 minutes. The resultant suspension was
allowed to cool to 20°C and maintained at that temperature for 18 hours with stirring.
The slmry was filtered and the afforded white crystals dried to give 150 mg. of the
title compound, Form B, in 60% yield with an HPLC area of 99.2
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comprising Form A characterized by:

unit cell parameters approximately equal to the following:

10 Cell dimensions a=14.152(6) A
b=30.72(2) A
c= 6212() A
Volume =2701(4) A
Space group P2,2:2,
15 Orthorhombic
Molecules/unit ceil 4
Density (calculated) (g/em®) 1.247
Melting point 182-185° C (decompeosition); and
20 characteristic peaks in the powder x-ray diffraction pattern at values of two

theta (CuKa A=1.5406 A at 22°C): 5.69, 6.76, 8.38, 11.43, 12,74, 13.62, 14.35, 15.09,
15.66, 16.43, 17.16, 17.66, 18.31, 19.03, 19.54, 20.57, 21.06, 21.29, 22.31, 23.02,
23.66, 24.18, 14.98, 25.50, 26.23, 26.23, 26.46, 27.59, 28.89, 29.58, 30.32, 31.08 and
31.52; or

25 Form B is characterized by:

unit cell parameters approximately equal to the following:

Cell dimensions a=16.675(2) A
b=728.083(4) A
c= 6.054(1) A
30 ‘Volume = 2835(1) A®
Space group P2,2,2,
Orthorhombic
Molecules/unit cell 4
Density (calculated) (g/cm’) 1.187
35 Melting point 191-199° C decomposition; and

22



vgeeeeef fnmV{[;sl0%5; S& ()-ss10%5; S& ()-ssl0¥%s;, S& ()-s5W> vq sl10%5;
S& ()-ss10%5; S& ()-s f ff$f+f, f-f1-{[;s10%5, S& ()-s5W> vqsl0¥%s;

S& ()-ss10%s; S& ()-ss1l0%5; S& ()-ss10¥s; S& ()-s-flf of <f G Sf Zf _?{[; s10%S5;
Ss10%5; S& ()-ss10%5; S& ()-ss10%5; S& ()-sslo%s;, S& ()-ssl0%s;

S& ()-ss1095; S& ()-szf[f\f fgfjfufnN {[;s10%5, S& ()-ss10%5;, S& ()-ss10%s;
S& ()-ss10%5; S& ()-ss1l0%s; S& ()-s5W> vqufffffffmu{ X

S& ()-ss10%8. S& ()-5s10%5; S& ()-s5W> vq s10%8 S& (563'?%6%3’2005

S& ()-sfffffffl-{[;s10%5; S&aga -s5W> v(Qgsl0%s; S& ()-ss10%5; S& ()-ssl1l0%s;
S& ()-ss1096: S& ()hameiprstic peaks in: terpomer 'Sgy Oksctigrpaiemss YOumof && () - s51096:
S& () -ss1095; HEia(¢as éﬂrofyﬁos%@at@“c%ll@"/@wzs&ﬁ?) 1§H flﬁf)f,@l@"ﬁs{[sﬁlo‘yﬁ

S& ()-ss10%5; S& ()-sle é (% 5w >

vqggggg g( gmwt 471518981984 1(9)(115 3@9@* 555,&1 7§ ’%é ,@3@4 @@3(34-7535 5, vq s10%s;
S& () -sS1098; Sid hr 86 @#gﬁ%@@imﬁoidalﬁ%@%@ S& ()-s5W>  vgs109%s;

S& ()-ss10%s; S& ()-ssi0%s; )-ss10%B; S& ()-sJgNgVgYgdgogvg ?{[; s10%s5;
Ss10%s5; S& ()-ssl10%5; S& () - sle%S S& (By ss10%5; S& ()-ssl09&;

S& ()-ss1098; B& ()A svaalirgrdyeypineian caattidme amlpgynressniohsy hafrmylass 1095:
S& ()-ss10%5; S& ()-ssl0¥%s; S& ()-s5W> v%ggggggm{[ s109%s;

S& ()-ss10%5;, S& ()-ss10%S;, S& ()-s5W> gg] s10%B; S& ()-ssl0%s;

S& ()-s9ggggagl - {[; s10%5; S& ()FspW >um VOEEOYEA~S& () -Sss10%5; S& () - ss1l0%s;
S& ()-ss10%5; S& ()-sgggggoR—2{]; §10%p; & ()-ss1l0%5; S& ()-ssl0%5;
S& ()-ss1098; S& ()-Ss10%8; S& W~ Lz #iShh#hnN. {[ ; s 1096

S& ()-ss10%8; S& ()-ssl0%5;, S& ()-ss10%s; S&"’ P 098; S& ()-s5W>

vg#h. h6h7h8h<hDhmvt {[ ; s10%5; S& () - 53100 ’?1 ‘]Is S, S& ()-s5W> vq
S10%5; S& ()-ss10%5; S& () - sDhGhRh™Mhehf hi s10%5; S& ()-s5W> vgsloys;
S& ()-ss10%s; S& ()-ss10%5; S& ()-ssl0Ys; ) - Si hmhuhxhhhh_?{[; s10%8;
Ss10%5; S& ()-ss10%5; S& ()-sslous; S&( -ss1096; S& ()-ssl0us;

S& () - ss109%; ;. S& ()-shhhhhhhnN. {[; s10%S5; S& ()-ss10¥%s; S& ()-ssl0us;

S& ()-ss10%s; Sfnfrsing FNVE; chB&itdrize BV fowdenatufy litfhridusiVibh b4 shown

S& ()-ss10%5, S 098 S8 ( us;
S& () - shhhhhhhi® If:) 51’6’0?%{&“%&3’(@)&‘3%%\}3"‘\?&%%% 1?‘) %f@‘@é‘g S& () - ss109S;
S& ()-ss10%s; S&rdcderigddtiyipoiwtier X2y dlﬁﬁi&@ﬁ’(ﬁt su&ﬁ;éhﬁ%dﬁ/ asSBOW) in FHL Q%L a

S& () -ss10%s5; 10%5 ()-ssl0ous;

S& ()-sli"i#' E?‘“‘é‘)SPF‘%N‘“{T“’Ss‘T%@}Q “(‘)‘“?%‘i ¥5: S& ()-ss1098; S& ()-ss10%E:
S& ()-ss10%p;, S& ()-s5W> vg=iHO P SIW _inmV{[;sl10%5; S& ()-ssl0%s5;

S& ()-ss10%8; B& ()A siyWifine polymorph of an epothilone analog represented by the formula

4)
=7
£,

20 comprising Form A characterized by a solubility in water of 0.1254, a solubility in a
3% aqueous solution of polysorbate 80 0 0.2511, a melting point with decomposition
between 182-185° C and a heat of solution of 20.6 kI/mol; or Form B characterized
by a solubility in water of 0.1907, a solubility in a 3% aqueous solution of
polysorbate 80 of 0.5799, a melting point with decomposition between 191-199° C

25  and a heat of solution of 9.86 kI/mol.
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of cyclohexane in a ratio to the amount of ethyl acetate of from about 1:2 to about 2:2
15 is added thereto dropwise over a period of about thirty minutes, maintaining the
resultant mixture at -10°C for about two hours and recovering the crystalline Form B

therefrom.

{2. A process in accordance with Claim 11, wherein said shury of said analog
20  represented by formula I in ethyl acetate is heated to about 78°C thereby forming a
solution, cooling the solution to about 10°C over about two hours, adding seed
crystals when the temperature reaches 10°C, further reducing the temperature of the
solution 1o -10°C over about two hours during which said amount of cyclohexane is
added thereto dropwise over a period of about thirty minutes, maintaining the
25  resultant mixture at -10°C for about two hours and recovering the crystalline Form B

therefrom.

13. A process for producing a crystalline polymorph that is Form B of the
epothilone analog represented by formula Iin Claim 1 comprising heating a slurry of
30  said analog represented by formula I in from about 10 to about 20 mL of toluene per

gram of said analog to about 75°C to 80°C, maintaining the temperature for about 30

- 25 -




) 1090 9& () - ) (1090 9&' ()-WWa/ V]10% & ()- nl0% & ()-109 9109 9109 9
81090 9& ()- Q 2*10% q& ()- 82*1098 9& ()-U=|[:vU4/ 10% & ()- cl0% & ()-
z10% & ()- <10% & ()- wWl0% & ()- 10% & ()-=]~|[:vWa/ "10% & ()- 10%

& ()-y cl0% & ()- 10% & ()- 3z10% & ()- 10% & ()- Ze|[:vU4/ sv.yl0%

& ()-z P+10% & ()- 0*\10% & ()- ~'10% & ()- % 10% & ()- |s$10%

& ()-Ze|[:vU4/ sv.yl0% & ()-z P+10% & ()- 0*\10% & ()-, " g% & @? % 10%
& ()- £910% & ()- Normal " "Heading 13]c" "Heading 23] c"16 Fé 9Pc

" ﬁagi ng gg} c" "Heading 53]c" "Heading 63]c" "Heading 73]c" " Headl ng 83]c"

" Hea I ng c" o Ago RYFAEN

u~8Ui j ki mopquﬁs%tnu‘!gg 9&1 1l theq{:lﬁ)gﬁ@tBQb(ﬁ@ ) C, &%D%gg\ﬂag t\éﬁipma dbohtH3

E. EPEEEEEFTFFH@@@M&N@GPMWM@PWFMWRYRyRRRRSSHSnSSSSST
5T TTTTTUAUOUy UUUWV+VKVE VWWVVW VHWM W VWAWAAK/ XHXi XXXXXY (Y1 YqYYYYY

Z, ZPZxZ2ZZZZ[ <[ b[[[[[[\B\b\ g\ [\\\]:]1V]]]]]~8rZAXNANN_8 4> "0 ahAa_aa
aaa" bl bl bbbbccle{ c decpianmasteiselcaad agedioTeEideomprises as a active ingredient al. B
f-fZfuffffgf gJafégng&g.B%nmcbyQ&hnmlpatymﬂhlag bRl id ChRKVK stk bfd gk bd | | &m@rarm m
mmmm3nQnl nnnnno! oDo\ coooocoo” pPpl ppppp

qDgsqqaqr #r Fr | mere phargipenytiesdls pepemakje artiery BBCFQP}?\RIWFL@WSV?W%?Q;

wiNwwwwx | L, 6<8( CEU=vwxyz{| } ~ " #39&' ()*+,-./0123456789:

<=>? @\BCDEFGHI KL MNQRORSTLMOE b Ationab sdsiai ki miapask sy | } ~6Ti mes
New RomanAri al Couri er New'h Root EntryWrdDocunent

| " #SOR' () * +, - . riaigeFeiygph is Form A :

<= >7@ABCDEﬁpHIJKLNNCPQRSTUVMXYZ[\]A_‘abcdefghijklnnopqrstuvmmyz{|}~

| " #$9&' () *+, -./0123456789:

<=>7 @BCDEFGHI KL NN@@@FWNZ{WTWW%M@@W P B s VRIS | ) ~

"HSUR () *+, - c/j@ia%ﬁé h is Form B
<=>? @ABCDEFGHI JK ST YZ[\] ’\_ abcdef ghi j kIl mopqgr st uvwxyz{| } ~

17. A pharmaceutical composition in accordance with Claim 14, wherein said

15 crystalline polymorph is a mixture of Form A and Form B.

18. A method for treating cancer or other proliferative diseases which comprises
administering to a mammal in need thereof an effective amount of a crystalline

polymorph as claimed in Clamms 1, 2 or 3.

20
19. A method in accordance with Claim 18, wherein said crystalline polymorph is
Form A.
20. A method in accordance with Claim 18, wherein said crystalline polymorph is
25  FormB.

21, A method in accordance with Claim 18, wherein said crystalline polymorph is

administered parenterally.
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