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TAXANES BACKGROUND OF THE | NVENTI ON [ 0001] The present invention is
directed to novel taxanes having utility as antitunmor agents. [0002] The
taxane famly of terpenes, of which baccatin Ill and taxol, also comonly

r ef er r egot2g0s@gospac! i taxel, are nmenbers, has been t%ngmugﬁm@
considerable interest in both the biol ogical and chem cal arts. Taxol itself

is enployed as a cancer chenot herapeutic agent and possesses a broad range
of tunor-inhibiting activity. Taxol has a-2'R, 3'S configuration and the
following structural formula: AcO TSHSCONH O 0 OH C6H5 Ql. OH HO °5
BzOACO O wherein Ac is acetyl and Bz is benzoyl. [0003) Colin et al.
reported in U S. Patent 4,814,470 that certain paclitaxel analogs have an

activity significantly greater than that of taxol. One of these anal ogs,
commonl y ref er r edC 100X CLOPENTYLI E$TER(£[£B$TIHWED1‘§AXANES ol I owi ng

structural formula: OH tBuOCONH O 0 OH C6H5 OI. OH HO
BACKGROUND OF THE INVENTION

[0001] The présent invention is directed to novel taxanes having utility as
antitumor agents.

[0002] The taxane family of terpenes, of which baccatin 1l and taxol, also
commonly referred to as paclitaxel, are members, has been the subject of
considerable interest in both the biological and chemical arts. Taxol itself is
employed as a cancer chemotherapeutic agent and possesses a broad range of
tumor-inhibiting activity. Taxol has a 2'R, 3'S configuration and the following
structural formula: :

CeHsCONH O
- ' CBH5 =

wherein Ac is acetyl and Bz is benzoyl

[0003] Colin et al. reported in U.S. Patent 4,814,470 that certain paclitaxel
analogs have an activity significantly greater than that of taxel. One of these
analogs, commonly referred to as docetaxel (Taxotere®), has the following
structural formula:

tBuOCON!j 0]
CeH5 Z

[0004] Although taxol and docetaxel are useful chemotherapeutic agents,
there are limitations to their effectiveness, including limited efficacy against
certain types of cancers and toxicity to subjects when administered at various
doses. Accordingly, a need remains for additional chemotherapeutlc agents with
improved efficacy and less toxicity.



BZOAC6 O [0004] Although taxol and docetaxel are useful chenotherapeutic
agents, there are limtations to their effectiveness, including limted

ef fi cacy against . certain types of cancers and toxicity to subjects when
adm ni stered at various doses. Accordingly, a need renmains for additional
chenot heyapgsddei@gents with inproved efficacy andlgﬁ$%6&9 4§ty VO

2005/ 079319 PCTUUS2005/ 004442 2 SUMVARY OF THE | NVI ?d 65] Anong t he
vari ous aspects of the present invention, therefore, is the provision of .
t axanes whi ch conpare favorably to taxol and docetaxel with respect to
toxicity and to efficacy as an anti-t@nor agent. In general, these taxanes
possess a cyclopentyl ester substituent at Cl0, a keto substituentat C9, a
- hydroxy substituent at C7, a thienyl substituent at C3' and an

| sopr opoxycar bamat e substituent at C3' [0006] Briefly, therefore, the
present i SUMMARY Ofs THEIMNVENTION t axanes, per se, to prodrugs thereof, to
pharnaceutical r and a

bhar maceut | cal %Qé’ﬂﬁﬂotng%é vail és}b@@ otflﬂ?e %@é@ﬁ”t‘?ﬁ\lﬁn%n %8%?&8

adm ni strHteilHﬁV'S@ﬁ@fta?(aﬁ@% wbw@ cefnqafea aéabimt@xol@ﬁdud@gaf@mlsm&bnpn sing the

taxanes Ofes%@t%%bﬁcnty[é?@%]efﬁab?és@HJaﬂﬁItémaﬂ érﬁaw Eseraf tHe@éS i nvention
w il be |%€gart par ent I n i’ﬁ r} ?reln | EF
DESCR PTI PSR NeRS ot Sebeien et Gafh e dStd S g owt h
curves fow hydmy substitesht ot CF, adﬂemmsubttmaveymund 3071 in the Panc-1
study (oral gure 2 depicts nedian tunor growth
curves fofsoﬁﬁ)ijg %ﬁ@ﬁ%&ﬁu?&tﬂ@%ﬂ&é? d 9091 vs. conpound 3071 in the HT29
study (oral q4[0ﬁﬂ6]daseﬁy) therpfoog, e pregentingentiopiis tisected taiaxanespeyr owt h
curves f o g&ﬁm ﬁ{é{g qral single
doses of fi&r@@?‘%%ffbg’haﬁﬁe gg\ (ﬁ%@t%sl?Shrrlga% gﬁmpﬁ éﬁg ¥r§1 curves for
mce tre a?éﬁf 4gs§ and a pharmaceu |cally accep abie carrier, o methods of reatment

and administration, and to methods of preparatlon of medicaments comprising the

taxanes or prodrugs.

[0007] Other objects and features of this invention will be in part apparent
and in part pointed out hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 depicts median tumor growth curves for mice treated with
compound 9091 vs. compound 3071 in the Panc-1 study (oral g4dX4 doses).

[0009] Figure 2 depicts median tumor growth curves for micé treated with
compourid 9091 vs. compound 3071 in the HT29 study (oral q4dX4 doses).

[0010] Figure 3 depicts median tumor growth curves for mice treated with
compound 9091 in the HT29 study (oral single doses of 60 mg/kg).

[o01 1] Figure 4 depicts median tumor growth curves for mice treated with
compound 9091 in the Panc-1 study (oral single doses of 60 mg/kg and 120
mglkg). |

[0012]) Figure 5 depicts medlan tumor growth curve plots for mice treated
with i.v. doses of compound 9081 in the HT29 study.

[0013] Figure 6 depicts group median tumor growth curves for mice -
treated with vehicles or with q4d x 4 i.v. doses of compound 9091 in 5% E-95%I-

20, 5%ET in Saline, and 5%EC in Safine in the HT29 study; (E - ethanol; | -
intralipid; T - tween; C - cremophor; e.g.; 5% EC in saline is 5% ethanot and 5%
cremophor in saline).

- [0014] Figure 7 depicts median tumor growth curves for mice treated with
L.v. doses of compound 9091 in the Panc-1 study. ’




conmpound 9091 in the Panc-1 study (oral single doses of 60 ng/kg and 120

ng/ kg). [0012] Figure 5 depicts nmedian tunor growth curve plots for mce
treated with i.v. doses of conpound 9091 in the HT29 study. [0013] Figure 6
depicts group nedian tunor growth curves for mce treated with vehicles or
W th q4dw19240519y931g1|oses of conpound 9091 in 5% E- S%CT%gzoogmzl n Sal i ne,

and 5€C in Saline in the I—FI'29 study; (E - ethanol; I - intralipid; T -
tween; C - crenophor; e.g.; 5% ECin saline is 5% et hanol and 5% crenophor
in sali ne). [0014] Figure 7 depi cts nedian tunor growth curves for mce
treated with Lv. doses of conpound 9991 in the Panc-1 study. WO 2005/079319
PCTI US2005/ 004442 3 DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

[ 0015] The taxane of the present invention has the foll ow ng chem cal
structure: )4NH 0 Az XBO" H OH O QAc (I) wherein X3 is thienyl, Ac is
acetyl a JE EREEGRREDEMBODIMENT Spent yl carbonyl oxy
substi t uent nlqpeq al

confi gurat [ onr[g?ﬁﬂone Ek oet(;?f\{ng%k)ré%ﬁgi IHO&Q[B{IM enﬁ? fﬁl%)ﬁrh@ prefe ér}red

enbodi nen$tfuckirej s 2-t hi enyl and the C7 hydroxy substltuent and the C10

cycl opentyl car bonyl oxy substituent both have the beta stereochem cal
configuration. [0016] Conpounds of th esent invention are active agai nst
cancers in a nmanner superior to conv onal |y used taxanes with respect to
certain tunor types, i rbcl udi ng paclitax@l cStaxol) sensitive and resistant

tunor |lines. The /L/U\
‘ (8]

wherein X, is thienyl, Ac is acetyl and the C7 hydroxy substituent and the C10
cyclopentylcarbonyloxy substituent independently have the alpha or beta
stereochemical configuration. In one embodiment, X; is 2-thienyl. In a preferred
embodiment, X; is 2-thienyl and the C7 hydroxy substituent and the C10
cyclopentylcarbonyloxy substituent both have the beta stereochemical
configuration.

[0016] Compounds of the present invention are active agamst cancersin a
manner superior to conventionally used taxanes with respect to certain tumor
types, including paclitaxel (taxol) sensitive and resistant tumor lines. The
compounds of the present invention are reasonably well tolerated whether
administered orally or intravenously and can be effective as a single or multiple
dose with improved toxicity profiles. The compounds of the present invention are

“also efficacious in non-cremophor vehicles. : ‘

-[0017] The taxanes of the present invention may be obtained by treatment
of a B-lactam with an alkoxide having the taxane tetracyclic nucleus and a C13
metallic oxide substituent to form compounds having a f-amido ester substituent
at C13 (as described more fully in Holton U.S. Patent 5,466,834), followed by
removal of the hydroxy protecting groups. The B-lactam has the following
structural formula (1): '




conpounds of the present invention are reasonably well tolerated whether
adm nistered orally or intravenously and can be effective as a single or
multiple dose with inproved toxicity profiles. The conpounds of the present
i nvention are also efficacious in non-crenophor vehicles. [0017] The

t axanes of the present invention may be obtained by treatnent of a

(3-1 act 2HOWOEA7931® al koxi de havi ng t he t-axane tetracyct/vszomuoisars and a C13
nmetal lic oxide substituent to form conpounds having a p-am do ester
substituent at Cl13 (as described nore fully in Holton U S. Patent

5,466, 834), followed by renoval of the hydroxy protecting groups. The
O-lactam has the followng structural forrmula (1): XS,N O X3" '""OPZ (1) WO
2005/ 079319 PCT/ US2005/ 004442 4 wherein P2 is a hydroxy protecting group,
X3 is thienyl, and X5 is isopropoxycarbonyl and the al koxi de has the

structural, formul.a (2): R1Q0 MO OP7  HO, . ) QAcd 0 O wherein Mis a
netal or ‘ﬂ?ﬁ?ﬁ'ﬁ{%ﬁ? 3%7&50§Y8r£9ﬁm8>@0%3%&m66m I$ind R10 is

cycl opentisdprapduyoziboryl.andAbd 8koNidle has kuxstdetobl fotmulat(Bral fornula (2) maybe
prepared from 10-deacetyl baccatin Ill (or a derivative thereof) by

sel ective protection of the C7 hﬁdroxyl group and then esterification of
the C10 hydroxyl group foll owed b_10 preatnent with a netallic amde. In one
enbodi ment of the present invinttOR H@P C7 hydroxyl group of -

10- deacetyl baccatin |11 i]\ﬁoﬁv- protected with a silyl group as
descri bed, for exanple, by De al . (J. Am Chem Soc., 1988, 110,
5917). In general, the silyl q_]id')n. & may (Pe used either alone or in

BzO Ac(ﬁ 0

wherein M is a metal or ammonium, P, is a hydroxy protecting group and R, is
cyclopentylcarbonyloxy. :

[0018] The alkoxide of structural formula (2) may be prepared from
10-deacetylbaccatin Il (or a derivative thereof) by selective protection of the C7
hydroxyl group and then esterification of the C10 hydroxyl group followed by
treatment with a metallic amide. In one embodiment of the present invention, the
C7 hydroxyl group of 10-deacetylbaccatin Ml is selectively protected with a silyl

group as described, for example, by Denis, et. al. (J. Am. Chem. Soc., 1988, 110,
5917). In general, the silylating agents may be used either alone or in
combination with a catalytic amount of a base such as an alkali metal base.

[0019] Alternatively, the C10 hydroxyl group-of a taxane can be selectively
acylated in the absence of a base, as described, for example in Holton et al., PCT
Patent Application WO 99/09021. Acylating agents which may be used for the
selective acylation of the C10 hydroxyt group of a taxane include substituted or
unsubstituted alky! or aryl anhydrides.” While the acylation of the C10 hydroxy
group of the taxane will proCeed at an adequate rate for many acylating agents, it
has been discovered that the reaction rate may be increased by including a Lewis
acid in the reaction mixture. Preferred Lewis acids include zinc chloride, stannic
chloride, cerium trichloride, cuprous chloride, lanthanum trichloride, dysprosium

_ trichloride, and ytterbium trichloride. Zinc chloride or cerium trichioride is
particularly preferred when the acylating agent is an anhydride.

[0020] Processes for the preparation and resolution of the 3-lactam
starting material are generally well known in the art. For exampie, the B-lactam
may be prepared as described in Holton, U.S. Patent No. 5,430,160 (col. 9, lines
2-50) or Holton, U.S. Patent No. 6,649,632 (col. 7, line 45 - col. 8, line 60), which
are both hereby incorporated by this reference in their entirety. The resulting
enatiomeric mixtures of B-lactams may-be resolved by a stereoselective



combi nation with a catalytic amount of a base such as an al'kali netal base.
[0019] Alternatively, the Cl10 hydroxyl group of a taxane can be selectively
acylated in.the absence of a base, as described, for exanple in Holton et
al., PCT Patent Application WO 99/09021. Acylating agents which nmay be used
for the selective-acylation of the C10 hydroxyl group of a taxane include
substi t WMEWIHI7ISIANsubst i tuted al kyl or aryl anhydrimasus2uiotda4zt he acyl ati on
of the C10 hydroxy group of the taxane will proceed at an adequate rate for
many acyl ating agents, it has been discovered that the reaction rate may be
i ncreased by including a Lews acid_in the reaction mxture. Preferred -
Lew s acids include zinc chloride, slsannl ¢ chloride, ceriumtrichloride,
cuprous chloride, lanthanumtrichloride, dysprosium trichloride, and
ytterbiumtrichloride. Zinc chloride or ceriumtrichloride is particularly
preferre t he ac | atin e IS a nhydri de 0 ocesses for the
pr epar at ﬂﬁh&ﬁﬁ YSEGA EISS,PF %ﬂ%aé dPﬁ%’&&ﬁl ;%Pé?WPl?ghé?%@ng “are generally
\évell kBoWateththEBJQJQZQEmI o dinps ¢ - cbh&Beriem‘It)mmPataiyUJﬁlﬂatemabed. ;;15

descri be 0 s 2-50) or

Hol t on, %dg'? qthog%tqwfibé@%%?%éiugﬁ%&é%r%Q%'Ef’%sln H@Eﬂ" Ui ne 60), which
are bot hPatané blp. 6,548,288 (ealedl lings 86163 ).r By wiagiof exampleh bi.S. I%Eﬂemtrl‘ély The
resultin [

SCercoselCere GBS g@%@*@g@%@&%ﬁ%@“@ﬁ%awﬁﬁe “%E‘.é”ﬁ%‘. ng a

|i pase ofAdiosiivR fame With pdificatiops vident odhese S"Ule@ inthe@bnt No.

5,879, 929 E(I@Gﬂam liaﬁandaﬂﬁénylsubsmjant éBtheWB@ta&?Eﬂfosiﬂ@h%aybé S. Patent No.
5, 567, 6&@ or a, Li

nat e..as cri in Holton, U. S.
pacont  nEroRerass BEGrRRTRARGEE B ets Rhy B8 p i KRB B 0, 0. 5Pt en
No. 6, 6&93!@3@ i scl-oses the prepar atlon of a a-lactam havi ng a fury)
substi t uent ' f@aﬁi tions evident
to those ski fﬂﬂogifTh&oﬁgﬁPﬁdéj&t?é £ﬁv%§\%nﬁgh%\¥%? enyl” substituent at
thte (? |ngﬁﬂ?l’0¢?ﬁl tlh ganemy ab?arrpam&callw @?:eptausgeraﬁﬁwb om thesg pr:c O{H
patents and as. further di ed i anpl e 1. e coppounds o e
present PIRANE ST P&?"B%%‘?B@F&é’&e&ﬁ%ﬁgﬂ- ester, st OF 4 3187 of TR

derivative of a compound of this invention which, upon administration to a

recipient, is capable of providing, either directly or indirectly, a compound of this
invention or an inhibitorily active metabolite or residue thereof. Particularly
~ favored derivatives or prodrugs are those that increase the bibavailability of the

-Compounds of this invention when such compounds are administered to a patientﬁ
(e.g., by allowing an orally administered compound to be more readily absorbed
into the blood) or which enhance delivery of the parent compound to a biclogical
compariment (e.g., the brain or lymphatic systém) relative to the parent species.
Pharmaceutically accéptable prodrugs include, but are not limited to, taxanes of
the present invention derivatized with one or more of the followi'ng groups:
phosphétes, pivaloyloxymethyl, acetoxymethyl, phthalidyl, indanyl,
methoxymethyl, methylpyridinium mesylate, bicarbonate, onium salts,

| phosphonooxymethyl carbonate, cinnamate, aminoacid, benzoyl, acyl, thioaryl,
polyethylene glycol based, ester linked, polyalkyiene okide, dextran, p'olyvinyl
alcohols, carbohydrate based polymers, oligopeptide, polygiutamic acid,

: polyamino acid, onium salts of 2-halogenated aza-arenes, highly polar amino
‘sugar, and the like. Suitable positions in the taxane molecule of the present
invention for prodrug formation include but are not limited to the C2' and C7
position. Various forms of prodrugs are well known in the art. For examples of

~ such prodrug derivatives, see: (a) Design of Prodrugs, edited by H. Bundgaard,



formof a prodrug. In general a phar maceutical |y acceptabl e derivative or
prodrug i s any pharnaceutlcally acceptable salt, ester, salt of an ester or
other derivative of a conmpound of this invention which, upon adm nistration
to a recipient, is capable of providing, either directly or indirectly, a
conpound of this invention or an inhibitorily active netabolite or residue
t her eof . WPapsI0e931%r |y favored derivatives or prodregsusaresahase t hat

i ncrease the bioavailability of the conpounds of this invention when such
conpounds are admnistered to a patient (e.g., by allowing an orally

adm ni stered conpound to be nore readily absorbed into the blood) or which
enhance delivery of the parent conpound to a biological conpartnent (e.g.
the brain or lynphatic systen) relative to the parent species.

Phar maceuti cal |'y acceptabl e prodrugs include, but are not limted to,

t axanes of_ the resent |nvent|on derlvatlzed wi th one or nore of the
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nmol ecul e o e present in enti o pr odr u or%aﬁj I"on ch e’ but are not

limted tﬁalh al iithagracqubicalt Saencevar 1, 286 (ﬂ%&isamd prodrugs -are -wel |

“k d t Desi
o pr oar g - Bakeuas gt @%ﬁgﬁé@ﬂv@%@%ﬂg%gi? PCT) US2008) 04442 6 ©

(Flsevier.  Loqbuamhd/ehaneto i FRISATRRGNon M8 skl (o AABIAGRumGA [ od by K

W dder, et al .” (Acanedi ¢ Press, ; (b) A Textbook of g Desi gn and
Devel opregiowiteinimanmsis u{cluélga@umamara@drar@ncefﬂamengavate@sd ioHbeferm 5, " Desi gn

B bt S b Rha A B e bR Gsty ap gl Sl e L) st o
et al., Jsompiindaf thhiasmeipvéntonl in Sembitien with at ¥t 6A988) ; and -
pharmaceutically or pharmacologically acceptable carrier. The éarrier, also

known in the art as an excepient, vehicle, auxiliary, adjuvant, or diluent, is any
substance which is pharmaceutically inert, confers a suitable consistency or form

to the composition, and does not diminish the therapeutic efficacy of the antitumor
compounds. The carrier is "pharmaceutically or pharmacologically acceptable” if -
it does not produce an adverse, allergic or other untoward reaction when
administered to a mammal or human, as appropriate.

[0023] The pharmaceutical compositions containing the antitumor
compound of the présent invention may be formulated in any conventional
manner. Proper formulatibn is dependent upon the route of administra_tioh
chosen. The compositions of the invention can be formulated for any route of
administration so long as the target tissue is available via that route. Suitable

" routes of administration include, but are not limited to, oral, parenteral (e.g.,
intravenous, intraarterial, subcutaneous, rectal, _subcutaneous, intramusculaf,
intraorbital, intracapsular, intraspinal, intraperitoneal, or intrasternal), topical
(nasél, transdermal, intraocular), intra&esical, intrathecal, enteral, pulmonary,

_ intralymphatic, intracavital, vaginal, transurethral, intradermal, aural,
intramammary, bugccal, orthotopic, intratracheal, intralesional; percutaneous,
endoscopical, transmucosal, sublingual'and intestinal administration.



(e) N. Kakeya, et at., Chem Phar Bull, 32, 692 (1984). [0022] The taxanes of
the Instant invention are useful for inhibiting tunor growth in manmmal s

i ncluding humans and are preferably admi nistered in the form of a
pharmaceutical conposition conprising an effective antitunor amount of the
conpoundy@hedsfigsignst ant i nvention in conbination w prakbfmsiszone
pharmaceutically or phar macol ogi cal | y acceptable carrier. The carrier, also
known in the art as an excepient, vehicle, auxiliary, adjuvant, or dlluent,
is any substance which is pharnmaceutically inert, confers a suitable

consi stency or form to the conpositibn, and does not dim nish the

t herapeutic efficacy of the antitunor conpounds. The carrier is
"pharnmaceutically or pharnacol ogically acceptable” if it does not produce
an adverse, allergic or other untoward reaction when admnistered to a

manmmal or hU”'f[OOM]SPﬁ@ﬁ’fa%@Oﬂléﬁllﬁaccf%é canierdidrusa frMbicorposHBRSS t i ons
cont ai ni 28 the antitunor conpound of the present invention may be

f or mul at e@eipfesany inyentiamaresvel knowarde éiosemf opdinary skithin thei @hand agependent  upon

t he rout e t nvention can
be fornmul a@é%%gbﬁg?\@oﬁo%ﬁ&ngémﬁggno% gﬁwﬁ@t ng Jggﬁﬁg&t \altr gelt tissue
is avail ?shﬁeel w&@uts bamcsnfmtum s&mut;abnhdan(ntémﬂeﬂoawbnlmmyﬂhetdi@hse.n i ncl ydfa, but
are not limted to ra rent e ntravenou intraarterial,
subcut ane¥srder gcgond! 'Ogﬁﬁmtﬁ?é%ﬁ‘é’ah mﬁ@oimssimnathe quoiﬁcf disrage %‘F? _
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- Phar maceuti cally acceptabl e carriers use in the conpositions of the
present ibwesiereoee)ar e vveII known to those of ordinary skill in the art and

o ueedDBZATP oo it e PlarbAE ey sS ATbf et 1
bi cavai | agdvdery, pilisheastuiedagélicaps, caplets, gels, liposomes, granules, solutions, .
suspensions, emulsions, syrups, elixirs, troches, dragees, lozenges, or any oth-er
dosage form which can be adminisfered orally. Techniqdes and compositions for
making oral dosage forms useful in the present invention' are described in the
following references: 7 Modern Pharmaceutics, Chapters 9 and 10 (Banker &

Rhodes, Editors, 1979); Lieberman et al., Pharmaceutical Dosage Forms: Tab!ets

(1981); and Ansel, Introduction to Pharmaceutical Dosage Forms 2nd Edition
(1976). | ) | |
[0026] The compositions of the invention for oral administration comprise

an effective antitumor amount of the compound of the invention in a
pharmaceutically acceptable carrier. Suitable carriers for solid dosage forms
include sugars, étarche_s, and other conventional substances including lactose,
talc, sucrose, gelatin, carboxymethylcellulose, agar, mahnitol, sorbitol.. calcium
phosphate, calcium carbdnate, éodium carbonate, kaolin, alginic acid, acacia,

~ corn starch, potato starch, sodium saccharin, magnesium carbonate, tragacanth,
microcrystalline cellulose, colloidal silicon dioxide, croscarmellose sodium, talc,
magnesium stearate, and stearic acid. Further, such solid dosage forms may be
uncoated or may be coated by known techniques; €.9., to delay disintegration and
absorption. |



~-di-serder—or-condition being treated with the conposition; the subject, its

age, size and general condition; and the route of admnistration. Suitable-
carriers are readily determ ned by one of ordinary skill in the art (see,
for exanple, J. G Nairn, in: Rem ngton's Pharmaceutical Science (A
CGennaro, ed.), Mack Publishing Co., Easton, Pa., (1985), pp. 1492-1517, the
cont ent sy, are incorporated herein by refer ] The
conp05|t?@ngﬁgwgnbreferably formul ated as tablets, ?§§§?2H@ﬁ£é powder s,
pills, capsules, gelcaps, caplets, gels, Ilposones granul es, sol utions,
suspensi ons, enul sions, syrups, elixirs, troches, dragees, |ozenges, or any
ot her dosage formwhich can be adm ngstered orally. Techni ques and

-conpositions for making oral dosage forms useful in the present invention

are described in the follow ng references: 7 Mddern Pharmaceutics, Chapters
9 and 10 (Banker & Rhodes, Editors, 1979); Lieberman et al., Pharnmaceuti cal

Dosage For ns: e ceuti cal
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car boxymet ose agar, mannito crum phosphate,
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starch, pot to starc saccharl n es um onate agacant h,
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sodi um t@drfier, DEBHAETOMNS éﬁ.ﬁt@Bfe%ﬁparéﬁl@reﬂta@ﬁfrh@tra’iﬁindnclﬁ&’é tdletionssuch solid
dosage fornms may be_ uncoated or may be coated by known techniques; e.g., to

del ay di ssudpegsians, cshsp@rﬁionmw!sgﬁnsmf anyotheeinsege fre witish cEPbes5/ 004442 8
R e UL A
i nj ecti ondosage forms are known in the art.

[0028] Suitable carriers used in formulating liquid dosage forms for oral or
parenteral administration include nonaqueous, pharmaceutically-acceptable polar
solvents such as oils, alcohols, amides, esters, ethers, ketones, hydrocarbons
and mixtures thereof, as well as water, saline solutions, dextrose solutions (e.g.,
DWS), electrolyte solutions, or any other aqueous, pharmaceutically acceptable
liquid. o

[0029] Suitable nonaqueous, pharmaceutically-acceptable polar solvents
mclude but are not limited to, aicohols (e.g., a-glycerol formal, B-glycerol formal,
1, 3-butyleneglycol, aliphatic or aromatlc alcohols having 2-30 carbon atoms such
as methanol, ethanol, propanol, isopropanol, butanol, t-butancl, hexanol, octanal,
amylene hydrate, benzy! alcohol, glycerin (glycerol), glycol, hexylene glycol,

 tetrahydrofurfuryl alcohol, lauryl alcohol, cetyl alcohol, or steary! alcohol, fatty acid
esters of fatty alcohols such as polyalkylene glycols (e.g., polypropyiene glycol,
polyethylehe glycol), sorbitan, sucrose and cholesterol); amides (e.g..
dimethylacetamide (DMA), benzyl benzoate DMA, dimethyiformamide, N-(B-
hydroxyethyl)-lactamide, N, N-dimethylacetamide amides, 2-pyrrolidinone,
1-methyl-2-pyrrolidinone, or polyvinylpyrrolidone); esters'(e.g., 1-methyl-2-
pyrrolidinone, 2-pyrrolidinone, acetate esters such as monoacetin, diacetin, and
triacetin, aliphatic or aromatic esters such as ethyl caprylate or octanoate, alkyl
oleate, benzy! benzoate, benzyl acetate, dimethylsulfoxide (DMSO) esters of
glycerin such as mono, di, or tri- -glyceryl citrates or tartrates, ethyl benzoate, ethyl



via intravenous, intraarterial, subcutaneous, rectal, subcutaneous,

I ntramuscul ar, intraorbital, intracapsular, intraspinal, intraperitoneal,
or intrasternal routes. The conpositions of the invention for parenteral
adm ni stration conprise an effective antitunor anount of the antitunor-

conmpoungoizisa7Riar maceutical |y acceptable carrier pcpasage.fonpnms suitable
for parenteral adm nistration include solutions, suspensions, dispersions,

enul si ons or any ot her dosage formwhich can be admnistered parenterally.
Techni ques and conpositions for nmaking parenteral dosage forns are known in
the art. [0028] Suitable carriers used in formulating liquid dosage forns
for oral or parenteral adm nistration include nonaqueous,

phar maceutical | y-acceptabl e polar solvents such as oils, alcohols, am des,
esters, ethers, ketones, hydrocarbons and m xtures thereof, as well as

wat er, satdtae, S@lyLddro fate 2k 10Ese Sethidtdians, féﬂ:r geid estdf®bf s@bies,r ol yte
sol utions, or any other a&geous, pharmaceutical ly acceptable [liquid. [0029]
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t - but anol , hexanq|, oct anyl ene hydrate, benzyl al cohol, glycerin

(gl ycer oW,thyéPV&iidjnoﬁﬁx@E@ﬁ@m ',@Q,%lypgcyetmg@rpqiwgit@fqmm gplypstg;sc%gqm lauryl
I cohol , , _ - o SUprl
o om0 o MRS o SIABEUloPERL b AORY L FpkdtEagl (o1

89' ye':] h?/pelg@xmtggengﬁﬁmogbt1arhlydgmsteamtamqmgy(exyeﬁm}fb?r)e)w@mgm (Ne-( ?-3,

i met hyl acet ani de enzyl. benzoat e i me or npi de, -
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1-net hyl -2- pyrrolidirone, 2-pyrrolidinone, acetate esters such as
nmonoacet mwnogumi@tpqluoxaﬁbyleneﬁsa@éan mongpiegrate) andPolyswhae®2k4Per s such as

acot at o. BOPHED foflic ALRARES yiiablon, o, PBMEP BEGErE AR IR Tone, a1 or
tri-glycaiodified ifétgﬁécﬁé esterd SUchraatiyoxgit4lyhydesyeratddEeastdrivill andd 2005/ 079319
PCTI US2005/ 00444 _ . _
polyoxyethylated castor oils (e.g., Cremophor® EL solution or Cremophor® RH
40 solution), saccharide fatty acid esters (i.e., the condensation product of a
monosaccharide (e.g., pentoses such as ribose, ribulose, arabinose, xylose,
lyxose and xylulose, hexoses such as glucose, fructose, galactose, mannoée and
sorbdse, trioses, tetroses, heptoses, and octoses), disaccharide (e.g., sucrose,
maltose, lactosé and trehalose) or digosac‘charide or mixture thereof with a C,-
C,, fatty acid(s)(e.g., saturated faity acids such as Caprylic acid, capric acid, lauric
acid, myristic acid, palmitic acid and stearic acid, and unsaturated fatty acids such .
as palmitoleic acid, oleic acid, elaidic acid, erucic acid and linoleic acid)),_-or
steroidal esters); alkyl, aryl, or cyclic ethers having 2-30 carbon atoms (e.g.,
diethyl ether, tetrahydrofuran, dimethyl isosorbide, diethylene glycol monoethyl
ether); ginofu_roI (tétrahydrofurfuryl alcohol polyethylene glycol ether); ketones
having 3-30 carbon atoms (e.g., acetone, methyl ethyl ketone, methyl isobutyl
~ ketone); aliphatic, cycloaliphatic or aromatic hydrocarbons having 4-30 carbon
| atoms (e.g., benzene, cyclohexane, dichloromethane, dioxolanes, hexane, n-
decane, n-dodecane, n-hexane, sulfolane, tetramethylenesulfon,
tetramethylenesulfoxide, toluene, dimethylsulfoxide (DMSO), or
tetramethylenesulfoxide); oils of mineral, vegetable, animal, essential or synthetic
origin (e.g., mineral oils such as aliphatic or wax-based hydrocarbons, aromatic



9 acetate, ethyl carbonate, ethyl lactate, ethyl oleate, fatty acid esters

of sorbitan, fatty acid derived PEG esters, glyceryl nonostearate,

gl yceride esters such as nono, di, or tri-glycerides, fatty acid esters

such as isopropyl myristrate, fatty acid derived PEG esters such as

ggG—hydr Mﬁ&ﬁ@% and PEG hydroxystearate, N "Ethyfcﬂﬁéh%mhﬂmpone pl uroni c
pol yoxyet ene sorbitol ol eic polyesters such

pon(ethoxyIated)SO 80 sorbitol poly(oleate)?2.4, pon(oxyetherne)15.20

nonool eate, pol y(oxyet hyl ene)15. 20 nono 12- hydroxystearate, and .

pol y(oxyet hy(ene) 15. 20 nono ricinol ¢&te, pol yoxyethyl ene sorbitan esters

such as pol yoxyet hyl ene-sorbitan nonool eate, pol yoxyethyl ene-sorbitan

‘nmonopal mtate, polyoxyethyl ene-sorbitan nonol aurate,

pol yoxyet hyl ene- sor bi t an nonostearate, and Pol ysorbate(r) 20, 40, 60 or 80

from I G yhaRicafdns, Mxedianghdtie. an@'%ro@:@hd/ Bbé’éd @Hf&@rh&%‘"%nd fieieneoxy

nodi fied fatty acid esters such as pol yoxyl drogénated castor oil and -
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gal act ose, mannose and  sorbose, trioses, tetroses %I%SGS and octoses),
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di sacchanilgsugteagfish, mms@permo@ﬂw, haliver. squaleng, 08rg sk

cat i at edVeirh Siei ol 4 bEvoRelffted bastafhily igher o bﬁ‘ac%’d&?ﬂag@‘e 2¢i d,
myristic iwocadborpatbmstarﬁ cqmodallamomttaam bae daloden sobstinad) metliyeshd atty aci ds

such as palmtoleic acid, oleic acid, elaidic acid, erucic acid and
linol eic GQEWQ?) moggethanclarpingapetedewnbenzig) Wf"m“@r’?meg@r cyclic ethers having

<osor i A0 bR IRy acids (P o HpIE Plenic Rl UESepL R o acie '

('t et r ahy dioctsagentadnom! avid) oF dpms,ahekqammgdl)ypolyglgmi@syer oket ones having 3-30

ari phat | A2 byEraRieaghass anaeoRRMENE YRR SEAPR HS Tty BASED Lar bon at ore

1 dodecane R LR ) ol GOl T OB SRR RupaFsodifane. - decane.
t et ramet Meaéﬁwwab)bandmnqotﬂait&ne di met hyl sul foxi de (DVBO), or
~ [0030] Other pharmaceutically acceptable solvents for use in the invention
-are well known to those of ordinary skill in the art, and are identified in The |
Chemotherapy Source Book (Williams & Wilkens Publishing), The Handbook of

Pharmaceutical Excipients, (American Pharmaceutical Association, Washington,

D.C., and The Pharmaceutical Society of Great Britain, London, England, 1968), -
- Modern Pharmaceutics, (G. Banker et al., eds., 3d ed.)(Marcel Dekker, Inc., New

York, New York, 1995), The Pharmacological Basis of T_herapeutics, (Goodman &

Gilman, McGraw Hill Publishing), Pharmaceutical Dosage Forms, (H. Lisberman
et al., eds., }{Marcel Dekker, Inc., New York, New York, 1980), Remington's
Pharmaceutical Sciences (A. Gennaro, ed., 19th ed.)(Mack Publishing, Easton,
PA, 1995), The United States Pharmacopeia 24, The National Formulary 19,
(National Publishing, Philadelphia, PA, 2000), A.J. Spiegel et al., and Use of
Nonaqueods Solvents in Parenteral Products, JOURNAL OF PHARMAGEUTICAL
‘SCIENCES, Vol. 52, No. 10, pp. 917-927 (1963).

[0031] Preferred solvents inc!ude those known to stabilize the antitumor
compounds, such as olls rich in triglycerides, for examplé; safflower oil, soybean
oil or mixtures thereof, and alkyleneoxy modified fatty acid esters such as polyoxyl

- 40 hydrogenated castor oil and polyoxyethylated castor oils (e.g., Cremophor® EL



tetramet hyl enesul foxide); oils of mneral, vegetable, aninmal, essential or
synthetic origin (e.g., mneral oils such as aliphatic or wax-based

hydr ocar bons, aromatic WO 2005/ 079319 PCT/ US2005/ 004442 10 hydrocar bons,
m xed al i phatic and aromati c based hydrocarbons, and refined paraffin oil,

veget ablygp ajokpresiech as linseed, tung, safflower, soybean, castor,
cottonseed, . groundnut, rapeseed, coconut, palm oliveé, corn, corn germ

sesanme, persic and peanut oil and gl ycerides such as nono-, di- or _
triglycerides, animal oils such as fish, marine, sperm cod-liver, haliver,
squal ene, squal ane, and shark |[liver1bil, oleic oils, and pol yoxyet hyl at ed
castor oil); alkyl -or aryl halides having 1- 30 carbon atons and optionally
nore than one hal ogen substituent; nethylene chloride; nonoethanol am ne;.
petrol eum benzin; trol am ne; omega-3 polyunsaturated fatty acids (e.g.,

al pha- | i rs@hman@r@eerﬁopmr@mnersbmﬁa@) CafildreialQsaRaNe HohrRadériggi d, or
docosahexaenoi c aci d) coI ester of 12- hydroxystearlc acid and
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i nvent i oremulsior (a0 ﬂsm'vuﬂsron sblutior corhtamlmg 160 pngBaifidwer oil t 109 mgt , and are
identified in Th
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eds., 3d esmbljieneolotion cmmuemg 1|0|6cmg stfawelvait, 4 00 Maywsodoeian oll 9t%5ing €Bge

Ph | .. B t MG Hill
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Phar nmace Sci ences nnar o, | ed. ) (Mack Publishing, Easton,
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DHA Maguro® (from Daito Enterprises, Los Angeles, CA), Soyacal®, and
Travemnulsion®. Ethanol is a preferred solvent for use in dissolving the antitumor
compound to form solutions, emulsions, and the like.

[0032] Additional minor companents can be included in the compositions
of the invention for a variety of purposes well known in the pharmacsutical |
industry. These components will for the most part impart properties which
enhance retention of the antitumor compound at the sife of administration, protect
the stability of the bdmposition, control the pH, facilitate processing of the

_antitumor compound into pharmacsutical formulations, and the like. Preferably, -
each of these components is individually present in less than about 15 Weight %
of the total composition, more preferably less than about 5 weight'%, and most |
preferably less than about 0.5 weight % of the total composition. Some
components, such.as fillers or diluents, can constitute up to 90 wt.% of the total
composition, as is well knawn in the formulation art. Such additives include
cryoprotective agents for preventing reprecipitation of the taxane, surface active,
wetting or emulsifying agents (e.g., lec'ithin_," polysorbate-80, piuronic 60,
polyoxyethylene stearéte, and polyethoxylated caster oils), preservatives (e.g., '
ethyl-p-hydroxybenzoate), microbial 'presérvatives (e.g., benzyl alcohol, phénol,
m-cresol, chlorobutanol, sorbic acid, thimerosal and paraben), agents for

"adjusting pH or buffering agents (e.g., acids, bases, sodium acetate, sorbitan



SCI ENCES, Vol . 52, No. 10, pp. 917-927 (1963). [0031] Preferred solvents

I ncl ude those known to stabilize the antitunor conpounds, such as oils rich
in triglycerides, for exanple; safflower oil, soybean- oil - or m xtures

t hereof, and al kyl eneoxy nodified fatty acid esters such as polyoxyl 40

hydr ogeRrab efdsfaslor oil and pol yoxyet hyl at ed castor @iéj 065(/30 Cr enophor (r)
EL WO 2005/ 079319 PCT/ 11S2005/ 004442 11 solution or em)p Z(r) RH 40

solution). Commercially available triglyceride-rich oil S i ncl ude
~Intralipid(r) enulsified soybean oil (Kabi-Pharmacia Inc" Stockholm
Sweden), Nutralipid @enulsion (MGawe Irvine, California), Liposyn(r) 11
20% emul sion (a 20r/o #assmul sion soI ution containing 100 ng safflower oil,
100 ng soybean oil, 12 ng egg phosphatides, and 25 ng glycerin per m of
solution; Abbott L-abOr atories, Chicago, Illinois), Liposyn(r) 111 20%

enul si on r(lmcﬂmrcafea,t agmtalf@ianiﬂu&ﬁng osimolarityoletcpj giyergin},Ghickenaa{d.gower oil, 100

b I ht m of
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25% and 100% by Wla%1 based On the ‘total y acid cont asco(r)
(f rrom Marghgiel)Balerentsn dyes, Bowmids, aan-yatstile, snlmpes (mcm\gueth{qopexf rom Dai t o

Enterpris a n(r). Ethanol is
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sol ut i onsadserbenty, €ikers (@04 stifj@rslsulie as [42032] sistdsd,imalitonionesrbsimponent s can
be included in the conpositions of the i nvention for a variety of purposes

vel | knomlvlﬁsewécahmrﬁb%i&hﬁtﬁi dl'UPﬁ@d@&wat%égw%@%ﬁms will for the
most  par te ;dﬁaﬁ@t bMKER tda'gs,}‘ﬁ]eref,ﬁs%r HR968 s@r&ﬁ%ﬁéﬁ?s@r%ﬁ ?%&}r{;ﬁ umor

conmpound a Ite o |on protect’ the s 't he
~ conposi t mrpptat@starmﬂ getaﬂnpgdlmmagad:arﬁlatmetbylmﬂslesag\ydfowpmpyiant i tunor

of T hese OGRS, paTHRR AT 7Lk PAAVINUBE GRS HBE. 15 wei ght 96
- of the t Qigiim&eIRARIaD, &Qnte@?ﬁtiﬁgl%béﬁ@r( \Agl 3étér6ﬁés $iashapt skl ght % and
most  preferably |ess than about % of the total composition. Sore

wheat starch, rice starch, potato starch or car oxymethyl starch, cross-linked
polyviny! pyrrolidone, a_gar, alginic acid or a salt thereof such as sodium alginate,
croscarmellose sodium or crospovidone), lubricants (e.g., silica,'ta!c, stearic acid
or salts thereof such as magnesium stearate, or polyethylene glycol), coating

~ agents (e.g., concentrated sugar solutions including gum arabic, talc, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, dr titanium dioxide), and
antioxidants (e.g., sodium metabisulfite, sodium bisulfite, sodium sulfite, dextrose,
phencls, and thiophenols). | |

[0033] Dosage form administration by these routes may be continuous or

intermittent, depending; for exanﬁple, upon the patient's physiological condition,

- whether the purpose of the administration is therapeutic or prophylactic, and other
factors known to and assessable by a skilled practitioner.

t0034] Dosage and regimens for the administration of the pharmaceutical

compositions of the invention can be readily determined by those with ordinary
skill in treating cancer. It is understood that the dosage of the antitumor
compouhds will be dependent upon the age, sex, health, and weight ofthe
recipient, kind ofconcurrént'treatment, if any, frequency of treatment, and the
nature of the effect desired. For any mode of administration, the actual amount of
antitumor compound delivered, as well as the dosing schedule necessary to
-achieve the advantageous effects described herein, will also depend, in part, on



components, sucli.as fillers or diluents, can constitute up to 90 w. % of
the total conposition, as is well known in the formulation art. Such
additives include cryoprotective agents for preventing reprecipitation of
t he taxane, surface active, wetting or enulsifying agents (e.g., lecithin,
pol ysor bat e- 80, pluronic 60, polyoxyethylene stearate, and pol yet hoxyl at ed
caster AdYQ3WSNPPKservatives (e.g., ethyl-p-hydr oxyPEHERAE444m cr obi a
preservatives (e.g., benzyl alcohol, phenol, mcresol, chlorobutanol,
sorbic acid, thinmerosal and paraben), agents for adjusting pH or buffering
agents (e.g., acids, bases, sodium aggtate, sorbitan WD 2005/079319

PCTI U52005/ 004442 12 nonol aurate), agents for adjusting osnolarity (e.g.,
gl ycerin), thickeners (e.g., alumnumnonostearate, stearic acid, cetyl

al cohol, stearyl alcohol, guar gum .nethyl cellul ose,

hyd | | ul Ltri, ' tyl t . pol yet hyl I ),
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adsorbents, fillers (e.g., sugars such as lactose, sucrose, mannitol, or
sor bi t ol thossedf|skillds the at. The dosmadmioistared & an ahimalpastigudarly. 9  wat er, sal i ne,
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(e.g., stielerably, aneifestiverameuntaf Seantitumpeeampetnds whethes adwinistered pot at o
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salts thereof such_ as nesi um stearate, or po]yethylene glycol), coating
agents (éPQTPPS@B%&ﬁPFaT@gH"@ ion25¢ REGPEFRd 'Prﬁ‘:’Fh@i *@amaﬂs@@ﬁet al c,

pol yVi nylin oRY bF %P@&'&Fpreﬁ)ﬁgéﬁ?gé’goﬂﬁins gwam@.g{ﬁﬁpg b¥@Qhor OF titanium

di oxi de), and ant1 oxi dant ., sodi um net I'te, sodium bisulfate,
sodi um suwofrippand gexmf ofsEatienpbadysiusiacaackshioophieast 50, 100 OURBROOGRAMge f or m

adm ni St SNt mb SF R AimS: pdiRd b h2'o B4fer body surface area,

| wherein the average body surface area for a hﬁman is 1.8 m?. Preferably, a
single dose ofa compoéition for oral administration contains from about 20 to
about 600 mg of the antitumor compound per m? of patient body surface area,
more pre_ferébly from about 25 to about 400 mg/m* even more preferably, from
about 40 to about 300 mg/m?, and even more'preferably from about 50 to about
200 mg_/mz. Preferably, the compositions for -pérenteral administration are
prepared in such a way that a single dose contains at ieast 20 mg of the antitumor
compound per m”of patient body surface area, or at least 40, 50, 100, 150, 200,
300, 400; or 500 mg of the antitumor compound per m? of patient body surface -
area. Preferably, a single dose in one or more parenteral preparations contains

" from about 20 to about 500 mg of the antitumor compound per m? of patient body-
surface area, more preferably from about 40 to about 400 mg/m? and even more
preferably, from about 60 to about 350 mg/m*. However, the dosage may vary |
‘depending on fhe dosing schedule which can be adjusted as necessary to
échieve‘the desired therapeutic effect. It should be noted that the ranges of
effective doses provided herein are not intended to limit the invention and
'represént preferred dose ranges. The most preferred dosage will be ta_ilored o
the individual subject, as is understood and.determinable b’y one of ordinary skill
in the art without undue experimentation. |



intermttent, depending, for exanple, upon the patient'-s physiol ogical
condition, whether the purpose of the admnistration is therapeutic or
prophyl actic, and other factors known to and assessable by a skilled
practitioner. (0034] Dosage and regi nens for the adm nistration of the
phar maceuti cal conpositions of the invention can be readily determ ned by

t hose wWybheRpeiziary skill in treating cancer d that the
dosage of the antitunmor conpounds wll be depende??T@g%bﬁgf@a‘g‘?age sex,

heal t h, and weight of the recipient, kind of concurrent treatnent, if any,
frequency of treatnment, and the nature of the effect desired. For -any node
of -administration, the actual armountl4of antitunor conpound delivered, as
wel | as the dosing schedul e necessary to achieve the advantageous effects
descri bed herein, will also depend, in part, on WO 2005/ 079319

PCTI US2005/ 004442 13 such factors as the bioavailability of the antitunor
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per n2 oRelatitdlelolv domdgnisatiohe @ee gemallyqﬁreﬁirrddetmhu@themaurﬂ&O 200, 300,

400, or 500 of the antitunor D@grrpoun per n2 of patient body surface
area, VIRIPRQURGS mosteluble Ibbes ‘Pﬂé’é@"‘éﬁ;@&eﬂﬁﬁﬂ%sht?r?&n is 1.8 nR.

Pr ef b I
Fr om abor oSBT ARG, e R 3 i e RS o ot et

of patient
body surfoacel ademistration és mrefdreblabbgwe‘mcahoabﬁmelgm% andibbout 541)0 ng/ n2' even

][nr) (r)?n 2[33‘&%5@8%{ Baf r theQOta welg { o tﬁg (c):grtnpoap onmilnore préafgrab? Betwaen© P! eterably
about 8 weight % and about 40 weight %, and most preferably between about 10
weight % and about 30 weight %. ’

[0036] In one embodiment, solutions for oral administration are prepared
by dissolving an antitumor compound in any pharmaceutically acceptable solvent
capable of dissolving the compound (e.g., ethanal or polyethylene glycol) to form
a solution. An appropriate volume of a carrier which is a surfactant, such as |
Cremdphor@ EL solution, polysorbate 80, Solutol H815, or Vitamin E TPGS, is
added to the solution while Stirring to form a pharmaceutically acceptable solution
for oral administration to a patient. For example the resulting compositions may
contain up to about 10% ethano! and/or up to about 10% surfactant, more
typically, the concentrations will be about 5-10% by volume ethanol with an equal
volume of surfactant and distilled water in the range of 80-90% by volume. For
taste purposes, a fraction of the distilled water can be replaced by a diiutéd cherry

“or raspberry syrup, preferably, about 10-30% syrup with the remainder water. In
one embodiment, the concentration of 9091 in this formula_tion is2to 4 mg/mL. If
desired, such solutions can be formulated to contain a minimal amount of, or to
be free of, ethanol, which is known in the art to cause adverse physiological
effects when adrhinistered at certain concentrations in oral formulations. In a
preferred embodiment, the solution comprises about 5% ethanol, about 5%
surfactant selected from polysorbate 80 (e.g., Tween 80®), polyethoxylated



200 ng/ n2. Preferably, the conpositions for parenteral adm nistration are
prepared in such a way that a single dose contains at |east 20 ng of the
antitunmor conpound per nRof patient body surface area, or at |east 40, 50,
100, 150, 200, 300, 400, or 500 ng of the antitunmor conpound per n? of

patient Jpgdysawif,ace area. Preferably, a single dogﬁ'ﬂjﬁ%‘@%“% nor e
of the

parenteral preparations contains fromabout 20 to

antitunmor conpound per nR of patient body surface area, nore preferably
fromabout 40 to about 400 ngi n2, and even nore preferably, from about 60
to about 350 ng/nR. However, the dosage nmay vary depending on the dosing
schedul e whi ch can be adjusted as necessary to achieve the desired .
therapeutic effect. It should be noted that the ranges of effective doses
provi ded herein are not intended to limt the invention and represent

pref err e ARMiIE A7 Brenbihdis lanB ik EFd e A %ts'bqugggg, digtiegr ed to the

I ndi vi dual subje as 1's understood and determn one of ordinary
skill irwvathe art w thout undue experinentation. WO 2005/ 079319

PCTI U32005/ 0044, 14 035] .T ti f th tit d

21 qui . phalfa T askihes Shnpadier iy pawtiess ot EPiels or Geal R SER0n 0. 03 g and

bout 10 h e it ' ' t 0.1 d

Sbout 7 aprepeted b SIsSORG Hnd Ml dFYorRuRY §F A MdiBlaBaRaly O it 50

nmg/ L, arktceptable solventcapable didissaivingitheworipobindde gnatlsnolior 4 ng per nl. In
nmbodi t trat]j 9091 in this f | at i IS 2to 4
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ant i t unorevaperalay MhehheBELticOk ke uhBed RUGHI. UiA 8ddifdndl Bdfriepesent rati ons.
The concentration of the antitunor conmpound in a solid pharnmaceuti cal

conposi t i ksnaddegito dhepoluiinn priaste divings sueh p? Bremepo®z: seleliorabd® 5 wei ght %
o obobt oS S, e bR TR Gar bl b o BERELne bl GERHRRI Lo T
pr ef er abl witthe bindentofoanta pbivdene Tl poddemehnatitomixedQithefillghs or’6thér0036] 1 n one
enbodi ment, solutions for oral adm nistration are prepared '
conventional tabletting agents and processed to form a tablet for oral
administration to a patient. The powder can also be added to any liquid carrier as
described above to form a solution, emulsion, suspension or the like for oral
administration.
[0038] Emuisions for parenteral administration can be prepared by
dissolving an antitumor compound in any pharmaceutically acceptable solvent
capable of dissolving the compound (e.g., ethanol or polyethylene glycol) to form -
a solution.. An appropriate volume of a carrier which isra fat emuléion, such as
‘Liposyn® I, Liposyn® i, or Intralipid® emulsion, is added to the solution while
stirring to form a pharmaceutically acceptable emulsion for parenteral
administration to a patient. For example, the resuiting composition may contain
S oup to about 10% ethano! and/or mare than about 90% carrier (fat emulsion), more
- typically, the conc}entration will be about 5-10% by volume ethanol and about 90-
95% by volume carri'er. (fat emulsion). In one embodiment, the concentration of
/9091 in the dosing solution is about 1-2 mg/mL. Typically, the fat emulsion
contains between about 10 and about 20% fat, preferably about 20% fat. If
desired, such emulsions can be formulated to contain a minimal amount of, or to
be free of, ethanol or Cremophor® solution, which are known in the art to cause
- adverse physiological effects when administered at certain concentrations in
parenteral for_mﬁlaiions. In a preferred embodiment, the emulsion comprises
about 5% etha.nol and about 95% fat emulsion (e.g., Intralipid 20%, Lipasyn I



by di ssolving an antitunor conpound in any pharmaceutically acceptable

sol vent capable of dissolving the compound (e.g., ethanol or polyethylene
glycol) to form a solution. An appropriate volune of ra carrier which is a
surfactant, such as Cremophor(r) EL solution, polysorbate 80, Solutol HS1
5, or Vi 4PGS, is added to the sol ution whi to forma
pharnacg&?lcaPly acceptable solution for oral adn1h$gﬁ$%é§ %o a patient.
For exanple, the resulting conpositions, may contain up to about 10%

et hanol and/or up to about 10% surfactant, nore typically, the
concentrations will be about 5-10% by6 vol une ethanol with an equal vol une
of surfactant and distilled water in the range of 80-90% by vol une. For
taste purposes, a fraction of the distilled water can be replaced by a
diluted cherry or raspberry syrup, preferably, about 10-30% syrup with the
remai ndemn PRdHt Rk 9091 in this
formul ati 8?1@7025 mlkﬂrefh%?e nﬂhﬁqm%g?%a;gnﬁggch tﬁétr?%hrﬂs can be fornmul ated
t o cont aicamposition mafreaawfmgentsoﬂhlclmaretlmowmetomaaee eﬂveree physitipgiesli ch i s known

cortain CORRSHTR ARG Pitoria P on TorRbhoral B0 AR elbon ment , t he

sol ution wqggr lTSﬁ‘en t 5% et hanol, about 5% surfactant selected from
pol ysor bat e % % ween 80(r)), polyet hoxyl ated WO 2005/ 079319
PCT/ 1 1 52005/ 0EW883D Soiugiona farnarenteral admigistrative eapbemrenared Ayid m xt ur es

bovcor ' SPLBRRILaRBIHS S o 49} BherghReRi e ReRIRARE SORARELL T L
ant i t unorcapaitp@fididsoiving tye @dfrapdsmrde(etg Cethanol an@lgéﬂth@he ghebN enformapabl e of
di ssol ving the caonpound (e " et hanol _or yet hyl ene ¢l gcol) to forma

sol utiond ‘%olAﬂeﬁﬂPf@%{'@t%lé@ P@ﬁdlfla;ﬁaﬂéerd’ﬂwblﬁé%ﬁ actaphfYCR@Sng when t he

sol ution r dded to the
sol ution dpr§I g %l ngwgwﬁéte%c?g%%"‘% or efd'd%}fi t?l on. ‘ﬂ?h?‘ resul ting
sol uti on wl'sletstmnag to fudey 2 plamuwmeumallpanu:@t@:blaselutud’ﬂn&)rgiaaaﬁenals t hen m xed

W|thab| dert with fillers or
ot her oato AAmBEL | 175 S4gBRIS METasiae cgREson POy PaA LD et 1 or
oral up to about 10% ethanol and/for up to about 10% surfactant, more typically, the

concentration will be about 5-10% by volume ethanol with an equal volume of
surfactant and saline in the range of 80-90% by volume. If desired, such

- solutions can be formulated tb contain a minimal amount of, or to be free of,
ethanol or Cremophor@ solution, which are known in the art to cause adverse
physiological effects when administered at certain concentrations in parenteral

- formulations. In a preferred embodiment, the solution comprises about
5% ethanol, about 5% polysorbate 80 (e.g., Tween 80®) or polyethoxylated'
caster oils (e.g., Cremophor®), and about 90% saline (0.9% sodium chloﬁde). To
minimize or eliminaté potential adverse effects (e.g., hypersensitivity reactions), a -
patient receiving this embodiment is preferably pretreated with dexamethasone,
diphenhydramine, or any other agent known in the art to minimize or eliminate
these adverse reactions. .

[0040] Other suitable parenteral formulations include liposomes. -
Liposomes are genefally spherical or spheroidal clusters or éggregates of
amphiphatic compounds, including lipid compouds, typically in the form of one or
more concentric layers, for example monolayers or bilayers. The liposomes may
be formulated from either ionic or nonionic-lipids. Liposomes from nonionic lipids

are also referred to as niosomes. References for liposomes include: (a) -
Liposomes Second Edition: A Practical Approach, edi_ted by V. Torchillin and V.



adm nistration to a patient. The powder can also be added-to any |iquid
carrier as described above to forma solution, enulsion, suspension or the
like for oral administration. [0038] Emul sions for parenteral

adm ni stration can be prepared by dissolving an antitunor conpound in any
pharmaceutically acceptabl e sol vent capable of dissolving the conpound
(e.g., eaybagek7edfs pol yet hyl ene glycol) to form a S?bﬂﬁkﬁ&mm4 2approprlate
vol une of a carrier which is a fat enul si on, such as Iposyn(r) I1,

Li posyn(r) 111, or Intralipid(r) emulsion, is added to the solution while’
stirring.to forn1a pharmaceutical ly acceptable enul sion for parenteral
admini stration to a patient. For exaithl e, the resulting conposition may
contain up to about 10% et hanol and/or nore than about 90% carrier (fat
emul sion), nore typically, the concentration will be about 5-10% by vol une
et hanol and about 90- 95% by volune carrier (fat ermulsion). In one

enbodi nenNelssigeomme:ntvemnwcmesﬁ 20099b) MnMdnﬁst@nﬁB&iaat@htstar@n i's about 1-2

ngl L. Tyrpl cally, the_fat e | si on . contai ns_between about 10 and about 20%
fat, pr efw‘g&%ﬂl arcgkDekiesince 003210 @ilulieopl@lean be fornul at ed
to CO.”t al Findls u1E'aﬁﬁlh|aﬁ39#qt%n9ﬁaﬁs%rtﬁ@Fo%léfcﬁFoﬂiRor&télﬁu:mé D?UH Crf emophor (r)

~sol ution,~wnr gical effects
- when adm'MedﬂfmrmcSmntlﬁePuhllshewnééﬁi rati ons in parenteral for mJI ations. In

a preferred e errul sion co se bout, 5% et hapol and about

9556 fat - enul < KON o Besienn e s BP0 85 0IEHOsB Spaoi R 9o3a0) 93bdto

PCT/ U520 f

enbodi mﬁf&r&?ﬁ@%@ﬁtf&ﬁo’h cgh b@gﬁb ﬁ%éﬁdq?qs\hfg !r&g% v)s%is gf‘%ﬁﬁ}séomé ﬁﬁﬁgaﬂe known to

cause admn@nqmwstmwgtra’raﬂ form and diyted with any ppawwmamb&qllyaaceepteblst er oils
e.g., Crenmp and | ysor bat 80, 0039

(Sol gt i ons"quEir Slﬁq} “)h%%\nﬁl tog‘ca’;#ﬁp&cpgﬁﬁwﬁq@%e%ghg?ﬁaipg@nbg, Jlﬂﬁ S50 v} ng an

ant i t unoris kAOWPHEeiaft. any pharmaceutically acceptabl e sol vent capable of

di ssol ving the conpound (e. ., ethanol or polyet hgy ene gl{qcm) to form a
sol ution. An &Qﬂﬂ%pTh@teandem@wbproéec@as graap” wnd chydrexyspretectiag@t ant, such as

group” as used herein denote a group capable of protecting a free hydroxyl group

("protected hydroxyl") which, subsequent to the reaction for which protection is

employed, may be removed without disturbing the remainder of the molecule. A

variety of protecting groups for the hydroxyl group and the synthesis thereof may
'. be found in Protective Groups in Organic Synthesis by T. W. Greene, John Wiley

and Sons, 1981, or Fieser & Fieser. Exemplary hydroxyl protecting groups
include methoxymethyl, 1-ethoxyethyl, benzyloxymethyl,
(B—t-_rimethylsiljxlethoxy)methyl, tetrahydropyranyl, 2,2;2-trichloroethoxycarbonyl,
t—butyl(diphenyl)silyl, trialkylsilyl, trichlbromethoxycarbonyl and
2,2,2-trichloroethoxymethyl.

[0043] As used herein, "Ac” means acetyl; ‘Bz’ means benzoyl; “TES”
means triethylsilyl; “TMS" means trimethylsilyl; “LAH" means lithium aluminum
hydride; “10-DAB” means 10-desacetylbaccatin llI"; “THF" means tetrahydrofuran;

_ “DMAP“ means 4-dimethylamino pyridine; “LHMDS” means lithium
hexamethyldisilazanide; "TESCI" means triethylsilg}l chloride; "cPtc-Ci" means
cyclopentanecarbonyl chioride; "DMF" means N,N-diméthyifo;mamid; "MOP"

means 2-methoxypropene; “iProc” means N-isopropoxycarbonyl; "iProc-Cl" |
means isopropyl chloroformate; and "LDA" means lithium diisopropytamide.



_ _—— _ e
Crenophor (r) solution, polysorbate 80, or Solutol HS15, is added to the
solution while stirring to forma pharmaceutically acceptable solution for
parenteral admnistration to a patient. For exanple, the resulting
conposition may contain up to about 10% et hanol and/or up to about 10%
surfactant, nore typically, the concentration will be about 5-10% by vol une
et hanol WPRMS&M3Equal vol une of surfactant and sal iroe/Usmosduesseange of
80-90% by volune. If desired, such solutions can be fornulated to contain a
m ni mal amount of, or to be free of, ethanol or Crenophor(r) solution,

whi ch are known in the art to cause agverse physi ol ogi cal effects when
adm ni stered at certain concentrationS in parenteral formulations. In a
preferred enbodi nent, the solution conprises about 5% et hanol, about 5%

pol ysorbate 80 (e.g.; Tween 80(r)) or polyethoxylated caster oils (e.g., .
Crenophor(r)), and about 90% saline (0.9% sodiumchloride). To mnimze or
el i mi nat e pot 4d6@44]| Theifeliowingeiamptes ifustrgts theympangensi tivity reactions), a
patient receiving this enbodinment ds Ie erably pretreated with _

dexanet hasone, di phenhydram ne, ééLﬂﬁyiither agent known in the art to
mnimze or elinmnate thepgemfaRInsd CARsdunaspge1[ 0040] Cther suitable
parenteral fornulations include |iposones. Liposones are generally
spherical or spheroidal clusters or aggregates of anphiphatic conpounds,
including lipid conpougs, typically in the formgf one or nbre concentric

| ayers, for exanpl e nofbl gvers or bilayers he /i posones may be fornul ated
fromeither ionic §r_porRkoni@ i pids. Lip gm nonionic lipids are
al so referred w P Ref erences f'e~/l| pos¢nep iTcI ude: (a)

3 Z

Li posones Secoﬁf@”" .r actical Approach)—ed Torchillin and
V. WD 2005/079319 PCITYS2088L084442 517 Weirgshi O ; Uni versity Press,
2003; (b) M WMl ns 'é‘?né Surtactants and Pol yns g Delivery, Marcel
Dekker Inc., 2002; Nand (c) |ler et al., Enulgkon NP Oosuspensi ons for
t he Fornul ati on “of-/Poojl y ubl e Drugs, Megphar moScl efpfific Publishers,
1998. [0041] If desired, the enulsions or e@' os des¢ri bed above for oral

or 0] 0

10-DAB | - SIT310

[0045] Protection and Acylation of 10-DAB to SIT310. Using the
following procedure, tandem protection of 10-DAB's C7-hydroxyl with triethylsilyl
| chloride (TESCH) énd acylation of its C10-hydroxy! with cyclopentanecarbonyl
chioride (cPtc-C!) produced SIT310. |

'[0046] Preferably, t_he reaction is carried out at 6 mL of DMF per 1 g of 10- |
DAB as a clear solution (10-DAB is soluble in DMF at ~5 mLfg at22°C, butwill
precipitate when cooling to 0-5°C). Addition of DMARP to the solution of 10-.DAB in
DMF at room temperature will aid its solubility. Preferably, the anhydrous
solvents and reactors are under inert nitrogen atmosphere. Water will consume
triethylsilyl chioride with a molar 1:2 ratio.

[0047] To an oven dried 1-L jacketed 3-neck round bottom flask (RBF)
e(juipped with magnetic stirring, internal temperature probe and an addition funnel
under an inert nitrogen atmosphere was placed 10-DAB (54.46 g, 0.100 maol),
DMAP (36.60 g, 0.300 mol) and anhydrous DMF (330 mL). The mixture (0.3 M) |

~ was stirred to give a clear light yellow solution at 22°C. The reaction mixture was
cooled to an internal reactor temperature of 0-5°C with a circulating chiller.



parenteral adm nistration can be packaged in |V bags, vials or other
conventional containers in concentrated formand diluted with any
pharmaceutically acceptable |iquid, such as saline, to forman acceptable
taxane concentration prior to use as is known in the art.- (0042] The terns
"hydr ox I ng group” and "hydroxy protectin rou as used herein
denot e ?g@gﬁ%ﬁ%gpabl e of protecting a free hydroxgll)mg'f%?fgl 2pr_ot ected
hydroxyl ") which, subsequent to the reaction for which protection is
enpl oyed, may be renoved wi thout disturbing the remainder of the nolecule. A
variety of protecting groups for thetdqhydroxyl group and the synthesis
thereof may be found in Protective Goups in Organic Synthesis by T. W
G eene, John Wley and Sons, 1981, or Fieser & Fieser. Exenplary hydroxyl
protecting groups i ncl ude met hoxynet hyl, 1-ethoxyethyl, benzyl oxynethyl,

(R—trirrethyls t " | -

2-trichl oroet oxyE I S'):’F&E@t A Tb@%\?@lﬂm?ﬁ% ¥§F3%F$Wétpl;r Ss(|:II yl,

trichl or ¢t&6 indix§.d086 hmmlowtﬂ W!héh ﬂhetlmten‘fall :Uaa&irh@mymmw was[<¥0¢3] As used
hereln Ac" peans, nmeaps. benzoy S" means trlethyIS|IyI

" TVG" msr@o—wweﬁéﬂﬁwéfﬁﬂ TES‘E‘AFPS iRitiated tPuﬂpﬁtfaHhaleﬁmhﬁﬂmanﬁydr i de; " 10- DAB"
means 104 n?a‘?ﬁtﬁf?ﬁ%'wﬁ?@?ﬁ:%b&o} HT%éﬁtEFg:( 5”@6(‘ B‘?ﬁ:ﬁ%ﬂﬁ%ﬂfti fter DVAP" means

4 di et hyI am no pyr | um exarre | Si | azani de;
"TESCI " additisn of | 20iydfSIHSCT!, OMAG- Hﬂbsaltlmgam@lpremmm Aﬁgfdhepent anecar bonyl
chlorlde

"i Proc" %QWW3§§BW%%§5%§%§JH§ VJBgrSF%?Q)@t %FWQTM%E‘?FS a_ﬁpgg;lho*ypr openes
PCT/ US2000 Do FH oA e ge) SholedT Sioh alicibl bRt el r 000
i nvent i o(Rf‘OIZOa\npmeathF!Délpm?&tﬁ&iﬂ-@fﬁmﬂum(&fﬂbﬁﬂ) HINMB. satptipg bf r ' \
the reaction mixture showed the amount of starting material was 2.5% of the
product according fo the integrals of the C10 carbinol proton resonances.
Additional TESCI (0.45 mL, 0.0027 mol) was édded and the mixture was stirred at
01to 5°C. After 2 h, HNMR sampling showed <1% of the starting 10-DAB
approximately 1.2 % of the 7,13-bisilylated side product (the reaction was stirred

overnight without further changes).

[0049] 10-cPtc Formatlon The addmon funnel was charged with

cycIopentanecarbonyl chlonde (12.76 mL, 0.105 mol) and added drop-wise to the
reaction flask over 30 min to control the exotherm and maintain the internal
reactor temperature <10°C. After the addition was complete, the mixture was
stirred at 15-22°C over 12 h.  TLC monitoring of the reaction mixture showed
approximately 95% cbnv_ersion to the less polar product. HNMR sémpling of the
reaction mixture showed 4.5% of the intermediate 7-TES-10-DAB remained
relative to the product according to the integrals of the C10 carbinoi proton
resonances. Additional cPtc-Cl (0.55 mL,0.0045 mol) was added and the mixture
stirred for 4.5 h. TLC monitoring (1:1, EtOAc:Heptanes) showed complete
“conversion to the product and work-up was initiated.

_ [0050]. Work-up: The reaction mixture was gradually poured into a rapidly
stirring 3-L flask containing 1.5 L. of ice-cold water over 5 min to form a thick white
precipitate. After stirring for 15 min, the precipitate was collected by vacuum

‘-'ﬁltrati_on through a medium frit Buchner funnel. The filtered cake was washied'
thoroughly with pure water. The water filtrate showed no product by TLC and was
“discarded. The filtered cake was dissolved in ethyl acetate (300 mL} and




HO("" OTES O-~. HO1 HO- H'" 0 HO' HO/OO OO0~ O/ (0 10-DAB SIT310
[ 0045] Protection and Acylation of 10-DAB to SIT310. Using the follow ng
procedure, tandem protection of 10-DAB s C7-hydroxyl with triethylsilyl
chloride (TESCI) and acylation of its Cl10-hydroxyl w th cycl opent anecarbonyl

chl ori dewoGisf7éhd produced SIT310. [0046] Preferablpspdshsh@agt i on is
carried out at 6 nL of DMF pert g of 10- DAB as a clear sofutlon (10-DAB is

soluble in DMF at -5 nli/g at 22C, but will precipitate when cooling to
0-5C). Addition of DVAP to the solution of 10-DAB in DMF at room
tenperature will aid its solubility. 20referably, the anhydrous solvents and
reactors are under inert nitrogen atnosphere. Water will consune
triethylsilyl chloride with a nolar 1:2 ratio. (0047] To an oven dried 1-L
jacketed 3-neck round bottom flask (RBF) equipped with nmagnetic stirring,

i nternal ¢gRERRHAAGTRe PACUVEN ﬁlﬂdtn@ﬂﬂmdmneqnnfﬁéimlwasnea%thaéthylnert ni trogen
at nosphere was placed 10-DAB (54. 46 100 m)tg9 DVAP (36.60 g, 0.300
w3

not) and ﬁ@ﬁﬁ?@r(&% mbjnte §@ﬁthﬂ)acetﬁﬁ%?‘ﬁﬁ3§& ufthe W’Ga $ tramersqd iptoedl to give a
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T ot grelnal 3%&%?‘ @%e( 13585!@9£de8§ng§8 @HQWW%QW‘mgnTtEgeCI was
't g'rr;;?;teg : @9 <£d$%it% glto g %ﬁ%&%ﬂ%ﬁeﬂltﬁéﬁg wag%)oﬂéér*tfbtéd‘ nddtrBiafp! reactor
evaporation at 40°C to ~100 mL. The remaining ethyl acetate was exchanged
~ with acetonitrile (500 mL). The mixture was further concentrated until crystal }
formation was observed about 375 ml of acefonitrile remained in the evaporating
flask. The concentration was stopped and 50 mL of acetonitrile was added to aid
the agitation of fhe crystals. The solution then was cooled to -20°C for 1 h while
.rotating on the rotovap. The crystals were collected by vacuum filtration. The
 filtered cake was washed with -20°C cold acetonitrile (150 mL) and _afhbient
temperature heptanes (200 mL). The crystals were dried under hi'gh vacuum |
(0.1 mmHg) at 22°C overnight to constant weight (59.90 g, 79.3%). Mp: 241-
243 °C, 97.5% HPLC purity. KF: 0.96% wiw wéter HNMR spebtrum of the

crystals conformed to the structure of SIT310. [a],* = -43.5 (MeOH, 2.07).

[0051] The acetonitrile filtrate was concentrated under rotary evaporation
to ~100 mL to induce a 2nd crop of crystals.

S1T302 . o ' ‘ SIT304

| [0052] Tandem Protection and N-Acylation-Conversidn of SiT302 to
SIT304. Using the following procedure, tandem prbte'ction of SIT302's hydroxyl



addition of 15 nL of TESCI, DVAP-HClI salt began to precipitate. After the
addition was conplete, the reaction was stirred at 0 to 5C for 2.5 h. TLC
nonitoring (3:1, EtQAc: Heptanes) showed a small anount of starting materi al
(Rf=0.20) compared to the 7-TES-10-DAB product (Rf=0.65). HNWR sanpling of
the re I l.xJ ure showed the amount of starting_nm i s 2.5%of the
produc?@gégdogmgs% to the integrals of the CIO carbinﬁUg%)OP%{%_ resonances.
Addi tional TESCI (0.45 nmL, 0.0027 nol) was added and the m xture was stirred
at 0 to 5C. After 2 h, HNMR sanpling showed <1 % of the starting 10- DAB
approximately 1.2 % of the 7,13-bisi3tyl ated side product (the reaction was
stirred overnight w thout further changes). [0049] 10-cPtc Formation: The
addition funnel was charged with cycl opentanecarbonyl chloride (12.76 ni,

0. 105 nol) and added drop-wi se to the reaction flask over 30 mn to control
t he exot ' | | : : 10C. After the
addi 1 on e RohorRrGbee MOl Rirdotion oA M-SR EHENT O, 11, ' TLc
moni t or i figras) grawp usingdsoprapyticktonsfernsate (iFdoc-G]) mave iISKE3GH. y 95% conversion to
the |l ess polar product. HNVR sanpling of the reaction mxture showed 4.5%
of the intern@ﬂgallﬁekralﬂﬁ-fm@fmmrrmbﬁm takeeplacé wederanhydropsoduct accor di ng

to the i - al f C10 bi_nol. t . Addi ti | cPtc-d
(0. 55° . 2ihs i soeBts UteE o el liPRandsSS SReBEs 810 5. n Tic <
noni t or i Bquipfiedts sHotIAbeHERINRASINe BASYREsIAE Edifed hBBRE MOPO the product

and work-up was initiated. [0050] Work-u : The reaction m xture was
gr adual | polymerizef regdly & theprasepce of trage lavels of agid gt tempanataras M5C1. 5 L of

tor 18 mol SRR kel 428 A Sbehe bR BB Tt on throvgh &
pure vt er . THESAE MOP PRfcciihd®To s diE8 2. A Gyt ne R NG Lot e,
The fil t eitreden ageippedwith aob-Ledditiondtime!l and atlaw e p&ature prabedvadd 2005/ 079319
hes veanabAaRd §1C07 6.0, 0ol Bhd THE4B SLYT olve'a deartignt yatow T TUmne!
' solution. The solution was cooled to -25°C then charged with pTsOH

monochydrate (1.8 g, 9.4 mmol). The addition funnel was charged with MOP (23.5

mL, 0.245 mol). After the reactor temperature reached -25°C, drop-wise addition

D

of the MOP at a rate to control the exotherm and maintain the reactor
température <-20°C (15 min). After the addition was complete, TLC monitoring
eluting with 2:1 ethyl acetate:hexanes showed ~15 % SIT302 (Rf=0.2) remained.
Additional MOP (5 mL, 0.052 mol) was added drop-wise over 5 min to complete
the conversion to the less polar MOP protected SIT302 (Rf=0.5)_. The ketal
forming reaction was quenched with triethylamine (108 mL, 0.775 mol} at -25°C.

[0055] N-Acylation: After the MOP protection reaction was'x quen_ched.
DMAP (3.24 g, 0.0265 mol) was added to the reaction flask and warmed to
ambient temperature. The addition funnel was dried under nitrogen stream and
charged with iProc-Cl (245 mL, 1.0 M in toluene, 0.245 mol). After the reactor
temperature was at 22°C, drop-wise addition of the chloroformate was initiated to
control the exotherm and maintain the reactor temperature below 28°C. The
addition was complete in 30 min to give a white triethylammonium chloride
precipitate. After stirring at ambient temperature for 1 h, TLC monitdring eluting
with 1:1 ethyIAacetate:heptanés showed ~30% conversion and 10%0f the MOP-
SIT302 remained. Additibnal iProc-Cl (40 mL, 0.04 mol) was added to the

~ reaction. After stirring for 2.5 h at 22°C, TLC showed complete conversion to the .

- less polar product and work-up was initiated.



acetate (100 nL) into the ethyl acetate filtrate. The filtrate was

transferred into a 2-L separatory funnel and washed with water (1x100 ni),
saturated sodi um bicarbonate solution (1x100 nL) and brine (1x50 nL). The
organic layer was dried over MgSO4 (30 g) for 1 h. The I\/gSO4 was filtered

of f and bth ethyl acetate into the filtrat [ﬂ%} Je ate was
concent r\%@%@?fﬁ?ﬁ gr rotary evaporation at 40Cto 1%6[ 8051Ph 45 emai ni ng
et hyl acetate was exchanged wth acetonitrile (500 niL). The m xture was
further concentrated until crystal fornation was.observed about 375 ml of
acetonitrile remained in the evapora2ng flask. The concentrati on was
stopped and 50 nL of acetonitrile was added to aid the agitation of the

crystals. The solution then was cooled to -20C for 1 h while rotating on
the rotovap. The crystals were collected by vacuumfiltration. The filtered

cake was washgabaaltwork ?@b@r@ﬁ@ﬂo%%&fdr{aﬁra‘s]aﬁgeﬁ1 m fé% nt

~tenperature h e crystals were h| gh vacuum
(<0.1 nmﬂg;uratedmdluovbicanbghatethumedm b améwgbrom@ﬂ&t%dgor 17€Dm3% Mp: 241-

243 C, 97.5% HPLC urlt KE: 0. .96% ectrum of the
crystal sa-g'(?r{%é‘ﬁ‘r[r%?ﬂp (Bh? ansfered 9y Qﬁsegprpgq@fuTral}/Rga%eIaﬁ%rsgve(r%q_l 2.07).
[0051] Thlonegto8épdratee Thb'léW@‘téﬁu\é%s Féf?éﬁﬁéé a%eéa amﬂ@fécéreédirvh@vapor ation
to -100 nL to induce a 2nd crop of crystals. CS

Sl T302 SIOTgUC [ayensas wmﬁﬁemmrwébrﬂna)@xé@m miy) AO9_ClaBﬁ @MerCMQSv@E (s1|5on of S1T302

L i e B B TR R oo AT R G886, 5 07 )

and i ntr aishied Mithalthyl beetble teapeorROMsiEteaaydvery of the product (TLC). The
filtrate was transferred to 3-L evaporating and concentrated under vacuum rotary
evaporation at 40°C to an oil to remove the toluene and THF solvents. The
viscous oil was disso'lved in ethyl acetate (500 mL) in the evaporating flask of the

- rotary evaporator and heptanes (1500 mL) was added to the evaporating flask
over 10 min with good agitation. The clear solution was further concentrated
under vacuum. After approximately_ 350 mL of the solvent ‘mixture had been
removed, crystal formation began and vacuum concentration was stopped. The
mixture was cooled with continued rotation for 1 h at 22°C, then 1 h at 0°C. The
crystals were collected by vacuum filiration and the filtered cake was washed with
cold heptanes (150 mL). The product was dried under high vacuum (0.1 mmHg)
at ambient temperature to constant weight (51.52 g, 0.157 mol, 73.7%). The
~filtrate was concentrated to approximately 200 mL of volume to induce

cfystallization of the 2nd crop. After cooling to 0°C for 1 h, the 2nd crop was
collected by vacuum filtration and washed with heptanes (~50 mL) and dried to
constant weight (10.25 g, 0.031 mol, 14.7%). After TLC monitoring of the two
crops showing similar in purity they were combined (61.52 g, 88.4%). Mp: 74-75
°C. 99.4% HPLC purity. KF: 1.48% wiw water. HNMR spectrum of the crystals
conformed to the structure of SIT304. [a],2 = +3.6 (MeOH, 0.93). it was stored
in triethylamine base washed flask under nitrogen at <-20°C.



(i1 Proc) group using isopropyl chloroformate (i Proc-Cl) gave SI T304. [0053]
Preferably, the follow ng reactions take place under anhydrous conditions

and sol vents under nitrogen inert atnospheres. d assware and equi pnents

shoul d be triethylam ne base washed and dried thoroughly. MOP polynerized
readily Lesence of trace levels of acid at r s >0C. SIT302 ;
w | | pr(;y:(iﬁ]f)qo?gztgﬁe)mat -25C at a concentration of <15 W&PM“?’OOSM MOoP J
Protections: To a dried 2-L RBF with nmagnetic stirring under nitrogen

equi pped with a 0.5-L addition funnel and a | ow tenperature probe was
charged SIT302 (36.0 g, 0.213 nol) a8 THE (540 nlL) to give a clear |ight

yel low solution. The solution was cooled to -25C then charged with pTsOH
nonohydrate (1.8 g, 9.4 nmmol). The addition funnel was charged with MOP _
(23.5 L, 0.245 nol). After the reactor tenperature reached -25C, drop-w se
addition. .of the MOP at a rate to control the exothermand maintain the
react or terrpera_tur's <-20C (15 min). After the addition was conplete, TLC
nonitoring ut i with 2:1 ethyl acetate: hexanes showed -15 % S| T302
(Rf=0. 2) rer@%d.ngdditi onal NMOP (5 nL, 0.052 nol) was added drop-w se
over 5 mnt onpl e¥e ot he conversion to the | ess polar MOP protected
SIT302 (RfF=0.5).\Th gt alOTESor m ng reacti on was quenched with triethylam ne
(108 m, 0.77a T C. [0055] N-Acylation: After ghe MOP protection
reacti on was que AP (3.124 g, |0.02 nol ) _was ddded to the reaction
flask and warnmed t o ~arprEQl Germer%e. e add prfunnel was dried
under nitrogen "l‘%a@ dnd:_ char ded t horP oc- Cl m.,© 1.9 M in tol uene,
0.245 mol ). Af enper ature pasQat 22G__drepsyi ©FEaddi tion of
t he chl or of or mats \.\9 i njtiqat ed Peo—eontrol : thel exot | ingAai ntain the
reactor tenperature bel ow 28C. addi't0On~mas co
a white triethylamoni um chl ori prectpsétat@. After ¢f £ g adpanbi ent
tenperature for 8iTAG TLC noni torli ng el uting Wﬁol: 1 H& | Haget at e: hept anes
showed -90% conversion and 10% of the MOP- SI T3027 /grained. Additional
iProc-Cl (40 mLO 0.04 nol) was added to gifez reacti Afger s fF@ring for
2.5 h at 22C, TILC shgyed conpl ete conversion to the ™ |ess poldr product and
wor k- up TRt ) '

i)
=" b0
SEias

SIT304

[0057] Lithium Alkoxide Coupling-Conversion of SIT310 to SIT3.12.=
Using the following procedure, SIT310 and SIT304 were coupled to p'rod'uce
SIT312, . o

[0058] Reactions are moisture sensitive. Preferably, the reactions are
carried out under inert_nitrogen atmosphere and anhydrous reactors and solvents,
Lithium diisopropylamide (LDA) base should be freshly prepared before use.

[0059] LDA preparation: To an oven dried 250-mL RBF under nitragen
equipped with magnetic stirring and internal temperat:ure probe was charged
diisopropylamine (1'3.1 mL, 92.98 mmdl) and THF (26 mL). The mixture was
cooled to -45°C and a solution of freshly titrated n-BuLi (54 mL, 1.62 M, 85.83
mmol) was added drop-wise to control the exotherm and maintain the reactor
temperature <-40°C. After the addition was completed over 30 min, the cooling

bath was.raised fo 0-5°C before use.



il

WD 2005/ 079319 PC11US20051004442 22 [0056] Work-up: To the reaction m xture
was added a 1:1 m xture of saturated sodium bicarbonate: brine (300 nL) and
vigorously stirred for 10 mn. The mxture was then transferred to a 2-L
_ separatory funnel and the layers were allowed to separate. The |ower
aqueous“goa% Q/a drai ned and di scarded. The organic |ayer was washed tw ce
with britne ?’é@?ﬁ m.) and dried over MgSO4 (15 g) SAEYSH5QU444% h agitati on.
The MgSO4 was filtered off and the filtered cake was washed with ethyl
- acetate to ensure conplete recovery of the product (TLC). The filtrate was
transferred to 3-L evaporating and capcentrated under vacuumrotary
evaporation at 40C town oil to renove the toluene and THE sol vents. The
viscous oil was dissolved in ethyl acetate (500 nlL) in the evaporating fl ask
of the rotary evaporator and heptanes (1500 m-) was added to the

uaporati g ©bithly SBlndBatlhu. oo A9RHAG) 3 ARR uBRE GhEAH, Sof U1 10" s
sol vent I@q&tppé@vd’tﬁdnéyﬁéﬂc sﬂmﬁgmdmt@rrmasttempeMmf@srbg@ vi@Ehargdad vacuum

concentrat I on was st é) m xture was cool wi th continued rotation

for 1 h aTIHA4hg v 11 %@m@CSITﬂQé (%r";&ﬁﬁl@m@a@‘dlﬂ'&(?@@ ly, vacuum

The. prodJRZ s THE e A oo a8 T RE S it P P BB B Mt nper ac i o
t o const &né freshilgptepalet! KI2A gnd @ wids Adied drofBwidio tHéreactibn flaski cvenas

concentrated to a(gi)rom mately 200, ml, of volune to induce crystallization of
the 2nd &R0 Coptcl the-Xothars QQS’ maintain the ngactontempptalire p-408G. ABBY | ect ed by

vacuum f i Igg;.gq const ant
wei ght ({%é é@dnil&{‘éﬁé‘%f I %@% Wg%ﬁ‘ @Lgéﬁrzoﬁwﬁﬁa%op%e two crops
showi ng . stlmngeiom B hpuiiG monitaingved ithee ntnmm(ach/EGilAﬁEiegt) s@8wéddd-10%p: 74-75 C

) .
cont o med Sb eV P r i el Siraldan 5658 obtewlenid SER Tt “vas
stored irgmbink@! AMHBBhAISIPIGH( mghgesfn#rﬁéww%@aae@td tHegeHctRh <-20C. WO
2005/ 079319 PCTI US2005/ 004442

mixture as a solid. After 1.5 h stirring at -20°C, the reaction was completed by

- TLC analysis and work-up was initiated.

[0061] Work-up: To the reaction flask at -20°C was added a 1:1 mixture

of saturated sodium bicarbonate and brine (100 mL) to quench the reaction. The

 reaction flask was warmed to ambient temperature and transferred to a
separatory funnel. Ethyl acetate (200 mL} was added to aid the layers splitting.

| The aqdeous phase waé drained and discarded. The organic layer was washed
once more with brine (50 mL) and dried over MgSO, (30 g). The MgSO, was
filtered_off and the filtered cake was washed with ethyl acetate (100 mL) into the
filtrate. The filtrate was concentrated under vacuum rotary evaporation to
approkimately 150 mL in volume. The remaining solvent was exchanged with |
isop_rOpanolv (500 mL). After the further concentration to an approximate volume
of 350-400 mL. cryétais formation began and concentration was stopped. The
mixture was cooled to 0°C with agitation for 1 h. The crystals wére collected by
vacuum filtration and washed with pre-cooled 0°C isopropanol (200 mL) and dried
to constant weight (73.58 g, 68.0 mmol, 95.0%) under high vacuum (0.1 mmH'g).
HNMR spectra of the crystals conformed to the structure of SIT312. MP: 137-
140 °C, 'HPLC purity 95.4%. It was unstable under HPLC preparation bondition
and loss of the 2'-MOP protection during anlysis (0.83 %.).



Op OFES HOn" O HOo HO /\04 Op p O NHO OTES O SIT310 S7-0 HOHO 1 1
0 SIT312 p O 0 ~O0 SIT304 [0057] Lithium Al koxide Coupling-Conversion of
SI T310 to SIT312.° Using the followi ng procedure, SIT310 and SI T304 were
coupl ed to produce SIT312. [0058] Reactions are npisture sensitive.
Prefera eactions are carried out under ine | trogen at nosphere
and anh?}‘lﬁ%)&%&%égact ors and solvents. Lithiumdii sgbpéllgb{}]?oé{%"gg (LDA) base
shoul d be freshly. prepared before use. [0059] LDA preparation: To an oven
dried 250-nL RBF under nitrogen equipped with nagnetic stirring and

I nternal tenperature probe was chargesl diisopropylamne (13.1 nL, 92.98
mmol ) and THE (26 nlL). The m xture was cooled to -45C and a sol ution of
freshly titrated n-BuLi (54 nL, 1.62 M 85.83 mmvol) was added drop-wi se to
control the exothermand nmaintain the reactor tenperature <-40C. After the
addition was conpleted over 30 min, the cooling bath was raised to 0-5C
before use. WD 2005/ 079319 PCT/ US2005/ 004442 24 10060] Coupling reaction:

To an oven nitrogen equipped with gagnetic stirring and
i nt ernal /t‘\e\ 0 ] '
o
NH 9
X
\ s OH
SIT312 | “Compound 9091 -

[0062] Tandem Deprotection-Conversion of SIT312 to 8091, Uéing the
following procedure, tandem removal of SIT312's MOP and TES protecting |
groups under acidic conditions produced 8091.

[0063] To a jacketed 1-L RBF equipped with magnetic stirring, internal

| ‘temperature probe and an addition funnel was charged SIT312 (70.0 g, 64.67 .
mmol) and THF (350 mL, 0.185 M). The mixture was cooled to 0°C with a
circulating bath. The addition funnel was charged WEth formic acid (96%, 175 mL,
4.45 mol). The formic acid was added drop-wise over 30 min to controf the
exotherm and maintain the reactor temperature <10°C. After complete addition of
the formic acid, the addition funnel was charged with 1.0 M HCI (87.5 mL, 87.5
mmol). Drop-wise addition of the HC| was carried out over 15 min to control the
exotherm and maintain the reactor temperature <10°C. TLC of reaction mixture
(1:1 EtOAc:Hept) after the addition showed loss of the MOP protecting group
immediateiy to give a more polar product (Rf=0.65) compared to SIT312 (Rf=0.7).
The mixture was stirred at 8 to 10°C. After 9 h, TL.C showed >95% conversion to
a more polar product along with apprbximately-2-3% byprbduct (Rf£0.55) and
~1% the Rf=0.65 intermediate and work-up was initiated.

[0064] Work-up: The reaction was diluted with ethyl acetate (1 L) and

transferred to a 3-L separatory funnel and washed twice with water (2x500 ml),
twice with saturated sodium bicarbonate (2x100 mL). The pH of the organic layer



SI T310 (54.0 g, 71.525 mml), SIT304 (28.1 g, 85.83 mmol) and THE (325 ni,
0.22 M. The m xture was cooled to -45C. The addition funnel was charged
with the freshly prepared LDA and it was added drop-w se to the reaction
flask over 30 mn to control the exothermand maintain the reactor
terrperature <-40C. After the addition, the reactor tenperature was raised
to - 20CWAOYEIHE ai ned while stirring for 1.5 h. R BHFAYMIng of the
reaction (1:3/EtOAc: Hept) showed -10% of SIT31 (Rf=0.25,) -90% of the
product SIT312 and none of the starting SI T304 renmined. Additional SIT304
(2.8 g, 8.56 nmml) was added to the ggaction mnmixture as a solid. After 1.5
h stirring at -20C, the reaction was conpleted by TLC analysis and work-up
was initiated. [0061] Work-up: To the reaction flask at -20C was added a 1:1
m xture of saturated sodi um bi carbonate and brine (100 nlL) to quench the

: ' i an_f d nb d
ranst or Y heckeBnetang § s REnEE biiRS v 208 o sS R VSN e ed 1o ai o
the |ayeb$tr%|€dqubbu§ghaseTé?ﬁamuwthI&W?q'L‘@énéWsﬁé MeRk 8 nré;u@wded The

.organi c | ayer, was washed once nore h brine (50 nL) "and ed over MpSOM4

(30 g). waédvg@‘,@newgzs%(n@%@b@réﬂv Mad%?waagfaw ttakas afbwithvashed wit h

et hyl t entrated
under va%ﬁﬁa éﬁgo(r)llmet%/ra# E@& eflt’e éc{)%]tkg%ﬁ% ti?dl“g'g}‘ %Evﬁ%e&g%]ﬁ%s The
remai ni ngnmb\oen’tpietasemeh@imeipmubt Fr@dmraeamlcoh@@ﬁratbd undért er the
further concentration to an approxi mate volunme of 350-400 niL crystals

f or mat i oNaPBEAFPAT EVaBFatioR foy 'V%ﬁfﬂ?ﬁ'@ (63. Q%EédHNMﬁeSP%"S?thrﬂéemg‘ cooled to OC
wi t h agi f I vacuum filtration
and - mshggﬁ%ﬂ{éﬁ tgé gﬂ'%é(}%rlee(g%ggﬁ ﬁg’ﬁr@%‘ﬁ%ﬁ‘y%%%‘%m@&ﬁ“&n ed to constant

wei ght  (73. 58109 i é‘r?%) HNVR

spegt r a( of t h cr@s‘t‘ﬁpé@uhﬁ I%?ng% {dgﬂ?ﬁés g{sgﬁlggﬁﬁg&ml(a%fﬁ MP. 137- 140

C, HPLC mipiany vamédsto 60°Guerith agmt@lnl dHaphatees (H%mmwmseadaledgmdmﬂyjl tion and
oS | S b B haBleRES LB SHLAHE AR e i tadbany (BoRA%S! 07931

ambient temperature. After 1 h at 22°C, seed crystals were introduced and

crystal formation occurred within 5 min. The mixture was cooled in.a 0°C water
bath for 1 h before the crystals were collected by vacuum filtration and the filtered
cake was washed with a 0°C cold mixture of 1:4 EtOAc:heptanes (200 mL). After
dfying at ambient temperature for 3 h and high vacuum (<0.1 mmHg), 57.23 g
- (57.23¢ expe‘cted) of a white powder was obtained. HPLC analysis showed
96.8% purity and 1.2 % of an impurity by area/area integration. The white powder
was re-dissolved in ethyl acetate (225 mL) at 50°C. While agitating gently, _
heptanes (320 mL) was added gradually to maintain a clear solution. After the
“addition was complete, the mixture was cooled to 22°C and crystal formation
occurred spontaneously within 5 min. After 10 h at 22°C, the mixture was cooled
to 0°C. After 1 h at 0°C, the crystals were collected by vacuum filtration and the
filtered cake was washed with a 0°C cold mixture of 1:4 EtOAc:heptahes ‘
(200 mL). HPLC analysis of the crystals showed 98.5% purity level. The white
pdwder was dried at 50°C and high vacuum (0.1 mmHg) for 2 days to a constant
weight (40.58 g, 45.3 mmol, 70.0 %). MP:159-161°C, 98.5% HPLC purity. 'HNMR
- and CNMR spectra conformed to the structure of 9091. [a],2° = -43.1 (MeOH
0.91).
[0066] The mother liquor from the first recrystallization was concentrated

to gi\)e 16.0 g of a waxy material. It was triturated with heptanes (200 mL)_ to give |
approximately 7 g of a free flowing powd'er. The powder was purified by silica gel
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SI T312 Conpound 9091 [0062] Tandem Depr ot ecti on- Conversion of SIT312 to
9091, Using the follow ng procedure, tandemrenoval of SIT312's MOP and TES
protecting groups under acidic conditions produced 9091. [0063] To a

j acket eg; o €qui pped with magnetic stirring, i nperature -

pr obe angllan da?%gltlon funnel was charged SIT312 (7(5;2“8%5%%304%‘@ nmol ) and
THE (350 nmL, 0.185 M. The m xture was cooled to OCwith a «circulating
bath. The addition funnel was charged with formc acid (96% 175 nL, 4.45
nmol ). The formc acid was added dro@#&v se over 30 mn to control the
exotherm and naintain the reactor tenperature <10C. After conplete addition:
of the formc acid, the addition funnel was charged with 1.0 M HCl (87.5
m., 87.5 wmol). Drop-wi se addition of the HCl was carried out over 15 m.n
to contr t Bt a C. TLC of
reacti ongﬁi?ﬂpgﬁw}&ﬁéﬁ\?@qywm?wzlitﬂt1efr1§th¥e ad%llbt | ?E??%Eoﬁgg%lg;%g of the MOP
protecti ﬁgc@q@mntalmﬁgaoai enq/come@lra@ngaumdﬂfefapwrarroqameuapprqtlan 0. 65)

b TG, SABR  SLd58) ST, Boblng medfeciort Halg e bl BvdngBady o

appr oxi matveite solid WithyaPHRMI $pdcilrCednformamgiio- Afdrriabkeof=0. 65 i nt er nedi at e and
wor k-up was initiated. [0064] Wor k-up: The reaction was diluted with ethyl

acetate (1 L)[0D6d] admesﬁarmaﬂth@matr&ruqmmmthmfmawetallﬁaﬁbmzashed twce
with water (2x500 m), ce with saturated sodi um bi car bonate (2x100 m.).

The pH oﬂavehé @r@%fmeterlayﬁmmommwlﬁgﬁ@ e g.0of shigmategranioallyo
" purified 9091 of the 1st mother liquor to give a 10.34 g (17.8%).

Compound 9091 "H NMR data (CDCI,)
1H AND 13C CHEMICAL SHIFTS of Compound 9091

No | Proton ppm | Pattern{J,Hz) Carbon | ppm -
1 [H10  [1.10 [d(6.19) C19 = - [9.541
2 CH.-16 115 |s C18 14.829
3 |H11 1.16 | d(6.19) C10’ 21.833
4 CH.-17 126 |[s C16' 21.955
5 2H-24',25 |1.63 |m C20’ 22.581
6 CHa o 168 |s Cc22' 25.816
7 OH-1 1.74 |s C11’ 25.877
8 [2H-24,25 1176 [m C17 26.831
9 CH.-18 1.86 |d(0.94) | C24', 25 | 29.593
10 | H-6B 1890 [m 23, 26" | 30.356
11 J2H-23',26" {193 |m . C6 35.545
12 | 2H-23',26' |2.02 | m(6.64) C15 43.206
13 | H-14a 2.30 |ddd{15.30,9.12) 1 C14 43,732
14 | CH.<20' 239 1is C3 45,685
15 | H-6x 12.54 1ddd(14.04,9.57,6.57) | C3' - 153.026
16 | H-14B 2.56 |dd(15.30,4.11) C8 58.626
117 | H-22 2.92 | m(7.36,6.85) - C9Y' 69.057
18 [OH-2' - |3.44 |d(5.47) C7 - |72.216
19 | H-3 3.83 | d(6.98) | C13 72.429
20 | H-20B 4.18 |d(8.48) C2 73.421
121 | H-20ax 4.31 |d{8.48) C2 75.001
22 |H-7x 4.42 |M(10.52,4.29) C10 = |75.176
23 | H-2 - | 4.66 |dd(5.47,2.24) C20 76.481
24 |H9 478 |bm(6.19) C1 79.129
25 |H-5 - 4,95 [bd{9.57,1.88) - | C4 81.181
26 | H-N 5.30 |d{9.47) : C5 184462
27 {H-3 5.55 |dd{9.47,2.24) | CT’ 125.460
28 | H-2 5.67 |d(6.88) C5' 125.544



was checked to be 8 and it was washed twce with brine (2x100 nL)-
Monitoring of the agueous phase showed no product by TLC anal ysis. The
organic layer was dried over Na2SO4 (100 g) for 1 h. The Na2SO4 was gravity
filtered off with Watman No.1 filter paper and the filtered cake was
washed with ethyl acetate to ensure conplete recovery of the product. The
filtrat ggovmgsgonsentrated under vacuumrotary eva | gi ve a foam
(65.59 g). HNWR spectra of the foam confirnmed the%ﬁgg%@&eﬁgf 9091 al ong
with triethylsilylated byproducts. [0065] Recrystallization: The foam was

di ssolved in ethyl acetate (280 nL) and warnmed to 50C with agitation.

Hept anes (455 nL) was added gradual [88 over 15 nmin to maintain a clear
solution. The mi xture was gradually cooled to anbient tenperature. After |
h at 22C, seed crystals were introduced and crystal formation occurred
wthin 5 mn. The mxture was cooled in.a 0OC water bath for | h before the

crystal s| Ner ¢p hect € rati oh hé tered dake was
vvaghed wHH m.ﬁ%b[pol d %ﬁgu @dmj&ﬁﬁgw Ggﬁ}gg& gg?ﬁ\qigi_ﬁmter drying

at anbie T8 torg A T and g vac YR EC$6; o743 g (57.23
g expect ¢ ? ;:: ﬁ% 6.2 Z Bk sﬁh*ﬁkned. .Ij’s,ﬁgr'*!‘lé, @ shewed 96.8%
purity api—i2 96 ef—ard—HpuH (6.08,D. i Leo 128415 it e powder
was re- di32ol Hefl in etlH10 Aldd(@03% hE14048" \WIBP&18gi t atilng gent !y,

‘hept anes | 8320HMT) was |deRfbd .dd@dldd:IM5) 0 nai 6461 n_a |dBA&A2sol utijon. After
the add(84 on2kels’,cidiy|7edle, | ddfé.dd) KHRy e was| €dol ed td33B65and crjyst al
formati op35o0¢EUWE ed sgenefanedt)s.44,8620hi n 5 hTy. After4i@7pat 22 t he

mxture V8§ ¢opl@ 14 g0 ABeD) T h at OC [ERS Crysyghgowere cal |l ected by
vacuum f ByT rron and [the fTTtered (,dkewm>c\3u>fr€d' ' 6 )l d m Xture
of 1:4 Efgectheptames( nt—HPEC—=anmal-ys F—th 15?3357&!3 showed 98. 5%
purity | e¥e—Fhe—whitie et F—wars—e-ed—a C—and—Argh-—vacuu (0. 1 nmHg)
for 2 dayedib a consts €28 (| 178264 0y \P: 159- 161C,
98. 5% HP[#D plirity. ' HNN ednf or mtd72487he structure of
9091. [al#] P21  -43.1 (MeQH, 0.91). [0066]CZhe notH&8.866quor flrom the
first recd¥stallizatign was| concentrated tpcgive 1%203g46f a waxy material .
It was triturated wth heptanes (200 niL) to give

)

Tt v o—ott

ight (40.58 @
I < I

_ Example 2
In Vitro Cytotoxicity Measured by the Cell Colony Formation Assay

[0068] Four hundred cells (HCT 116 human colon carcinoma obtained
from American Type Culture Collection, Manassas, VA) were plated in 60 mm
Petri dishes containing 2.7 mL of medium (modified McCoy’s 5a medium
containing 10% fetal bovine serum and 100 units/mL penicillin and 100 g/mL
streptomycin). The cells were incubated in a CO, incubator at 37°C for 5 h for
attachment to the bottom of Petri dishes. The compound of the present invention
‘was made up fresh in medium at ten times the final concentration, and then 0.3
mL of this stock solution was added to the 2.7 mL of medium in the dish. The |
cells were then incubated with drugs for 72 h at 37° C. Atthe end of incubation
the drug-containing media were decanted, thé dishes were rinsed with 4 mL of
Hank's Balance Salt Solution (H_BSS), 5 mL of fresh medium was added, and the
dishes were returned to the incubator for colony formation. The cell colonies
were counted using a colony counter after incubation for 7 days. Cell survival
was calculated aﬁd the values of IC, (the drug concentration produéing 50%
inhibition of colony formation) were determined for each fested compound.



approximately 7 g of a free flow ng powder. The powder was purified by
silica gel WO 2005/079319 PCT/ US2005/ 004442 27 flash col um chromat ography
eluting with 1:1 ethyl acetate: heptanes. Pooling the fractions containing
9091 and concentrating under vacuumrotary evaporation gave 5.84 g of 9091.
Pooling the fractions containing the inpurity gave 0.55 g of a white solid
with a Mgvsosp@endrum conformng to 7-formate-9091. HQGGAsHRAGENt ration of
the nother liquor fromthe 2nd recrystallization gave 4.50 g of material.

It was conbined with the 5.84 g of chronatographically purlfled 9091 of the
1st nother liquor to give a 10.34 ¢ é)éL? 8% . Conmpound 9091 'H NMR dat a
(CDCI3) 1 HAND 13C CHEM CAL SHI FTS Conpound 9091 No Proton M Pattern J
Hz Carbon m 1 H10' 1.10 d(6.19) C19 9.541 2 CH -16 1.15 s C18 14.829 3
H11' 1.16 d(6.19) C10' 21.833 4 CH -17 1.26 S Cl6' 21.955 5 2H24', 25
1.63 m_C20 22.581 6 CH 1.68 s C22' 25.816 7 OH1 1.74 S Cl1' 25.877 8
21-1-24', 25 [01)69]5 |der@ital a%eﬁéiﬁentgv@é &&néd&ﬁt GK|Qg9M46Q?é‘s|stalﬂ5 29.593 10
H6 1.89 mCZt %356 11 2H-23 35.545 12 2H 23", 26
2.02 (68U o1 buan solsn cpingiTa HG 315 aained frogn Dr LM DIBB2 14 CH - 20

2.39 s 6 H14 2.56
2o s OETTRRCIE o) D f A, B4 o e
obtained from American Type Culture Coliectlon Manassas, VA) assessments
were conducted in a similar manner using an MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenylterazolium bromide) assay.

Compound IN VITRO IN VITRO INVITRO
IC 5 (PM) ICs, (NM) IC4, (NM)
HCT116 VM46 MTT:DLD-1
paclitaxel 21 20.0 10.1
docetaxel 0.6 6.7 9.1
2091 0.6 1.9 1.5
Example 3

Qral Efficacy Evaluation of 9091

[0070] The efficacy of 9091 was evaluated in the human péncreatic tumor |
xenograft Panc-1, obtained from American Type Culture Collection, Manassas,
VA. The tumor used for this study was maintained in athymic nude mice. A
tumor fragment (1 mm?®) was implanted s.c. into the right flank of each test
mouse. Tumors were monitored twice weekly and then daily as their volume
approéched 200400 mm® with a mean of 250-300 mm®. On Day 1 of the study,
- the animals were sorted into treatment groups with tumor sizes of 171.5-320.0
mm? and group mean tumor sizes of 212.6-216.0 mm?®, Tumor size, in mm?®, was
 calculated from the following formula:

Tumor Volume = __ wx{
2



L R R B

18 OH2' 3.44 d(5 47) c7 72.216 19 H 3 3.83 d(6.98) C13 72.429 20 H 20
4.18 d(8.48) C2' 73.421 21 H20a 4.31 &8.48) C2 75.001 22 H7a 4.42

M 10.52,4.29) Cl10.75.176 23 H2' 4.66 dd 5.47,2.24 C20 76.481 24 H 9 4.78
bm6.19 O 79.129 25 H5 4.95 bd 9.57,1.88 C4 81.181 26 H N 5.39 d(9.47)
C5 84.462 27 H 3 5.55 dd 9.47,2.24 O 125.460 28 H-2 5.67 d(6.98) C5'
125, 544WA38WEH1H79319 PCTI US2005/ 004442 28 No Pr &C&HIS%W&W@rn J Hz Carbon
m29 H 13 6.27 ddd 9.12,4.11,0.94 C6' 127.039 30 H-10a 6.28 s C15', 17'
128.664 31 H6' 7.01 dd 4.03,5.13 C13' 129.115 32 H5 7.10 dd 4.03:1.15
Cl4', 18' 130.213 33 H7' 7.29 dd 53, J:1. 15 CL6' 133.342 34 2H-15', 17’
7.50 dd(7.44, 7.12) Cl1 133.655 35 H16' 7.61 dd, 7.44,5.62 CA' 141.277 36
2H-18', 14' 8.12 d(8.59) CL2 141.804 37 C8' 155 469 38 Cl2' 167.067 39
C20' 170.264 40 O' 172.187 41 C21' 176.865 42 C9 203.746 Exanple 2 In

vitro Q’Wtepé( C'\Rn\éth'vgr?f H Fe%gﬁ?’m hr% o??he tumororf‘ﬁm%?(:vré?%t %gs%%F mgted

with the assumption that 1 mg is equivalent to 1 mm? of tumor volume. Mice were

sorted into groups with six mice per group, and treated in accordance with the
protocol in Tables 1A and 1B. Al treatments were administered orally, once on
Day 1 (qd x 1). Groups 2 and 3 received compound 9091 at 120 and 60 mg/kg,
respectively. in all groups, the dosing volume of 0.6 mL/20 g mouse was scaled
to the body Weight of each animal. Each. animal was euthanized when its
neoplasm reached the predetermined endpoint size (1200 mm®). The time to
endpoint (TTE) for each mouse was caiculated by the following equation:

TTE=_lo «ofendpoint vqume')—'b

m

where TTE is expressed in days, endpoint volume is in mm?, b is the intercept,
and m is the slope of the line obtained by linear regression of a |og-tfansformed
tumor growth data set. The data set is comprised of'the first observation that
exceeded the study endpoint volume and the three consecutive observations that
immediately preceded the attainmenf of the endpoint volume. Animals that do not
reach the endpoint are assigned a TTE value equal to the last day of the Study
(59 days). Animals classified as TR (treatment—re|ated) deathe or NTRM (non-
treatment-related metastasns) deaths are assigned a TTE value equal to the day
of death. Anlmals classified as NTR {non-treatment-related) deaths are excluded
from TTE calculations. Treatment efficacy was determined from tumor growth
delay (TGD), which is defined as‘the increase in the median TTE for a treatment
group compared to the control group: '

- TGD=T-~C,
expressed in dey‘s, or as a percentage of the median TTE of the control group;

% TGD=_T~C x 100
' C



RIS,

[ 0068] Four hundred cells (HCT 116 human col on carci noma obtai ned - from
Anerican Type Culture Collection, Manassas, VA) were plated in 60 mm Petri
di shes containing 2.7 nL of medium (nodified MCoy's 5a medium containing
10% fetal bovine serumand 100 units/nl penicillin and 100 g/ nL

st r ept ofeGhdtloroslde cells were incubated in a CO2 i ne4Rabdk 377Cfor 5 h
for attachment to the bottom of Petri dishes. The corrpou%ild(ﬂhfz t he present

i nvention was nade up fresh in nmediumat ten tinmes the final concentration,
and then 0.3 nbL of this stock solution was added to the 2.7 nL of nediumin
the dish. The «cells were then incuddted with drugs for 72 h at 37 C. At the
end of incubation +the drug-containing nedia were decanted, the dishes were

rinsed with 4 nL of Hank's Balance Salt Solution (HBSS), 5 niL of fresh

medi um was added, and the dishes were returned to the incubator for col ony

f or mat i owherEhe cel | col oni es were counted using a colony counter after

I ncubatign for Tq’%%/fs Cel | rvival ~was cal cul ated and the val ues of 1C50

(the drug “HAdiant & fopa tea |9ﬁ%}195@% i nhibition of colony formation) were

det erm npd- nd. WD 2005/ 079319 PCT/ US2005/ 004442 29

[ 0069] gen{ngg%ﬁaigﬂ&fggm@%g carried out using VMA6 (resistant variant
of human col daoer &'reahmantl—ﬂﬁﬁy(talfseq:tarkBalmegresmmr(FER)orLomﬁpleteM D, Ph.D.,

Car of nonfEOTRIaR (G O M ORRE EhANTALLNA PR Pabe B bonr iRssSas, VA

asSesSMeH%, or\Esef HEMHYOL eslurhB f& tAiel doREe dTRINE Hedsttdifers dMidg the
(3-(4,5-dinethylthiazol-2-yl) - 5-di phenyl terazol 1 um brom de) assay.

ConpoundCeuse/p stwwamﬂzenmauta/prrwtarwabﬁ Ampmi osone eknareed (nM)~ HCT116
\1/'\/26 g a}p%gi%eg Wddsliiint- th £ERYedGorbe, HRGEHEF Foiuiels Ris thart 9091 0.6 1.9

~ 13.5 mm? for three consecutive measurements during the course of the study. An
animal with a CR response at the termination of a study i is addltlonally classified
asa Iong -term tumor-free survivor (LTTFS).

| [0072] With respect to toxicity, the animals were weighed daily on Days
1-5, then twice weekly until the completion of the study. The mice were
examined frequently for overt signs of any adverse, drug-related side effects,
| Acceptable toxicity for the maximum tolerated dose (MTD) of a cancer drug in
mice is defined by the NCI as a group mean body-weight (BW) loss of less than
20% during the test, and not more than one toxic death among ten treated
animals. The log rank test was employed to analyze the significance of the
difference between the TTE values of a drug-treated group and the vehicle-
treated control group. The log rank test analyzes the data for all animals except
the NTR deaths.  The two-tailed statistical analyses were conducted at P = 0.05.
The group median tumor grthh curves show the median _tumc$r volume (MTV) as
a function of time. When an animal exited the study due to tumor size or TR
~ death, the final tumor volume recorded forfhe animal was included with the data

used to calculate the median volume at subsequent time points. if more than one
death occurred in a treatment group, the tumor growth curve for that group was
truncated at the time of the second death.

[0073] Groups 2 and 3 received compound 9081 at 120 and 60 mg/kg,
respectlvety. Groups 2 and 3 both experienced 212% TGD and highly significant |
antitumor activity (P < 0.001). The MTVs, for six mice in each group, were 96 and
148 min3, respectively. In Group 2, 9091 prdduced three PR responses and three



Oral Efficacy Evaluation of 9091 [0070] The efficacy of 9091 was eval uated
in the human pancreatic tunor xenograft Panc-1, obtained from Anerican Type
Culture Collection, Manassas, VA. The tunor used for this study was.

mai ntained in athymc nude mce. A tunor fragnent (1 mmB) was i npl ant ed
S.C. in 1ght flank of each test nouse. Tu itored twce
weekl y gg)dioﬁﬁoggjlgai ly as their volunme approachedmz)%ts)r-%ﬁ)ﬂgozlﬁv»i*th a nean of
250-300 MmB. On Day 1 of the study, the animal's were sorted into treatnent
groups with tunor sizes of 171.5-320.0 mmB and group nean tunor sizes of
212.6-216.0 nmmB. Tunor size, in mB,32vas calculated fromthe follow ng
formul a: Tunmor Volunme = w2 x | 2 WD 2005/079319 PCT/ US2005/ 004442 30 where
w = width and 1= length in mmof the tunor. Tunor weight was estimated wth
the assunption that 1 ng is equivalent to 1 mB of tunor volune. Mce were

sorted i DTTFSr GyGFoup 3,091 produred fiee PR @¥ponstidthridr &l IEETES) accor dance with
the protocol in treatnents were adm nistered orally,

Tabl es 1A and 1B. Al | € k
once on Cogypound §89% producesi 400% suryal agd sixregresaiopsagranses sbbathat 120 and 60
ny/ kg, i || I fr0s /20 g nouse
was scal é?%%%@ ﬁ%@h V\%egﬂ%g%ﬁe g%imiﬁﬁg%m@ég%ﬂg%eﬂ&ﬁﬁé‘ Iljﬂé\ut hani zed -
when i tscau?dplfh's%lam;ﬁ:f&f?cgrmhmnﬁaam’vmgsba,eés?m’dirielyné- Ei zeh( 11‘20Pi m) . The
time to endpqin IT or each nouse s, calcul ate y the follow ng
equation: TI E[%Q-’%]og,h? e%,&ent@fn%ﬁh@}owgwwg Tﬁﬁ%iﬁé‘”@“ﬂﬁ:i s expressed in
days, endpoint volune is in mB, b is the intercept, and mis the slope of
the line obtained _P'y | ne%regressi on o% at I%g-tragsforrred tunor growth
data set. The dat al '88IM¢N ResppRIesRYMBRrY Rhe theFancdhdidyati on that- exceeded
the study endpoint volune and theqiRjefaconsecutive observations that
i rmedi ately preceded the attai nment of the endpoint volune. Animals that do

not Treatment Regimen 1
Group | n ‘ Median | T-C %TGD
- Agent | mg/kg | Route Schedule E

1 6 | 5%EC po qd x 1 18.9 — -—
in ' ‘
Saline

2 | 619091 120 | po qd x 1 58.0 401 | 212%

3 6 | 9091 - 60 po qdx1 59.0 401 | 212%

TTE - time to endpoint (Days), 1200 mg : :

T-C - Difference between TTE (Days) of treated versus control group, %TGD=[(T-C)/C]
n - number of mice

5%EC - 5% Ethanol + 5% Cremophor




‘réach t he endpoi nt are assigned a TIE value equal to the |last day of the
study (59 days). Animals classified as TR (treatnent-rel ated) deaths or
NTRM (non- treatnent-rel ated netastasis) deaths are assigned a TTE val ue
equal to the day of death. Animals classified as NIR

(non-treatnment-rel ated) deaths are excluded from TTE cal cul ati ons.

Tr eat meniyelobdony was determ ned from tunor grow h pdelddshdi@d? . which is
defined as the increase in the nmedian TTE for a treatnent group conpared to
the control group: TGD=T - C, expressed in days, or as a percentage of the
medi an TIE of the control group: %G>= T-C x 100 C WO 2005/ 079319

- PCTI US2005/ 004442 31 where: T = meddan TTE for a treatnment group and C =
medi an TTE for control Goup 1. [0071] Treatnent may cause parti al
~regression (PR) or conplete regression (CR) of the tunmor in an animal. In a
PR response, the tunor volunme is 50%or less of its Day | volune for three
consecutive neasurenents during thgablzoitBse of the study, and equal to or
greater than 13 5 mnB for one or nore of these three neasurenents. In a CR

response, Ghﬁ%glt _ orBQ}ddﬁYEJ NS. WNS Jrf\h No.b8. 5| MEB%BA [y, 6€ *n@sﬁcutlve
nmeasur enehts dufjn colir se. of _the ningl_ wth response
at the tefninat i'ﬂ?fg?ﬂ‘?"qgoagt maﬁ fCgddl ?ﬁr#g k %ﬁsa X fB.'lepﬁ N§R| orlg-term

tunor-frep survisor (LTTFS]. [0( 72] Wth respect to toxicit/, t he |lani mal s

were wei gfied daj Iy, on Days| .1I- TheNTfW Ce peekly uniil the _conplieti on of
the study] 'The |nfite were efani h8d freBuentl y—tor over® sighf of gny

adverse, fsug-rigdeahed sidelgffegts. cept aplyg ,0xicigy fofgthe raxinum
t ol er at ed| dose (Nﬁ'lf)) of a ¢ancef drugjin m ,e I s def|ined by the P@BCI as a

group neap_bodykwei ght ( losg of [bss thahP®% during the test|, and not
~nore than| gne tloxge) death ﬁhgnng ken t(eat ed |.55%: 0 1o

Day 10

CR - Non-palpable tumor for three consecutive measurements during the study

PR - Tumor regression to <=50% of starting size for three consecutive measurements during the
study

LTTES - Long Term Tumor Free Survivors, animals classified as CRs at the end of a study

Logrank test is equivalent to the Mantel-Haenszel test; ns=not significant, * - p<0.05, ** - p<0.01,
*** - p<0.001, compared to Group 1

TR - Treatment Related Death

NTR - Non Treatment Related Death

Example 4
IV Efficacy Evaluation of 9091

[0075] The antitumor activity of 9091 was evaluated against the hurﬁah
pancreatic tumor xenograft Panc-1. Human Panc-1 pancreatic carcinomas were
maintained in athymic nude mice. A tumor fragment (1 mm?®) was implanted s.c.
into the right flank of each test mouse. Tumors were monitored twice weekly and
then daily as their size approached 200400 mm? with a mean of 250-300 mm?,
On Day 1 of the study, the animals were sorted into groups of six mice, with.tumor
sizes of 171.5—486.0 mm® and group mean tumor sizes of 269.7-275.0 mm?.
Mice were sorted into groups containing six mice each, and treated éccording to
the protocol in Tables 2A and 2B. Al treatments were administered
intravenously. Control Group 1 mice received the ethanol 5% and Liposyn I 95%
vehicle, once on Day 1 (qd x 1). Group 2 received 8091 at 20 mg/kg every other
day x 5. Group 3 received 9091 at 30 mg/kg q4d x 4. Groups 4 and 5 received
9091 ad x 1 at 120 and 60 mg/kg, respectively. Dosing volumes were 0.5 mi/20 g
body weight for gd x 1 dosing regimens and 0.3 mL/20 g body weight for the qod



animals. The log rank test was enployed to anal yze the significance of the
di fference between the TTE values of a drug-treated group and the vehicle-
treated control group. The log rank test analyzes the data for all aninals
except the NTR deaths. The two-tailed statistical analyses were conducted

at P = Ow@bosobtsge gr oup nmedi an tunmor growth curves shqwshihe ﬁg&l an tunor
volume (MIV) as a function of tinme. Wien an animal exited the study due to

tunor size or TR death, the final tumor volume recorded for the aninal was
included with the data wused to calculate the nmedi an volunme at subsequent
time points. If nore than one death3ccurred in a treatment group, the
tunor growth curve for that group was truncated at the tinme of the second
death. [0073] Goups 2 and 3 received conpound 9091 at 120 and 60 ny/Kkg,
respectively. Goups 2 and 3 both experienced 212% TGD and hi ghly

significars or@nalxtmnga@dhe\dutex Rsmgoligs wdreasciiBdo the@bod) Weightce i n each
group, were 56 and 148 , respectively. In Goup 2, 9091 produced three

PR r espon8t@achanimal é@%hﬂﬁ)‘ﬂﬁﬁ)gggﬂ@ WM@MP@&H@Q dogeopPayd. In G oup
3, 9091 p c@gf’?)edr rhot§ iR d SERO LSRG BRI OAEd QFJ{QW tgotﬁnggg L9l produced

100% surv SI'X regression responses and 60 ng/ kg
dose: t heemdpmrda/ofmﬁ Svithi semnddidn tTiteef Mdaﬁe NJ Tdeffessiorrespansesd 10. 7% and

ol ow nWeiieeurtos, dRa Presgnce o B3¢ By RUSHORVIBIRAPSIOPRR  he Panc- 1
S0 Tl hsn ok AL oS augl A spgRen D adgem o o
x 1 59.0 40. 1[M5%Grou_p 2 received 9091 at 20 mg/kg: qod X 5 Group 3 rece_lved | '

9091 at 30 mg/kg g4d x 4. Groups 4 and 5 received 9091 gqd x 1 at 120 and 60

mg/kg, respectively. Five TR deaths were recorded in Group 2, which could not

'be evaluated for treatment efficacy. Two Group4 mice died of NTR causes.

Groups 3-5 each experienced 254% TGD. This result is highly significant in

Groups 3 and 5 (P < 0.01), and significant in Group 4 (P < 0.05). No tumars -

reached the endpoint volume in Groups 3-5; the MTV for six mice was 40, 58, and

126 mm?, respectively. In Group 3, five PR responses and one LTTFS were

recorded. In each of Groups 4 and 5, six PR responses were recorded. 9091 .

was most effective on the 30 mg/kg g4d x 4 regimen. This treatment yielded five

PR résponses and one LTTFS, while causing ~13% maximum group mean BW

foss. Single doses at 120 and 60 mg/kg each produced six PR responses, while

causing ~8% and ~5% group mean BW loss, respectively. These three 8091 |

treatments each produced six end-of-study survivors with MTVs of 40, 58, and

126mm?®, respectively,



3 6 9091 60 po qd x 1 59.0 40.1 212% TTE - tinme to endpoint (Days), 1200 ng
T-C - Difference between TTE (Days) of treated versus control group,
WCED=[(T-CO/C n - nunber of mce 5%C - 5% Et hanol + 5% Crenophor WO
2005/ 079319 PCT/ US2005/ 004442 33 Table IB Group Tunmor Burden No. No. of No.
of Max No. of Median(n), Day of PR LTTES Loss Day - TR NTR 59
1 ___(O%é!u 079%o 0 2 56(6) 333 -10.7% DRF 200870844 6 5 1 1
-5.5% 0 0 Day 10 CR - Non-pal pabl e tunor for three consecutive
measurenents during the study PR - Tunor regression to <=50% of starting
size for three consecutive neasurenggs during the study LTTES - Long Term
Tunmor Free Survivors, animals classified as CRs at the end of a study
Logrank test is equi valent to the. Mantel - Haenszel test; ns=not significant,
* - p<0.05, ** - p<0.01, *** - p<0.001, conpared to Group 1 TR - Treatnent

Rel at ed Death |V Efficacy
Eval uati on of @)-49%1'& [zglg'%gfrﬁThe PF%%D%%I’?? {he%@tggﬁl}%s eva: uat gd'

agai nst the human pancreatic turri)'abheamgraft Panc 1. Human Panc-1

pancr eat j h\/m c.nude mice A _tunor
f ragnment ) (was i mireathendRegiden 1.1 Nt 0 the ri ght flank of eagh test
nouse. TUQ‘,‘?&@ noni t ored ce weekly. angIedian 1.C %TGD
Agent | mg/kg | Route | Schedule
_ TIE

1 6 | Vehicle v qd x 1 15.8 — -

2 6 | 9091 20 | qod x 5 10.0 — —_

3 69091 |30 v gadx4 | 560 |402 |254%

4 6 | 9091 120 \Y qd x 1 56.0 402 | 254%

5 6 | 9091 60 Iv qdx5 56.0 402 | 254%

TTE - time to endpoint {Days}), 1200 mg
T-C - Difference between TTE (Days) of treated versus controi group, %TGD=[(T-C)/C]
n - number of mice

Table 2B
Group | Tumor No. | No. | No. of Logrank Max No. of | No. of
Burden of of LTTES | Significance | %BW TR NTR
Median(n), |PR |CR | Loss;
Day 56 | Day |
1 320 (1) o (o |o — = 0 0
2 108(1) 1 o |o — “157%; |5 |0
' Day 10
3 la02s6) 15 [1 |1 |p<001 132%; |0 0
| Day 17
4  |s758) |8 lo |o. p<0.05 7.8%; |0 2
| | | Day 7
5 1266) |6 |0 |0  [p<0o0f -49%; |0 0
' Day 7

CR - Non-palpable tumor for three consecutive measurements during the study :

PR - Tumor regression to <-50% of starting size for three consecutive measurements during the
study

LTTES - Long Term Tumor Free Survivors, animals classifled as CRs at the end of a study

Logrank test is equivalent to the Mantel-Haenszel test; ns-nut significant, * - p<0.05, ** - p<0 01,
- p<0.001, compared to Group 1

TR - Tredtment Related Death

NTR - Non Treatment Related Death



then daily as their size approached 200-400 mmB with a nean of 250-300 mm8B.
On Day | of the study, the animals were sorted into groups of six mce, with
tunmor sizes of 171.5-486.0 mB and group nmean tunor sizes of 269.7-275.0
mB8. Mce were sorted into groups containing six mce each, and treated
accordin protocol in Tables 2A and 2B. All wer e

adm ni stg‘ﬁa 05ﬂ?"%?avenously. Control Goup | mce reé:éﬁ@ééﬁg@ﬁ%‘get hanol 5%
and Li posyn 11 95% vehicle, once on Day 1 (qd x 1). Goup 2 received 9091
at 20 ng/ kg every other day x 5.- Goup 3 received 9091 at 30 ng/kg g4d x 4.
Goups 4 and 5 received 9091 qd x 138 120 and 60 ng/ kg, respectively.

Dosi ng vol unmes were 0.5 mM /20 g body weight for qd x |I dosing regi nens and
0.3 nL/20 g body weight for the qod WD 2005/ 079319 PCT/ 13S2005/ 004442 34 x
5 or g4d x 4 dosing schedul es. Dosing volunmes were scaled to the body wei ght
of each animal. The vehicle was gig%é|g5eoup'l mce in a single dose on
Day 1 (gd x 1). Tunors in five of X vehicle-treated mce grew to the
1200: B  endpoi nt- volEffieacyV@tudly for 8881 emthe FT 29f XeripgBaftiays. No regressi on
responses were recorded. The presence of one 56-day survivor indicates a
potential background | evel of one somewhat unsatisfactory tunor
engraftnents r ; ' : i : god x 5.

G oup 3 recei \[}?JN9%?“@?%@r{gﬁlgéhgﬂiﬁtré\%@éh%sgmgﬂﬁﬂ?tghég@nfrégélélgved 9091 qd
x 1 at 12@raneiPaoc-1nghagraftdesgriediin Exgmpleis\deantRt deangande081 mexsor ded i n

G oup 2, ich could not eval uated for treatnent efficacy. Two Goup 4
oot e8P Salledn B HTE (TSt co el R FOMATRHED Thi 5 1 obul
i s hi ghly Tep@gutireatliettion, MapdBsas3 VA defodritt <TRe Pdauits AR sghamrizéLant in
Goup 4 (P <0.05. No tunors reached the endpoint volunme in Goups 3-5; .
the Mrv fgrTahlgs diand das 40, 58, and 126 mmB, respectively. In Goup 3,
five PR responses and one LTTFS were recorded. In each of Goups 4 and 5,
six PR responses were recorded. 9091 was nost effective on the 30 ny/ kg g4d
X 4 regi ngable™@A:s treatnent yielded five PR responses and one LTTFS, while

causi ng -13% maxi mum group nean BW |oss. Single doses at 120 and 60 ng/ kg
each prodBedacdDesigr FasIhertier?, Study Msing Compound 9091

Treatment Regimen 1
Group n : )
Agent mg/kg Route Schedule
1 6 5%EC in Saline po gdx1
18 6 9091 15 po | gd4dx4
19 6 9091 30 | po q4d x 4
20 6 9091 45 po q4d x 4
21 6 9091 80 po qdd x 4
Table 3B: , _ _
Treatment Response Summary For The HT29 Study Using Compound 9091
Regimen 1 " MDSto1.0g Max. % | #Death®
BW -
Group. i Agent | mg/k | Rout Schedul +SEM (n) Loss; Day | TR | NTR
g e e '
| 5%EC
1 6 in po gdx1 [ 165 + 15 (6) - 0 0
Saline ' | '
18 |6 9001 | 15 | po | qudxa 244 + 14 @] - o | o
| | | 11.3%;
19 6 9091 30 po q4c_i x4 | 256 + (1). Day 21 0 0




causing -8% and -5% group nean BW/I| oss, respectively. These three 9091
treatnents each produced six end-of-study survivors with- MI'Vs of 40, 58, and
126mB, respectively. WO 2005/ 079319 PCT/ US2005/ 004442 35 Table 2:

Treat ment Response Sunmary For the Panc-1 Study Table 2A Treatnent Regi nen
1 Goup T-C %9 Agent ng/ kg Rout'e Sched Vehicle 1V qd
x 1 15. é’ﬂ?%%ﬁﬂge 9091 20 1V qod x 5 10.0 - 3 6 g%‘griU%%E“\f‘&ﬁd X 4560
40.2 254% 4. 6 9091 120 1V qd x 1 56.0 40.2 254% 5 6 9091 60 IV qd x 5
56.0 40.2 254% TTE - time to endpoint (Days), 1200 ng T-C - Difference

bet ween TTE (Days) of treated versus3fontrol group, WGE=[(T-CO/C n -
nunber of mce Table 2B Group Tunor No. No. No. of Logrank Max No. of No. of
Burden of of LTTES Significance %8W TR NTR Medi an(n), PR CR Loss; Day 56

Day 1 320(1) 000 - - 00 2 108(1) 100 - -15.7% 5 0 Day 10 3 40.25(6)
511pRO0[FIS 2P 0 Day 17 4[57.5(6) 6 U U P20 05 -[- 8% O 2
20 |6 9001 | 45 | po | qadxd |  « ©) R I B
Day17 |.
| 28.1%;
21 6 9091 80 po | qd4dx4 + 0 . 4 0
| Day 17

n - number of mice
8%EC - 5% Ethanol and 5% cremophor

Table 4A:
Protocol Design for The HT29 Study Using Compou'nd 8091 (V)
o Treatment Regimen 1
- Group N
Agerit mg/kg Route Schedule
1 6 No treatment _
2 6 vehicle v Q4d x 4
3 [ vehicle Y - Q4dx4d
4 6 vehicle v . Q4dx4
5 6 9091 120 | W QD x 1
6 6 90091 60 \Y QD x 1
7 8 9091 120 Y QDx1
8 6 9091 60 \Y QD x1
9 6 9091 120 v QD x 1
10 6 9091 60 \Y QD x 1
14 6 9091 30 2 Q4d x 4
15 6 g091 | 20 | w . Qadx4
16 6 9091 3/ | W Q4d x 4
17 6 0091 - 20 \Y Q4d x 4
18 6 9091 30 W Q4d x 4
19 8 9094 20 \ Q4D x 4




Day 7 5 126(6) 6 0 O p< 0.01 -4.9% 0 O Day 7 CR - Non-pal pable tunor for

t hree consecutive nmeasurenents during the study PR Tunor regression to <=50%
of starting size for three consecutive nmeasurenents during the study LTTES
- Long Term Tunor Free Survivors, aninmals classified as CRs at the end of a
study Laghaddkofget 1S equivalent to the Mantel - Haen . his=not

si gni fi cant | ¥ p<0.05, ** - p<0.01, *** - p<o.001,§§§{’rr%"g§5@h‘”t“% Goup 1 TR
- Treatnment Rel ated Death NTR - Non Treatnent Rel ated Death WD 2005/ 079319
PCT/ US2005/ 004442 36 Exanple 5 Efficacy Study for 9091 in the HT29
Xenograft [0077] Follow ng simlar or38 and intravenous adm nistration
regimens as for the Panc-1 xenograft described in Exanples 3 and 4,
conmpound 9091 was also evaluated in the HT29 (human col on carci noma
obtained from Anerican Type Culture Collection, Manassas, VA) xenograft.
The results are summarized in Tables 3 and 4. Table 3A: Protocol Design For
The HT29 Study Using Conpound 9091 Treatnent Reginen 1 G oup n Agent ng/kg
Route Schd@bledBi1 6 50£C in Saline po qd x 1 18 6 9091 15 po g4d x 4 19 6

9091 30 p%r@aﬁ%eﬁt ﬁes;?o(}lsg S%%ar@?oﬁﬂe%g)%tﬁdy El%in% @caon%ou%% qR1a4d x 4

Regimen 1 " Regiven2 " MS10g Nex, % BW -+ #Deatt
Grop n
Agent mokg Agant myig + SBV({n} Loss; Day TR .NTR
1 | 6| Noteament 161 & 30 | (10) - 0 1
2 | 6| verice sEesun | 03 | 219 |zl 40 - o | o
3 |6 vehce SUETinSaine | 03 | 184 |i| 38 - 80 | o
4 | 6| vence SYECInSaine | 03 | 204 |:| 29 - 0| o
5 |8 9091 120 | 5%S95%20 | 05x2 t -11.8%; Day 10 0o | o
6 |6 o9 8 | suBoWM | 05 | 518 || 00 8P Day 7 o] o
7 |6 9091 120 | 5%ETinSaine | 05x2 % -23.7%; Day 10 5 | 0
8 6| e 80 |suETinsaire | 05 | 518 | A% Day 7 o | o
9 |6 9081 120 | 5%in Saline | 05x2 t 6%y | 0. o
10 |6 9091 80 |5%ECnSdine | 05 | 460 |: -aszu:Dam 0 0
“ |e 2091 ® | sweoswz | 03 r 56%Day17 | 0 | 0
5 |6 2001 20 | S%ESW0 | 03 % A78%Dey17 | O 0
B 6 2091 30 | 5%ETinSaine | 03 £ 8% bey17 | 0. 0.
7 16 2091 2 |suETinsaine | 03 + -14.4% Doy 14 o | o
18 |8 %091 ¥ | 5%nsdie [ 03 " -22.7% Day 21 o | o
9 |6 o091 0 |5%ECinSane | 03 £| . -8.9%; Doy 14 o | o
o Dol TR (Treatent Folted); NIR (o Trealet Feeted) '
]

[0078] Graphical resulis of the evaluation of compound 9091 in mouse

xenografts are presented in Figures 1-7.



Tabl e 3113: Treatnent Response Summary For The HT29 Study Using Conpound
9091 Reginen 1 MDS to 1.0 g Max. % # Deatha BW G oup n Agent ng/k Rout
Schedul SEM (n) Loss; Day TR NTR ge ab5%C 16 in Poqd x 1 16.5 + 1.5
(6) - 00 Saline 18 6 9091 15 po q4d x 4 24.4 +.1.4 (6) 0 0 -11.3% 19 6
9091 30 po g4d x 4 25.6 (1) O O Day 21 WO 2005/079319 PCT/ US2005/ 004442 37

20 6 909WwoMnos2#316% po g4d x 4 (0) 0 0 Day 17 21 @ 8289kshia %o g4d x 4
(0) 28.1% 4 0 Day 17 n - nunber of mce 5%C - 5% Et hanol 5% cr enmophor
Tabl e 4A: Protocol Design for The HT29 Study Using Conpound 9091 (1v)
Treatnment Reginmen 1 G oup n Agent mgslkg Route Schedule 1 6 No treatnment 2
6 vehicle IV Q4d x 4 9

Example 6
In Vivo Toxicity Assessment in Rats

[0079] Toxicity was assessed in 250-300g Sprague-Dawley rats and three
rats were used per dose group. Three dose groups of the test compound, (i.e.,
3 mg/kg, 9 mg/kg and 12 mg/kg for intravenous admtmstratlon 15 mg/kg,
30 mg/kg and 40 mg/kg) and 1 control group constituted a study. Animals were
observed and clinical chemistry data collecied at days 4 and 10. Rats were ,
~ euthanized on day 11 and the nerves were excised and fixed upon euthanization
for further examination. o
'[0080] Each rat is scored as described below and a final foxicity score that
incorporates all parameters is assigned. A dead rat is assigned a score of zero.
Table 5 below gives the criteria for how each toxicity parameter contributes to the
score. Most of the parameters contribute a positive value towards a total possible
score of 130. Forbody weight, white blood cell, and platelet decreases, recovery
is considered. If the parameter does not show recovery, then a -5 is subtracted
from the total. The total score is divided by 13 to put it on a scale from 0 to 10.
As for the neurotoxicity score, a -10 indicates that axonal degeneration lesions
were seen, while a 0 indicates there were no lesions.



3 6 vehicle IVQY4d x 4 4 6 vehicle IVQQ4d x 4 56 9091 1201VQ@D x 1 6 6
9091 60 IV Q@ x 1 7 6 9091 120 IVQ@ x 1 8 6 9091 60 IV @x1 9 6 9091 120
IV@x 1 10 6 9091 60 IVQ@ x 1 14 6 9091 30 IV Q4d x 4 15 6 9091 20 IV
A4d x 4 16 6 9091 30 IV 04d x4 17 6 9091 20 IV 4d x 4 18 6 9091 30 IV
QAd X 4 whbRoss98994 20 1V Q40 x 4 WO 2005/ 079319 PCTIM%@%B&Q&M 38 Table
4B: Treat nent Response Summary for the HT29 Study Using npound 9091
Fenenl Fbjnen2 I VES tDl. 0g Max. %W #l ka" 4oy n Agent rn Agent. ng% SW n)
Loss; Cay TR NR 1 6 hbtreanant 16.1 1 3.0 1 (10) - 0 1 2 6 vehde

50/ .E969%41-20 0.3 21.9 4.01 - 00 46 vehide 50FErin Saline 0.3 18.4 3.6
[ - 00 4 6 vehicle 5//inSaliine 02 20.4 4. 291 - 0 0 5 6 9091 120

50/ . E95%20 0.5x2 13I. -11.5% Day 10 0 O 6 6 9091 W5%&95% -20 0.5 51.9 i

| 0.0 1 -6.9%Day 7 0 0O 7 6 9091 120 5/%Tin Saline 0.5x 2 | -23.7% Day 10

50 86 %Qkﬁmrﬁé@qﬁrﬂg@vbmg}fs@r%.s | -.9% W7 00 9 6 9091 121 5 /Min
Saline 0.5x2.] -16 G/0o:lByl4 0 0 | -

Observation | . Score
Recovery Week 2
Neurotoxicity | = N (D). Y (1-4) _ N Y
o -10
Body Weight | >20% >15% >10% <10%
| Loss 0 5 10 20 5 0
WBC >50% >25% | >10% | <10%
decrease 0 5 10 20 s | o
Platelets 1 >75% >50% >26% <25%
decrease 0 5 10 20 -5 0
AST elevation - 32Xcont‘. >1.5Xcont >1.25Xcont | <1.25Xcont
0 5 10 20
ALT elevation | >2Xcont | >1.5Xcont >1.25Xcont <1.25Xcont
_ 0 5 | 10 20
BUN elevation | >2Xcont >1.5Xcont | >1.25Xcont <1.25Xcont
0 5 10 20
Water/Loose N Y
Diarrhea 5 0
Bioody/Mucoi N Y
-| d Diarrhea 5 0
Maxium score (each rat} = 130; Group score = average of 3 rats/13;
Avg = average of 3 groups Wt Avg = (T(dose x grp score))24
cont - control
AST - Aspartate aminotransferase(AST); ALT - Alanine aminotransferase;

PTL - Platelet; BUN - Blood urine nitrogen
WBC - White blood cell ' _ :



- 10 6 9091 60 51/.CinSaiine 0.5 46.0 1 -82% Day 10 0 O 14 6 9091 30
50E95%-20 0.3 -15.6%Day 17 0 0O 15 6 9091 20 5%&95% -20 0.3 t -17.8% Day
17.0 0 16 6 9091 30 51/.ETin Sarre 0.3t -18.30/d. Day 17 0 O 17 6 9091 20
50rin Sine 0.3 Iml -14.4/;(y14 0 O .18 6 9091 30 5% in Sam 03 t! -227%
W 21 0 Qo200 éﬁ 9091 20 563 in Saline 0.3 t | &%J'rﬁ{] ﬁ‘ﬂ £ 0 V Death:
- TR(Tr eat nent ?J atsE); NFR(W TreahMl P&W (0078] Ical results of the
eval uati on of conpound 9091 in nouse xenografts are presented in Figures
1-7. WD 2005/ 079319 PCTI US2005/ 004442 39 Exanple 6 In Vivo Toxicity
Assessnment in Rats [0079] Toxicity wa assessed i n 250-300g Sprague- Daw ey
rats and three rats were used per dose group. Three dose groups of the test
conmpound, (i.e., 3 nmg/kg, 9 ng/kg and 12 ng/ kg for intravenous
adm ni stration; 15 ng/kg, 30 ng/ kg and 40 ng/kg) and 1 control group
constituted a[tﬁmqiyA sé%ﬁbl@&iff@hé/\@étﬁ forcé}s@ﬁvma@edapﬂomity@thdgbﬁm stry data
coll ected at days 4 and . Rats were euthanized on day 11 and the nerves
‘were exci sempeuntl $0%cid pmﬁﬁﬂt%ijﬂﬁ'ahl&&tlon for further exam nation. [0080]
Each rat is scored as described below and a final toxicity score that
I ncorporates all paranmeters is assigned. A dead rat is assigned a score of
zero. Tabl e STahdé 6w Sgnvs Inpits ipta R@rTCa(!ditMrSCntﬁﬁ EualtDassge Study par anet er

cont ri but ps—t+p—therseere—Most—ot—the-parareters—ponrtrputera—poesi ti ve
hd N |4
val ue towards|a [ ot gl possi blecorﬂbcoéjre of 130. |For pody V\IEI ght|, whjte bl ood
cell, and{plalelpt verases, lre¥dfierly ligq considered Lf the paraneter does
not . show tecayer en a =5 ils slbtrhActle friom the tothl 'he tbtal score
i s divi defPeBs/|Neg|BH|RIWBC] R (&3 | ALG|BHN AT B l6Wt (0BMo| TA®! flor t e neprotoxicity
score, a t ke [md| cal gs that| axona degeneranihdnniaesisems _
High Dose .
40 mgikg |
Rat1 0]-5 0] O 20] 20 201 5| O 0 0 60 60
Rat2] 10 01 O 0] Of 20| 20 10{ 20| -5 0 0 _55 55
Rat3| -10] 0]-51° 0] 0 20f 20 20020 Of . O 0 65 865 -
‘ AVE 60 180] 4.62
Mid Dose _ : 0
30 mgfkg
0
‘, | — 0
- |Rat 1 510 0] 0] 201 20 201 20f 0O 0 Q 85 85
Rat 2 10 0 5[ 0] 201 20 201201 O 0 0 85 95
Rat3] -10] 10] 0 0f 0] 20] 20 201 20§ O 0 0 80 80
' AVE 86.7 260]  6.67
Lew Dose ‘ 0
15 mglk | - . ' i 0
_ 0
Rat 1 2010 5| o] 20] 20 20{20] O 0 5] 110l 110
Rat2] -10] 10 0 0] of 200 20 201 201 © 0 5 85 85
Rat 3 20f 0] 0] of 20[ 20 20[10] O 0] 5 95 95
' AVE 96.7 200] 7.44




were seen, while a O indicates there were no | esions. WO 2005/079319

PCT/ US20051004442 40 Table 5. Criteria for Rat Toxicity Scoring

Observation Score Recovery Week 2 Neurotoxicity N (0) Y (1-4) NY 0 -10
Body veight >20% >15% >10% <10% Loss 0 5 10 20 -5 0 WBC >50% >25% >10% <10%
decreas RO -5 0 Platelets >75% >50% >25% < 05 10 20 -5
0 AST levatlon >2Xcont. >1.5Xcont >1.25Xcont <1. zééé%ﬂﬁﬁﬁﬁgﬁfo 20 ALT

el evation >2Xcont >1.5Xcont >1.25Xcont <1.25Xcont O 5 10 20 BUN el evati on
>2Xcont >1.5Xcont >1.25Xcont <1.25Xcont O 5 10 20 Water/Loose N Y Diarrhea
5 0 Bloody/Miucoi NY d D arrhea 5 8#2Maxi um score (each rat) = 130; G oup
score = average of 3 ratsl|13; Avg average of 3 groups W Avg = (E(dose x
grp score))/24 cont - control AST - Aspartate am notransferase(AST); ALT -
Al ani ne am notransferase; PTL - Platelet; BUN - Blood urine nitrogen WBC -

Vi te bl ood .qebs2) The resulting scores from a complete study of oral and two IV -
dosage regimens in rats are summarized in Table 7 below and compared with a
previously disclosed analog, compound 3071. The structure for compound 3071
can be found in Example 9.

Table 7. Toxicity Scores from Rat Studies of Compound 9091 (vs. 3071)

: . Tox Score

Compound / Dose —->| - 3mg 9 myg 12 mg | Average | Weighted Awg

IV 3071 7.7 6 3.2 . 5.6 4.8

IV 5081 X 78 78 | 77

IV 8001 9.5 8.1 6.8 8.1 7.6
Compound 15 mg 30 mg 40mg | Average | Weighted Avg

Cral 3071 6.2 5.1 1.5 4,3 3.6

Oral 9091 7.4 . 8.7 4.8 8.2 5.8

Example 7
In Vivo Efficacy Assessment in Mouse Xenograft studies

[0083] To simplify the interpretation of mouse xenograft studies, an
efficacy score was derived from the mouse xenograft studies described in
 Examples 4 and 5 above.
Score = 10*(TWd1 - Tde)lT Wd1, where
TWd1 = tumor welght onday 1
TWDn = lowest tumor weight on day 10 or later
Thus the best score for complete regression would be 10. The results for
compound 9091 .are summarized in Tables 8a and 8b and compared with values

for the congeners 3071 and 3102.



WD 2005/ 079319 PCTUUS2005/ 004442 41 [0081] A sanple of the data for an oral
dosage rat toxicity study of conpound 9091 is presented in Table 6. Table

6. Sanple Inputs into Rat Toxicity Scores; Oal Dosage Study R = Conpound

Recover, 9091 Dose/ Neu BWR NBC R AST ALT BUN PT. R L/WBIM Total Rat Tox L
D a D a Reesosdhgh Dose 40 nglkg Ratl 0 -5 0 0 20 20 2@5@ 9,0 60 60 Rat

2-100 000 20 20 10 20 -5 0 0 5555 Rat 3 -10 O - ?51_902020000
65 65 AVE 60 180 4.62 Md Dose 0 30 nglkg 0 0O Rat 1 50 0 0 20 20 20 20 O
008585 Rat 2 1005 0 20 20 20 20 0 0 0 95 95 Rat 3 -10 10 0 0 O 20 20
20 20 0 0 0 80 80 AVE 86.7 260 6.67 4bw Dose 0 15 mlk O 0O at 120050
20 20 20 20 0 0 5 110 110 Rat 2 -10 10 0 0 0 20 20 20 20 0 0 5 85 85 Rat 3
20 0 0 0 20 20 20 10 0 0 5 95 95 AVE 96.7 290 7.44

Table 8A: _
Efficacy of 9091 vs 3071 in Single Dose Oral Mouse Xenograft Studies at 60 and
120 mg/kg
Compound Tumor | Dose | Score
- 3071 | Panc-1 60 5.8
3071 Panc-1 120 7.3
3071 HT29 60 6.3
3071 HT29 120 7.5
9091 Panc-1 60 8.3
9091 Panc-1 | 120 9.1
9091 HT29 60 4.3
9091 HT29 | 120 8.7
Table 8B. - |

Efficacy of 9091 vs 3102 in Single Dose IV Mouse Xenograft Studies

Compound Tumor | Dose | Score
3102 Panc-1 60 2.6
3102 P_anc—1 120 5.3

3102  HT29 60 | 13
3102 HT29 120 53
9091 Panc-1 60 7.7
9091 Panc-1 120 8.6
9091 - HT29 60 8

9091 HT29 120 | 87




WO 2005/ 079319 PCT/ US20051004442 42 (0082] The resulting scores froma
conplete study of oral and two IV dosage reginens in rats are sunmarized in
Tabl e 7 bel ow and conpared with a previously disclosed anal og, conpound
3071. The structure for conpound 3071 can be found in Exanple 9. Table 7.
Toxi cit rom Rat Studi es of Conmpound 9091 ( Tox Score] .
omoundxy(?@g/%ﬂg 9 ng 12 ng Average Wi ghted A(grmgz\f'%%"ﬂ 7.7 6 3.2 5.6
4.8IV9091971787977IV90919581688 7.6 CorrpoundlSrrg
30 ng 40 ngy Average Weighted Avg Oal 3071 6.2 5.1 1.5 4.3 3.6 Oal 9091
7.4 6.7 4.6 6.2 5.8 Exanple 7 In Vigy$ Efficacy Assessnment in Muse
Xenograft studies [0083] To sinplify the interpretation of nouse xenograft
studies, an efficacy score was derived fromthe nouse xenograft studies
described in Exanples 4 and 5 above.. Score = 10*(TWil - TWin)/TWi1, where
TWi1 =tunor weight on day | TVWDn L0l tunmor wei ght on day 10 or |ater
Thus the best score for conplete r‘e'gr‘%on woul d be 10. The results for
conpound 9091 are sumuiQampEbrativeTzfitacy 2d TaoxititgiDadand conpared wi th val ues
for the congeners 3071 and 3102. WD 2005/ 079319 PCTI US2005/ 004442 43 Table
8A: Efficacy of 9091 vs 3071 in Single Dose Oral Muse Xenograft Studies at

60 and [0084] Additional efficacy data from cell proliferation studies as well as
scores from rat toxicity studies are presented in Table 9 for comparable
compounds corresponding to the formula

All of the compounds listed in Table 9, with the exception of compound 9091,
appear in PCT publication WO 01/57032. |

Table 9: Comparative Summary of Toxicity_ Data -

Compound] X, | X, R, |HCT116] VM46 | Raftox | Raffox

IC,;, nM| IC,,, nM | score IV | score PO
paclitaxel - |PhCQO Ph AcO 2.1 20.0
docetaxel [BuQCO| Ph OH 0.6 6.7
0843 (BuOCO| 2fu | cproCOO | 0.24 0.86 0 0
0854 [tBUDCO]| 2th | cproCOO | 0.05 0.09 1 0
2781 tBuQCO| 3fu | cproCOO [ 0.18 - 1.91 1 0
2794  RBuOCO{ 3th | cproCOO | 0.28 2.03
2802 [tBUOCO| 2py | cproCOO | 0.30 3.32]
2813  [tBuOCO| 4py | cproCOO | 0.05 8.22
3071  |iPrOCO ] 2th | cproCOO | 0.17 ' 1.51 5 4
3102 BuQCO| 2fu | cproCOO | 0.33 1.49 6 6
3129 [BuOCO| 2th [ cproCOO | 1.53 - 2.88
3132 nPrCO 2th | cproCOO ( 0.37 5.33
- 3677 |[EtOCO | 2fu | cproCOO | 0.30 18.56
3853 [PrOCO | 2fu {cproCOO | 0.08 0.99 1 1
4051 |EtOCO | 2th | cproCOO | 0.30 1.62 : 5
4062 |nPrCO | 2fu | cproCOO | 0.59 - 7.64 '
4665 |BUOCO| afu_| cproCOO.[ 213 28.45
5011 [BuOCO| 3th |cproCOO | 2.99 8.47 .
9091 [PrOCO | 2th |cpentCOO| 0.63 1.87 8,8 5



120 ng/ kg Conpound Tunor Dose Score 3071 Panc-1 60 5.8 3071 Panc-1 120 7.3
3071 HT29 60 6.3 3071 HT29 120 7.5 9091 Panc-1 60 8.3 9091 Panc-1 120 9.1
9091 HT29 60 4.3 9091 HT29 120 8.7 Table 8B. Efficacy of 9091 vs 3102 in
Singl e Dose |V Mouse Xenograft Studies Conpound. Tunor Dose Score 3102

Panc- 1 6Qo3¢f73kP2 Panc-1 120 5.3 3102 HT29 60 1. 120 5.3
9091 Pano-1 60 7.7 9091 Panc-1 120 8.6 9091 HT29 38@159"58@}3‘%29 120 8.7

WO 2005/ 079319 PCT/ US2005/ 004442 44 Exanple 9 Conparative Efficacy and
Toxicity Data [0084] Additional efficacy data fromcell proliferation
studies as well as scores fromrat t4éxicity studies are presented in Table
9 for conparable conpounds corresponding to the fornula XS-NH O R10 0 OH

The results of the studies described above indicate that compound 9091
belongs to a class of _effective agents against several tumor lines. When
compared with congeners, compound 8091 demonstrated the best toxicity profile
in rats when administered intravenously. Even though it has a better toxicity

_profile in the oral rat studies, compound 8081 is more efficacious than compound
3071 in single dose oral xenograft sfudies, and compound 9091 is much more
efficacious than compound 3102 (another congener) in single dose IV xenograft
studies at doses of 60 mg/kg and 120 mg/kg.

Corhpound 9091, therefore, has the potential as a safe and effective
antitumor agent for oral and IV administration.



X3§-p1" OH HO BzO O OAc Al of the conpounds listed in Table 9, wth the
exception of conpound 9091, appear in PCT publication WO 01/57032. Table 9:
Conparative Summary of Toxicity Data Conmpound X5 X, R15 k2. VM46 Rat tox Rat
tox 1C,,, nMscore |V score PO paclitaxel PhCO Ph AcO 20.0 docet axel

t BuOCO Ph OH 6.7 0843 tBuOCO 2fu ¢ roCO. 86 0 0O 0854 tBu000 2th c roCOO
0.09 1 0 2781 tBuOCO 3fu ¢ roCOO 0.18 1.91 1 0 2794 tBuOCO 3th ¢ roCOO
0.28 2.03 2802 tBuOCO 2py cproCOO 0.30 3.32 2813 tBuOCO 4py cproCOO 0. 05
8.22 3071 i PrOCO 21h cproCOO 0.17 1.51 5 4 3102 i Bu0O00 2fu ¢ roCOO 0. 33
1.49 6 6 3129 iBuOCO 2th ¢ roCOO 1.53 2.88 3132 nPrCO 2th ¢ pro0O00 0. 37
5.33 3677 EtOCO 12t c¢ ro000 0.30 18.56 3853 i PrOCO cproCOO 0.08 0.99 1 1
4051 Et 000 cpCted®® 0.30 1.62 5 4062 nPrCO ¢ roCOO 0.59 7.64 4665 i BuOCO C
roCoOO. 2.13 2%,4??. %%%ql i,BUuOCO ¢ roCOO 2.99 8.47 9091 iPrOCO ¢ ent 000 0. 63
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1. A taxane having the structure:

wherein X; is thienyl, Ac is acetyl, and Bz is benzoyl.

2. The taxane of claim 1 having the structure:

0
O/U\NHO
Se A

\ ! 6H

3. The taxane of claim 1 wherein the C7 hydroxy substituent and the C10
cyclopentylcarbonyloxy substituent both have the beta stereochemical

configuration.

4. A pharmaceutical composition comprising the taxane of any of claims
1-3 and at least one pharmaceutically acceptable carrier.



45 The results of the studies described above indicate that conpound 9091
belongs to a class of effective agents agai nst several tunor |ines. \Wen
conpared with congeners, conpound 9091 denonstrated the best toxicity
profile in rats when adm nistered intravenously. Even though it has a
better toxicity profile in the oral rat studies, conpound 9091 is nore
efficacious than conmpound 3071 in singkhe dose or al xenograft studies, and
conmpound 9091 is nmuch nore efficacious than conpound 3102 (anot her
congener) in single dose IV xenograft studies at doses of 60 ng/kg and 120
nmg/ kg. Conpound 95)9Ihetckw|®tamba ofhdSmi he whetaimtthal tafgne coadentratich eé f ect i ve

antitunor agent for and |V ad tration. 46 Cdains Wat is clained
Tor 1A taxdeee ?fh@‘?% toﬂé“%’f“}‘xﬂft%w 990 O-NHOOAHO X3 01., H OH O OAc
wherein X3 is thienyl, Ac is acetyl, and Bz |s benzoyl . 2. The taxane of

claim1l havingthg_?tructure O =0 C%SO OH OHd HO BzO 0 OQAc
. The composition of clalm 4 where:n & composition i1s in a singie

dosage unit form for oral administration and the dosage unit form contains at
least mg of the taxane per m2 of patient body surface area.

7. The composition of claim 6 wherein the dosage unit form contains
between about 25 mg and about 400 mg of the taxane per m? of patient body
surface area.

8. The composition of claim 7 wherein the dosage unit form contains
between about 50 mg and about 200 mg of the taxane per m? of patient body
surface area.

9. The composition of claim 4 wherein the composition is in a single
dosage unit form for parenteral administration and the dosage unit form contains

at least 20 mg of the taxane per m? of patient body surface area.

10. The composition of claim 9 wherein the dosage unit form contains
between about 40 mg and about 400 mg of the taxane per m® of patient body
surface area.

11. The composition of claim 10 wherein the dosage unit form contains
between about 60 mg and about 350 mg of the taxane per m? of patient body

surface area.

12. The composition of claim 4 wherein the composition comprises up to
about 10% ethanol.



3. The taxane of claiml| wherein the C7 hydroxy substituent and the- Cl-O
cycl opentyl car bonyl oxy substituent both have the beta stereochem cal
configuration. 4. A pharmaceutical conposition conprising the taxane of any
of claimse 1-3 and at |east one pharnaceutically acceptable carrier. 47 5.
The conposition of claim4 wherein the taxane concentration is between
about 0.01 ng/nL and 10 ng/nL. 6. The cgnposition of claim4 wherein the
conposition is in a single dosage unit formfor oral adm nistration and the
dosage unit formcontains at |east ng of the taxane per nR2 of patient body
surface area. 7. TheTbh®mpopbsition obfclaimail nvhendiertee ncanipmsidios aigefounrdl f or m
cont ai ns be&&\ﬁﬁ‘ﬁ}, @Q&J‘Jt 25 nmg and about 400 ng of the taxane per nR of

pati ent body sur]lace'area. 8. The conposition of claim7 wherein the dosage
unit formcontains between about 50 ng and about 200 ng of the taxane per

n2 of patient bod urface area, 9. e . conpesition of claim4 wherein the
conposition is i n¥%i _@enc&rréoos 8@85(@3%3-?%8%&1 rCOB}BOéiﬁP%IlSalP tg%ifﬂ"ﬂiogt ration
and t he dosageotanssluficor m contains at |east 20 ng of the taxane per n2 of

patient body surface area. 10. The conposition of claim9 wherein the dosage
unit formcontains between about 40 ng and about 400 ng of the taxane per

2 of patient body5 e t@tposkichef ddim THvherswass tb@posiiorcb@hphiskd asher ei n
the dosage upit form contaln bet ween about 60 nmg and about 350 ng of the
t axane per a%ﬁabﬁa%cggtd'sﬁgﬁiwat@ﬁrface area. 12. The conposition of claim4
wherein the conposition conprises up to about 10% ethanol. 48 13. The

conposition of clajm 12 wherein the conposition is _for oral
16. The composition of claim 15 wherein composition comprises less than

about 10% surfactant,

17. The composition of claim 16 wherein the surfactant is polysorbate 80,

polyethoxylated caster oil, or a combination thereof.

18. The composition of claim 12 wherein the composition is for parenteral

administration.

19. The composition of claim 18 wherein the composition is in the form of
an emulsion.

20. The composition of claim 19 wherein the composition is prepared by

combining an ethanol solution and a fat emulsion.

21. The composition of claim 20 wherein the fat emulsion contains from
about 10% to about 20% fat.

22. The composition of claim 18 wherein the composition is a solution.

23. The composition of claim 22 wherein the composition comprises at

least about 85% saline.



adm ni stration. 14. The conposition of claim13 wherein the conposition is
in the formof an oral solution. 15. The conposition of claim 14 wherein

t he conposition conprises at |east about 90% distilled water. 16. The
conposition of claim15 wherein conposition conprises |ess than about 10%
surfactant. 17. The conposition of clainpyl6 wherein the surfactant is

pol ysorbate 80, polyethoxylated caster oil, or a conbination thereof. 18.
The conposition of claim 12 wherein the conposition is for parenteral

admi ni stration. 194 Tine eaipReisibh bPBalRf 28 WAkmBin theVdipidsitioh R8mpASEORES i On s
in the formoJ§ an emul sion. 20. The conposition of claim19 wherein the
&W{‘]"Ct?ﬁhbi ni

conposi tion i$¥2RARYLE ng an ethanol solution and a fat

enmul sion. 21. The conposition of claim 20 wherein the fat ernul sion contains
from about 10%to about 20% fat. 22. The conposition of claim18 wherein
the conposition i 2% T&8icampasition of claime24-whgrsis the sHrastart|iapalyspbaladOei n t he

conposi ti on coRihcRitef castd? 3 LoraMibirdtich dredie. 49 24, The conposition of
claim 23 wherein thé conposition conprises |ess than about 10% surfactant.

25. The conposition of claim?24 wherein the surfactant is pol ysorbate 80,

pol yet hoxyl at ed Ca%ia‘. A Rb! of Qrthtéraggﬁﬁgaéﬂﬁte@&iv%h%ﬁ%t- o2& pHariSSeftitar

therapeutical ly effective anoun armaceutical conposition conprising
t he taxane ofcoEmpositipn cangrising theatokanme! gaiar haod @t iaast bye pharowsediiskly carri er
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The use of clal erein arnaceutica osi
mammals.

27. The use of claim 26 wherein said pharmaceutical composition is

administered orally.

28. The use of claim 26 where said pharmaceutical composition is

administered parenterally.

29. The use of claim 28 wherein the mammal is pretreated with
dexamethasone, diphenhydramine, or an other agent that minimizes adverse
reactions from the administration of the pharmaceutical composition and the

pharmaceutical composition comprises a surfactant.

30, The use of claim 29 wherein the surfactant is polysorbate 80,
polyethoxylated caster oil, or a combination thereof.

31. The use of claim 26 wherein the tumor is breast, lung pancreas,

colon, ovarian or prostate carcinoma.

32. The use of claim 31 wherein the tumor is Panc-1 pancreatic

adenocarcinoma or HT-29 colon carcinoma.



adm nistered orally. 28. The use of claim26 where said pharnmaceuti cal
conposition is admnistered parenterally. 29. The use of claim28 wherein
the manmal is pretreated with dexanet hasone, di phenhydram ne, or an ot her
agent that mnimzes adverse reactions fromthe admnistration of the
pharmaceutical conposition and the phaggaceutical conposition conprises a
surfactant. 30. The use of claim29 wherein the surfactant is pol ysorbate
80, polyethoxylated caster oil, or a conbination thereof. 31. The use of
clai m 26 wherei n t3ue The 1SS of Gaibl ERFkerehUAGIARI RERtant ePpaRtaxeari an or
prostate carcinoma. 32. The use of claim 31 wherein the tunor is Panc-1
pancreatic adenocarcinoma or HI-29 colon carcinoma. 50 33. The use of
claim26 wherein teThe B of dailSH Wh&Bin thOtRMid AdKEH coloarchBmatse of claim
33 wherein the tunor is human col on carcinoma. 35. The use of claim 34
wherein the tunor is VM6 Human Col on Carcinoma. 36. The use of claim 34

wherein the tumr 455 flDyde i EMIMC8YL Abher&RT LR is VM46 Human Colon

Carcinoma.

36. The use of claim 34 wherein the tumor is DLD-1 Human Colon

Carcinoma.




