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WO 20051042539 PCT/US2004/036127 TOCOPHEROL-MODIFIED

WIERARELTIC DRUG COMPOUNDS FIELD OF THE INVENHQN:JN% 36127
present invention relates to new therapeutic drugs; compositions that

include 5 the new therapeutic drugs; and methods for administering and
using the new therapeutic drugs and compositions. BACKGROUND OF
THE INVERGOBNERSL Wi ol BndiHE Rt Bididgfc BB LEHSOMEPAN YD that
are poorly soluble in biocompatible solvents to mammals has been a
major hurdle in the realm of 10 pharmaceutical and medicinal chemistry.

In particular, difficulties arigg\}dﬁe@%ﬁ%&w&%@\%ither insoluble in
water orpnstable ivetier Rigsempatiblemalvsis. @agsw&sfﬁgoéal&@%% include

medicinal agents is to chemically modify them or conjugate them to )
Dobser Braneetile ugtertd NP St pa ALk o e Rew therapeutic
Gogigatesnpbaigiive. drugs, often referred to as prodrugs, include

chemical derivatives% é% m- ' ent compounds that are
converted into the pa ‘%& #%#) ﬁ%ﬁ%@@@g of the active

parent Thag:bitits thexheonlisier ddojugitelmeffeaticdassththateddtobrly soluble in
rocesse&b?uch aslh _Xd{olyss or ggz%mat C cleavagg . The rate of reéease

e. The
IS iluenced by several factora dncliding e tp8 8PndMical Bond® realm  of

winmgtheiaativel padanereldaitiey cdnjpgateumgiéiifi 20 kcatpordingaa active
%@rtgﬁa%@!ﬂ&'_%ggmgfymge_8%5@359% | Ce%'?%%w%%a;&wﬁts.

polymer) to increase solubility and circulation life of a Srug has beén
investidganeovay tothiliThmedicinilfagsntcisl® tcheonjaldatedd yafive: drugsjugate

faERuPgsesehimatdargeting, as alg §r%ﬁzi&\f,e§%ggfsﬁa%ss&@ﬁ%?@%ugm

improving therapeutic index. Many potent drugs, such as camptothecin
ghdaes enalotse B (ederted-Hodrexypmdipasthdedindndchemical derivatives of
zz@f@galcg@rﬁxgﬁ%m&ﬁtgya?mmw%(sogvese@ﬁ'%elhg%%?ém&npmds in
candesartan, amphotericin B. azathioprine, cyclosporine, entacapone,

dhiazbheardiapt thhachve entant duadivediewodraersmiyestsiars ppcur as the
haver pOoreRlspemmanhilibyBakbilit: RieRiems AipRigRtiahtherapeyiGelease is

a%ents are common and otten cause delays in drug development.

Oty SRS v e IBp diPsorfo citale it diskviss, b active

paesly &althlehandrnhgatybleisgmpounds to patients. Examples of
technoi%%ies S ecificalflﬁ/ desi%gd to.solve solubilj%% problems jnclude

compleXRYRGEHIE rsHEEHh IS MO sl RISt i ehmghetpmate, or
flymlationsndpeadrugispiig aovelipelmer SYsteMmsdrug has been investigated by

others. The use of fatty acids to conjugate to active drugs for purposes of tumor targeting
has also been investigated as a means of improving therapeutic index.

Many potent drugs, such as camptothecin and its  analogues
(e.g., 10-hydroxycamptothecin and 7-ethyl~10-hydroxycamptothecin}, taxanes
(e.g., paclitaxel, docetaxel), candesartan, amphotericin B, azathioprine, cyclosporine,
entacapone, danazol, eletriptan, and bosentan, to name a few, are poorly soluble or have
poor cell permeability. Solubility problems of poteniial therapeutic agents are commen
and often cause delays in drug development. Several technologies have been developed
to facilitate the delivery of poorly soluble and insoluble compounds to patients.
Examples of technologies specifically designed to solve solubility problems include
complexing agents, nanoparticles, microemulsions, solubility enhancing formulations,

prodrugs, and novel polymer systems.
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Q;eéozv&s&n%tyral product found in the inner park of the.Pacificp%er\/{ljg%%&ni&m

an example of an important chemotherapeutic agent with wide ‘spéctrum

of activity against solid tumors, primarily breast, ovarian, colon and

non-small cell lung cancer."™>-0 0 OH 00 NH O 0111 00"H O 0// OH
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ther example of a poorly soluble 10 and difficult to formulate

Zc%glggn c%arga?ﬁg. O ABCNNI\D/EO OHO0 CPT is a quinoline-based

alkaloid found in the bark of the Chinese camptotheca 15 tree and the

Asian nothapodytes tree. CPT includes fogsplgnar rings (4BCD) and one
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Paclitaxel exerts its antitumor activity by binding to tubulin and stabilizing
microtubules and thus blocking cell mitosis. However, paclitaxel, like many other potent
biologically active molecules, has very limited aqueous solubility.

Camptothecin (CPT) (see structure below) is another example of a poorly soluble

and difficult to formulate anti-cancer drug.

CPT is a quinoline-based alkaloid found in the bark of the Chinese camptotheca
tree and the Asian nothapodytes tree. CPT includes four planar rings (ABCD) and one
boat conformational ring (E). CPT has been found to have a broad spectrum of antitumor
activity, especially in human solid tumors. However, the. lactone (ring E)} of
camptothecin and its derjvatives is quite labile in alkaline condition and physiological
pH. The opening of this ring to form an acid salt or carboxylate species results in

significant loss of anticancer activities. Efforts have been made since the early 1960s,



10

15

20

25

30

when CPT was discovered by Wall and Wani, to improve upon the
a{;‘)g—ﬁ%gﬁg{:@gtivities of camptothecin and its analogues, andlg%ﬁ
unwanted toxicities. No successful formulation of camptothecin
developed to date because of its poor solubility in both water and organic
solvents. However, water-soluble analogues of camptothecin, 5 irinotecan
hydirodbltrides(GamMRREO BARkdnthdofatécan hyotoehipibehe anti-cancer activities
( ve been develg and.are the pr;ﬁ camptotheci
aﬁ%&%ﬁ%&g r)11tlflIﬂ gp%fo%gg? %lf/eﬁﬁeagffggcf SO fUg A %%nlg)[(l%ﬁb%: Ro successtul
Reganition vitasipt Bhesitobaphemebober:é mulsiorbformislatiots poor solubility in

teghnolagy fan prcliiaxeldig deliyery has heen developec ?é?lr%sr;?)éftgama%tothecin,

lf’lg(%n’();%127
as peen

formulation, paclitaxel is solubilized 10 in a-tocopherol an
deRts R BYdroshienisio AC AREVRT AR hitach Aeiviseshis sdiotiboide (HY CAMPTIN),

aniReoRRarely g solibilin: ahether ackys smieiesncly (y.{ﬁgeﬁ’él?’e ?g%mved by the

camptothecin and other taxanes) in a-tocopherol is limited. T

therd epfiiue & {5 BusEat8d for new methods, which are both safe and

efficaciougelsoluiianoranddeiMRHNG BAQ e SAuRIg AGIVAAING techinology for
molg?cules. 15 %#MMARY OF THE INVENTION In one aspect, the
|

AR ShOBIRGH oVRB SrR Aspelorectindg dnipouias thaperktps déepolubilized
nwdiiet phcirtredseithalkdigophiliciidkeearspeungs ofteiventiole paclitaxel
i”duij%f" one or mlgre Lh rﬁu%ru_ moieties and one or_more‘lipophlyi)ic i
moteties. The tRArABELHE IR et B HOVAIRY PSR 16 tiing campiothecin
”W&Wﬂjﬁ m@*)?ﬂgeﬁdhﬁmldﬁdgﬁl@ﬂa |m1‘i@’éfmi,%@r%ﬂ@éhﬁﬁ§efﬁfo be a need for
making the,maodified therapeutic dr, are.also proyided. In angther .
R P e B A R ol B ipe Gl vemne poory
invhiioactive grrguiddekdizsone embodiment, the composition includes a

compound of the invengQ' %,{Rggiﬁgaﬁ% cl.glgho therapeutic

agents, and a lipophilic medium. 25 "Methods for r%gli%% the compositions

are alsdipeovidertctn hefumtrenadpeotithernvédtiothprapddes dmplsionpanelds that
nigelledormidanensshat nclide.s ﬁﬁgﬂ?ﬁi‘i& of t’?ﬁe‘%%%"?“(?n'dgh&r he ingvention
emulsion formulation include an oil phase and’” an aqueous phase. lfwe ait
pREBEIAADHESROE FApaRRIie e Wrishasmhene fipophiliparddisrmotties. The
SRMASIAN MBY PR AR 'fE'@E)Wﬁ@{tl?mwﬁl@a Q5 %W%&%ﬁﬁl?dl £ Igﬂllg;‘htﬂrectiy or
30 micelle formulation includes a’compound of the invention and an
djudotiakshasaietinethbiaodt Aoakmkme dhsumiofiBad tesarutic drugs are also
farmedations are also provided. -3 In other aspects, methods for

adminisltt?rin the compounds,of the invention to a )
another aspect of the invention, compositions that include the compounds of

the invention are provided. In one embodiment, the composition includes a compound of
the invention, optionally one or more other therapeutic agents, and a lipophilic medium.
Methods for making the compositions are also provided.

In a further aspect, the invention provides emuision and micelle formulations that
include a compound of the invention. The emulsion formulation include an oil phase and
an aqueous phase. The oil phase includes a compound of the invention and a lipophilic
medium. The emulsion may be an oil-in-water emulsion or a water-in-oil emulsion. The
micelle formulation includes a compound of the invention and an aqueous phase.

Methods for making the emulsion and micelle formulations are also provided.



subject in need thereof, and methods for treating a condition treatable by
administration of a compound of the invention are also provided. In a still
further aspect, a compound having the formula T-L-D wherein T is a
tocopherol moiety; L is a succinate linker moiety; D is a therapeutic drug

moiety ﬁ%i%?%% ggi%;p{l & taé ?e a&[?%)éqn derlv%tlve cam d%tIg?%lr% Imrvgmmn 02

cam erein Ioco ro mme?y IS covalent
sutged piedemitﬂ&ztdnﬁ‘ranéuﬁetﬁmdg fmdiﬂ@ttmgomghnﬂmeudmﬂamblhrﬂgeadmmlstranon
moi et In a I furthe ect an emu '8” comprising: (@) an oil phase

Of% é%ﬂ%noun 3‘%/%8 é] L-D, wherein T is a
toc BI?e“rB }Iﬁf@ﬁ} 2PREG SHLGRY ECI ﬁ‘é’rn% 8[%}5%% #a therapeutic drug
moiety selected from a tgxane, a taxane derivative, camptothecin, or a
campéothec derivativ. herein the tocopherol moiety is covalently

couplBtf t8'thée Stﬁé?&ﬁgﬁﬁré’ Joiety through the succinate linker

mm@tys aiipe:lipaphiicemedism, comprising tocopherol; and (b) an

o s phase. In a still furth lle f I ti :
(o) SR R R et BT A g e

WHeren T i axtocop ero
canfp@ietycid, is a suoginattediniderimaiety; D is a therapeutic drug moiety

selected tro a tax tax e derl ative, ca thecin, or a
drue
cam?f TRELIA% dteorcf\(?aF%O?W c%lct)gh Ounlr%gtle@ |£ %gggFe UT e
motaypecuit the sthﬁlmamlnmkdrugamwety through the succinate linker

moi?;[ly 4 gt?l? fﬁ?ﬂgg} gsrf)eac ,u gnogr%ﬁg%%ecomprismfr
(a) an o1l phase comprising
() A compound having the formula
T-L-D
wherein T is a tocopherol moiety;
L is a succinate linker moiety;
D is a therapeutic drug moiety selected from a taxane, a
taxane derivative, camptothecin, or a camptothecin derivative;
wherein the tocopherol moiety is covalently coupled to
the therapeutic drug moiety through the succinate linker moiety;
(i1) a lipophilic medium comprising tocopherol; and
(b) an aqueous phase.
In a still further aspect, a micelle formulation, comprising:
(a) a compound having the formula
T-L-D
wherein T is a tocopherol moiety;
L is a succinate linker moiety;
D is a therapeutic drug moiety selected from a taxane, a taxane
derivative, camptothecin, or a camptothecin derivative;
wherein the tocopherol moiety is covalently coupled to the

therapeutic drug moiety through the succinate linker moiety; and

-4-



In a still further aspect, use of a compound in the manufacture of a
medicament for the treatment of a cell proliferative disease, the
compound having the formula T-L-D wherein T is a tocopherol moiety; L
is a succinate linker moiety; D is a therapeutic drug moiety selected from a
taxane, a taxane derivative, camptothecin, or a camptothecin derivative;

wherein the tggophgﬁoe{dg&i,gtsypﬁggvalently coupled to the therapeutic
drug moiety through the succinate linker moiety. BRIEF DESCRIPTION
OF THERDRhIRE 3sPre fere gbmeratpard andanaaubicuecatfendadicament

fadvanages:afdhis devendenwill Lacome more saadiviappresiated as the
same become better u(?r)?derstood by reference to ‘the followﬁi’g %?gﬁgél Pa
description, when taken inTcénﬁ?Jnction with the accompanying drawings,

whereif:felt mmlmm@iﬁﬂiyty!ustrates reaction of d-a-tocopherol
and a therapeutic drug containing a carboxyl group to provide a

tocoph &t 81 MSTiRLe iHKFABIEY drug compound; FIGURE 2

schemateallillpstiaiemipcanber ot sl onalizationWitha s atve,
chlorlgeé:;roup (-C(=0)CI) and a phosphoric chloride group
CHIPICBSER RE A, ARPIRRCABHISMMA Fesulting acid chloride and an

appropiitatetytitnciopREZI diNIerARSLiG g, RAURAHR REVIRGR: drye
taco g;?rol-rrégldlfled therapeutic drug compound; FIGURE 3 schematlcaﬁy
mﬁ’l‘ﬁ?f}r) U8B BR LGRS Pt with a dicarboxylic anhydride

(succinic anhydrigp}rgndpgartion-phibe requling gargepydigacid and an

appropriately functionalized therapeutic drug compound to provide a

tocophefBlasRiBgiasPasE ape mmofhe itondat RiyURES séhbimaticatiion will
| bedbupiraiae BedreRsralionof 1ecarhergl ccinale, Sampiilesing E:I's(rls HRRnce to

5 schematically illustrates the preparations of tocopherol succinate -
thepfpering deiifstrisshriaHarobdsmetakgudaireaaiunction with the accompanying
drateBity bdrBydroxycamptothecin; -5 FIGURE 6 schematically illustrates

the %re aration of 10,20-di(tocopherol succinate)
7-et Vﬁ%%ﬁ@&%ﬁ@i&n@%@w UREiPE ceiticalylitostratdsatterapeutic

dripreparataf of eeRRArYetECiBRovide a tocopherol-modified therapeutic drug
compound,; ‘

FIGURE 2 schematically illustrates tocopherol functionalization with a carbonyl
chloride group (-C(=0)Cl) and a phosphoric chloride group {-P(=0)OR;C)), and reaction
of the resulting acid chloride and an appropriately functionalized therapeutic drug
compound to provide a tocopherol-modified therapeutic drug compound;

FIGURE 3 schematically illustrates tocopherol functionalization with a
dicarboxylic anhydride (succric anhydride), and reaction of the resulting carboxylic acid
and an appropriately functionalized therapeutic drug compound to provide a
tocopherol-modified therapeutic drug compound; '

FIGURE 4 schematically illustrates the preparation of tocopherol succinate
camptothecin;

FIGURE 5 schematically illustrates the preparations of tocopherol succinate
10-hydroxycamptothecin and tocopherol succinate 7-ethyl-10-hydroxycamptothecin;



camptothecin containing a polyethylene oxide) group; FIGURE 8
schematically illustrates the preparation of tocopherol succinate
paclitaxel; FIGURE 9 schematically illustrates the preparation of
tocopherol succinate docetaxel; FIGURE 10 schematically illustrates the
preparation of tocopherol terephthlate camptothecin; -6 WO 2005/042539
PCT/1JS2004/036127 FIGURE 11 schematically illustrates the
prepariBh of toebphetichByclheveates 1 haligaripexgtiate BEtAPIA0-di(tocopherol
r @ﬁﬁm \( in; .Is a graph comparing the in vitro
Sucg%%%tg of the I%agﬁgﬁéea?gzrm %%%r%%iothecin and of two representative
tocaphéBEMbdifleeimiiésaliie ulic siraty s otimp opreger Biohthef inverntiemo!  succinate
: I i hecin; and SN2310, tocopherol
mé%%ﬁ?&%%%%%%@%@@?ﬁ%ﬁc%%?%GuRE 13 is a graph
compalHEGE caismesaEboiddstpiRC ther carpptothecing itivotdeanl succinate
pacny&rgghloride (irinotecan), and topotecan hydrochloride (topotecan) with
- G150 values obtained for two representative tocopherol-modified
therdpBURE dtusreonybsaliysilitsttine ihee piopa(SMN2B00AMcceNRB10uccinate
doc@é{e%" lines: H460, HCT-116, HT29, and OVCAR-3; FIGURES 14A and
14B are graphs of concentration-time values after intravenous injection of
13.8¥aGk§ drweh papieeiinativetrotasptier girayodifico: thé rmpepticrdrigrephthlate
c gﬁ%gﬂds of the invention (FIGURE 1.4A, SN2300; and FIGURE 14B,
N2310); and 15 FIGURES 15A and 15B are graphs illustrating tumor
growth (mm) over time in xenographs treated with saline, irinotecan, and
two representative tocopherol-modified therapeutic drug compounds of
the invention (SN2300 and SN2310) in two different tumor models
(FIGURE 15A. NCI-H460; and FIGURE 15B, HT-29). DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENT 20 In one aspect,
the present invention provides therapeutic drug compounds that have
been modified to increase their lipophilicity. The compounds of the
invention are modified therapeutic drugs. The compounds of the invention
include a therapeutic drug moiety and a lipophilic moiety. In some
embodiments, the compounds of the invention include more than one
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25 therapeutic drug moiety. In some embodiments, the compounds of the

eeniionagdude more than one lipophilic moiety. In other emhodiments, 11+
the compounds of the invention include more than one therapeutic drug-

moiety and more than one lipophilic moiety. In some embodiments, the
therapeutic drug moiety is covalently coupled to the lipophilic moiety

through & liiker nbietsehemsia Bmbdmreies, tiieethargrentitodrugf 30ocophero}
mi@%ﬁﬁﬁﬁ.@lﬁd&%@!ﬁm@ﬁ@ﬂﬁﬁeﬂd%f)&ﬁdi&(&@ﬂlﬂ?oiﬂ@éﬁﬁ’ without a

linker moiety. In one embodiment, the lipophilic moiety is a tocopherol

moiety” XHdthe! b SRk iSaRREsphehs - Modtie seliiapaftibaitagone form of

Ccomnenadn khe ofocrpheretdmagified LB RREMIG SrEGRERMAT &Alx compounds
"ﬁt%%)pherolated" therapeutic %{% -7 WO 2005/042539

FUBSHHAM0SEL L e SSHBRTE) RUSHHOF HE hscsp HEb IR fledocopherol
covatently abyplediaiftyesapecdiecdyg moiety or a tocopherol moiety
covalept]tr%(t qpll d to one or more.therapeutic drug moieties. As noted )
bove. B8 BEapHEB B TRBDA T SOUPURETHE Bavgldatcagrighecin,
ﬁrimiﬁe;aeeiiil‘geirmﬁlt?ﬁfij&eﬁ(ﬂzﬁhmelgh}gdm&ebmmeﬁyid@ﬂi@ihﬁ)gﬂﬂ)@@bm&%)tbhﬂth Glsg
ocopherol-modified therapeutic. dryg compounds.of the, invention can be
R A T o P RPN L TG G s9imponnds
wWctphershtiveiciyNL200azreb B2t &livitipophiliaamoi¢iyliol,. MEMDkEr HT29, and
r@gi@%_@.is 0,1,2,or3;mis0,1,2,or3;n+mis1,2,or3;and Disa
therapeutic drug moiety. In this embodiment, the compound includes n
T-L mdiEabR R d 4 foewphéPoltirizephoi e amttivtotophelob sdiatias;avenous

LA RIOYIER A tofn ol oy L AERRN Db MOIELAIBEHEP IR pcutic drug
tocopherol moiety covalently coupled to a linker 15 moiety. Each o {RB
Torpesished thedayaniamiiciiipitd 16 -thSiNe3apranit G RioidH, Shvstigh; and
the T-lrmeielys i@%%@?ﬁ@%r@g‘i@?kﬁrﬂm o8A6P GHIE Bun®) over time in
tocopherol moieties is directly covalently coupled to the‘fhgarapeuhc drug
ORI HEH ! FKErsHHBety RS efitsiRECEFRTSSERIEY Yealprpherol-modified
feempdard iineludeHesesinvNeNR il aNAIN2300S:44 2108 BT hESSvo different
compound I'%v h _r%gner I formulg: T.D_(2) In this embodiment, one,

fwse ?L?ﬁfi%( gﬁ‘é%% Mol ers andd 21bny 58 upled to the
therape UNE THAUIADANE S CREPTESBNAL VEL TR PREFBERIFLY g fanp e ()

includ% those in Whic‘L[j1 misOand . . .

n one aspect, the present invention provides therapeutic drug compounds that
have been modified to increase their lipophilicity. The compounds of the invention are
modified therapeutic drugs. The compounds of the invention include a therapeutic drug
moiety and a lipophilic moiety.

In some embodiments, the compounds of the invention include more than one
therapeutic drug moiety. In some embodiments, the compounds of the invention include
more than one lipophilic moiety. In other embodiments, the compounds of the invention
include more than one therapeutic drug moiety and more than one lipophilic moiety.

In some embodiments, the therapeutic drug moiety is covalently coupled to the
fipophilic moiety through a linker moiety. In other embodiments, the therapeutic drug
moiety is directly covalently coupled to the lipophilic moiety without a linker moiety.

In one embodiment, the lipophilic moiety is a tocopherol moiety, and the
compound is & tocopherol-modified  therapeutic drug compound. The

tocopherol-modified therapeutic drug compound (or "tocopherotated" therapeutic drug
-7 -
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nis 1, 2, or 3. These compounds have the general formula: (T-L)11D (3)

30 In this embodiment, one, two, or three T-L moieties are covalently

LSUPIEH G therapeutic drug moiety through the T-L moiet/Slikidp036127

moiety. 8 WO 2005/042539 PCT/US2004/036127 Representative .

compounds having formula (1) include those in which mis | or 2, and nis
dR2utDESS CAMpORRAShayedhe gsneral formiagy (Rl (4hR. peutic drug
L)(T)2D (5) (T-L)2(T)D (6) 10 In these embodiments, the compoun

8?%?& i ePtoRRETE L IRBishe o enbie sopal et dodRBe tRF covetityapeutic drug

aalipiesl t@x&hﬁ)ﬁlﬁé@@@@&ﬁ@dﬂé@ﬂﬁ@!ﬂ%&&@% aohaker AN IBERPRSHR therapeutic
0|et|es that Egicovalent Hfﬁg:ed to the therapeutic drug moiety
?1‘

Redif EECp o BHREFTPME €8mpounds of the invention

descriietbabeve idchise, Qh@tﬂa%ﬁ&%@lmﬁedﬁﬂﬂacﬂﬁx&@@&ﬁ@ﬂﬂ@%@famﬁf@ of the
lilg) f{]th m0|§tles egg ﬁo opherol m etles ther embodiments, the
SO ARSI OF R malst o %I%F(E‘gr ?@’fﬁ dhe therapeutic drug
moiety. In one embodiment, the compounds include two therapeutic drug
moieties. In another embodi c&ﬁﬁﬁ C mpounds include three
therapeutic drug moieties. F tinds that include‘imore than one
therapeutic drug moiety, the therapeutic drug 20 moieties a can be the
F r d t tha gne ther peu

oy S B e e
@&ﬁﬁb@rﬂd th hrdy suiamiesWaly. HmXS’Gme'embi)éumewté,, thd hésapbetipeutic drug

?O'et'% capibe diractiyeavalently ¢g %%dzgie ginéhJeﬁé:som OURY  piieties

|ncIu es a -D-D- or -D-D moiety). In other e ments, t

&%réﬂ@%@d@h%.&?@élﬁb@émm@@hmﬂkm@m mdthyha tnkeeo that n -+ m
aoietyote39-EERR TCOMRALPchINGIOIL 885 ey 15 Bfrlt:oQa tX}mﬁled to a linker

I|poph|I|c m0|et (e.g., the compound includes a -D

RO el Abaisric: W@Pﬁ%l&&%&n%ecewﬂfﬁb%@qﬁéﬂﬁa@ﬁc drug moiety
tholigdk Bre iDLTn{m@ﬁer Rker B ROIREYHRE nRddibnkiP<0th &-bd r{r 3copherol

mojet

- moietr g is directly covalently coupled to the therapeutic drug moiety w1th0ut a linker

moiety.
Representative compounds having formula (1) include those in which n is 0 and m

is 1, 2, or 3. These compounds have the general formula:

T.D 2

In this embodiment, one, two, or three tocopherol moieties are directly covalently
coupled to the therapeutic drug moiety.
Representative compounds having formula (1) include those in which m is 0 and

nis 1,2, or 3. These compounds have the general formula:

(T-L).D  (3)

In this embodiment, one, two, or three T-1L muoieties are covalently coupled to the

therapeutic drug moiety through the T-L moiety's linker moiety.

-8-
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30 Representative compounds including two or three therapeutic drug
waistigs haye the general formula: (T-L)(D)p (7) -9 WO 200%/(?&%,?;0 4036127
PCT/US2004/036127 wherein p is 2 or 3. In this embodiment, the two or
three therapeutic drug moieties are covalently coupled to the linker
moiety. In this instance, the linker includes multiple sites for the
attachidgntsshthévtherapeutits drugrgofopaulnd [0imiedifita dharagectien is 1 or 2,
r ompound). As is clear.from,formula (7)., the.linker moiety is also
%‘o&:/%%r?t@ é'OulI;ﬁees()f 0] r?ﬁ%“ﬁﬁ?%é‘ﬁﬁf@}ﬁ?o%&e’(%l. g(.ﬁ,nt%lggﬁherol moiety). As
noted above, compounds of the invention including more than one
therapeutic drug moiety can hayg fp| . other thzﬁashown above in
formula (7). For example, such a compound can include more than one
(e.g., two or three) lipophilic (e.g., tocopherol) moieties. 10 The
compounds of the invention incydg gpgpmore lipggkilic moieties and
one or more therapeutic drug moieties that are either directly covalently
linked or covalently linked through linker moieties. As used herein, the
term "lipophilic moiety" refers tq’;{.({hﬁ;(lmmoiety r(@\ying lipophilic or
hydrophobic characteristics and that increases the solubility of a
therapeutic 15 drug compound in a lipophilic solvent or environment when
EoNaienthiicaimletsiehh e thesape b i ehConRauRE d0oRHPYIE] Fnoieties that are
%}m ound Pf txwe E:m/gn ion Atggscripti,on of representative IiPo hilic
Sl BRI SRS The CSAROUCBR PN HStidad tocopherol
heleticsAdaised beveimihetepdtherdpe diadregimaiety nmefars tadugh a linker
@féerﬁilgql_woieié/. 20 derived from a therapeutic drug compound. A

escription gﬁé%?s Sentative therapeutic drug compounds useful in

making beeccompmdnas GfcthevieventialeisriiraVidedybetalvndAsusekhekeitc drug
he term "linker moiety" refers to an atom or a groyp of atoms tha

Al Ik 108 S, BT oo & B ). In oter

endiedymonigeteriptioprofide pretentavivetinkérsludefubon thakingettigerapeutic drug

&%EBBQUHQ&@%%AHME&QP&Q%?@%Y&%&S&%‘919&% "J;ﬁtM‘g?U

jcation.: .. 1,
of Therapeutic Drug Compoun erapeutic drug compoun n’Tzay oleties.

mevhesrrbpiBeaishnttemmenenanglodpsthorantyiseerisdiied tooieties.  For
iRelude-aaa1RE %@f@dé%é@%ﬁ&@%ﬁﬁn%&%‘éﬁéé%ﬁgvﬂﬁ%%yEﬂ%&%&ﬁc drug

lipophilic moietéi Suitable functional groups include; for example, the

FMSHAS g @%Bﬁ %mw|diﬁerent.

For compounds that include more than one therapeutic drug moiety, the
therapeutic drug moieties can be incorporated into the compound in any suitable way. In
some embodiments, the therapeutic drug moieties can be directly covalently coupled
{e.g., the compound includes a -D-D- or -D-D moiety). In other embodiments, the
therapeutic drug moieties are separated in the compound by a linker moiety (e.g., the
compound includes a -D-L-D- or -D-L-D moiety), a lipophilic moiety (e.g., the
compound includes a -D-T-D- or -D-T-D moiety), or a lipophilic-linker moiety (e.g., the
compound includes a -D-T-1-D-, -D-T-L-D, or -D-L-T-D moiety; or a -D-L-T-L-D- or
-D-L-T-L-D moiety).

Representative compounds including two or three therapeutic drug moieties have

the general formula:

(T-L)(D), (7)
-9.
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30 group (-OH), amino group (primary amino group, -NH2. or secondary

amino group, -NHRI, where R1 is independently selected from H/ C} 6
HRIRIYE3M2 branched alkyl, substituted or unsubstituted C3 8" US2004/036127

cycloalkyl, substituted or unsubstituted aryl, or aralkyl), thiol group (-SI-1),
carboxyl group (-COOH), aldehyde group (-CHO), isocynato group -1.0
WO 2005/042539 PCT/US2 004/03 61 27 (-N=C=0), sulfonic acid group

(-SO3H), sulfuric acid group, (-QSO3H), phosphgric acjd group (-OPO3H),.
BRSO ek Bl CEOSPTSly TEHOS Ty, DERRTER Gt moictes e
Sroaipntdybstiplie dolraa Rylierhadide, g lauhi cingtaxit anlyt Jrowp O YoHAple sites
therapeutic drug compqund m e directly coupled to a lipophjlie .
RO e o ST ETRaIoh ik G kP BB L OeRye de
canhmale greipcle®Ci=ONNb:) Sllfchatmbroup (€803 ssulfatdegthupoupled to
-0S03 hasphate gro -OPQ3R1- ere Riis.independentl
R S R e R B o of e
imsohettndud@g Baydhsalkyt MRut'@oﬁmaJMQQWimbaaMpmulae other than
%9‘!@[ 'Ab&@%&@ﬁ%&?(gil %ﬁ@%@%}s‘ﬁ'&e Eecﬁﬁﬁd&qc? R&ED ﬂ%ﬂﬂy& more than one

selected from H, CI-6 n-alkyl, 10 C3_12 branched alkyl, substituted or
(substiterder ©Blpesiitditg,; sreshardrepidissubstituted aryl, or

aralkylror &HREEEHAYRr R In A-ARGARNEHRI COMRRAURRL @ FERFRARNANEcs and one
lipophilic compound suitable for malting the compounds of the invention,

RicRRIe S mparEs Iy roRpitieHIaA RS cHisifEation, @ Tatoidipked or covalently

CRRRAHRGMaY.ke srvalently coupled to a linker compound 15 that
includes one or mare reactive functional groups. Suitable reactive

functiondl GSLPERcBATAL TORSRING GrOlDs: FES &P caijoiety having
ARYPEIG Ok D {PFIFIIY ArRRECtERSE: ahHBa0eacoRdany: 3ANNAIGr MR, therapeutic
-NHR1, where Rl is independently selected from H, CI-6 n-al{<yl, C3 1 "

A ERBPARG | S AT RRBF 5° Vﬁé&BétﬁHYéfd’%%c SRRV EHbS fiTlRtgd to the

ﬂxgﬂ%ukéiﬁm%gbamo@mhtalhwgfm@mpww ,tharhal\fiey;léigxgu mzﬁascgiption of
-C(= - ehyde group. (- ,.isacynato group (-N=C=0), sulfonic . .
SEHFRED . SO L OF e T ot EOC4, SYBCERERCL A hbigpin i
@@E@ﬂl-ib):lphosphqric acid group (-P_03H2), allylic hali.de group, benzylic
halide %Igﬁ%ﬂ?%&”ﬁg.Q%Z%%r#%ﬁh%% %%\ggm&% IR ArQUR e mical moiety

(-CH(O . Linker Moieties. oted above, In some embodiments,

theivetripoundiofapratioSivg entmeindude delipaptitie sforepienttive therapeutic
teoreol MalshamevaleRil.qaY B&%—J&ﬁdé%@@%@ﬂf&@i?}%ﬁ?ﬁ?& Blow.

linker moiety. In addition to the embodiments described ‘above, the
tocophévorseblfiei. thergp itislerug W et prties io PRy entigroep e betoms that

covalently link, for example, a lipophilic moiety to a therapeutic drug moiety.
A description of representative linkers useful in making the compounds of the invention
is provided below.

Lipophilic Modification of Therapeutic Drug Compounds. A therapeutic drug

compound may have one or more suitable fumctional groups, or may be modified to
include one or more suitable functional groups for covalent coupling to a lipophilic
moiety. Suitable functional groups include, for example, the following groups: hydroxyl
group (-OH), amino group (primary amino group, -NH;, or secondary amino group,
-NHR;, where R; is independently selected from H, Cy.¢ n-alkyl, Cs.12 branched alkyl,
substituted or unsubstituted Cs.¢ cycloalkyl, substifuted or unsubstituted aryl, or aralkyl),

thiol group (-SH), carboxyl group (-COOH), aldehyde group (-CHO), isocynato group
-10 -
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represented by the general formula (8): 30 T-A-R-A'-D (S) where T is a

teonbeneiappiety (i.e., a representative lipophilic moiety), D 83 1:52004/036127
therapeutic drug moiety, and A-R-A'is a linker moiety. It will be

appreciated that for formulae -11 WO 2005/042539 PCT/US2004/036127
(1) and (3)-(7) above, each of which includes linker moiety L. the linker
modtety L insthost coitpoundsSéutihestifkar roiétyr R (ASO-Imilashoric acid

A [ f - S SO2 . .
S R O S0
FHEH= Ot e b litatida arg oy prd OB am)NER)p cadbHENIAIdRY group

(-OC(=Q)Gs rabR s MR GEONRR: OB, o
(0P (COY ORI, Hhauer I Bt VL S0 (R0 phoLRBRLe mie

SFcip?(- OB IRIND- PR pRBMERI & JTEEH (BP) KHRES) $ifateaghenste  group
(0820 uifamifRAE0uR kpS QEY;-R 1 sHECBAIR, WP SOPBhbsphate group
sufg agldegégu%SOZNR -), and the dlcarbog%/l roup, 10
@8_@) sCHOET- Ruisdrdaresdethisestiesrch oy B Catiralg., Cear byanghed alkyl,
hibjinsubsiitufebaliytdranehad.aticy] saysiRall osubsituirctcy sloally aralkyt),
arﬁ/l, sEbsttituted ar k For the aboye groups, R is a divalent group selected
SRR BAGING GrSLTer dHSTE SIoStTBHERRASR BrAFEREd ARG F Cra malkyl,
&yclpalicytichubstitigd ayetoaky/|; dretereatigitbusdbstityted hetaronlkytbaivied or
substituted aryl; aralkyl: substituted aralkyl: amino acid; 15 peptide;
gglsy}léesﬁt?ggﬁ)ﬁgt&rn?%@gfr Fd or rc())l%z&&%??aride; oligomer of ethylene
glycol, $otytettiohecgiyoaidipaly tatkytenadxidd)pophifiersospohms suitable for
n ' nd. polypropylene.oxide): an ly(ethylene
g%“e%’f’ggo %p§8%§I%§13§ oﬁfde ecc%vgﬁllrl'r?g?. Ecc);]r!uﬁ% a %{5@%@%{1 éoﬁ) ddtRy After
aredittepende trippkdedtechfpormdamaykbe o Clebthy-athyple€C 12 Inkerchedpound
l; it ' loalky [ r-20..
e o e ek AR AT MR rpronat eroup

erBife (e tERwaly| Sretess tEironstyaiuana PUly cywiicoa myeatiCprimary amino
GRMBOLNDS BAVIRSHIAMEhifh 1A RILE, NEiRIR @Pmﬁmﬁeﬁgn@%ﬁg%ie%‘ad from

carbocyclic aryl groups and heterocyclic aryl groups. Representative ary

rodpssirerikid:pheny1 brangsrtnplolr anbyipiesimptinsemialgl iRdelysycloalkyl,

inaichezabd, ramduisiiehiae ke, The adadarn “aisikdrdaferssmanalitdkyt group
roup hﬁ?ﬁ%s substléuted with an aryl group. The following compounds "

35%&5 s Y467595 revRe b O ARRY BERNBRY NIt sadmiciAgid group

feB0IE), Bsulfuric acid group (-OSO;3H), phosphoric acid group (-OPO;H), phosphonic
acid group (-POsHy), allylic halide group, benzylic halide group, substituted benzylic
halide group, and oxiranyl group (-CH(O)YCHS,).

Linker Moieties. As noted above, in some embodiments, the compounds of the
invention include a lipophilic moiety (e.g., tocopherol moiety) covalently coupled to a
therapeutic drug moiety by a linker moiety. In addition fo the embodiments described
above, the focopherol-modified therapeutic drug compounds of the invention can be

represented by the general formula (8):
T-A-R-A'-D (8)

where T is a tocopherol moiety (i.e., a representative lipophilic moiety), D is a therapeutic

drug moiety, and A-R-A' is a linker moiety. It will be appreciated that for formulae
~11 -
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A linker moiety (L) and therapeutic drug moiety (D) may. be covalently

cou led through an ester group. In one embodiment, the therapeutic drug
PHéfides a 30 hydroxyl group that is coupled with a caf 5%’@?&]]5"1"7

of the linker moiety. The linker moiety may be coupled to a tocopherol

moiety through an ether group (compound 9), ester group (compound

g Bragpcaamosnd Ldy uﬁéléﬁ'étdﬁﬁ{&“&h(ﬁ@{?@?%llg Béer tlr?mety L in
20 5 42539 PCT/US2004/036127 0 Oll O T'01R1J~O'D

F@)E@I@S R RGH O PNRY'D TTN~R,J+~0.D | Ri 11125

In anothefamodinentpéhe theraparticndeygmeiaty @kndudes @, s, SO, SO,
carboxyl grou that is coupled with a hyd roxyI groue&_f the I|nker m0|ety

%ﬂ}btﬁ%fh%? SHAYP iy B Ebbp@al aTS&BpHe group
Gm@@mﬁ@oﬁwuma@kr@ﬁwwmmﬂn)p@m&&@m@ﬁ)@squocx =0)0-),

FROROYS b 5 R O RAR) PSR R oFhgphamide
gfoun tt(e(ﬁtﬁeoammmpnyndghehyatmtegrogmiﬁns selertet from, alkbsphonamide
T T A e g,
Subwtltbﬁé(ﬂ)aﬂalkyulﬁlmmdac:lcgtpe}ptlc{eS(pﬁWhe};tldemrothm ahombeardik  group,
QRelyracehardgalioomer Obeiy'sne Wehnt anl (g, (CHy)e, n = 1-12),
substituted alkyl, branched alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl.
IFor the above groups, R is a divalent group selected from the following groups: alkyl;
substituted alkyl, branched alkyl; cycloalkyl; substituted cycloalkyl; heteroalkyl;
substituted heteroalkyl; aryl; substituted aryl; aralkyl; substituted aralkyl; amino acid;
peptide; polypeptide; protein; mono-, di- or polysaccharide; oligomer of ethylene glycol,
poly(ethylene glycol); poly(alkylene oxide) polymers, such as poly(ethylene oxide) and
poly(propylene oxide); and poly(ethylene oxide)-poly(propylene oxide) copolymer. For
the above groups, Ry and R; are independently selected from Na', K*, H, Cy. n-alkyl,
Cs.p branched alkyl, substituted or unsubstituted Cis cycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted aralkyl.

As used herein, the term "aryl" refers to monocyclic and polycyclic aromatic
compounds having from 6 to 14 carbon or hetero atoms, and includes carbocyclic aryl
groups and heterocyclic aryl groups. Representative aryl groups include phenyl,
naphthyl, pyridinyl, pyrimidinyl, thiazolyl, indolyl, imidazolyl, furanyl, and the like. The
term "aralkyl" refers to an alkyl group that is substituted with an aryl group.

The following compounds (compounds 9 to 32) are representative examples of
compounds having formula 8.

A linker moiety (L) and therapeutic drug moiety (D) may. be covalently coupled
through an ester group. In one embodiment, the therapeutic drug moiety includes a
trydroxyl group that is coupled with a carboxyl group of the linker moiety. The linker
moiefy may be coupled to & tocopherol moiety through an ether group (compound 9),

ester group {compound 10}, amine group (compound 1 1), or amide group (compound 12).

-12 -
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poly(ethylene glycol); poly(alkylene oxide) polymers, such as

palyiathylene oxide) and polypropylene oxide); and poly(ethy}e(nﬁu OL36127
oxide)-poly(propylene oxide) copolymer. In 20 the above compounés, ‘f\gi is
selected from H, CI-6 n-alkyl, C3_1, branched alkyl. -13 WO

2005/042539 PCT/US2004/036427 substituted or.uns bstituted C3.6
cycloalkyl, substituted or u6§ub titutgd aryl, and bs"tﬁt‘;d or

unsubstituted aralkyl. While tRé préferred emT‘qulfr%aq ofgelnvention has
been illustrated and described, it will be appreciated that various changes

can be made therein without 5 departing from the spirit and scope of the
invention. A linker moiety (L) and therapeutic drug moidtf (D) may be
covalently coupled through an amide group. In one embodiment, the
therapeutic drug moiety ingyde an amine group that is coupled a

carboxyl group of the linket moigty. The linker moiéty m&y be coupled to a
tocopherol moiety thro anjr@rﬁroup (cam g Oeﬁl:er group
(compound 18), amine group 10 (compound 19§, or amide group

(compound 20). 0 0 O T.0.RAN.D TAO)CR)N'D'R1R1 17isR1000
T.NRAWD T\N)R) D N R2 A},19 20 15 In the above compounds,

divalent group R is selected from alkyl; substituted aM&/!l; branched alkyl;
cycloalkyl; substituted cycloalkyl; heteroalkyl; substituted heteroalkyl; aryl;
substituted aryl; aralkyl; substituted aralkyl; amino acid; peptide;
polypeptidgsBERteit JMons, dis0 zcharide; oligomey. of ethylene

glycol, pqu?tgtg:r? %Ebe_ cho%;qgglj%%ﬁ(%%%&eg o%%%)%%@%e@? slﬁgiﬁlxaeé a carboxyl
PORREH lErre Biksdey dha bodpoiybespyerictoxiddsrand poly(ethyleagnker moiety
2l @) ROVHRIPRY L AR SR CABIYMET iDL DG l@@x%y %ﬁ?}@p c%pnr%ahgg ‘3‘9% ester

R2 aricindependently selected from H, C7.6 n-alkyl, ra

SRV, SO d Br BRSGHBRIRSEPRBBRY dDaAmidbstinip dcompound 16).
unsubstituted aryl, and substituted or unsubstituted aralkyl.
O
0O O D
e . A __o_ b
\ér 07 R T :
O
13 14
NP
T OR” T~ O D
N R
T R
R, 0
15 16

In the above compounds, divalent group R is selected from alkyl; substituted
alkyl; branched alkyl; cycloalkyl; substituted cycloalkyl; heteroalkyl: substituted
heteroalkyl; aryl; substituted aryl; aralkyl; substituted aralkyl; amine acid; peptide;
polypeptide; protein; mono-, di- or polysaccharide; oligomer of ethylene glycol,
poly(ethylene glycol); poly(alkylene oxide) polymers, such as poly(ethylene oxide) and
poly(propylene oxide); and poly(ethylene oxide)-poly(propylene oxide) copolymer. In
the above compounds, Ry is sclected from H, Cis n-alkyl, Ci;» branched alkyl,

-13-
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A linker moiety (L) and a therapeutic drug moiety (D) may be covalently
GARIEY, A=;through an ether group (compound 21) or amine BEPR 2004036127
(compound 22). In one embodiment, the therapeutic drug moiety includes ~
a hydroxy group, and in another -14 WO 2005/042539
PCT/US2004/036127 embodiment, the therapeutic drug moiety includes
arbeming gseumstibailinker Mgiatyclmdyyhe soupletdo & tegephaiakedoliy, and
through an ether group. OH OH R, TAO jODD T~O~ | ~D 21 23 5Inthe
%‘b&%}g‘é%%rﬁwﬂﬁ&%?ﬁl%% %rag%u:-d from H, C1_6 n-alkyl, C3-12 branched
alkyl, Subgtitutedprinsdbstituiéched. ofytloakkytrsishstiaieteor illustrated and
nsubstituted aryl, or aralkyl. opherol moiety (T) and a therapeutic ..
ety Tl e N A TR oo without
deouniftO MO i(tompownd &3hd mihisticaseA theklinkerishoidfy dsdhigrapeutic
atbomyidioxysionn.and the Merapeutic Ao moiey includesia 10, |
%ydgrm_(yl gltsgli%?fpm Y?—O.‘O--D 2? ?A toc opﬁgrrjgr]lom li|¥et§1/n(T and & P I one
ehehapeutid. dig thesipepi{D Fmayysetovaidedy couplaththesagh dmt is coupled a
@Q@XQW%&EOB YR {EQ(EQQQ%%Q)')TE@ QQ&P%Q@W ’ﬁthgogr@ed to a tocopherol

the_rapeu‘fic rug moiety includes a carboxyl group that is coupled with a
BESEK g stirrosthee SiaRer(preeRmtHE YisRET weTeb/(peaippencoliplearige group
fc&qpﬁhﬁr@bm%mwg%ﬁb (ShRIhelagrepp (compound 24), ester group
compound 25), amine group (compound 26), or amide group (compound

27). T'R)~O1D TAO)LR101D 2425 R10 O 000 T'NRADAD

T~N'Jt1IR'X-OJ 'D 1 20R1_26 -lg WO 2005/0¢25

PCT/US2004/036127 T’O‘R I}l ~0 R N’D
17 18
21 0 5 e} O
7R 1’}]' T\!?})J\R)J\!;i'm
Rz R1 RZ
19 : 26

In the above compounds, divalent group R is selected from alkyl; substituied
alkyl; branched alkyl; cycloalkyl; substituted cycloalkyl; heteroalkyl; substituted
heteroallyl; aryl; substituied aryl; aralkyl; substituted aralkyl; amino acid; peptide;
polypeptide; protein; mono-, di- or polysaccharide; oligomer of ethylene glycol,
poly(ethylene glycol); poly(alkylene oxide) polymers, such as poly(ethylene oxide) and
poly{propylene oxide); and poly(ethylene oxide)-poly(propylene oxide) copolymer. In
the above compounds, R; and R; are independently selected from H, Cyg n-alkyl, Cs.qo
branched alkyl, substituted or unsubstituted Cs.¢ cycloalkyl, substituted or unsubstituted
aryl, and substituted or unsubstituted aralkyl.

A linker moiety (L) and a therapeutic drug moiety (D) may be covalently coupled
through an ether group {compound 21) or amine group (compound 22). In one

embodiment, the therapeutic drug moiety includes a hydroxy group, and in another
-14 -
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In the above compounds, divalent group R is selected from alkyl;

Substitutedsalkyl; branched alkyl; cycloalkyl; substituted cycl lﬁﬂs;‘swo 4036127
heteroalkyl; substituted heteroalkyl; aryl; substituted aryl; aralkyl:

substituted aralkyl; amino acid; peptide; polypeptide; protein; mono-, di-
or polysaccharide; oligomer of ethylene glycol, 5 poly(ethylene glycol);
puibédikydendhoxice)polymire, sudttasiphigéethylenmexidayandhe linker moiety
ROy opylene o ide): andpoly(ethylene oxide)-poly(propylene oxide)

A B e R

copolymer. In the Ve compo IS sele om H, C1_6 n-alkyl,

C3.12 branched alkyl, subsfgtuted or unsubstituted C3.6 cygloalky,
substituted or unsubstjtuted aryl, and substituted or unsugstitute aralkyl.
10 A tocopherol matéty (¥ and-#erapgutic drug#1ol ) B\e\r,

o,

covalently coupled through,a phosphate, phosphoramide,
thiophosphate group (compound 28). 0 D O TVP\ X X1R1 T5 28 In the
above compounds, Xis 0, NR2, or S; X1is O, NR3, or S; and Rl is

Seled% tﬁ@%d\\lfgto tf:_*ml?ld&} %@S@@éﬁ%ﬁ%}%ﬁi&%g %bﬁﬁallljkr%’] branch&d alkyl,

substituted or unsubstituted C3.6 cyc stitute ubstitute

SHRTBH esekynsaheiREGRds Relardothdebeidisdy Setebsidiohue, er aralkyl
n-alkyl A%Q@r}ﬁhﬁgyaﬂkylaﬁ&'gsfﬁé&%ﬁc M%%ﬁtlﬁgﬁj 192%7606 covalently

cycloalkyl, substituted of unsubstituted aryl, or aralkyl. A'tocopherol .
ﬁ%’i@ﬁ}‘(%%sh & tRErIpinS H R MEIEG (T5) RrayaseeenesbAdy. deupiegase, the

thReoh Gyl fataetiosulf amide.greuR(cam S
T X-P, 20 25 In the ab%?é’%%fggnds, X is O, NR1, o%@g;p“gnd 17 dncludes @

SEREERTYSFBMR'H, Ci-6 n-alkyl, C3.12 branched alkyl, substituted or
unsubstituted C3_6 eycloallryl, sujk:‘%ituted or unsubstituted aryl, or
aralkyl. -16 WO 2005/042539 RG¥7U82804/036127 A tocopherol moiety
(T) and therapeutic drug moiety (D) may be covalently

23

A tocopherol moiety (T) and a therapeutic drug moiety (D) may be covalently
coupled through an anhydride group (-C(ZO)OC(=O)n). In one embodiment, the
therapeutic drug moiety includes a carboxyl group that is coupled with a carboxyl group
of the linker moiety. The linker moiety may be coupled to a tocopherol moiety through
an ether group (compound 24), ester group (compound 25), amine group (compound 26),

or amide group (compound 27).

‘0 0 o 0o 0
T/O\R)J\O)LD T\O/U\R/U\OJ\D
24 25
5f1 0O 0 0O O ©
T,NKRJ\OJ\D T\N)LR)kOJkD

R,
26 pa

-15-



10

coupled through a ureylene group (-NHC(=0O)NH-) (compound 30). T-N"

N-D 11 R1R2 530 Inthe above compounds, R1 and R2 are
‘Hgéﬁ%ﬁ{('j‘éh‘?f?y selected from H, C1 6 n-alkyl, C3.12 branchedpéiwr”"(w 136127
substituted or unsubstituted C3.6 cycloalkyl, substituted or unsubstituted
aryl, or aralkyl. 10 A tocopherol moiety (T) and a therapeutic drug moiety

(D) manbgcavaientympauried dvaugh.seprramale graup £MR 1K Os)L@;s‘ﬂtuted
%{ki‘gcij{ O)NR2-, compounds 31 and 32, respectively). T-iO-b T-O i -
2

Erghesh Gikhe %9@1&8m5‘(‘}€ﬁ?&§3§2 13hlsE5 e #ﬁé"féﬁ%lhbi]enﬂybsfﬂmted

%{eﬁiﬁﬂ‘ﬂ oayH, Glsfrmalikuln@ 3ahAPranehetuadkylSubstitueser acid; peptide;
ubstl ted C3.6 cycloalky substit ed or unsubstituted aryl or aralkyl.
BB 5T ARG, THB Eonro R b S GG HEEIte Bhelt e £ycol

Imdm_ﬂhthglmelgtml)ﬂpemmbﬂlmmﬁlﬁy pn’lmmﬁi;leﬁcthC%q&ﬁ&(ﬁiﬁylenc oxide) and
sSQ ut;p ftrée c J éﬂ&}p e%h'“%lﬁoé) rrgnv onmen non{g I

e R e oA K ek peer. 1o
tt!he tebmé't@oummer@sm&ety‘ Befecrsctofaochéﬁmdéi moietikthatds ;2 Branched alkyl,
ggﬁg\fﬁgté@@ragﬂ@ﬂ%ﬂtgé t%al Ocr %%%D%tlcsg%gqg&uﬁds also %ttﬂe%y aryl, and

their generic names, tocol or V|ta In E.”In addition to tocop
sohipBueer ?@@@tﬁﬁ@ﬁéﬁ%@ﬁbﬂmds are included in this famlly These

I I
compoungs. inglyde ﬁ&@{(ﬂ?@%}%@ﬂﬁ?ﬁ?g (aéﬂ-ggr}%bci ey ﬂ\‘fqﬂaly( be covalently

2005/042539 PCT/US20 and a phytyl ta
Thgledcompal ﬁ@@%ﬁb@tﬁhe%ﬂmnﬁ@@@rﬁe@Of&mn@teem@emmmd 28).

0
|
T\O/Pi\x/
X 1Ry

D

28

In the above compounds, X is O, NR», or §; X is O, NRa, or S; and R; is selected
from Na’, K', H, Cis n-alkyl, Cs.;» branched alkyl, substituted or unsubstituted
Csscycloalkyl, substituted or unsubstituted aryl, or aralkyl; and R, and R; are
independently selected from Cis n-alkyl, Cs 2 branched alkyl, substituted or
unsubstituted Cs.¢ cycloalkyl, substituted or unsubstituted aryl, or aralkyl.

A tocopherol moiety (T) and a therapeutic drug moiety (D) may be covalently
coupled through a sulfate, thiosulfate, or sulfonamide group (compound 29).

\\//

/\

29

In the above compounds, X is O, NRy, or §; and R, is selected from H,
Cien-alkyl, Cs, branched alkyl, substituted or unsubstituted Cs.¢ cycloalkyl, substituted
or unsubstituted aryl, or aralkyl.
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5 Tocopherols constitute a series of related benzopyranols (or methyl

10604sinswfsich the C-2 phytyl (sixteen carbon) side chain is saturated. 36127

Representative tocopherols include a-tocopherol, (d-form, dI-form,

I-form), (3-toeopherol (d-form, dI-form, 1-form), y-tocopherol (d-form,

dl-form, 1-form), and 6-tocopherol (d-from, dl-form, 1-form). 10 Among

tocophérdiscattensd pheiy i§thens dhtrabemidantniFotetiten ol aressinsilatdivalently
be Hignals have three double bonds

L L B R B pouns

useful in making the compounds of the invention include those shown

below. 15 R3 R2 CH3 CH3 CH3 H3C H3§{ OH R, Tocopherol R3 R2

CH3 CH3 CH3 H3C O H3C \\\ ---_ OH R}| Tocotrienol Compound RI R2

R3 alpha (a) CH3 CH3 CH3 betfa_(_o_ CH3 anuna (y) H CH3

CH3 delta (8) HH CH3 -18 WO 200 1042539 5CTRIS2004/036127 As

used herein, the term "tocopherol” reférs to an;i?member of the tocopherol

fancily noted above. Therapeutic Drug' Moiety. fThe compounds of the

invention include one or more therapeutic drug moieties. Virtually any

therapeutic drug compound having a suitahle

In the above compounds, R; and R, are independenily selected from
H, Cign-alkyl, Cs.;o branched alkyl, substituted or unsubstituted Cgr«s cycloalkyl,
substituted or unsubstituted aryl, or aralkyl.

A tocopherol moiety (T} and a therapeutic drug moiety (D) may be covalently
coupled through a carbamate group (-NR;C(=0)O- or ~OC(=0)NR;-, compounds 31 and
32, respectively).

/IOL O
TMT O——D Tmo/lkirmt)
R, R,
31 32

In the above compounds, R; and R, are independently selected from
H, Cign-alkyl, Cs.2 branched alkyl, substituted or unsubstituted Caig cycloalkyl,
substituted or unsubstituted arvl, or aralkyl.

Lipophilic Moiety. The compounds of the invention include one or more
lipophilic moieties. The lipophilic moiety or moieties increases the solubility of the
compound in a lipophilic solvent or environment. In one embodiment, the lipophilic
moiety is a tocopherol moiety.

As used herein, the term "tocopherol moiety" refers to a chemical moiety that is
derived from a family of natural or synthetic compounds, also known by their generic
names, tocol or vitamin E. In addition to tocopherol compounds, tocotrienol compounds

are included in this family. These compounds include a chroman head having a phenolic

-17 -
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5 functional group, or that can be modified to include a suitable functional
can_be covalently coupled to a lipophilic compound to provide a
%%ﬁbbﬂ’]d %8f the invention. Representative functional groups i@ 44136127

example, hydroxyl groups (-OH), amino groups (primary amino groups,
-NH2, and secondary amino groups, -NHR), thiol groups (-SH), carboxyl
gIMBE QL. Algehyde.ar ( ORYRA
0 swfe«ﬁlcc‘ﬁmd groggis;\yé SOS&%%UISEE%C% group%g (%%ngg%e( %ﬂfﬂ%&@; general
% loric acid groups (-OPO3H), phosphonate groups (-PO30RIR2, and
R4 and R2 are independently selected from H, C1-6 n-alkyl, C3_12
branched aIkyI, substitute v substituted
'.8 halide

(- CH(O)CHZ) 15 Therapeutic drug compounds use uI in making the
compounds of the invention need not be substantially water insoluble,

a|th0u%&@§9ﬁh@§%dﬁ@ﬁiﬁ&%“9éh@§@ﬁf9é%e@ dhepreseakinyentian, tocols) in
8"3%%8?% weII suited for formulating and delivering such water-insoluble

5 RPONL SREuIMHERT) tHec R RIS MEEiSE. rRsEEpIBtatrderopherols
fromda m%a@ﬁh&iﬁi Z(meapeumﬂhatmybgt&m@ﬂhm@l@&lﬁ IMReH, Nform),
g_@(())cth ryé%r#mentgw theg%gl{mc dr mme&gﬁs derived from a
her§8 AnfiBfly SitesaRiRin Griamc dbirsms, 1-form).
mthmﬁmwmgﬁmmramutm&wgmmﬁy ISTG%{M%S@&@ similar in

euti nd that i ntially. insoluble ater an
stan |aﬁ0 iHsoiub ul et é)rgﬁlaﬁ%%é? aig/ qWBﬁ%@rfiB‘éﬁﬁﬁ’@ﬁﬁst}%the C-2 phytyl
sh@ralpmmtlc drug 25 compound has a solublllty in water at room
temperat th ut 1 embodiment, the
therap%gésg%sgﬁco?ﬁgﬁoﬁaeﬁas as (Ii%y mr}v‘?/ﬂatm r'a ggfﬁ% Shpeainds of the
jesentirizdaeds BoGrhotn hebrve embodlment the therapeutic drug
compound has a solubility in water at room temperature less than about

100 g/mL. In one embodiment, the therapeutic drug compound has a
solubility in water at room 30 temperature less than abods 25 gg{mL

derivatives including 7-ethyl-10- Irydroxycarnptothecm =
2005/042539 PCT/US2004/036127 (SN38) and 10- hydroxycamptothecm,
and doxorubicin and its derivativesiecartiftingal compounds (e.g.,
flucanazole), antibacterial compounds (e.g., penicillin G, Qaenicillli:?. V),

Tocotrienal
Compound R; Ry 1Ry
alpha (o) CH; |CH; | CH;
beta (B) CHy {H CH,
gamma (y) H CH; | CH;
delta (&) H H CH;

- 18-
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anti-hypertensive compounds (e.g., hydralazine, candesartan, and
ﬁ%\é%gi%llvs ti-inflammatory compounds (e.g., isoxicam), an;[)idjre}gsezt(i'cms(m
compo‘und‘s?é;,.g., metformin), 5 antiviral compounds (e.g., lami udme?, e
antidepressant compounds (e.g., fluoxetine), antihistaminic compounds
(e.g., hydroxyzine), anti-arrhythmic compounds (e.g., procainamide
ydrachlbeidsy), antitbypetipoprateinemiic corappundsbée & tRECRIEENerol family
an 53@0%%unds for reproductive health (e.g., danazol), and treating
arkinson's disease (e.g., lazabemide), and immunosuppressive (e.g.,
azathiopritrerentcl DroydidsiporinE)candntespicatofHeigvehsentan)de one or more
iseases and conditions. Qther,,therapgutically useful biological materials .
B Ve W e TR s B e
pro¢éivis egroymes, thadcpe ptidesdificdne exilbodimenttlieelthetapeliticoup, can be
ety | riye .anti r.compeound. Representative . .
e e (O TN RIS SRRITRT IR jpvencon.
Ssyraprntaitotidusstiomal wivane iddudatifer eramploghpbusédhemin(-l), amino

SRR ARG IR QAR S HIAXINES: AR 1XQidRs 2SR ARHR), thiol groups

derivatives or analogs thereof. Paclitaxel and its derivatives and analogs

frethheiibery iR tdXaROTandeh riscaanes G&il@bivisecivatsaropms (-N=C=0),
exAmuRlebenzaaigdesuatlyes oftpaclia &gﬁh(@S@;ﬁ? AN groups
and C-2-acetoxy-C-4-benzoate paclitaxel, 7-deoxytaxol, 20 C-4 aziridine
At BRARIPERS SFRRS pROHAReReothddhicadvRh Hatindrasiently selected
SHWHNBLianQlyraBrsl, Raltickaityeyitidaltyacidis:RhasphaliRigstand:; ¢ cycloalkyl,
lycerides and 1,2-diacyloxypropa e-3)-amin_e. Other paclitaxel . ]
PR G e B HBLE ek, QoL kae Belsleige benzylic halide group,
5B N Betnithidrbidyde @yelis, JAQ-aeetdl pishpacetomscacetate,
taxane:2.13-dione,,50,9(3,100-trihydroxy-, cyclic 9,10-acetal wjth gcetone; .
75 ol EEDEPRLS BT PETT Byt 610 P, AP s ention
cephalunanninedialyosite; iTs@pbitOatibacelyicephatomandifiestion according to
0-dea lcephalomannine:. cephalomanning; taxol B . ..
B O el AR i g ane delivering such
Tutriddbblezoyhpacsitin |11; N-debenzoyltaxol A; O-acetylbaceatin 1V;

7'“““'}‘}{@%@1@1‘5‘68@6&&5 the thei-ape tic ;/iﬁB% moiety is élsriged from ? therapeutic

7,10-di-O-[(),2,2,-trichloroethoxy)earbonyl]baccatin Iﬁ; accatin I
tguraEedattiabdecanbsaitdtatensobibdatiin baweatin Wil;2badsatienobodiment, the

iRid VdrfigeRidRagCRtiHIBareAtn s in J; inlll; haggatin.
pesgini enisrcniliorcty Yool sl sy
nsghddn-io-Gessiyrixsts - 2o wolzysoedsag b A therpeaigaérgrmoiety is

Qesiraaetyliaxal- tudpside; epiidHergeMtaxRli-h-deactyiRml 8 water and

substantially insoluble in organic solvents. In one embodiment, the therapeutic drug

compound has a solubility in water at room temperature less than about 1000 pug/mL. In
one embodiment, the therapeutic drug compound has a solubility in water at room
temperature less than about 500 pg/ml. In one embodiment, the therapeutic drug
compound has a solubility in water at room temperature less than about 100 pg/mL. In
one embodiment, the therapeutic drug compound has a solubility in water at room
temperature less than about 25 pg/mL.

Representative therapeutic compound drugs useful in making the compounds of
the invention include anticancer compounds (e.g., paclitaxel and its derivatives including

docetaxel, camptothecin and its derivatives including 7-ethyl-10-hydroxycamptothecin
-19-
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10-deactyltaxol B. Other anticancer compounds useful in making the
compounds of the invention include camptothecin and its derivatives
NEliRg728thyI1-10-hydroxycamptothecin 5 (SN38) and PCT/US2004/036127
10-hydroxycamptothecin, and doxorubicin and its derivatives. In certain
embodiments, the therapeutic drug moiety is derived from paclitaxel,

dorsigx el CRahe i ARG R MalYe S RGP ONNSS; 0L ih8s), antifungal
invention having formula (2) with m = 1, formula (3) with n=1, and

fSIRANNES dBdaiff ERpahad e bxal seanavads e sempmisit & spepisiilin. V),
ahiheyQdnvaRtiop.MbeRthe inker mellyis2: hyoXReRYIengd  carvediol),
(-CH2CH(OH)CH1-), the therapeutic dru? moaiety is not an a-amino acid )
(G G EmE T IRE R ETiHe L ey StSIRET a A AYH CUBRE RS Afthe- dBRYOT™IN),
ghttaiic aﬁh@aoalmggaagnin@xﬂei%m@ag-,ei(zaiaé@m@%;?mmm);)%au&yrd@.ggi@éuoxetine),
s-aminocaproic acid, 2-aniinoethanesulfonic acid (taurine)), or a peptide
%H%?Fﬁ%’%ccysfgm%opg fdueB8ndin S’ﬂEﬁW&Wﬁ% N-E MY BRiiol compounds
geaupride{gmiddutathicde)chdnier)the linked-mgietypiseoatiaainate, theompounds
therapeutic drug moiety is_not an S-linked amino or amino acid compouynd .
SRR S RS, B S R R e i entine
iBaskinsiatalitieastherap datibanide maietyiistmat demiiesaeid @rm@naestiioprine  and
t nother ethads for making the compouynds of the
B R e Y o, O
lipephéicicdlyiposeid (bigogcabooplatirdd chatpoemadctonzothifrdpentiordimygy to  the
- 0 - invention, | diment, a
GRPRRAUDAHA LD A ERRRCAH oL 1B 10 %%%%Ygsés'%r%a fcﬁ id 9

representative tocopherol, d-a-tocopheral, Xyl group that

may bé@i?’éétl‘;l’@ﬁlﬁlm’fwﬁﬁ éhémgn grogprofientierdraic fidpuy atoanticancer
f%ﬁ?%émoli’&%@ééﬁ}%%ﬁb&{@&%% HGCQRRAHAL: RGP SRAIANON T,y anes
of a 25 representative tocopherol-modified therapeutic compound of the
imFdifforPir GRFamEgHs dRyRRca Kl eBs HaTHIRG heramalnge divgreerseine fhe term
ilustratestivr FIGtdREd 1A RAheLRMRAMSNT 2 LRORRIOLMAYIDSs thereof,

functionalized at the hydroxyl group with a reagent to attach an active )
group SRS B PHESpIOAETERIGH TP @7ENE1 &), MsRbSEh SHidtenigrrps famnily.
(PREDRAGibYiaufenit caleyider (<SRRI Heh eauieom GO @ BRACEAE) such as

T e s an e o et b gt
tOebphieititen pdifiec ¢hesapesiicadrugicam patitice? I MA2QQ5(04R 53fhural  and
@%ﬁ%{%zgo '35’;99;65,1 %Zrticulaﬂy with fatty acids, phospholipids, and glycerides and
1,2-diacyloxypropane-3-amine. Other paclitaxel derivatives include docetaxel; spicatin;
taxane-2,13-dione, 5§,9p,10B-trihydroxy-, cyclic 9,10-acetal with acetone, acetate;
taxane-2,13-dione,  5B.9B.10p-trihydroxy-, cyclic  9,10-acetal  with  acetone;
taxane-28,53,98,10B-tetrol, cyclic 9,10-acetal with acetone; taxane; cephalomannirze-7-
xyloside; 7-epi-10-deacetylcephalomannine; 10-deacetylcephalomannine;
cephalomannine; taxol B; 13-(2'3"-dihydroxy-3'phenylpropionyl)baccatin II; yunnanxol;
7-(4-azidobenzoylbaccatin = III;  N-debenzoyltaxol A;  O-acetylbacecatin IV
7-(triethylsilylybaccatin - IT;  7,10-di-O-[(2,2,2,-trichloroethoxy)carbonylibaccatin -~ IIT;
baccatin III 13-O-acetate; baccatin diacetate; baccatin; baccatin VII; baceatin VI; baccatin

IV; 7-epi-baccatin III; baccatin V; baccatin I, baccatin III; baccatin A

10-deactyl-7-epitaxol;  epitaxol;  10-deacetyltaxol C;  7-xylosyl-10-deacetyltaxol;

- 20 -
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In FIGURE 2, Xis 0, S, or NH; and Rl is independently selected from H,

wobnalkyls63_12 branched alkyl, substituted or unsubstituteg-&36 444/036127
cycloalkyl, substituted or unsubstituted aryl, and substituted or

unsubstituted arallcyl. In another embodiment, a tocopherol may be
funetionalized at the hydroxyl group 5 with a dicarboxylic acid, ester, or
APparddtrabénty Sisiible redgamtsinlensdtyBudtinic acif-dnimyitide!; or
12aeysiabexppedicarboxylic anhydride, 2,3-dimethylsuccinic anhydride,
3,3-tetramethylene glutaric anhydride, glutaric anhydride, maleic acid

anhydii8SiptHenechcRPERRpdrdscteraprasking 481 comoptihalicheiinvention
iacAltRCR Arpadinodn GrRHRE-CERRED v NRdRIMENG - CAFPOKYHIIQUR DB htothecin

then be directly reacted with an appropriately 10 functionalized therapeutic
Hr0ig Bk LB o thesbhe PRl anrhBfelaaEiing: carbonyl

chloride grexpi{-&x6dimand, thenthe.samoavieloride GradRnpRie pactitaxel,
oupled, with the functiorfgl .%rﬁoup of the therapeutic drug to form a
é)éé%ﬁ‘é-o“ﬁ%ta}ﬁ%‘anw% PEOER ‘@G compound as illustrated in FIGURE

3. In FRGLdREByuXdis d,the Nibnoio =) O ol apoiier embodimellad3) with

linker can.be ¢ led to the hydroxyl group of a tocopherol and then a
thorPEte g Ca B CRUBREH 6 AR o LALD AP REBHAY BroRotRg of e
fimlcatiotihe Whetichallgicuprmaynbés fohesamyletyitrrot EHEHIGR)CH,-), the
- PGQRH). 2 Roly(ethylens oxide) group ((CH2CH20), H), .
e R R o e R 5 g e
asiggroup(-aRD3Rkior 20dbhekpioiic shibride groupitORDPRAELL $-alanine,
/ ' StitL bstifutec I lkyl, a substitut
T LTI R A RS or o
ppEdRI@ahere ms@@%amﬁwé@mﬁmmm@@ Bikgtomoyctoatiyb] sgroup
g;@%%gﬁanwa'mm@ﬂ nfia) Rl ASUlIY G ASILAR WRue moiety is
- 863H_2 , a chlorosulfuric group (-SO3C1), or an oxiranyl'group -
IERRS) sy, HnprE aivRastS Srrepreddntaicvd eopled the miidifte succinate

tsraneutia dius:0amRaUpRsy of thednventioniare iuatrated BEISURESR ferulic
4-11 and described,in Examples 1-13. FIGURE 4 illustrates the

prsrARisH B ¥opherol succinate camptothecin compound.
Tocophergigteciniseagioni{amirtd: shacic Beidhhas e catBoWention are
groug hatfq%an gou%lle with a hydrox Ilgr%lljp, aminorﬁrou ..thiol group, or
LB CRIBTI SOYROURS PRobiid ScepHRFo HIBARBEEFApRATS (e o
trugkaving:asucdhaieagtherprasiic ok . dsofpabiREB 4icihe 6atb@dund of the
roup. of tacopherol, acid succinate is coupled witg th (%ydrox | group_of
A TBlGtnelir 18 DR BaFAch o GeBBHefol SOBEH e CAFRRRBRY foctudes 2
tedoripbgrimEtanple de directly coupled with a carboxyl group of a therapeutic drug
to form a tocopherol-modified therapeutic drug compound. The preparation of &
representative tocopherol-modified therapeutic compound of the invention from a
carboxylic acid-containing therapeutic drug compound is illustrated in FIGURE 1.

In another embodiment, a tocopherol may be functionalized at the hydroxyl group
with a reagent to attach an active group such as phosphoric chloride (-P(O)OR;Cl).
phosphonic chloride (-P(O)R;Cl), sulfonic chloride (-SO»CI), or carbonyl chloride
(-COCI).  The resulting acid chloride can then be reacted with an appropriately
functionalized therapeutic drug compound to provide a tocopherol-modified therapeutic

drug compound.



10

15

30

-22 WO 2005/042539 PCT/1JS2004/036127 FIGURE 5 illustrates the

reparation of tocopherol succinate 10-hydroxycamptothecin an

ation d _
Copherol Succinate 7-ethyl-10-hydroxycamptothecin (SN3gJ.C T/US2004/036127

Tocopherol succinic acid is converted to the corresponding acid chloride,
and then reacted with 10-hydroxycamptothecin or

7-ethy HOTyHreRy campigticgcit) (SNI8). &d 116 pEepALRians Ak QeRpRardlom 1,
ccinate 10-hydroxycamptothecin.and tocopherol succinate ,

D i Ky oSG S O DR A peacy i subsitted

respechvelyed il RiziG ilusttate sihae pisparatiamidy10,20-di(tocopherol

succinate) SN38, which cgntains one therapeutic drug (SN38) maiety,

o 1o SRR e e A S B B R gFBGBr eoup

Thid préjparatiohohdid, 28edj(tocohhéroksueginateuiGNRSriagescteiinsuccinic

mple 4. Sujtable linker maieties can include an.pligpmer or polymer .

S b

oligtatrenghekindehealyeohy gulidethytevegydolle pobjttiadihanbydtiel, phthalic
! I xide), or

SHEN.AR.RRRKEHY, %ﬂ%ﬂ&‘%(.%‘?&,%%%@ﬁ%ﬁ@ QRYIENG X gﬁ%‘ﬁ?ﬁi@ group (-COOH).

poly(ethylene oxide)-poly(propylen e) copolymer.
ilbatratadinge prépamtistvad aneropisardenduifidy ceaviplothébinan appropriately

cantaininga inkepaagietthabingludesaReuethylens uide).QrouR- £he rore

preparation of the tocopherol succinate camptothecin having a linker

FRefENF b mehudderidp Siptylere Dogieihgrolp 1e-denttipkigridEsammpiaay be

5&)@;?6’3' iRk Gillalaies NG Rienaralenalio aARNES 9bSHGE RS herol-modified
c

paclitaxel. In the preparation, tocopherol succinic acid is converted to the
HSTEEHOR ARG SRiePeHS Rfe Mt aind Ay BRIt withp AfiteiRdr. Frhels O, S, NH, or

prea@tion of tocopherol succinate paclitaxel is described in Example 6.

FIGURE 9 illystrate tlée preparaggfn of tocopherol succinate, docetaxel.
The pr T SFI5e0IPETol SUEira R e taxBlse dodbfbRtriRxy] eroup of a

Exapiple! AnditelCUREbeitiustratesathBepieparationobiosaphlerahctional group
T o i AR SR R B pSrT e GEA E (ppfbo
@ycand(iS-eH coupiss(withlcamptathp eirvip foOTiaudhigem), tare pladtaiddezroup
e L S T P R R e, o
©esphetiol clelpeidh exevre (1OPQidhBoxhate BN38. sThetipredaratimpubstituted alkyl
@%’}UP@J@&L a substituted or unsubstituted aryl, or an aralkyl), a phosphonic chloride
group (-PO,R;Cl, where R; is a substituted or unsubstituted alkyl or cyecloalkyl, a
substituted or unsubstituted aryl, or an aralkyl), a sulfuric acid group (-OSOs;H,), a
chlorosulfuric group (-SO;Cl), or an oxirany! group (-CH(O)CH;).

The syntheses of representative tocopherol-modified therapeutic drug compounds
of the invention are illustrated in FIGURES 4-11 and described in Examples 1-13.

FIGURE 4 illustrates the preparation of a tocopherol succinate camptothecin
compound. Tocopherol succinic acid (vitamin E suceinic acid) has a free carboxyl group
that can couple with a hydroxyl group, amino group, thiol group, or carbonyl chloride
group to provide a tocopherol-modified therapeutic drug having a succinate group as a
linker. In FIGURE 4, the carboxyl group of tocopherol acid succinate is coupled with the
hydroxyl group of camptothecin. The preparation of tocopherol succinate camptothecin

is described in Example 1.
9.
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cyclohexane-l.2-dicarboxylate SN38 is described in Example 11. -23 WO

RQ09I044538 PCT/uS2004/036127 The preparations of tocopheipl,aninzeia
succinate doxorubicin and tocopherol succinate hydroxyzine are

described in Examples 12 and 13, respectively. In another aspect, the
present invention provides compositions that include the compounds of
the invERHGRET heSconipositiens irtbtudeppemmtionore admpotopdisrof theubeinate

TEDHO0, ARAGRAI A Af MOLE G ORI APPUE AR BN i othecin
lipophilic‘ medium. In one embodiment, a tocopﬁwerol-mgdl led’'ther peu?lc
by Borpsopitis] dissbhieddnl thhecdipisphilitontletivome Becdingeacidtibloride, and

liRaPhilicnqlety. 106 LeMReMAgHAs I %EOY-%%%;QF}%E%J@]%%%} RARALO (sn38).

the unmodified therapeutic drug compound. T ophilic ‘medium (or
dafrigErREmieoAposikiaieah secalytenélohydvaresutapephiliend tocopherol
seedivies 2Qipeludingafor l8cails dp ongsempadiment, the lipophilig; 3.

medium includes a tocopherol (e.g., a-tocopherol). Representative oils
[RSBSI4EYhe lipophilic medium include the following: Fatty acids and

esters HeteRE inGlucing&ARONHeAaIds ffvanioogRRIBIRRAtNS ccRSINIS,
straight chain, but which could be branched, examples of which include
AT coPB SR EABFNE (AL PR oo SRERTIheRIctcs. and two

lekenitoiatiesawelh@s gatpatethoprapaatunated ity aciEeRpshesieEsccinate)

E%L%fascdgss eggé-rjfi | with glycerin to form mono-, di-, or triglycerides,
Which can “be sylﬁ‘t &ff/15F derived from natural sources, including, but not

limited Saitdbleelairaptaoigiyeariddacdubh as dqyweaneibaetiensegdRik peptide,
rapeseed oil, fish oil, castor ail, Capm.ul 20,MCM, Captex 300, Miglyol
e PR e, RO o UBEER . (e, eiveol.
ghizetiisohergterhndrolateiyil tatancided estbrsasf povedlykatideside) and

j nj d to ather moieties, s a lyethylene glycol (for
R e B N Pmer
HHrRECt MF@@E@@M@@&MW@MMbM@?@QQIm}p’eggdécﬁbﬂmining a
aadpempcietahaRARIbiAS AIRAL Y BSiats BANIInorRIGAGONRS o e
(myristyl myristate, isopropyl” palmitate), or sugars (sorbitan monooleate,
SeoResd shirdicarapierbadr diurane) e HikgranoRbls kidhdcdisietenpply(ethylene
agqg@%dgﬁggl(gggglg% Ranzyhgleshol, or esters or 30 ethers thereof, such

I

as bean/ enzoate; ] )
FIGURE § illustrates the preparation of tocopherol succinate paclitaxel. In the

preparation, tocopherol succinic acid is converted to the corresponding acid chloride and
then reacted with paciitaxel. The preparation of tocopherol succinate paclitaxel is
described in Example 6. FIGURE 9 illustrates the preparation of tocopherol succinate
docetaxel. The preparation of tocopherol succinate docetaxel is described in Example 7.

FIGURE 10 illustrates the preparation of tocopherol terephthalate camptothecin.
In the preparation, tocopherol is first conjugated with terephthalate to form tocopherol
terephthalate (Example 9) and is then coupled with camptothecin to form tocopherol
terephthalate camptothecin. The preparation of tocopherol terephthalate camptothecin is
described in Example 10.

FIGURE 11 lustrates the preparation of tocopherol
cyclohexane-1,2-dicarboxylate ~ SN38. The  preparation of  tocopherol

cyclohexane-1,2-dicarboxylate SN38 is described in Example 11.

-23 -
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Fat-soluble vitamins and derivatives, for example, vitamin E (including all
of tggpégﬁg%herols and tocotrienols, and tocopherol and tocotrien_ql .
algrlvatlves:’, such as vitamin E succinate, vitamin E acetate, AGdVRatiee
succinate polyethylene glycol (TPGS)). -24 WO 2005/042534
PCT/US2004/036127 Organic co-solvents can also be used in the

compositiopg:pagiiamallyfinccophbioptan wilh \Tateruialiding (exadPRccinate

thanol, polyethylene glycal, propylepe glycol, glycerol, N-methyl
§§/rr8 |Eljcz)lﬁ% f}}/léen%gs |rr?1be %éf g&%%{% .E?ﬁjé‘%aaﬁ‘?ﬁﬁ‘é%%?lﬁlvo representative
tocophkrehnivgifisgecanipigtheain iHventopopiasided taenmyeniiontia: include the
?gveroaﬁln Secc}ifit{psig‘;gn mmp%r}%dcgo camgtothec'in é']n Example 14. In a
Urther aspect. the nvention provides amuisioR: 4P Hulkish capgounds of the
micalienfophiotalivrs that ingieiddliticorh et aidhednyenitbn lipethitidsnedinm.
r.making ' ieroemulsion, and micelle formulations.ar .
g%so ‘rpvidé%ﬁ.e%%’g%%glé g&ﬁ%ﬁ%@ %sﬁ%p'%ﬁﬁé%%ﬁ?e 7S %13 %15 (gll‘&% in the
drpisometinve inferstmlefidhidEpspitiasiametil dhd.ovatsmyid thesfénmroved
%gﬁgﬁia@_ ax%%%@qm}%&&&@@d%e@ggéawgﬁg %&ngaﬂn%-.o RS phitic
and which is typically optically opaque, unless the dispersed and
ST SCaTiiE e remmaRie mersxhnanshe, Sacrrdgbteiipppkiisswedinums
abnileslabilivsaenerallsdetined by e appligation 19¢Jﬁiﬁ)@%ézﬁtﬁﬁeﬂ&qudes a
system, which 15 may be enhanced by the addition of amphiphilic
HETEEEHs GivistdRHPaRAh cdFeP R HE S "Pilferdshiligfofrerdioaphidie, medium
tickmetherfamigaty: stable isotropically clear dispersion of two immiscible
liquids, such as an pil and water, stabilized by an interfacial film of
su rfact%?’ﬁyrﬁ‘é’l‘zscﬁ?gos‘?s’fﬂé tﬁﬁ%efﬂﬂfﬁ&?@? RagrEArdropisptipneisindengths,
kessilyhaiigbOctini.ingenaiel betiern BlneReaMtiihlesabsened Ghwae capric,
mixtyres of oiI(sP 20 and nQ[n-ionic.sur actﬁnt%form clear and isotropic
Sofnions At ard Kifowh AT e SlPBIfALt5iG ey AetRRify akta el as saturated
(B EBBDSpaddatymbidusetktoeinaprove lipophilic drug dissolution and oral
absorption, The emulsio icroemujsion formulations, include an oil .
phaseplya% gﬁlc%gépeeg?g%ﬁ%ge& egne%#%%n%ernﬁﬁcrlde%ﬁgéﬁe é‘ﬁ%ew ch can
bil-iimihatisr @ndatiiod Gom 25umdteninesiliechulsignbitheviiphasednfindesmple,
the.in jon.and a li ilic medium, as .
g B e g Copm

foftllatewitk ani8fhourigiovh abblit @DOEIY aboursletweighnpaitentcetylated
hreedipniie, t%t%ﬂ,htﬁirél&@if%%ﬂq&n'akgﬁo'a‘?agmoﬂmﬁfgt’ DR esters of

compound is
monoglycerides;

127

Glycerides conjugated to other moieties, such as polyethylene glycol (for
example, Labrasol, Labrafac, Cremophor EL);

Phospholipids, either natural or synthetic, such as dimyristyl phosphatidylcholine,
egg lecithin, and pegylated phospholipids;

Other fatty esters including fatty alcohols (myristyl myristate, isopropyl
palmitate), or sugars (sorbitan monooleate, SPAN 80, Tween 80, sucrose laurate);

Fatty alcohols such as stearyl alcohol, lauryl alcohol, benzyl aleohol, or esters or
ethers thereof, such as benzyl benzoate;

Fat-soluble vitamins and derivatives, for example, vitamin E (including all of the
tocopherols and tocotrienols, and tocopherol and tocotrienol derivatives, such as vitamin

E succinate, vitamin E acetate, and vitamin E succinate polyethylene glycol (TPGS)).
-4 -
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present in the formulation in an amount from about 0.01 to about 2.5

weightpeseant 30 based on the total weight of the formulation, {084 /636127
embodiment, the compound is present in the formulation in an amount

from about 0.1 to about 1.5 weight percent based on the total weight of
the formulation. In one embodiment, the lipophilic medium is present in
the foritiaten ¢a-aal wasuntfredcatisutsad abotite2@ewmighitipescentionally in

b&seth b dw R2eQ05(044R 3SR gﬂﬂﬁgp Qé{&%@% El{}%f{%[g Ié%f%%@ht 1%]1)ylene

the formulation. In oné embodiment, the ligophilic me(JHJm is present in

B EURsTn thrasahaurlidons. ap8 dinet eldolfoxieveight percent

based pRdhe, taialygight ofihe fopmulation.In 8Re.aRROAIRENL Nemptothecin
lipophilic medium is present in the formulation in an amount from abou}t] 6

5 RBOHR Y0 Wrelhr BErRERR HAsETGH tRe1otS Sseife RIFERF te orspmIRigENein in
m:emplembodiment of the emulsion or microemulsion, the compound is a
tocopherol-madified therapeutic drug compound, the lipophilic medium
include%‘ & r?éP&ﬁta%ﬁ Eﬁ%eaﬂ%B{?é"r‘f%*d?&Fﬁlfé%%‘ﬁf?ﬁ%’&aﬁ%rﬁfﬂ micelle
thennoatpasnlst ofiledaveniaipotia emnulsomoEnmisroemHsioR &0 making the
formulations can include o&herﬁﬁ on(znts commonly used in emulsions

an microemutsions, ahdpaitic 5%3 DR AR lemulsions

and miédroend|siertsn, Thesercorrpoidots inchideisufactanislatdpersion of two
co-solvents, among gthers. Representative, . sugfactants include ponignic .
luwé%:%la%r%g fgﬁ%’a%ghr ace %{E |v§ %&%pﬁrle% erfva ?v%gpg%t Ylpps gameter. n
getisrzlpotyrbersccpsiSuitab ielsuifare activehiobdpigraladierivéitivls dpatideuniess

[va) vitamin E succinate
P e el e SO R 08 poves
sdedinatebipcsnaviiciiesizeditariin ®rlmavigie slwhichrelepolethstenevhich
G Vel SAACDLON M LadHRRIRIG AT GBI AL S g &y%%a%mm?

As’used herein,'"'v_itamln E succinate polyethylene glycol” includes vitamin
E succimiéern paisesiepianjdersdad demmaibes ool sible isotropically clear

BQ&Y&H&M@M&V GRERANING VRRIQUS ERIEY aﬁr_aﬁll %H%Q@f?stgﬁﬁg‘diﬁ}aan interfacial
non-ionic surfactant (HLB = 16-18). TPGS is reported to inhibit

BlEnoprdtsiARpRbtEi that RoRtsRARE KGR it ddRismMEmTMAimmdenge less
resisianaen Embestife ptsvaltheoforpuiationgs,efhiiedayentiamthakineludsr oi(s)
TPGS therefore i{nclud a ?-glyc protein inhibitor. Surface active

BB BRI o VARG 028 eyl M BRS RITHOPE ol bR o
%Iﬂﬁimﬁyt@dmgmamMyﬁ’@ﬂm ApBIDISY a@bc_lialh K2 weighé PR, lipophilic
BRQEi5ARR4LG YS1ABL Rsfigant. or about S weight percent,

The emulsion and microemulsion formulations include an oil phase and an
aqueous phase. The emulsion or microemulsion can be an oil-in-water emulsion or a
water-in-oil emulsion. The oil phase includes one or more compounds of the invention
and a lipophilic medium, as described above. In one embodiment, the compound is
present in the formulation in an amount from about 0.005 to about 3.0 weight percent
based on the total weight of the formulation. In one embodiment, the compound is
present in the formulation in an amount from about 0.01 to about 2.5 weight percent
based on the total weight of the formulation. In one embodiment, the compound is
present in the formulation in an amount from about 0.1 to about 1.5 weight percent based
on the total weight of the formulation. In one embodiment, the lipophilic medium is

present in the formulation in an amount from about 2 to about 20 weight percent based on
-25.



L4

BJ
Ln

based on the total weight of the formulation. Suitable nonionic surfactants

nelugle blagk copolymers of ethylene oxide and propylene oxid Moz
as POLOXAMERS or PLUROINICS. These synthetic block ;%9%}@@9.‘,’}{4, 036127

copolymers of having the general structure: H{LOCH2CHZ)a(OC3H6CH2)b
(OCH2CH2)aOH. The following variants based on the values of a and b

dre taanrightiallyhavaiableitroniBac e firmear GReGpepricRIsnedium is present

Parsippany, New Jersey) under the trade name PLURONIC and consist
U R TG B PAanie T AtRe by S SOOSTEMbEGGer Dased on the

RCT AU52004/086ba7ulth € ThAname odiRELONKAMDBh I8N 8802 is7present in
37,238, 288,.338, 407, 101, 1 3,124 181,182, 183, 184,
SISt i gam s e o e dan e o

a0, thofdheuatstcommonly used POLOXAMERS 124, 188, 237,

338, 2 407 1S MANER Ol AR 2R0n A28 AT 1448000 i

101/56, respectively. 5 In one embodiment, the nonionic suifactant i

fesdsrh s dheraeid anmn owmpirom.aboutd®dlisbowdBimeightudes a
Wﬁg@@%@ﬁgpmgg@hm;ﬁ%@gformulation. Co-solvents useful in
the fo '

rmulations include ethanol, potlyethylene glycol, propylene glycol, _
glycerdh RfdeRyIpyHDRABIHE LB efhiiamivetany Birnethyskerexidgecroemulsion

aRannihersafolyrihylensialy cobdRPERLS abydrnilicoRalymerizgisions an
form of ethylene 10 glycal, consisting of repeating units having the ]
CHETRER SRednd: Readesty zeset W@Wtﬁ%ﬁmal%&nﬁa%wwmm

giyeel ismiietehy GROHHIhammaleCWasweigh, FANaRSHRRs 20QdR esentative
10,000. Sucfh;\‘/%rious farms are described by i?eir molecular Weights, for
SWARGBIES BEES O THEE S5 BEEGH RREVPIREfppeap! derivatives and

emfisiansvansiedrcomponents are described in U.S. Patent 15 No.
6,458,173 and U.S. Patent NEO 6,660,286, each expressly incorporate
rorein 1§ o A ot R PSS oo BRI SHOM BT iR cthvlene
dgophirotatmodifisc ihe rapeniticKisugcicampolyrds/leng gliaodpherol-c-tocopherol
uecinate goq éai(%é co he&?' mate, paclitaxel,, tocopherol .. . .

Al Canptathoes (GLapiercl SUECHAT St artin £ deriative in which
Podyhiividagbientyisatmohsthexin sersthiocopherst stitisinate hydroxyl of vitamin E.
%&"ﬂé’&{ %Y&ﬂ,m‘m%%?'E)séégingﬁsgﬁggﬂ)i%@(ﬁp%@ %éclmégtg?t in E succinate
cytotoxicities of representative tocopherol-modified therapeutic %?ug
cohipbuisas gbiep! evdoisnardstetiniamin-Btaglysbhsudrekipehhgyiothesious ester
and lacenherol suesinals campithegiaLar daswiberkingxamelg 16:dh3eq 1o
further aspect, the invention provides micelle formulationsthat include a
inhibit P-glycoprotein, a protem that contributes to the development of mlti-drug
resistance. Embodiments of the formulations of the invention that include TPGS
therefore include a P-glycoprotein inhibitor. Surface active tocopherol derivatives (e.g.,
TPGS) can be present in the formulations of the invention in an amount from about 1 to
about 10 weight percent, about 2 to about 6 weight percent, or about 5 weight percent,
based on the total weight of the formulation.

Suitable nomionic surfactants include block copolymers of ethylene oxide and

propylene oxide known as POLOXAMERS or PLUROINICS. These synthetic block
copolymers of having the general structure: H{OCH,CHy )o(OC;HgCHy)y
(OCH,CH,),OH. The following variants based on the values of a and b are

comumercially available from BASF Performance Chemicals (Parsippany, New Jersey)

under the trade name PLURONIC and consist of the group of surfactants designated by
226 -
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25 compound of the invention and an aqueous phase. Micelles are
%rge}lr)}i}%%&j“a gregates of one or more §urfactants in sglutipn. In one
embodimént, the compound is present in the formulation in an-Ahotliyeo3e
from about 0.005 to about 3.0 weight percent based on the total weight of
the formulation. In one embodiment, the compound is present in the

faeouiBtianieaT BOTRRA PR abeut §8011to abputd. Sykeight percent. 105, 122,

Bg%e&gnjﬂe tgéal 30 Wgeéf?t)r{,())f,}tbe formulation. In one embodifr)qent,ﬂthe
GMpatntis preskit iifthe formulation 10 ad @mdtnt fom bedat 024 ko284, 333,

about 3B 0aneighit peceent hased anrthaliotatdveight githefesmudation. 237, 33,

Suijt urfactants inclyde tho 0 bave, ang in the amounts noted,
A BD A BT AT fo Tt oH. e et R’
270 Cr20ehi042509 PETIS20044036 12 frdaco pheheldnadifiedn in an amount
ie drug compound and the surfactant is tocopherol .polyethylene
e A S R R s B R
tocoph@ﬁbmh@diﬁetmﬁéréapéhﬁcmm@bdmoh@ﬂaretum@rjmmhylene glycol,
WB@ le%rc&h%9?&81!%%@?@@?%@?&%'S&’Lﬁk%éﬁi%nalg |t|051 %&mﬁhg}lséulfoxide,

components such'as co- 5 solv ing thos noted’above.

ernptsithens, Hdvatiodire (@il NBR) inclltdeatpaty ethylesrzglybomarftethylene
g allyrkisitonel fepeniiethanelhdtigneLembedimetidne-CO-SaMeRiSO-), The

are present i amount from apoug 2 to about 20 weight percent based |
SRR S A Ao, 0 oo Ao golecuar veigh

RIGFASTIHSION (oMM UAL NS NCIHRE ARAAUGOUR RIBSE bINRRC molecular weights,
embodiment, the aqueous 10 phase includes deionized water. In another

EPhBERENt e Ak fddeis Bhadelirtdlornd ©siies- 1n another embodiment,

the QQ%&%jﬁﬂtafﬁ_?ﬁﬁ@&nmff@lﬁ@ﬂ %&h@éﬁ@fﬁa% a‘@‘i’?‘iﬁ%" in U.Sd Patent
ecinate, citrate), The invention also provides the use of the compounds
G the PR Ch o e tHCAFRE BT karmpraicfofercin by

cainpaeridstotttieifvention that include 15 a therapeutic drug moiety

derived,from a therapeutic drug co und effective. in treating cell .
proliferaﬁ\)/rgsgfgé%é‘éee, ﬁ%léulf l\%lﬁ%o]ﬁ%‘%%ﬁ estcfﬁ‘épcﬂgréﬂé’?’g 1%16 orH5EtReHE G drug
thenpmanisfaGigretofapheedicamenitor doecstreatmeniophesl] psoliderabiveraclitaxel,
%@gahs%lln other alfégzgecg%, methods foru%gmlnistering a compomfnd of the

mve%t?on toa suESJJectnian need thecr%rgﬁ angc%ﬁéthods fé?ct?gg?fr?g a succinate

é’aﬁhﬁ*ﬂidﬁ-hmw@bgﬁadmhiSMimozbmiasuhe’m@@q:ﬂdal&@ﬁem@mthccin) are
amaunkobacampeund ofheipvention;aie alse.providads Inese methads . 4
include the administration of the compounds, com%osmons, emulsion

foermbtationsuereroImAs Ghcfotnailtionk s wnsthmic ke idrbiciationy camptothecin

dePRSBRAAArIPrinate campiothecin) are described in Example 16.

127

In a further aspect, the invention provides micelle formulations that include a
compound of the mmvention and an aqueous phase. Micelles are organized aggregates of
one or more surfactants in solution. In one embodiment, the compound is present in the
formulation in an amount from about 0.005 to about 3.0 weight percent based on the total
weight of the formulation. In one embodiment, the compound is present in the
formulation in an amount from about 0.01 to about 2.5 weight percent based on the total
weight of the formulation. In one embodiment, the compound is present in the
formulation in an amount from about 0.1 to about 1.0 weight percent based on the total
weight of the formulation. Suitable surfactants include those noted above, and in the

amounts noted above. In one embodiment of the micelle formulation, the compound is a
97
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In one embodiment, the invention provides a method for treating a

condition that is treatable by the parent, unmodified therapeutic drug
YOhiPbHEE.g., a cell proliferative 25 disease such as canc&§ R i-036127
method, a therapeutically effective amount of a compound of the

invention is administered to a subject in need thereof. In one embodiment,

the.imentonRuidas asuatbod for theatingf sﬂdp&ﬂ!!fegﬂfﬁfa&ig%@seeo@ypmml

administering a compound of the invention having a therapeutic drug

Redvet)y s ey srd s ciRaiap ELHS Hrueamreeniaiyg fassiiy Gamulations including
picdifealive 0isars PRI RRINE AaY REOMieratVe diIBeaRER. 15.
treagable by the compggnds of tﬁe@% \We 2005/04253é ¢
PCT/U82004@86 127mirutnticrainel s ervbmatefdgiccd nosrgosants asch as co-

leukemia, lymphoma, and myeloma; and nonhematologic cancers, such
géflxé%ﬁﬁ tﬂ%@ﬂ%?@ﬁ%ﬁﬁ&% FO¥reall GarEROSIREREathe EBIBH? formulation
RIRetal, VROl 0 AT DIRAAELIRG QAR ALIGMAS) 1o one

Therapeutically effective amounts of the compounds will generally range
emiodinting thaximsilydote ratest dosage abuhibencdree ntratioN SAEBIMOL0 weight
critical and may vary widely. The precise amounts employed by the

BRSAin sy Sitidhs witidlalEiBlicotirdls. Wamaldon onl leislFo mpusion, and
s ol adminisiaian. Rhysical o9 %%E%%Lﬂ'a&p lent %ﬂgo%li}?ﬁern?gﬁgre?queous

The daily dosage may be administered as a single dosage or may be
dhrstedhintdendiipte-dasestéer adninigieationbdinldie, arouiedithghase includes
compound actually administered will be a therapeutically effective
sHptninIPREIF TSR RS e Nes aries earhons iheadinrobirisedadth o organic acid
Eg%d%% 2. éjk%isgr%pt'al beneficial effect. Effective doses may be

xtrapolated from d se-response curves derived from in vitro or animal
model Tdwst Bysrdms. dftve rmindak risdetdsodldee typigaindset teedaterntinein the

mesitable S‘Pe?ﬁ&%irc%ﬂ&%@%{%%%ﬁ%??&? IDISHRHRRs SMED &R IIMALCA cude

can then be used to determine useful doses and routes for administration
ITSTAPRIAES drusiesi phuAnsid. e aldemnautid shgfcamprledivfutye is treating
wall withie,the. carabilingef thosq;skiligd dutheart Ihus, 16:280  inds in the
actually administered will be dependent upon the individual to which

reatfrsRt ol meedispmsat fndirissiererhalrbrebibprive digearount

such that $hedesired efieatasorhiauadndthon sigaifisatta20rsidleglisstsn to a
'Fg%e%%a_eutic fficacy and_possible toxicity of the compounds of the o
eitioh Ref BT et ARG Stan BRI HhAHAEER dH Bl b Adenipistration

celh chdtupestonx REMBIRAtahAMAIS @8pdaRbOf the Bossihie P aLticaliyided.
fective in 50% qf etﬁop lation; and .\ .
ese methods include the administration of the compounds, compositions, emulsion
formulations, microemulsion formulations, and micelle formulations described herein.
In one embodiment, the invention provides a method for treating a condition that
is treatable by the parent, unmodified therapeutic drug compound (e.g., a cell proliferative
disease such as cancer). In the method, a therapeutically effective amount of a compound

of the invention is administered to a subject in need thereof.

In one embodiment, the invention provides a method for treating a cell
proliferative disease by administering a compound of the invention having a therapeutic
drug moiety derived from a therapeutic drug effective in treating cell proliferative

disease. Representative cell proliferative diseases treatable by the compounds of the
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LD50. the dose lethal to 50% of the population). The dose ratio between

{herapeuiicand 25 toxic effects is the therapeutic index, and if C.
expressed as the ratio LD50 to ED50. Modified therapeutic d%l(fgl %?:%04/03(,127

compounds that exhibit large therapeutic indices are particularly suitable
in the practice of the methods of the invention. The data obtained from

aelkeiiisasssand Al sudies mav hgused iniproidating %ﬁé‘f&% and

of dosage for use in humans or other mammals. Thé dosage of suc
eompBaitdetiesprefaraly 30 Withiweorangéroftisculatibgeoneentsatipnsreatic,
th?t inclpde the ED50 vﬂthﬂ {téle or nQ toxicity. The dosage typically varies
Wi ‘%nct%f%“?%ﬂgé%ﬂéﬁ 7 O he faddige: marrrmam EBRhsitivity
of the fatienkaicd e fociecohadminisifationokbdan@P iRk WM ange up o
%001151/21%:%551519 %%I/%? 004/03!%3112£ amounts will vary with the method of
administration: and will gererally be%in SECOrHERgs Wimhsisaunrg gray vary
votentidraprredicaments aadshinisténe thindine Sam ghosRiSIHHAY viREMof course,
p f the invention can.be agdministered.alone, or.in ,
g@%ﬁ%lgﬁqgéﬁ%ﬁ%ﬁgng more {gﬁad‘?ﬁlolﬁla R pGeal e togyof the patient
axhnipte fetthe wEarmdit d6candeny recompsundscanieladininisteraday be

Wﬂ{ﬂ?ﬂ%f?{j&%ﬁggﬁ%&ggﬁ%ﬁncluding, but not limited to,
ito > al

andro%en inhibitors, such as flutamide and luprolide; antiestrogens, such
as to Bﬁiféwpéﬁ*ﬂiﬁ%%mﬁ%d cptoedkicedgdnitssrsdchillstdauntwutyieircally
HeQrow %IJMLQWHQ!D%Aﬁ@ﬁ%’&ﬂ%&%ﬁ?t&“&é@&g%@%ﬂﬂﬁ%&éﬂ’ to produce a

mecaptcéfurine thioguanine, 10 adriamycin, carmustine, lomustine,
HhsiraH b Eieish s8Rantide B GRS maY bty anitrcdifroardise-response

furdeexisHes fosiamideoiPGaRaz R dRIURMYSIBMRUSHIAN N imal model is also
mitoxantrone, carboplatin, cisplatin, streptozocin, bleomycin,

BRSOt feTastR T FobR RsRes it adtdh sovbsxyhrogusiaratien. Such

egtrammisticen elbinyt estiadicl-testiadiot-lRupraliden Megrstioh AEHBQAGHn in
}(ljietgllylstilbe trol, chlorgria#?eﬁg, etpposide, 15 podophyllotoxin, and
GOBETRIN: FFE oM HGstard Wel STV ORcRT 48 HEHSHERfP ST Afo P BEighn the
raethidnethiithie, shiltkdhiotdpaasterDids, suchasubetametiasonsiandd will be
c?th&r e%gtliln%g aesig a unﬁ s%hhats live Mg/cob cterium bovis, .

et asparaginase, G STHUSU QTSR RTROIRAR DY ARt 80 iRt RSably be
andpéixowsre. sppopriate dmouhts dedrdh cfase wilbvisigralitvili®ut significant
fartigilar agent, and will be either readily known to those skilled 20 in the

art or readily determinable by routine experimentation. Administration of

the coripsarifts oetheamvantiprs it sonmisheddyoameuatfeofiveerontetion can

ferewample: BYreRiRRY 1RRIG QLA SRER:Nefhodh Qfadministiation .
animals (e.g., ED5q, the dose therapeutically effective in 50% of the population; and
LDs(. the dose lethal to 50% of the population). The dose ratio between therapeutic and

toxic effects is the therapeutic index, and it can be expressed as the ratio LDsgq to EDsy.

Modified therapeutic drug compounds that exhibit large therapeutic indices are
particularly suitable in the practice of the methods of the invention. The data obtained
from cell culture assays and animal studies may be used in formulating a range of dosage
for use in humans or other mammals. The dosage of such compounds lies preferably
within a range of circulating concentrations that include the EDs5g with little or no
toxicity. The dosage typically varies within this range depending upon the dosage form

employed, sensitivity of the patient. and the route of administration. Thus, optimal
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include inhalational, buccal, intramedullary, intravenous, intranasal,
iaresial< intraceular, intraabdominal, intraarterial, intraarticular, 36
ingagéb}@uf’a%r), intracervical, 25 intracranial. intraductal, 'ntradLﬁgE} US2004/036127
intralesional, intramuscular, intralumbar, intramural, intraocular,
intraoperative, intraparietal, intraperitoneal, intrapleural, intrapulmonary,
intragpinallliniratharagie nethatl EhaalHRkaRAAIGINYHESINSe in accordance
intrgvgscular, and _intraventricular administration, and other conventional =
H8S PR Ui BhGARS B R GG RSt GBr BEtRARYECah Haimilar
ifopcted directly into a tumor, into the vicinity 30 of a tumor, or into a blood
vessel that supplies, blo %ta the tumor. The emulsion, microemulsion, and .
cotlo oA O P HORTHH i 6 FODEABEH LEIHG o Raomoination
aetiosot propettamtsithabbfiekpeutt ingthesart iorepatpbn aryhe elvsenecof #ieancer,
GMR ngg -30. WO 2005/042539 PCfi/US2004/036127 The comg%jn S
of th‘e%ﬁ\(}enctilso%azrlnaey ren%?r%ﬁ gi% ?ncglgac%r%‘b%{shltloeﬁal%eé]tﬁgaaﬁ?l‘gﬁ uding, but
somiprisabteuitairephialbiosutivallp afivemadl erchiverdidacindisgogens, such as
wiGiniagls Andhotereampqupds at failitate adminisiration of the -
compound to a subjelct. Further details gn tebﬁﬁ?qugé f&c?ru?grrrun%ﬁﬁbﬁ 3%18111-3(:11,

AamimiSpatishenybelidundiaties tarset Blédiioniof tRenpingwis. thioguanive,
BharmaseuticalweiancesotMaack PUblhing: Co. Basi0aMde,  doxorubicin,

Compositions for oral administration may be formalated using _
BHEATHECR RN HEe prab R EaTee rg‘%‘ém@wmwém, MugResgas busulfan,

sutabig-farorakadminialrabiop.RUChEaIerR RNabl&, ﬁ'f?m@ﬁmgﬂﬁfcin, and
containing the compounds of the invention to be formulated as tablets,

L3 Big ICETRRRS URYEE i BN PEGRG ST Al S 2B BRs 6dnylo estradiol,
sktahls, letiRgasiioncbysacUbieehderaRaaiionsJarArahseumaYbe, ctoposide,
for uiqa d, for example, in.combination with a sqlid excipient, optionally
5?@%}? é &8s iflg SAREENE:  AHEPBTBCOVSHE N FRHIRS offFiinafegnelphalan,
affer-matelinig) auitridletbddlional Campaindtrifiddesicdthstootaimiahlels other
dragee f:Olj[’ES. USuitabIe If‘xcig)r:fnts inclugde Carbohﬁdrateé)r rotein fillers. .

BhicttiuéBlivard Mot it 5 STREETHbiaNy e 8e- 8 pyaragines:

theseine
ISenaemiitohiorserbitodristakc hvinbastoen andhieabisiee, ngiaiesi &tk @thenints in each

TR s R e
tragacamhreadilvelrasniretdinty sushasgelatnranibrcollagen. If desired,
Crossl o By tolon ke ol A Smaled oy any
aHesgarApLtp Ol giiatele, parenteral, topical, or oral routes. Methods of administration
include iphalational, buccal, intramedullary, intravenous, intranasal, intrarectal,
intraocular, intraabdominal, intraarterial, intraarticular, iniracapsular, intracervical,
intracranial, intraductal, intradural, intralesional, intramuscular, intralumbar, intramural,
intraccular, infraoperative, intraparietal, intraperitoneal, intrapleural, intrapulmonary,
intraspinal, intrathoracic, intratracheal, intratympanic, intrauterine, intravascular, and
miraventricular administration, and other conventional means. The compounds of the
invention having anti-tumor activity can be injected directly into a tumor, into the vicinity
of a tumor, or into a blood vessel that supplies blood to the fumor.

The emulsion, micreemulsion, and micelle formulations of the invention can be

nebulized using suitabie aercsol propellants that are known i the art for pulmonary

delivery of the compounds.
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Dragee cores are provided with suitable coatings such as concentrated
lutions, which may also contain gum arabic, talc, e
g&g?y%yi(ﬁ?/%%}r%lidone, carbopol gel, polyethylene glycol, and/of titahiaH #3127
dioxide, lacquer solutions, and suitable organic solvents or solvent
mixtures. Dyestuffs or pigments may be added to the tablets or dragee 25
coatingshéoearpdustidentificatiomasioshanastesiza e duaatity efa66M8on that
cggngouad g.e., dosa ea)tho ounds for oral administra_tion may be o
Aol PR IS PR i St o Ee R S e i pents
soft pdealedgapadiehmadiiofgelatiniand sncsatiogoayeinas @YCRIGL! Further

bitol. Push-fit capsulgs may contain the compounds mixed with 30 filler
B R R P PR AR i g T st

or binders suc iqélgﬁagtrose or
ebigmesiUResteatats, Pandnaptived|BeistatkiliZbiszdh Bobtichpgules, Hason, PA).

covale@% Hﬂ issolved or_suspended.in suitable liquids, .
such as fg?@; (.)ilzs’i‘}Il %Zfé?d%%)agr%a%ﬁm Sr%%?d%a&%k%fgh%a geféljélgf%it%&%“?mceumauy
AAesBiabstasiizasswedl Ve 2 0031042638 RCHLS 20040033612 4 ardministration.
inRical A RasAlAd THRISHALOR: ARSI APRIORY e Pafticylar

barrier to be permeated gﬁyré t)l/pically use}gni% #ﬁ% fé@r&%ﬁﬁgﬁ?@grﬁnﬁ%%%? to be

flheselard o RRHdoHS, NeRsEThSATBLS A Slitktie gdlpn eryhscetamiidesuspensions,
difatiyliormamiden;PRoRMRRE AERbBEIRY QF iSeRTeRy hﬁlg%oi‘ormulated, for

dimethyl sulfoxide, and azone. Additional 5 agents may furthér be )
T Ed BochmaRBAHe SHIRASabA Sspeticany crspmbringharmsissnamixture,
theserase fais (eaesn Al yes HAAIARCESI R serYBll 6 dRIBRNZ8 S pounds, if

nd surface-active agents. Keratolytic agents such as those known in'the

gﬁ’ﬁ? v ISEBE ANTECH. B3 PREES arS Wil iesinraidreinde. seohydrate or
topieal Aderinigthatiomdhae Compesiienimiaale, Bl SompIediag iactose, sucrose,
transq{lelrmal oibn rgent %ggtch for Sﬁtemic delivery 10 of the compound

{dHhay P elic? EBH R BHET 4T 8P B b ghep aiyts: cellulose such
Bemotitdl ogicdb deotpdriatignspirisgs hoellthesBharmasauticaboxymethylcellulose;

ciences--Dekker); Harry's Cosmeticology (Leonard Hill. Books). For
RS R S St T Bt fiertobsign and
soliwsitofiedesiredtatfiionegnéngas: Sulchitompaogitinasmaybbespdepasech as the
by, feixing: the 12,60 with a sflitable non-irritati xcipient that is ..
so?jd at ord?nayr%/ tglm%g’r'%l{k@r%%’b%ﬁ |’q§%J att gg’eé’fa?t%%%ﬁ%?ﬁé%ﬁ {ypodium
fhgiesfsre melt in the rectum to release the drug. Suitable excipients

includen QUL are, ARt JIited Q. §060R QH%I@Q%@RR@@QYAE”&S WEASated sugar
solutions, which may also contain gum arabic, talc, polyvinylpyrrolidone, carbopol gel,
polyethylene glycol, and/or titanium dioxide, lacquer solutions, and suitable organic
solvents or solvent mixtures. Dyestuffs or pigments may be added to the tablets or dragee
coatings for product identification or to characterize the quantity of active compound
(ie., dosage).

Compounds for oral administration may be formulated, for example, as push-fit
capsules made of gelatin, as well as soft, sealed capsules made of gelatin and a coating
such as glycerol or sorbitol. Push-fit capsules may contain the compounds mixed with
filler or binders such as lactose or starches, lubricants such as talc or magnesium stearate,
and, optionally, stabilizers. In soft capsules, the covalent conjugates may be dissolved or
suspended in suitable liquids, such as fatty oils, liquid paraffin, or liquid polyethylene

glycol with or without stabilizers,
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The amounts of each of these various types of additives will be readily
agpj%ggnz}%( 20 those skilled in the art, optimal amounts being the same s
P O{Hé'ﬁ known formulations designed for the same type {CT/US2004/036127
administration. Compositions containing the compounds of the invention

may be manufactured in a manner similar to that known in the art (e.g.,

by mepgs: o canyeRuonR ARG HSpehing O IaRHating (rages:Malin Garrier
levigating, emulsifying, encapsulating, 25 entrapping or lyophilizing

Broe $588F e EBNPBSHIBhS 54y BIspeFiBMREato pbwagles of these are

ApPrRRUaLe, releasrehamasieristithesusi@inet /6lease @, targaied yeleasatmide,
by conventional means (e.g., coating). As.noted above, in one

R bdr Rt e hBOARE RYS 2ttt diatr e onidlsignd azone. Additional
AP esionsGentaningithe compaure siaaydbe ot echas-asal andeptable.
an bi 30.formed wijth many aci%s, i clud]'ép but not limited o i d
IFﬁVdPe? ISP EGITR 2 B SRS ST RANS AR S ERTHES: Sigfdlizers, an
terfa-toabgvenagensolukilediv Bueniss©rsathesprdoaiknsetventhinan mes also be
the corresponding free base forms. ~-32 WO 2005/042539. e
B OOy 27 AT U 0Hs TR ntet oo Bilapdinistaton, the
gonppetind any @niadeefitablefcatriesdwae baetmpre pangdsitiey salethe delivery
d_in an appropri ontaine lapeled for.. l[%}usi other ,
%sapt?égctﬁﬁgqlr?\kleengtggng%%%\??ge?k%é%[g{c%ﬁg?o -%ﬂgﬁ% t ergrp Sug'é]c%j’ Ig Barry,
Rompturdsabi thmidatensoiPaessuithBle Rharfaahwticidtfulimgegs Dekker); Harry's

Hzinwaler, si icelle formulations. The compounds provide
?Hs&ﬂ ‘(ﬁ@&d&&?@%&&ﬂ?}ﬁﬁ%@%@i

or hig ading to enable small volumes for administration.

Emulsionsetataimig tosopheis-rommfed eamiptythe dresimstdniastbs form of
RS daYaRtion RERYIS TerGhAanese Sy Ridhe SaMPOURG & ACYINBixing the

compared to conventional methods of camptothecin administration. Long
EgIP AR e sERle B 1O BB XS B pietiit ifoRd d cRidipibiHeriperatures

FNRANNASTHE SUHNG M PEAIARE O EXANSHESBE-@ MERQA 1@dh8ctum to release the
compaounds. Tocopherqgl-modified compounds achieve higgfgermeation

trgugipdrgr RaTAlsrardass R e lsieied i SARCLANGRTasAdnbethylene

prthaut an increase in toxicity may be provided by the

tocopherol-modified. camptothecin compounds of the inventjon as.

combal B TR SHAEE BLIERE U ATEE M) % SRRy epperent o
tampibihecin apalogsptidiiomghitite bamphundmetithe vtentioowhadingulations

fegmulg %) tYYeitQaQ = 1éfoofmaul§nig%) 1ci)th. n =1, or formula (8) do not
inclade compoun st@peuﬁicéﬂy excluded as

Compositions containing the compounds of the invention may be manufactured in
a manner similar to that known in the art (e.g, by means of conventional mixing,
dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating,
entrapping or Iyophilizing processes). The compositions may also be modified to provide
appropriate release characteristics, sustained release, or targeted release, by conventional
means (e.g., coating). As noted above. in one embodiment, the compounds are
formulated as an emulsion.

Compositions containing the compounds may be provided as a salt and can be
formed with many acids, including but not limited to hydrochloric, sulfuric, acetic, lactic,
tartaric, malic, and succinic. Salts tend to be more soluble in aqueous or other protonic

solvents than are the corresponding free base forms.

232 .



LAY

10

25

30

described above, it will be appreciated that the compositions, emulsion
{ormilations, microemulsi.on formulations, and micelle formu (104036127
include the compounds of the 20 invention having formulae (1)-( )WI out
such limitation. Methods for administering the compositions, emulsion
formulations, microemulsion formulations, and micelle formulations, and
method@@r%&@iﬂs@i&ﬁdﬁd&ﬁiﬁﬁtﬁ@&ia@ﬁﬁﬁ admipsterdngnthen acceptable carrier
¢om %%ltlons emu{ ion forrg\éjlalggg mlcroemulsmn for[[nulatlocg %d
micelle II.'loprrrT‘fﬁretl(’Jns Ars fikewise notnilr%l?télaglxﬁﬁ?reg%?a 10 e Ilﬂ% Eifhder use.
Ofttrre i invarihiomisRScT e follewiing exardptdsiare prowded to |Ilustrate not
limit, the, | % phion. LES EXAMPLE 1 The aratlon
Reprte_seant t?lvggjl'g%:%%{p T erkgjc? dJa§§m|c§?é)3t(i?1eC|n or% 1%"6%8"" e suitable for
ﬁé@@pﬁwrsa&cmlam—wmpmmsm 500l fmmumar@éﬂ witipounds
Ro0: g amsich das aGeRRC IRl SUBRING ACiK 8,87 i ams el famptothecin,
f3 grams gf 2- cﬁtloro I- metﬁylpyrldlnlum |oud|(? Q% IS?S gté grams of
4-(dim&mYigRTinoyeyrmRL DMAPcahmodidied) @ﬂmtothecm compounds of the
N:N-gimethylagetamidgihemixiie: a%ist{f{@dc&hg%ﬂh@,em&{%”&%&%’md to
24 hours, and -33 WO 2005/042539 PCT/US2004/036127 then heated
SPBORIRIEL REHASS Al S FIRtOTs TR s B BIsHRB M ohPRERIssTRR IR Hife thahieved
wastiterediadsemevginiecipiaitand (hefitiate W@ﬁtﬁ%lﬁgﬁgb—'ﬁg@ﬁ"@xposm@ of

filtrate werteB added 250 ml of chloroform and 150 ml of deionized-water to

ST tHe Pt SOTUGHRS the RFIBRSTOtROAHE the WRIBI AR EHBR faueh permeation
neroovedipising aseparadionfunaek THe5 C{Hkl@i{éioﬂﬁhfwrt&@&ﬂ%aﬁﬂ%m an
with delonlzed Wate|r{$‘i’-;}>%]é‘$tas {? ﬁl araélon funn collected and

TSP aiiiaie BVt Féht 'R/Id%ﬂ 78 Mg\?@d‘f?ﬁm‘ﬂhecm
fd:bmpmmdand tthe dhlerafennusvasmpmealed with@iitidary Svaporaiar afidetrently

%m re to‘%h d a dark-yellow solid. The product was purified by
& umn C ogra P silica gel. (Yield: 9.50 grams, 55.2%). 10 'H

NMR (300OMdzthe mm@faus;m1imammd ak®) Se#hHiz =1H Yormula

01( 4842-7.78% (m, 11-1), 7.682-
(BT b oA 1D b i S SToprel Py oygpa o
esepibpd mboe. (&, ), bs. emmr-@m (ﬁﬁﬁMiEl)mZﬂB@ﬁt(@}w@I(mlSMHhrmu}atlons

%{%@Hﬁﬁg]@ﬁaﬁ&ﬂl%mﬁ% GRIFEENROR e Heil@Ould: gor%;Sm uhds of the

Found: C, 73.
mvention havmg formulae (1)-(8) without such limitation. Methods for administering the

compositions, emulsion formulations, microemulsion formulations, and micelle
formulations, and methods for treating a condition treatable by administering the
compositions, emulsion formulations, microemulsion formulations, and micelle
formulations are likewise not limited with regard to the compounds of the invention.
The folloewing examples are provided to illustrate, not limit, the invention.
EXAMPLES
EXAMPLE 1

The Preparation of a Representative Tocopherol-Modified

Camptothecin Compound: Tocopherol Succinate Campiothecin

A 500 ml flask was charged with 10.6 grams of d-a-tocopherol succinic acid,
6.97 grams of camptothecin, 6.13 grams of 2-chloro-1-methylpyridinium iodide (CMPD),
586 grams of 4-(dimethylamino)pyridine (DMAP), and 200 ml of dry

N.N-dimethylacetamide. The mixture was stirred at room temperature for 24 hours, and
-33-
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H, 7.90; N, 3.17. EXAMPLE 2 The Preparation of a Representative
M%Q$59}3Iylodified Camptothecin Compound: Tocopherol § G L‘ AL 03612
10-Hvdrox;/camptothecin 20 Method 1. A 100 ml flask was cha%r‘lgg’(?i/vﬁ 01T
1.06 grams of d-a-tocopherol succinic acid, 0.476 grams of thionyl

chloride, and 50 ml of toluene. The mixture was stirred at room

tmperature: Gvehight! ThesoManinvas-temeediadtivasetanseyaparataid then

at 50C, and the residue was collected. Tq the residue was added 0.728
O T G EToKS SR eI dfes AT O B oy drofFaf i ore

stidédd. 50helny {25104 04 g ranh $ Uf triethyitdoninedwain ok tetradhydroflirannto the
ded drapwise to the. reaction mixture. The mixture was stirred at
i e RS ]
wRlswashdthvitn athy vacbtdtei(Bxieipniy.cThesfitr fie M snDolectephrTien funnel,
solvent wasremoy [ FOLRL or . regi s collected
and purified byg?:olL?r%%@léﬁﬁmatogﬁ%%%oﬁ%ﬁé%ﬂgel%vﬁgﬁg%oﬁi%%%ﬁ%nggved by
o Bieeton enh heaghépriofertoria wmevsd( Wil 20 BS g armapargtavsdaiseduced
(Resitive BShidyz §733§M%'§116\9als§ﬁ[0dﬂf8r Retl68Ne20 'uﬁﬁZ@%%' Rotumn
7.81; N, 3.19. Found: C, 72.52; H, 7.84; N, 3.21. -34 WO 2005/04253
PEPMISSII0NE 1Dra Afle AR - HcTpmErSPstiéinate
10-hydiexysarpiothegin. cendg)prenased as 1¢gserinedbelows Methodi2, 11,

A 100 ml flask was chargée with 2.65 grams of d-a-tocopherol succinate,
I

d
089 Grars GrtRid Fehi bHde!-&fer 205h (8% thillerd SPrb el fhhg -263-7.242
stirred- 5.?IH§39HHEHEDR!LHBJ4QGC{(%DQW=S- Em.glf@uenm %%Q,C@@r%emegqs, 2H),
thion ride were 1 ith yacuum distillation at . The
r%‘ é%rl{’l gggr : Waégggéggg%‘% 'ml of cWoromethane to provide
SolutioBlémdah LAIMI. faskd.0.SgramsiaNIOhydroggoampintheem, &5 3.25.

rpl oféri%hﬂ??_ine, and 25 ml of freshly dried N,N-dimethylacetamide was
addeq with s irring. Then 15 ml of Solution A was slowly 10 added into the

The

rXtdE trdudh a dropping funnel over 5 minutes. The reaction mixture
was stirred at room temperature f%gw The mixture was

amptothecin

Method 1. A 100 ml flask was charged with 1.06 grams of d-a-tocopherol

succinic acid, 0.476 grams of thionyl chloride, and 50 ml of toluene. The mixture was
stirred at room temperature overnight. The solvent was removed with a rotary evaporator
at 50°C, and the residue was collected. To the residue was added 0.728 grams of
10-hydroxycamptothecin and 40 ml of dried tetrahydrofuran with stimring. Then,
0.404 grams of triethylamine in 10 ml of tetrahydrofuran was added dropwise to the
reaction mixture. The mixture was stirred at room temperature overnight. The mixture
was filtered and white powder was washed with ethyl acetate (3x10 ml). The filtrate was
collected. The solvent was removed with a rotary evaporator. The residue was collected,
and purtfied by column chromatography on silica gel with a mobile phase of acetone and
chloroform (1:4, v/v). (Yield: 0.85 grams, 48.4%).

MS (Positive ESI): m/z 877 (M)".

Anal. Caled. for Csz:HggN2Oo: C, 72.58; H, 7.81; N, 3.19. Found: C, 72.52;

H, 7.84; N, 3.21.
- 34 -
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anhydrous MgS0O4, The MgS04 was removed by filtration and the ethyl
Acstale, Vas %)hen 15 removed by vacuum distillation. The cru%%%?g%gmmm
was purified by column chromatography on silica gel. (Yield: 1.14 grams,  ~
52.5%). EXAMPLE 3 The Preparation of a Representative
Tocopherol-Modified Camptothecin Compound: Tocopherol Succinate
7-EthylA@=hvgroxycanpiathecingthMethod Ji-A500mbilrsk was ebasgedred as
ith 282.5 grams of d-a-tocopherol succinate, 7.6 grams of thionyl
g‘?ﬁ?ﬁ &% 8H%00 ml of toluene. The mixture was stirred at room

temperatuiiefor 24 hows. nihadaiuene anddbe excessthiaaylschioddetocopherol

were remoyed by vacuum djstillatign. The remaining residye was .
e TS st o et e T L MRt s simed
wiasouse tinpaetiatély, Bhtowvas ridic2tokxposad tangikxtaa hityhldidskde were
7.8 grams.aof 7-ethyl-l0-hydrox othecin, 7.ml of triethylamine,.angl.
B o o R 00 i 15
Thechtomioh8slutiorrAvids Sowlipadded irfo the Miktork thagugi® 84 grams of

dreR M&gHﬁﬁﬁo‘a}’e‘%ﬁ 0 ginyies, hﬁéﬁ%ﬁgﬁfi‘n@]‘%&e WS HIred Blonly dried
room temperature for 24 hours. The solvént was concentrated by vacuum

dishitatiesth Blocehitetayl widsthte i sWasnad dBertol the ke S BRistiPhé was slowly
M SR Mashed Wib.saty @P%?xiﬁg ugaHs Na&!splidign, @& 29078 mixture

The mixture was dried over anhydrous MgSO4. The MgS0O4 was removed

YR EtRshah P IR BER e (v As e n Tamleurpy saeRrfsnERG dtioHacuem

Hheigruds. pradugtovagpuibied:by fecami@iizalion Wil apRIoRRHLEeIds washed
15,18 grams, 83.9%). -35 WO 2005/042539 PCT/US2004/036127 M.P.

1y s ateq NGHROES0O WL 2ol s {56 9 3mis. 206 g, Tty vasiried over
LB o) =21 MESU v 6480ksdlb), AlAdnl ded3ncdethyl acéiehdi%as then
J2=9.3 Hz, 111), 5.73,1-_ .280 (ABg, J,=16.2 Hz, J2=134.0 Hz, 2H)

SSRAPd 1) EBEE (<RUYAECE1 36135 15T, AU SR, I?‘f?f‘fdz.éél cobumn
(Shr3kthtZetiphf Sn3H)salg@D4 {3:1dH),. 13. Ordind, 832 46N, 2H), 1.821-1.725

(m, 2H), 1.654-0.833 (m, 42H). M%égg&%/% SI): m/z 905 (M)+, 928 (M +
Na)+. Anal. Calcd, for C55H72N209°C, 72.98; H, 8.02; N, 3.09. Found: C,

72.87; HI8.Hechaitiéh®Ba ROpidtentmtivehodbghtochplrdibtd Tooipatthecin
7-ethyl-10-pydroxycRmploliesi Ganbe PreRRled a5 desyibed Relon:
Method 1. A 500 ml flask was charged with 22.5 grams of d-w-tocopherol

succinate, 7.6 grams of thionyl chloride, and 200 mi of toluene. The mixture was stirred
at room temperature for 24 hours. The toluene and the excess thionyl chloride were
removed by vacuum distillation. The remaining residue was dissolved in 100 mi of
chioromethane to provide Solution A. Solution A was used immediately, and was not
exposed to air. To a 500 ml flask, 7.8 grams of 7-ethyl-10-hydroxycamptothecin, 7 ml of
triethylamine, and 250 mi of freshly dried N N-dimethylacetamide was added with
stirring. The 100ml of Solution A was slowly added into the mixture through a dropping
funne}l over 30 minutes. The reaction mixture was stirred at room temperature for
24 hours. The solvent was concentrated by vacuum distillation. 500 ml of ethyl acetate
was added to the residue. The mixture was washed with saturated aqueous NaCl solution,
{3 x 200 ml). The mixture was dried over anhydrous MgSQy. The MgSO, was removed
by filtration and the ethyl acetate was then removed by vacuum distillation. The crude

product was purified by recrystallization with acetone. (Yield: 15.18 grams, 83.9%).
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Method 2. A 500 nil flask was charged with 8.48 grams of d-ct-tocopherol
succinate, 3.81 grams of thionyl chloride, and 250 ml of toluene. The _ N
Mxalfe Ay dtirred at room temperature overnight. The tolueREFARG0+/036127
excess thionyl chloride were removed 15 with a rotary evaporator at 50 C,
and the residue was collected. To the residue was added 6.27 grams of
7-ethyl\Pshyierexyeamptothecin and 250 ml of sodium-dried
tetrahydrofuran with stirring. Then, 3.23 grams of triethylamine in 50 ml of
tetrahydioNiMR WA Alided drSivisdté ‘r%f@rﬁi%ﬂ?ré@ﬂ' hé Mixidrelias 7-809-7.801
stirred 2t ropm1 fMpeatyte 19vernigt- 7 hesmixdure was filtered,andsther,, 11,
g?}@eg%\évgrer was washed with 20 ethyl acetate (3x50 ml). TQe filtrate was

6] ed.

Hé- 88BNt Was Temavetf iith 32rotily evaporitorhe’ dedels: 1H):
Brogiet Mas Eurdiey ysescrystallizationlin@cstone. (Yield; 328 grams, (s, 3H),

7,2%)..EXAM 4 The Rreparatign of a Representati
gfé{f, 'g%gMD%ﬁEé&'%A%&%%@C% 596%%§§3%§%8%Di(tocopherol
succinates) (Paihiyk By drox PearaoL9esiIEVA L BRIl flask was charged

with 0.908 0agpe.oipqopfiergl succingiey - sty hydrogycampiohedn., o,

0.53 grams of d-a-tocop grams
2chidroN.Aéfhylpyridinium iodide, 0.244 grams of

g;(g;gng%@egg%%)%gﬁ@mrﬁp ﬂLa&hQigX%%&y{ﬁ&HM&;&E@S@&%&% can be

) 4 hours. Thin layer thromatograp owed
raperRs esaleseriwddeieomplete. The mixture was filtered to remove the

solid phagg,ans thg fﬂé'@tﬁlv‘@a%kcq}g%c%gé&e WRY g, %nﬁ?\/&gtggcopherol
vacuum distillation. The crude product was "-36 WO 2005/042539

PesTRRls Zob) gosetzhivarfiet sideokithA¥hrdmbtelgraphy snailisasgeps stired

with, 8% gi-aaetalersayciahertnthe (YRIdQ L4 @iams ARBR el removed
NMR (300 MHz, CDCISLZ S 8.168-8.138 (d, J = 9.0 Hz, 1H), 7.813-7.805

(8D & T £ vapgTafor 8 P 556 A, i 2osidugvaposlipgioniy Lo thy yresidue was
6dRd (627118 ank: Sef 0BT N(ABRo Hcarldiditdein) dm 750 B2, 814dbdium-dried
5.243-_%.0%;3i m, 21-1), 3.113- 857n(1£n éOH), 2.606-2.564 (t, J = 6Hz, 2H),
FEEYSGEH B, 35881 15 22H A 8agl0 FEETHmsRymS0) ml of
(Podidenfocd) mdz 1ddk8 dvbpi)seElementabanal. Galcchifdtre was stirred at room
%?ﬁﬁ%%’g 3G AR AR S B NS A M S S &t with
ethyl acetate (3x50 ml). The filtrate was collected. The solvent was removed with a
rotary evaporator. The crude product was purified by recrystailization in acetone.
(Yield: 8.28 grams, 57.2%).
EXAMPLE 4

The Preparation of a Representative Tocopherol-Modified Camptothecin

Compound: 10.20-Di(toconherol succinate) 7-Ethyl-10-hvdroxveamptothecin

A 100 ml flask was charged with 0.905 grams of tocopherol succinate
7-ethyl-10-hydroxycamptothecin, 0.53 grams of d-o-tocopherol succinic acid,
(.255 grams of 2-chloro-1-methylpyridinium  iodide, 0.244 grams of
4-(dimethylamino)pyridine and 50 ml of dioxane. The mixture was stirred at room
temperature for 24 hours. Thin layer chromatography showed that the reaction was
complete, The mixture was filtered to remove the solid phase, and the filtrate was

collected. The solvent was removed by vacuum distillation. The crude product was
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IRvm,? cm1: 2925, 2867, 1751, 1665, 1615, 1657, 1510, 1458, 1413,

3R %8?330;{1218’ 1128, 1075, 1060, 1035, 992, 943, 923, 829, 812 758

/ )3 O . . 200 f
%?4 8% “EXAMPLE 5 The Preparation of a Representative P&’IU‘S’(‘W(B“”
Toeppherol-Modified Camutothecin Compound: 15
Toconhherol-Camptothecin Conjugate with a Hexa(ethvlene glycol) Linker

fﬁm'ﬁagalbip ﬂ@mﬁ%(ethm@@%mallkm@aemd wgi@zaé% A&@@S% 8blohexane.
sk, 2.65 grams of d-g-tocopherol succinic acid and 2.82 grams o
Q?ﬁ?@tﬁaﬁéﬁ’éﬂg’ﬁ“yé‘&%@é&g dissolved in 100 ml of toluene with stirring. The
toluene Wyasu@nGoecMitith & iy 68 68ator J8Idny=by. @zentapic 7.813-7.805
istjllation),,To t bxtyr. s added, il of 20 chlqroform, 1. .
g#?ms '6? ) ’-dllgyic%ﬁ%(ﬁégﬁag%%nﬁde,]éa)‘gd%oé[i’mg(itljfa ?IZ’ T, Hor (s, 1H),
4-(8aviethylaidive Yoyridihé Hehdormixtin® Ma L Elirred2dderhifhiml RiF)lay/et 3-2.857
ropeiparaRby i 403-ageiona f hexens showed Il g feac
v?\x/%gf(?c?ﬁ? Ie?g@ T\ggbmfi%kt%re %vaa%nv%ighé' t rg’e?%?n S Wit ’d%%réiz%}di%vr;%rzz
(333%8- i), Er@Re. chloroform fraction was collected, and dried over
anhydrggﬁ(p’[gﬁ@élggf)twg/gpwg.1@{1'@3)2_5 filtration, chloroform was

removed by a rotary evaporator. The cfude product was purified by
columrF- &SRRt ogFabh{ Brdsilitdr gélseingisteceSsivity ihdksol®dhts N, 1.98.

B0khadethyhacatate dmhexanes 50% ethyl acetate in hexane, and 30%
acetone in hegxane, (Yield: 0.53 gLrams, 15.33%). Preparation of
n

toeophbrdhsuctMyi-hexatetifient’ ghctfPsudéifie Beid: A31801hi83d4iksk! 376,
waEnchargent path 474.2 gseme3¥, bexatathyenesolyseb toanphereks.

suqcinate prepared above, 0.2 grﬁggﬁ\oﬁf succinic aciq anhydride, 2 drops

of tin (I) ethylhexanoate, and 25 We]ﬂé The mixture was refluxed
forladbresirdfter dhe Repetananas T3¢ 0pHaraPN04258Amptothecin Compound:

PC1/US2004/036127 .complete, the solvent was removed by a rotary
evaporatooﬁ.:)0 er'a Ih et “ﬁgﬁﬁ%@fhﬁﬁ%@é@gﬁﬁer

on silicBrgelratitieldf B:864&{sdams, J400)) Rseparatibruetieaephigral 250 mi flask,

S qthecin with a hexa(ethylene glycol) linker. 0 ml flas
R TS DA A el I AR LIRS e
gisediheduicitie adidbrelveredvaboster®g gidmsadéaanvptoteecinedwith a rotary
96%?&?%2 smethvipyidipium.iagide. £,45 grams of
im%tﬁygggryl?r{é;;%)yridine%Sd%%{%{%%grieg%%g%e eyl‘gl%se%}%%e}.oo ml of

4-
T‘Fgéf@%ﬁon Iktugeas efirrdbiNtdispetrhsmperdedinodernighd. AHSr theg  of
EeacHRmMaS HRIPRIEIRthe ?ﬁ@eﬂ{ﬁ%ﬁrew&vegimﬁl agk}%gcﬁti”atjﬁﬂn layer

and the residue was collected. To the
chromatography with 40% acetone in hexane showed that the reaction was complete.

The mixture was washed three times with deionized-water (3x100 ml), and the
chioroform fraction was collected, and dried over anhydrous MgSOs for two hours. After
filiration, chloroform was removed by a rotary evaporator. The crude product was
purified by column chromatography on silica gel using, successively, the solvents 30%
ethyl acetate in hexane, 50% ethyl acetate in hexane, and 30% acetone in hexane.
(Yield: 0.53 grams, 13.33%).

Preparation of tocopheroi-succinyl-hexa(ethylene glycol) suceinic acid. A 100 ml
flask was charged with 1.42 grams of hexa(ethylene glycol) tocopherol succinate
prepared above, 0.2 grams of succinic acid anhydride, 2 drops of tin {II) ethythexanoate,

and 25 ml of xylene. The mixture was refluxed for 4 hours. After the reaction was
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10 residue was added 100 nil of ethyl acetate. After stirring for 30 minutes,

the mixture was filtered to remove precipitate, and the filtrate was
WHBHREEARY concentrated. The crude product was purified 6§E&W‘H’“3(’127
chromatography on silica gel. (Yield: 0.342 grams, 30.4%). 'H NMR (300

MHz, CDC13): 6 8.388 (s, 1H), 8.240-8.213 (d, J = 8.1 Hz, 1H), 15
Codpdinfed AR (do N en By Zedfdled -89 1571'%@{!#;%&.5 M I2rza8 Srbfuct was
1H), 7.694-7.640 &%[), J1=1.2Hz,J2=8.1Hz, IH), 7.269 (s, 1H),
B84 6% B ghreatperenly o, silgs ghiA Y2ald), & S aame o).
4.273-51H9-40bA6D) I&Jﬁé@l%cﬁa@'@mﬁﬁ&%&igwm@“a jkﬁz'i'ﬂ(eth lene glycol)
2.926-2.654 (m, SH%, 2.597-2,552 (t, J = 6.9 Hz, 2H), 2,.381-2.2.113(m,

SR5E 074 (<2 3H} 98 00W(s, S5k 1.984%s, SRTEER27Bg3 fi23H), aens  of
166630 Bitpc hBd-Q04 61 2410 . 8arBi8 381 fmhrd2id MR (BO8itVErams of
ESI): m(z 122 )'. Elemental anal. Caled,. for C3314,24N2013: C, 67.62,;
FRR s o0 FRSTRE: 6 o G, AP S B RS D480 greims of
A@TmETIonii66)py1i6hS, 16630100 156 MBS ihdH6a28:349, 1282 reaction
LS TG A oA P R B oS i e
Pelclitdxei€ ompowh dyTocophebbi8intinated dotitacdd d 266 mbllkaskdvaso the

e S B S R A R I AT Bl v

teispet deuienove misinitTheand ket vats reas owdidaitheadrotanprvaipdraloe crude
et and ;}Eﬁﬁf&ﬁi%u@omcaﬁ%ﬁﬁ%gﬁaﬂ@e&féiﬂ9§ ggﬁre&‘i‘&&ﬂ 8:3% grams,

%rams of paclitaxel and 100 ml of dried tetrahydrofuran with stirring.
Adiol.52 grams of triethylamine in 50 ml of -38 WO 2005/042539

PCT/US200¢036d7 Latelramdipiusanivas2depd drapwiseiqhe éhega@ti[qg 1),

mixture. The mixture was stirred at room temperature overnight. The

ritdré-Wa's fitdrsd Sindthe Mhitd $6hd&0% ddtvdsriad -vitdhethyFaBdtdde. 1D,

(Bx39-mbs(Thetfiltrate was qollecied- Thie spiventryasyresoyed With as.708.5.365
rotary evaporator. The residue was cg)llected and purified by
(AL T b Bcetbh B hex e (Pl £ ik e dAlss]05-673

ANAHG ok 1Er5EH Q| ONQ 1S906-Z@34 (4, B1BY, N6ot.025Bqund=Cs. 9 Hz, 2H),
505925148 xﬁ,'\i}ﬂ;%fowt (s, 3H), 2.004 (s, 3H), 1.964 (s, 311), 1.827-1.683 (m, 2H),
1.655 (s, 3H), 1.544-0.964 (m, 24H), 0.875-0.830 (m, 12H).

MS (Positive EST): m/z 1225 (M)".

Elemental - anal. Caled. for CgHpaN20O3: C, 67.62; H, 7.90; N, 2.29.
Found: C, 67.08; H, 8.04; N, 2.07.

Rvma em™: 2925, 2867, 1735, 1667, 1618, 1563, 1500, 1457, 1405, 1366,
1349, 1232, 1204 1141, 1107, 1060, 994, 945, 859, 813, 787,761, 723, 707.

EXAMPLE 6

The Preparation of a Representative Tocopherol-Modified

Paclitaxel Compound: Tocopherol Succinate Paclitaxel

A 250 ml flask was charged with 5.83 grams of tocopherol succinic acid,
2.38 grams of thiony! chloride, and 50 mi of toluene. The mixture was stirred at room
temperature overnight. The solvent was removed with a rotary evaporator at 50°C, and
the residue was collected. To the residue were added 8.54 grams of paclitaxel and 100 ml

of dried tetrahydrofuran with stirring. Then, 1.52 grams of triethylamine in 50 ml of
-38 -
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EXAMPLE 7 The Preparation of a Representative Tocopherol-Modified

& Dgc%@xgl Compound: Tocopherol Succinate Docetaxel A mI flask :
|squﬁ{allrzgea with 9.86 grams of d-(x-tocopherol succinic acid, E Smu.yo 127
docetaxel, 3.83 grams of dried N,N-dicyclohexylcarbodiimide, 500 mg of
4-(dimethylarnino)pyridine, and 150 ml of chloroform. The mixture is
stimrady &b foemwis ragrechtig-eiernight. rhineionixtieuis. filereghtorkRMaMestirred at
95%8'1% the flltr 15 coIIecteg ltn lvent is removed with

rotary e %%%to?vgrﬁf ef}elsﬁluert?smc% B¢ %e(glaﬁ‘?cﬁ%ﬁav P was washed
putifiedbyastiterti thromaldgrapmtonasiliodageld EXAMALE SR emoved with a

L O LA E Nl e Aol ] o DS B B ccetone

rams of dl-a-tocophero gra
%%@W?rn@ﬂ?{é eih?lﬁ@)’@ﬁ@a&é 68md 50 ml of dried

N,N- d'%ﬁ&hY@&@&a@aidég&h%ﬁ@(tfuré WRsslined ghakout 340 € 101,24 - o4 4n

hours. After the mixture was cooled fo room témpetrature. the m §<Ht1ure was
;%L?réél intd-230 ml of ethyl acetate. The mixture was washed three times
with saturated aqueous NaCl (3x499 sxnkp; angd dried over anhydrous
MgSO4 overnight. The crude roduct was purlfled by column 25
chromatographiSar “SHHEs AR-30% 8y el HASENAH)

grams, 31.1%)%3:MNM ,
8119805}3 ( 7.883-7.8 8(m 111)76787616m2H

2.627-2" P‘E%ﬁlz ogeen iy 986 Eragpp of by @C@h?ml succinic acid,
5. 8@8aﬂ15762c(met2ﬁ:1) 318515,6113;1@2& (MeRAEN- &@Zﬁ%&%&iﬁb&%ﬂ& 300 mg of
%rt%m cld for C37§-|5405 sf{h% %Fou - C, 76.57; H. 9.29.

ax %f@ 7078 icf%%‘“irﬁdé 5%“?@ at roonl
1@ﬂmr§ﬂm‘23®eﬁ\1@ﬁ 1 818y d SBf {89V M/@%}Zﬁﬁﬁltﬂtﬁ and the filtrate is

20Q4/ EXAMP. E Preparatlon of 0-To ophero
Tereppﬁ Olglt%e%g%% Y AT chaéa Wil 90 glrﬂ%ecffm te 1s co lecmd'
dibaevutspivedot! 8.8 diethhy obltememﬂubmlatogm;ﬂ& (bbstjfenpglof
2-chloro-I-methylpyridinium iodid sof 5
4- (dlmethylamlno)pyrldme and m ry N dlmethylaeetanude The

mixture was stirredlag B i
showed, thes {he reaction Wﬂﬁged with 8.61 grams of dl-o-tocopherol, 2.96 grams of

phthalic anhydride, 50 mg of tin (I) 2-cthythexanoate, and 50m! of dried
N,N-dimethylacetamide. The mixture was stirred at about 140 °C for 24 hours. After the

mixture was cooled to room temperature, the mixture was poured into 150 mi of ethyl
acetate. The mixture was washed three times with saturated aqueous NaCl (3x100 ml),
and dried over anhydrous MgSOy4 overnight. The crude product was purified by column
chromatography on silica gel with 30% ethyl acetate in hexane. (Yield: 3.6 grams,
31.1%).

'H NMR (300 MHz, CDCL3) 6 ppm:  10.80 (bs, 1H), 8.119-8.063 (m, 1H),
7.883-7.828 (m, 1H), 7.678-7.616 (m, 2H), 2.627-2.582 (t, 2f), 2.123 (s, 3H), 2.112
(s, 3H), 2.081 (s, 3H), 1.868-1.702 (m, 2H), 1.616-1.020 (m, 24H), 0.874-0.834 (m, 12H).

Anal. Caled. for C37Hss05: C, 76.78; H, 9.40. Found: C, 76.57; H. 9.29.

Rvpa Jem™: 3073, 2919, 2858, 1737, 1701, 1578, 1455, 1409, 1373, i276,,
1230, 1107, 1071, 913, 738.
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complete. After the mixture was cooled to room temperature, the mixture
was poured into 150 ml of ethyl acetate. The mixture was washed three
Wrﬂéé) Wit ¥2turated aqueous NaCl (3x100 mL), and dried oVe§ T/US2004/036127
anhydrous MgSO4 overnight. The crude product was 10 purified by

column chromatography on silica gel with 30% ethyl ether in hexane.

(Yield: 1.60 grams, 27.6%) 'H NMRx3@@pyiHz, CDC13) S ppm: 11.80
(bs,1H), 8.374-8.259 (q, J = 8. 4Hz J2 26.1Hz, 4H), 2 650 2 607 (t, 2H),
2.130 (s, 3H), 2.08%: {scnustio igneiocapbenolierephihabais

1.532- %Oaa)(ﬂi‘L %kl«)ﬂ%lﬁﬂ%@@%ﬁﬁlﬂﬂj‘@m&%maﬂ @%&Q}pﬁ%’ol 3.32 grams of
C37 5: C, 76.78; H, 9.40. Found: C, 76.64; H, 9.39. IRvmaU cm"i:

3663! %9291 2545645 FFTE S, TEPSTrAgnCy iy ridinnm Jogide dhe4 grams of
m&ﬁmﬁﬂﬁlﬂﬁéo)@adwﬁ&ﬂno}‘heymgpammngqﬁ@ﬁ@m@sm@ﬁmm was

FO TR CptSEc 0% AL AR RA it s graien vos

@bmp}w:.toéc&phét@Irtexapbthalaceobrbgaredmhm,efhﬁﬁegmmmb&m was poured

B%g%t%cg@e@ﬁ(al L gram of 2 gr&;als metﬁgéo%rdlnlum |odg a? qodoa@ueous

. grams o metehy mlno yrldlne e mixture was S |rre
overhight ! Fhinliayercinoneatoyraphdrakoe8th e 25 ragttidhevasde product was

comAlete, AILINe PR conlRd th@%t PRSI EIRABN. in hexane.
mixture was poured into 15 fet acet he mixture was filtered
AndelHe Titfageyias colacted. The filtrate was washed with saturated
aqueousNaGEk (265000 ahe). %e;;b&veﬁ ?@BW@P&N@%%%@“ ng !i“_ 8.4Hz,

The crude product was %urlfled % column chromatography on silica‘gel.

el d00 560 Blantst 3o Bo4Y 36 'AHRMRI otV CHOB) (s Gih: %@87(8 3H),

(5.868. 8747 QnB 245 605232, F.684 fiz. 29703078 1d2g 11 81065:8.139 (d, J =
8.4 Hz, 1H), 1.937-7.910(d, J = 8.1 Hy, 1H), 7.823-7.774 t, 1H)

7.672-7685 (eladifoy GelisDs1 Gy /8. 85315982 (Ragdy, © ¢Q4H121 9.39

WO 20@51%2%&91 F?Cwézbj(a@(iéfw)%k,ﬂ?é(i,%@@6?&%72,%4(15@,3(32;1@ 2, 1276,
4 |- 9-2 312 (m, 2H), 2.123 (s, 31-1), 2.056 (s, 3H), 2.015

é?%il;}}f%%ﬁ%%i (rm; 2H),, 1.629-1.085 (m, 27H), 0.938-0.789 (m.

12H). Anal. Calcd. for C57H68N7EASIFIS:A® H, 7.54; N, 3.08. Found: C,

74.91; 7'156. N 3(502' 2 Vmg/en{atlvel'fs c5>7h 21.8%\1']{0%? geﬂ %1?315117 c} }Zg,czn

1675, 1 ) X
Compound: Toconhemi Terephthalate Camptothecin

A 100 mL flask was charged with 1.16 grams of mono-tocopherol terephthalate
prepared  above, 0.70 grams of  camptothecin, 0.511 grams  of
2-chloro-1-methylpyridinium iodide, and 0.489 grams of 4-(dimethylamino)pyridine.
The mixture was stirred at 50°C overnight. Thin layer chromatography showed the
reaction was complete. Afier the mixture cooled to room temperature, the reaction
mixture was poured into 150 m! of ethyl acetate. The mixture was filtered and the filirate
was collected. The filirate was washed with saturated aqueous NaCl (3x%100 ml}), and
dried over anhydrous MgSO; overnight. The crude product was purified by column
chromatography on silica gel. (Yield: 0.560 grams, 30.8%)

'"H NMR (300 MHz, CDCL3) 8 ppm: 8.387 (s,1H), 8.370-8.242 {q. J; = 8.4 Hz,
Jo= 30.3Hz, 4H), 8.167-8.139 (d, J = 8.4 Hz, 1H), 7.937-7.910 (d, ] = 8.1 Hz, 1H),
7.823-1.774 (1, 1H), 7.672-7.625 {t, 1H), 7.260 (s, 1H), 5.823-5.462 (ABq, J; = 17.4 Hz,
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1266, 1235, 1163, 1102, 1020, 723. EXAMPLE 11 The Preparation of a
Je :gngz;}gi( e Tocopherol-Modified Camptothecin Compound:
ocop( érol yclohexane-1.2-dicarboxylate PCTIUS20041036127
7-Ethyl-10-hvdroxvcamptotheein 10 Preparation of tocopherol
cyclohexane-1,2-dicarboxylic acid. A mixture of 1.54 grams of

Lzse;aﬂ@mmaﬂ,e,dic;wb@ﬁczam.agqurmégb §=§sg|r@i[:m§2c§h%-gﬁgqom(§,ls%ﬁ), 2.056
of alymi tr] ride 100 ml of cyclohexane in a
IS ettt el TR ol Iobie s M B Kb b o 1210

cooled tmrbofutemperatuidNt(ragTjlterad; Theffiftrate, veamwashed with, 74.91;
dlg}utyeaque 5 hydrochloric acid solution 15 and then dried over

anhydrous MgSO4. The mixture was concentrated, and crude product
was pui&%&y’wbm&%ﬁmﬁmwmhywsilimgetsc(xieme.m&grmm, 1399,

56:890)»Rrepayation ofdggopjgerol cyclohexane-i.2-dicarboxylate
7-ethyl-10 hydroxycamptothecin. A mixture of 1.08 grams of tocopherol

cyclohexane-1,2- dicarboxylic acié/edidd ldbove, 0.44 grams of thionyl

Chl?ﬂg@@ e 29 ¢ Qﬁ@}%@g}ﬁa@@e%& figed pader niragen avernight, .
The toluene an eXCGS Iny ' oriae Wee remove Cum ]

,-

'.-3-2!’5*..‘.!"‘2 I L el B Pl

Sieiidyvas dISEOEE 16Eh cligk i
providergolitianAofniaciBRmi laskR-350.9rams LERNE8 Was, dissqlyetre of
in 25 ml of dried N.N-dimethylacetamide to provide Solution B. Solution A

and 88 §of ricfhRHs Wb didaddoSsittien 8.oTreRs el wisopherol,
Stire¢ah OV HNaTh &hr@XRI BN TS L AR RIOMHCEWAS UFfigthsl was

c%rm% chr m?tog aphy on silica gel, (Yield: 0.59 grams, 68.9%).
%%9& PRED S e Brpfation R Repres e ToEopiRe fo1rmBifeperature,
DowestieiadC dipalng: tacopheealbuceinnie-ReuerubiiardhA08ml solution
fla ﬂ}Lsc ar%ed_ wit e%uivaéeﬁg}%pol (1 mmole) of tocopherol succinic
S8 R S RS 5 iR R G0 S0P P B e product
Nyhb-gimiBedHa cotamidér dthaopixphisecis Stcegbat (PR teamperatine, atis).
completion of the reagtion. The mixture is, filtered t ,;eE]o %vélite '
precipitg]f%pgorr?g%e fiﬁrf;attaql(sm2 ?ie O 266% Eﬁ%‘}fg‘? C ?@fé A3 2Fny1-10-
duliberedaThiethotient id reniroved withl #otamnevapotatophand thelohexane-1,2-
"aRIAE PEUISE i oL 1P REQGUGLAR PHEHICEr U SINLSHS BN AWM %t totucne
column’ chromatography on silica gel.
was stired under nitrogen overnight. The tfoluene and excess thionyl chloride were
removed by vacuum distillation, and the residue was dissolved in 10 ml of
dichloromethane to provide Solution A. In a 100 ml flask, 0.350 grams of SN38 was
dissolved in 25 ml of dried N N-dimethylacetamide to provide Solution B. Solution A
and 0.186 g of tricthylamine were added to Solution B. The mixture was stirred
overnight at room temperature. The crude product was purified by column
chromatography on silica gel. (Yield: 0.59 grams, 68.9%).

EXAMPLE 12

The Preparation of a Representative Tocopherol-Modified

Doxorubicin Compound: Tocopherol Succinate Doxorubicin

A 100 ml flask is charged with equivalent moles (1 mmole) of tocopherol suceinic
acid, doxorubicin, and N,N-dicyclohexylcarbodiimide, and 50 ml of dry
N,N-dimethylacetamide. The mixture is stirred at room temperature until completion of

the reaction. The mixture is filtered to remove white precipitate and the filtrate is
-4] -
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EXAMPLE 13 5 The Preparation of a Representative Tocopherol-Modified
Hvdroxvzine Compound: Tocopherol Succinate Hydroxvzine A 100 ml
YWEH9S EHarded with equivalent moles (1 mmole) of tocopherdfFddcefid 36127
acid, and thionyl chloride, and 50 ml of toluene. The mixture is stirred at
room temperature overnight. The solvent is removed with a rotary

gYaRpIatorat gACand the 10 residye is,colleg g,%gatxp ihe ér%gﬁere collected.

added I nimole of hydroxyzine and 40 ml of chioroforim wit stlrrrng Then,
Theproder wistayiehipe #Hiro rﬁrlzyﬁeﬁr@r@r@rn@ﬁs:cée@e@dwpm@rhen silica
fepction mixture at 0-5C. The mixture is then stirred at room temperature
overnight. The mixture is washed with saturated NaHCO3 aqueous

solution (3x50 ml). The organic phaddBlddllécted, and dried with

anhydrous Mg+ dhe.densaiveipeJamemed wilhAeratan, gyrporator

after removal of MgSO4. The residug is collected and the crude product

is purified by-eithetreerystakZattn-orSiHeE 8ok BB iSHRIShy .

EXAM Ru@dﬂlﬁﬁﬁkeiﬁQﬁﬁ@&ﬁ\ﬂiﬁﬂﬁ@h@ﬁm&ﬂﬁdlﬁg@lTﬂi@!@@ﬁéﬂk@@ﬁﬁgml succinic

In thi ple, the solubjlity of representativ
O IRBE T Fera By RGP SR B fotred at room
tam@pfmmi suaciiphte Taepiothe i meamjwtﬂcm:hembtagrmﬁieﬂor at 50°C, and the

rr;:31 %:)]tlo r(%dr?x&/ Campio theCI Wae & Q af%%l‘%l%;%% ﬁ%bmt zine and 40 ml of

campfothécin in'a variety Fof 20 veﬁlfs e sol ptothecin,
@@apﬁemlwﬂhca@aﬂmg:arﬁpmthb@mfdﬂd)ﬂﬁmhﬁpmml muttindtef chloroform is
Zdﬁ&'aylﬁl (@(Qer qut § %Qx\%?g gtebe gg&neghg %nel\ﬁgl%l & \égns Pred at room

ompou were |ss in each solvént under constant stirring an
temmame\t@“s@lma’ﬁbﬂ Mikerreisuitishedoivitio netwetes! déattiiitigequanas solution

na b e e .
chrom%%grdﬁap}{r%tyagﬁ%_gc '%ﬁiqéoér/%%égr%ﬁvégg%%%y%%gl %lmus MeSOs. The

@dwmhémrééwﬁemre@ecm\m@re@wﬁqmmd ahdetdphdiyt residue is

sHgeinate, ALty d0x fremase Qin{n MariouS {gﬁ%&%}%wcmm
Table 1. -42 WO 20051032539 PCT/US2004/03612 Tablel Solubility

%%ﬁ%ﬁ%@ﬁ‘ﬁf Camptothecin and Tocopherol Succinate Camptothecins.
VESA- EXAMPLE 14

Representative Tocopherol-Modified Therapeutic Drug Compound Solubility

In this example, the solubility of representative tocopherol-modified therapeutic
drug compounds of the invention, tocopherol succinate camptothecin and tocopherol
succinate  7-ethyl-10-hydroxycamptothecin, was compared fo the solubility of
camptothecin in a variety of solvents,

The solubility of camptothecin, tocopherol succinate camptothecin, and
focopherol succinate 7-ethyl-10-hydroxycamptothecin was determined in several
solvents.  Compounds were dissolved in each solvent under constant stirring and
temperature to saturation. The resulting solutions were centrifuged and the supernatant
was analyzed by high performance liguid chromatography (HPLC).

The comparative solubility (mg/g) of camptothecin, tocopherol succinate
camptothecin, and tocopherol succinate 7-ethyl-10-hydroxycamptothecin in various

solvents is shown in Table 1.
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Solvent SN38' VESA-CPT2 Temperature Solvent (mg/g) (mg/g) (C)
@’279[.9?—;( I’E__’G‘-4OO 0.017 17.5 Room Temp. NF TPGS - 27.6 > 133.3 65
itZmin B USP/NF 1.96 398.2 > 288.3 65 Soybean Oil 0.00 3974530436127
Room Temp. USP Captex 300 - 4.4 96.7 Room Temp. EP Tween 80 2.7
48.3 65 -* Room NF Temp. Ethanol 4.2 57.1 1 Room Temp. Denatured
Methanoibis. 8. 14sd1Rerns Tempirifzeionitrie.0i08:3:4 436 RABMI&MPiccinate
hlorofgrm.0.71 >97.0 > 372.5 Room Temp. DMSO 50 30.5 > 255.5
g@%’rﬁt HipS-Methylene 0.9 >99.7 > 336.5 Room Temp. dichloride

Propylene - 32 0.4633 Room Temp. Glycol, USP Glycerin 18 2.541 Room

Temp. USP/EPBR/JP | VESA-SNI38:ygegpheral succinate
7-ethyldf-yeroxycariBtsihedih 5 2 WRSA-CPT: Yocubiterbl sudemarsature
camptothecin The|resulf8&/Table | ilgsrate that toddpHerol succindté’)
ea[Mptothecin and tocopherotsuccimate 7-ethyo=hydroxycamptothecin
both hBUéistil¥stanitial solubility in| oils d have pargc#lﬁlrly high soluhilit
in VitamidNE (a-tocopherol). -43 WO 20051042539 PCT/US20p4 ?)%pél?f?%'
TPGS - 276 > 1333 65
Vitamin E
USP/NE 1.96 398.2 > 2883 65
Soybean Oi}
D 0.00 3.3 452 Room Temp.
Captex 300
pEP > - 4.4 96.7 Room Temp.
Tween 80 65 -> Room
- 2. .
NE 7 483 Lo
Ethanol 40
Denatured i - 57.1 Room Temp.
Methanol - 3.8 144 Room Temp.
Acetonitrile 0.09 3.1 49.6 Room Temp.
Chloroform 0.71 >97.0 >372.5 Room Temp.
DMSO 50 30.5 > 2555 Room Temp.
Methylene
dichioride 0.9 =997 >336.5 Room Temp,
Propylene .
Glyco]., USP - 3.2 0.4633 ROOIII Temp.
Glycerin 28 ,)
USP/EP!’BP/JP - . ._f541 Room Temp

1 VESA-SN38: tocopherol succinate 7-ethyl-10-hydroxycamptothecin

2 VESA-CPT: tocopherol succinate camptothecin

The results in Table [ illustrate that tocopherol succinate camptothecin and
tocopherol succinate 7-ethyl-10-hydroxycamptothecin both have substantial solubility in
oils, and have particularly high solubility in vitamin E (o-tocopherol).
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EXAMPLE 1.5 Representative Tocopherol-Modified Therapeutic Drug
Compound-Containing Emulsions In this example, representatlve
‘é’ﬁ\&?gﬁ‘h@?8ntalnlng tocopherol-modified 5 therapeutic drug"éditpaliHaE !’
of the invention are described. A. Tocopherol Succinate 7-Ethyl-I
O-Hydroxycamptothecin Emulsion Tocopherol succinate
7-ethyl-10-hydroxycamptothecin, pseparegas clescribed in Example 3,

was dissolved in vitamin E and then emuIS|f|ed Wlth the use of a
microfluidizer (MILOY N agfd-a-tocopherol

polyethylene 10 M@M@Qmﬁ)@ﬁcﬁ@%ﬁﬁiﬁ&mﬁﬂ&@ and saline
to produce an emuIS|on having the. foIIowmi composition (% by w

):

ToeopHBrolf¥tic RS- etFRIIBH R FoxyERIMIoRth SEITE 8806 it fﬁ}é’mdlﬁed
&3&&@8@:&@%&&&@1@&&%{%@%@&1&3&%&6 The emulsion was
filtered through a 0 er and ass
particle’Size w & 85%5?@ 5%3?@%3/ %ﬁg{ %3&3’ %ﬁ?ﬁ% O%‘g (Egﬁulsmn
partlcle’,&jzeph(:mhmmn\dmdéleﬂ@(l})z Wﬂﬁﬁ%naﬁﬁﬁetbwncmﬁasﬁ thadeBOribed in
%f'n N9 \gdence 1350 grec:lpltattlon orloss o oetchn%%t e as e%%urgs% of 2

Ia—\-lﬂ-ﬁ_& Was Gbserved for at least 3 mon en‘stored at XV
Tmcm&nt@l{d}dwéfé M@oﬂul@chydmoﬁycampwmewﬁ rﬂﬁﬁmﬂsnhqroi polyethylene

0 y t
e AT Ay et o8 B taving
withtehle wie ebampSsinter Sz izergfill I0Y Microfluidics) in the presence of
TPGS and salipg.f H%EB?H&%&%%‘PYDW&?&%%&B!MMBQ 0.69%
composition (% by weight): Tocopherol
succinate-7- etﬁﬂamlﬁ)ﬁ%roxycamptothecm 0.69% Vitamin E 7.31% TPGS-31%
5% 30 Saline §%Y%g This formulation resulted in a more yellow and thickerso,
emulsion than the emulsion prepared as described above that included
Poloxamer 407°éRihtiiion was filtered through a 0.2 m filter and 1%
vialed in sterilgglass vials. Mean particle size was 86%

The emulsion was filtered through a 0.2 pum filter and vialed in sterile glass vials.
Mean particle size was approximately 50 nM as determined by submicron particle sizer
(Nicomp Model 370), with 99% of the particles less than 80 nm. No evidence of
precipitation or Joss of concentration as measured by HPLC was observed for at least
3 months when stored at 4°C.

B. Tocopherol Succinate 7-Ethyl-10-hydroxycamptothecin Emulsion

Tocopherol succinate 7-ethyl-10-hydroxycamptothecin, prepared as described in
Fxample 3, was dissolved in vitamin E and then emuisified with the use of a
microfluidizer (M110Y Microfluidics) in the presence of TPGS and saline to produce an

emulsion having the following composition (% by weight):

Tocopherol succinate-7-ethyl-10-hydroxycamptothecin 0.69%
Vitamin E 7.31%
TPGS 5%
Saline 87%

This formulation resulted in a more vyellow and thicker emulsion than the
ermulsion prepared as described above that included Poloxamer 407. The emulsion was

filtered through a 0.2 um filter and vialed in sterile glass vials. Mean particle size was
-44 -
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-44 WO 2005/042539 PCT/US2004/036127 approximately 75 nut as
deteumined Py submicron particle sizer (Nicomp Model 370), ppith 29901084127
the particles less than 170 run. No evidence of precipitation or loss of
concentration as measured by HPLC was observed for at least 3 months

when stored at 4C. 5 C. Tocopherol Succinate Camptothecin Emulsion
THEspHEBE U Imtescastptothathy prbpaceth asudeberibed (NE@mplesde! 370),
Wgh disgolyedd mrl’@wlésa%%ﬁh% ulsified wih the pse Ofp%g‘ion or loss of

microfluidizer (M110Y Microfluidics) in the presence of Pnéeg oxamer
4GP ENE Torpraeddy BIR emuiiorbsravingien atfiirowing oohspebitiostored at
(¥y weight): 10 Tocopherol succinate camptothecin 0.74% Vitamin E

7.26% TPGS 5% Poloxamer 407 1% Saline 86% 15 The emulsion was
filtered throughSWeeEhMesRaid-wrariahsSrRrauwiiss vials. Mean

particle BizephasiaRRImiB e ANHRERAS, IRy SURMICreRample 1, was
p(grtl gegzer Nicomp_Model 370), with 99% of the particles less than 75
r

- N BvitlendE B pfeciiitatibitor el tiedontthtidtoriess Medsurderpfuidizer
HPLCOWadiohsmided)far ficlpasirddnantips:w/es slerd A AGnd@%Bre 1o produce

Tocopherol Succinate.Camptothecin Emulsion Tocopherol succinate
caélrﬁf)%}oﬂt 1%%%%%%%&@%?% scé’ﬁﬂ%oéifhoﬁﬁg‘kﬁﬁlé‘@,g ks dissolved in

vitamin E andTherpbrmulisiiethatitbethptothecdd a microfluidizer (M110Y  (.74%;
Microfluidics) %{th% sence of TPGS, Poloxamer 407, and saline to ot
produce an emulsion aving the following composition (% by weight): 25 7-26%
Tocopherol sudtiftate camptothecin 1.48% Vitamin E 6.52% TPGS 5% 5%
(F)’c;loxamer 4050;5@&&?[% 86.% 30 The'emulsion was fjltereq through a 1%

.2 gm filter and vialed in sterile glass vials. Mean patrticle size was
approximately>8a8m as determined by submicron particle sizer 86%

The emulsion was filtered through a 0.2 pm filter and vialed in sterile glass vials.
Mean particle size was approximately 40 nm as determined by submicron particie sizer
(Nicomp Model 370), with 99% of the particles less than 75 nm. No evidence of
precipitation or loss of concentration as measured by HPLC was observed for at least
3 months when stored at 4°C.

D.  Tocopherol Succinate Camptothecin Emulsion

Tocopherol succinate camptothecin, prepared as described in Example 1, was
dissolved in vitamin E and then emulsified with the use of a microfiuidizer
(M110Y Microfluidics) in the presence of TPGS, Poloxamer 407, and saline to produce

an emulsion having the following composition (% by weight):

Tocepherol suceinate camptothecin 1.48%
Vitamin E 6.52%
TPGS 5%
Poloxamer 407 1%
Saline 36%

The emulsion was filtered through a 0.2 pm filter and vialed in sterile glass vials,
Mean particle size was approximately 30 nm as determined by submicron particle sizer

(Nicomp Model 370), with 99% of the particles less than 100 nm. No evidence of
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(Nicomp Model 370), with 99% of the particles less than 100 inn. No

evidence of -45 WO 20051042539 PCTIUS20041036127 precipitation or
VLB EYAtEntration as measured by HPLC was observed foFﬁF’lIé%?é‘f“ﬂm’m
months when stored at 4C. E. Tocopherol Succinate
7-Ethyl-10-hydroxycamptothecin Emulsion. Tocopherol succinate
h%@gh&%ﬂ)&r%mma@@@@@m%ﬁﬁé iRa® Earplerd at least
was dissolved in vitamin E and then emulsified with the use of a

MR RPFO¥ Kifcrofluidics) in the presence of TPGS and citric

acid buffered sadiddapreduaetan-emylsiombaning.thefellewingmulsion
composition (% by wei

ght): _ . _
TocophefSRRREEH SHecr ity - Ky ARy sttt hes B opie RotEdin qescribed in
ERAHpEO TPGS SUesdlitic acidimiffered sabihehgH SiBiA%d Toigh the use of a

emulsjon was fil ou 0.2 m filter and vialed.in sterile glass vials.

R age G IRRARA D t Rt SRR
patiiciecspzedudh mormpiModbh 31 ) hw ikl 1988 of dhep patiial €% les svthzan) 150
nm. No evidenge of, 15,precipitation or Qf concentration as measure o
oy HPLC s LR SR g 25005
F. Tocopherol'Btmeindte 7-Ethyl-10-hydroxycamptothecin Emulsion 7.31%
Tocopherol sugginate 7-ethyl-10-hydroxycamptothecin, prepared as o
described in Example 3, was dissolved in vitamin E and then emulsified
with the use of-aPoagitbsfigidizeslinl TN Microfluidics) in the presence o§7%

TPGS angd sucgingieuiiered: saingd produce /M %l%d%érl]&ﬁ%{li%%{ﬁé glass vials.

following composition (% by weight): Formulation 1 Tocophero

e afEtPlethyr FOhJRRBRYBRRPIH 88IrmD Sdormieantin subpaxos paticle sizer
§n§9/ q\»ﬁi&@ilﬂa@% ke resh salingePhl A8 s ThEL MEISION WaS evidence of

filtered through a 0.2 m filter and vialed in sterile glass vials. Mean

PIRGERI08 R loshPFSORRSHERIPE At inEE by sinsreRsaned for at least
paticlarsizder Misemn Madeli3My; with 99% of the particles less than 170

nm. No gvidense of 30 recilaton gr\ops ol coneeniration as measyed

Tocopherol succinate 7-ethyl-10-hydroxycamptothecin, prepared as described in
Example 3. was dissolved in vitamin E and then emulsified with the use of a
microfluidizer (M110Y Microfluidics) in the presence of TPGS and succinate buffered
saline to produce emulsions having the following composition (% by weight):

Formulation 1

Tocopherol succinate-7-ethyl-10-hydroxycamptothecin 0.69%
Vitamin E 7.31%
TPGS 5%
Succinate buffered saline, pH 4.0 87%

The emulsion was filtered through a 0.2 um filter and vialed in sterile glass vials.
Mean particle size was approximately 70 nm as determined by submicron particle sizer
(Nicomp Model 370}, with 99% of the particles less than 170 nm. No evidence of
precipitation or loss of concentration as measured by HPLC was observed for at least

3 momnths when stored at 4°C and 25°C.
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3 months when stored at 4C and 25C. -46 WO 2005/042539

W& FiHR#GH036127 Formulation. 2 Tocopherol PCT/US2004/036127
succinate-7-ethyl-10-hydroxycamptothecin 1% Vitamin E 7% TPGS 5% 5
Succinate buffered saline, pH 4.0 87% The emulsion was filtered through

a 0.2 m filter and vialed in sterile glass vials. Mean particle size was
approxiheseiefoniin as determined by submicron particle sizer (Nicomp
Model 370), Wil 336 4 dhe aitisienlenedhan: (0.0mpigsdence of 1o,
precipitation or loss of concentration as measured by HPLC was observe
for at least 10Vitsonth when stored at 4C, 25C, and 40C. Formulation 3 7%
Tocopherolsuggipate-7-ethyl-10-hydroxycamptothecin 1% Vitamin E 6% 5o,
TPGS 4% 15 Succinate buffered saline, pH 4.0 89% The emulsion was
filtered througRUsOtp RifikEdaabintandd fsterile glass vials. Mean 8§7%

particle sizeWagispRraXmateinidourn 29 detarmineddan submis 9file olass vials.
particle sizer (Nicomp Model 370), with 99% of the particles less than 220

Y RRoRaYiEh BR<OT 45 BRTEHISHEDY 058 B ot emiatd A as tHeALaraepyyle sizer

HRiGranebsened faitatdeastoReht panthevhen siered7at 4k, 28 «alnce of
40C..G. Tocopherol Succinate 7-Ethyl-I0-hydrgxycamptothecin

(FERIIORE \fisee FBFFITEIEN FoRbHRERS Bhcohidte vaapiemed for at leas
Or hyshioxydamaptetdecitt ¢ as tisselvddia.a mixture containing TPGS,

PEG(3 and ethanol at about 50C - about 60C with stirring for 25

about M a transparent solution. To this solution was added

either deionizetbwater(Dlavaten); Palodanidndork anahDilsthates, 1%
Poloxamer 18% &qigé-water, or 0.9% NacCl agueous solution to form
Formulations 1-5 respectively below. The formulations were stirred for a
few minutes tolftfam transparent micelle solutions having the following 4%

compositions (0B WA e Latine, pH 4.0 85%

The emulsion was filtered through a 0.2 um filter and vialed in sterile glass vials.

i

Mean particle size was approximately 95 nm as determined by submicron particle sizer
(Nicomp Model 370), with 99% of the particles less than 220 nm. No evidence of
precipitation or loss of concentration as measured by HPLC was observed for at least
1 month when stored at 4°C, 25°C, and 40°C.

G. Tocopherol Succinate 7-Ethyl-10-hydroxycamptothecin {VESA-SN38)
Micelle Formulation

Tocopherol succinate 7-ethyl-10-hydroxycamptothecin was dissolved in a mixture
containing TPGS, PEG(300), and ethanol at about 50°C — about 60°C with stirring for
about 1 hour to form a transparent solution. To this solution was added either deionized-
water (DI-water), Poloxamer 407 and DI-water, Poloxamer 188 and DI-water, or 0.9%
NaCl aqueous solution to form Formulations 1-5 respectively below. The formulations
were stirred for a few minutes to form transparent micelle solutions having the following

compositions (% by weight):

- 47 -



10

2
Lh

WO 2005/04239 PCT/1JS2004/036127 Formulation 1 VESA-SN38 0.2%
TPGS 5% Ethanol 5% 5 PEG(300) 5% DlI-water 84.8% The formulation
WE3tBHWAEfiltered through a 0.2 m filter and vialed in sterileP§IH8S 34836127
No evidence of precipitation or loss of concentration as measured by
HPLC was observed for at least 11 weeks when stored at 4C. 10
Formulﬁ(t)ig/nu a%{Eﬂ%-SN% 02% TPGS 5% Poloxamer 407 1.7%

Ethanol 5% (300) 5% Dl-water 83.1% The formulation solution
was filtered th¥3uhgh-3MB2 m filter and vialed in sterile ¢Riés vials. No
evidence of prggipitation or loss of concentration as mgasured by HPLC
was observed for at least 11 weeks when stored at 4C. 20 Formulation 3
VESA-SN38 G0t PGS 5% PEG(300) 5% Ethanof%% 25 Poloxamer
188 1.7% Dl-matgs&dh.1% The formulation solution was filtered through a
0.2 gm filter and vialed in sterile glass vials. No evidence of precipitation
or loss of conédnifalfbn as measured by HPLC was StisBfved for at least

11 weekshwhemsatoned @idfonaneh 206reddBrNEnZP05/Q42BBS and vialed in sterile

PCT/US2004/036127 Formulation 4 i )
glass vials. No evidence of precipitation or loss of concentration as measured by

HPL.C was observed for at least 11 weeks when stored at 4°C.

Formulation 2

VESA-SN38 0.2%
TPGS 5%
Poloxamer 407 1.7%
Ethanol 5%
PEG(300) 5%
Dl-water 83.1%

The formulation solution was filtered through a 0.2 pym filter and vialed in sterile

glass vials. No evidence of precipitation or loss of concentration as measured by

HPLC was observed for at least 11 weeks when stored at 4°C.

Formulation 3

VESA-SN38 0.2%
TPGS 5%
PEG(300) 5%
Ethanol 3%
Poloxamer 188 1.7%
DI-water 83.1%

The formulation solution was filtered through a 0.2 pm filter and vialed in sterile

class vials. No evidence of precipitation or loss of concentration as measured by

HPLC was observed for at least 11 weeks when stored at 4°C, and 25°C.
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VESA-SN38 0.2% TPGS 2% PEG(300) 2% 5 Ethanol 4% Saline 91.8%

&'Be)tf&r &ngion solution was filtered through a 0.2 pm filter and vifa,‘led ip o

sterile’glass vials. No evidence of precipitation or loss of condértratShr e

measured by HPLC was observed for at least 1 week when stored at 4C,

25C, or 40C. 10 Formulation 5 VESA-SN38 0.5% TPGS 5% PEG(300)

5% Ethanahka¥s 45 Saline 79.5% The formulation solution was filtered

through a 0.2 pm filter and vialed in sterile glass vials. No evidence of

precipitation o i64s D edncentration as measured byoi-?l?’ﬁLC was

observed for gigast 3 weeks when stored at 4C. H. Begopherol Succinate

7-Ethy|-10-hy9({}c¢<éc@§nptothecin (VESA-SN38) 20 Micelle Formulation

Tocopherol succi ’7-ethyl-10-hydroxycamptothecimrwas dissolved in a

mixture contditliagpT PGS, PEG(300), and ethanol at 4daout 50C - about

60C with stirrigﬁ.gl%r about 1 hour to form a transpare §(9/Iution. To this

solution was added succinate buffered saline to form Forhulations 1 and

2 belowh? Herfortniivatiohgiwe reestitited: dotheo28hfev. thinutéBecafdrmialed in sterile
t mjce lutions ing.the following gompasitions (% b

et T e 05, S RS, gt by

HEE(308) ourraucsinatiewfereek salierestoredian 4°1.8946°CA0r WICL.

2005/042539 RGTAUS2004/036127

VESA-SN38 0.5%
TPGS 5%
PEG(300) 5%
Ethanol 10%
Saline 79.5%

The formulation solution was filtered through a 0.2 pm filter and vialed in sterile
glass vials. No evidence of precipitation or loss of concentration as measured by
HPLC was observed for at least 3 weeks when stored at 4°C.

H. Tocopherol Succinate 7-Ethyl-10-hydroxycamptothecin (VESA-SN38)
Micelle Formulation

Tocopherol succinate 7-ethyl-10-hydroxycamptothecin was dissolved in a mixture
containing TPGS, PEG(300), and ethanol at about 50°C — about 60°C with stirring for
about 1 hour to form a transparent solution. To this solution was added succinate
buffered saline to form Formulations 1 and 2 below. The formulations were stirred for a
few minutes to form transparent micelle solutions having the following compositions
(% by weight):

Formulation 1

VESA-SN38 0.2%
TPGS 2%
Ethanol 4%
PEG(300) 2%
Succinate buffered saline, pH 4.0 91.8%
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The formulation solution was filtered through a 0.2 m filter and vialed in
sterile glass vials. Formulation 2 VESA-SN38 0.5% 5 TPGS 5% Ethanol
WHRBEEPE00) 5% Succinate buffered saline, pH 4.0 79.504 §ha/S2004/636127
formulation solution was filtered through a 0.2 p.m filter and vialed in
sterile 10 glass vials. EXAMPLE 16 In vitro Stability of Lactone of
Represghtafbrnliatopheraidadiigtcrlerangitic BrS,G AMACHIAS A in sterile
Prlesenc of Human Albumin In this example, the in vitro stability in the
p"f’éise ¢&’of human albumin of the 15 Iactone form of representative
tocophé?miambﬂiﬁﬁd therapeutic drug compounds of the invention,
tocopherol sucgi ptothecin and tocopherol succinate 7-ethyl-10-
hydroxycamptothiecin, was compared to the in vitro st&o?lﬁ‘y of the lactone
form of camptothecin. Because the lactone (ring E) issa4critical moiety for
camptothecin ﬁﬁ}%’lt and itis 20 reported not to be st]afg/e under
physiological conditions (pH = 7.4), the stability of the “laCtone for
tocopherol suddifai@Eamptothecin and tocopherol suéeinate 7-ethyl-10-
hydroxycamptgﬁgglﬁg}ev%ﬁg%@gm%e% Thg solublll;gtgqp of tocopherol

opne

succinate camptothecm and toc succmate

7-ethyl- TR Ay areisieemppbencths iilttredoiongse (s2thoudittompdotettdte sterile
lagtangfcom hydrolysis and thus provide improved lactone 25 stability in
physiological conditions. To evaluate lactone stability, a saline buffered

solution (10 mM, pH 7.4) containidg49sthlhah serum albumin was

incubated @t-3%6 WuheRieEaAcaAfaRpRIGINGSIR (Fissolved I PIRS):
tocopherol S Clnate CamptotheCIn emu Slon prepare as escCrl e
Example 15C;feferred e S FEMYISIaHT0AR ¢ al:

succunaterﬁ:etkmri@deyawxyoawt@mﬁﬁgn ﬁr@ﬁésb%é%%?%ﬁﬁgnaﬁbmm of the

escrlb din gam le 15A, referred to herein as "SN231.0 emulsion”).

C‘i%me PR R R Y dRaRbgTRo iRt raReEHcuateenoAuRgS of the
usechtognalyzghire! dectbase istheenBEantEAlom o theRCtaRE oM 7 cthyl- 10-

ime.
%\g%roxycamp%thecm was compared to the in vitro stability of the lactone form of

camptothecin.

Because the lactone (ring E) is a critical moiety for camptothecin activity and it is
reported not to be stable under physiological conditions (pH = 7.4), the stability of the
lactone for tocopherol succinate camptothecin and tocopherol succinate 7-ethyl-10-
hydroxycamptothecin was determined. The solubilization of tocopherol succinate
camptothecin and tocopherol succinate 7-ethyl-10-hydroxycamptothecin in the oil-phase
is thought to protect the lactone from hydrolysis and thus provide improved lactone
stability in physiological conditions. To evaluate lactone stability, a saline buffered
solution (10 mM, pH 7.4) containing 4% human serum albumin was incubated at 37°C in
the presence of camptothecin (dissolved in DMSO), tocopherol succinate camptothecin
emulsion (prepared as deseribed in Example 15C, referred to herein  as
"SN2300 emulsion") or tocopherol succinate 7-ethyl-10-hydroxycamptothecin emulsion
(prepared as described in Example 15A, referred to herein as "SN2310 emulsion™). High
performance liquid chromatography with fluorescence detection was nsed to analyze the

decrease in the concentration of the lactone form over time.
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WO 2005/032539 PCT/US2004/036127 FIGURE 12 illustrates the

RELCeN! change in concentration of the lactone form over time for 3
cam’pto‘{ ecin, tocopherol succinate camptothecin (SN2300), Aid/US20041036127

tocopherol succinate 7-ethyl-10-hydroxycamptothecin (SN2310), in the
presence of human serum albumin. The stability of the lactone of

tocopherhBiREinatd lcamyptothegisresid bHagaphersueeIRle of the lactone form
7- |-10-hydroxycamptothecin is greater than that of camptothecin. This
o ) 5 A Rt A K (g ocopherc
adtigatompdnde fbithéranyrotifietecamSsibein parert seBReUBE human serum
EXAMPLE N Vitre vt ieity of Representative 10 . :
Tocoprll:l)nérol-lrhgllcé)d[%\g%é%?hr%ega%g%iga i fnfgg%cfﬁi; S B misiEpipisn and
Vit eeenbxisspdhaepresedileipdoptierohrmobiified therapeutic dikg  that of
compryndsof thelnvention .t r cipate, camptathecin and :
tocopherol succinate 7-eth9ﬁl%%?1§%§o%§g%pgt}gé%lel%i’n?gvg}se c?g(r:rt]%néareraatvo result in
TR By ibtexmipsHcafptotmedificdeapriotapc tnpptothesimGNBS,
irinotecan, and topotecan. 15 The ji;i{gpgytofexicity, as measured by
G150 (50% of growth inhibition) values, of tocopherol succinate
camptothecin and tocoprerbiEhEEiHaEE gseRjdizRycamptothecin
was investigated andgpmparesiindnenationl.Gancer Jastitvie (NCI)
Gl50 vaéll[ze .for camptothecin, 10-hydroxycamptothecin, SN-38, .
irinotecah, ‘AR FYBPBIECIRF iR I R FSiRING €5 K& reaERfdat reCRFeBBErol-modified
(AEEEedti Tk e)fnonmsmall 260 caldungh, HEEpherh TeEifhCladgPthecin and
iﬁglorggtaﬂ)gHT.—l 6(,}6\%'}%%4CC#-247) (colorectal), HT-29 (ATCC o
TB25E) (COTSHERta RIS (AT SRPB O {Breat) comertod dothg in vitro
(AT@CXHT BF LG hp{ovarian) (Thersiydymaspesiar SeesusRe Myl sitNopotecan.
formulations of .tocopherol succinate 7-ethyl-10-hydroxycamptothecin
(descr?g:eg in E‘)%g)mcgrllé%f%}f}%naé o6y eedtrlgys%fgﬁirzgqe/" 2 %8“48'[8%%11) values,
(6B sdrbemhérck xamplmds C)oditytivthinithe andrespongtieg celkogdige THeethyl-10-
i twi ing concentrations qf the, test article for a )
B e T BB O AR B s
WS DeHbomiedies steamiptettiheimutitedosviabteptelts andté/zsldimthean, and
degeeeaf sellanarawiy bl MRS ol.grquR-Th
g ‘o H% hiby QR 3540 %—94%% &%ﬁ%@éﬁﬁ%"%@n@gnﬁmaﬂ

percent of inhibition versus concentration 30 was il"equa
dstbriie: coHcbnivatidnlirat frddueds)sGoelofeptelithHiRibiti¢A TCBACCL-247)
“Bblorectal), HT-29 (ATCC #HTB-38) (colorectal), MCF-7 (ATCC #HTB-22) (breast),

and OVCAR-3 (ATCC #HTB-161) (ovarian).

The study was performed using emulsion formulations of tocopherol succinate
7-ethyl-10-hydroxycamptothecin (described in Example 15A) and tocopherol succinate
camptothecin (deseribed in Example 15C) diluted in the corresponding cell media. The
cells were in contact with varying concentrations of the test article for a period of
48 hours. At the end of 48 hours, staining with ALAMAR BLUE was performed to
determine the number of viable cells and calculate the degree of cellular growth
inhibition as compared to a control group. The percent of inhibition versus concentration

was fit to the Hill equation to determine concentration that produces 50% of growth
inhibition (G‘Iso)
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WO 2005/042539 PCT/US2004/036127 The sensitivity of the tested cell

W{rnegste26¢bpherol succinate camptothecin (SN2300), tocopheralSz004/036127

succinate 7-ethyl-l0-hydroxycamptothecin (SN2310), camptothecin,
irinotecan, and topotecan is illustrated in Table 2 and Figure 13. Table 2.

Com ti lgLcon ratiqn thatproduce 50% cell growth inhibition 5. .
Glscf))? 51%0%(_'5%9&%%% §§I%%g I%lﬂr?qogt%c?rill116%eoste%an0§f@%eﬁgqv?§%@a§e frgtothecin
(BPPINCI) (hoctplic]) (NCIFING]) CPEIBNISS-Iyaiekitathlichddid 1 nkEN2310),
15 i), 43 HCT-15.160 356nM
e NS TS0 L i TEETON) QU heare 1
(OVARKRI 21 6oompaasatinf/ g evcsatstyv 2581 mivuetiifys 8@Inivbwth inhibition
(@g&-lle 40 nM 27 nM 21 nM 7.9 gM 39.8 nM 449 nM 119 nM (COLON)
HT29 126 nM 112 DM 1 nM 12.58 gM 125 nM 434 nM 91 nM (COLON)
MCE-7 (BREAST)13nM 10 nM 3.98 gM 15.8 nM 325 nM CPT:

Camptothegin; HQ-t9H0-10- Xy 1 Zgge in; % ega%: V- -10-
h{rétoircan tot%rgn VESA-C P'E;Ix(g%%;o p%%%%i;cci ng%%ﬁn ptotm’l’; \Srfg‘;’
[nate 7- -10- a e

VESA-SN3 8 tacapher@slic pthyl-I0-hydroxycaniothecin. 10 Th

resylis iy Table 2 illustrates thiat formulations of togopherol-modified
thetapeytic drég8dmpdunds of tHeldvention providelefedtivg atftisbdmPr 4 nM
activity, "FIGURE 13 |s a plot of the GI50 values (doncentration that

pEgeiHges 50% growth inhibitign) determined for tocopherol succinate
qampinthecintaAaYbgobiterd] slictadate FietmNi1Q-hjoirosycamiiteditedin 99 nM

in-four of the tested cell lines. The valdes reported by 15 the NCI in these

ssyaggancer cell lines for camptothecin, irinotecan, and topotec&nais also

(nvludedias|cOMFidol? AMhightEmd valde toMespoRtisY a (owething | 83 nM

r-to—produce 50%-inhibition. From the graph, it i clear that

FaVolaVaYalalddal ir
COUTTICCTItiratrpri—o T O-HH-H-HIHH

U4

theedngoounds of the invention
)
(COLON) i nM 27 21 M 7.9 uM 39.80M | 449nM | 119nM
HT29 1
(COLON) 126nM | 112nM | 1 nM_ 1258 uM | 1258M | 434nM | 81 1nM
MCF-7 |
(BREAST) 13aM | 10nM 3.98 WM 15.8nM | 325nM

CPT: Camptothecin; 10-HO-CPT: 10-hydroxycamptothecin; SN3§: 7-ethyl-10-

hydroxycamtothecin; VESA-CPT:  tocopherol  succinate  camptothecin;

VESA-SN38: tocopherol succinate 7-ethyl-1 0-hydroxycamothecin,

The results in Table 2 illustrates that formulations of tocopherol-modified
therapeutic drug compounds of the invention provide effective anti-tumor activity.

FIGURE 13 is a plot of the Gls values (concentration that,,i)roduces >0% growth
inhibition) determined for tocopherol succinate camptothecin and tocopherol succinate
7-ethyl-10-hydroxycamptothecin in four of the tested cell lines. The values reported by
the NCI in these same cancer celi lines for camptothecin, irinotecan, and topotecan is also
included as comparison. A high Gls, valﬁe corresponds to a low drug concentration to

produce 50% inhibition. From the graph, it is clear that the compounds of the invention,
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-52 WO 2005/042.539 PCT/US2004/036127 tocopherol succinate

tothecin and tocopherol succinate 7-ethyl-I0- hydroxycam tothecin _
gﬁ@ﬁig&%ﬁ ével of cytotoxic activity similar to camptothecin. PI':%ZA[I@I%'E 136127
18 Pharmacokinetics of Representative Tocopherol-Modified Therapeutic
Drue Compounds 5 In this example, the pharmacokinetics of
repeepkesltive sioedpherolmastifivdcitherapauticsisih&@mparaeis Af thez-cthyi-10-
invention, tocopherol succingte camptothecin a}nd tocopherol succinate . |
M R75Hh ST B B L SRS PP SRR o camplothecin,
irinotecan, and topotecan. The pha‘l"fmamknﬁtimprofiles of tocopherol
SHERRIESAMRIONe AN a0, 48,1 090PISIOI SUISRALS Therepeniie D
rats followirtyia sainglmtravepious:acdinisiration epeswmisior tocopherol-modified
f ' s(g%%l% ds_(SN2300Q emulsion and SN23 10 i and
B S Y omesin
dieepebenpbarigier bedylweiihéroRlisensathptes wesecovliectddidocamptothecin,
oz RanrsROgL AR via the jugular vein. The 15 concentration of each
camptothe’cin derivative in plasma was determined by high performance
liquid chid@atepssgkiamicc pintieudrestasapbeaitestioinalg  camptothecin  and
neREpMRAItMantalanalysiswgs p@n{msaywﬁg{&ﬁ{é/eﬁ{\lor\u@rév 4ildedblBted  in

pharmacakinetic profiles of tocopherol succinate camptothecin (SN230 _
anB B IR s i deL oty 121 bokydroRFRRFRP¥StHEEINiSNESn O pAremulsion
ilsstrataddns 20 BAHRES AR 3483 68 ReCUMRark | GURES LAARRG via the

14B illustrate concentration-time yalues after an intravenous injection of .
157 g%?a?&g %&ﬁﬁ%ﬂﬁwaf%?%wv&é@& ﬂfr%@o%%%v%fif%giﬁé@dy weight.
cBitaptb HaeeifetSAZ300 BRIt HSIoN AR IQ0IREAboSUESIRAL the ljuguiar vein. The
7-ethyl-10-hydroxycamptothecin (SN2310 emulsion), respectively. . i
e B S PR AR BT ingb P P mined by bigh
foltofeimgaimteaveimid 2bhacimitistration, garioD)arlyxiek todhiohatehce  detection.
sycginate camptothecin, is. shown. The calculated.plasma elimipation
hgiélll;#é%,orﬁl an resi e%l%:aéy .ﬁ‘é‘i&gﬁéﬂé é‘?‘é%n%sén& 6%@%# nr(()e gt]fé]cinate :
camptothéeinh@N230d)stioguphiesol Swcojiate ZettiyhiOeamptothecin (SN2300) and

rusigERTAaledD (NS0 CAmROIeERIngiScan, AR ROIGSaR. o .

|s§rovided in Table 3. 30 The te %m eliminati e" refers to
tHe

hiBInecelkaryand retitize tirepattinglyoncehifaiBA S pibdmandy 36% illustrate
MG RAHAREIES 1SREDGHeT N R NerRINIARIABN of 13.8 mg of drug compound/kg

of body weight for tocopherol succinate camptothecin (SN2300 emulsion) and tocopherel

succinate 7-ethyl-10-hydroxycamptothecin (SN2310 emulsion), respectively. Referring
to FIGURES 14A and 14B, a prolonged plasma halfife following intravenous
administration, particularly for tocapherol succinate camptothecin, is shown.

The calculated plasma elimination half-life, mean residence time, and clearance of
tocopherol  succinate camptothecin (SN2300), tocopherol succinate 7-ethyl-10-
hydroxycamptothecin (SN2310), camptothecin, irinotecan, and topotecan is provided in
Table 3.

The term "plasma elimination half-life" refers to the time necessary to reduce the
drug concentration in plasma by 50% after equilibrium is reached. The term "elimination
rate constant” refers to the fraction of drug eliminated per unit of time. With first-order |

elimination, the rate of elimination is directly proportional to the serum drug
-53.
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rate constant” refers to the fraction of drug eliminated per unit of time.

With first-order elimination, the rate of elimination is directly proportional.
WARESERGM%rug - 53 WO 20051042539 PCT/US2004/036PEA/US2664/40136127
concentration. There is a linear relationship between rate of elimination

and serum drug concentration. Although the amount of drug eliminated in

A REARIBERIOERSS (haNdes WD GRS BIRNQN he dF %Mﬁio%%scm drug

eliminated remains constant. The term “clearance” refers to a measure 0
tEHsERRES1H: it 6 Wi ey o dregislinypethiatic Airsotudss pfocess changes
distiutiemeharig whieh 3 claaracdBeiHnitHme dhems TL{fnip) by any
pathwaéoédrug removal. Itis important to clarify that ther clearance does

not indicate FEW rfilferftigrdaseifgrr énfevan, dathebofies ilifie tefeliminate drug
biatogicahibighaueh ashiRad aispiasmantiativeulchave E%Q%@?J&M%E@'Mm (ie.,

freed af drug to account fog the elimination. The term "volume o

iBURbRY AE RYB LAt Gt EFAtie BriScRpatRLIa Al idling B clearance
rdqesred indissolverthedht@hamdt of drugyal thatsame waasRIvFieNn @sal fluid

that found in,the blood. Jt is a groportionality constant_ relgting, the amount
BT S B e LR e AT BISOGI f Socoum for the
(blonthatplasnieserum)valalle & GemipaiatVegiharmacodingtied volume of body
parameters following intravenous (15 administration in rats of tocopherol
B R R P S A i o1 SR € e same
Teetight@ihydrothcampidtiedhe. (8NE310) somparedimekinptotiacinrelating the

irinateca t C 0 (hr clearance . .
(eliminat?gn?%%%ﬂl?;gh%lﬁﬁrt}é?%ﬁ)ﬁ%é%%%%%&%@%ﬁg%fl gﬁ%%%ﬁa%%id (blood,
PIBmPEFCAM tothecina 1.7 - 8.81 Topotecana 1.06 - 3.22 Irinotecan

b 1.54 1:432.22 'EFGizamSAHeslaya MA mather. -
Pharmag%%,g 4?:2'364{:-3% 20 ‘(%59). bAgsanrﬂnfiétFleg. kgé%% H%E%’i“ | fntravenous
BISRPHEFHOB AN, rats (8) torenenol 190 ¢¢ans) cqapieiBdnFateiOhastdetocopherol
caleuiaied plasma eliminaigehalidie.ahlogoRneTe) SUGRINAIRY o  camptothecin,

camptothecin (SN2300) and tocopherol succinate
irinotecan, and topotecar.

Compound t1 (hr) MRT Clearance
(elimination) (hours) (1/hr/kg)
SN2300 29.08 9.40 0.0081
SN2310 3.49 ' 5.15 0.0067
Camptothecin® 1.7 - 8.81
Topotecan® 1.06 - 3.22
Irinotecan® 1.54 1.43 2.22

“El-Gizawy SA, Hedaya MA. Cancer Chemother., Pharmacol., 43: 364-370
(1999).

®Atsumi R, Okazaji O Hakusui H. Biol. Pharm. Bull., 18 (8): 1114-1119 (1995).

Table 3 illustrates that the calculated plasma elimination half-life of tocopherol
succinate camptothecin (SN23060) and tocopherol suceinate
7-ethyl-10-hydroxycamptothecin (SN2310) is approximately 30-times and 3-times longer
than the commercially available analogs, respectively. The higher mean residence time
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7-ethyl-10-hydroxycamptothecin (SN2310) is approximately 30-times and
%—grﬂﬁ%{l%}ggr 25 than the commercially available analogs, respectively.

The higher mean residence time -54 WO 2005/042539 P&’IUSNU 036127
PCT/US2004/036127 (MRT) and lower clearance rate suggest a longer

tumor exposure time to these new derivatives, which may indicate a
pOtBtifinkfal invreaskdrahentatherapesitie effieet. hsorgRJiRariGe 1o these new

ification_af.therapeutic drug c ds, the plasma _elimination
D e o B S B eremeus et
compouhdsefithErienteitiomobifivitive affthdigeptiticimeiefyt@@mds, the plasma
t g i h ingGr hlasma elimination half-life compared
e e BRI B R L pfors) moreed.  The
stiEpfaveds avhiwo theeii an d todophefolsUdeinbiléc moiety (e.g., tocopherol moiety),
TrathyhlQ:hydr oxycampiotheci -plas imination_half-life is . ‘
ignificantly in%ar%ased cogr%%@r}églatg ?k%%‘é%% nt%gﬁ%%%%ﬁg?ﬁﬁ‘%%&%@g- As

S-
T8AMAGE ARG Furffsr Ieavityret Regresintanve!Tdeoiphersl-Magifisso! succinate
ThefaRersia (arug COMRANGS iWﬂu?%z{y%ﬂwﬁ%ﬁ%mﬁ&%iﬁéh'ﬁ significantly

example, the in vivo anti-tumor activity of representative
té%?fﬁ??@%?ﬂﬂ@ﬂ?ﬁgdotﬁﬁrﬁﬁ@ﬂfi&‘ﬁ%@“@éﬁpounds of the invention,
tocopherol succinate 15 camptothegigapgtocopherol succinate
7-ethy|-10-h¥dro camptothecin, . d to the anti-tumor effect
of irinotecAh e R ASH RRARE diided

subcutaneousleiriait erwithomeel:slsansion (O7solisimonse).
When tlIImO reached an appropriate . size, animals were_randomized into

rs. I¢ :
groups o eight arfd T SverBsi adifistet LhtHRob0 fSfioihg of representative
compbemndsratdiidd sbeofpthitin ghaf:drog ook gn.obaady WRIFNERN Buccinate

S f gldxb for two consecutive weeks: Saline-control group
R N R R B SRS mmtathi b ompered
Ye tliorandfumtnaficniteinéressubcutaneously implanted with 30-40 mg
tumor fragmankg Usi 2 car needles, A sufficient number of

mice were implan g{ﬁgvl . ggF SGBLe orsj,5§ %yr%ﬁowl\?\?eig‘iﬁr Fafigutancously
(ropzee! Wi werd sulwsdrel thedlivironsiadifigriay(SOjcabhedaninaimpriate
SGIRCIGHMALD IR ANSed into groups of eight and intravenously administered the

following compounds at a dose of 15 mg of drug compound/kg of body weight on a

7

FALE ALY

\

schedule of q1dx5 for two consecutive weeks:
Saline-control group
Irinotecan
SN2300 emulsion
SN2310 emulsion

HT-29 Human Tumor Xenograft. Athymic mice were subcutaneously implanted
with 30-40 mg tumor fragments using 12-gauge trocar needles. A sufficient number of
mice were implanted with fragments so tumors in narrow weight range (100-200 mg)
were selected for the trial on staging day (SD). The animals selected with tumors in the
proper size range were randomized into six groups of 10 animals and intravenously

administered the following test compounds:
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30 proper size range were randomized into six groups of 10 animals and
intravenously administered the following test compounds: -55 WO _
WOBI4838 PCT/US2004/036127 Saline-control group (gldXs br 34036127

weeks) Irinotecan (15 mg/kg, gl dx5 for 2 weeks) SN2300 emulsion (15

. mg/kg, gldx5 for 2 weeks) SN2310 emulsion (15 mg/kg, gldx5 for 2

weeks)ShliadN230h e arHHION(Mld MEMke @3y O) SN2310 emulsion (15
mg/kg, g3dxIO) In both xené(égsraph studies, animal bOdi weights and

tumors WEPEBasured twide " viEks; fIGwiAe th¥5RkiAtion of dosing. The
tumor rseasorementtowere gerfapmed 4isiRg farcaliparsimillimeters); the

tumor vg| was calculated based on the formula: 10 (Length x width) /

2 = VolORE: r%ﬁﬂ%‘}.‘c anﬁ?nffﬁ éff&ffib? 2356 5Hd SN2310
emulsigis’adinenisieied to dathymidaniggdinplanted with NCI-H460 human
tumor d HT-29 human tumor cells is .graphically represented in
FIGUR%%&%%%S&%, re peE‘:l /gl%i %Elﬁ%‘gﬁgh the SN2300 emulsion
showedtiitightcere gt mdiceffadtial s moeelehtthad B1BM23vEE measured twice
%&Eﬁmﬁm%%%ﬁ%gﬂ% Egﬁ]i r.effect as compared to bath

% e Or measurements were erf?nned using
saline” control and irinotecan. The c&lculated tumor response parameters

for tAbPRIT (o arrdeprift ShadiHimopraviden inviableldnl@ifd -tivedays dfter formula:
%ﬁé{ﬂ&%@%ﬁ?%ﬁ@%&&é@ﬁﬁﬁswntrol group were sacrificed because
)

of tumor size (>4000 mm) and the median tumor size was 20 3136 mma3.

At this ddhentinfepentigotsoF e phiead v Hhzaalsivgsasioingtistrs to athymic
RIESCMEARR MRABUFAOIeHURIC LR AIFIHRR, 5@@5%%@4@'%@&'%%801‘ cells is

had a median tumor size of 126 mm3 with 40% having no measurable

AR A ¥heeBERRtithelth B GHABtet b Groti shole deansréitieli tunfghough  the
sﬂez@m@%aa?ﬂ& slah%asumiﬁmdi@a}t%g g&#ﬁg@ffﬂé@%@yftiqg 9I_ft1§§\| 23b],  the
pro s significant anti-tumor activity. 25 Table 4. Calculated Tumor )
Féé%%ﬁse@*ﬁ }%S@W&%&W@éwﬁa@%@f@faﬁ PORHRSERSrSvheth saline
Toomar bunhestefanimals Group Schedule Delay (T-C) GrovTth with no
measur. €I:eC{&iczill}/ajst%énhibition tumor on Dal%{

tumor response para _e?eg.{'s for the HT-29 xenograft study is
provided in Table 4. Fifty-five days after dose inifiation, 30% of mice in the control
group were sacrificed because of tumor size (>4000 mm®) and the median tumor size was
3136 mm°®. At this same timepoint, 80% of the mice in the SN2310 (g3dx10) group
presented no measurable tumor. In addition, the SN2310 (q1dx5) group had a median
turnor size of 126 mm® with 40% having no measurable tumor. At the same time, the
irinotecan group showed a median tumor size of 1637 mm®. The results indicate that the
administration of SN2310 produces significant anti-tumor activity.
Table 4. Calculated Tumor Response Parameters from the HT-29 Xenograft
Study.

Tumor Growth g}?;ii; Number of animals
Group Schedule Deiay (T-C) Inhibition with no measurable
{(days) (% T/C) tumor on Day 55
Saline qldx5 (2 weeks) — —— 0/10
Irinotecan | qldx5 (2 weeks) | 14 52 0/10
SN2300 gldx5 (2 weeks) 8.5 79 0/10
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(% T/C) Saline gldx5(2weeks) ---- --- 0/10 Irinotecan gldx5 (2 weeks) 14

w5 9649, BR300 1 dx5 (2 weeks) 8.5 79 0/10 -56 WO 2005/Q42539. '
PCT/US2004/036127 Tumor Growth Tumor Number of anima#s ér‘é‘&ﬂ‘““”
Schedule Delay (T-C) Growth Inhibition with no measurable (days) (%

C W S o (aYaYaValie VA NMTalial laYa W aVi
TTC) tumorgn Day 55-SN2300-3dxi0-6-162-0/10—N23-10-1gx5-(2-weeks)

> 28* 4 4/10) SN2310 3d-x10 > P&h@ &HB1190% Of. tIors ir tRigigrausT animals
hadstiiot reacHederialkimum piRetgtEfmined si r [-C = Megiamdimesurable
for Treatment group (T) and Cpntroldneip (C)|to rf;%]@{ﬁ}gnpre detenminaday 55
Size 9% TIC=—Treated-medianitumor-wetght)/{Contretmedian-tumer

werdht}08 x 100 (afBalos5). While thé preferred embitliment of the 0/10

inwg@tion, has 8%3 i&.'%‘?&é@fc?? and Qezsg,pibed, t will bg appreciated thg 0

tho-canirl

VariOUS Chd ges calnroe1made ﬁIUICiII VVithUU't dcpai‘tli’ig fi’Gi’T tre-Sprrit

andhs&bide df the ia¥éntibn. -57 MCSIA82 CLAIMS: 12A compound haxing

the formula T-L-D wherein T is a tocopherol moiety; 5 L is a succinate

linker mosety; 0P dsh AR WG Hte mAieRy eleaied LM AlaXaRE @mined size.

taxane derivative, camptothecin, or a camptothecin derivative; wherein
the tocapheroMfERsty fEcolitId R eatiprser® the thélapritticaarup (Mbfetyeach a
thredigbritieegugginate linker moiety. 10 2. The compound of Claim 1,

wherei taxane.is paclitaxe| or a
QA)U??C = ?’llregted median tumor weight)/(Control median tumor weight)

x 100 (at Day 35).
While the preferred embodiment of the invention has been illustrated and
described, it will be appreciated that various changes can be made therein without

departing from the spirit and scope of the invention.
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derivative thereof. 3. The compound of Claim 1, wherein the taxane is
docetaxel or a derivative thereof. 4. The compound of Claim 1, wherein
the camptothecin derivative is 15 1 0-hydroxycamptothecin or a derivati
thereof 5. The compound of Claim 1, wherein the camptothecin derivative
is 7-ethyl-10-hydroxycamptothecin or a derivative thereof. 6. The
compound of Claim 1, wherein the compound is tocopherol succinate
paclit&;&#%—&t The compound of Claim 1, wherein the compound is
tocopherol succinate docetaxel. 8 The compound of Claim 1, wherein the
compdund isAecophenal. hsucginbatd@ampiothecin. 9. The compound of
Claim 1, wherein the compg_gr_;@ is tocopherol 25 succinate
10-hydroxycamptothecin. - CSLLP 10. The compound of Claim 1,
whereih¢nacdmpourdpbdadophietp] succinate
7-ethyl-10- mptothecin. 11. An emulsion, comprising: (a) an oll
phaséc%r%%%i%%%?g ?%%}glrﬁg(%nd having the formula T-L-D wherein T
is a tdeaphéhelanomsiy drudarm st shetdifien moistye Dt isusathvatapetic:,
i MeISE Selectad oM/ ang:a, 10 taxane derivative,

camptothecin, or a camptothecin derivative; wherein the tocopherol

moieti sy aieritgarbeprbanaatyd thevalsatticcdrnids thisichy thesughtiharug

1@9@@%@3@@ @R@%té@lﬁé@ﬁ@ﬁ@? medium comprising tocopherol;

and (b) anaqueous phase. 15 12. The emulsion of Claim 11, wherein the

therapeutic drug moiety is at least one of paclitaxel or docetaxel.
%. Thg compo}fmd of Claim 1, whergin the taxane 1s paclitaxel or a

derivative thereof.

~

3. The compound of Claim 1, wherein the taxane is docetaxel or a

derivative thereof.

4, The compound of Claim 1, wherein the camptothecin derivative is

10-hydroxycamptothecin or a derivative thereof.

5. The compound of Claim 1, wherein the camptothecin derivative is

7-ethyl-10-hydroxycamptothecin or a derivative thereof.

6. The compound of Claim 1, wherein the compound is tocopherol

succinate paclitaxel.

7. The compound of Claim I, wherein the compound is tocopherol

succinate docetaxel.

8 The compound of Claim 1, wherein the compound is tocopherol

succinate camptothecin,

9. The compound of Claim 1, wherein the compound is tocopherol

succinate 10-hydroxycamptothecin.
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13. The emulsion of Claim 11, wherein the therapeutic drug moiety is at
least one of camptothecin, 10-hydroxycamptothecin, or 7-ethyl-10-

hydroxycamptothecin. 20 14. The emulsion of Claim 13, wherein the MCSLLE

therapeutic drug moiety is 7- ethyl-l0-hydroxycamptothecin. 15. A micelle
formulation, comprising: (a) a compound having the formula T-L-D 25
wherein T is a tocopherol moiety; L is a succinate linker moiety; -59
MCSLL®P D ishg sesrapendieldrigmbietheseiadhed ronpandicatesphtarhne
SHEIMAUVR.ARMPIRIRACIARL A RBMAIREhecin derivative; wherein the
tocopherol moiety is covalently coupled to the therapeutic drug moiety
through the succinate linker mojety; and 5 (b) an aqueous phase. 16. The
formu?%ltion of BRI I8 WhHEHIR the therapeutic drug moiety is at least
one of paclitaxgl or glocgtphele Tdmphigifgrmulation of Claim 15, wherein
the therapeutic drug.moiety is at least one of camptothecin,
1O-hydroxyeamptot§?11$:in, ércf)-g’t%%-rf hﬂﬁlﬂ%%@ggmﬁtothecin. 18. Use
of a compound in the manufacture of a middiPament for the treatment of a
cell proliferative disease, th%com undIhavigg ﬂile farmula T-L-D

wherein T is a tocopherol rVr‘{o?er‘ff/r;i 51 KR RITEh A Sirker moiety; D is a
therapeutic drug moiety sdlestedfeomag: talarranaitaxane derivative,
camptothecin, or a Camptqg]es;czir%h%%ive%tti‘\ée& Whereintth‘eito%ocﬁferol moiety
is covalently coupled to the therapedtic drug moiety thiough tHe BLAKRAR- 2
linker moiety. 20 19%akme dsrdefined dmQlaitiet B, whereinhehmedidametite;
comprises an emulsion. wherein the tocopherol moiety is covalently coupled to
the therapeutic drug moiety through the succinate linker moiety:
(ii) a lipophilic medium comprising tocopherol; and

() an aqueous phase.

12. The emulsion of Claim 11, wherein the therapeutic drug moiety is at

least one of paclitaxel or docetaxel.

13, The emulsion of Claim 11, wherein the therapeutic drug moiety is at

least one of camptothecin, 10-hydroxycamptothecin, or 7-ethyl-10-

hydroxycamptothecin.

14, The emulsion of Claim 13, wherein the therapeutic drug moiety is 7-

ethyl-10-hydroxycamptothecin,

15, A micelle formulation, comprising:
(a) a compound having the formula
T-L-D
wherein T is a tocopherol moiety;

L is a succinate linker moiety;
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20. Use as defined in Claim 18, wherein the medicament comprises a
micelle formulation. 21. Use as defined in Claim 18, wherein the MCSLLP
therapeutic drug moiety is 25 paclitaxel or a derivative thereof. -60

MCSLLP 22. Use as defined in Claim 18, wherein the therapeutic drug
moiety is docetaxel or a derivative thereof. 23. Use as defined in Claim 18,
wherein the therapeutic drug moiety is camptothecin or a derivative

thereof. 5 24. Use d3 Hefiiserie @iaidiuegnukbrepletiedthorapeatendragaxane

moiety is 10- hydrO&E@mRI&tl?ﬁﬁﬁ%%écH?%1%&91‘%{8@&&E@H\&@we; .

wherein the therapeutic dru%1 moiety is 7- ethyl- 10-hydroxycamptothecin.

61 wherein the tocopherol moiety is covalently coupled to the
therapeutic drug moiety through the succinate linker moiety; and

{b}  an agqueous phase.

16. The formulation of Claim 15, wherein the therapeutic drug moiety is at

least one of paclitaxel or docetaxel.

17. The formulation of Claim 15, wherein the therapeutic drug moiety is at
least one of camptothecin, 10-hydroxycamptothecin, or 7-ethyl-10-

hydroxycamptothecin.

18. Use of a compound in the manufacture of a medicament for the treatment

of a cell proliferative disease, the compound having the formula
T-L-D

wherein T 1s a tocopherol moiety;

L is a succinate linker moiety;

D is a therapeutic drug moiety selected from a taxane, a taxane derivative,
camptothecin, or a camptothecin derivative;

wherein the tocopherol moiety is covalently coupled to the therapeutic drug

motety through the succinate linker moiety.

19.  Use as defined in Claim 18, wherein the medicament comprises an
emulsion.

20. Use as defined in Claim 18, wherein the medicament comprises a micelle
formulation.

21. Use as defined in Claim 18, wherein the therapeutic drug moiety is

paclitaxel or a derivative thereof.
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22. Use as defined in Claim 18, wherein the therapecutic drug moiety is

docetaxel or a derivative thereof.

23. Use as defined in Claim 18, wherein the therapeutic drug moiety is

camptothecin or a derivative thereof.

24, Use as defined in Claim 18, wherein the therapeutic drug moiety is 10-

hydroxycamptothecin.

25. Use as defined in Claim 18, wherein the therapeutic drug moiety is 7-

ethyl-10-hydroxycamptothecin.
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