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TOCOPHEROL- MODI FI ED THERAPEUTI C DRUG COMPOUNDS FI ELD
OF THE I NVENTI ON The present invention relates to new

WO b@sapsad | ¢ drugs; conpositions that include peEUSEMAH/036127
t herapeutic drugs; and nmethods for adm ni stering and
usi ng the new therapeutic drugs and conpositions.
BACKGROUND OF THE | NVENTI ON The ability to adm nister
bi ol cGOCOHHEROLAMODIEIED TEERAREUHIGDRMG COMPOUNDRS
in bioconpatible solvents to mammal s has been a maj or
hurdle in the real mof pharnmaceuti cal and nedi ci nal

chem stry. In partimg tBrOFq"}{)E[‘ Nari se when an
active drug is either 1nsol e In vvater or unstable

i n OfteepresEnod umenmtn telatesstol nesnthsrap&ites dvays; taonqxolsin'bhd thaeinclude

medi ¢j nal ts is to.chemcally. modify them
B bt i i BIAAS Tt Siitis o 08 it P Mg new therapeutic
drﬁ au}aldoh{@bsﬁbggl le in a particular solvent. Conjugates
active drugs, often referred to as prodrugs,

i ncI ude chemi caBA&‘éiGRL@UNEQFoTHEiINN@JHQN y-active

par oy nds .t hat .are conve di to t.h aren .
CompotinGa Rt payeistes B Spciivg s i€ ofSpGetly soluble in

biéédngpatibRMsbRenRr e rsmmanRy lhﬁéﬂ BeeBY B@fo#" hafdld @ the realm of
result of processes such as dr0|\.¥ﬁrls or enzymatic

pherrazseytieal apf engdiginal shemistiya sla pastiquidr) dishewtesirissavianagn active
dx{lggs egt(&:lfsr insOEhiAdh Wt tr'a? u{xé{ﬁﬁ%ﬂf otﬁé}ed%coggaa%fédstoh%h{é' ng

I Ve parent rug e con

| ncobpoway tnghlabilied m&dlembl&geﬁtsﬁptcﬁdménﬁ@,l]g mod1fy them or conjugate
poI yet hyl ene gl ycol , pol ygl utamte,  or | ymer)

therm & aneibergBplapilF fa glica e tft&myéw%lﬁ ip p pertispl salwe@ (egjugates
ofP &R el L &@éne%ﬂ%% PLiaery ? lggsqnaﬁd% aéhte}{u@a(f' fstiveflves of

conj ugat & fo active rugs oses
bmlagge]ﬁy-agnreaparaﬂlts«bnmands maesra qmvettechmta the @a&nof:ompounds in

Vl}a‘gp &gw e ﬁ@(gr apa;ﬁgqé }%:Erlgrrll g eg)g})cgm}g cg{ulljlggte rr?a%cglccur as the
reélﬁt' By gf&éys%é‘@ﬁ&?tag‘ @12111%1 Wor enzymatic cleavage. The rate of release is

-et hyl -1 O hydr oxycanptot heci n)’, taxanes (e.d.
mﬁmﬂcecﬂ é)yed;evembcfmtm,e[@cludmdasarpeaﬁ chamuctubtb@ndqpmlrg the active

th| | ospori ne, entacapone, danazol,
paéff gptF’é ag%@gﬁa? to nane a few, are poorly
sol %b&p@fatlﬁg‘éﬁvé@&osrohﬁb% Jnoﬂ':@j‘ (@prélyétﬁyle@é}j@bﬂ bblyglutamate, or

probl ens of potential therapeutic ents arée conmon
podyrderd fte dpcr ewss@hd)elutm@d. gircylatign déq @pq'lmlgthas Swer rimyestigated by

tf&eef? h€§| 0&' (%S%%g ??195b %’gﬁ%ﬁﬂﬁ%\é e tﬂ et?vr?tcg}l Olé lpizgltg)??%%s cﬁg‘gm{)%targetmg

haBalsb @)@érSmVEStigﬁﬁ’JdGaS a@heahe ahn@r@ﬁhg lshemﬁatlé l[rﬁigkl y
ens | nCl ude

desi gned to sol ve solublllty pro

n'&%éwf ngPYgeint slrugsanopieht | @6 escampletiseiny| sindns its  analogues
(e%%lllémydké)é&cglﬂflﬁ)ﬁ%cﬂlg f gpgul a’f—%@x?fs-iO-hydroxycamptothecm), 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 potential therapeutic agents are common
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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prodrugs, and novel polyner systens. -1-Paclitaxe

(see structure below), a natural product found in the
WO p0vs04353 k of the Pacific Yew tree, is an exaP@l/@Smh4/036127

an i nmportant chenot herapeutic agent with wi de spectrum

of activity against solid tunors, primarily breast,

ovari an, colon and non-small cell |ung cancer. OH

Pacl|Rachtest] @xesthrtire sbedow), taumaturabptoductt fouby ibitiredinngr bak of the

tgbu%in and stabilizipg i crot ubul es and. t hus pl ocki ng )
PacHiq Yo Bessis atiofeApaPle e impesipnt chemotherapeuicnagent with wide

. o y -

P e,y QB LS Yool Efon-smal
cebldimgancer. anot her exanpl e of a poorly sol uble and

difficult to fornmulate anti-cancer drug. OH CPT is a

gui nol i ne- based al kaloid found in the bark of the

Chi nese canptotheca tree and t ASi ane not trapodyt es

tree. CPT includes four planar® ri nys—(AR and one

boat confopyima\ orkal ring (E) CEB gund to
opening of this’ring to forman acid

= 3§& pH. The
o]
car boxyl ate species results in sigf\ cant | oss of
anti cancer activities. Efforts have heen made since
the early 1960s, -2-when CPT was di sgovered by WAl
and Wani, to inprove upon the anti-canCer activities
of canptothecin and its anal ogues, and to reduce

un ted toxicjties. No successful formulatign. of e
AP e TR it abeds FERRY By BRHBE, B SBMRong bilizing

mREFHIbEY andithid Moél&n% QLI RSB  FGWWerRE, JRlifaxSI0 iK€ Biafy other potent
However, water-sol ubl e anal ogues of canpt ot heci n,

biplogigaileeciive mycdeandss) laas ey ligAwd passmds sahbilitypot ecan

hydreochl ori d VPT have been devel o d ar

the GyOEE GPREEER it MEn T RoRoript SxaRaT Hproct soluble
anﬂhi@fﬁE@l@Cbﬁ»ﬁ@lu@fdkﬁltiAﬁHﬁcBﬂ&hFation- Recently, a vitamn

E (a-tocopherol)-based enulsion fornul ation technol ogy

for paclitaxel drug delivery has been devel oped. In

the formul ati on, rraxal il [

-t ocopherol and A—Q

enmul si on. Howeve ‘ 2 j is soluble in

(ring E) of caiipt{ot hexln and™iy
labile in al kali pe cofditi on and

(i ncludi ng canpt ot heci n and ot Frert gxakhes) in
a-tocopherol is limted. Thereforé
be a need for —~—

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 derivatives 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,
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new net hods, which are both safe and efficacious, of
sol ubil'i zing and delivering poorly soluble active drug
wodsouwses. SUVMARY OF THE | NVENTI ON | n one asper/us20041e36127
present invention provides therapeutic drug conpounds
that have been nodified to increase their
i pophilicity. The conpounds of the invention include
whenoORT gvas micevdrbd baall aed Wani), tooingiroesupndthe matiamancer activities
re lipophili.c nojeties. The therapeutj ¢ drug. noigety
of, Gpioshecih éng s BRIeR. i HE TedEp NRMRBIHgPBIHics; t Neysuccessful
foftht186éN ¥f @imthacih WK 8eerd WvEloed YB dARASchRle TR nﬂ%rtsgl%bility in
nodi fied therapeutic drugs are al so provided. |
bl atatesrand sqreartic sblvehts. | Howener,o wateresabddé tanalogueshaf camptothecin,

..include the.co e_invention are .Qro

irp e RN T O AR Gt B i eRede S p anp o),

ha®t belie devet @Rt iR, ar Biid 6M cadnpPOBedin MBIoBs ¥ub@htly approved by the
t herapeutic agents, and a |ipophilic medium Methods

Foodanddlepe § dpviaisedinposi t i ons are al so provided. In a

further . | hv [ rOVi -emul sion and

B R B A L N
pachweeltdrog deliMegy Rigbezh devélogedu| Bi the Forndhtiste paslitakéd! is solubilized
. phase and an aqueous phase. The oil phase _includes a .
in dieperhiserl spd doranylefed g6 @B eildpavater prylsian. i dovsyennvhilspaclitaxel
s s - r . . . .
s SR 91 051 e bl 800y NS OB fuciog campiotiei
and rothen deesnes) @ optocoptiem! is tihied. nThetefors, thert contiagescoUus a need for

hase. ,Met hads for in e emul si,on and, mcelle .
et P Arecdosh %pﬂng&ﬁﬂ@&m@s@f solubHaing iyering poorly

solBld4ige BRIz AGREQESt eri ng the conpounds of the
invention to a subject in need thereof, and nethods

for treating a cGAVIMARYORREFHLINVEBNTAON ni strati on

of conpoun f the invention are also pravigded.

Rt p BEGRRreNPTERent H CERO NGt P RuL e compounds that
ha®é REh meifed BN In@dast NBeiRlipp1taRIty YR 8B eus bRk invention

invention wll becone nore readily appreciated as the

inejudeea pecermonsdharapeutic devgsmoistieb und enepemoee kiporhilic moieties. The

[ | ow d il.ed d i ption, . [ . .
i e RELY i P sROAR PR ok PTE ey ity direety or
byFh GiliRer Iméistyenavetbadd Yor haking! @& nddAed itRetapdutic drugs are also

d-.a-tocopherol and a therapeutic drug containing a
previfiesbxyl group to provide a tocopherol - modifi ed

B AR, S BRI ¢ compouns of
the mvbation 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 emulsion 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.



10

15

20

25

30

chloride group (-C(=0) Cl) and a phosphoric chloride

group (-P(=OOR d), and reaction of the resulting
w@eiod/0¢e3sBori de and an appropriately functi onal P@BUS2004/036127

t herapeutic drug conpound to provide a

tocopherol -nodi fi ed therapeutic drug conmpound; FIGURE

3 schematically illustrates tocopherol

f undu iothealaszatsj oetheids foreadiniméstdrmgythecoanjopdds d€the invention to a

. i ni ¢ _anhydride nd reaction of the resylting . . .
sl rrS ERat fndfabundh i GeHtink Forapditigti s able by dgministration

of hkREeMPBEH dIGhINEnFRROYRE froviBELVI de a
t ocopherol -nodi fied therapeutic drug conpound; FI GURE

4 schenat i calBRIEH DESCRE E¥ON K 'PHEJAR AW DG f

tocagpher ol .succi nate.canpt ot hecjn:. F RE 5 . . . .
Sh o eapiPg S GarH B TS pPEllapL e GHLERgS of this invention will

bet&EORIVRS RadBy approdhed B9 thy dan¥ beasmhé BERQCHleANsbd by reference to
t ocopherol succinate 7-ethyl -1 O hydroxycanpt ot hecin;

the-fdlomeng detaHedrdesceintipy, when dakeat s ceriengsionpwith tthe mcefmpanying

-di (t.ocopherol succinate)
dra}%@é%}‘/ﬁl—eg%@hydroxycanpt ot hecin; FIGURE 7 schematically \
i1 | ISGURESS séHetaficBaillabtrals edaction offlded abcspheRil Rl @ therapeutic
canpt ot heci n contai ning a poly(ethylene oxide) group; .
dryg epmpingngs a (rarhoryk 8rqup ol Pitide etpcopherplrmpdifigd; barapeutic drug
cmtngﬁﬁmperol succi nate paclitaxel; FIGURE 9
schemétically illustrates the preparation of
t ocPGERH 2 sclematiadlly ivshix ebcophbBURMctdnalization with a carbonyl

chiogg SR O DR o R aor UPES: 80U 4R BYARIGh, and reaction
of SthbeRBliif@ i EhibHad refﬁﬁeént&%r rﬁ?@?aﬁﬁﬁgoﬁ;ﬁﬁeﬁl tPerapeutic drug
di"car et hyl -

t ocopherof cycl ohexane-1I"- oxyf ate
coDphymt toxpyeddps tichplerol:mbd HdREhdrdpdwicairgg emhpawordpar i ng

the Bk 10 g%g%&%%ﬁ%&gggﬁf&ggg L Belionalization with a
didafoRPHE N ydRRE | sfggéiﬂjctéisﬁmﬁ&é)} hisd FabGort MR YOG caibtkylic acid

g
i nvention "( SN2 tocopherol succinate canptothecin;
andnen SRR opriatelyc dpmsionhlizedc ctherapeutiz- edrig| compound to provide a

Q- hydr ox tothecin); FIGURE.is a graph conparing
tOC\?BF%(@%mPﬁ%%H@&&?H&y lﬂl@dgfcé)ﬁn%oélﬁf}t ot heci n, irinotecan

hy dFGUR® i4d ecHehiatiBAltye SIS tratedN ehel %Béﬁa@eﬁﬁﬁ of tocgpherol succinate

hydr ochl ori de (topotecan) with G 50 val ues obtai ned

camptothe@l r epr esent ati ve t ocopherol - nodi fi ed t herapeutic

dru n . | 1.ofa . ( N23 .
O IR SRS | Be( PN SRt sucinr
10-hydroxycamptothecin and tocopherol succinate 7-ethyl-10-hydroxycamptothecin;
FIGURE 6 schematically illustrates the preparation of 10,20-di(tocopherol

succinate) 7-ethyl-10-hydroxycamptothecin;

FIGURE 7 schematically illustrates the preparation of tocopherol succinate
camptothecin containing a poly(ethylene 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;
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OVCAR- 3; FI GURES 14A and 14B are graphs of

concentration-tine values after intravenous injection
wWoR00884B3Nny/ kg of two representative PCT/US2004/036127

t ocopherol -nodi fi ed therapeutic drug conpounds of the

i nvention (Fl GURE 14A, SN2300; and Fl GURE 14B,

SN2310); and FlI GURES 15A and 15B are graphs

i || GURE nd 1t usahemgticallyh (iwddatesy ethet i preparation of  tocopherol

EL e R L s

COMUUGURE 95 ik Regraply @brnl &%%fb@%@%@@ Qia Bl W) thé TadWR form of
different tunor hodels (FIGQJRE , NCl-H4A6G ™ and Fl GURE

campRtheein @8l of tHETApreEDAFSOR FPheOlngrifiedtheRERERREME compounds

of RO (B Rl gl RSP Bk Piapo. ocoptero
sutdigté 7.2ehyllq OLHyAF SFe@nptotietid)j pophi licity. The

compounds of the invention are nodified therapeutic

dr ugdGURFe1% énpaiantl sompating Gl alasgrpartrs] i CA for camptothecin,
AT, 3R bl wih G

valugs bbidiheddbe twd esprastativie tapphiérobnbdifidmbeipyutid drug@Wdpounds
enbqdi nents, the conpounds of the invention include
of 1B dnyertian RN2890)aphi SV% 10y fer el lipest hEAORnHSch-fkht HT29, and
O@?ch_:yrrpounds of the invention include nore than one
t herapeutic drug noiety and nore than one |ipophilic
noi RIGURESs Dive amdrbéil areeprtishs dheonchiraijpactime valuegafter intravenous

. hoiety_i.g covalently coupled to the Iipophiljc ety .
e 13_-% i %ﬁyvxa wrwn&twsrtoe%‘&a?ln@ﬂ@@d%apwﬂc drug
co{r%sﬁl%gw%&m%ﬁ{ﬂm@t@@m 151411 SNeRI00Y Ak PFRIERE! MBS SMB5 86); and

the lipophilic nolety wthout a [inker noiety. In
one FGDBESTEM and A 6B arg gralphk ildustiating yumer growdic (oindy over time in
noi et.y,, and, the c ound i s a tocopherol -podified .
xepogalatRe e ibBaREC g BEOpaarsniass tpapherol- modified
thdrBSufie QiHig CofipbEndsONP e NdvERion (SN2 3NSA10) in two different

t herapeutic drug -5-conpound) has one or nore
tumecnpécls ﬁlﬁmg pAsN Gb%ﬁ@mmd/FmBEeléBu &1x29).
t her W r j '
coval Rt Ay E RS RIS ENCOR B F R R Oy
noi gh ioR8 . aspécthicGstestRO WBientiBe providpd) Siedpeliiit &lrg icoMpounds that

coval ently coupled to the therapeutic drug nmoiety . .
hage begar mgglified itp ynesease prediporhilicik e A hesprpgundspoidhe invention are

SRR Bk oSRRGERLEEARRUEs S ame
mgetyendk lipophilicandiéty. (T-L) (T)D (1) wherein Tis a

trrgic {Q ?;sfrn%:_er@dgt%gm%i(@gdon%oru% §of T et: ?ﬁde\rlrgorll Iir?cﬁ&ctl]el Irnlo(r:e 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
lipophilic 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 a tocopherol-modified therapeutic drug compound. The

tocopherol-modified therapeutic drug compound (or "tocopherolated" therapeutic drug

-5-
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noiety;, nis 0, , 2, or 3; mis O, , 2, or 3; n+1i s
1, 2, or 3; and Dis a therapeutic drug noiety. In
wao bios/o@shodi ment, the conpound includes n T-L POI/E51008036127
(i.e., tocopherol-linker noieties) and mtocophero
noieties, with the proviso that n + mis 1, 2, or 3.
Each T-L noiety includes a tocopherol noiety
compvmhcb iab yne otiplogedtotaphardl imvieties woiveleytly Eaupgledto 4 tierapeutic drug

-L noi etleﬁle 51 coval enta*g/ coupl d.to the therapeutic
m‘&?‘@fg"%u‘@‘r‘%’ Frlongivht AoV nLYrﬁﬂué’t §d 0| oK BT TRRSE ?ap?lﬁlc drug

m%lE‘t'le% (hdl e, 1?13@&88%?r21§ﬁt fo&}{ ﬁsg Rt gze ot 4)1%& é@ ﬁlge' therapeutic

Itectly cova
drugineteyy eitltendirectly drithdoegh atinletrynoiREpr esent at i ve

conpounds havi ng . for nul [ u those i,n whic

" "8 i Spmbidiniehe, B TocoPndeibrondigil Betneie, e Shutpoutids of the
inERH6A 8dn $@fegwsaate&’ bthe2kndrfl folthSlL£01podi ment, one, two,

or three tocopherol” noieties are directly covalently

coupled to the therapeutl c drug noiety. Representative
conmpounds having for ncI ude tho in which m
is Oand nis 1, , &3‘5 @i‘%e corrpoundsiﬁ%\ve t he
general fornul a: (T L) D (3) In this enbodi nent, one,
or three T-L npieties are covalently coup Iedto

Wher@n thisrafpsophesolanaigtingce @yrepisparghve Heophilic ml%tv» Igis a linker
m¢15$k§ s (1? é/rn3c,|n8 dﬁ?ﬁ;gg@%} %t ﬁCCPWBPQQ&g[Egé Q%eaapeutlc drug
maoistyl or I. tﬂilsesanbadimaundsheha\z@mman@enﬁclades‘ oanmuTde: moieties

(T L) (T D (4) (T:L)(T) D n these

@ %m%%nh?gﬁtl@k °f et eél@f%léﬁaiow %R m%é?ﬁ %\ thavéowso that n + m
e I

is 2:,823 S)FE q E?%h ?ﬁ'_éﬁlttoﬁegf g%g‘lgt&sl, %fo ﬁde?ﬁgﬁé)y ;f 8y é:iﬂl (‘)6upled to a linker

mdietyk éachiod theat &'plh exoddtiesnid mvakently katpkdedo ctlnn/‘dllempeut}c drug moiety

coupl.ed to the therapeutic dr moi.ety throu
hippik - T woretyh ST Mt FLPs SRRGusRboea ot he fhfocopherol
moiBYRNSI BRcAE S6VdIBRE éblﬁﬁlé@ bR weksrapagict &%@%@i‘éﬁl ﬁfltﬁbﬂtga linker
moi ety and one or nore lipophilic noieties (e

maieiyopher ol noi et i es). In other embodi rrent S, the

co unds totf t he |nv§ nclludﬁ% Fan on hnis 0 and
t her SBEGtT A ot PRI SPQF"“} OgRa 82? 03¢ ‘Hé” ichn is 0 and m
is COTREINdheteOpdandViRivE BRI RRGHT fornslilatg noi eties. In

T.D Q)

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-L moieties are covalently coupled to the

therapeutic drug moiety through the T-L moiety's linker moiety.
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anot her enbodi nent, the conpounds include three
t herapeutic drug noieties. For conpounds that include
WOoRe0s/0435an one t herapeutic drug noiety, the thRCHpS2D4/a36127
drug noieties a can be the sane or different. For
conpounds that include nore than one therapeutic drug
noi ety, the therapeutic drug noieties can be
i NC Beprekaitiveicoinpotiis haeingdonduian 1 ximclsleithedelia wiigh miis 1 or 2,
%one enbodi nents, the therap eutlf drug noi eties can be
niekers Lhssarcempoynds ba tbe seaerg! foriet onpound
i ncl udes a -DD or -D-D npoiety). In other
enbodi ments, the therapeutic drug noieties are
separated in the compo(lRdL)YI | i nker (Miety (e.g
the conpound includes a -D-L-D- or -D-L-D nolety) a
i pophilic noiety (e.g., the conpound includes a
-DT-D or-DTDm)leT.) P | i poplgghi c- | i nker
noiety (e.g., the conpgund)ﬁ)él udes ar( ET L-D,
-D-T-L-D, or -D-L-T-D noiety; or a -D-L-T-L-D or
-D-L-T-L-D noi ety) ve co unds i ncl udi ng
two or three ther apeutftqgﬂggairrjm eti e ave t he
general formula: (T-L)(D) p (7) -7-wherein pis 2 or
. In this enbodinent, the two or three t her apeutic
In @heg@ embediments, the sompoundsief (the ivigptias have @ﬁepheirﬂ@?leﬂes that are

d1rg<9( eéo\(/ lellpyf %&Upf ttggﬁeaﬁgr?peéﬁlf#ug?ﬁ@%t p‘gﬁdtl mm%ll éﬂcpﬂogopherol

m(ﬁétfﬁsothmdatéctfovmédﬂli icoapledes ahe Ltherepeirtwgdmgnmownyd)throﬂgh a linker
is clear fromfornmula (7), the linker noiety is also
(.edpail éﬂm%ﬁt’@%pl ed to the lipophilic noiety (e.g

t ocqphell D{HP(? s& dfy’e\he ii\Verttih GbsBROME A &%”ﬁe}ﬁaé% gfth&}éﬁeutlc drug

i nvention i nc ng nore than one t erapeutic
maoieyeind oad drameref dlpnplhhe mbletics t(la@, Sdmophlerabammemax) In other

formula (7 For l e, such a ound _can in
embppft lénetnrﬁa&h%ﬁén%mg INYEIHOR ﬁabqqrhapcon@etﬁarapeuuc drug

ﬁcgoﬁﬁ 8 lenbBBinfht, §fe chﬁﬁoﬁmﬁbﬂﬁﬁé t@f) th&i8pdulé et Mbieties. In

1 ude one or nore lipophilic noieties and one orf
antmhcle enfmedlmat;timc @m@unds emlede ttheee thempeiiheirug moieties. For

direc coval.ent | n r _coval tI linked .
coRRp Gt FREHS Fogrk L O dRFraBE e ol B prapeutic drug
moitidd@RAh bk theBinBloY diffe@ér s to a cheni cal noi ety having

| i pophilic or hydrophobic characteristics and that

i nceaswsmponads dhaibincludg srora thaar ap@ uhprapeiitify drug moiety, the

o GBARP R Poi SRR oS B SR T A ARGB g 1

sofRE Qithisilirers) RO Undtapdutic NRug NvieRtibO Ban Aeddisestlypédvalendy coupled
representative |lipophilic noieties useful in makin

(e.ghdhe sampownss insfuden @ i@y oR-Ip gmoiety). In other embo%lments 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 muoiety), or a lipophilic-linker moiety (e.g., the
compound includes a -D-T-L-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), @)
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provi ded bel ow. As used herein, the term"therapeutic

drug noiety" refers to a chem cal noiety derived from
w@2a0kmezpeut i ¢ drug conmpound. A description of PCT/US2004/036127

representative therapeutic drug conpounds useful in

maki ng the conpounds of the invention is provided

bel ow. As used herein, the term"linker noiety" refers

to an atomor a group of atons that covalently link

for exanpl e, j pophi lic iety to a therapeutic drug,.
WHETLB S DR de s BrtPiSt PO IO o e QW Qe TR g bt are
co%dlbxfﬂ@@oﬁ?le& BEthe FRRAUAG R0 TIn 1S irls RS the Minksr RERMESRMItiple sites
el ow. Lipophilic Mdifi'cation of Therapeutic Dru

g
forChwepastactiment of thee thepapetiic ddngigompeypslir(dr magdified dherapeutic drug

coftpoies (Fe® HRE Sy HRniE D, Pt B sy Soleh fhpted t
theC BYSPHEIG nfoadtp! (eRd foBophekdl P@BIREy)] CABDhEfeN - abdwk,! 8hfounds of the

functional groups include, for example, the follow ng

invgniderpincludingr wase| ther engptherapeptic mg moighoen hayeifpanylae other than

am no._ar.o [ ,Se a - .
sh i Bl e B DS AR bt R SRt ipelfBE ey Bham ome
(e.8UBE it thicRYlipsphilis@hs | totdpheblmbietiasc| oal kyl ,

substituted or unsupstituted aryl, or aral kyl)., thiol

gr od e compyunds Hf Hescipverfiaipcludeons§r rore Hlyeglﬂé}ﬁ augjeties and one
or &o%@e{qﬂg%{@@&ﬁ i &érélu@ata%e %ng%rro%glg&&ygﬁgﬁﬁglﬂ§ 1akédor covalently
linkdtbdphghilinkecidiegeoup (- OPCG3H), phosphoni c acid group

(- PCBH2) ally]ic haljde group, penzylic halide ) )
gr odYs, used, hegeqn, %&r@?hmhlgc %ﬁ?‘a@ regﬁzesw, a agmisl Pagigty having
G2 of LSS b BB ol OB T Mt
drugocappemd| inreolipsphjlid soleerg for amviestneentgwbenp covaéntly) Bdupled to the
car bamat e grou -0C(=0),NH), sulfo e.group (- - .
SERETIh, BBl O UL i B! 8P B R esdrpion o
repd\Rh@1iVE li'pﬁeﬁlw nelgetdsyuse il 9 trfskidg &8 Bompodhdeybf tHeSm¥éntion is
branched al kyl, substituted or unsubstituted
prewyddddwldw. , substituted or unsubstituted aryl, or

ar al kyl hosphonat e,.grou -PBR1-., . wher.e is . .

i ndéﬁ%‘ﬁ&@ H’?ﬁ}n’s@? é%?‘bo‘ﬂFl}aBﬁF&, ‘Eﬁg QOGP 150 4 §fhemical moiety
deBlday fromSa Bietdpbtiidru@r comipfouha!l IA Béselptive|dFakpiebentative therapeutic

substituted or unsupstjtuted aryl, or aralkyl),

r
drug erarpogndipseful dn yakingithe eqmiequars elhp doventioq is provided below.
repr N At uj [
B L
co@al‘léntlgf (liﬂQ'Dfior Pefx}iaﬁlpldjoﬁl i Fipaphilicomoiétyt ac ophtieedpentierpdrug dmoiety.
A DR BRSO HEreB e MIRSEH 0 o BHBHIED i CORBas of the imvention

is ﬁldivfdgglbglow_eact ive functional groups

Lipophilic Modification of Therapeutic Drug Compounds. A therapeutic drug

compound may have one or more suitable functional 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, -NHj, or secondary amino group,
-NHR;, where R, is independently selected from H, C.¢ n-alkyl, Cs.12 branched alkyl,
substituted or unsubstituted Cs.¢ cycloalkyl, substituted or unsubstituted aryl, or aralkyl),
thiol group (-SH), carboxyl group (-COOH), aldehyde group (-CHO), isocynato group
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i nclude the foll ow ng groups: hydroxyl group (-OH),

am no group (primary am no group, -NH2, or secondary
w@riso45soup, -NHR , where is independently seP@DUSIN4/036127

fromH 1-6 n-alkyl, C3.12 branched al kyl, substituted

or unsubstituted cycl oal kyl, substituted or

unsubstituted aryl, or aralkyl.), thiol group (-SH),

(-NaCbOXysul fgnieteid gl@ﬁp@%ﬁlﬁ) aullfileb eabix gfmnpr(-()SOEH) phosphonc acid
gr.oup N=C=0O), sulf

gr'gﬁlf 2 é%g%atplepsah%% agid @@% O%E@s aﬁzﬂa? ogiaog@zyhc halide
ehyfEohuangl it outralh i, fe e v

gr oup tha'aﬂelmcl dmgydongxound) nfayCb (dil(ébtlﬁ)coupledkkar a lipophilic moiety

(cdormptrvaters] TRED) nEERoRn | FFGEOR | oMy HBERP Eroup

(O@(&)NH—?C%’QH&&% g?@dpet()@Oﬂ)VﬁﬂlﬁfE | 3o ugnbs@ 1)0 fhosphate group
herapeufic drug nmoiety by a |inker noie rn
('@B@BRH‘D‘N}IQTQ Ry hssmdﬁnmdmhrrﬂebc@émrm&iad:labm&yl tthao branched alkyl,

I e TR Y -

pI(ogﬂhonIteAgrBuﬁ\(-P@gR@, vmaﬁ:r R, s inﬁegeﬁdéﬁﬂp fsereeiedmxﬁtﬂ Cis n-alkyl,

resentative |ipophilic noiety), Dis a

Cilheb@p@hﬁdl @ﬁ@’ﬂ,u Gubbitused, | oramsuhsmed i G3-@ ¢}1Clﬂ€§?}’1 substituted or

ulbsfed it s ptot 5, BPBREUBUELOU ™\ i Oh | e uces
|i nk&rtogoplesyl tompbund| Id“fépreﬁtaﬁw Lipbphilib Oﬁcﬁnpound suitable for

conpounds can be linker mpiety A-R-A". In formula
makigg fhe gompgunds, pE the, a@ﬁaﬁ% ntnpl}ld§é| e OYdEPF @roup :&0@9 After

mx?@&at%%hl&a&w&l ?tcgm gr O (%@éh{%ﬁlg&@d 95 QUhker compound

thataindladest enegiranqgre (rea@‘i(/e: ﬁ))lbhbl)a,l gnmﬁso r&m@lbkewacgwe pnctional groups

g 4 Rty P P3RS i wD%r omihe BRRB Gtreey amino
ord&p, N NSRBI MR e Qgﬁn.%f GHERR v)ff%r)a HE‘ MB%ﬁlg r%]galgceted from

group(-OP(=O NR™-), e group O0O), su
Hgay IOII'@H@D NRi2) branghddo Rty glhstmltéd Smul)lsubstlnlutecoin &higdeycloalkyl,

R o e TSI, Ao FUR, et v
(-C(=@“)O‘¢I) aﬁl@ﬂﬁdd gty ‘é(ﬁJI(B)/hsocl%@eB %l%ﬂp E(LN%‘C—O sulfonic acid group

stituted

cl’oal’k substituted cycl oal ky
(SO0, SQ ped cgrone (GRS, PIRSPRSTE aridbiionp (GOBOEHD, Phosphonic

o "G W G SRR A LS ey

hatide gﬂﬁbkaﬂd o)ﬁﬁhfélrgtaﬁlkyCH(@)@E{)I tuted heteroal kyl ;
aryl; substitut ed | ; aral kyl; substituted ar al kyl ;
am rldnker Motefiss Agaroiqdabppegniseme pnbedimentsyiitocomppunds of the

inPentRR! HEREE Q"’Hﬂoﬂﬁlhc%&%“@ .,Qlfocﬁgﬂgﬂ)leﬂl%w%)ygévalenﬂy coupled to a

therapeutic drug moiety by a linker moiety. In addition to the embodiments described

above, the tocopherol-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
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pol y(et hyl ene glycol); poly(alkylene oxide) polyners,
such as poly(ethylene oxide) and pol y(propyl ene
w@00d0)253and pol y(et hyl ene oxi de) - pol y( propyl eP€T/vs100€)36127
copol ynmer. For the above groups, and R are
i ndependently selected fromNa , K, H n-alkyl,
branched al kyl, substituted or unsubstituted
(13l @a-l(’k)/hbovfeubaﬂﬂ ofitvhigh dncludessulisiter trabiety & yhe liaket moiety L in
substltunfd or ubstltutﬁﬁﬁ@ralkyl. As used herein,
thesq CompPHR S&PW’G TdRQiety iy ocycl i c and pol ycyclic

ar OBt AL RP 61 NG afd Bl f‘ﬁé $ERERATEh 0. 8, SO, S0,

hetero atoms, ~an |nc udes carb cyc aryl groups and’

NRpt erboytHte cgramyl( @(r—-@)@s), Relpieegwnpa(ﬂ(eoamm )0 ranhyxi:nde group

DRSPS Shetar Sl o N reaimidity Bhun ¢ RE-0109,
mg}hﬁle: 8folh " @R @%é'O)N'R%f)e F)ﬁoipﬁat@ng@hgy¢ O@(i@@f{oﬁi}% -)} $hosphamide
substit ed with an ar fou The fol Flown

grmmp (ﬂt@ﬁ@%@ﬁh@@@n d Sﬂﬁsphﬁmaz) grospr e lﬁ-r@l%(@(ﬁ&@-r)y e phosphonamide

o R DU Ruchor Tt BB ity Tgee €y G DR, sulfonate
gr@tQ)V agismsl)y galfdaaddd hroesiph BBOSNREY), 9r@HP. théN dB&bonyl group,
enbodi ment, the therapeutic drug noiety includes a
‘C(TS)@!RJQ{(T Y+ Biagrer Ratis jabsens ] @ dlivaler alklihl(tngy[cgz)wpl = 1-12),
su?%ut%l%% alk gp lﬁ?&cﬁ@d ﬁlt%l i:/)T({](ﬁallyl %'étlﬁ?étcﬁé}le 5 1 ﬁ%&@gti%g(ed aryl.

phero an-e

Fof dleg @iy GrSps, RSik @rdigdlenterowo Belétiﬂétﬁ ) xheafallaam@ gtwLps alkyl;
am de _group und 12). -10-0

éfrtm{feqh ?r:l%yli)zbllaﬁdaﬁ%taﬂ%yﬂ éﬁ‘B]@aﬁ(be nﬁubﬁtﬁetetihéy%lg%lm cheteroalkyl
sug%cf&%fzﬁ'gfe%} 3}111&@) ﬁ?@?oxsﬁaﬁo&g{ ba?%l%ékl g{u%'s‘lgtu{ela%ale amino acid;
peplide; pdlypeptidek proteinj biyo- ;Tﬂlf obb polysaycharidé;colizoimee of Ieﬂiywne glycol,
pofeene SHSEOnEs Ty et il Mol eiEo it b e isdene oxide) and
poBib By RhO Hﬁidéﬁ%ﬂﬁ%wetﬁﬁkne oxilid)-$éty (Sroplene oxide) copolymer. For
the above groups, R; and R, are independently selected from Na*, K¥, H, Cy.¢ n-alkyl,
Cs.;p branched alkyl, substituted or unsubstituted Cs 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
hydroxyl 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 9),

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

-10-



1 6 In the above conmpounds, divalent group Ris

sel ected fromal kyl; substituted al kyl; branched
wa@bdoglos2seycl oal kyl ; substituted cycl oal kyl ; PCT/US2004/036127

het er oal kyl ; substituted heteroal kyl; aryl;

substituted aryl; aral kyl; substituted aral kyl; am no

acid; peptide; polypepy de; protein;O nqQ-, di- or

pol ysacchari de; oligomdir of ethyl enejgl ygol,

pol y(et hyl ene gl ‘ygﬁbgk (aIkyWeaeﬂs§' b-Bol yners,

such as pol y(et hyl ene oxi de) and pol y(propyl ene

oxi de); and pol y(et hyl ene oxi de)-pol y(propyl ene oxi de)

copolymer. In the abovegconpounds, is segjgcted fromH,

n-al kyl, branched al kyl, -11-substituted or

unsubstituted cycl oal kyl, substituted or unsubstituted

aryl, and substitutgd unsubstituted aral kyl. Wile
the preferred enbodiment of the inven®i on®has been

i11ustrated and desteibbd Dit wilt b ,pliegj,lated t hat
various changes can be made thereiﬁfmﬁt out “departing

fromthe spirit and scope of the imRsention. A |linker
noi ety (L) and therapeutic drug noiety (D) may be
coval ently coupled thibugh an anide grogp. In one
enbodi nent, the therapeutic drug noiety 1 ncludes an
am ne group that is coupled a carboxyl group of the
i nker noiety. The linker noiety nay be coupled to a

toc ' r g (

17) QR es Oglrer grgr%bg)tgyr?%ﬁéhp%ﬂlg 93'1{55,%“" gfrhlgn @%EE?% u g 5( conpo urd carboxyl
grdif}) thatis canpldé wathoal By drooylpeouitof28¢ linkerdoigtyt 0L R OTheliblkke moiety

above coggounds, ivalent group R is_selected from

may Ry couled 49 o igperhernl ypictibhiteherr sibry Browy (qagaaRge;13), ester

P AR 1 02 e i PR B itpound 16)

substituted aral kyl; am no acid; peptide; polypeptide;
protein; nono-, di- or polysaccharid®, oligoner of

et hyl ene gl ycol, fuﬂﬁﬁpékﬂypene girycal) ; _@ql ybal kyl ene
oxi de) polyners, such as poly(ethypeneRoxiﬁe) and

pol y(propyl ene oxi de); aFd poly(ethylene O

oxi de) - pol y(propyl ene oxi de) copolyner. In the above
conmpounds, and are indeg ndently selected fromH, 1-6
n- al kyl, branched aIkyF; substituted or ufdubstituted
cycl oal kyl, substituted or unsubstituted aryl, and
substituted or unsdpstituted aralkyl.o

T/NxR/O\[O]/D T\';l)]\R,O\n/D

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 aralkkyl; 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; is selected from H, Ci¢ n-alkyl, Cs.;» branched alkyl,
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A linker nmoiety (L) and a therapeutic drug noiety (D)

may be coval ently coupl ed through an ether group
W@ caspassd 21) or ami ne group (conpound 22). |PCDOB2004/036127

enbodi nment, the therapeutic drug noiety includes a

hydroxy group, and in another -12-enbodi nent, the

t herapeutic drug noiety includes an am ne group. The
subdtitlted 0 uBsubstimiedd€; ¢ odifel ,0 sébstinge@ e @hsubatigited aryl, and

through an ether group. OH 21 22 In the above
SU@%W%@%ﬁﬂ@ﬁubgﬁg@déﬁﬂﬁf fromH, n-alkyl, branched

al k . t LAl St} -5 _C LKy

subaY PGS bR, Bt b ot Selifor ey Wit ilustrated and
de%digb@@,h a@r gvill rBei @?p)(ec(al'féd ad \?nghs rhchmﬂshi candbe gnﬁ@elt gﬁej‘ein without

D). may be coval ently cqupl.ed through a carpon i OX )

depargng fonpthe-spird and seopaebthednyention) 4 ﬂ!ﬁ?@r DI &t)haéld tHerapeutic

. e , .
i GO il o 10 AR BB Gpoum, 1 e
embobin2éit Athieothorzipeutinl dmmi moigty( Hchales am hinévea geupi thatlisigoupled a

car%%x‘rglggqoég)oé ipker %(g)\%.e géyﬁ%uﬁ%ﬁg%‘ﬁgggq%ﬁ%‘gﬁpa tocopherol
m(%iﬁlgttfxfb%@ﬁﬁﬁlém& nguPQcéIHbtﬁﬁM 17 sHe S0 @WH 185, @¥Hne group

I's coupled™w th a ‘carboxyl group of the Iinker

(coropaing. 19T e ahiidkgouprttiostppundi@Obe coupl ed to a

t ocopherol noiety through an ether group (conpound

24), ester group (conpqgnd 25), amn gr8up (conpound

26), or am de group (cofpound 27). E%LZS D2 27 -13-1n

t he above conpoundﬁflﬁVggkght gréﬂ@ Ricted from

al kyl ; substituted alkylﬁhbranched al kyl ; &ycloalkyl;

substituted cycl oal kyl ; heteroal kyl; substi' uted

het eroal kyl ; aryl; substituted aryl; aralkyl;

substituted aral kyl; amygo acid; peptigle; polypeptide;

protein; nono-, di- or polysaccharide; oligoner of

et hyl ene gl ycol, polrs(ephyl ene glycol); poly(al kyl ene

oxi de) polyners, such a Pq y(ethyl e 0 |deg and

pol y(propyl ene oxiTe)R any” pol y( &t .

oxi de) - pol y(propyl ene oxiRg) copol yner. Inithe above

conmpounds, is selected fromH, n-alkyl, C3742 branched

al kyl ,

19 . 20

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; 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, C;¢ n-alkyl, Cs.;2
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

-12-
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20

substituted or unsubstituted cycl oal kyl, substituted
or unsubstituted aryl, and substituted or
war®alosrsse ut ed aral kyl . A tocopherol noiety (TRCEHOS2004/036127
therapeutic drug noiety (D) nay be coval ently coupl ed
t hrough a phosphat e, phosphoram de, or thiophosphate
group (conpound 28). 28 In the above conpounds, X is O
enitfedimat, Tﬁﬁ tllleS'apeul:ilRiﬁ,rubg) rno‘fl?er;ty gmﬂlln{i(esl ﬁledlﬁlﬁbb @fo{ip.0 drm H¥alinkelk moiety
, H n- yl, C3.12 branche yl, substituted or
i e aowpled 19 adpogplerelmpisty thpquehenisther giuad or

unsubstituted aryl, gr aralkyl; and and R3_are

i ndependent |y se{c/toi‘f/gom n-al kyl, C3- 12 Fbr anc?ﬁed
al kyl, substitybed un stitutechN
substitut ed quun Ubst1 u?ga aryl, Ufwar Ky A o

tocopherol noiety () and a therapeutic drugymiety
(D) may be coval ently coupl ed through a sul fate,
t hi osul fate, or sul fonam de group (conpound 29). - 29

In the ahove conpounds,. X is NR r S;..and i s
ol JB EupRRYE HPpOTAa i Seleied ) HCheirally s > branched alkyl,
sug#mba bya@sqbartutg@ gyb l%?dl&éikﬁ?s%ﬁ’%u%' ok YihsubSti Bakd EMIQH aralkyl.

unsubstituted aryl’, or ‘aral kyl. -14-A tocophero

noi et yoqoPherahmoistye (Bpend acheapepticodreg yndi®y Ry mey be covalently

coval.ent Ly coupl ed. t hr ough r e grou .
cof Bk Bt SR Prdfist oo O -RIRT Lo PSR 23y ofp tis case, the
link@MRRESs 11N 6arB6S/1di0L¢E REAGL Ahd Yhes Blefpb@it Hr@dthbie includes a

n-al kyl, branched al kyl,” substituted or unsubstituted
hydiexlyb@oRly , substituted or unsubstituted aryl, or

aral kyl . A tocopherol noi &ty (T) and a therapeutic

drug noiety (D) may b - G Cbggtly coupl ed through a

carbamate group (-NR %(:O) r -0C(=O)NR 2-,

conmpounds and 32, respectively). o 31 32 In the above

conmpounds, and are indep&3dently sel ected from

A tocopherol moiety (T) and a therapeutic drug moiety (D) may be covalently

coupled through an anhydride group (-C(=0)OC(=0)-). 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).

O O O 0 O
T/O\R)]\OJI\D T\O)kR/lkO)l\D
24 25
'I?1 0O O O 0O O
AN, NN
Ry
26 27
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H, C -alkyl, branched al kyl, substituted or

unsubstituted cycl oal kyl, substituted or unsubstituted
w@eok/042589 ar al kyl . Li pophilic Miety. The conpPChus2004/036127

the invention include one or nore |lipophilic noieties.

The i pophilic noiety or noieties increases the

solubility of the conpound in a |ipophilic solvent or

envilnchermbbve kompoendsriivelene gtoupt Reis Isefeepdil fiom alkiyht substituted

[ t h As d.h h t
el dBpHBeD| ol epyolgfflélers;lb?%ﬁ@dcﬁ%ﬁp@hw BPisrgAlyl substituted
hetefoddBf1! ga?ﬁ Pgégi cd ae[ﬂrlb zarﬁkylﬁ] Abéttited" aﬁﬁﬁrg N ﬁfdn‘fo alc1d6 rpeptlde,

conpounds eir generic na
polypeptidey Frotdim adktiot, @l o pcﬂpsapﬁmmdb @rlngomﬂn def ethylene glycol,

5 polieBalent aisahaBORIRIEE St RN e Pavpeigeplene oxide) and
po fb%lleﬁe okRted &Wﬁely&@iy@neacﬁﬁld@- Bb(f)ﬂbbyle‘"i‘l'el m&@e)zaopolymer In

ese’ conpounds have thé foll ow ng ‘genéfal fornmu
thembgph eooipoundmsRi tisitselegted efromsHofCree mealépl, Cs.12 branched alkyl,

z0 yranol hyl ch the
suBTIFR 02 MBhbstifled ey cxl 8L Bl EL % fifned aryl, ama
suaﬁﬂmﬁﬁeﬁmﬁhbMﬁukﬂgﬁﬂ rols include -tocopherol,
(d-form dl-form 1-for b-t ocopherol (d form

10 dl - fAyrtpgopherod rmleth(T)o@g?pﬁerapput(Cddmmmw @r may be covalently

LT DA

Tocotrlenols are simlar in structure to tocopherols
except that the trienols have ree doubl e bonds in
the C-2 phytyl side chain. Tocﬁ;her ol and tocotrienol
conmpounds useful in maki the w% ds of the
i nvention include those sh b e CH Tocopherol C
Tocotri enol Conmpound R R R al phax(m) CH CH CH beta (b)
CHHCHgamma (g) HCH CH delta (d) HH CH -16-As used
herein, the term"tocopherol"” refers to any nenber of
15 the tocopherol famly 28

In the above compounds, X is O, NR;, or S; Xj is O, NR3, or S; and R; is selected
from Na', K, H, Cp¢ n-alkyl, Cs.p branched alkyl, substituted or unsubstituted
Csgcycloalkyl, substituted or unsubstituted aryl, or aralkyl; and R, and Rj3 are
independently selected from C,¢ n-alkyl, Cs.;» branched alkyl, substituted or

20  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).

\\//

T— / Sx—op
29
25 In the above compounds, X is O, NR;, or S; and R; is selected from H,

Ci.sn-alkyl, Cs.15 branched alkyl, substituted or unsubstituted Cs.¢ cycloalkyl, substituted
or unsubstituted aryl, or aralkyl.
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not ed above. Therapeutic Drug Miety. The conpounds of

the invention include one or nore therapeutic drug
worios#xs3? Virtual ly any therapeutic drug conpPCr@S2004/036127

‘having a suitable functional group, or that can be

nodified to include a suitable functional group, can

be covalently coupled to a |ipophilic conpound to

pr 0}V \ dec@h@fiﬂmﬁoi By () dddetherapenic drug Refste ®)tmby Ve covalently

tio o ps i ncl exanpl e, dr oxyl
colbla Hroneter ey ions atog N G TN (G ariugd S0r-on o6
secondary an1no groups, -NHR), thiol groups (-SH)
car boxyl groups (-COOH), al dehysle groups (-CHO,
i socynato groups (-N=C=0), sulfipnic acid groups
(-SBH), sulfuric acid groups OSC8H), phosphoric
acid groups (-0OPQ3H), pqggg“ atesgroups (-PG3 R1R2,
and and are independently selectedjfromH, n-alkyl,
branched al kyl, substitutedlor unsubstituted
cycl oal kyl , substltuted or Bhsubst®z ut ed aryl, or
aral kyl.), allylic halide group, benzylic hallde
group, substituted benzylic halide group, and oxiranyl
group (- C}KC»CEk) Therapeutic M ug conpounds usef ul

undP oty 5 APBPRRE Boiol8 5 R ROBTERHEY gpeferea srom

H,Odjd-al& lcplzatbmmhdn Qllty0, tshistipited st unBsatited Cs cycloalkyl,
especially well suited for fornulating and delivering

ubﬂﬁﬁw@éﬁéﬁﬂ¢ﬁﬁgwé@ﬂé(Eéﬁﬁbﬂnds In one enbodinent, the

t her i,S d
e e Ao o bR B T 0564 vty
coaplet] iroughrh edibamate, groupe(-NReCEHD - io€ —dxCngmNRf,t yompounds 31 and
deri ved {;on1a therapeutic conpound that is
325 tASBECHYEIYA | y i nsol uble in organic sol vents. In
anot her enbodi nent, the therapeutic drug noiety is
derived froma theraneutlc compound that ¢s

substantially insoluhle in water and substantially
i nsoluble in organlc Ivents In one el dlnent t he
t herapeutic dr. 4 a quubl R maber at

roon1tenperature ess than about 1000 ng/nL iln one
enbodi nent, the therapeutic drag conmpound ha
solubility in wat 8t at roomtenperature | essRt han
about 500 ng/nL. I n one enbodi nent, the therapeutic
drag conpound has a sgfubility in mater atz4 oom
tenperature | ess than about 100 ng/mL. I n one

errbq '{‘E ta‘tbotv egun?eutR rga écor%o 183F%e§1§el%t%nselected from

sol ubi | y'in Wa

H 6(b1061ﬂ~a12’531 g4 1L braielRdde SHA A subsetititbd® r &P embitstit@swp 004 cycloalkyl,
drugs _useful in making the conpounds of the invention
ﬂ¢ﬁ€u@é@f&Wﬂﬁ@ﬁﬁ@é@ﬂédﬁﬁ%ﬁhﬂs (e.g., paclitaxel and its

der 'L16661¥ﬁ§ Mgﬁe{s}?d'”ﬂ% 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

-15-
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docet axel , canptothecin and its derivatives including
7-et hyl -1 O hydroxycanpt ot hecin -17-( SN38) and

wQa Qeokpasexycanpt ot heci n, and doxor ubi ci n and i PGT/US2004/036127
derivatives), antifungal conpounds (e.g.,
flucanazol e), antibacterial conmpounds (e.g.,
penicillin G penicillin V), anti-hypertensive

alambob (0H6)l snflea ghytyhyail 6C-2%.i rEhese aomipsrids diave ahel following general
carvediol), anti-inflammatory conpounds (e.g.,

fornady; cam, antidiabetic conpounds (e.g., netformin),
antiviral conpounds (e.g., l|anmvudine), antidepressant
compounds, (e.g., fluoxeti e), ant i hi st * c compounds
(e.g., : i | £ Bds (e.g.,
procai na ) prof ei nem ¢
conpounds (e. probucol ), )
reproducti ve heal th (e.g., danazol), and treating
Par ki nson' s di sease (e.g., |azabem de), and

| MMINREHERRS1E Shiteuteea YeriesadR tdlated lbbﬂébgﬁﬁﬂols (or methyl tocols) in
cycl oscgorl ne)l and respirat 0{% (e osent an)

whiths theded phiey] (rieen sasbas) setapindp é%tﬁfﬁ@dt IR@arqsvltagw tacopherols
1n%1h€4 I&%VG ?’F @rfogr}] ﬁgﬁbr?&“@ﬁ %C%gﬁér pr ot gﬂ Egmtl -form),

T-tecaphess , (dafmdmpekbtfbmgsl fdrm)omd edvtvedpheesit (d-frbm, dl-form, 1-form).
t her apeu£ drug nui ety itg deri \r/?gd froman anti cancer
Argenp Sireaberrisp CeDepRIgHql Ve B (Tesh bup: danp e Lgsetriengls are similar in

su’a&ﬁ?fé%%’&) Boididee rét%& Qﬁ’émeﬁgﬁ S RAUIR s in the C-2 phytyl

ant |-mto ic taxa taxane derivative or anal og.
sidexdhdinherein, the term "taxane" refers to taxanes,
t axi xoi ds, .as wel |l rivati.ves, or

es,. and t
anal Beb e e oopiiEhelf Curatouasis Y T RpiyHE fipoComagunds of the
m@éﬁﬁbggﬁl@eqhgg%rmg‘;vﬁb%wt he taxane fam ly. Paclitaxel
derivatives include, for exanple benzoate derivatives
of paclitaxel sucli as 2-debenzoyl-2-aroyl and
C- 2- acet oxy- C- 4- benzoate paclitaxel, 7- de%yt axol, G4
aziridine paclitaxel, as well as various pacli tlaa(el
conj ugat es wctih naturcml; and syt he

gl yceri descand ~ i nes her
pacl it axel derlvatlves |nclude docetax- : '
t axane- 2, 13- di one, , 9b, 10b-tri hydroxy-, cycllc
9, 10-acetal wth acetone-mgg@k@te t axane- 2, 13- di one,
5b, 9b, 10b-tri hydroxy-, cyclic 9, 10-acet al mIth

acet one; taxane-2 b, 5b,9b,10 b-tetrol, cydh|c
9, 10-acetal wyfh acetgpe; taxape; ce B
xyl osi de; 7-.o|-IC}de=cetyIcen al orte
10- deacet yl-eepha ~ Ul
13-(2',3 dlhydroxy 3 phenylproplonyl)o QI
yunnarxxol 7- (4-azi dobenzoyl ) baccatin I11; Ry
N—debenzoyltaxol A C)acetylbaccatln IV,

7- (trlethyISIIyI)baccatlnﬁWTw°

7,10-di -0 [ (2, , -trichl oroet hoxy)carbonyl ] baccatin
I1l; baccatih I I I 13- O acet gt e; Haccatfi n dilacet at e;
baccatin: bacEampaung | - bacddtin M2  pdscatli n

alpha ((l) CH3 CH3 CH3

beta (B) CH; |H CH;

gamma (y) H CH; | CH;

delta (8) H H CH;
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I'V; 7-epi-baccatin Ill; baccatin V, baccatin |
baccatin Il1; baccatin A, 10-deactyl-7-epitaxol;
wepitsaxxsB9 10- deacetyl t axol ; PCT/US2004/036127
7-xyl osyl - 10- deacet yl t axol ;
-18-1 O deacet yl t axol - 7- xyl osi de;
7-epi - 10- deacetyl t axol ; 10-deactyl taxol; or
Adl Gsedelartin] thaex km. "tédophéroE nicfeza e eny ewsmpler rdthe stetephersl family

ing t he conpounds of the invention include
no ®hecin and its derivatives including

7- el i ade RO YO XA ATP AL Qgﬁlgauﬂdgl\%{ﬁl ion mclude one or more
10- hydroxycanpt ot hect n, oxor ubi ci n an
thetepélmatdrugsnowmnsc thrmahy anp dlckirapentis dragh eompm.uabhmmg a suitable

u ety i derlved f.r.o aclit axel, ocet axel
Biogey o Dok oot Moy Butabio ips el sspup, can be
cobﬁnenﬂmsﬁmwltb B%oﬁﬁlli& %mﬂoanc( % pym& Ncompouh@oTu4hé invention.
(3) w and fornmul'a 8, certain conpounds are
R@X@Ieuf@@ue ﬁlmtlan@l groupswinchide, fohexgwplse hydroxplegroups (-OH), amino
inve on. \Wen the ljnker

noi et
SOy P%&?%F%&ﬂ EHE% r?é‘f‘éﬁ ?“é’ ad’P‘E}a FUPE: N{&)h@gol groups
(-SHD), aaﬁﬁkﬂcgrax@psctb@@wl), al@dhyak BRoupd (WHOR isoeyiltb eups (-N=C=0),

Hystelne am no ric acid, aspartic acid, glutamc
SU,

nig)acid groupi(riO=bi sulfisicgacid |greups {rA8O0s1g). PhOspinTio,Agid groups

SRy RO, R R IS B e
fré Ml Ggs hlatkolods. btlﬁ'aINhEcE amyn lmbﬁftuﬁehlc@lunglﬁbstimted Cs.6 cycloalkyl,
- gl ut at hi one) the linker noiety i

Suéﬂgeﬁeﬂ&r@nsmmtmr&lp emnakkya} wyhenalide graumy dftenaﬁhc halide group,

nﬂ’ﬁ}% %{{g@ @@ﬂt d to one
Suo tﬂn’%ﬁ%@ I"pha "1‘1?}162& ugié%%gt%gir%l on Ltr% i nker
noi efherapeuie doighedmpountie usdfelr mpmeking the sompoiredsyof the invention
negzi:gg{:ger glh%{%ﬁg dyvg‘grer ?}%Rﬁg&er ; h ﬁgcgml}larg)l an(c)l %artion according to
thé PHERA HWeRfibn AS Wshaledy W%ﬁrﬁnéﬂefo?%ﬁnﬁﬁﬁﬁg t4hd_delivering such
coval ently couple a lipophilic conmpound (

witersioptloblelcompapadsnd) to a therapeutic drug corrpound to
i nventi.on. In one

f d f h
rg|ro T a cog{]@g Qfﬁ o t g’FEﬁP tbc %@8% r‘soflenve chﬂﬁ’eg tgerapeuuc

cohiﬁé[lﬁd(yﬂhaig & Lb@lb&t&@tlal ?Hi/nsbl%blél i C\Tvﬁth‘r COHP| R6thek t BmBodiment, the
car boxyl group her apeutic drug to forma

th@rgp%ﬁedr@g mO@m fs é@med drap euthetapgutiey comnpiondn ghat i substantially
r.at| of pr, I.f
inf{ SRR PRI ChoiBetE AEORE! i GedlBRBR s G e motery i
degiged Bthi £ tﬁéﬂaﬁelﬁ@nt:@hpthm@ thae rig prRbthstidy Uhse ko UAdwater and
is illustrated in FIGURE 1. In another enbodinent, a
subﬁe@tﬂﬂérr iBpolphls BeorEaHe sPlRRIS Jadons embedimpat dthy therepetgic drug

cololn® bhC2Hhi PN BE Hn pbiifl RUPUa EBEP1000 po/ml. T
ong- &bddRmEht) ,ths thdrapeutic alrig rdotpondBAC]) solabilicaribowyter at room

chlorid
temperature eless 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/mlL.

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
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(-COCl). The resulting acid chloride can then be
reacted with an appropriately functionalized

WO b@sapesed i ¢ drug conpound to provide a PCT/US2004/036127
tocopherol -nodi f ed therapeutic drug conpound. -19-1In
FIGURE 2, Xis , Sor NH and is independently
sel ected fromH C n-al kyl, branched al kyl, substituted

(SNBS ) asdI N otlydtsxgehngptetheeih k mhd dexdrsbicinubedl iterderivatives), antlflmgal
unsubstjtuted aryl, and substituted or unsupstitute

coppgpnds| (e-g-rflusaerzhle). aatiberdsrind ﬁPmPam%décﬁéﬁh é’P@lCﬂh%Q @émcﬂhn V),
- d
ang-;ﬁs/gé éc%%%)f/ule: i@ogncﬁo E'ima%:t(gg rq{yﬂ} %}r/lgéj reageﬁt and  carvediiol),

anfoinflahinetore agepiunds (ecd. ,Lnde;usam); lanmdlalamcd:ompbmdisl(dg,, metformin),
1, 2- cycl ohexanedi car box I nhydri de,

anbVigal §FORRRIRAS (B> AR r ?a lepressant e‘iqnawgfl@ﬁ/ (@fre fluoxetine),
anfthidlaflinic ARBH ?ﬁm 3 Qt.pt ar hﬁdﬂﬁ?ﬁiﬁé)' dean TRy ﬁy@n&c' q:ompounds

anhydri de, acrd anhydride,” t er epht Ic acid
(e.gr, ptmpiamm i ¢ &ypdrdchloride)s ach aat1dxypbxdlp9pro§pmﬁnpc compounds

I T TN T e —

PatiigéorRedibdate U609 I&abéhiRlel AnAOM huthsOpited¥R) RSy, azathioprine and
converted to a nore reactive carbonyl chloride group

cyveloslmp)e) anl resnntarlie (G&s bmsyntanm disdages gmdupsondifionse  Other

efuntlcna pof het a
BB gl FolbBiSHe PRI PHEGR i TolFC itldfe o oo
mxﬁ‘e!hﬁ@ﬁ UAcluasbibldgitally aétde prﬂteﬁis 3s, ahﬂ pE;btﬁéRE 3, Xis
NH, or C(O O _In another odi ment, a | | nker can

be 'd@ P 0 qélm% e dhesapeutier @us rapicly BolestyRe fvm ap@nticancer
b, KGR S SR B g s, Toxanes
1n(fludIEC fuhy0 Al -nitotic paxamy, taegnef danaﬁ@ani enaldglt Asoised iheteirgdhe term

. to, a carboxyl groyp (-C00 a pol.y(ethyl ene oxide)
tayABRIFeisrs W t@l’@ﬁ?ﬁi eé d(ta@lé‘) as afﬁl lig deetiyeoorgmalags thereof.

a 1,
phosghare i8S RGAvA B GRAR ks FEREEL of dhs wuane family
Paglifastli dertvatlvesr incindeloforr | dxampl héf&yhtederWasabﬂ(pdchtaael such as

2 SRR S dor ARSURShl LU o B e Ble 2R ) 7 Boxytaxol,
-ﬂ%ﬁfd‘lﬁeuipﬁaltﬂel URS URSE ik Wﬁﬁu@l 15%)6 itaREl %Mﬁhgﬁ&kﬁ}ﬁh fatural and

substitu ‘unsubsti t ut ed aryl, or an aral kyl)

systhitic miotyraers, dpaytiedply meafam) acids.c phespbeligifly r anst glyocqndes and

-, SO3CI 2) ., Th .

LAgiReNgstiro S Riber e Heiet ArtibO et isglie dSeimcl; spicatin;
f

lbgaEs, gl AR b, o

tamnﬁ%lSFdlgyRE ABiB 108ttribydrexyhe pydisar &.1bacetsl awith  acetone;
taﬁa%‘é‘?z% acu g&%%blfn %géhcc LRLALGHA &c‘%ﬁi@? Rﬂ%n f%gﬁ’J‘c?r{l%mneﬂ-

SUCCI R su00|nlc acl
xyl‘(ﬁtdwxw gregtd-10-deacetylcephalomannine; 10-deacetylcephalomannine;

cephalomannine; taxol B; 13-(2',3'-dihydroxy-3'phenylpropionyl)baccatin III; yunnarnxol,;
7-(4-azidobenzoyl)baccatin  III;  N-debenzoyltaxol A;  O-acetylbaccatin  IV;
7-(triethylsilyl)baccatin III; 7,10-di-O-[(2,2,2,-trichloroethoxy)carbonyl]baccatin  III;
baccatin III 13-O-acetate; baccatin diacetate; baccatin; baccatin VII; baccatin 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;
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that can couple wth a hydroxyl group, am no group,
thi ol group, or carbonyl chloride group to provide a

wo o@spkessol - nodi fied therapeutic drug havi ng aPCT/US2004/036127
succinate group as a linker. In FIGJRE 4, the carboxyl
group of tocopherol acid succinate is coupled with the
hydr oxyl group of canptothecin. The preparation of

10tdaamﬁtaml Tsyisidenat e chepi-t0-tewetyltsoldes cri(éhctyitaxol; or
Exanple 1. -20-FIGURE 5 illustrates the preparation of
10¢dsag, ﬁ%@?%p succi nate 10- hydroxycanptothe0|n and

t
( SNEETE GcBIeE LOPbGulis Pl o I B0 AR §F e invention

1n0:1uxter (esmpmthengl and dit< hdepivatitees  arcludlirigh Erethyd aldklgydirayicdlamptothecin

- h t ot heci n, or .. . .
TR B  GRy tipiro b prorytisiaagd ity grvatives
Pr epRr &lriafemBbdikRERPHRI BErapbiRR R Sroiety is derived from paclitaxel,
10- hydr oxycanpt ot heci n and tocopherol succinate

dovet@tdh)damP@hgcm ox fheinderivatiessi n ar e described in

IesZa respect,i vel i |l ust.rat
Cho B Edmpatits of die HESBRRA Rpur s b rok RAEE 3) with
n SN3hd fkhelh 8C 8dHadh E&nﬁcﬁﬁ\d& BRY XRRIdEd Endldrd Gol WNBRY the scope of the
nnlet two tocophero noi eti es, and two |i nker

ln‘fmn@lnu eWhes (fbe ilinjer GrOJEiySTS. 211Mér0psmpwlattq G RACHEH)CH,-), the

th%)eqhg td?lggo ?e asbrﬁoqca?l %&fr)o negc:\% ? % Sggrgfl%%r blgﬁgg e&ohne cysteine,

anﬁhotglww a6, raqbayﬁe racm; Cflugi@ RRY! bl ew-apthy peid l(@lg., B-alanine,
protein, nmpno-, di- .pol ysacchari de, ol.igoner of

V- aémﬁyblémc §Fide étam15%qay{<é@ agide r?ealgln%tbm)esulﬁmls/ @s1dk (jperge)), or a
o |
e B ol 3T RN SRty A0 RSN 0 oo

(e.g0ehitathione). FVGRIiREhe/linklel usti¢taties siidomates ﬂmaha’apﬂmcafrug moiety is
t ocopher ol - podi fi ed canptothemncntalnln a ker

nom STPke, Ao ATRES A5 FOPFOUEH P Ny (s éagxaﬁwgwnate
a r [

ﬁ? UAtch Qe Eﬁkér rh&e{ng QROGHRL, tﬁé‘ﬂfcfa%@ﬁt?c &%?,’G{A%ﬁ?‘seﬂbt ferulic

V|ngaI|n rmleythatlncludesapoy
acxdmrda)estgr‘dnamofs described in Exanple 5. FIGURE 8
stra es the pre opher ol

|1 f.
pacilf AR RO hERRds B TPEHnE (i GEMEPHIS i fvention. are
préldl | TheRNue (bl Wayd "t‘& CSPEREPORANE 1bHIRNASR (eg. o

and then reacted 'with paclitaxel. The preparation of
toqqph@ph@pmm@wctpnattherpmlptcémelcomp@esct ite unuan cempaphe of the

RE9|IbI§str testhe &g?ratﬁo %oco hey ol lud

m‘ée&ES? "aseer arﬁ%”%sl?%‘% YatiCRSe ‘bﬁ%’@ » 1ncides a

hy8t6&§ I%i@tl £ tithe aelybelirdclly degsled el al dartok n@doa of aEhéiJa!B&mc drug
10 11 Tustrates the_preparation_of tocopheroF

to tforra phittheapheol eiadbliesh essaneutie rdrus ccoprnopad.at b, preparation of a

reér&%?ﬂ%ﬁ% of oh‘éép% Fdl I 58ai 504! tﬂ%ﬁ&ﬂle c&ﬁp&ﬁide BhtHA! AEntiGh from a

0oco
carboxylic a01d—conta1n1ng 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.Cl), 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.
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terepht hal ate (Exanple 9) and is then coupled with
canptothecin to formtocopherol terephthal ate

W@ a00p0exsBeci n. The preparation of tocopherol PCT/US2004/036127
t erepht hal ate canptothecin s described in Exanple 10.
FIGURE illustrates the preparation of tocopherol
cycl ohexane- 1, 2-di carboxyl ate SN38. The preparation of
t OCCIMHG(I)JRE:@QIX)hE)(anS br B]-Hji adr Roxy Iimiepelﬁlﬁﬁﬂyi s‘Rlected from H,
des ons

Crageilbtieton tarsben B soksinded o1 ihaiinsa. 6';31«1 Eygipalkyl, substuted
or ﬁH&ﬁ:‘smﬁeﬁ a?&’ldéxﬁi(é{ﬁ)b@ﬁteﬁro? uﬂﬁfb%ﬂu@éﬁ%dlﬁ'ﬁa anpl es and

, respectlv I n anot her aspect resent
| nvdn anmihermmhochhaentc o tgeopherolongy bmﬁmdwr:aﬂlwtbaﬁ the hydroxyl group
e inventi,o The ¢ sifjions i
wiflp QBEHRREV R bt 6 i Ride gy Rmabls Sieshi in i gocinic
acidl armgaﬁdeaddz EV QBIRxah dBdaBiOR i ﬁxﬂ%@ﬁﬁk s2 3meﬁy1succuuc anhydride,

| i pophilic nmedium In one éenbodi nent

3, 3—@@@}31@&15'3&% rebtpofic @dlyldnd@[abet@m @nbdduée maige@ml anbydrlde phthalic
oo RIS by PR BRIl P 584501 tp oo,

THel fssﬂmagl Edrbokye o%e@a{ eflay Ghéh &eu inauiyf k@dteﬁhﬁzﬁtﬁp@tutdp?mpnately
drug mpound. T pophi lic medium (or carrier
@nélewéo%lptap@ﬁtl% éﬁlgo@r ahwcahexsdfgraun dpety %ﬁnverted to a more

reAcluQQ Bgn%)t)la)?lne cﬁi&éngrghﬁfld(%l? gandftﬁén ﬁféacgpdo 1 gﬁll)ﬁde ,lgxrbup may be

I'T°'c ‘nmedium nc
cotlpied) ithrthe figretignal growes opthe rthdripeuRie dneswnioahiavidcephesol-modified

useful asthell ophilic dlumlncludethefollovvln
thergpeuiic dey nmumﬁsﬂﬁ élﬂlsstrﬁq%ge pEFOURR S, Jaiklg U ok ys Peg NH, or
(a gs of various chain lengths, nostly straight chain,

whi ch coul d be branched, exanples of which include
c ap Th canothep repiiodimerdp adnrkpr leam rﬁecqoup}adi it the, hydresmyli group of a

oI ic, linoleic, behenic, an as sat ur.ated .or
Ginbsrol e Dom b i o be CovSd feuhh gooatse Rmetional group
onecﬁé B drl eﬂlevﬁlh&ugﬂal/ %ﬁfub%e{yobé‘ 5B, -bull hot 1iited to, a carboxyl
triglycerid can be sSynthetic or derived from

groupt (HQQOH))LFF cpels*/(ethml@n@ oixitlg) gwlp fr(fEHiz(Elih@)ed{)t @p 4ldehyde group

PP S jadiRh; pStp; LREGRD)" BABRGPOGiS ‘ackl g (g 0ot or
ph6siNogis cBidide Mraikyy GDP@'EKCIQ lvxhh@ﬁ:r R} 1srﬂ)§1£b@ﬁﬁ1ﬁ$deer unsubstituted alkyl

triacetin, acetylate nnnogg¥cer| de, tristearin,

or @wl@ékyl ahwihstitaied, orawnsubitiaged grylt err ampalkylk iacphesphanic chloride

gromsn g?l@jésl 1;553’ qu SR % %Eﬁﬂgﬁegcgr{]%sgﬂ%gtﬁtﬂteﬁoalﬂgpg cycloalkyl a

subditiited r, uﬂsﬁbﬂ’tﬁﬁt&@ arﬂl; eephaulkil) 2 fifsiphalid Rirc (-OSO3H2) a
either natural or_ synthetjc, such as_di n% i styl
euibivEe SERIPdRYP1Gb or an oxiranyl group (-CH(O)C

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 succinic 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.
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egg |l ecithin, and pegyl ated phospholipids; Oher fatty
esters including fatty al cohols (nyristyl nyristate,
WO s@p0esye pal mtate), or sugars (sorbitan nonPOCI/E81084/036127
SPAN 80, Tween 80, sucrose |laurate); Fatty al cohols
such as stearyl alcohol, lauryl alcohol, benzyl
al cohol, or esters or ethers thereof, such as benzyl
benZGURE Fas - sdlugithes vi tiem ngemngicter i ot i td&phefodr  succinate
exanple, vitamin E (including al] of the tocopherols .
10hydraxyewnptothgeins andn doqopbeph etusringisd 7retbpt H-eyispxycamptothecin

(SEEE} JPheot i SHEE it BT WAL i Roptlih Bl chjoride, and
thénTiea8Ed .with? P8-by drery cangethediv @nt7sethglnl (Ghpdrokeatpithdctn (SN38).
the conpositions, optionally in copbination wth

Thﬁa?@plﬁraﬁlﬁaq uﬁ: H&OPIEFFOIeﬁH?ﬁB‘P%‘? HHhxgiexycapBiafhgeny | ade tocopherol
S T S B Ra b B PES Phpso e Y Pamples 3 3

respectiwety.r epr esent ati ve t ocopherol - nodi fi ed canpt ot hecin
co f.the invention j.n sever nedi yns .are .
oML 8 et K preoAt oh Ao aptarel ueiagte) SN3S,

WIS 86titaink Be itl‘il%f&‘ﬂéhﬁ@ !31119%' FBNQS &Y $WE8Recopherol moieties, and two
m croenul si on, and micelle fornulafions that include a

linkenpwigttes dfudciny] ignowps).i Bie pipetatids dfot0, {kdiffgcartherol succinate)
| Si on 1 croemyl sion, and mcelle fornul ati ons are
Sl\gyééaﬁstpg\'?f*g}é’géxaﬂésfﬁ ed herein, the term "emul sion"
ref @iustable ImkePoitidacasl iisdd@leSarPBli€Imdrer b &CslRhes a peptide,
liquids, such as an oil and water, in the form of

pobipeplidss sprofeiids eogpandi-epr nolysgesheride. oligempietofeethylena glycol,

O m £rons an fch is.typically ophi .
poffSehicRe TRE8E° RAAGMISER ofidel BN 8 IBhLERklele  oxidp) and
poly&piopglehy Eoxidele XomgiotyiethylehelC bxiay)spcﬂg@rmsaes oxfile) copolymer.

finite stability, generally defined by _the application,
FIGHURET dipstiates t%mwr@weaémy@taé?ﬁopmwnﬁﬁe%mm%@ gonggining a
. b o ohLLi | ecuh e v ) '
lirkB® o8y ST R R Fef? REM rofth, RS Wddarion of the
toddpherob dyoranie edohptothteihIhavingat Hagr aadibty thhtemcludes a poly(ethylene
dj spersi.on of two jmm scible |iquids, such as an oil
OXéflﬁ’ Sy ,Hesg’fﬂé?ﬂ 1F‘iEZ‘éﬂlpgeyé'an interfacial film of

sur feg 8"{H{1§ﬁ1\s€s9ﬁf g}{b%{eﬁﬁgﬁ rdzfgcgéﬂdz;hhiefm siénae gﬁéﬁaxel. In the

dropl et diameter of S i n gener
préyerateantobOpleolrsurcihic actvkeis abgaarnted to thenetrmsponding agicdehlofide and

ot g B OPRTSRL it DR S8ollebBhePalgrpet i
deStritad 38 [Exéfiple 6Y HIGURKE SEDRRatcanfe %?épaiihﬁioﬁsdli’doéd?)herol succinate

i mprove |ipophilic drug dissolution and oral =
dog¢taxnl pifhe preparatior pifosopnerel sucamaie degetaxs! isrlescribed in Example 7.

for rﬁb@ﬁ]f i\ ilih{]s‘t:rlaye(sj %heagre%l‘lati r? ar ?OC%B ergf]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 1s
described in Example 10.

FIGURE 11 illustrates the preparation of tocopherol
cyclohexane-1,2-dicarboxylate =~ SN38. The  preparation of tocopherol
cyclohexane-1,2-dicarboxylate SN38 is described in Example 11.
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aqueous phase. The enul sion or m croemnul sion can be an

oil-in-water enulsion or a water-in-oil enul sion. The
wordospkE3®e | ncl udes one or nore compounds of tPET/US2004/036127

invention and a |ipophilic nedium as described above.

I n one enbodi ment, the conmpound is present in the

formulation in an anount from about 0.005 to about 3.0

wei dghite preparativnsbals edopirerolhaictinbizl doseiupidin ehdttbeopherol succinate

f lation. | nbodi .-th di
by ar KSR IPPIeS T DAHC 43 SIRSGRTSITT om about
0. Ol tmoffRe Whpeét, Th¥Ph&Bht ROEHRAL plBdRIgd c&%@%ét?ﬁor%sﬁttgéﬂ include the

wei ght of the fornmulation. |n one enbodi
cogywepudmef the iprestiont The compositionsiinatude ne ror amorarompbdunds of the

. f b 1 bout..1.5 i ght t d . .
a5 AHhefy Gt SoPOR ot PP R s lc mediom.
In@&b eﬁlliba@imem,tahscdﬂheﬂﬂlﬁiddiﬁemefagmﬂc&i 88Bpdurkdns fdGolved in the
_formulation in an anmobunt from about 2 to about 20

lippphidist medipae ntBesawedob the Higophilic meniety, Whd gpmpeind hes improved

: 4 t o) 3 | t. the lLipophilic. med u iqs
i GhiF 7 cbfBarel o cE (FRRRACE Hermoile, bR omcafioan i Thophitic
médiuralfordardé) veilglionpesition cabbs ety et dffaevdrietyadt li@E_ﬂiﬁ_& mediums
. of the fornulatiaon. In one enbodi nent, the |ipophilic
inGHadingndar sexsmpde rils; n In ioge resmbadimentothei Hipenhiligymediunt fegludes a
o Al wej 1.0 Nat.h I .

toRfl o, @RRUBnE RGBS Nits RAT B ol medium
ingndd the dollowvingi cr oenul si on, the conpound is a

tocqpherol -nodi fied therapeutic drug conpound,  the

I pg’oﬁﬂwaf"éis_ gPi}ﬁﬁSg‘FFéFQT{j%f REAEE lipAoidn AEvariqus chain lengths,
mEHY SR HHERHAH bt SwHiRh €buld! B ﬁ%&ﬂeﬂ?@xaﬁgﬂé ?f GRIRIHAASe capric,

of "the T nvention, the enul sion or m crdenul sion
caprylipn daptdig dgurica myiristi¢, istharios dleic, imuigiotehesic,caodras wel as saturated

orise i%d nmul si.%ns an_m croenul sions, and particularly
B%agurla For i€%rS> enul si ons and ni cr oemul si ons.

Thegaitg apig BaBlfed Rith YRSt kb Rfitndbso-amd cﬁqfigl%éfﬁfégﬁvhich can
among others. Representative surfactants include
bersyniheti er denitedciremmatusalciouzess.sinelidiog, bustriod dimited dphfer ekample,

Jrvatiye d surface actjv ol r§. -Suitable .
BRI R G5l i, REFuREGL B BBrFRT ol il B o, Capmut
MCMoepted  BOO,Y NIy ANES 1R Y &Blcef®r inYoHobNBR, HSHEBLIRS acetylated

vi tam n_E succi nate pol yet hyl ene gl ycol t}ée. g.. .
mepoglyceridsy hBistaripo| gleenyll bekengtey cold 1oty utasiariat acid esters of
which is a vitamin E derivative in which a
m%g) eﬁ%éne gl ycol is attached by a succinic acid
est €lyadrided econjupgtady ts wtldr afoistick,agudh s ﬁﬁr&tﬁﬁéne glycol (for
"vitam ucci nat e pol yet hyl ene gl ycol "

her ei n, E
CX?‘HEllng@aS\ﬂl=tIa?\l?fﬁ}a‘E(§%€Pkf%tE@)bol yet hyl ene gl ycol and

der ippadhéGpidef ei ?ﬁéq'%fé h ! | i
var i ousﬂ es?ler’ea{ng et e}%%ﬁk%gﬂsgﬂﬁa% ?}sgﬁﬂlﬂ g%ﬁhgﬁdylchohne,
egs lacithioy ant peghilaBdlphosalipid®GS i s reported to

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 alcohol, 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)).
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inhibit P-glycoprotein, a protein that contributes to

t he devel opnent of nulti-drug resistance. Enbodi nents
wo@tooshessor mul ati ons of the invention that i ncPCESHPLEB6127

therefore include a P-glycoprotein inhibitor. Surface

active tocopherol derivatives (e.g., TPGS) can be

present in the fornulations of the invention in an

anoudigahico co-ablvents 1cano atdoobt ddwin ght penpsitionsaloptibnally in

2 .to _about. 6 wei gh ercent, qr apout 5. wej ght
COMWP,W g"éf?rp&“’]{’"ﬂg‘gtfgf %ﬂ%ﬁ?@ﬁg ) Rq%@@)g?%glggqlomopylene
gl%%le,é Rol "Rt MRy Cpyitdiiaad, %&F airﬁéil-}}l'l}gggo,ghg ck copol yners

yl ene oxi de "and propyl ene oxXi nown as
POL GRrivERSIplitidaL UROI tio C3eprEsemsative y riodopherol-blodified  camptothecin

copaol yme of. havi ng. t he neral structure: The ..
coBiefndi o5 e mislion ping yeRl e 156 Cogtpaiedafy cgmaiathecin in
E¢aiprei£i al |y avail abl e from BASF Perfornmance Cheni cal s

(Parsi ppany, New Jersey) under the trade name PLURONI C

and laenBirther aspeeth theginvrnbion fpreviddsaaniesios, misoqmasion, dnd micelle

o056, FLE RO oSS Pl St s

enh88on, k8#kroedilidsior 3hd nd&lle f3@dulatdidhl areddlo Erb&ﬂ,ed.-?l& 234,
235, 284, 333, 334, 335 and 403. For the npst .
conmishuyed, dersipchoxamERemybsion” 1pgers g 72 cgligidaladigpersipn of two

inﬁllﬁgcqlglf#@zd’s%uﬁ a@?«zgli J\?le%fdew gll, 9 the7f§>%x§gjlf r@fﬁlé&t Y{l:e}ésy (ﬁad.‘meter, in

and respe y. I'n’one e

geneml, ané betsaer Adtadt3.0 miqroesant which tihgpicatlyepttdllynopague, unless
an. anount from about 0.5 to _about, 5 wei ght percent

the, disBerSeshand sonfighens RhesegRte toiracthye iPgsTmPiiFSuch systems possess

a fBSAMBRT SerdtrAlyefinBd BP el P{fﬁ)ﬂyétﬁ;ni c{?'}éle%}{{ I;%igfénce system, which

et hanol , "pol yet hyl ene gl ycol'; propyl ene g
may jeerhahcedyrtbe hgditign oftdmphipldlic dioteeuley loawiscissity @nbhncers.

di hyl sul,f oxi de,, .anpng ot hers. Ppl yet hyl ene gl ycol,
( PEQHR G TRRGRHSIPT Cetkpo o PR bgioH s praplerytmisaly clear
digfle¥sS& of 15RBInSEIBR 1RfuidsERRAS BE oHBhl vabBVith1i3d¥y an interfacial
chem cal structure: (-CH CH O). The general forr¥u| a
filmpef psfagtsnh yademulesl yEhe miggodsuadsion dids ja @ekn Ftoplet diameter of less

| i ght 00, to 10, 000. Such. .
e R RSP T 0 bl s of
andeh@bichic fsoffag@(§)| frmPHear?@d RE&vp30 ol 4B@: a8 Gnown as

the |ike. Paclitaxel enulsions and their conponents »
selfremudufiing deg Johiverysystems dREDRS) apd 488 be zediidimprgye lipophilic

drﬁgélgﬁ%m%?leﬁ?d6o§9ka%§&pﬁ8@9h expressly incorporated

reference’in’its entirety. Representative

enmulBieoasulsivel wnd ngicteampi@r dbrnimatidns eidcluberaapeilt piase and an
drug onpogfnds (Lﬁ.,g. , taqcopherol succinate docetaxel, .
aqpueL§INEsol 186 caTwision op susropmulsion ¢ascb Al ogringyater emulsion or a

we SR BRGsDn. AROANBARL ifdtfs MRk Br 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
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7- et hyl -1 O hydroxycanpt ot heci n, and tocophero
succi nate 10- hydroxycanptot hecin) are described in
WE@SPoI3L5. In vitro cytotoxicities of represpOl/asi00€036127
tocopherol -nodi fi ed therapeutic drug compounds (e.g.,
t ocopherol succinate 7-ethyl-10-hydroxycanpt ot hecin
and tocopherol succinate canptothecin) are described
thd totdbvanghtef e fotmulatiénlr Inheie easivdirhent] the lipdylde nRdium is present
provides mcelle formulations that include_ a conmpound
in éhe foreuiation Ap jap ameyat Hemaghesb ddoAbagie]2 mezﬁélt tpé@e@rl@sed on the

£
totg{) ﬁﬁ%ﬁxo o ﬂﬁ@qgﬁﬁﬁﬁioﬁ}o g Tor rk?ﬂ HHHé}{t Cihg lﬂg&@ﬁl 1§ ﬂ%e?lédsng }]st present in

n one i Nen
thé fortondatioarimah amooit firom abowndtondbolit ib@m&tghm be@efiMasddoon the total

out, 3. ht percent based on the total weight of
Wf‘t1 OIfél?‘ﬁ‘nﬁ%Fa‘tﬂF‘ I n one enmbodi nent, the conpound is
pr ef’{ﬁ Nind @mbb&infeﬁf gl ﬁE' QBuls3n28r M@x‘é@ﬁaufs‘i ﬁ?%ﬁrrpound is a
. to about 2.5 wei ght percent based on

tomlhgﬂmi lrm‘d1ﬁdde tlfemmuﬂuatdmg] compoune, ehcbdmpopiuha; mediem includes a
e g e(flmresent%ién the ormul ation in an anount
0GP ﬁ&ﬂtth RS 1 WIS_LWG Fei ght percent based on
t he thoddaltionsbhé cefpbitisk & thelidddn@ion, Sei dndlitibn or microemulsion
surfactants include those not ed above, and in the

fomrdafmn; fen e inchiisiey wthern comporentodeoremonlyt used i mulsons an

f or mul ati on a-25t ophero ed
iR ah R, bt ST SfCin sl thicERds? PR spf Ribdockibisions.
THeS¢ @B 6 itIntsPRIcHEE Ryt fedtentd | and Ado-solechits) alfon %Tdi’ﬁ§§ Representative

Representative mcelle fornulations inclu

sufaetanh drcdidermonioniceriantanisach pesufase a@f@vﬁd@%g@r% derivatives and
uﬂ?@‘ece[c'tlggsolg&e@(a”pl e 15. The mcelle formulation can

€ addi ti onal conmponents such as cosol vents

I nclSudiiablg dunfase abidicetbcaplasrel didivatives emdhaid foeopherdlhgolyethylene
m cell.e formulation includes a pal yethyl ene gl ycol and
ghyeof dFYatiPS yrehhpcwin fesgpeinats pplnghyleng glyglde:s. d-o-focopherol

t
pofy T leo) 100 SRochihg SO hidH B3 Mantil EdrABRU tn which a
polyetiatlensedl gl 1scﬁttat:llml Hyoa sadcatic acid eﬂfheatrthe: ﬂhg dydroxyl of vitamin E.
enul nd m groenul si o clude a .
Asaﬂ‘??ég‘%e"ﬂrh Slem £ GrabeR ol eliaime gt ielies VB succinate
o!ﬂ:@ﬁ ﬁ&)g Y IS WL LS v1%&ﬁﬂ%ﬁ%&hﬁéﬂé%d&’ﬁﬁvm§ P&ious ester

dqueous e i ncludes saline. I'n anot her ‘enbodi nent
anﬂfeéheaidu&uéf Bifhisea nen-sali¢ marfantent HEB wi 1okl &n THGR s mported to

. acid . 0., ,SuUuccinate i,tra The jnvention als .

inf3Bis P eicSpittiot Bplefr o cidbities B ORISR RLRL mpitt-drug

redifi@nd¥BN Hdduhent9fofatheefbir@aiEiths ofothe Ex@8RIA, tHaPlinclude TPGS
conpounds of the invention that include a therapeutic

therefoge insiude\n Rrahicoprgtein mhﬁatqrh ausfsee acttvedpqg)hémlré@mﬂiwes (e.g.
Tfl%é e b\é H@n{ fn ﬁé &" u‘faﬁ ons BE ﬂle 131?1@ nvlﬁ ag ﬁ%ﬁﬁ@?@l%%Mt 1to

pr0V| e use” of ‘suc npoun
aboBN LY aetght 9e1@éntaabmd Roarabolt & eveigh q;etdeﬁ@tomabbut@‘ weiht percent,
proliferative dise
based on the total weight of the formulatlon
Suitable nonionic 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,CH,),(OC3HzCHy)y,

(OCH,CH,),OH. The following variants based on the values of a and b are

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

under the trade name PLURONIC and consist of the group of surfactants designated by
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In other aspects, nethods for adm nistering a conpound
of the invention to a subject in need thereof, and
woredokoes3d or treating a condition treatabl e byPCT/US2004/036127
adm ni stration of a therapeutically effective anount
of a compound of the invention are al so provided.
These net hods include the adm nistration of the
the ChPAuad®, of POTHOXAMER 4 (08,6188| 317H237,238128Y, BBRS407, 101, 105, 122,

1930 64 SR aBaei ABH 212 R 2HRoth i J02ESS, RO SER oA, 284, 333,
3@@3’5 gglﬁ ”ﬁid?Qﬂe bt E&ﬁﬁ% ?‘g)ﬁ% R@hq | O}%s 237, 338,

treat the parent, erapeutic
anddﬁﬁcﬁhmdal(lﬁ of 3 alad bekd IZJ’Q()J 79/%8 6644/377(3 1d41/4¢ amé 19156, Espectlvely

cancer In the net hod euti cal e ctive

In G St gim bt e s pin s sufhelant i, Bietan i e miition gh ap amount
frdo@ about 01 8 Gbolt!s wegﬂt ISJﬂee"ne Bhsed lol 1R BtaE WA UFfPlE fornfifation.

i nventi on prOVI des a nethod for treatin a cel

pr olGa-salvents; asefuk dasthe b’@o;raulntlmmr@iudqge amdnwolygdlyteme glycol,
e L R e SRR Aol it i S

anftinglotHeps. anly&hﬁeﬁé? 8i5€ol (PEDI) 5L H&cﬁ’bphdﬁc GRlymerized form of ethylene

oS ot e e e e ot ket asip L ClE R, The
geh@UKfHmla For IRy e gly%ﬂeisoﬁﬁDCH%@HDoOble ”%Qltﬁ&b&lar weight

cancers, such as solid tunor carci e.g., breast,

rapea IﬁioﬁﬂZO(ptarl@t(Emt iSuch vatious, fofas ﬂ'éeleio@ﬂbed b thesimblecyled ‘l;ve1ghts,
sarconmas, and gliomas.

Iung and bladd%g%
l‘r‘ﬁ‘@mé’b"e FEGAY, PEG-3 0 FiE:490ns0A the Ife- t he conpounds
wi | lp elal h%lsﬁ(ﬁﬁg Snd Pitef: tcgﬁlpgi?@ﬁ'tme ydésgﬁﬁerdlatlﬁ dg S. Patent

dosag oncentrations are not critica
Naréyt 584179 amddé]l S.. Pftlet PlododGie28simenctt sxmumly incbrioyratelicherein by

ttending physician will vary, of course, depending on
re@we‘:%wﬁwﬁagyrout e of administration, physical
CONA et QBniivd NEmPRIchE Nin@tHn! *ﬂ%ﬁ @atﬁbélﬁea h %&?@Héyﬁc drug

dosage nmay be adm nistered as a si dosage or
cobwpoutidsi deg., tavopherol tsmbmaﬁosbsetaml aubnpheml I sitccimate “plaelitaxel

f th nd act adni n [l be
to‘?qgg%gt)egti caﬂ%f"g}o ?gctlv 7 th?%‘ﬁ > whi Icﬁotgﬁi‘ﬁr%)ﬂfs usedSuccmalte

7- JSt 1e100hfRo SRR hddeh, m%&pﬁéﬁﬂﬁﬁcfn&eﬂr SyRamptothecin) are
stantial” beneficial effect. Effective doses may be

de@;ubﬁd\pl@lb“a@@(alef Homlalodiee cxiopuinidescal wprssetdativecidcdnheralimpdified

Vi [ ani ' | . nodel .
g G IR e M B e
and mphaaplsubanate campeiidctt) atd @dstiied iPBKAmpRS 1@ mat i on

can then be used to determ ne useful doses and routes

f or Iadnfusthst pspechthe Anvaaian reyidest misellenfprmylationshigat include a
BT 800l 54 R B S L, DR B o
onap Hire aﬂfawmtgllnesd)mtmns tlarond eWiHoniﬁt dep enrdpmindup @fésent in the
fo:grﬁ.ﬁ l rr]qdllrl\%%gglgpt plgh I éﬂt 6 0(?3 toa out 3. Sv&e?gh?%er%gr’i)tl blased 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

225-



10

15

20

25

30

an optim zed anount such that the desired effect is
achi eved w thout significant side-effects. Therapeutic
wetdosoasyd and possible toxicity of the conmpouneST/OB20041€36127
i nvention can be determ ned by standard pharnaceutica
procedures, in cell cultures or experinental aninmals
(e.g., ED50, the dose therapeutically effective in 50%
toafphtfobnpdifiddattheapeutio dd1h.1@560mpblﬁ1cﬂ @aé thet Ratfadtentd Qs%t&fopherol
&%@1 opulatlon) The dose rati o between therapeut
po enei glyeals siceinates(TPRES)+ Haspipseniafive invgelle caﬁwlqﬂpn% appluding
r
to¢ hEORORRA éraf)aﬁlc ﬁﬁ%n&[ﬁ?&g{ﬁ %)%E@%&xbemtl&érﬁgle 15.

erapeutic ug co

t hergpepidefe! ﬁﬁhﬁﬁﬁoﬁ‘rcﬁn Rao! ifetldRr Additidtal Q‘E ohéht§ REch as co-
practice of the nethods of the invention.

soBJ@hfél iﬁeﬁdﬁfgotﬁoﬁé? Ibte@uiiovee BS S Tnibadindit, nﬁie frﬁéé@lb efprmulation
be used in fornulating a range of dosage for use

1n¢1ﬂdé$u aepdyaliylehd @lyoshrand| s . lowke atky$ adeohol (8gGhethanol). In one
conpounds lies preferably within a range of
entiodgnérd tha goesohveatst arepraser it fratamont dicen et 2OSaboirt PO weight
little or no toxicity. The dosage typically varies
pemenh |bﬂsedh01s theirigle! degught difntheufoomulatien.d o$he enicellen emulsion, and
¥ sensitivity of the patient, and the route_ of
mlamﬁw sion frmghations ingludg gRjagagous Phasgndivng eboringent ythe aqueous

thod ,of adm nistratio and ener
phge heludee gE toafred NpPn T anaihey HE BB etl b RN, phase includes

aﬁ'eeg Irﬁl 4R e{: %’H—E‘%ﬂ’&g% reeaiiqﬁgé‘qsﬁ@g;ﬁs 1]% gﬁlnbeal?ﬁgéedn B0 organic acid
(egdgh{&@ﬁgrgﬁ | one, or in conbination with one or nore

onal fapeutic agents. For exanple, in the

t r edllleintemfoncalpe pEoviddiethe asp ofinkts cedpolaris asinhe ilﬁﬁeﬁmeﬂ in the
in_conmbination with therapeutic agents_incl uding,

mappifaciyrgof a gnadicament; iy esample; Bircgrpounrds i th%nwrsmoamﬂafénclude
a 804 édfﬁrcgll% Hfietd ﬁElg@ecdt frdH G fRera ggen g (ﬂg@ﬂnﬁ%@f‘ec’uve in treating

ant T net abor I t es® an cytotoxic
cel aprobferdsivei disedse, uﬂreomnvaﬁidn prolvizbes rth@lluse ofi suchr éomnpmunds in the

al pha, thotrexate iC CI n ca uripe,

R Bira T e eariea e e (B OF DO i bt sase.
Ccyt gh althdiCaspEHS; ﬁ@ﬂﬂ@&é’ﬁﬁ'rﬁdﬁﬁms@ﬁﬁg rBbfpdind of the jnvention to a
estramustine, altretam ne, hydroxyurea, ifosfam de,

supjegtdarmad rthee¢ofnanchmdl0d$ fisusalihga, condition Areatableehy administration

BN T —

THEBS nHHE GHEISHE 1R QdmBSdaBtH TEHHE co Bl cBApbAHSMY, -emulsion
estradiol, |euprolide, negestrol, oc reoti de

formaatignssmiqromulpien forshilasions.rand miselkeeforrauletions dﬁécrlbed herein.
pod g%g le&%géfrﬁ]enﬁe‘:ﬂg u%fgﬁt?ca ﬂogidesmﬁlt LB for eta? ing a condition that

derivatrves, suc ora

is tredtible be teaptirdsie, uranetlifidd the@peuticsdres ecbrﬂpounat(ng a<ell proliferative
bet anet hasone; and ot her antlneoplastlc agents such

disgasq sugh anganseRlc i theursthes pdherapeutieal iy 9ffRstive amount of a compound
of APRAVARAIS Bdministered 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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| eucovorin, mtotane, vincristine, vinblastine, and

taxotere. Appropriate anobunts in each case wll vary
WOwaok/081589 parti cul ar agent, and will be eitherP€PuE82004036127

known to those skilled in the art or readily

det erm nabl e by routine experinentation.

Adm ni stration of the corrpounds of the invention is

m\%ﬁﬁm&ﬁé%ﬂd@? cBideRE Shotfad B &nlamﬁéﬁgp%ﬁ myeloma; and

parenteral, topl or oral rou

noARETAbIREIcRRhQRs, s ééds%hﬂ AlAbAat GRGhas RUC Hbast, ovarian, Pancreatic,

i ntramedul I ary, 1 ntravenous, intranasal’, intrarecta

coloRf éaeretiaR hon-shfall 28I UEIF Ad bladdy:), Qﬁbblﬁhé ahd glmmas
intraarticul ar, i ntracapsul ar, i ntracervi ca

i nt ﬂb@ra@ﬁmtmallymﬁﬁeﬁfa‘cm@mmms ok theagempounds rwill geaeiaby asnge up to
thé ak 3 grrc eQEted'Jb%%%a%g?lﬁg +rﬂ:te n@l dre 'rﬂﬁ cﬁﬁgalfla%d may vary

Nt raop |ve raperrtone
w1d¢1§rf ale g dide, ammrﬁ:aémbmyémby the ftending p‘t@isxclan will vary, of course,
intrathoracic, intratracheal, .intratynpanic

depspding o the,eompaynda jaitie of administeptions Plxsigsl eprdition of the patient
[ ti
and SPURAGR, 190,029 Uoligbiha AOUER ABRY HTEAERIe HBge op may be
divdded ihto mu]t@hst ckxste:dfqr edminstiatibn. a tunor, into the
Vi CI of a t or into bl oad.

sup WOPH tualty adguni s‘éq?gﬁ %vlﬂl be a therapeutically
eff@l:t?\reoﬁﬁ&hﬁ' \Qﬂlch%l?n 18 ﬁs%ﬁllﬁréci@ kbR ‘?ﬁbsarﬁf)urft th%eded to produce a

i nvention can be nebulized using suitable aerosol
substantiel bemeficial leffiectar Effketivenddses sy be extiapolgted fromadgse-response

del i ver f the.conpoun ds o

cufs Ty PO OF D B0 1 LYo T B Biodel is also
tyckliyt hse ab ld¥teHRTR 'd SR Fabld i dofddeSraREP BN LRI bP@drﬁinlstratlon Such
acceptable carriers, including excipients and other

lnf@mm thembe f1sasi tfoj detarmingivdefil stoses anshrogtes tfhreadmlmstratlon in

| urt. h n t chn

o B Bt RS, ol e csietmotifiop, 8 oo iB50R Mol Srgpim the

capabilgtofeltibie Salled in ﬂ&%rramgtmﬁs Sthﬁ’rmmc auﬁmnﬁhdmlmstered will be
Sci ences" (Maack Publi shi ng .,  Easton,

deppndpaisynondbesindiidunl i Wb&fhﬂ?ﬁa@@?f’éﬂﬁ @I’befﬁ’j?’h% aﬂéwﬁulmfé@bly be
Uﬁ;&tpﬁlz%‘ Usgxcg Z%%%’ t@eﬁféit%agei%b e&aﬁsf 'aﬁ&évéﬁe Withl$ B Wnificant
suhehﬁ“entsstratl on Such carriers enabl e the conposi tions
contai ni n ounds_ of the |gvention t

for LAPE i tgf%fzco os§p]|e| tgxmmr 9 él‘g:sco @ﬁ gfgthe invention can
be' deftniised l%ﬁhlﬁn%ﬁ&' gﬂ%%acéﬁﬁl{a[ Ego%edﬁ% PRNSHIORBrures é?c?leﬁmental

for 1 ngestl on osi.tions for_ ora

S Ke24 S0k é}t*% goser @Fra@%&rﬁa Ig, effeﬁt%%ﬁ% ¢fotheviopylagion; and
Lﬁrﬁ?& bt &€ ﬂe%dﬁ% SO%Q)tf'tH@ﬁ(qu atﬁ)h ?\h@ go%eri%tug ﬁétWeEﬁ ﬁﬁﬁpg\rmc and

ture, processi ng t ture of granul es,
toxdddffects suthe dizlrgpeatic indenrald ic oarpbmevqm:ssed aglths |rammILD5@ to ED35.
obtain tablets or dragee cores. Suitable excipients
Modifedi dderapewsish ddugt @I@oupds:tthatn exhlblte rla:fge Tﬂi@l@peutlc indices are

pay el i Qi SELE Pibrion b€ o Rags ol S el hF Rap obteined

froz® l‘:éhll cMﬁﬁi@ﬁssaj‘si &, anﬁﬁil%hmles%a}obé’lﬁﬁedﬂh FoiinGilatiR d 1dh@S6f dosage
suc
for use in humans or other mammals. The dosage of such compounds lies preferably

within a range of circulating concentrations that include the ED5(q 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

27~



10

15

20

25

30

as net hyl cellul ose, hydroxypropyl nethyl-cellul ose, or
sodi um car boxynet hyl cel | ul ose; and guns i ncl udi ng
wa@re@bioe2sand tragacanth; as well as proteins, SPCHUS®04/036127
gelatin and collagen. If desired, disintegrating or
sol ubilizing agents may be added, such as the
crosslinked polyvinyl pyrrolidone, agar, alginic acid,
an@un® véilll vary Wethals method bf aémastiatioh adndi widlt @nerfAR B & accordance
cores are provided with syitable coatings such as
Hecamounte af sopwrnticral upedisamenthpéminiggred s dhe sxpeion a similar
m ar abic, talc, polyvinylpyrrolidone, carbopol gel,
pol yet hyl ene gl ycol , and/or titanium dioxide, |acquer
sol Utheasosnpoands stf:l ;Heainlventmngwmi be s@hkﬁsﬁérsi éalon@p by ﬂﬂbombination
xtures. Dyestu i gnents may be added to the
Wlfrga?ﬂee‘?rsm@ie Hdiipnal Berapr GREEBS: §1ob BxRRPlpdaihe freatmentaef cancer,
théjéorﬁﬁblﬁgsa&ﬁlcﬁfédnﬁﬁw‘ée?& Hlﬁeﬁﬁoﬁfwﬁlcthéfé elftﬁr%&'ﬁg ¢heluding, but
(1.e., dosage ounds for oral adm ntstrati on may
nobbmited i laadreden fnhrbmem m[xdheas fhgamids lnd Ivpraaies anhtmtrmmie, such as

of .gelati.n, as soft, sealed ca | es de aqf .
ofarie e ouliS, and; Cubinic aBGR clieh i fgr i Huorouracil
ﬂo@ﬁﬁ&n&' ‘int@@&%ﬁ' ﬁﬁhﬁaﬁle%ﬁbﬁdté‘ bﬁ@an%%ﬁpohh%’a?ptdﬁlﬁﬁg ‘ﬂh&éhanme

l'er’ or binders such as | actose or starches,
adnamwmanwnmtm, adomabtinepr cmgerbm ureyeloplosahamidanddoxorubicin,

eshh R AR O repe TofiEblaey BRREHAne B mycin, busulfon

mifddah@bres bm%upldﬁn Stigilatas b@éptyzoRin, S bldohfding Badt@AbhyBin, and
or lLiquid polyethylene glycol with or w thout

idappyeiins| howmanes,. sechrgp o¥¥iITogestaienea| estramuping refhingn estradiol,

est%%dg&t [e%g%ﬁld@pﬁ%geg{réglt ?tréocﬁdtehgl,eﬁ‘l?f %ib%?&él @8 ortllla“?msehg qupomde

Eﬁlﬂﬁ’ﬂbﬁﬁmgf atid gfserelie; ZJatmg’eﬁOhiudﬁﬂB derivatives, such as melphalan,
N- net hyl - 2- pyrr.ol i.done, di nethyl acetani de

ch}g)ir%l?qﬂ,l; n}eg}lﬁrgﬂqaggne ,gp@ fhiptehe séq:r91<§1§,| suchgs il;gy’qam@?hasone; and other
I 0 t . :
Jf&g%?{alggﬁa g@g%eﬁft?ésh r?gyl i‘(%uww%%e I'nc Vlcfégﬂ ¥ rake the onase,
ledcowonis, anitaime; esREI®aVinplatne phd iHxeter&Ex Applopsiaefanidnatdn each
are, fats, xes, poils, dyes, fragrapces, .. .
cag @QLY%W @e P§F’£BiaF ?ﬁ@%’sanda‘ﬁ’c]lﬁg‘iﬁ het sadily kpeva frethose skilled
in ﬁﬁ:r £ §riddify (ﬁ:@&ﬂﬁtﬁbﬁéﬂ‘rﬁﬁné &&feﬁn{éﬂ&%n' n the art may
al so be 1 nc¢luded. Exariples are salicylic acid and
sul fAdminfsgmation p:fc‘dule cmpavings raft theninvemtionc tnmposinplished by any

the formof a rans ermal. 0i n r ch. .
o g ue R XN PRy Gt G Eh b it of ifstration
indlh®PamBMlatifnA, CORCEANt iRRAledABAYET ink@O&houS, YintralRRL Y intrarectal,
Der mat ol ogi cal For nul ati ons (Drugs and t he
intPipgalanc duirdabdomdel. e reieasrterslk einfraantignley intesepsldrc dhisggervical,
Le ect dm nistrati t he

1ntgaur (1)a§1r ﬁﬁ%l %%étﬂng(i)n a a&Fl%Erafe 1on8I 1n £ Uﬁcﬁ?ro I;rh‘%raglflhbar Ihtramural,

onp mMoAr St ered
intraocular, intraoperative, mtrapanetal, mtrapentoneal, intrapleural, intrapulmonary,

()

intraspinal, intrathoracic, intratracheal, intratympanic, intrauterine, intravascular, and
intraventricular 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 tumor.

The emulsion, microemulsion, and micelle formulations of the invention can be
nebulized using suitable aerosol propellants that are known in the art for pulmonary

delivery of the compounds.
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suppositories or retention enemas. Such conpositions
may be prepared by m xing the conpounds with a
W@ iosaldseo non-irritati ng excipient that is sol PAI/EB2004/036127
ordinary tenperatures but liquid at the rectal
tenperature and wll therefore nelt in the rectumto
rel ease the drug. Suitable excipients include, but are
not Thentdn@sbunds of GO dnveutibe man te PoIjtelkted! RiIRe agtotEsdsition that
The anmounts_ of each of these various types of
adgigigpaliv easmmiises sw@b}ee@@m}ceab@élwmen@ ¢ pasierssiacluding gxgipients

an{} %gi& '&émp&ﬂ‘f s it r?agﬁsf : nelg E?antnth(ﬁ 2 aneﬁt‘?hxfdnco %tsﬂgjrect Further

deauﬂm'cm sdchaity e forQomppoakiidon and admhﬁtrmmmg rrtalyebe: d@imalundﬂue latest

i nvention may ufac, red n
edsi}% qq%Rew&tm ﬂﬁwuﬂwﬁﬁ@nﬁé Meagk Pu@vﬂﬁgzﬁﬁs Ryston, PA).
co n‘(ﬁﬁ‘ﬁ]ﬁd%&ﬁ‘}ns %ﬁxbﬁg adféinfsﬁ%{léfﬁ B‘Fi ﬁ)?lﬂlupaﬁédnﬁ’sm harmaceutically
dr agee-maki ng, |evigating, i Tyl ng, encapgﬂpa ting,
aceaptabde pamigrsowell )lmolmnl inzthe glrtp 4] Gbsw )suitdhle for oral administration.

SugR BRI DT (B oGP ORH T AP, he SoBpaYadirat he invention to be

forn@l1£88 8s tdbletd, E}iilglseﬂ?ééeéseh Fés qu&.@ RERNEY S| B&N Suspensions,
(e.g., coating) above, in one enbodi nent,

suttadﬂe dompgesivs byt e Sﬁmﬁcﬁul Gemapositionsrfoe wral sisonmay be formulated, for

oSiti gns cont. t he co un be..prov
xR Bl deEiRa PR AN iy BeRDy BB R B ixture,
anf) WroddSding itlhe hﬁﬂuf@oﬂ?ﬂﬁﬂ@@'e@tfet adding | sbitsble adagi®hilCcompounds, if
| actic, tartaric and succinic. Salts tend to

degjecderite @bigin tablats on dzagae 60rss-orSuatabler exsiniersn includs| qagbahydrate or
prétg%.g%@c{rg tig€seC ﬁ%ﬁﬁ? Hﬁxggie{]lgot l{rﬁ fed & %u%a% qﬁclucg%g lgttgs% sucrose,

i ons formi 0 con ain’a

maaniel babdréitciaktatdbrfrdha ¢ernpeheat Pied) porith, ok bﬁ;er pRAtsh eellulose such
pl aced in an appropriate cqontai ner and | abel ed for

as a%eéhylmuglowarhyalﬁmm@pylé&%@étce lploge,i qf\aedtum, farhppxmethglcellulose;
éﬁﬁh T&Hﬁ% b ftll a% e r%p%fl ﬁfo't@nsc QUBPYR dgc‘elatln and
I nve mni stration

lon are su or a
cohagem nIﬁ/\dﬁsafed ,edisintigeating amdsoﬂn‘tnhhhg abentsnthat be raslded[ h;ach as the

vi de for h dr.u d|ng 0 ena
crasaplie vmﬁ pygrolidans: ﬁiﬁ%&@g& RS 1% sdh e ?n%wh.qﬁgsodwm

aldiggepherol - nodi fi ed canptothecin conpounds of the
i nvention provide for enhanced stability of the
conpdraget sorkesncrd meoxadﬁdpazﬁthdsmmbbomng onet amhmmrawﬂ sugar

toth cin adm t.ration o] srra hal f -
softBRE SUHER oy ortiih R ORabiG oy ReSRATR B elidonf, Carbopol gel,
omt@wﬁdgyws ahd/op gltmﬁmﬁrabﬁaeechcgmowm@f afd tsdifBle organic
to the conpounds Tocopher ol nodi

ied co ncgg unds
solyenfis &y eolﬁerg mnigbwere 2yesits br piggrents pay bard rmh@rt@lzlet@ for dragee
coatﬂ{ggrfo? % J)cﬁlct %e%ﬂhgé’uo%m | to éﬂ?actern%septgg Sq%an 1ty qu ctlve compound

(i.e., 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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increase in toxicity may be provided by the
t ocopherol - nodi fi ed canpt ot heci n conpounds of the

WO pws083sen as conpared to unnodi fied canpt ot heBCTUS2Ud4/036127
currently avail abl e canpt ot heci n anal ogs. Al though the
conpounds of the invention having fornmula (2) with m=
1, formula (3) with n =1, or formula (8) do not

I ncIpge & piRBonEitiSadaiifirhticia pkietRX e d-p%ﬁﬁbri&ﬁe tdebe pariedar barrier
above, it will be af;,prem ated that the co 05|t|ons

to eheu[PTrapatddo eI taicadlys Usef dr ol farmwiationr mitxaimpbss of dhese are
le f L& d
2- l?yﬁl{?zlﬁl |edno avi ngi ?@? F&Anlé( F)&E}Wé@%ﬁﬁgésucﬁﬁﬁﬁyl-fommme

prdpy[GnE%ﬂyd@l] mdveyl e tepioply] alosho)] dilrettiyh gulfdxéde, and azone. Additional
onposi tions, enulsion fornulations, m croenulsi

aggms romatfrEhe bedaciidede te emF]EF‘r g épnawgtwraﬁasrﬁ%tmﬂzﬂ saceeptable.

E)gaﬁl letsro%qfléﬁqaréa feﬁ?% 0511 m]g?anggs, R’hﬁ@f«%r Et?gﬂlzers and
i conposi t1ons, enu S| oh fmul-at | on m cr oefrul si on

sun‘fmrenaduaé Iagﬂﬂ:s &edat«ﬂlyﬁelalgentﬁ csudu bathaseskname initkewartsmay also be

d h d
RIETE RO ST
cofnhbéiﬁ&ﬁ #a§ be IR thel fbel bof attf&ﬁsde?ﬂlﬁmlhﬁﬁent O B2 sW&Eehvery

e Prepafation of a Representative
of Tbe qutrspouhd kbdli haye te Garaprred lieci RoGentions dnamfse dpiserced., Barry,

e LR S0 TSN R
Cdéﬁaeﬁéémgﬁfm:@ﬁmﬂ Hifd Bl)%k@)r ams of
| oro-1-nethyl pyridiniumiodide (CWVPI), gr ams
of Eo(r aecrt@ltaqiymmrmmpth eNTAROS{tIMARRAY AR @d@@@stmedén thg form of
i.met h { d t
spREER O e PP S SO0, optbAti TP bt Pl it e
cofn@buﬂdé Wi -suitiie RbocirditRings cliealt Qlﬁhth@ s61ab#n ordinary temperatures
enperature and then was [tered to renove

bup Hewidpatithe eeck demprsaturg @rrctawell Heszefprn mekitia dhe regtuanio release the
dl‘lﬁoél Shitdiste, W& el q&%d?eS%u{r%J ot GiRhit¥ 61%055903%@&%15% pcﬁ§ethylene

ionized-water to extra e product "into t
glglorof orm and the water fraction was renmpved usi ng a

i RGPS S e R s of oG sa il efpadiy apparent o

thderiRfled ifi W &E é)% AmaPRotHitt BEin RE s YO Ber ORIV finulations

e was renovéd by tration,. and the chl orof orm was
designad/fod the slahlea:ypeoctfadmlmvtaqimnat or under reduced

D Gtaepst{pr PG ROy ) s SisatioR gy dfe Manuffured in
a ﬁﬁhﬁ&dszmﬁlaﬁ% Gh@MEnowr it e att @!]‘\Q?SBS%QQCMIIZOED &kntionat mixing,

IH), 8.163-8.135 (d, Hz,
dissolving, granulatmg, dragee-making, levigating, emuls1fy1ng, encapsulating,

entrapping or lyophilizing 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 embodirnent; 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.
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7.927-7.901(d, J = 7.8 Hz, |H), 7.842-7.787 (m I|H,
7.682-7.632 (m H) 7.263-7.242 (d, J = 6.3 Hz, IH,
WG 20000453910 (ABq, = 17.4, J 70 Hz, 2H), 5. 190PCEUSABY/P36127
3.014-2.938 (m 4H) 2.368-0.809 (m 54H). El enent al
anal. Calcd. for CHNO: C 73.92; H 7.96; N, 3.25.
Found: C, 73.61; H, 7.90; N, 3.17. EXAMPLE 2 The
Pr epfaﬂtatdompomfcmﬁs Replugsedtatditsin Bosapdandlanibdi dcbgflable carrier
npt ot heci n Conpound: Tocopher ol Succi nate
hambﬁﬁpdprﬁwé@mtb@bpmbﬁﬂ plaged iban appraprizie containprand lehsled for use.

copherol succinic
T@%ﬁé%ﬁ&%@ﬁt,&tﬁg 1rg]{eﬂ4?§ri1 gnyﬂieg}#t%r ide, and 50 m of
t ol LTEmephe'fbllemﬂﬂlﬁédl tterapmatis tiugreethpatindsadihe @Rpeioataié suitable for
e sol vent s renoved with a rotar

over ni
adgynisigat %{noﬁs atq-lsova@r atﬁa que ndspagede \foumulatipnse ¢ @e qyynpounds
dd.
ANy by i i,
t et rFamyldllooﬁ uccatnining htosbphemhctgodiﬁihé ncantptathdcigr ausmpaninds of the

tri.ethylam ne in .10 tetr dr of ur an s
inlifh MoVl foie SPRREH STPOR: bF CHE RmPRRRL S RS Compared. 1o
cofildritioBsl Aéthé @D daBPRARGSH ﬁﬁnﬁl‘{s%raﬂbﬂhlon Eﬁsxﬁh RhliBe Wakhieved
filtered and white powder was washed et hyl
foa&@ttmoeoh(:@kmdtﬁeﬂ calrpéothedin compounss resgltinganemomfrgwl exposure of

: T :
= T FRond S EREC oD B RV ER sBHBRCIR S Meb permeation
thORER Mol dhybrakesSoi nﬁl@org@éusvw Gleater m@HLtuOP b@s;@nga‘ without an

acetone and chloroform (1:4, v/v). (Yield

ingrgasgogn EICitRogIaY| e PRIvVjdedmby gy tewherokmdlﬁqﬁ{q%gfﬁothecin
H 7
RPN LTI TN -

availabié cwbstothOeihyadlogy canpt ot heci n can be prepared as
descrl bed. bel ow. Method 2. A 100 m, fl ask vvas char ged
thoggh dhegomnopngs of the iishebhavirgiormiled?) pithan = 1, formula
0 hi@r 0 Q =l
<3% e BBt A ot Ml olfpinds SodG AR foluded s
deddribet] alboeereit amitl Bengpmrecieted thix thaydonqi@bmbnsjeemmﬂmen formulatlons,
m]{cmenov Cliwvbm (tPrgg* %fﬁ)g\s,m" %%(id gﬂltulg!glﬂa el aﬁ%&s?? Iid&fTHl% compounds of the
m‘?é?lltl@ﬁ ﬁﬁ%ﬁg il L2 (I? 'v@ﬁmﬁ@ St lﬁﬂtaﬁonTMéhJ&Q‘o%%lms%enng the
gr ans o 0- hydr oxycanpt ot heci
comppgnhgd,amm@loranﬂ)mlaﬂongf rhicesiwsiclr | fdmulations, 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 following examples are provided to illustrate, not limit, the invention.
EXAMPLES
EXAMPLE 1

The Preparation of a Representative Tocopherol-Modified

Camptothecin Compound: Tocopherol Succinate Camptothecin

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 (CMPI),
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

31-



10

15

20

25

30

N, N- di met hyl acet am de was added wth stirring. Then ni
of Solution A was slowy added into the m xture
wWo boosagrs3a dr oppi ng funnel over 5 mnutes. ThePCPESI00086127
m xture was stirred at roomtenperature for 24 hours.
The m xture was concentrated by vacuumdistillation.
150 M of ethyl acetate was added to the residue. The

thefl Kagdeat\FASC ies h&dumi tThesaixturatved oaqledcw soch!ﬁ%mperanne and then
sol.ution, (3x100 nl). The m xture was

wasnljered (& ravpe, PrevimiatoLsd thﬁsﬁltréﬁ%%%cw'cm ¢ Tathe filtrate were
087415 i) 2 05 G IRVE, BBE e o e
chidroform! agd aghbywater Stdction Wal refidVed dsing. d beparation funnel. The

2. 50 EXAMPLE 3 The P rati on of Re esent ative
h%e%?ﬁeffa&rwwaﬁ f\’faélaedc%m%ﬁgwﬁeewa& Slaal 18 GotsRaaten funnel,
I C
coﬁb’&@d %He%rZel?Eémg% agjlgczlgg% %4%22 sgﬂfagge h(?é@@g whs rémoved by
ﬁlttamn;, cndpther dllomiwni mas epmdvél grithrs mtary hévapgdator under reduced

hl d 0.m _of t . Th t
b ot HieFT Gk SPELT oo PR < i i, d, column

ch?diﬁ'atb%lﬁ pI8X&esificd B1OYield: .90 gﬂ@nsmes gopemoved by vacuum

di St)i | 'ati on. Theé remai ni n% Fesi due was dissolved in
100 "W NMR (HIOoMitmtGEe): t & @rISKs,dH{)S&hﬁsr&hSSA(d J = 8.4 Hz, 1H),

79801508, £IAR e ‘jﬁ),f{g@f# viva 18 ARG 8827835 (& PR5 Fh63-7.042

(d77et g3 H?gO-lh]?dscmxsatmtmm@an; 17.4Y17,0f 70r Het by, asni 9@ (s, 2H),
and 250 freshl8/9_|(dr| ed N, N-di net hyl acet am de was

3. Q2 83 §ure R 23081068 ﬁbﬁﬁ&)m of Sol uti on A was

slo to g a PpRiN

fun\rllﬂe overdafﬁpm ndlﬂ1 5 Ia: Z?S?’epﬁ J:96; N, 325.
Foahdr Ce®3.61; room t enper ature for 24 hours The soI vent

was_concent r at ed by vacuumdistillation. 500 m of
H&?R»INéc]Jt ate was added to the resi due. The m xture

was washed with saturateg § Nad solution, (3

200 mM). The m xture was |ed over anhydr ous The

MySC* was The ioapachtioy of & Rbbmermmlxaﬁﬁ)cbhlmrelt—mﬂlfmdet ate

] X : h
\Slflgﬁ erglrem) ed b uurr d' ! cl at | J S Cruqtce)thecm

acetyBBod (1Y1 e Ci{)oln"_ﬂ %ﬁslg W@ha@%@dgv@ﬂl @@ s of d-o-tocopherol
171-173C. H NMR (30 X 8.236-8.206 (d, J

suecigicHeid, 0476 gagedf ?}naxjm chibride, and25Q nleQf tb}a)ene 7 Ted nixture was

st1grec} gﬁr@gh&fggl%g%gg'e %g%:m%% ElZTh]%Sleefg yag i'e’gEoveg Hylﬁ] g rcggtgy@vhporator

at (30°C2Hhd e 8&dueSwad &Lleo’ﬁedl?’@'&th%ll%siﬁﬁb vodd) adc?ed5(§3322( lorams of
2H), 2.091 (s, 3H), 2.037 (s, 3H), 994 (s, 3H),

10thygirexysamptothiesin zmgl 40, 18101 dried t@ﬁ@hﬁmﬁua.n &6th Gtig@. Then,

oidlil grét%y)of triethylamine in 10 ml of tetrahydrofuran was added dropwise to the

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

rm

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 purified 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 EST): m/z 877 (M)".

Anal. Caled. for Cs3HggN2Og: C, 72.58; H, 7.81; N, 3.19. Found: C, 72.52;
H, 7.84; N, 3.21.
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M5 (Positive ESI): mz 905 (M , 928 (M+ Na) . Anal.
Calcd. for CHNO: C 72.98; H 8.02; N, 3.09.
woemnma258) 72.87; H, 8.01; N, 2.88. Alternati veCHUS1004036127
t ocopherol succinate 7-ethyl-10-hydroxycanpt ot hecin
can be prepared as descri bed bel ow. Mthod 2. A 500 m
flask was charged with 8.48 grans of d-a-tocopherol
SuC CAlRshivel¥, 8dcoph@tb s@icidatd DY drokYemmethed@n @aR DO prbpared as
of toluene. The m xture was stirred at room
dessihsdbalowt e over ni ght. The tol uene, and excess thionyl
chl qul re r | I ry.: .V r t
G MG A GE At e Bl Y 2B BB, oF ;2 docopherol
sugcﬁsig&% (ﬁg%graggsaj_ fEhl@'d ﬁy17%lﬁ(5ﬂi’dé, a%@‘gﬂ yx?rmymamoﬂme heigture aasl stirred
of sodiumdried tetra rofyran wt tirring.,
at TPQIA, tempergtugg £95s2hhoyrs; eT}F?yﬁoél%/ﬁ“ﬁ eanrlrﬁns'oewssotiwny chiiide were
refnBbEPMUA (Iﬁ’éumist‘f@agioﬁqg S6b T PV eRfidi g Fel3 Bk HLS@OIVJ(EI% 15 ml
m xture was stirred at roomtenperature overnight. The
of mehdotomeethve  fo | provide SoldtibheAwhi Te pohdiermivaaskadh@®dgrams of

ith ethyl acetate _(3x50 m ). The filtrat S .
10\(@%[ B Ptoa}?éms oﬁéeﬁ‘%ﬁ \Bgst‘ieélﬁg@@ i ?r’r‘i1 a7r%r \gglar(ﬂ’/c freshly dried
N VAR Qe tamb B was HalkedP Wﬁ%ﬁiﬂ%_sTHéH 14 b8 s BYlution A was slowly

recrystallization in acetone. ield: 8.28 grans,

adg7d i thefrinuee Ehxougine dromming Amnclnovsk SamiRefese Jdatreactivn mixture
w%gigé%% oolé)é‘b %k{elfﬁ%grg S@r?%ﬁc%ugie ¢ I"[[flecn?&?tgg r\}v%s concentrated by vacuum
didtitfatiBy! 136 ol \oiTe) Gosmicoiesidad Ao #¥relldud.| Biekmid@Sre was washed

charged with 0.9 grans of tocopherol succinate

with setwyated @qtsous oNgEla apitbeheGi<A00 onb3 glhpsmixture was dried over

-a-to r {nic [ . I
ooy Qb SRR b SRS PaToc b SRl et agpate was then
refhov€ll Mt Rygkdith Na@)sENAticd, ne Tae defade Mprodfictdives aperifiddieby column
m xture was stirred at roomtenperature for 24 hours.
chrpmaograpley onsilieheglo §¥ skhyl-bhawms, $hato)t he reacti on was
conpl ete. The m xture wagxhiNg d to renove the solid
phase, and the filtrate \%as coﬂég’ct ed. The sol vent was
r enoVvidhd Poapaviaion wifha ReptdsthtativeohocopherobModéiedrCeahnystdthesin

-34-purified byr |.u chr.omat ogr aphy. on silica gel
with Jgompeund g herol Suecinate | 7-E0 '_,i. droxyaan "é’%-‘
9r anfremdd- 82°4 -sop! él@%'\/éﬂéreﬁ[)gith):'zzﬁ- s &£ 18- tocopherol
(d, 52080 Fz TH . 28157805 (4. 35 Ftg, TH . CooPmemo

suécinaid; 7.6 §8hng oltithidhyll cieridg and 200 4nlHf, toluelg. ThelBiktyre was stirred
atgrgl)gl’grlgga'gq}gga_gg% rfgrg 2&@1%%? ]11{11\:?4‘[2)!1_1%%1{]&?1 tZl:eL:'eg(cel_s%’thl%n 1 chloride were
removed by vacuum distillation. The remaining residue was dissolved in 100 ml of
chloromethane 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 ml of freshly dried N,N-dimethylacetamide was added with
stirring. The 100ml of Solution A was slowly added into the mixture through a dropping
funnel 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 MgSO4. The MgSO,4 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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(m 10H), 2.606-2.564 (t, J = 6Hz, 2H), 2.383-2.184

(m 2H), 2.090-1.723 (m 22H), 1.588-0.785 (m 80H).
woBosPesBe i ve ESI): mz 1418 (MtH) . El enent al PErEB2004/036127

Calcd. for CHNO: C 74.54; H 8.81; N 1.98.

Found: C, 74.31; H, 8.96; N, 1.75. 2925, 2867, 1751,

1665, 1615, 1657, 1510, 1458, 1413, 1376, 1330, 1218,

1128M.P1O78-173360, 1035, 992, 943, 923, 829, 812, 758,

724, 668. EXAMPLE 5 The P ti f
Re pr B BB (08 Mo JSHETY - ABa3or etk 5t AddnlED, 7.809-7.801

RN ERPE LG TRIS @ R TR TR Gl L0 At 3.3 1z, 11,
5. Hdx5280 L(wmmggl@.wz) Jtzsg_éﬁfﬂeghla M)?@ﬁmltj e{z,i Qﬁg,a3zsa (s, 1H),
3 Dl 05 Sy Gifle a0t s BHut oA Spe B0 vt SHEHPY s, 31D,

1.970-1L.85> frh, AF), t Sbvuane st brst 654.0933 fhestip), uene was

removed with a rotary evaporator (drying by azeotropic
di stMS8 I(Besitdve) ESITom/h@0nMY 1928 (Mis Mayded 100 nl  of

chl oy of o 1.08.9gy.a of . . ) .

N, Ny B AIBRRP P d2 98B Ffl: o 09 Found:  C, 7287
HA.ddmNetdgyl am no) pyridine. The mixture was stirred

overnight, Thin |ayer chromatography with 40% acet one

i n Hejeanaivelye el tadepheroh suqeingts wthykd §-hydrgayeamptothigein can be

' e three tinmes with deionized- water
pr{%g% dﬁ‘%@foeangﬁt%ge chloroformfraction was col | ected,
and Methed 20vey 580hybfiasls wWds SRafed Witk §1081pSamAbf &-a-tocopherol
filtration, chloroformwas renoved by a rotary

sugsjnaier3at beramsiof thipnyd ehloridaand 2p8 mlnfiteluprey e mituawas stirred
o . oy *

o S0 T BOSERPS ah, Ep b e SRRFEGIE wbhSemoved
widc etrataey evapoestanst, SAA, atPilrcesidoe fvx'ras dotlz@ed:. ToYihelresidue was
.53 . 13. 339 t . . .
adgﬁgép%é%% SE T RO Hu r@%ﬁgﬂh&?@ﬁj@qw cBid) 28Qgg} of sodium-dried
tetfsHydroffran O Qi sfiyg%k)m,ca%g ' iy @R 81 50 ml of

hexa( et hyl ene g t ocopher succi nat e” prepare
tetadthydefu@n vayr atdsd diorsvise inthe moitdreanflyd niixtere Yasisiped at room

of tin (IL1). | hexanoat e,..and 2 f xylene. The .
teprptaes Ogabich e TR AR pos GG <nd At sPite WEWELEeY dashed with
ety icetdRR- @GRV nglh.e TheBuaR! waNbolkBRd! ENRY &lval vias' RERVYd with a

evaporator. The crude product was purified by colum

rotaty evapagionphie omuds prashicyavas putifeddd byoregastallizatisn in acetone.
% r epar ati,gn of tocopherol succinate canptothecin
(Ygﬁﬁi{%g& %@?’éﬁﬁy@ene glycol) linker. A 100 m flask
was charged with 0.822 gpXpeMPEE 4

The Preparation of a Representative Tocopherol-Modified Camptothecin

Compound: 10.20-Di(tocopherol succinate) 7-Ethvl-10-hydroxvcamptothecin

A 100 ml flask was charged with 0.905 grams of tocopherol succinate
7-ethyl-10-hydroxycamptothecin, 0.53 grams of d-a-tocopherol succinic acid,
0.255 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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t ocopher ol - succi nyl - hexa( et hyl ene gl ycol) succinic
acid prepared above, 0.3 grans of canptothecin, 0.47
W@e@®42589 2- chl or o- | - met hyl pyri di ni um i odi de, BCHES2004/036127
grans of 4-(di nethylam no)pyridine, and 40 m of dried
N, N- di met hyl acet am de. The reaction m xture was
stirred at roomtenperature overnight. After the
purified thyaolwas chromato@t#phy tohesilical geb miithvg09%6 ethyb¥etatbyn cyclohexane.
Yy%éukigédi stillation, and the residue was collected. To
(Yiglg: RS \idS A tded 100 M of ethyl acetate. After
Sti rigg t SHE YN t
reno\%ieﬂg‘gfécq?’&g?gtﬁé thg%flllglgi(grg% d\vﬁgs ?:'c())lliLI qu)d P81 7805
(dcbrckhtHzntigd), 7Tivd- ’biaﬁdéddpﬂpekum Maslhparlilt4 &d, bH) cmmms 1H),

s G- gg?& %&Mﬂ ggéw L 96 };z( Wi Sadk- §§§8 Doy 2E0), 3.113-2.857

Ji= 2 -
(ni3 12)4{3 §62)'§D& icdpg J= §1§%5ﬂ'4‘) 2?93 %ig@géﬂ 72JLB,=§§>_©§1 1#@‘7‘,3 (m, 22H),
158&;07856948021&)640 (dt = 1.2 He, J 8 1 Hz, IH), 7.269

(= Seodof Bt Sl Lt ] 7020

2H) Elsméﬁtat Saﬁ'aﬁodamd 1&%') csgqlgﬁmo% :604 (as48H), 8.81; N, 1.98.
2.597-2.552 (t, J = 381-2.2.113 (m

Fozxnyl sz@g 1(1(589@,9)1 1%004 (? 3H), 1.964 (s, gH)
1
82y, m (rznsé7 %‘f{)‘él mﬁs?‘ 615 1?#@%1? i‘ﬁsmmm 1376,

24H) Yo>87570: 8 ositive”

13302B218M 128, EDB31H06@11035,92, 948, 993 291 812, Hi5B| 124, 663.
67.62; H, 7.90; N, 2.29. Found: G, 67.08; H, 8.04; N,

2.07. 2925, 2867, 1735, EW BEPS 1563 1500, 1457

%gjg%gégﬂ% 3 ve ﬁ@%@gﬁ%&g&eaﬁ) ‘é)omnound

Pr epar éﬂ’chI)heﬂ)aSl @arﬁﬁmhe&e mOatugue Wmlee)mga(eﬂwldmlmgﬂvoeﬁlhnker

Pacl j t axel d;: .Tocophero ccinate Pacljtaxe

250 P%rﬁ%ogk 055% a@ﬁhﬁs% g&wﬁ tgcapherpl sHecipgtet JRopRel onl flask,
2.646GHR F B 't&o&ex%ﬁsﬁaﬁfesa&a a&m@vgr ae:gb ggh%g%hﬁ% A9col) was

m “of tol uene. he m xture was st
dissetwedrint 100embwé rtoiughtwﬁﬂ' lstrrengl vEN tolasner wao vadbweidtwitlaa rotary

t t 5 d
evap Aok G T B el dislgia: ahadhe sty Snsadded 100 ml of
chiR6forthaxqlogangradfi0 o RIN-AidyeRhtBHERRYHIRELT - a£hdM tﬂm mg of

stirring. Then, 1.52 grams of triethylamne in
4- ﬁi‘lmﬁmlalfmm)amdﬂmgf ur dhe wanxtagd ewasir sip\mds eO‘teaJnlgh‘re Thln layer

ure was._ st
cHp bRy VAP, fBaE i et TRe i bb e Tapihe complee
THeh @nmfmlré &V@Omhedﬂﬂlﬁe&\ﬂ&ﬁ@ with deionized-water (3x100 ml), and the

chloroform fraction was collected, and dried over anhydrous MgSO, for two hours. After

filtration, 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 tocopherol-succinyl-hexa(ethylene glycol) succinic acid. A 100 ml
flask was charged with 1.42 grafns of hexa(ethylene glycol) tocopherol succinate
prepared above, 0.2 grams of succinic acid anhydride, 2 drops of tin (I) ethylhexanoate,

and 25 ml of xylene. The mixture was refluxed for 4 hours. After the reaction was
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with ethyl acetate (3x10 m ). The filtrate was

coll ected. The solvent was renoved with a rotary
weraposssor . The residue was col |l ected, and purCT/UBZ0bY36127

recrystallization in acetone and hexane. (Yield: 11.56

grans, 84.6% . Anal. Calcd. for C HIO3NO : C, 70.31;

H,759N102 Found: C, 70.02, H, 7.83; N, 0.93.

L Ehe7solViait Ry pfiived by r@taBe Bﬁ@ﬁ)@ﬂbﬂt IThe crude product was
Tocopher ol - Modi fi ed Docet axel 21& . Tocopher ol

p‘stf@éubdaqobn%@émﬁ@granhzso sHica gplad¥igld: Qﬁéﬂ g@@lw{i%)
SE(’)C orPbf %cggﬁéé?P %%fr&e géiﬁe;gbﬂlegma&' tg ﬁexgl(e%ﬁgﬁse glycol)

axe ,
litkel\- di cyal ohi@Ry| @alr boftiskni deas S@Qagedf with 0.822 grams of

4- (di thyI no) pyri di ne, .and 150 nj_of chI or of orm
togophern 5@?%&1%3’ TT§ &wfe@a glycall sacinitaeidprgpaed wEp YR, dhi grams of
I t ed h
oo lfolLdih ! 247 Spint o PE P - HH A HEGIR, BB TAS Mrams of
4- (chmﬂwlaema@)plyadme,, arghd0 tohleof dsed NeN+chmethlylaeetamcde Tlﬁhe reaction

crud Vgé)gsg E%'ngﬁﬁu“ flﬂ%g & col ti hroenr%etic(% na as complete the

soM?ﬁ@ XJ&%%%(P by P%ﬁ&had1§t1lﬁtl$90aﬁd ftlh@?é%ldﬁﬁswéfé”' %l%féd To the

grans”of dl -a-tocopherol, 2.96 grams of
regﬁu&h mas gdchdri@a milchd eﬂs{b aenfatof Affien stémlng for 30 minutes, the mixture was

s B NS Pt ar o opy iR i Tited gpd ponggiggied. The orude
pro@@ittwasdPirGidd By edualilSemAbL@bhy A Jiliod t1e WAEdCoRBEH grams,

to roomtenperature, the m xture was poured into 150
34%pf ethyl acetate. The mi xture was vvashed three

fjlrlnggi#\%l? @%%‘%3@3 gfggéﬁﬁgﬁ@? @e pro 81HZ 1H),

7. 9511-i7f9i23d(d10y € .41 Yy, CIH)Q ITe86197. 8@31)(dtonhs=|= IIIS:EHzge]h =Wl8t.4h Hz 1H),
0% et hyl acetate in hexane. (Yield

78T0° IR T368 W JoBai®) Hep s 10280 (phdFDi 15708-5.365
R 938 G S RS TG 441 Pt s .67
(t,3BH), 26318155@; (m3HPH), 12 SBB2.65% (i, QH), 219p7-21558 1@ Jl=0€9 Hz, 2H),
258255 2. BOE 06 303964 §hg Hioreth Gn, 2m),
1 8?51% 31%?5185441(7%4 (n%&%{)#@?ﬁe 8%6%%1?14}39 1373, 1276,

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

Elemental anal. Caled. for CgsHiaN2O13: C, 67.62; H, 7.90; N, 2.29.
Found: C, 67.08; H, 8.04; N, 2.07.

IRVme 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 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 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
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The Preparation of Mno-Tocopherol Terephthalate A 100
L flask was charged with 4. 30 grans of
walkeoansseopherol , 3.32 grans of terephthalic apCTOUSDIEE36127
granms of 2-chloro-I|-nethyl pyridiniumiodide, 0.244
grans of 4-(di nethylam no)pyridine, and 50 m of dry
N, N- di net hyl acet am de. The m xture was stirred at 50 C
tefratryddoformrsas addied drappdse tohthe medction ajikiyres hDhe thitthat wadtirred at

AR GEGL 1B AR e ey v
wﬁﬁ eﬁ&h&’deta@@?edb Sal). T’ﬂﬁe Hind Gv% UARCHAS 'ifﬁ@' s&l'{}&gr vds'rEfiBved with a

wi th satura aqueous Na , and over
rotanh g eRpowaton Virertegitue wah eoltﬂ(:tﬁdeal‘pi' Imn‘lfred byascyystallfzatioh yacetone

| | with 30% et hyl
anHexpne, ﬁq’rﬁeggaig%g%ﬂé 3. 6%’)6603 gﬁs "7 6% H AR (300
MHz A@Cbabcddfd}pmoﬂlomﬁﬂg (@Smﬂ H87.89,4N8. 12@9 (reundJ f 70.02,
8.4Hz, J = 26 227607 (t, 2H),
H3H$3; Pi(b%% (s, 3H) 2 024 (s 3H), 1.895-1. 78&0(m |
2 1.532-1.083 (m 24 839 (m 12H). Anal .
Cgl)cd for CH O( C, 7WE5040 Found: C, 76.64;
H 9.39. 3J062PrepdfBitidn of 8 Weprebdmdtivel BRit0phek8ilBiodiFao0,

1424, 1373, 1276 1240 1097 928, 774, 723. EXAMPLE
The Pr epar 2pe4H BIpo 2gephgrpl,Succinate Docetaxel

E?Zp%"gﬂ?@% %?a%ec. 08T B B U0 o BRERD S i

5. Q/gtdﬁlsloﬂ.ﬁougtaams 383 grane- ddermFll’I‘é K\Dﬂlcycﬂﬂlﬁﬁﬁdﬁﬂi&ﬂgﬁde 500 mg of
0.70 anpt ot'heci n

4Bl B BniB SR e, 4 AT 50 chiRelt, | 108 Bictuia, i3 St room

teﬁ?&'&ﬁu@fovéﬂ%& "g*\i/lgﬁlll?gk? ) Bﬁ[&l‘eg 8 Fem %ﬁpf&ng)%ﬁ{e e filtrate is

Irred a In layer ogr ap
codlhatedb d Thh esolvenicisi remov&ed; withngotagy evaphfdter, ahd ehmestdme ds collected.

cool room ure,. the reaction, m xture was
Tf&&ﬁ?i%?ff)ﬁ‘e% lﬁ%’é‘rﬂe i ypDRLOEEPIY AB SR EEh ¢ vias
filtered and the fi Itratgmpgglgl ected. The filtrate

was washed with saturat ed aqueous NaCl (3x100 nml), and
drled over anhiejrrepa Pathatatele product

btz i B RSN AT, BB P s o

S, 4 8037%18 2 22 (ethylie §m§héﬂz d 30 f
&nﬁjjrt%d@ 01‘%1‘%18139 éﬂ XX td;Z an ml of dried

N N glgl;eﬂwl@}_@n"(lée Th e:rng(tgrep{zas s[:m[)ed a17alf@g’31¢0 fpr(&4 hougg) | After the
m%l}ﬁ%%y_aé - BoRalth ro&rh')temgelaﬁlge (tﬁe njmlzpure wag 2gured nfo fS%Bl%i of ethyl

acetate. The mixture was washed three times with saturated aqueous NaCl (3x100 ml),

and dried over anhydrous MgSO; 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) & 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, 2H), 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. Calcd. for C37Hs40s: C, 76.78; H, 9.40. Found: C, 76.57; H, 9.29.

IRVmax em™: 3073, 2919, 2858, 1737, 1701, 1578, 1455, 1409, 1373, 1276,
1230, 1107, 1071, 913, 738.
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-38-J = 90.9Hz, 2H) 5.302 (s, 2H), 2.461 (t, 2H),
2.559-2.312 (m 2H), 2.123 (s, 3H), 2.056 (s, 3H),
wWQ2@3/542539 3H), 1.844-1.801 (m 2H), 1.629-1. OBSI/[A1004/036127
27H), 0.938-0.789 (m 12H). Anal. Calcd. for CHN O:
C, 75.30; H 7.54; N 3.08. Found: C, 74.91; H, 7.56;
N, 3.02. 103 3057, 2924, 2858, 1757, 1737, 1675, 1614,
1558, 1450, 1399, 1266, EXAMPLEGB, 1102, 1020, 723.
EXAMPLE | The P earatl , |ve
Tocopher ol - M4 ek oERBIIEI S pher ol
ycI OREPHRNAT, ﬂa%k % leﬁ{he4 gO ghﬁﬂé of dl- oc-t?]colp f:rol 3.32 grams of
0- hydr oxycanpt ot heci n "Prepar at | toco
tergpbihalieseaive-2. Si-gthmxaprMQro 1amaﬂiy1p9mdimﬂnmrledmlk 0 254 grams of

R & L TR CHa

stirfddcdt| 3or 9 €or @'h@m%ooﬂﬁﬁ 18er eMnRiEREAS él{éu%dztﬁﬁ)c i reaction was

fl ask was heated under reflux for about 30 m nutes.
complete. tderrthg tmuixtire wels @Qolpd tp goom ttempernre;rthe niixtuwawas poured

£ ef trte washe ith a.dilut

inkh LEEBr o Mincklal: [ Bheuitie S ORSe ettty F sniorptpd maqueous

NaOhyshk 1)0sm M) Snd drlwl Svén Qfmydﬁuy\@/ﬁ%mr&@ﬁhglﬁt €the b product was
crude product was purified by colum chromatography o

pwifiedchy g@lurm{ heqmeptograpips o slier gsle withy 30%r etbat @thebnn "hexane.

t (‘fﬁp#, ohexane- 1, 2- di car boxyl ate
(\@Eld i g&g’hzyﬁ(?b/g ycanpt ot hecin. A m xture of 1.08

gr ansl NMRC(GO@IMHZ;I Cogh Gf;qmaf n&;l]ZBDKbs dH%las B’MJBJZSQ (@Qﬂl € 8.4Hz,
0. 44 ans of thion chl ori de
1 SR aheo kB asad-at fr 2B b e tsﬁaggmvesr AFpnB.028 (s, 31,
t renmoved
L Dy R Pl BN 0 SR 85 88, VAT 1 ool ved
| n L&naﬂ Caltd. @c@bﬁsmwaﬁ%ﬂé P4@VvFamdSdl, l7t6l6(4|;1HA9 3Pn

Vo dPPad AR aRet A Radat it 157 br bibad 2 1373, 1276,

12{:‘1@ v970028.77¢024 i on A and 0.186 g of triethylamnne
were added to Solution B. The mixture was stirred

over ni ght at roomterrperE\KAMPLE'h@ crude product was

i 101,04 2 INEPRCSE s ¢ S
a Represe nt @bm\beunm Cpcfbbﬁﬁéibl- Masmﬁmasﬁe @amﬁétﬁe&h n

Compound: Tocoghero Succi nat e Doxorubicin A 1I00n
fl as& 108 rahdtagks avani dbarged owithal dAtgrams e monortpesipbiprobterephthalate

her, ucc c doxoru and
prk}? cgl cyg{)o%exy(? ?:I%r b%nqsm d?’g mg%oq}ﬁ?cmf d? gl 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. After the mixture cooled to room temperature, the reaction
mixture was poured into 150 ml of ethyl acetate. The mixture was filtered and the filtrate
was collected. The filtrate was washed with saturated aqueous NaCl (3%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, CDCls) & ppm: 8.387 (s,1H), 8.370-8.242 (q, J; = 8.4 Hz,
J2= 30.3Hz, 4H), 8.167-8.139 (d, J = 8.4 Hz, 1H), 7.937-7.910 (d, J = 8.1 Hz, 1H),
7.823-7.774 (t, 1H), 7.672-7.625 (t, 1H), 7.260 (s, 1H), 5.823-5.462 (ABq, J; = 17.4 Hz,
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N, N- di met hyl acet ami de. The m xture is stirred at room
tenperature until conpletion of the reaction. The
worRoos0u2s39 s filtered to renbve white precipit aP€r/asm4/036127
the filtrate is -39-collected. The solvent is renoved
with a rotary evaporator, and the residue is
coll ected. The product is purified by either
J2r=e@0 913z, eﬁH)L 53012 an QIH), 2.46 LI(M2K}) 20559 D1 2 hy21d)) 2shi2Bi(s,8H), 2.056

(s 05 31785 &8, Bl fs%a 85@@2&@&.%%&%2@%3@'@%@#39 (m, 128,
SUCCAﬁ‘aﬁtE aldfd X 8?\12681 f’ﬁfsﬁ)l@? héf(ﬁedFé%&d“ C, 74.91;

equi val ent no nnDIe) tocd ero succinrc
HAEb 6t N,a8neR. t hi onyI chI oride, and 50 ml of toluene. The

cor vibeet 2o VB apeh Ao TI0G oS clela? Th. 150, 1309,

1md12j3e11635|111@;e losocok! ected. To the residue are added
mol e of hydroxyzZine and 40 m of chloroformwith

stl rring. Then, 1 mmole E\XAMRI&MI amine in 10 m of
: l rOf it _o ' C(Eamn Qtﬁ]eCln%OmDOUIld

t
LIASAYA!

t env@do@héiﬁpcwsn@dagm 2- &ib&b&tﬂé‘cé |’7€Et!h$1 WﬁMxWMtothec1n
saturated aqueous sol ution (3x50 ; The organic

phas@&reparatiast 10€ ctoeepher dcs@iqhé&arwl B ngsaqdae A mixture of
1. §$ %%aﬁﬁt 0 Of,2=|cﬁ/%‘ﬁg)gan§ﬁlgg‘bghé 91% ?e%[hgég@ Orel %ﬁan‘?g BF a-tocopherol

€ residuée is co and € cru

1. @4 @ﬁhmst oft umitiind tchidides abd €00 he TS cRhbtanatih @230 ml flask was
lica colum chronmat ography., EXAVMPLE 14
@éﬂ@é@rﬁeﬂw @ abgubihmimitesnpifierithemiruregoladite ropm gemperature

it %@%&ﬁ %‘ﬂelﬁl %ﬂeWas SBFH %1@)%%&@ ?%delaﬁs ﬁg@:H&hb id ¥018 solution

representatlve ocophero ifle erape
arﬁdh@odrmﬂsovraf arHydrous\Mg8 0.0 nrhetmnmp’e evaslcommtratna,t and crude product

toth t
I oY @0 DRy BARBEBIR 88 SLice dale (Tifa? 335 €N g6 9%).
s UebdrbiorPT GRMPYRLIREIN | & cRoNeREAE] I AarBR KR! S7.cthy1-10-

The solubility of ca ot heci'n, tocopherol succl nate
h}{damvm:mnp‘@dlem,n and umxtmpdn axfoll. O§ug1:amfﬁt<ﬁ tocopherol cyclohexane-1,2-

cidisfmle a5t DETE! HBRI o A8 AL (BB G A 0y of toluene

wEOkHedHE ubdid &itr68HS bdthight. | 'MhiNBIRAE ah8BXBER iR F/I @hloride were
saturation. The resulting solutions were centri

regoded hiey ﬁ(ﬁ@@umatdmﬂlﬁm and| the e tesisipenivis ge?scflmdramcéO ml of
d C
b B DS I SPEREE O th 59 BB 3L33 s or 538 vas

diSdePeidiat2s ml of dried N,N-dimethylacetamide to provide Solution B. Solution A

and 0.186 g of triethylamine 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 succinic
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
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canpt ot heci n, and tocopherol succinate
7-et hyl -1 O hydroxycanptothecin in various solvents is
W@ b@df43589 Tabl e . -40-Table 1. Solubility ConpR€T/562000636127
Canpt ot heci n and Tocopherol Succinate Canpt ot heci ns.
VESACanpt ot heci n VESA- CPT 2 Tenperature Sol vent SN381
(my/g) (mo/g) (mg/g) ( © PEG 400 - 0.017 17.5 Room
collesied. e $61GEnt-is Zeofndved WillBa 2othy evap@aion, dnd1thd GesdiB. g callected.
288. 3 65 USP/ NF Soybean Gl 0.00 3.3 45.2 Room Tenp. .
Thegpodygitiapugfied by #ithen geeyystablization 9 colymmrgareomagegraphyson silica
gefloom 2.7 48.3 NF Tenp. Ethanol - 4.2 57.1 Room Tenp.
nat ured Methanol - 3.8 14.4 Room Tenp. Acetonitrile
0.09 3.1 49.6 Room Tenp.EXAMPLE 13

The Preparation of a Representative Tocopherol-Modified

Hydroxvzine Compound: Tocopherol Succinate Hydroxyzine

A 100 ml flask is charged with equivalent moles (1 mmole) of tocopherol succinic
acid, and thionyl chloride, and 50 ml of toluene. The mixture is stirred at room
temperature overnight. The solvent is removed with a rotary evaporator at 50°C, and the
residue is collected. To the residue are added 1 mmole of hydroxyzine and 40 ml of
chloroform with stirring. Then, 1 mmole of triethylamine in 10 ml of chloroform is
added dropwise to the reaction mixture at 0-5°C. The mixture is then stirred at room
temperature overnight. The mixture is washed with saturated NaHCO3 aqueous solution
(3x50 ml). The organic phase is collected, and dried with anhydrous MgSO4. The
solvent is removed with a rotary evaporator after removal of MgSQO4. The residue is
collected, and the crude product is purified by either recrystallization or silica column
chromatography.

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 to the solubility of
camptothecin in a variety of solvents.

The solubility of camptothecin, tocopherol succinate camptothecin, and
tocopherol 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 liquid 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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Chl oroform 0.71 >97.0 > 372.5 Room Tenp. DMSO 50 30.5
> 255.5 Room Tenp. Methylene 0.9 >99.7 > 336.5 Room

waewp/o42$8chl ori de Propyl ene -

3.2 0.4633 Room RENPS2004/036127

G ycol, USP dycerin - 2.8 2.541 Room Tenp.
USP/ EP/ BP/ JP 1 VESA- SN38: tocopherol succinate
7- et hyl - 10- hydr oxycanpt ot heci n 2 VESA- CPT: t ocopher ol

succTatde el. c BghiilifyeCompdisdnr 65 Wahtdthechidting Tocopherol Succinate
succi nat e canptot hecin and

succi nate 7-ethyl -10-hydr oxycanpt ot hecin

illustrate that tocopherol

Campigpissinss

bot h have substantial solubility in oils, and have

particutartyThirgh—sotubt t% SH vi-trarm-n—t
a-t gcopher o| )eamAdthEAMPLEY RO esenyBEAMEPT? | Temperature
Toc opME?FE| - Mpdi f igglgyTher apedtNBé Dr ug (m °C)
Conpound- Cont ai ni ng_Enul jsi ofreg/gh this efé%?pl e
nepresent ati ve enul si ons| contai ni ng tocopherol -nodi f
ed ut|c drug conpoungspaf the invwention RE&n Temn.
descr™Med. A] Tocopherol| Succi nate ermp
e 4 el L. boect n Foaallal Aan TAa~s~AnbhAr Al
il == Ilyl LIl LIAAYZ LI "= L L " LI KA AL roCoOpPITCTO1
succimpagse 7- et hyl -1 O hydr oxygzagpt ot hesi 183.9r epar ed g3s
described in|lFxanple 3, _was dissolyed in vitapin E and
t heMitemin Ei f | ed w thel usgqef, a mic j di er
M [TCYP/MECr of | ui m%é;) in th?gg\zesenceggég%g 65
d- goliaarhier pl pol yet hyllene gl ycol 1000 succi hate
TPG)jgpPol oxanero-&bl and sald ne to privduce anRoom Temp.
e ST RN, fFavi ng—the—fottowng—conposttion—(%b
\W'L%%gii degc pbpher ol 4.4 96.7 Room Temp.
$ j -7-bthyl - 10- hydroxycanptotthecin 0. 69% Vitamn
E 7T9e98 $®GS| 5% Po) oxamer 403 1% 483 65 — Room
NF ’ ] Temp.
Ethanol
Denatured - 4.2 57.1 Room Temp.
Methanol - 3.8 14.4 Room Temp.
Acetonitrile 0.09 3.1 49.6 Room Temp.
Chloroform 0.71 >97.0 >372.5 Room Temp.
DMSO 50 30.5 >255.5 Room Temp.
Methylene
dichloride 0.9 >99.7 >336.5 Room Temp.
Propylene
Glycol, USP - 3.2 0.4633 Room Temp.
Glycerin
USP/EP/BP/IP - 2.8 2.541 Room Temp.

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

2 VESA-CPT: tocopherol succinate camptothecin

The results in Table 1 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 (a-tocopherol).

41-



10

15

20

25

30

Sal i ne 86% The enul sion was filtered through a 0.2 m
filter and vialed in sterile glass vials. Man

W@ 005i0¢1589 si ze was approxi mately 50 nM as det eP@i/HsT0HY36127
subm cron particle sizer (N conp Mdel 370), with 99%
of the particles less than 80 run. No evi dence of
precipitation or | oss of concentration as neasured by
HPLC was observed for atEKaadPLB 1font hs when stored at
4C. B. Tocopherol_ Succinate .
7- Et hyl - 10- hydr ox3-P8Ex TeES $H1%ocopher o
succi nate 7-gkhylidG AR QAESE B aligRar ed as
described in npl e 3, nvitamn E and
t henlnerthiss iekamglew teprasteatisee anfiulsions ceonfdiningi reopkdybl-modified

10Y Mcyofluidic . the presence qf TPGS and saline
P isalite SPRRh of B EsRRg AESP I o ng

CONPASi i PaopherBY SWRIH 7-EthkPa0Riedr8kycamptothecin Emulsion

succi nat e- 7- et hyl -1 O hydr oxycanptot heci n” 0. 69% Vi t am n

E 7. Baowplrerelsewimstd Vethyd10chydiaxytamptothatinoprepatsd|as efgscribed in

N re yel.l o nd thicker_enul sion th t.he.
Exfifls 5 Sb il ol e o T8 el Mithe e use of
miebfdKairer (MAT0Y VRréfMuliRs)Om WaSprebdrce fo@di—&%dbki/g&oﬁ pBlyéthylene

an

mmfilter and vialed in sterile glass vials.

glpenl 0B sucginate (IPS3S)4PolarpmendOfatnd spling tapraducteancemilpion having

BTN EE AR DELS MUGRE L 170 o Mo ovi dence of

preci pi t aTécophadl swrsihart7-cthyk ehhydbokgranpsothesas ur ed by 0.69%
HPLC was observed for at |east 3 nonths when stored at

4C. C. To¥BHREY®| Succinate Canptothecin Enul sion 1.31%
Tocopher ofpgycci nat e canptot hecin, prepared as %
described 1n Exanple 1, was dissolved in vitamn E and5

t hen enul BoloxamkrwiOfh t he use of a m crofluidizer 1%
(M1 OY Mgroflui dics) in the presence of TPGS, o
Pol oxamer 34’(‘5‘?, and saline to produce an emul sion 86%

1S O O SR b s s
Meap 688 iTIlRGHzesMaPaposimatelyl 60 nMias determined by submicron particle sizer
(Nicomp Model 370), with 99% of the particles less than 80 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.

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

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 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 yellow and thicker emulsion than the
emulsion 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
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Sal i ne 86% The enul sion was filtered through a 0.2 m
filter and vialed in sterile glass vials. Man
W@ 005i0¢1589 si ze was approxi mately 40 nm as det eP@I/HET0DHY36127
submi cron particle sizer (N conmp Mdel 370), with 99%
of the particles less than 75 nm No evi dence of
precipitation or | oss of concentration as neasured by
apipfb-Gmatedy Gbsier uedeteanined byeadiniGompattiete when(dicompdviatel 370),

it 355h ol Qe BRFGEIon 46 Bam{b e e, g Abcpreapiation or  loss of
ccﬂﬁéﬁfdt%ﬁdas'r??agg&gﬁtyﬁﬂ?hcvﬁ c?ﬂs?ﬁrgél Y&kt SYBB‘Iﬁéﬁetﬁs Fh8f dored at

t hen emul si e use of a mcroflui
49AM 1 OY Mcrofluidics) in the presence of TPGS,

Pol oxaner..407, a saline to produce an enul sion

avi fig ¢ nEoreaheRneH enp R SR EGRel ght ) |

Tocoph&pBbrod WaEdinas %aﬁ%f&%é%hﬂ S fhredt 890d¥dr Rl Nn 53)@:11?%@/01 , was
TPGS 5% Pol oxaner 407 1% Sal i ne '86% The enul si on wa

dissalvesk du vitrolgtE sarl ZhermeniulsiSed awith vihel @se i of st enictafluidizer

OB ORI NTR o ntushe o] EGs PrioRBRET B Sl produce
arMBflglsiod Haying \Whe 118 DEonifRitRRAN(Yd 16 weighgss than 100

nm No evidence of -43-precipitation or |oss of
concent r alPeswhersl pcgingtecgmipjothgeilc was observed for at 0.74%

| east 3 en stored at 4C. E. Tocopherol
Succi nat 2995‘@%1?% O hydr oxycanpt ot heci n Emul si on 7.26%

Tocopher oTP&8cci nate 7-et hyl -1 O hydroxycanpt ot heci n, 5%
prepared as descrjbed in Exanple 3, was dissolved in

vitam n B YR%RHA/enul sified with the use of a 1%

m crof | uigiizgr (M1OY Mcrofluidics) in the presence 86%
of TPGS ancl citric acid buffered saline to produce an

enul Thoemblaivnngast fileerédthraughrag0.2 eup fitet dndrnvidl®d bry sterile glass vials.

ME Briilccsa BohgPOPENYY d0yen s deieruiond by, Shmape aavicl size
OISR 075 9508 MY Sy 1 0§ e o
pre¢igltatibn or biseof Icenggngrsiony asheasured 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 microfluidizer
(M110Y Microfluidics) in the presence of TPGS, Poloxamer 407, and saline to produce

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

Tocopherol succinate camptothecin 1.48%
Vitamin E 6.52%
TPGS 5%
Poloxamer 407 1%
Saline 86%

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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Mean particle size was approximately 60 nm as
determ ned by subm cron particle sizer (N conp Mdel

WQZ@5/042889 h 99% of the particles | ess than 150P@mUS2404/036127

evi dence of precipitation or |oss of concentration as
nmeasured by HPLC was observed for at |east 3 nonths
when stored at 4C and 25C. . Tocopherol Succinate

prEeiﬁ.ﬁatjprr bOldsy abf epycatptiat he eieasvted by i IPLT oeaspsteeskd for at least

sucgi nat e e O hydr oxycanpt ot heci n, prepared as
3 pon @?&%We‘%i%%rd e 3, was dissolved in vitamn E and
t hengenul ?bédfp 8-S hikidde7 a8 190-18 d;%@rc nbt%g‘%ﬁlgl%rgulsion

(MI1OY Mcrofluidics) inthe prese
suc cTeropbetol shieirede Faithyhd Otlwdmdampxommins ipmpareldaasi degcribed in

EXa b S ohetiNag 28 MBI £1 e eto eI b oHBL i use of a
mitr&PUivet @Il 10 ¥ MicRidiEFIn 386 Hessics %tfqmg b&d 6i¢tic acid buffered

saline, pH 4.0 87% The enul sion was filtered through a
safine toyproflige asy erawlsion hayiag thefolewing| composision (Yectiysweihtn

particle size b mRLel y, 70 nmas det er m ned by
subm cronnfOCO ergf%ucg %ﬁ nﬁ?’io%y%gégf%% i th 9906 0-69%

of the pamtamheg | ess than 170 nm No evi dence of 731%
precipitation or | oss of concentration as neasured by

HPLC was ®BS8rved for at |east 3 nonths when stored at3%
4C and 25§ 31, copher ol o
succi nat e- l}m?ﬁalou“uwﬁé ?%%Iangt othecin 1% Vitamn E 87%
7% THésSerbtbsibnorasniitetedthidegghed0.3 qin filter 41id ald &7 Sterflegylass vials.
emJIS| orenvyas filtered tgrou gh a 0.2 mfilter_ and

%P%‘Hw s1g¢ ¥ PBRPIgKimalelyiofnm awéatﬁnw@ iby| whgicren wa@lcle sizer
D -
REREONIMELN BIDSEE LD R BRICLE 8B o evidence of

prpapttattdnesr loss $)f tchagenfrailomas nidasuzed Hp . .Ofwas observed for at least
reci pi.tation,or loss_Qf concentration as neasured by
B&I@E@ s\pgen éﬂgﬁq%ﬁdcfaé’%zg Cieast 1 month when stored at
4C, 5C, %@oﬁﬁer(ﬁ' SuE@h# |7aEﬂ1910165h§_d}69§83ﬁfp%thecm Emulsion

succi nat e- 7- et hyl - 10- hydr oxycanptot heci n
Tocopherol succinate 7-ethyl- lO-hydroxycamptothecm 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 months when stored at 4°C and 25°C.
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Vitam n 6% TPGS 4% Succi nate buffered saline, pH 4.0
89% The enul sion was filtered through a 0.2 mmfilter

w@reswiEBed in sterile glass vials. Mean partiPBCEUS200€036127

was approxi mtely 95 nm as determ ned by subm cron
particle sizer (N conp Mddel 370), with 99% of the
particles |l ess than 220 nm No evi dence of

pr ecifprhalatiom2or | oss of concentration as neasured by
HPLC was observed for, at |east 1 npnth when stored at

4 C, 25C, Losgprhegolsuceinatedeeivrahdohydaprscpmatoghecin 1%
7- Et hyl -1 Q,»p#ﬁh@(ycarrpt ot hecin (VESA-SN38) Mcelle 7%
Formul ati on Tocopherol succinate

7-et hyl -1 @H@Sﬂroxycanpt ot heci n vvas di ssolved in a 5%

m xture cqQptai nin and et hanol at
about 50 CUCCIHA ﬁ’ éaW G{'Is fring for about 1 hour 87%
to fanethl$ian SR HRRted IR UER 202 ;[Ql 10 Sind Q/}aﬂ’éd ﬁrbtéi\ﬁé %lass vials.

added ei ther deionizedwater (DI -water), Pol oxaner
Me Brticlatsize, wRoinprenimatels 80 amdasDistoratiesd, by su'tﬂm@ﬁénl\micle sizer

eou Eor mul ions 1-5 spect,j.vel
RIS el PADhviey o0AL 5L JRLPRHR ks 38R B 478 Sl g adonce of
pt&lﬂlﬁtlﬁhtd%dﬂﬁp@f &i’ifceﬁﬁé%ﬁh'e@ rﬁ@isﬁ%dd%’&s HPRO Wds bB&rved for at least
foll ow ng conpositions (% -45- For mul ati on

I meptlsshengor @%"@P@S’Q‘s%@ﬂ&"é}aol 5% PEG( 300) 5%

DI-V\% uBho 3/oThe formul ati on solution was filtered
ugﬁéa—é—g‘mfllter and vialed in sterile gl ass

w aI s. No Texbpleneleucdingte-gcdtiylt 1t hyitogicahpHthedin 1%

concentration as neasured by HPLC was observed for at

| east weeRGHBE stored at 4C. Fornul ati on 2 VESA- SN38 6%
0.2% TPGS@@SEOI oxamer 407 1. 7% Et hanol 5% 4%

Succinate buffered saline, pH 4.0 89%

The emulsion was filtered through a 0.2 um filter and vialed in sterile glass vials.
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 stitred for a few minutes to form transparent micelle solutions having the following

compositions (% by weight):
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PEG(300) 5% DI -water 83. 1% The formnul ati on sol ution
was filtered through a 0.2 mmfilter and vialed in

W@ t@siohs3gl ass vi al s.

No evi dence of precipitaPCDOSII04/036127

| oss of concentration as neasured by HPLC was observed
for at | east weeks when stored at 4C. Formul ation 3

VESA- SN38 0. 2% TPGS 5% PEG 300)

5% Et hanol 5%

Pol op@milatiod8 1. 7% Dl - wat er 83. 1% The fornul ati on

solution was filtered through a 0.2 nmfilter and
vial ed i n"VEPAr$N38 gl ass vial's. No evi de®é¥ of
pr eci pi taif'gg or |l oss of concentration a9, nmeasur ed by

HPLC was observed for at

| east weeks whéh stored at

4C, and25Efhaneld6- For nul ati on 4 VESA- SN3840. 2% TPGS 2%

PEG300) 2% Et hanol

4% Sal i ne 91. 8% The formul ati on

sol ution WESGU0tered thr ough a 0.2 m f?¥ter and

vial ed i npplgtd:! € glass vials. No evidegggoof

precipitation or |oss of concentration as neasured by

HPL C Thedonindetiaesblatbon wis fileasd thtowshek0.Mpean fiteroanedviaied in sterile

4C, 25C, r 40 C. F
elaEcyialo) Ny oEREiRo 0!

rimul.ati.on 5 VESA-SN38 0. 5% TPGS 5%
PRHREON OT7 B8 pf repuceritalion s Bigasured by

HBPE WdsQibs¥@ed fdrlag%raﬁq 11WERY AReR stored AAUPEI | ter and

vialed in steril
Formulation 2

VESA-SN38
TPGS
Poloxamer 407
Ethanol
PEG(300)

DI-water

0.2%
5%
1.7%
5%
5%
83.1%

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 11 weeks when stored at 4°C.

Formulation 3
VESA-SN38
TPGS
PEG(300)
Ethanol
Poloxamer 188

DI-water

0.2%
5%
5%
5%
1.7%
83.1%

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 11 weeks when stored at 4°C, and 25°C.
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gl ass vials. No evidence of precipitation or |oss of
concentration as neasured by HPLC was observed for at
wo e@sn433neeks when stored at 4C. H. Tocopher oPCT/US2004/036127
Succi nate 7-Et hyl -1 O hydr oxycanpt ot heci n ( VESA- SN38)
M cel l e Fornul ati on Tocopherol succinate
7-et hyl -1 O hydr oxycanpt ot heci n was di ssolved in a
m Xt Egrendfiohal ni ng TPGS PEGE 300), and et hanol at about
50 C - about 60 Cwith stirring for about 1 hour to
forma tr¥ESPaPMI® solution. To this sof4¥ion was
added sucgppate buffered saline to for rr?‘%or mul ations 1
and 2 below. The fornulations were stirred for a few
m nut es tPEGE@OO) t ransparent mcell e sol 2% ons havi ng
the foll Ké/i ngcon'positi ons (% by weight): Formul ation
1 VESA- SN8®aeeloos TPGS 29 Et hanol 4% PEGE0) 2%
Succi nat eghyf.f ered saline, pH 4.0 .8% -4ygdhe
formul ati on solution was filtered throug]h a0.2m
fi | t'Ere fomohulatiah solution stas filteredghmmgh vi (B2 gm Hlerraniaddledin sterile
12 VESA- SN38 0. 5% TP 5%.Fg.hanol 10%fPE 300). 5% d b
elagic ¥Rtatr A GV I9EREd O ATFRITIGR o 95y 9T5% ion ‘as measured by

HPOC RHsIbs@Red Rr 4t 1eaét 1V~@§ekf\1v1|1éne§&&€d bideUake@ & 4godm

filter and vialed in sterile glass vial's. EXAMPLE 16

I n viommmlatioaldi | ity of Lactone of Representative
Tocopher o+ ified Therapeutic Drug Cogpgunds in
Pr esenceog}i%%f’eAl bumn In this exanp{)r'g,A’ the in
vitro stappsty in the presence of humagesal bum n of

the lactone formof representative tocogher ol -nodi fied
t her apeut PBGEOY conpounds of the %

Ethanol 10%
Saline 79.5%

The formulation solution was filtered through a 0.2 um 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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i nvention, tocopherol succinate canptothecin and
t ocopherol succinate 7-ethyl-10- hydroxycanpt ot heci n,
woaw@soaspared to the in vitro stability of thePCHUBZINE036127

form of canptothecin. Because the lactone (ring E) is

a critical noiety for canptothecin activity and it is
reported not to be stable under physiol ogi cal
condihedaamylptipn-sctution wah8lteteditirbigh/a 62 preilteaahdnialed in sterile
gjaggvfa%(_:opher ol succinate canptothecin and tocopherol

succl nate 7-ethyl-10- hydroxycanpt ot heci n was

det efFfotmeltiod e sol ubilizati on of tocopherol succinate
canpt ot heci.n and t ocopherol succinate

7- et hyl - 10CERANSHBBcanpt ot hecin in the oik5%hase is

t hought t tect the lactone from hydrg) ysis and

t hus pr oviergg%?rrpr oved | actone stabili tysi)ﬁ

physi ol ogiktlEnotondi ti ons. To eval uate | ggtpne

stability |ine buffered solution (10 MM pH 7. 4)
cont ai ni nEEMﬁQ)rran serum al bumi n was i R%ubated at 37C

in the presehnse BLrGRERLAIAGH LY (di sSgbyed in DVBO),
t ocopherol succi nate canpt 6t hec¢i n enul'si6n (prepared
as ddbefoimdation Ehetivpl wasTiltered tirowdh 4 ©2hen €lter & vialed in sterile
' SN2.300 enul si on") or tocopherol succinate
gl?-sse}”ﬁ I - 10- hydr oxycanpt ot heci n enul sion (prepared as
descri bed in Exanple 15Af e to herein as
"SN2310 enul sion"). Hi gh performance |iquid
chr onatlBgitepbigbility of kdctmesd ReprsemtativecEdcophatalsMedifiddt 0
anal yze tI'ﬂe de Ln the .concentratjqQn of the .
| act one fOrH reDoIRAs- Inriegence ol
per cEnthi€ baagle] theGANGRDstA9 T The bRBedR@ORENILIBUmin of the
over time for canptothecin, tocopherol succinate
lagtong tform of irﬁpremmg)tpccaﬂmroﬂm#g@r therapedtd dagecompounds of the
A | - r totheci n.(SN2310 in the,
infeBICHY olpie SICERNE ApRhetit T cebubare) syt rpethyt-10-
hydzatyeampedthdoixt; ophie tompared Clo Nk Ein CANB MHIBS! Hf #lactone form of
t ocopherol succinate 7-ethyl-I O hydroxycanptothecin is
ca&i‘@‘é&%‘l’mt han that of canptothecin. This dramatic
i ncr | f ot TN " l.act.one result.jn ...
| nor poagst e o @RE 1Y a Btk Fa i B GRS Hotvidyand 5
reperigst nothtechenstptsie entlerchysinlogical EXANRbEs (pH *il\;lbl(lj},)fthe stability of the
[

totoxicity of Representative Tocopherol - i ed
1oGh? BE U PheiR e s FIBPPiherin; Sbiamaphasol Shesinale 7-<thyl10-
hydrdsk £ ' serfat i (g, toconherql - nodi .
SR Sk QhRERLESCNR!LRISRORNSF e ucina
campietherin ehd sepopherat succiapt Dethyti 0-haadxyeagnbbedh in the oil-phase

. ibnate 7-ethyl-1 O hydro anpt.ot hecj n, was, conpar ed
is ftg&?g%%lo Protegt GCW@_PSy W;ﬁéﬁm@%% ﬁ%; éiuﬁeeqory}de 1mn1Proved lactone
stabdlifyy il PyEIoEEAL EiRtitfons SNBS  evhlubfAOLSSAS st®flfly, a saline buffered

t opot ecan. o
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 described 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 used to analyze the

decrease in the concentration of the lactone form over time.
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The in vitro cytotoxicity, as neasured by G50 (50% of

grow h inhibition) val ues, of tocopherol succinate
w@a00pexsbeci n and tocopherol succinate 7-ethyl PADUS2004/036127

hydr oxycanpt ot heci n was i nvesti gated and conpared to

the National Cancer Institute (NCI) G 50 values for

canpt ot heci n, 10-hydroxycanptothecin, SN 38,

i r i nBIGIJRE, 12 illiistroiestier percent dhangd i bmm@atmnafemedeétbne form

oI RIS ) o el SO R e

utCiaate? A& L %9
) col 1é)r ec%hglq-qg Wy@ tgggggfl—ﬂ'% @63 gﬁgﬁé?@smﬁdd human serum

3Tb¢\mlherraf1 ¢) laetwar @%ﬁi()mpﬁwel §uu@l;1atwasamptothecm and

me ormul ati ons. of. t ocopher
toeﬁéﬂe?ﬁat S ally P R B SRS ris EEBR bl dhat of
cdﬁxlﬁﬁthleﬁnl5ﬂlnsaﬂfhnimomh&hﬁﬁ i1 URE isBidilRy CHMNeOlabRGE Nmay result in
(described in Exanple 15C) diluted in the
ingtsppedsHtey ﬁ@meeneﬂ torthgiuamotifzedcamptothgoireparpnteonpaund.
W th varying concentrati LEhle/’ test article for a
period of 48 hours. At thé end of 48 hours, staining
Wi th ALAVAR BLUE Imairop@ytbwoxitis of Repeb@itaivee t he number
of viable cells and C Ic | ate the.degree of cellul ar

grow h i nhi bt ; S8 dIapsulic YHIg G INDIIESp. The
erc b
PerCEO LAl B AR, SHBSRR PRk ot

thprapeiutive drug0oropowgrds vafhthe rihvdnitiohp tocoheésdl) succifatel bmptothecin and
oG el R P PSR BB oG B e 8535%% haihe in vitr
cyfotBkieity ok Ear@HREMS ROy GRS Cntht6BN4R; 1@ %fnhﬁgi' tBpotecan.

irinotecan, and topotecan is ill ust rate
and ﬁlﬁgunr@trwytdt@nméy,zas n@aspad bylﬁleo (df)%gofcgmwﬁnhhdmmﬁ values,

ofy oIS SU T o ol e, s pdahefeln besiate 7-ethyl-10-

hyteRoicepothiddd Jwas Nebdsti |é@h‘)1pafeﬁci.|o) thg:ﬁat%}ﬁﬁ Cancer Institute
y 816nMM14n%/1501 9 nM43 nM4 nM
(NCI) GIso values for camptothecin, 10-hydroxycamptothecin, SN-38, irinotecan, and

topotecan in the following cancer cell lines: NCI-H460 (ATCC #HTB-177) (non-small
cell lung), HCT-15 (ATCC #CCL-225) (colorectal), HT-116 (ATCC #CCL-247)
(colorectal), 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 (described 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 (GIsy).
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15

(NSCLC) HCT- 5 160nM 356 nM 7.9 nM 31.6 nM 50l

99 nM (COLON) OVCAR-3 Poor

M 20 mM

160OM 62 NnM 2.9 nM31.6 nM

WQ@2005058/ARI AN) activity 83 nMHCT-1 6 4 M 27P@iVR20M4/036127
7.9 MM 39.8 nM 449 nM 119 nM (COLON) HT29 126 nM 112
nM nM 12. 58 mM 125 nM 43*4nM 9 M (COLON) MCF-7
(BREAST) 13 nM 10nM 3.98 nM 15. 8 nM 325 nM CPT:
Canptlde heswsitivity OefHheCRFted 1&!Ihides xy dacnpheivh ssnceinatSNaRiptothecin

B Reamial Y

cant

caMpeHRIE irfndtéday! add@

Table 2

illustrates t

RGeS AL

at

of hecl

e

S0y ARRRERE Bl Pabld Dand EfRkd 3.1 0

fornul ati ons of

(SN2310),

t ocoglabled). - Gopaative divg capenirationdthayprodwisdidel selbgrowtteinhibition
(' ention provide effective anti-tunmor activity.
g}\éURE is a plot of the 150 values (concentration that
produces 50% growt h i nhibition) determ ned for

t ocopher of succijngj.gocdnpt ot heci N and [t oCOpNer gf
S gﬁ;%ﬂkate 7CEBThy| - L} hy dSB3Y cpriritatdarc) Mopatechioyr VBSA- | VESA-
tﬁe est ed @) lk&&ﬁ' TNCIya ue(N(]I)eng‘e{NCDy ttheCINCl | SN38
Hr—thesesare—capcer—cell—ines for capptothecin,
'Ndp}pggca!n, and ftopotegan is plso incljuded as
3@@;@@6 son.l6aMhi gRl1@vb6(0 VaiMe| cdPt p8pond®.amMa || 8nM 4 nM
rug conclentratijon to producej 50% i nhijbition. Fromthe
gﬁ@&%_it is clear that the cpnpounds jof the
| Hventi on, 160Mt os3sringT 01,0 SMCLi Mag pvcaAMPsAtieci M@dd | 99 nm
{6bPNer o succilnate 74ethyl -[L0- hydr oxycanpt ot heci n,
show a hijgh 'evel~ of cytotoxic activitly simta Bor
[ Al .
(g%’rﬁﬁ%’@”[;?ecmnﬁx WEhM | 2.90M | 31.6uM | 251nM | aciiviy | 83 nM
HCT-116
(COLON) 40oM | 27nM | 21 nM 7.9 uM 398nM | 449nM | 119nM
HT29 126 nM | 1120M | 1M 12.58 uM 125 nM 434nM | 91 naM
(COLON) oK
MCEF-7
(BREAST) 13 nM 10 nM 3.98 uM 15.8 ;M 325 nM

CPT: Camptothecin; 10-HO-CPT: 10-hydroxycamptothecin; SN38: 7-ethyl-10-

hydroxycamtothecin;

VESA-CPT:

tocopherol

succinate

VESA-SN38: tocopherol succinate 7-ethyl-10-hydroxycamothecin.

camptothecin;

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 G5 values (concentration that produces 50% 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 cell lines for camptothecin, irinotecan, and topotecan is also

included as comparison. A high Glsy value 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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Phar macoki neti cs of Representative Tocopherol - Modi fi ed
Therapeutic Drug Conpounds In this exanple, the
w@b@soerseki neti cs of representative tocopher ol PaDUBINOE6127
t herapeutic drug conpounds of the invention,
t ocopherol succi nate canptothecin and tocopherol
succi nate 7-ethyl -1 O hydroxycanpt ot heci n, was conpared
tocopleaoipt odubeinate, icampaiteedn, and ttopsghesdn. sddignate  7-ethyl-10-
armacoki netic profiles o ocopher ol ci.nate
h)?cgﬁﬁzqﬁtﬂ)éétggplmgw&%gh iq-vg{ 0 q‘)))ggtagivit%'usgmlﬂar to camptothecin.
7-ethyl - 10- hydr oxycanpt otgiegifpr) i nvestigated in
Sprague-Dawl ey rats foll ow ng a\%{ﬁeus, i ntravenous
Phatmacokinetats afnR effresemtdtive diocéphemiModifiad Thérapduicdirug Compounds
compoungds ( SN2300 .ermu) si on and. SN2310 enu| si on) via .
Che FhabiaPaniir, g AhamasoRadisort ATFRIRE apyopharaymoditied
tHRfapRiti@ dﬁﬁ’%'@@ﬁhﬂgﬁ&ﬁ &f tHROBYeRIng %oopﬁérepgu&%it&%h e2mpettecin and
or u e

col'l ected p to 120 hours post dose via
tgcapldrel sucginate Tieghyd dAduidrexycamaptotifecima ovas cromptardhiec tamptothecin,
. deri vative[ i n (pl asma was determ ned by high
: F?S’P’rlaé]lchp??(fﬁl d chromat ography (HPLC) with
f | uomaes c phgenadekiaetic Oprofifesn FC @hHRPherdE NEikinaRal ifiipothecin  and
was carried out using WnNonlin (v 4.1). The ) ) )
tosaplaak oksuseinple prio¢thylek0-bydroxvcopipiathecin ucweigat dnvestigated  in

i S . d | i . .
SEAGRLTRVIS b1 Ry aion of enviio
fortultgionsto€ dhd drulgl (OiFotindsHESNRBD0 lehiylsioe apé GIN23¢0 \emulsion) via the

FI QURES 14A and 14B illustrate concentrati on-time .
lajegph figd Ve &2 doei HapRipsHBSLY i mef sidsompeugdent body weight.
Mol i r . .
R TR Y A bl e O e e Jugular vein. The
careenipdténmo lof seach i ceamtpothedt hgdrivhfiven yidr playmapdsotittennined by high

N2310 enyl si.on), respectivel ferrjng_to Fl GURES i
P%rf © 1484 pF]_ﬁ‘l"BW&SgdaFgVas ﬁép_ﬁgf f - Pithe  flypregpnpg —detection.
Al ke pReMsn AN sii WAl dafied RRLLLS wmo)ﬂim 0.

tocopherol succinate canptothecin, is sho
cal cuhapbanpicakinetiepiofiiasatfitanepheb¥ suctibete camptothecin (SN2300) and

SRS reerRRE ST0) O RS RempI SEE | (hPa10) e "HhBrated in
FIGERES! -  bydlr oxpCarpptibas) N FEORRHEY , 14A and 14B  illustrate

canpt ot hecin, irinotecan, and topotecan is provided in
congshigatipn-tine velwesrafter aasravenpyd intectiomoh i3.8 mg ¢ledrug compound/kg

o LSRR Sobl SR e s woopher

suce e d-cthiid Otisidrxyehmpiofatino(SN231 @ egansib@ kespé@fvelys Referring
to the fraction of drug eljmnated per unit of tine.,
toWRIFURES t 14k qerd drtBei dhatrplonged rdasmg dalftlife| folloring dgatravenous
D | ; i -
oy Reh Rre R ok RBbcrl &SFn R AP, s hown.
bet wdta calablated fplasirandlimahation habdlifeemesn sidgnee 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
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concentration. Although the amount of drug elim nated
in a first-order process changes with concentration,
wo b@soumee i on of a drug elimnated renai ns cONBCEIEB2004/036127
The term "cl earance” refers to a nmeasure of the body's
ability to elimnate drug and is a hypothetical volune
of distribution of drug which is cleared per unit tine
cc(ncemxatlmut_/ThemQ ishey lineny relatidnwhip loftweknugite effeiminatidrt ardsserum drug

ortant cl fy that e eara e dages not
c‘?q‘f ?‘E%Hoé‘ h‘%&v"%@?‘ﬁhﬂ FH’Q“P"song‘“ﬁé’ ipdnAich | 2 figstipader preggss changes
wYtﬁ'cHﬁ&nﬁfchﬁ hOFh&RIn JflaLHrQ §h‘1§lha€§l r@xlngfﬂ tamt as rm
that woul d have to be conp ete y free ru
accoithe téror "deazangel' méfowst ﬁOCﬂ’lmea'me péthm budyl’smtelﬂgrfto eliminate drug

t bt f t | cul at ed of . bod
ad LSl B b el GhE eGP vhit tme Gie.
nﬂmuntbwanwpatﬂway of lAfugS AR VAR NBSB tif ?Bﬂtzﬁ{ﬂ t@%lérﬁ?ttheft Qe Blearance
in the blood. It is a proportionali const ant

does|ngt Wa@m@\amhtdntg isetng remavied, 11@61@54 thevelhme of biological fluid

L[EFlaa§ l’ﬂ)ﬁo,% %na%fx{ﬁ tﬁ;gto\i\r&ﬁg 'hnéircrygoéeoal p"ilete h e ﬁgggﬁ.}gﬁg ppeount for the

elhﬁfnatiem erkhef telth Owblughd o diswibneos" ﬂﬂé‘r‘s b St EAé148d ivBlume of body
rats of toco%herol succi nate canpt ot heci n (SN2300) and

flpige St earlds be creAuired 70 ediigalve Ghayigied et of Meed gt the same
MR t h
C(%n(?pot eg%llné.;so@ &'@8161 dﬁt ﬁl?ﬂﬁ%ﬁ& qﬁ%}a ér a&g&;ﬁg@}p cofdifht relating the
arhetmtnofndigain) th(a foody st tha/ﬂmaém@al cBhRBAtED iDBidogibal fluid (blood,
0. 0081 SN2310 3.49 5.15 0.0067 Canptothecin 1.7 8.81
PRYPBHIEEEY- 1. 06 3.22 Irinotecan 1.54 1.43 2.22

El - 35A, ¢ ; e
43 G%%"Z% 370 (1518l QI?AQA% aga I}f?gj %ﬁ%ﬁ. ﬁa{)wg&oﬂmaven"“s

adehiafstnati®u |ih . rats 16 ‘(o@)pheidllmcﬂzma@ ¢eh986theciii a(SN2360) and tocopherol

R e R o MR ——

irfnot¥e a0 @hdasybié@aopher ol succinate 7-ethyl - 10 hydr oxy
canpt ot hecin (SN2310) is approximtely 30-tines and

-tines |l onger than the commercially avail abl e anal ogs,

;esple{gt | Veﬁeargi;cgl %5’( )gﬁggegfsggmgeﬁ | ?Erm?ﬁea&ance
gxposure time to |t igsRinaavh) (hours) (I/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 (SN2300) and tocopherol succinate
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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30

derivatives, which may indicate a potential for
i ncreased chenot herapeutic effect. Through |ipophilic

wOoR@sNEx53e i on of therapeutic drug conmpounds, tPET/phaSHE36127

elimnation half-life of the parent therapeutic drug

conmpound can be increased. The conpounds of the

invention, by virtue of the lipophilic noiety (e.g.,

(MR pdvelr iwerniledtratjce tatey sugdgestr £ deedr plrasimex@surd tiatitonthese new

hal f-1ife .conpared to the parenft therapeutic drug. As

APYRIER- TR HB RAIFRP  POIBHAdPDInCEAte gmetherapeut; effect.

canpigihigs Npésilid ORNELRN B GhiARuEic d

7-ethyl -1"G- hﬁ%iycanpt ot heci n%ﬁét:rﬁ%tupfasr#% %qr?prﬁuﬁgst’i %lﬁ plasta

ehmiirfation flalf-Bfesofythief parenit thyraperticediwg ccoopopad @dn the intkeased. The
arent. c ounds.. VMPLE 19 .1n.viva Anti- Tunor .

oREPP U1 gRe G LTy AT OB JNEN B TR K7 & tocopherol moiety)

hiVeeimeRAsd Fladhal 81iERROH MF-1if8 chihpRed T8 (R patiah 8K aﬁpﬁc drug. As

0

Jdn this exanmple, the in vivo antl-rum)r.actlwt; )
illusreted e Abaatei er ttoeanbinesl osucaindter icariptotiecapendi tocdphiegol succinate
CONROAN of the invention, tocopherol .succi e. . .
7&?\1@?@?@2%@ cg%gtc{tfg%cgbh éﬁeol plgﬂ]&%i ag{nélatlon ﬁalﬁﬂ%e is significantly
intreisbd torhfarby € by peRaptahhReids, was conpared to the
anti-tunor effect of irinotecan. NCl-H460 Human Tunor
Xenograft . Athymic nmice MeAMBdbEUt aneous!y i npl ant ed

Wi th ah?\?i% ATHEPEGE Rgti&ig\pgf RE‘%@@%&%@OCO%‘P&-MH%EE

reached—armm approprrate sSrZe, T8l S Wer e T angont zed

i nt o gr oupkerapericdhriung Guthponhdeincihatist VuaoiK endptrgihe d

the foll owi ng conpounds .at a dose .of 15 g of dru .
corrpg%n(ﬂuﬁg SeMPkdy Hei gt BN a AtHwanY e agivify ng fepresentative

N B\ : I L RE: t [ :
S e R R P PO EAR 913 Bfefor bR Ruccinate
cfeptotireaint and Wichpirral svccimateeT-ethylsbe-hydroryuasipyotheqih,awisecompared

,th 30-40 tuppr fragnents using 12-gauge trocar
t‘%ﬁ%‘@&f‘@'g‘.lmﬂrg%‘?qf’g? ®Atinber of mice were inplanted

Wit h NCTA@IEN Uurfish UHERGS XehoRafi OVAMSHI imic8"@8re subcutaneously
(100-200 ng) were se ected Tor the tiral on staging

indplpntedmyith ahell suspestion 681 ecllsAniowie). (Whembmsors reache] an appropriate
roper. size range were random zed.intqQ.SiXx groups,of .

stz Al ot ADTRIAS GO BEYSPS ot Spd ARl eRpUsly Administered the

fdlviapcBmpbesds &0AROSNEE 15 1R oBalrhd) ompiindals 8f 86dy weight on a

(hql dx5 for 2 weeks) )
schedule of q1dx5 for two consecutive weeks:

e~

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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Irinotecan (15 ng/ kg, qldx5 for 2 weeks) SN2300

emul sion (15 ng/ kg, qldx5 for 2 weeks) SN23 0 enul si on
w@ 1@50w58y, gl dx5 for 2 weeks) SN2300 enul si onPC/BS2004/036127

ng/ kg, q3dxl ) SN23 0 erul sion (15 ng/kg, q3dxl ) In

bot h xenograph studi es, ani mal body wei ghts and tunors

were neasured twice weekly following the initiation of

dosi AglineFbmttol groupneqbdxSefoerRteek®r e per fornmed using a

caliper (mllimeters), the t . volu was cal cul at ed
base ‘?:ﬂ’iéctaﬂe f or mul 415 PL%Z%N%%W&W ) 2 Vol une
(MBEN23DE esiord UMyl s ﬁfgf/lgg‘}t%lﬁ;(b' R2300eiand SN2310

emul sions adm ni stered to athymc mce i1hplanted with
NC! - B2816 emmaatsianumor(1 T vigllee, afldx$for2Oweekspn t unor cel | s

is g real ly.repr nted in.F RES 15A and 15B,
respgg{i?ggf:?}l SKM hoEZﬁn}gﬁ@’ §%§§ emul si on showed
[ittSE2800 BRuRNA - t [Ij)fngﬂ{g’, Hxi(!i) this nodel, the SN23
0 enul si on exhi bited substantial "anti-tunor effect as

conpit bethixsnpgreph stidieacanimal hasly wieights and deeramverd measured twice
[ Se aneters for the HI-29 .

BB S i L R R 05 008 H1 B Doy e nformed using
a deatipenf(llingta&s);i tHet hahdroRolug@ovals BAl6ated bd¥ed COHNLHS! formula:

groyp were,sacrificed because of tunor size (>4000
(Irﬁ?gﬁ’%i%dthﬁé 2 yiolne GWBY)- si ze was 3136 nmB. At this

saneTt, i [ 9 ' i g3dx! .

ar oups PR fle oA LE S 360 A 2810 HityId ity o atymic
mEN2 Bilagtgd daif) NCBHp6M hdman retionrelivid I51-22 hdnah2®mor cells is

. Wi th 40% hayi, rable_ tunmor. At the sane
R T R T G A
SR 30 PSAulTHR: ﬂ&%%eﬁgiilizﬂéé S td gﬂb C%h&-_tﬁxhlc’ﬁ; L#St in this model, ~the

O

adm ni stration o produces significant anti -
SHe310emylsiofiabtlgbited Salstantiat enki-fumur effet pasns@mpared to both saline

Paraneters fromthe HT-29 Xenograft Study. Tunmor Tunor
C‘@?@%&W@of animals Gowh Goup Schedul e Del ay

gﬂry Cg}éd\'ic‘aﬁu[k@emﬁﬁw @@p@néehﬁ&%%ie@ oI teS HTLMXenOfaft study is
provided in Table 4. Fifty-five days after dose initiation, 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 (q3dx10) group
presented no measurable tumor. In addition, the SN2310 (q1dx5) group had a median
tumor 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;lom“z; Number of animals
Group Schedule Delay (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 qldx5 (2 weeks) 8.5 79 0/10
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(% T/C) Saline gldx5 (2 weeks) 0/10 Irinotecan gl dx5

(2 weeks) 14 52 0/10 SN2300 ql dx5 (2 weeks) 8.5 79
WQOLW8/04%54% Tunor Tunor G owm h Nunber of ani mal SPC/U8004/036127
Group Schedule Delay (T-C) with no neasurable
Inhibition (days) tunor on Day 55 (% T/ C) SN2300 g3dxl
01020110 SN23t0—t-dx5 (2 weeks) 7> 2&}* ‘:5 41-10—SN2316
g3dxl > [28* 2 8/ 10 * 90Pambr Growahs i n gr joMpmibatlof animals
SGirddp NOt  r egeRadlenaxi (muDelpy EF-dYt €r m e’ Si Z€el. with GoTeasurable

Medi an Time for Treatnent ggraup (T) gﬂ’élbl‘%'htrolmg{%ﬁ]) 55
(Q) to rleach a predetdrni n(gd%s)i ze.| oGPETE) Trleat ed v

EEEL A A SN B TR - e SO T

ISND3NDI on ghass PeeBels) | lust rapgd and descyi bed,| it w hho
be appreci ated that various changgs can be ma‘oe
N340 wi t haddxHepartli ng 28t t he spir2t and scope8df

the i nvention. -55-The enbodi nents of the invention in

whi ch ' roper ividege i.s clai . .
are. o@PP EHSISR XIR AR ol 2 0 s el o e Toomined size.
f or nit@ < Meddjan( Tinh® YércTrehtineht gfoud (T)REAMNIIne] BRIuGL(L) th reach a
is alinker noiety; Dis a therapeutic drug noiety
prrdeieyained 8/ a t her apeutic drug conpound having a

2 8 |o ﬂfh/”ggf) Lﬁi} Wﬁf :Iﬂ%d,i&? ch?n'i)g F@%?gﬁf))‘d&gn&cﬁs faelifi M tumor  weight)

x 100 (at Day 55).

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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mO, 1, 2, or 3; and m+ n 1, 2, or 3; wherein the n
T-L noieties are covalently coupled to the therapeutic
waeleawg/omssety through the |inker noiety and t heP@T/US2004/036127
|'i pophilic noieties are covalently coupled to the
therapeutic drug noiety. 2. The conpound of Caim 1,
wherein the therapeutic drug conpound has a solubility
i n wahe embbdinmmits ¢&thp eénwntior ih edscht dioexchistuet prépity or privilege is
/n. .. The conpound of Claim, wherein the
cﬁﬂﬁ%bﬂFpF n SJSB°W§ a tocopherol. 4. The conpound of
Caim, wherein the linker noiety is a succinate. 5.
The ¢onpounsbmfourt daving theMdehflan the therapeutic drug
noiety is a taxane. 6. The conpound of Caim1,
wherein the therapeddrk)ddhaDnoi ety is paclitaxel or a
deri | vet.her.eof,....7. The conpound of Claiml1l,
V\heré’f%%}e!rhgl{] !elp%héld {ngleé}f’ug noi ety i s docetaxel or a
deri vds hiakéhasiest . 8. The conpound of Caiml
wherein the therapeutic drug noiety i s canptothecin or .
a deP ¥athgarewicrdng maigy denverhBomahibeianenitsf dreg gpywpound having
et i . ! .
< SHEA Bt ASCRUb RSl iy B ol Sop gty
The aesmpdudgord; C ai m wherein the therapeutic drug
noiety is 7-ethyl -] O hydroxycanptothecin or a
deri 9%/\?9\/\5 %Refe®d . The conpound of O ai mwherein n
= 0. Th ound of Caim, whereinm= 0. . The
conpgﬁﬁg'ogz%?g?h1mhereinn1: 0 and n = . . The
conpwhacinthe@ Hilmmoiaties ard cuvalently aoupled to the thHeBapeAtic drug moiety

RSB e B T b SR Sy Sudled to the

ﬂkﬂﬁk@@?&&%@mﬂagg noi ety derived fromat |east one of
paclitaxel, doCetaxel, canptothecin, or derivatives

t her eof ;
2.

The compound of Claim 1, wherein the therapeutic drug compound has a

solubility in water at room temperature less than about 100 pg/mL.

3. The compound of Claim 1, wherein the lipophilic moiety is a tocopherol.

4. The compound of Claim 1, wherein the linker moiety is a succinate.

5. The compound of Claim 1, wherein the therapeutic drug moiety is a
taxane.

6. The compound of Claim 1, wherein the therapeutic drug moiety is

paclitaxel or a derivative thereof.

7. The compound of Claim 1, wherein the therapeutic drug moiety is

docetaxel or a derivative thereof.

8. The compound of Claim 1, wherein the therapeutic drug moiety is

camptothecin or a derivative thereof.
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no 2o 3 m0 2or 3 and m+ n =1, 2, or 3;
wherein the n T-L noieties are covalently coupled to
W b@soimssapeut i ¢ drug noi ety through the |i nkePCHOB®0Y036127
and the mlipophilic noieties are coval ently coupl ed
to the therapeutic drug noiety. . The conpound of
Claim 15, wherein the lipophilic noiety is a
toco@her olThe . cohfywuad npid WHainofl, Gvhérain1the Heeapeiutic tdreg moiety is
Q%~5 nvlet .5 a succi nat 18. The conpound of
1 hdioieyenmniptbeein oF £ RETHSBARE n der i vative i s
O hydr oxycanpt ot hecin. 19. The conpound of C ai m 15,

vvher €0.n t T8e CRRRIRLACSE mlﬁﬁf I1V a&/héf@in' ﬁlJﬂ%&gﬁéhﬁc drug moiety is
mroxycanpt othecin. -57-20. A conpound having t
716613' Dehyqitq_xygampf@ﬂ@pmqracbraalwqofbmof ic noiety; L |s a
linker noiety; and Dis at |east one of paclitaxel,

compbling pE EPBRRE ainf L GRS HHooni 1 C ol ety 1<

a tocopherol. 22. The conmpound of C aim 20, wherein
t he [2.nkeTheaobmpyuridsofeClaing ¢) whdrein i23.0. The conpound of
Cl ai m 20, wherein the canptothecin deri vative is

\%hg?/g# oxy&gnpt ot hecj g& lﬁliaé:‘pﬁfggﬁ% und ofﬁ&l} ai m 20,

0- hydroxycarrpt ot heC|n 25. Tocopherol succi nat e

pacl ii4 axelrhe mpdRRIGHTELR 1 SWRSGERS, & (Haretaxel . 27.

Tocopher ol SUCCI nate canptothecin. 28. Tocopher ol
succi nate O- hydrox canpt ot heci n. 29. Tocopherol

succlhat eArcostneypnd having dreofoyalept ot hecin. 30. An

enul si on, conpr|S|n 2 oi | phase conprising (i)
a conpound havi ng tge ](rg\)(%rg

wherein T is a lipophilic moiety;

L is a linker moiety;

D is a therapeutic drug moiety derived from at least one of paclitaxel, docetaxel,
camptothecin, or derivatives thereof;

n=0,1,2,0r3;

m=0,1, 2, or 3; and

m+n=1,2,o0r3;

wherein the n T-L moieties are covalently coupled to the therapeutic drug moiety
through the linker moiety and the m lipophilic moieties are covalently coupled to the

therapeutic drug moiety.
16.  The compound of Claim 15, wherein the lipophilic moiety is a tocopherol.
17.  The compound of Claim 15, wherein the linker moiety is a succinate.

18.  The compound of Claim 15, wherein the camptothecin derivative is

10-hydroxycamptothecin.

19.  The compound of Claim 15, wherein the camptothecin derivative is

7-ethyl-10-hydroxycamptothecin.
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(T-L) (T) Dwherein Tis a lipophilic noiety; L is a
linker noiety; Dis a therapeutic drug noiety; n O, |,
WQ2006/04339m= 0, , 2, or 3; and m+ n = 1, 2, PCT/BS2004/036127

-58-wherein the n T-L noieties are covalently coupl ed
to the therapeutic drug noiety through the |inker

nmoi ety and the mlipophilic noieties are covalently
coupkéd t @\ tdmpduindrimpmgtthe fobmutpy noi ety; f (ii) a

i pophilic medium ) an aqueous phase. . The
emul sion of O aim 30, Wherein the therapeutic drug
DI etheten FGE 'h\ﬁ?g Kili®Moietl-her apeutic drug conpound
havi ng a sol ubi i?y In water at roomtenperature |ess
t hanLabelink&0@oiety;mhd 32. The enul sion of d ai m 30,

wher gj n e therapeutic,dru iety is at | east one .of
et Bl ok et o Bl et i Pia Tl o Bp oS theteot.
thereof. 33. The enul sion of C aim30, wherein the

| i pophi | i TheebepYuhdofClaRe 2PNWhétin tRlipophelicfibies) 818 t&dopherol.
Cl aim 30, wherein the linker noiety is a succinate.
35. The enul sion of Claim 30, wherein_the [ipophilic

medi &fn corpficepoutefifrlai 20, wherein the lirler moiety is a succinate.

formul ation, conprising: (a) a conpound having the

formgba (Fpk)cd %dﬁnﬂhgf 1Bm 205 whekdiRORD! édrr?pt&ﬁé@lﬁ Yderivative is
is alinker noiety; Dis a therapeutic drug noiety; n
10-hydro®ycampt8theomO, , 2, or 3; and m+ n = 1, 2, or 3;
wherein the n T-L noieties are covalently coupled to
the 24.  The compound of Claim 20, wherein the camptothecin derivative is

7-ethyl-10-hydroxycamptothecin.
25.  Tocopherol succinate paclitaxel.
26.  Tocopherol succinate docetaxel.
27.  Tocopherol succinate camptothecin.
28.  Tocopherol succinate 10-hydroxycamptothecin.
29.  Tocopherol succinate 7-ethyl-10-hydroxycamptothecin.

30.  An emulsion, comprising:
(@) an oil phase comprising
6] a compound having the formula
(T-L)s(T)mD
wherein T is a lipophilic moiety;
L is a linker moiety;
D is a therapeutic drug moiety;
n=0,1,2,0r3;
m=20,1,2,or3; and

m+n=1,2, or3;
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therapeutic drug noiety through the |linker noiety and
the mlipophilic noieties are covalently coupled to
w0 b@soimssapeut i ¢ drug noiety; and (b) an aqueoPGT/pRAS€036127
-59-37. The formulation of Caim36, wherein the
t herapeutic drug noiety is derived froma therapeutic
drug conpound having a solubility in water at room
t emper at ur e | esgherdianthebautT-BOthaigtiesl are38ovalxtly coupled to the

formul.atj on of. Cl aim 36 rein.the therapeytic drug, .
ﬂ}?ﬁﬁpéiléc ic%“%tm‘?@%(s&"?}iﬁg @F"Yhﬁﬁ@; MR ?nddglseﬁ%akmnhﬂw mbictics are
c?@l@i{tll‘ﬂftdﬂ)ﬁﬁiea1to ﬂ{étﬁ&fabaﬁ&i&@gn{ow;eof. 39. The

ormul ation of alm 36, wherein the |ipophilic, noiety
i's a tocopherol(ii) 40.a liephifliommediwhj @ of Cd ai m 36,
wherein t i nker noi e& IS a succinate. 41. A nethod
for treati'Wg aZC&APPPE gsiﬂer ative di sease, conprising
adm nistering to a subject in need thereof a

t her 3peut Mhalehiul @bl 6ECIan 3BMAUBIeiDthe IniAFHRAY AL RYichDis derived
the formula (T-L) (T)D wherein T is a lipophilic

fredy @ ihpraneutie dgng ¢omequngdiaging:a olpkility intwaterrgueen temperature less

ﬂfﬁﬁiaﬁwt%ﬁl ed froma therapeutic drug conpound effect
I'n treati cell proliferative disease; n =0, 1, , or

3: m=01, 2, or 3; and m+ s 1, 2, or 3; wherein the .
n T- B2noi dheesdsien oH ChilimrBiol, whermipthedhérapdutie drug moiety is at least

t herapeutic dru i et ht ou the |inker noiety and
bt TR Faseb AT hrapatheta 6 AR greebupl o t o
the therapeutic drug noiety. 42. The nethod of Claim

41, wher eifhe AFMINbSSEC TalIg 30,%&&%9@3}?0&19@%&5}5% a tocopherol.
adm ni stering an enul sion conprising the conpound. 43.

The nethod of C aim4l, wherein adm nistering the

conpétind dbapriubéen alfdipim 30 evhergindhedinler nwidty inasuscinets.
conprising the conpound. 44. The nethod of Caim41,

\ggflf ?}Ztnu f/'g‘ﬁ? Légxr?@gﬁgﬁuéé E1:80U%0,"RhEkM bR RESIHAANE G Bmprises
tocopherol.
36. A micelle formulation, comprising:
(a) a compound having the formula
(T-D)o(T)mD
wherein T is a lipophilic moiety;
L is a linker moiety;
D is a therapeutic drug moiety;
n=0,1,2,or3;
m=0,1,2,or3;and
m+n=1,2,or3;
wherein the n T-L moieties are covalently coupled to the
therapeutic drug moiety through the linker moiety and the m lipophilic moieties are
covalently coupled to the therapeutic drug moiety; and

(b)  an aqueous phase.
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therapeutic drug noiety is canptothecin or a
derivative thereof. 47. Use of a conpound of any one
of Cains 1-29 in the manufacture of a nedi canent.

-61- 37.  The formulation of Claim 36, wherein the therapeutic drug moiety is
derived from a therapeutic drug compound having a solubility in water at room

temperature less than about 500 pg/mL.

38.  The formulation of Claim 36, wherein the therapeutic drug moiety is at

least one of paclitaxel, docetaxel, camptothecin, or derivatives thereof.

39.  The formulation of Claim 36, wherein the lipophilic moiety is a

tocopherol.
40.  The formulation of Claim 36, wherein the linker moiety is a succinate.

41. A method for treating a cell proliferative disease, comprising
administering to a subject in need thereof a therapeutically effective amount of a
compound having the formula

(T-L)y(T)mD

wherein T is a lipophilic moiety;

L is a linker moiety;

D is a therapeutic drug moiety derived from a therapeutic drug compound effect
in treating cell proliferative disease;

n=0,1, 2, or 3;

m=0,1,2,or3; and

m+nisl,?2,or3;

wherein the n T-L moieties are covalently coupled to the therapeutic drug moiety
through the linker moiety and the m lipophilic moieties are covalently coupled to the

therapeutic drug moiety.

42.  The method of Claim 41, wherein administering the compound comprises

administering an emulsion comprising the compound.

43.  The method of Claim 41, wherein administering the compound comprises

administering a micelle formulation comprising the compound.

44.  The method of Claim 41, wherein the therapeutic drug moiety is paclitaxel

or a derivative thereof,
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45.  The method of Claim 41, wherein the therapeutic drug moiety is docetaxel
or a derivative thereof.

46.  The method of Claim 41, wherein the therapeutic drug moiety is
camptothecin or a derivative thereof.

47.  Use of a compound of any one of Claims 1-29 in the manufacture of a

medicament.
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