PHARMACEUTI CAL COMPOSI TI ONS OF HYDROPHOBI C CAMPTOTHECI N DERI VATI VES

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains the
benefit oWoWof3/06A@pl i cati on No. 61/555,084, filed Noveniper/u32012083447 t he
entire disclosure of which is incorporated herein by reference. FIELD OF

| NVENTI ON [ 0002] The present invention relates to pharnmaceuti cal

conposi tions CONMKH AR DA GNETRFAINPAVIPYIIIAPAROE HRPROPHIRGICN derivatives
and nmet hods of their use in. inhi su res |ng the grow h of cancer
cel I's. BACKGROUND OF THE |§f@@?ﬁ?‘%&ﬁﬁggﬁ @ﬁ%{é‘f’ﬁ cin

((S)-4-ethyl -4-hydroxyl -1H pyrano-[3' 4':6, 7]indolizino

[1, 2-b] qui noline-3,14(4H, 12H)-dione)) ("CPT") and its derivatives are known
as pot ent CREPH-BERERESE H TO MEIATEP ARRLIGABHINY- spect rum ant i cancer
activities. However, such conpounds have | ow water solubility, reduced

bi oavai | apl0i0il} y Taschppticatmgelsinaltid bangtit ¢filJ 8ddipplication Nve $&/566)08uftldd have
severe adverse reactions such as bone marrow suppression, which can result

in anem aNoReMbérdRe0i 1B iy hties disflbQFd ot WhiRReNinderpbhs i @Eia bytrbRrdaké.ni cal
appl i cati ons of CPT and its derivatives are |imted. [0004] In view of the

deficiencies outlined above, there is a need for providing pharmaceuti cal
conpositions of CPT and its derivatives with inproved drug solubility,

ext ended I i ability and reduced side effects. BRI EF SUMVARY
CF THE | N@L%‘rq’gg M%?Iéﬁ

[0002] The present invention relates to pharmaceutical compositions comprising
one or more hydrophobic camptothecin derivatives and methods of their use in

inhibiting or suppressing the growth of cancer cells.

BACKGROUND OF THE INVENTION

[0003] Camptothecin  ((S)-4-cthyl-4-hydroxyl-1H-pyrano-[3°4’:6,7]indolizino
[1,2-b]quinoline-3,14(4H,12H)-dione)) (“CPT”) and its derivatives are known as
potent topoisomerase I inhibitors with broad-spectrum anticancer activities.
However, such compounds have low water solubility, reduced bioavailability and
storage stability. In addition, these compounds have severe adverse reactions such as
bone marrow suppression, which can result in anemia, neutropenia and/or
thrombocytopenia. Therefore, the clinical applications of CPT and its derivatives
are limited.

[0004] In view of the deficiencies outlined above, there is a need for providing
pharmaceutical compositions of CPT and its derivatives with improved drug solubility,

extended shelf life and stability and reduced side effects.



[ 0005] The present invention is directed to a pharnmaceutical conposition
conprising at |east one CPT derivative or a pharmaceutically acceptable
salt of swpaoGRE7derivative, and a pol yet hyl ene gl ycol @EPE®S2@onpisgat ed
phospholipid at a nolar ratio (phospholipid: CPT) of nore than about O0.45:
1. The CPT derivative or the pharmaceutically acceptable salt of said
derivativ ] I i conj ugat ed phospholipid, in which

t he PEG n§P3€§gﬁagb@ﬁ#%ﬁ@%ﬁ?%ENSéﬁi#ﬂ§ﬁ n the range of about 1,000 to about
20, 000 Dal t ons. 0006] The, present, |nvent|on is also directed to nethods of
i nhi bi ti nfP®3hcelhe eplesent ninyetins det dirsstdeds & hBRUBROUIGRY jcompgsition

adm nistering to the subject an effective anount of a pharmaceuti cal
conposi t i eemprsige tclchyadcHdtlederivagRe BF aphgTRIeTiEy arcaiebloRineNesd [ 0007]
The acconpanyi ng drawi ngs, which are included to provide a further

under st an@Pigleoifvativee andie @ntyictrylam Lot (REG beqpyugteldpionplanigi atrestbtant e a
part of this specification, illustrate enbodi nents of the invention and

t oget her witioh(phbghdapidrC ) oMmes tant bo@X Pl43t n. t Mac RN defv s car thbe
invention. In the drawi ngs: [0008] FI GURE 1 shows the size distribution of

CMB15 conp E’a?hltab&ﬂlcalgigo Q@%Epﬁib@@t 2 SRWRIetiNRive | BEmdislEnRuiiRnhefpEd/B16
conposition. [0010] 3 shows the toxic effect of free TLC388 HC1,

Topot eca“&%{]w(f‘s&@@m%i, O%“ H#éﬁ‘atﬂe MR ARAY St G RIoRAGRE LWight inBRIA! LED

DESCRI PTI I nitions
range of about 1,000 to about 20,000 Daltons.

[0006] The present invention is also directed to methods of inhibiting cancer cells in
a subject in need thereof comprising administering to the subject an effective amount

of a pharmaceutical composition as described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In the drawings:

[0008] FIGURE 1 shows the size distribution of CM315 composition.

[0009] FIGURE 2 shows the size distribution of CM316 composition.

[0010] FIGURE 3 shows the toxic effect of free TLC388 HCI, Topotecan and

Lipotecan® on human hematopoietic progenitors.



[ 0011] As enpl oyed above and throughout the disclosure, the follow ng
ternms, unless otherw se indicated, shall be understood to have the

fol | ow ngwoears/egso[ 0012] As used herein, the singul ar fPorms2012/06344an,” and
"the" include the plural reference unless the context clearly indicates

ot herwi se. [0013] As used herein, the term"about," when referring to a

measur abl (7] | duration, and the like, is
meant to @F%PDEQ%Q??@T?@R@HE%Flgg)‘fhgﬁg@@aabI y 5% nore preferably 1%
and even nore pr eferably 0.1%fromthe specified value, as such variations
are appr oPefiBitlOns o t he dose of CPT derivative , unless ot hervvi se specified.
As used herein, the term"about," when referring to a range, is neant to
enconpass (01} atisoesployed abosonpndithroughoudithe elissirsercofthe hellovangdermpy, ef er abl y
5% nore preferably 1% and even nore preferably 0.1%fromthe specified
val ue, asuslassothamistindingtedrsbalhppnojorstaddetotimye thel feBewmighesansypsci fi ed.

[0014] "M celles" are typically defined as spherical receptacles conprised
of a sing{emiapnalsayed hdedin, thogingulk ds@th coNMPad,t meattheCGaneluad khe, plarphi pat hi c
nol ecul es such as surfactants and fatty aci ds spontaneously form m cell ar

struct ur egeféRnRolmEss SR dRRxS cleMiE Rldi @k s RIGRE! Y have a spherical shape
with the size of nanoneter range. The formation of mcelles is driven by

d b pbi
1 agmont & ﬂ%"?%ffﬁ‘%@%%’é%l’sﬁé Y o S e W%iv%ﬁ%%% Fhydr ogen

est ment o
bond network W L IS _an ar r angenent of
ol ar "ampih St b ShpleBing L ek Er e ASCHS Beiie o S vah Bt 8 cads)
of the str cturefoms exteri urf e and the hydr hoblcprtlon
Ci e tai 105 BEfera IY.%éﬁirB?ﬁeypre%@@ R CHEHMe (%é‘i’lp’é'é 0435 ot have
a bi | ayer structure and are not con5| der ed vesicles or osones. The
conpoundsfiem hgesnosifiedt yave. atheishasaiséipa atp mrﬁprrwteémtée os¢ @fet®Fer in
t he conpartnment, bound to the nmicelles nenbrane, or bound to the outside
surface oﬂerﬁ\raeivm,cml¢se.ot[1@®/1®] Smhé"redacéutmseélhea@n,eﬁteaﬂ@tre ‘Shput,” wheh udes
acid addition salts. "Pharmaceutically acceptable acid addition salts”
refer to tdfasiegsahtrengshisaheanet@encohipasdbvariadgncaf + @0Yewithiviaheddfcamde
properties of the free bases, which are formed with inorganic acids such as

hydr ochl obf theaghgb, @y@t&ﬁbryoms%,afﬁme préfetdbuy C19acind, evidh tnfidre pagfeblyphosphori ¢
acid and the |like, and organic acids such as acetic acid, propi oni ¢ aci d,

pyruvi c agiig, s %ecsﬁe%i%d &@ﬁ@ruscsuéﬁ'sﬁlnat%{ﬁ%re'éi) ?di}rﬁte fou%[és§ oftfekr d.,
tartaric acid, citric acid, benzoic acid, mandeli¢ acid, nethanesul fonic
acid, eth l4f oni ¢ acid, p-toluenesulfonic aC| d, sali cyI ic acid,
tr|fluoro IC acid and the i ke. [0016] An effective anount, " as used

ce
h f th t t hat
L o RS BB B

and wei ght, | oss. 017] . The t inhibitin pressin | ncI ude
sl owi ng oPiNgIeapM ef Heﬁrg%wc gc? Corpm%]nwhge@eﬁ ERhnafic ne?etce lepe
considered in the broadest general definition as a mal i gnant neopl asm an
abnor mal Beedisasofurfactasiseands frety ciiat $postanggiisbh faswc Beepdlan pgudtercy e doladi nat ed
with that of normal tissues and persists in the sanme excessive manner after
cessat i onsaferthe Mideted iypichly heweokedictite skdpangéh thExemplf @snafcttirengeypes of
cancers that nmay be treated by adm nistrating the fornul ati ons of the

i nvent i onTha¢érutheisn ofuiiceles iNativdn by Hadedsing fréev@ter@aincie sypémdeadde cancer ,
col on cancer and glioma. [0019] The term "hydrophobic" includes repelling

or tendi ngf Nehol Al EPMRURHhBbich fra@hetdCRAADHR Afudus S@vioRBichtN aM@TEBE -
re-establishment of hydrogen bond network with water molecules. In a micelle,
there is an arrangement of polar amphipathic molecules, wherein the hydrophilic
portion (i.e. heads) of the structure forms the exterior surface and the hydrophobic

portion (i.e. tails) resides interiorly, away from the medium. Micelles do not have a



[0020] The term"treating," "treated,"” or "treatnment" as used herein

i ncl udes preventative (e.g. prophylactic), palliative, and curative uses or
resul ts. wbeotwm49subj ect” includes a vertebrate havi ngCrase@r/06344dt her

di seases. Preferably, the subject is a warm bl ooded ani mal, including
manmal s, preferably humans. [0021] The term "ionizing radiation” is t he one
conventi opal | dopted in the thera ut| fiel.d of cancer treat and
ncl udes. PRGEb ARG g dR s ROl Ve LA SBontl BT SATsuch as,
for instance, alpha (a), beta (B), and gamm rays fromradioactive

nucl ei asthRanyensignyw %ﬂjsssoerrte % ratcrelé% ﬁwﬂber Wrtaﬁcwenartmrme undigr gy
transfer) or lowLET. LET is the energy transferred per unit |length of the
di st ance. thamjiseligménsbrgag, @t boutskiodenewbiyle uliczioh hamawelbe.i on and Low LET is
said to be sparsely ionizing radiation. Representative exanples of high-LET
are neutr d5hnd aPmdranapartichlc| escepRbler esant atnclvdeex ampl esddfiod owaltET ar e
x-ray and gamma rays. Low LET radiation including both x-rays and y rays is
nmost  conMOPRymu&ReEicAlDr adcapth bt hetdedqMitivh asiterfecrpatha3bisslts Whieh rédinathe on may
be used for external radiation therapy that is usually given on an

out pat i enpioRRsad Pechi®inebNbfd Padpckdi &t HRNAEODaRY WHIGE aksS @snle@divahi on that

is placed very close to or inside the tunor. In case of internal radiation
therapy, fd?) oAl s% H\%cﬁ‘é HiSti &'&H@'d r@fghRGdd sﬂlf bdid Hﬁ!rfg%l&?a' led an
i npl ant . fant s nay [ he formo I'n Wres, trc tubes ¢all ed

cat heters bons see S. The directly into
the body. PrhpERRa i SER t’r Bl i, AR a5 Sybl rea%etr%oas%? PRpIgpiE Feidr
ionizing radiation sogrce i,S p[OVIdeg as a. un|t ose. of radlatron nd is
pr ef er abl PYENI G GyMplsifeadingalonic pridy PsRiaanyd. A0t agds farafie e
conveni ent  adj ust abl e, dosi ng where the source nay be easily turned on and
of f, mini AElC @pidpberriretl Baadeliaragia, Hacthanesulfoniapid. ghaaesyfonigaicitki on i s
generally measured in gray (Gy). The ionizing radiation source nay al so
conpri se a-toladiwikatiopad, slicylicarid teldrdagetidroidswd dpilkesource (e.g., wire,
strip, pellet, seed, bead, or the like), or a liquid radioisotopic filled
bal | oon. [0016he Andteffectiveameunt,ias hadd leedin hasubssendspef thel ghyrmartitiglir ed t o
prevent | eakage of the radioisotopic material fromthe balloon into the

body | umegoMpositicOthas iy @afticst fol dedfider thBafymptdis bdNkishHf casticatduem agour ce
may conprise a receptacle in the catheter body for receiving radioi sotopic

naterralsnﬁ$§§aﬁe&hp®§ggﬁ0&;qurds The radioi sotopic material may be
selected to emt  a, dy. Usually, a and B radiations are preferred

since the kt b Bir. i i |1 not
penetrateYsubgtan &Pﬁ %@gﬁ' Qﬁﬂ &a@%g% %tlhagggSﬂ) %%§§§§Pﬁ&gﬁ$%ated
Abcordrngl%vﬁh frdental irradiation of the heart and ot her organs adj acent
to the tré " region can be substantially elimnated. The total nunber
of units rovrde%rmnll be ap. amount deternlned to be therap ut.i cal

ef fect i velly8bndhs ks ‘sanesy” {5 tadierfonsid trsrihlgthed%w%deﬁfggqnaat ¢f laﬁon%ﬁs anount
will vary with the subject and the type of malignanc neopl asm bei ng
treated. Wabgaanduaeplawy apzabpomual aaspat tissye, tﬁagm@éet wehleh expsadpeandfis about
30-75 Gy over several weeks. [0022] The term"alkyl" refers to a

nonoval entincomativated edthahatpifatormahtysuecardparsistadn clad sanevéxTgssiveemamdir cat ed
nunber of carbon atons. For exanple, a "G _6 alkyl" or an "al kyl of 1-6
carbons" efter" &skatibn66f tt@udtdmﬂettert etvokahmeatﬁaytge.grmmlﬂwbaith& pecoORE to six
carbons in the structure. "Cl_20 alkyl" refers to any al kyl group having

one to t WesHcYrsCoab ORS: b@'tt‘e)itednﬁy alaﬁmﬁst%tfn%' ARt foridiafiohd o thd IiRRAkdnOr @
branched chai n. Lower al kyl refers to an al kyl of 1-6 carbons

Repr esent i j e, %@Qﬂ%‘n%%hﬂﬁte!i Ft{ér Rk cér%'l F@I ’hoﬁltahyl

n- propyl , 1bu , n- pen yl exy opr opy |so uty entyI anyl ,
sec-butyl t ot ert nL d th Irke her . al k ref. s to

al kyl s Of OtléL ngtt rgins A rocphg Ovéncl efln(lﬁ o en%m enF(?t tq e Jbm vg/

n- nonyl cyl, n- tetradecyl n- hexadecyl, n- octadecyl

n- ercosylorﬁﬁﬂx%ﬁeﬂkf ﬁ“ BY§%% t h branched variations thereof The radi cal
may be optionally substrtuted W th substituents at positions that do not
significantly interfere with the preparation of conpounds falling within

the scope of this invention and that do not significantly reduce the

ef ficacy of the conpounds. The alkyl is optionally substituted with one to

five substituents independently selected fromthe group consisting of halo,
| oner al koxy, hydroxy, cyano, nitro, phenyl, am no, hal ogenated | ower

al kyl , hal ogenated | ower al koxy, hydroxycarbonyl, |ower al koxycarbonyl,
Iomer al kyl car bonyl oxy, and | ower al kyl carbonyl am no. [0023] The term
aIkerne refers to drvalent saturated alrphatrc hydrocarbyl groups

Y o v ~ oy I T I T Y 1



[0027] The term "Il ower al koxycarbonyl™ is a nonoval ent radi cal having the
formula -C(0)0Al k, where Alk is |ower alkyl. [0028] The term "l ower

al koxycarworzgiameyd49i s a nonoval ent radi cal havi ng the f®cwuisac206349) OAl Kk,
where Alk is lower alkyl. [0029] The term "sugar" or "sugar residue" refers
to a nonoval ent radical fornmed by renoval of a hydrogen from any hydroxy

group of sacchari de, disaccharide, ol.igosacgharid r pol.ysacchari de.
The nonosgwgﬁgri ?ﬁg?gis teag t(ﬁftggﬁP céﬁa?%zegmﬁﬁﬁﬁﬁiﬁgﬁharide
or polysaccharide may be a D or L _isomer existing as a five-nenbered cyclic
form (fur BIFESHMIGY (S erppitesticd RAKALVE PRt RIERYS 3F0s®) resibpr dI8HEERi ve
exanpl es of nonosaccharides include glucose, fructose, mannose, and

gal act ose:suRiqst e sshidgs i as ecrssluptp| leayingf celicsh ot hethérddisedsat| Uteferabdy, obe,
mal t ose, and sucrose. digosaccharides may contain 3-20 nonosacchari de

uni ts | i nkégedt ogetwvhen-blovdedapmef, endidiyg Srafbnaty posfacblydringdmsuni t s | i nked
together. Representative exanples of oligosaccharides include naltotetraose
and cycl ofgl] i IThe Reph eseiitiagi radiadsand elsc ohe pOhySARANIAY iadescd el tide

anyl ose, starch and cellul ose. [0030] The term "phosphosugar" or

" phos phos y@aip s Heldeor daBE@ teatrfern® aH® MAV@IE Phofors hedh feﬁ&?ldeﬂa’gyr eoval  of
a hydrogen from any hydroxy group of either a nnnsacc%arl e or a phosphoric

aci d wherein : g i kS.:i d rj i La an
ocher "1 iAo IISAREARLLES, It KB bR, (D RPAIAR Rl flh @ 2
five-menbered clj.c form (furanose) or 6- nenbered cyel i r

(pyr anosejormefidslc nCL L S5ToReShal 1BsdulBIRE PRYLE Bib el Pvrn above.
o a o) et BV PLERYLR e ABBa) PRk o 1

al kyl car bonyl ami no™ i s a nonoval ent radical having the fornula -NHC(0)Al Kk,
wher e Al kdisianpgkgh Edyis said ¢pbaflensply ipaizipgradipden ang bow Léiles saif kg be

am nonet hyl" is a nonoval ent radi cal having the formnmula - CH2ZNHAlk, where
Ak is a spissly ianigag radietiona|RepleseiRetiveesempaes ohighddpl es nfutwabsnit ut ed

| ower al kyl am nonmet hyl include (tris(hydroxynethyl)nethyl am no)nethyl,
(bi s( hydr epiagtaltdidsorRdpydsamiting) oednmylbs ofiow{{E ey axyetdnyl gamme)ragt hyl .

[ 0034] A "hal 0" substituent is a nonoval ent hal ogen radi cal chosen from

chl oro, bL@WDLEirqd@iati@mdnd‘hhdi@%cbotmxl}bﬁd EERahedis 6RIPesHhohs ORE for
substituted wth one or nore halo substituents. Chloro is generally

pref erredr,diR32hy Bf haf@akiBY,” TRE radiatiPHahVbe ulcd for' 8rkal rabiRtioRd by

renoval of a hydrogen fromthe 1- or 2-position of a naphthal ene structure,

respectiv O | bst.] i fr .0.f0

substi t ueﬁjie}s[ap nth%ﬂplé #gg%l}ioggéﬁélgg%?eﬁhﬁ%ﬁﬁ%sg é]lf’]f(;)ollj 68%}31%2 ?a}s ?IR}’IO(EJI %{% ety o,

| ower al kyl . | ower. al koxy. droxy, ,cyano,. ni.tro,, phenyl, am no

nal ogenat it Fnardaeyar s gt K stost Bh: b e Rar koo SRS ar bony!
| ower al koxycar bonyl, | ower al kyl carbonyl oxy, and | ower al kyl carbonyl am no.
[0036] A f%iﬁ?éwwﬁeﬁagy,ath? ATl $HGRel tb*yalfséﬁ%%i npf S@aHM%ﬁgéﬁﬁw 8M a
benzene ring. The phenyl is optionally substituted with fromone to five
subst i t ueABlanthdépelagsnnpy be én dea ams olohn warcgrdegiiccobesi elled gadirtersal o,

| ower al kyl, |ower al koxy, hydroxy, cyano, nitro, am no, hal ogenated | ower
al kyl , halibpesatcepgbulaywer satdsoxBhe maplimnigl puthdidictyyinar bonpddy. | dneernal

al kyl car bonyl oxy, benzyl oxy, optionally substituted piperidino, |ower

al koxycar haliwtion thechplomey raduiyd aalidspiyll &ny.NoThd Wh3Ahg Aadiayed iseurgsiino” is a
nonoval ent radical of a saturated 5-, 6-, or 7-nenbered cyclic am ne ring

havi ng nopARiRdtRaNBNERAFIhdiNeH altels§irfcAbB S WGhy &beNiddqopRviRyygen, or
sul fur. Representative exanples include, e.g.”, 1-pyrrolidino, 1-piperidino,

mor phol i ng,,, iaﬁlgétﬁé%égosu&n% EQfehicke aiijlﬁsk}%l@ ({H:s‘%glb?hﬁ‘g BRL IshitcE dmé%r be

unsubsti t ut ed. bstituted, genera t hey ve no nore ‘than 2
substituents chosen fro wer. al kyl . l.ower. cycl oal.kyl.. —hydroxy | ower
2ol ot CaEAc FET el SRR et Bl R aRE I st ot T
s i PRy BLamom TS b o A T RRES SR ) b am o

comprise a radioisotope, such as a solid radioisotopic source (e.g., wire, strip, pellet,



[ 0038] "Monovalent radical" refers to attachnent of the radical via a
single bond. [0039] "Divalent radical" refers to attachnent of the radical
via a dowsDeoisamedi49] 0040] "Heteroatoni refers to nitrogeaT/uszgigmeni44sul fur,
or any oxidi zed form of nitrogen or sulfur. [0041] "Cyano" refers to a
nonoval ent -CN radical. [0042] "Nitro" refers to a nonoval ent -NO2

radical. 004 "Am n refers to no t. -NH2 r C 0044
Formyl + Ffiebed 850 Bbnh 6h F uRvieSede Pl e vabhg) bt Msues By si 1 y1 -
refers to m)nov | ent S|Iyl di c substituted with three IOV\eraIkyI
gr oups, @toentlﬁé FIwccig| wpnfg% Hfﬁyﬁntséﬁ E?’%’ fdhe rahoignterie mierial [ 0046]
"Lower al kyl car bonyl oxy nethyl" refers to a nonoval ent - CH2C(0)
(1 ower al kytom Hgdbadbgon lptmttrﬁ] bodsylysnant et blgodi stsghm. Sgiflefustherp the semigingt ut ed
-CH=CH2 group were one or nore the CH groups are replaced with one to three
subst i t ueradsationdspecd emtyl yorsptieec hectcéptacte tinethgr cathetcobsis tfongeafiviagkyl |
hal o, | ower al koxy, hydroxy, cyano, nitro, phenyl, am no, hal ogenated | ower
al kyl, halagssadsid haegils alkdeopatletyel niguids amhe mudioisbpey nadtémxyﬁ@r benyl :
| ower al kyl car bonyl oxy, and | ower al kyl carbonyl am no. [0048] "Hydroxy"

refers tos@edi@NRYahend, Obhd 3di Calally] Q048] [ tRPRGY Gld ?reférfgdesfu%cet Pe 3-18
menbered ring nonoval ent or 'di val ent radical where all the ring atons are

C ar b on ang,, qlafék }"%S&b@?toy Pi.lﬁet &hou é’ﬁﬁ% 't1 ue%;ti g\{‘lfg 21?{ }I?éie‘ggt% gh'tgk‘fﬁ'{t'{rdg ;ﬁd a

.e., aro IC In“nature car

saturated ar aII u bins ted rj.ng via sj nal,e..or doubl e
bond. Car B%}Eygl Ic ﬁﬁooﬁée h%@y gfm el%g %8 %qazflg Cncloﬁdmggy’ 1§01d8nta1 n%dl tlg wher e

t he fused are endentl sat ur artl al | turat ed

unsat ur at 86 ICEIRIAOISEOGF! CLEABOAYIFITE ke eAIRE] fredophish b SURGETNY!
fluorenyl, and t et racenyl The radical may be optionally substituted with
subst i t ueRli@ingtedpodie ftefalsnyrmbar of GHH%)PYOé’i(EHMHUd&n%H oyt deteapedite ket he
preparation of conpounds falling within the scope of this invention and

t hat do nthterapeygmdally ceffectiye bgdunseskiliasl af fregameyt ofing henigiogpediatien. Tine r adi cal
is optionally substituted with one to five substituents independently

sel ect ed tmountt Wel gagupith ahsissljestcandf thhalps of onetignaddyydr, ndopledm btikgxy,

hydr oxy, cyano, nitro, am no, hal ogenated | ower al kyl, hal ogenated | ower

al koxy, hygitex yRr pesiek malyowey bad Kpackaantagydeivd @H@dag@bk}{ﬂ)&ﬁBb%YG?Xy,

Iovver al kyl car bonyl am no, sugar residue and phosphosugar residue 0050] A
" car bamoy 0% Vevdrsl iedi@noval ent radi cal of the fornula RI3R14NC(0)O0- (i.e
an am nocar bonyl oxy) where R13 and R14 together forma cyclic amno with

the nitr Ogﬁigzﬁt T &m e‘gﬁpl”olfefé?}% ngloﬁ&éallitﬁ kaﬂﬁ%{’eﬁ”ﬁﬁ%{ gpﬁ%lrc%%ﬁ’ | ower

al kyl , I"ower am no Iomer

(substitut unsubst it ut ed 0 substituted or.. thuted)
Seanpl es. [0 hen ey métft‘&ﬁrt{vtf&? %ﬁéﬂﬁs BRLEBIRIS o o RGE 1 am no
car bonyl oxy,, p eridino] carbonyloxy, 1 -norpho
lino car bé‘hy?l[ﬂkpf 116 cbrtbp%mrdﬁtlwl -6 1Ww16étf5§t%aﬁ1®6rgy@wspmaawag@pﬁer s

recogni zed by one skilled in the art or delineated herein.
to six carbons in the structure. “Cj y alkyl” refers to any alkyl group having one to

twenty carbons. Alkyl may be a straight chain (i.c. linear) or a branched chain. Lower
alkyl refers to an alkyl of 1-6 carbons. Representative examples of lower alkyl
radicals include methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, isopropyl, isobutyl,
isopentyl, amyl, sec-butyl, tert-butyl, tert-pentyl and the like. Higher alkyl refers to
alkyls of seven carbons and above. These include n-heptyl, n-octyl, n-nonyl, n-decyl,
n-dodecyl, n-tetradecyl, n-hexadecyl, n-octadecyl, n-cicosyl, and the like, along with

branched variations thereof. The radical may be optionally substituted with



[ 0051] "Heterocyclic" is a nonoval ent or divalent radical of a 3-10
menbered ring group containing at | east one heteroatomin the ring and may
be fully watorsawedy partially saturated, or unsaturatedPCII/US2012/063%Ti C in
nature). The heterocycle is bonded through a carbon atom or heteroatomvia
a single or double bond. The heteroatomin the heterocycle such as N can
optionally .exjst as an.N-oxide, or S .can optional.ly exist as a sulfaxide or
2P sulT onedubbEhs L ABickatiuil i her weBlsRRh WY VB B BRedafitholor o

di val ent radical, of a 5-nmenbered ring containing at |east one heteroatomin
the ring SHAPYHS %ﬂlflw%hl%éhwaqp@oqu thay ventiop ek thebdadiot stenifireatiyr at ed
(i.e. aromatic in nature). Cenerally the heterocycle will contain no nore
than two Helues theaflaeasy offilee eranpauadsyclihe allsylbe ppreanatli sebsgituted wathtyas tat om or
het eroatom via a single or double bond. Representative exanpl es of

unsat ur at éde Subsnizmte chdepéreicoty ctlestedv frdm gh¢ graupe chrsisting &t lato.i lowleude 2- or
3-pyrrolyl, 2- or 3-furanyl, and 2- or 3-thiophenyl. Corresponding

parti al | yalkeay, Wydt®d, oyanbuhitio, patniaiaihol ddogedaged olcH dikyB-Ryddeahtcd- 2- yl ,
2- or 3-pyrrolidinyl, 2- or 3-tetrahydrofuranyl, and 2- or _
3-tetrahygy@l rh'll&ﬁ@?ﬂ%droxﬁ%ﬂfo%?ﬁ N6wél MRoMREAHY RIS RBEREsBdoieagg oCycCl i C
radi cal s having two hetero atons include imdazolyl, oxazolyl, ‘thiazolyl,
pyrazol yl ]éPQ j -The corresponding fully saturated and partially
saturatedk?§%9% sﬂg?'ﬁgPég i ncluded. The radical nmay be optionally

substi t ut I t B, Subst.d tuent s ositions .that, do, not, significantly

Thver ferel2eh dhE e iRe0 e AR et A P Ra R A RS o
this invention and that do not significantly reduce.the effjgcacy of the
compounds ProFEbViPAENESTOsR {16 A TR LS FIGFT o cBHnedTEHBSE | t uent s
selected fromthe group consisting of halo, |ower alkyl, |ower_ alkoxy,
hydroxy, Bspaglked. dibisr grm g exgmplifige bio lingps) ssganmsatueh ap avghylang (Chratbgenat ed
| ower al koxy, hydroxycarbonyl, |ower al koxycarbonyl, | ower

al kyl car bethyleos y-—Cldxdil—a), kyproayleon (&6 d].Csligar andelsiagehe d sgrduphrosbhosugar
resi due. [0053] A "6-nenbered heterocyclic ring" is a nonovalent or a

di val ent aado-gadpyddncd—6C HEDHETHEQ—F)ion ¢—adid(EH HCHg—atand érdtkeone het er oat om

and may be fully saturated, partially saturated, or unsaturated (i.e.,

aromati c [(D28pt Uhe)ternEARORY YefbRetoh£tn@indG¥eheratidal o€ QR Fbriul® RPLe t han
two hetero atons. The heterocycle is bonded through a carbon atom or

het er oat o¥iedR & il 18Y18:s A AU EinPLHTer VERRIN R dnVkERAII-6 8arBbn

unsat urated 6-nenbered heterocycles wth onl'y one hetero atom i ncl ude 2-,
3-, or 4- j dj ; vl r I i rtirally

sat ur at edg%%{sg{ﬁvwl;l} 1%%{% éa%}g@ akl a 1 [ % gloﬁgi‘lé‘%élogg%or%-c a%éﬁ gt%%ﬁ“ﬁéﬁ&%e@%ﬁ&é nyl, 2-,
3-, or 4-tetrahydropyranyl d the like. Representative unsat urated

6. trenber elPHTG Ay BT inglis et fah oo THEDRRY. SRS RAIIEO or
4-pyridazinyl, 2-, 4-, or 5-pyrimdinyl, 2-pyr%zinyl, and the |ike. The

cor r esponBillSYYIPYY.| HORGPUYat AUy FAPEItEPKY Eaylaratsserbrtryc BIsbWe®: al so

i ncluded, e.g. 2-piperazine. The radical may be optionally substituted with
subst i t uetfrispeitylpes and dedikehHighgpalkoxy sidinalsfinelude thpse erregspedingiorthe t he
preparation of conpounds falling within the scope of this invention and

t hat do nbighsi gkylfiadmals|sgt foedhumecin h€hefddimbomaydfe dptienabnpduntised Whe ring is
optionally substituted with one or two substituents selected fromthe group
consi sti ngutsfitueAdscat politdhs ahdtydo nbowghifidhiBX shterfyee voixty theC pi@paration tof 0,
phenyl, am no, hal ogenated | ower al kyl, hal ogenated | ower al koxy,

hydr oxycachapsilnds IfONBE wkERXNE 36RO this RMNEEticR Kd 8Rr BEMGE Qighifidaaier
al kyl car bonyl am no, sugar residue and phosphosugar residue. 10054]" A "fused

2-, 3-, 0 ¢! per : ' aradi.cal that
s pol ynuci ey HERRLF PR Rl bou®, PR B oty A A B N A el Ty
carbon atgns. ;AL | east,.one, of the rings Wll be heterogyclic in that it
w11 have € i BB acPa el St PRl hrouB RSN AER b R 1 g
systen1naéW$0nH%in from9 to 18 atons.. Th hetero&gcle i Pondegﬁtbrough a
carbon at SWDr AIKeTer BEIER: ofY48Re THFO-t RECEN QiR ahdogsnalsfe [3¥Cr giliBl e bond.
A 2-ring heterocyclic systemw || generally have 9 or 10 atoms included in
the ring. Exanples of such a 2-ring systeminclude quinoline, isoquinoline,
purine, indolizine, 4H quinolizine, 3H pyrrolizine, counmaran, coumnarin,

i socounarin, 4-methyl coumarin, 3-chloro-H nethylcoumarin, chronone,

benzof uran, benzot hi ophene, benzothiazple, indole, and the like. A 3-ring
systemw || generally have 12 to 14 at’‘ons included in the ring. Exanples of
such a 3-ring systeminclude carbazole, acridine, and the like. A 4-ring
fused systemw ||l generally have 16 to 18 atons included in the chain.
Exanpl es of such a 4-ring systeminclude isothebaine and the |like. The

-, N o o, e e " o,



[ 0057] Anot her aspect of the present invention is directed to nethods in
inhibiting the gromh of cancer cells in a subject, conprises the

adm ni st re0i2ers/ef44an ef f ecti ve anount of the pharnmaceut iPCalUuSe@npesitl i on
descri bed herein to the subject, whereby the synptons and signs of the
cancer in the subject are reduced. The cancer ceIIs in the subject IS
optionally .ex d to one_ or e anti-cancer ent i nc ud t are not
P ced « BISHRERE todvel i abEu SRR e T GREFC oTPSHETONET. Dt her apy,
and targetﬁq cancer therapy. npt ot heci n derlvatlves [ 0058] The

canpt ot he@iylcgdonyigxy 78 d lowgrialleyleareonylamiagi e for use in the pr esent
invention, are hydrophobi c canptothecin derivatives. A hydrophobic
canpthothHHﬂﬁ]de&h@aﬁhve ‘mesloddleylf oraferd th @ woreMatant.onlipyalisersatireied exanpl e,
by adding a polyner to one or nore functional groups of canptothecin

((S) - 4- et hydrodarbyrd rasigal -hatidgythemecor-mpR tatbons6foriinignthel rirgy. Mghile known

[1, 2-b] qui nol i ne-3, 14(4H, 12H) - di one) ). The hydrophobi ¢ canpt ot hecin
derivati veydedikyleofpoendy mheEsveagt iovi) dhiabreCRin0dtbiag dtnclakaiidres/ilof t he
CPT derivative include conpounds of formulae (1) and (I1) in U S Patent

No. 7, 875p8@frce Wk&Rni oS 9h RS ﬁhgdﬂlihe[a%ﬂef‘l&l/ucfe}e?&r&(@ﬁ@ld R elbﬁroe?tl rety.

[0059] The canptotheC|n derivative of fornula is as fol
wher ei n a R
al k |-c:(o§yc\{g]5u%(1 !” o?m Siglotieyt %d lc?ﬁ‘g‘é%%ylpmy@?u ét“}rin%tbé/vgﬁ%nwws Lis a

2?2& “or S, kYth bt b A B HRH LR entif )
gn: gs_%fO %)gleowlehglg%r cg'.llmigg | en%al%glgl{iglglln 6lilep é{:logg%lé ltl¥15 rn? elnggg'\ (ajm(w that do’ no? or NH,
significantly reduce the efficacy of the compounds. The cycloalkyl is optionally
substituted with one to five substituents independently selected from the group
consisting of halo, lower alkyl, lower alkoxy, hydroxy, cyano, nitro, phenyl, amino,
halogenated lower alkyl, halogenated lower alkoxy, hydroxycarbonyl, lower
alkoxycarbonyl, lower alkylcarbonyloxy, and lower alkylcarbonylamino.
[0026] The term ‘“hydroxycarbonyl” is a monovalent radical having the
formula —C(O)OH.
[0027] The term “lower alkoxycarbonyl” is a monovalent radical having the
formula —C(O)OALlk, where Alk is lower alkyl.
[0028] The term “lower alkoxycarbonyloxy” is a monovalent radical having the
formula —OC(0O)OALlk, where Alk is lower alkyl.
[0029] The term “sugar” or “sugar residue” refers to a monovalent radical formed
by removal of a hydrogen from any hydroxy group of a monsaccharide, disaccharide,
oligosaccharide or polysaccharide. The monosaccharide unit that is a part of a

disaccharide, oligosaccharide or polysaccharide may be a D or L isomer existing as a

five-membered cyclic form (furanose) or a 6-membered cyclic form (pyranose).



Ris H alkyl, or substituted al kyl; Rl is optionally substituted
carbocyclic, heterocyclic, or fused 2-, 3- or 4-ring heterocyclic; R2
i s hydr og®o,20tsal604491 ower al kyl, | ower al koxy, hydroxy, RQY/USRQYA:34€(0) O-,
cyano, nitro, amino, hal ogenated |ower alkyl, hal ogenated | ower al koxy,

hydr oxycar bonyl, fornyl, |ower al koxycarbonyl, tri |ower alkylsilyl, |ower

al kyl car bgnyl oxy, . | ower al koxycar baonyl oxy, . sugar resi due hosphosuygar
fesi due r REPRUAHE GBS OF BRAEC T EE ISP BhicRyt: PaIORGABERONe AhOuer

al kyl car bonyl am no, | ower. al kyl carbgnyl oxy nethyl, optionally substituted
| ower al kgﬁllecatp%r%qp&éyn%‘f%w%m@%ﬁ i@{we@r@?w@qm@ ﬁ%ymseyxgm?zlew epdet hyl ,
al koxycar bonyl et hyl , am nocar bonyl , al kyl carbonyl, benzoyl net hyl,

benzyl car bestgdcoBhgesasgharidep gy edrkgini M&mwc oidd ook linkadosogatbehy| ;

R3 is hydrogen, halo, |ower alkyl, |ower alkoxy, hydroxy, RQY-L-C(0)O-,
cyano, ni tmoos p&fdraldy 3R ogeoacddiridoweits Bhked togéthéroBeprasanthtivowaamalek oxy,
hydr oxycar bonyl, formyl, |ower al koxycarbonyl, CH2ZNR7R8 (where each of R7
and R8 i sof slgpesthenddsyintiud@hiaytbtcthosk- éhdcaiclvadpstrinOREprosumkdtive sbspict ut ed
phenyl, hydroxy |ower alkyl, am no |ower alkyl, or nono- or dialkylam no

| over al kyf oégiacggarﬁ@ﬁingﬁl_d%%K@r[bs%,%&ﬁ*&l@@ﬁd Wifulbse - represent a cyclic
am no-), (where RO is | ower al koxy, cyano, am no | ower al koxy, nono-

no- Cunere | S‘ Lanino I
o) Kyl ¢t o 0038] DABRE0 BBl 2y ol e P ot o R 1 (wer e
over _al 1T Olhed B, BAEREEORN WYL PR «al Mt Sosme PhERIGG ¢’ R

i ' , ialk ilyl, dial kylam | kyl , I
B e el nohute e K o, Al alanas i o

resi due residue, O-quinone, substituted |ower alkyl am nonmethyl, or |ower
al kyl car bBhgAPAHIGacidviRan cHige dinkigomThp nrepopacchafidenmay b adP ofrde syems
1, 4- oxazi ne- 2-one; and R4 is hydrogen, halo, |ower alkyl, |ower

al koxy, hyxisteng as RGu-moOndyed, cychradorm rfuranmsclaoi ad-mambned] gwbe faimkyl |

hal ogenat ed | ower al kyl, hal ogenated | ower al koxy, hydroxycarbonyl, fornyl,
| ower al k@yyamsdoRypresanzdtivarRythpixy of lhomesacelakidécar barfyttioxlygvel ower

al koxycar bonyl oxy, sugar residue, phosphosugar residue residue, O-quinone,

substi t ut egb3ipWathe adelsi | “Iaweman®tdamoxyRkyt ayer ndnkydlear Ranryl asving, ther R4
together with R3 is furan, dihydrofuran or 1, 4-oxazine-2-one, or R4

toget her Yﬁrﬁf&lﬁidé(djﬁﬁlbw}%ﬂ@ﬁhﬁﬂﬁwer alkyl. RS is hydrogen, halo, |ower
al kyl, lower al koxy, "hydroxy, RQY-L-C(0)0-, cyano, nitro, am no,

trial kyl sj a I . hal. . al koxy,
hydroxycapg%%bl?ﬁ%ggﬁgl%S%%ﬁggﬁgrg%ﬁié%?o#5??ﬂﬁ%§g$hg¥%%$%§§g§%fP8xy,

| oner al kgxycarb .. sugar .residue, phosphosugar residue, 0-quinone,
substitutgﬁxwgﬁégﬂg¢ai%ﬂﬁﬁﬁ%gﬁé@ﬁ§H?Wg?ﬂkgmer al kyl car bonyl ani no, or R5
together with R4 is nethyl enedjoxy; R6 is hydrogen, hal o, | ower

al kyl, | o83k dBgyernhy aibsldiptedriowar - a) @m,nowﬁws{b?/l%?tmﬁ}ovalﬁph&}dwal

hal ogenat ed | ower al kyl, hal ogenated | ower al koxy, hydroxycarbonyl, fornyl,
| over al kbxwiezar henyermulawerCEINGAKar wbergl Sy | is| enwspbwltitek yloaich oty oxy

sugar residue, phosphosugar residue residue, 0-quinone, substituted | ower

al kyl am Repesdydtiveorexampas adfk ydubastitntdy | lawienoalkyhd aminomethyRQ insludpt i onal | y
substituted carbocyclic, heterocyclic, or fused 2-, 3- or 4-ring

het er ocy clitisthyfoxfmsedl)ZrethyBmiasd))rdethyl N g bz yelk s yekliy¢)mdtda@inohmcthone

enbodi nents, Wis R1Y-L-(0) -. [0061] R groups that may be incorporated
into the ggd ivg deaRIBINERLIMERYI vative as described by Fornula (1) include
phenyl optionally substituted wth fromone to five substituents

' “depe“degﬁdﬂ] sl e BmhNE agh{%'ﬂevaﬁ&ﬁsﬂaﬁgepgfa&fcalhal Sen h%}’iFEliﬂEerfy' ’

| ower al koxy, hydroxy, cyano, nitro, am no, Ha ogenateé)?omer al kyl',

hal ogenat ed | ower al fprqoyl., | r_al kyl . carbonyl . dr car bonyl ,
over - ai ket i Rad o Sy Mibecn Gl esindiye SRR et ulGHEYEE oho | ower
al koxycar bony] , and | ower _al kyl carbopyl ami no; a fused, 2-, 3-, or 4-ring
heterocycPF%gé§%§@%$8ﬁPWoﬁE@F “éﬁﬁ@?ﬁ%ﬁ?iﬂﬁ%ﬁth one to five substituents

i ndependently selected fromthe group consisting of halo, |ower alkyl,

| ower al koxy, hydroxy, cyano, nitro, am no, hal ogenated | ower al kyl,

hal ogenat ed | ower al koxy, hydroxycarbonyl, |ower al koxycarbonyl, |ower

al kyl car bonyl oxy, and | ower al kyl carbonyl am no; 1- or 2-naphthyl optionally
substituted with fromone to four sub§iituents i ndependent|ly selected from
the group consisting of halo, |ower alkyl, |ower alkoxy, hydroxy, cyano,
nitro, am no, hal ogenated | ower al kyl, hal ogenated | ower al koxy,

hydr oxycar bonyl , | ower al koxycarbonyl, | ower al kyl carbonyl oxy, and | ower

al kyl carbonyl am no; or a 5 or 6 nenbered heterocyclic ring containing one

oy o, N - o N o



[0062] In other enbodinents, R is aromatic. [0063]Preferably at |east one
of R, R25 R35 -45 x R5, or R6
conpri seswanos/mwet4pon- af fi ni c noi ety, wherein the el ect PomABRIROGI4TDI ety
is a (i) nitro; (ii) carbocyclic or heterocyclic aromatic noiety possessing
one or nore carbonyl trifluoronethyl halogen nitro, sulfonyl, sulfinyl,

phosphory i r Qups; ;) het Y romatic ety
cont ai ni ng‘"‘ﬁ% ﬂﬂ?a@ﬁﬁé@egﬁa ol?’raé’ v)1S r‘?‘\s\ir ic oﬁﬁf‘%@(%yofen(“?/‘ﬁal o &
organo-netallic roup in which the tal is covalently bonded to carbon.
[ 0064] CaLb‘H@?@I enpihendt 8F gehrsttion af drapPhthalang HUEHI ST EIRTEEvVEni th es
contain one to three rings with a total of 5 to 15 ring atons. The

het er oat ofgticnaly sebssituted Withdram leac &r twp selestisiostsi indershdetlyselogted feprp.,
Preferably, the carbocyclic or heterocyclic aromatic electron-affinic
noi et i es tergraimconstitg of wdo rlowgsaliyly lovamelkoxpchydeixygeypmesand) ghenmpls t
preferred. Representative carbocyclic aromatic electron-affinic noieties
i ncl ude pheiy, halogderag@hibiyt algy d@snyt ol @ichated lene ditoxyPhRirdkicathonhil ogen,
carbonyl or sul fonyl substituents, with nitro-substituted phenyl being a

preferred|fat Q%X?édrﬁo@'l Q5REl ﬁkﬁbﬁﬁ&ﬁﬂ&qaﬁﬁd Riwer ARy REMbonRaRARSeNt at i ve
heterocyclic aromatic €l ectron-affini'c noieties include im dazoles,

triazol esh.“géLenegﬁ’%o b%@%aﬂghféglsfo@b&% | AL AESE o Hf&l%g&{ KB E"Bel%hges

furans, azoles and I 0zol es possess ng-one or nnre car bonyl ,

trifluoroneth%%%dgh a%ﬁfgé ) %@éﬁg%ﬁeWﬁﬁuhf %poh%%go QX|de or

cyano group$ netr

conpl ex electron fflnlc i es referably np i se Fe2,
Fe3', Pd2indepspslent Yr?edectedoﬁv e S0l nmpiins Va0 Is)ﬂvér a% lpwer 5'1I<?ffyo t WO

subgroups a) netal conpl exes of the carbocycllc and heterocyclic aromatic
el ect r on- BYSIPRY cCYi¥BP-eRifes apiings Jedasgnaipd Jeweraplyk dplagepaied dowe dkew. of

bi dentate |igands conprising nitrogen, carbon or sulfur. In general, netal
conpl exes caboiyil derntretysatbogantbsver ethybsponglloxy, teheaylbwy, wptionalBubsdiviér ei n B
is a bidentate |igand containing nitrogen, carbon or sulfur, M. is a netal,
X is an apiperidino] loganaksxahrtaaylChad iwer @hy]caghotlylaniiso.1- 4. [ 0066]
Organonetal lic electron-affinic noieties are aliphatic or aromatic nercury

radi cal s. [0039] Pr&pafyeli¢ Ofmiadd iis€ Mbndvakn®Selishlt bZi NGaReREd S5-I REOPOr at i ng
nmercury containing entities is described in Shenoy et al., Cancer

| nvest i gabimpaf clésa%nﬁé iliné 1ava) n%rfﬁmlértﬁé‘[?o@é adadltwnaﬁﬁgbﬁ)t 4168 388 -
24: 473- 481 (1965) 0067] El ectron affinic noieties that are partlcularly

t abl l,u
e ol B 4P 0 L5 REPRRUTE J%@wﬁm . § Rl rone

t t d f I t hi I
Pheve sachBher AR Shog @Iﬁ.@ﬁ@aﬁa%“%@w S L 41 550

bstitut I f d enb t | ected f t hi .
I’Béggf Ilng%tse gﬂtptgéﬁifggqetgsgﬁ%s @r%’ilféfgl B'é%&dw% hﬂées pagngfﬁ%t & 2L§)um§%tﬁélft§?;?ﬁ8

tunor cells to radiation is using a canptothecin-based conPound‘seIected
fromthe grwap fioonhkiveriatiylolpwer ep¢loalkyl, hydroxy lower alkyl, phenyl (substituted

or unsubstituted), benzyl (substituted or unsubstituted), aminocarbonylmethyl, lower
alkylaminocarbonylmethyl, amino, mono- or di-lower alkylamino, or cyclic amino.
[0038] “Monovalent radical” refers to attachment of the radical via a single bond.
[0039] “Divalent radical” refers to attachment of the radical via a double bond.
[0040] “Heteroatom” refers to nitrogen, oxygen, sulfur, or any oxidized form of
nitrogen or sulfur.

[0041] “Cyano” refers to a monovalent —CN radical.

10



0 [ 0069] In other enbodinents, the electron-affinic noiety includes
an Rl that is a 2-nitroimdazol-1-y1 or 3-nitro-1,2,4-triazol-1-yl1 group
havi ng t hwof2013mwn4ng structure: PCT/US2012/063447

[0042] “Nitro” refers to a monovalent —NO,; radical.

[0043] “Amino” refers to a monovalent —NH, radical.

[0044] “Formyl” refers to a monovalent —CHO radical.

[0045] “Tri loweralkylsilyl”, refers to a monovalent silyl radical substituted with
three loweralkyl groups, where the lower alkyl groups may be the same or different.
[0046] “Loweralkylcarbonyloxy methyl” refers to a monovalent — CH,C(O)
(loweralkyl) radical.

[0047] “Substituted vinyl” refers to a substituted -CH=CH, group were one or
more the CH groups are replaced with one to three substituents independently selected
from the group consisting of alkyl, halo, lower alkoxy, hydroxy, cyano, nitro, phenyl,
amino, halogenated lower alkyl, halogenated lower alkoxy, hydroxycarbonyl, lower
alkoxycarbonyl, lower alkylcarbonyloxy, and lower alkylcarbonylamino.

[0048] “Hydroxy” refers to a monovalent OH radical.

[0049] “Carbocyclic” refers to a 3-18 membered ring monovalent or divalent radical
where all the ring atoms are carbon and may be fully saturated, partially saturated, or
unsaturated (i.e., aromatic in nature). The carbocyclic radical is bonded through a
saturated, partially saturated, or unsaturated ring via a single or double bond.
Carbocyclic groups may be fused, containing 2, 3, or 4 rings where the fused rings are
independently saturated, partially saturated, or unsaturated. Examples of carbocyclic
groups include phenyl, naphthyl, fluorenyl, and tetracenyl. The radical may be
optionally substituted with substituents at positions that do not significantly interfere
with the preparation of compounds falling within the scope of this invention and that
do not significantly reduce the efficacy of the compounds. The radical is optionally
substituted with one to five substituents independently selected from the group

consisting of halo, lower alkyl, lower alkoxy, hydroxy, cyano, nitro, amino,

11



wherein R2 is halo, alkyl, or substituted alkyl. [0070] The

el ectron-affinic noieties may be directly attached to one of the carbons at
the C5, G¥VQ2@B/06049, Cl1, Cl2 or C20 position of canptorheaiseoianeidsndirectly
attached via a linker. Wiile the linker, L, may be any al kyl ene group of 1
to 8 carbons, optionally interrupted by one or nore oxygen, sulfur or

S MR- ﬁﬁlﬁé'?ngt%oﬂé\%fe?%@ el 15 erm Oy, | WassSeapall B 0 1o 3,

nis an integer from1l to and e nd R is independent]y sel ected
from hydr 8erycartangh lapgry alk Yéﬁ@éooglagw ﬁm%da KggebomylRgpno. [sperr1iesidie o
particulag@; preferred enbodinent, WO--, conprised in the substitution at
the -20 paed phasphestigartiesidempt ot heci n derivative, is sel ected from the group
consi sting of:

[0050] A “carbamoyloxy” is a monovalent radical of the formula R;3R14NC(O)O—

(i.e. an aminocarbonyloxy) where R;3 and R4 together form a cyclic amino with the
nitrogen atom, or each of Rj; and Ry4 is independently hydrogen, lower alkyl,
hydroxy lower alkyl, amino lower alkyl, lower cycloalkyl, phenyl (substituted or
unsubstituted), or benzyl (substituted or wunsubstituted). Examples include
aminocarbonyloxy, = methylaminocarbonyloxy, = dimethyl = aminocarbonyloxy,
[4-(1-piperidino)-1-piperidino]carbonyloxy, 1-morpholinocarbonyloxy, 1-pyrrolidinyl,
1-piperazinecarbonyloxy, and others recognized by one skilled in the art or delineated
herein.

[0051] “Heterocyclic” is a monovalent or divalent radical of a 3-10 membered ring
group containing at least one heteroatom in the ring and may be fully saturated,
partially saturated, or unsaturated (i.e. aromatic in nature). The heterocycle is bonded
through a carbon atom or heteroatom via a single or double bond. The heteroatom in
the heterocycle such as N can optionally exist as an N-oxide or S can optionally exist
as a sulfoxide or a sulfone.

[0052] A “5-membered heterocyclic ring” is a monovalent or a divalent radical of a
5-membered ring containing at least one heteroatom in the ring and may be fully
saturated, partially saturated, or unsaturated (i.e. aromatic in nature). Generally the
heterocycle will contain no more than two hetero atoms. The heterocycle is bonded
through a carbon atom or heteroatom via a single or double bond. Representative
examples of unsaturated 5-membered heterocycles with only one hetero atom include

2- or 3-pyrrolyl, 2- or 3-furanyl, and 2- or 3-thiophenyl. Corresponding partially

12



[0072] The canptothecin derivative of formula (11) is as foll ows:
wherein Xis a 0, S, -NR, or a bond; 28 Y is =NO, -N(HO-, =N,

S; or a cwoabss743end; T is i ndependently CRR ;

0
-NR-,

eRCh/ushoIR06IId’ R i s

i ndependent |y sel ected from hydrogen, Cl1_4 alkyl, and substituted Cl_4

al kyl ;

saturated or fully saturated radicals include 3-pyrrolin-2-yl, 2- or 3-pyrrolidinyl, 2- or
3-tetrahydrofuranyl, and 2- or 3-tetrahydrothiophenyl. Representative unsaturated
5-membered heterocyclic radicals having two hetero atoms include imidazolyl,
oxazolyl, thiazolyl, pyrazolyl, and the like. The corresponding fully saturated and
partially saturated radicals are also included. The radical may be optionally
substituted with substituents at positions that do not significantly interfere with the
preparation of compounds falling within the scope of this invention and that do not
significantly reduce the efficacy of the compounds. The ring is optionally substituted
with one or two substituents selected from the group consisting of halo, lower alkyl,
lower alkoxy, hydroxy, cyano, nitro, phenyl, amino, halogenated lower alkyl,
halogenated lower alkoxy, hydroxycarbonyl, lower alkoxycarbonyl, lower
alkylcarbonyloxy, lower alkylcarbonylamino, sugar residue and phosphosugar
residue.

[0053] A “6-membered heterocyclic ring” is a monovalent or a divalent radical of a
6-membered ring containing at least one heteroatom and may be fully saturated,
partially saturated, or unsaturated (i.e., aromatic in nature). Generally the heterocycle
will contain no more than two hetero atoms. The heterocycle is bonded through a
carbon atom or heteroatom via a single or double bond. Representative examples of
unsaturated 6-membered heterocycles with only one hetero atom include 2-, 3-, or
4-pyridinyl, 2H-pyranyl, and 4H-pyranyl. Corresponding partially saturated or fully
saturated radicals include 2-, 3-, or 4-piperidinyl, 2-, 3-, or 4-tetrahydropyranyl and
the like. Representative unsaturated 6-membered heterocyclic radicals having two
hetero atoms include 3- or 4-pyridazinyl, 2-, 4-, or 5-pyrimidinyl, 2-pyrazinyl, and the
like. The corresponding fully saturated and partially saturated radicals are also

included, e.g. 2-piperazine. The radical may be optionally substituted with

13
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nis an integer fromO to 8, R is optionally substituted heterocyclic,
aryl, or heteroaryl; provided that when X is a bond or CH2 and n is
1, 2, or 80230749 when bound to R, is not oxygen; an@CT/US2012fp63¢7 ded
that when X is a bond or CH2, nis 1, 2, or 3; and R is heterocyclic
containing at |east one nitrogen atom then Y is not bound directly to said
nitrogen ato dro | ower. al ower al koxy,

yr oy, RESPuctp it rostiogS A 0 fsieTieRyly Hﬁ?réfasrw%(fbﬁlq B pR
halogenated | ower al koxy. hydroxycar ny| or ny | ower al kox carbonyl
tri | ower CHNRSHIEH | wmgm@bé? b RSAPEL b@lhwasz%ﬂom #ife thak dR 0§ flyxy,
sugar residue, phosphosugar residue, 0O-quinone, substituted |ower alkyl
am nonet hydduct theeatfiedekyifdhe bonpoungs. nT)he tiegvsr opgiokglly: awttstmyedoweyth mae 1oy | |
optionally substituted | ower al kyl carbonyl oxy nethyl, substituted V|nyI,
1- hydr oxy @ sibistimentsptlectad Korythaghomydoesibyig, ofehaimdmmrlmdiq&l lowat &ibxar bonyl ,
al kyl car bonyl oxynet hyl , benzoyl net hyl , benzyl car bonyl oxynet hyl, | ower

al kyl i m nag@bky| cyano, givel pAddsoxarikibhhblogenated 1dRzri dkyly dilogantednrivar | ower
al kyl, | ower al koxy, hydroxy, RQY-L-C(0)O-, cyano, nitro, am no,

hal ogenat gglok PWaY d@k%ékbon&ﬁ' RERNaLIREx}@WRhyR! ey alBM@ér‘B&ﬂﬂ@i;bobeer fornyl,
| ower al koxycar bonyl R7R8 (where each” of R7 and R8 is independently H,

al kyl of &n@lcg@;pﬂa&moog%a??@shd SHREbLhHLEY, RERY  hydroxy | oner al ky!

amno | ower-a ower al kyl, or and R8 taken

t oget her t r mhlch It attached re resen clic

am no-) %Eb % mfﬁ§ éi %gf " gr heteirﬂccz}l)?hc rngrrl[g?vale I d dlvaﬁ 3 ed 5?l/carlmno_

di -l ower alk no | ower alko , | ower |tth am no | ower Ithlo

or mono. gt B 541 m%lea&lwaam i3S ReF NG ﬁvﬁy ﬁ.paar Ofmﬁfn?r e&b8ch of A
and RH is |ndependently rogen, | ower alk henyl , hydroxy | ower al kyl,
or anino RigWesr Ahllgayt oncopf tﬁﬁmr@ﬁﬂ“mb%@@ﬁoqy@é@ﬂrh&atw\m haye ajianeargen t o
which the are attached represent a cyclic amno), trialkylsilyl,

di al kyl anitem stickyds nifregear oxyden) easubomylexayng by nalykoxiacafioony toxy, sugar
resi due, phosphosugar residue, 0-quinone, substituted |ower alkyl

am nonet hyomsoThd baverocadlk yd bardod tiybagh aoambon ROt ogkétbentom dhorkofi the f ur an,

di hydrofuran or 1, 4-oxazi ne-2-one; R4 is hydrogen, halo, |ower alkyl,
| ower al keixys V1Q)édd'1@%w or BEIG1E bEAD) D2 ringRR@ocyRlit s Psterd AVill Gren@@il BavO9er

al kyl, hal ogenated 1ower al kyl, hal ogenated | ower al koxy, hydroxycarbonyl,
for ”V' | OVE A RIS XA GRIBAM rin aExQﬁiﬁ?éé'o%Mch 4 OWBYs s?rkt%x\ﬁ' RALAORYhGXYo, | Ower

alkoxycarbonyloxy, sugar residue, phosphosugar reS| due, 0O-quinone,

Ponet hor PatiEle BLiK i ABLDARA M inoRLink O oy B iy ACBRMMS R0
Pl ooenar ﬁ*ﬁr?@%%ﬁlxﬁrr@?‘%ﬂﬁ%rﬁ%%*ﬁ%mr'gmh%{? B Abishies %@%n’ formyl |

| ower alkoxycarbonyl r al kyl car bonyl ox Iomer al koxycar bony| oxy,
sugar r esPeizethigs %rhfgl mﬁ@Z?lésP’éilBE apd Hhg H%%A srer%wsm@eﬁwa %) ky|

am nonet hyl, or | ower al kyl carbonyl am no; R6 is hydrogen, halo, |ower
alkyl, lo B teold atompdneuged make ring( Bxamnpleg phpush yptring, syatemnigelude
trial kylsilyl, hal ogenated | ower al kyl, hal ogenated | ower al koxy,
hydr oxycacé;rbmz;olle;, atodimy) gnd| tbewike al Kleniyg firsbod mydtem [vollezenedaly lheesr bony 1®xy,
| oner al koxycar bonyl oxy, sugar residue, phosphosugar residue, 0-quinone,
substi t ut @@dms included in the chain. Examples of such a 4-ring system include isothebaine

and the like. The radical may be optionally substituted with substituents at positions

that do not significantly interfere with the preparation of compounds falling within the

scope of this invention and that do not significantly reduce the efficacy of the

compounds. The radical is optionally substituted with one to five substituents

independently selected from the group consisting of halo, lower alkyl, lower alkoxy,
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| ower al kyl am nonmet hyl, or | ower al kyl carbonyl am no; and RQis an
optionally substituted heterocyclic, aryl, or heteroaryl group, or RY

t oget her worm3zeNRaRb group, where Ra, Rb, and the nitregemusta2nbisgh t hey
are attached forma cyclic amine or imde ring. [0073] In one enbodi nent,
one of the R2, R4, or R5 is selected fromthe group consisting of

(tris(hydroxynet hyl ) net hyl am no) nmet hyl, (bis dro I

et hy ! o FOJHRE P ooy SOy SRt HyToaMA) RSy, BN 10WSF of er r ed
enbodinent, R2 is selected fromth royp consi sting of

(tris( hyd?]&?Q?ﬁEPWP?YF@fWén{W n@l{%ﬁ%}fc,arb%nyl, lower algylcarbonyloxy, lower

(bi s(hydroxynet hyl ) met hyl am no) net hyl, and (2-hydroxyet hyl am no) net hyl .

[ 0075] | nalkpitserbenylembud swaantcsidRe and phedphiesugdr fosivet he gr oup consi sting of
(tris(hydroxymet hyl) net hyl am no) net hyl ,

(bi s(hydr g00pakt Bthdrmbemidabirime juretivonl theianeinddd mycinmgyas tungératodbady wet hyl ; R3
i s hydrogen, dinethylamno, amno, or nitro; R4 is hydrogen, hydroxy, or
4- (1- pi pebf giinaon the- gt pethi @iid@dcarbenythadayd teats &l diogaiakies. Mdeh stBbddrs

met hyl enedi oxy; R5 is hydrogen; or R5 together with R4 is nethyl enedi oxy;
and R6 i spbmeiQaer. uskd 1a0eHRE 1a5aRiob®e! the RemliRalSRIEGT §Othk @Bttt 9r oup
consisting of (tris(hydroxynethyl)nethylam no) nethyl,

I
bi s(hyd Al i : and. ( 2< ' thyl; R3
A e A e T R A R

[0076] Inyet another.enbadinent . R2.is selected from r oup consi sting
of (111 s(YBF o)V ot AT RREHs ot AR eFers do” £ BTN Bufof

(bi s(hydr gxymet hyl t hyl am no) net hyl , 8 2- hydr oxyet hyl am no) net hyl and
cach of RAOVRRIHEIENY RO SOHRID enCHp: e‘gf?ﬁan%ﬁybg%wf & ARG rent R
is aromatic. [0078] In a preferred embodinment X is a coval ent bond.
Addi t i onahlkgxy’t grpyD fes & # ddowHalkoxy pginongouRetc. N( H) 0- and even nore
preferably that nis 1 and each of R and R is independently nethyl or
hydr ogen. [0036h fupthespept diceprcsant emtsotiomervideRla plarmagubsilicompesition
unsubstituted carbocyclic, preferably having 1 to 4 aromatic rings. The
subst i t ut esimfdising aubsirothobedCRErdeoeytiNeg or aghatneacButidaligraengfdtablprselt ef abl y
substituted with at |east one nitro group. In one enbodi ment of the
conpound, s&l OPT driNafNand a polyethylene glycol (PEG) conjugated phospholipid. The

PEG moiety has a molecular weight from about 1,000 to about 20,000 daltons and is

conjugated to the phospholipid moiety. The PEG conjugated phospholipid is mixed

with the CPT derivative or a pharmaceutically acceptable salt of said derivative, at a

molar ratio of more than about 0.45: 1 to form micelles. The pharmaceutical

composition of CPT derivatives of the present invention have uniform micellar size,

narrow size distribution, extended storage stability, improved solubility and reduced

side effects.

[0057] Another aspect of the present invention is directed to methods in inhibiting

the growth of cancer cells in a subject, comprises the administration of an effective

amount of the pharmaceutical composition described herein to the subject, whereby

the symptoms and signs of the cancer in the subject are reduced. The cancer cells in

the subject is optionally exposed to one or more anti-cancer agents, include but are

15



NO ON [0079] In a preferred enbodi nent, the hydrophobi c canptothecin
derivative is selected fromthe group consisting of WO
2013/ 067 MOREB/065B912/ 063447 HONG, PCT/US2012/063447

not limited to, one or more units dose of radiation, conventional chemotherapy, and

targeted cancer therapy.

Camptothecin derivatives

[0058] The camptothecin derivatives, which are suitable for use in the present
invention, are hydrophobic camptothecin derivatives. A hydrophobic campthothecin
derivative may be formed in a convention manner, for example, by adding a polymer
to one or more functional groups of camptothecin ((S)-4-cthyl-4-hydroxyl- 1H-
pyrano - [3’4’:6,7] indolizino [1,2-b]quinoline-3,14(4H,12H)-dione)). The
hydrophobic camptothecin derivative can be more or less active than camptothecin.
Examples of the CPT derivative include compounds of formulae (I) and (II) in U.S.
Patent No. 7,875,602, which is incorporated herein by reference in its entirety.

[0059] The camptothecin derivative of formula (I) is as follows:

gt

wherein:
W is alkyl-C(O)—, or R'Y-L-C(0O), provided that when W is alkyl-C(O)—, at

least one of R%, R?, R*, R°, or R® is nitro;
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Boa) NO2 [0080] In another preferred enbodi nent, the conpound of Fornul a
(I'l) includes an R or RQ that is r---N
WO 2013/067449 PCT/US2012/063447

L is a bond or linear alkylene (1-8) group, optionally substituted with lower
alkyl or substituted lower alkyl, wherein one or two methylene (—CH,—) units of the
linear alkylene group is optionally replaced with O, S or NH;

Y is =NO—, —N(H)O—, =N—, —NR—, O, S, or a bond;

R is H, alkyl, or substituted alkyl;

R' is optionally substituted carbocyclic, heterocyclic, or fused 2-, 3- or 4-ring
heterocyclic;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RYY,
RYY-L-C(0)0O—, cyano, nitro, amino, halogenated lower alkyl, halogenated lower
alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, tri lower alkylsilyl, lower
alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue, phosphosugar residue
residue, O-quinone, substituted lower alkyl aminomethyl, lower alkylcarbonylamino,
lower alkylcarbonyloxy methyl, optionally substituted lower alkylcarbonyloxy methyl,
substituted vinyl, 1-hydroxy-2-nitroethyl, alkoxycarbonylethyl, aminocarbonyl,
alkylcarbonyl, benzoylmethyl, benzylcarbonyloxymethyl, lower alkyliminomethyl or
lower alkoxymethyl;

R? is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, R®Y-L-C(0)0O—,
cyano, nitro, amino, halogenated lower alkyl, halogenated lower alkoxy,
hydroxycarbonyl, formyl, lower alkoxycarbonyl, CH,NR'R® (where each of R” and
R® is independently H, alkyl of 1-6 carbons, optionally substituted phenyl, hydroxy
lower alkyl, amino lower alkyl, or mono- or dialkylamino lower alkyl, or R” and R®
taken together with —N— represent a cyclic amino-), CH,R® (where R’ is lower
alkoxy, cyano, amino lower alkoxy, mono- or di-lower alkylamino lower alkoxy,
lower alkylthio, amino lower alkylthio, or mono- or di-lower alkylamino lower

alkylthio), NR''R'" (where each of R' and R" is independently hydrogen, lower
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02N) O7N J. r-1 1 eN, urtnl,..LJ, wherein R2 is halo, alkyl, or
substituted alkyl. [0081] In yet another preferred enbodi nent of Fornula
(I'), RIWORpIB/0&74400)0 - is PCT/US2012/063447

alkyl, phenyl, hydroxy lower alkyl, or amino lower alkyl, or R' and R" taken
together with --N-- represent a cyclic amino), trialkylsilyl, dialkylamino alkyl, lower
alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue, phosphosugar residue
residue, O-quinone, substituted lower alkyl aminomethyl, or lower
alkylcarbonylamino or R’ together with R* is furan, dihydrofuran or
1,4-oxazine-2-one; and

R* is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RQY-L-C(O)O—,
cyano, nitro, amino, amino lower alkyl, halogenated lower alkyl, halogenated lower
alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, carbamoyloxy, lower
alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue, phosphosugar residue
residue, O-quinone, substituted lower alkyl aminomethyl, or lower
alkylcarbonylamino, or R' together with R’ is furan, dihydrofuran or
1,4-oxazine-2-one, or R* together with R’ is methylenedioxy;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RQY-L-C(O)O—,
cyano, nitro, amino, trialkylsilyl, halogenated lower alkyl, halogenated lower alkoxy,
hydroxycarbonyl, formyl, lower alkoxycarbonyl, lower alkylcarbonyloxy, lower
alkoxycarbonyloxy, sugar residue, phosphosugar residue, O-quinone, substituted
lower alkyl aminomethyl, or lower alkylcarbonylamino, or R’ together with R” is
methylenedioxy;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, R®Y-L-C(0)0O—,
cyano, nitro, amino, halogenated lower alkyl, halogenated lower alkoxy,
hydroxycarbonyl, formyl, lower alkoxycarbonyl, lower alkylcarbonyloxy, lower
alkoxycarbonyloxy, sugar residue, phosphosugar residue residue, O-quinone,

substituted lower alkyl aminomethyl, or lower alkylcarbonylamino; and
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[0082] Certain CPT derivatives are particularly desirable, for exanple, a
conpound of the formula (Il1), wherein R2 is hydrogen; R3 is CH2NR7R8 (where
each of RyOanth/ded44bs i ndependently H, al kyl of 1-6 car beas/useprioessat | y
substituted phenyl, hydroxy | ower aIkyI am no | ower al kyl, or nono- or

di al kyl am no | ower alkyl, or R7 and R8 t aken together with -N represent a

cyclic am no- ) oNR1OR11 1.l i1S. i pendent

nyar ogen, ToweR'd SRy e cpeh o 1O, BG I dlipengently

or R16 agﬁ t aken te?ether with -N- represent a cyclic am no), or

di al kyl a ﬁﬁ“ﬁYQV%Orﬁﬁc <> Podiet1ae ReRIPCYSdr oxy, hal ogenated | ower al kyl ,
hal ogenat ed | ower al kox hydr oxycarbonyl , fornyl, |ower al koxycarbonyl,

car banmoy| 0] | dweaymeé (h@@m@dWh®£yYIlﬁﬁér-alkoxycarbonyloxy, sugar

resi due, phosphosugar residue, or R4 together with R5 is nethyl enedi oxy; R5
i s hydroge06df ROgeoupsrthatithiy Bé incermedthy i et eotive camgtdedis deydtiogen.
[0083] More preferably, R3 is CH2ZNR7R8 (where each of R7 and R8 is | ower

al kyl'), Rds dsschigett 63 YroralileoXy incliide 3hksiyyicaptivaiyy ouystitdadwith frem lopdrogen. I n
a particularly preferred enbodi ment of this conpound, R3 is CH2ZN(CH3) 2

and/ or Ra4fiys stBéQrueﬁﬁé 1nde?@§&htl§'sé[b&t@dl trtsm e gf@b%ﬁﬁ@h@qrmﬁrm thvedr alignmul a
(11) has the following features: R2 is hydrogen, |ower al kyl or halogenated

a5, TN O il A it

I kyl car b al k | i due ho
est duo.  BAONdPHER- finth e ?”%Ytlﬁlﬁt%xga S R BB RS

t oget her th R4 is et edi oxy;. and. is hy 085 ref erably,
R3 is hydw WXYR@prlgnaéBy wtsiyplpsfﬁam% 1?‘§efh;?§?068%b° e Ao oRver
preferably, R2 is |ower aIkyI speci al | ethg and R4 is 4-(1-piperidino)
-1 -pip ertkilcatopsepény| axdjised, éoséj PH %tlﬁer derewilive sysierpf optignaly i on, R2
is hydrogen and R4 is 4-(1- prperrdrno) -1 -pip eridino carbonyl oxy. [0087]

| n ot her eutsttlitedemtith ofic itavieve isdrstituRatsi mdagendogtdn sciRgtedl sfrémdthogaoupnd R4 i s
tert-but oxycarbonyl oxy. [0088] Yet another preferred conpound of the

i nvent i oncorsistihg Fof rhala [ovle), alkhler biwer Rdkoxsy, | owkoxyal &peano, R3tre,s aliydy, ogen; R4
i s hydroxy, |ower al koxy, hal ogenated | ower al koxy, hydroxycarbonyl,

fornyl, | pyegeratddoxnywar baryl hdl@%’&ﬁted' KOWNC AR, ylrgyav oxyRbilhohyll eRvave,

phosphosugar resi due, or | ower kyl car bonyl oxy; IS hydrogen and R6 is

hydrogen. o[ 80&3b0Ry Ef Rivabk! Xlk%lﬁgrb'oﬁyl%&ﬁ yhn@ndwie élﬁ\é@%Bﬁ’ﬁymmbo 0f0],, Yet

anot her preferred compound o he 1nvéntion is of Formula (Il where R2,

Corpouna S RAMHCTEVOHRS eI 8 0 2l rgséttrwafr&teh%
2 Ko, RS 5%%3@3%%%0%10f°8?%r§trngsqf5é&r eI B piEpeaEpatd ! over

al koxycar bonyl oxy, |due sphosugar resi due, rbannyloxy or
| oner ~ al kptt@a@%mrf@r@gg %Wﬁy%lkﬂggﬁlog%tﬁéledl?@“i% aKpeLy. bﬁﬁoxweaoerlabr y, R2
is t-butyldinmethylsilyl and R4 is hydroxy. [0091] While the linker, L, may

be any al I@W%ﬁ&ogywbom*ﬂ lowepalRyleabbariexy. ape leweil alllyylfraﬁb@rydamrledorbw one or
nore oxygen, sulfur or nitrogen atons, a preferred linker is (CH2) m or
-(T)"-X-, omberamibered heterOcycBe riﬂgl%ontadningob@ndtonniitmgémdeplenWhimhlr'ylgGRR . mis
an integer from0O to 3; nis an integer from1l to 3, and each of R and R

i s i ndepeogpttoially seiestiaatedithronmohyws e@stitucatskglectcdftbns tHesdirolipt@distihky| .

[0092] In yet another preferred enbodi ment, the canptothecin derivative of

the presepf hhiBY Rk Alkyl, KBRWN akdxyl HARZKyan6 ORM0I 88$nd, MelobehdQiMod@ri sonmer s:
alkyl, halogenated lower alkoxy, hydroxycarbonyl, lower alkoxycarbonyl, lower
alkylcarbonyloxy, and lower alkylcarbonylamino. In a preferred embodiment, R’ is

substituted with at least one carbonyl, amido, trifluoromethyl, halogen, nitro, nitroso,

sulfonyl, sulfinyl, phosphoryl, or oxo group. In other embodiments, R' is selected
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(I'V) [0093] TLC388HCLl is a diastereoner and conprises (S,S) and (SR
isonmers in approximately 2:1 nolar ratio. As used herein, the term"S" or
"R' is awapyotengme an optical isomer by its confi guraPComsS2ew2iobiaut

i nvolving a reference nolecule, which is called the RIS system It |abels
each chiral center R or S according to a systemby which its |ligands are
each assigned.a priority,. ac ding to the.Cahn_ ngold Prelog priority

ful es, balBl BR SeuFsiRBET OFRIDnS,STuiT I e FLOEeH Pl Bl er | n a
nol ecul e (and al so has an exten i%n to.chiral nol ecul es not inv?lving
chiral ceRY'&18y. bepraide %ﬁﬁ%@%‘i‘% SO IRIPYIA: Toaht Braphens, oxagele@r| abel ed,
for exanple, as an (S,S) isonmer versus an (S, R isoner. [0094] The

hydr ophobthtazoleT wieiov gafly eef dhe chlfoswacntioned ngrgres prapabe dsubytitiisdctorng a
known canpt ot heci n- based conpound having a free hydroxyl or an am ne group
with an appwubptritutle el ectron-affinic moiety, by linking the

el ectron-affinic group to any of the C5, C7, C9, Cl10, Cl1, Cl2 or C20
carbons of006R Wsbther @nbalimetity, RYfis arinads. Preparation processes of the CPT
derivative of the present invention are described in U S. Patent No.

7,875, 602{006B] Chpiefordtd O4tP R @He Ner ®'N RN RY SRENRPT @ YR® [OABALes! Bn 2
preferred enbodi nent, the canptothecin derivative is selected fromthe
group congj.st.ln 8HG reid LELO } XL Ur t her . 0096] In
anot her g?%ﬁ%hggﬁﬁﬁ%gﬁﬁﬁght, tﬁg %%ngggﬁb%?ﬁgéghégglggél?@n%bgh 190f

formula ( whi.ch are disclosed i.n U S. Patent.No. 6,350 756, .and is
i ncor por a%%BO%P%i d iﬁﬁtelFoeC?’ e ARt MALPIFEE O\ BREF FR s R 0

(CH2) ", -, is an integer of 1-10 and IS henyl opti onal
Substi § ut BUTEFYRAY ot DEE- tn&r%iw@%ﬁb&@%em%pw@eBéﬁa@ﬁm}ws%%%% ed from
the group consisting of hal o, |ower alkyl, |ower alkoxy, hydroxy, cyano,
nitro, anfifid helgarcygleh atasenticopaictya CRYpINI, WY OhAMWE hekiRAtomp kXY metadr my| |
| ower al kyl carbonyl, hydroxycarbonyl, |ower alkyl carbonyl oxy, benzyl oxy,
opt i onal | yorspliest o1t () ewtgpiopeetalicngroup amerhigh koxyetat bo ngvalerdydbdroia rto
al kyl car bonyl am no;

carbon.

[0064] Carbocyclic or heterocyclic aromatic electron-affinic moieties contain one to
three rings with a total of 5 to 15 ring atoms. The heteroatoms are selected from the
group consisting of N, S, O and P. Preferably, the carbocyclic or heterocyclic aromatic
electron-affinic moieties contain one to two rings with one ring being presently most
preferred. Representative carbocyclic aromatic electron-affinic moieties include
phenyl and naphthyl groups containing one or more nitro, halogen, carbonyl or
sulfonyl substituents, with nitro-substituted phenyl being a preferred carbocyclic
aromatic electron-affinic moiety. Representative heterocyclic aromatic electron-affinic
moieties include imidazoles, triazoles, pyridines, benzamides, nicotinamides,
benzotriazine oxides, furans, thiophenes, oxazoles and thiozoles possessing one or
more carbonyl, trifluoromethyl, halogen, nitro, sulfonyl, sulfinyl, phosphoryl, oxide or

cyano groups, and preferably at least one nitro group.
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a fused, 2-, 3-, or 4-ring heterocyclic systemoptionally substituted with
one to five substituents independently selected fromthe group consisting

of hal o, wowers/mi4yl , | ower al koxy, hydroxy, cyano, nit POT/USR0I2063447

hal ogenat ed | ower al kyl, hal ogenated | ower al koxy, hydroxycarbonyl, | ower
al koxycar bonyl , | ower alkylcarbonyloxy, and | ower alkylcarbonylanino

- or y tion ubstituted wth m one to su smltuents
ndependoniio 2t BadHlediog Blaan%thf‘sﬂpg?f B forutsg P ofier flor

| oner al koxy, hydrqu Jcyano,, ni am no, hal o nated Iomer al k

hal ogenat 8 1 Bher Cal k5 yPrﬁ§3ﬁ6% %akﬁﬂﬁyﬂgemaa%xgﬁ YRGHRHDS: %6mer
alkylcarbonyloxy and | ower al kyl car bonyl am no; 5 or 6 nmenbered

het er ocychictal r ¢araplexast af nhageashecyshic tand Meterasyelic arometic ﬁh@c@hnﬁifﬁtrgm S
optionally substituted with one or two substituents selected fromthe group
consi st i ngotdtich aisopssedwbovealakgl(b) et combleary pf byddntateyligandamompnsing o,

am no, hal ogenated | ower al kyl, hal ogenated | ower al koxy, hydroxycarbonyl,

| ower al kakygat,bempba bowarfu@l ky lgeasal Nk BX Yeongilekds 0BL rbidd etk CAgddsy| anmi no;
R2 is hydrogen, halo, |ower alkyl, |ower alkoxy, hydroxy, RC(0)O (Ris

defined hesedspoed 9 ahe fGMﬁhElQ,—EMPXQ,wﬁéfbﬁOB Rah agearite didaauedonddiin .

hal ogenat ed | ower al koxy, hydroxycarbonyl, fornyl, |ower al koxycar onyI

tri | ower Y. I b no,

| over al K} %?ﬁ*y b SR AT L BER O it PYEfp LB AP A o

al koxycar bo ¥ anlnocarbonyl al kyl car bonyl , alkylcarbonyloxynethyl
benzoylne @ ehzylcarbonyloxynethyl or | ower alkoxynethyl R3 is
hydr ogen, | ower al kyl owe alkox hydr RC(0)0 (R is defined
her ei nbef Hﬂ’gf?c%%mn}?ﬁl&% eleaﬁwmfﬁnﬁfam fea ity a%%%é‘? Al %Watg%g}eé%ﬁat ed

| ower al koxy, hydroxycarbonyl, forny | ower. al koxycar bonyl, CH2NR7R8

(wher e eabafits. FhcaHEPFREIqNS am%aéepeﬁa@quepsmzmg AICRYS 1BFOTNQIBLIAE FISEHEY
optionally substituted phenyl, hydroxy |ower alkyl, amno | ower alkyl, or
nmono- or derdkikingamiitios isaimeqrilaﬂkylshemy Rulahdn@e Itzedse'gmicmgéﬁ(lﬁé:&%%h - N
represent a cyclic amno-), CH2RO (where R8 is |ower al koxy, CN, am no

| ower al kobog?) amiBrucoer di, Radieivon deky a7 ha81 oM@66).al koxy, | ower al kyl thio,
am no |l ower al kylthio, or nono- or di-I|lower alkylamno | ower alkylthio), or

NRIORL1 (ydwavp Eashopfaffit anslefR¥Y that hrdgpeadan kyitdwd ragmeiusioawarthal kyl ,
phenyl, hydroxy |ower alkyl, or am no |lower alkyl, or Rmand RH taken

toget her W)rh?oun'ﬂ‘ of %hﬁﬁl%n( P ainé’lii&é §-q@iHoRO) senﬁlﬁ'n&(é aﬁhd’r@n@' 1|fﬁihazoléjwer

al kyl car bonyl oxy | ower al kyl carbonyl am no; I's hydr ogen,

hal o, | Om‘t?{az?fetégndlngmg nzg}nll(&)ex.)fﬂcoli%gﬁﬁ)&%y ’blel%(ﬁ%z(i)rfe{( %ud%,hgﬁgﬂ nt?l% eanﬁi over

her ei nbef oreé ogenat

al kyl, hal ogepated | o Ikox dr carbon for

al koxycar B8 P Wﬁ&ﬁgy“’ ¥%ﬂ£ﬁléﬁ@§?%%?ﬁﬁ PRy m r&ﬁéﬁéﬁuwdor
alkylcarbonylanlno or R4 togeth r R5 is thylenedloxy, R5 is
hydr ogen, WHHY wtuteév@ra%ﬁ@wed emﬂgﬁme&r %@S@lwmngw thirg{®¥o (R i s defined
her ei nbef ore ano, nitro, am no, hal ogenated | ower al kyl, hal ogenated

| ower al k098I h » psjicale B myaferredemiadimpriwthe ragtheskglonsBEpE tumergstls

al kyl car bonyl oxy, or |ower al kyl carbonyl am no; and R6 is hydrogen,
hal o, | ower radiktydn, i omimg al deoppothbgichbesed, cREPOE (dedted dedr nidd group

her ei nbef ore) cyano, nitro, am no, hal ogenated | ower al kyl, hal ogenat ed

| ower al keonsistinydf:oxycar bonyl, fornyl, |ower al koxycarbonyl, |ower

al kyl car bonyl oxy, or |ower alkyl carbonylam no. [0097] In yet another group
of enbodi mrent, the CPT derivatives include conpounds of forrmula (VlI), which
are disclosed in U S. Patent No. 6,403,604, and is incorporated herein by
reference in its entirety.
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wherein Ris RaRoN-(CH2)m mis 2, RaRb together with Nform(a) a
5-, 6-, or 7-nenbered cyclic am ne having no nore than one additional

ni trogen,woxygaws449r sul fur atomin the ring, which ring@Crastugpa4np

anot her, carbocyclic ring or rings which resulting fused ring systemis
optionally substituted with up to two substituents chosen from | ower alkyl,
| ower cycl oal kyl, hydroxy |ower alkyl, phenyl, substituted phenyl
(substituted with o i i i i N

group consi sting of - | ower al kyl, | ower al koxy.-{hydroxy, cyano, nitro,
am no, hal ogenated ¥ al kyl , halogenatedqlome 9xy, carbonyl,
hydr oxycar bonyl , | owe charbonyloxy (bé XY pti onal | y substltuted

pi peri di no, | ower al kpxycagbonyl, and | o
substituted benzyl (st L.ut ed mnth ;o
sel ected fromthe groupiconSksii ng ofs hal &
hydr oxy, cyano, nitro, 1
al koxy, carbonyl, hydroxyca bo Nower al¢
optionally substltuted pi pepidi W al koxycar bonyl, and | ower

al kyl car bonyl am no), am nodar bo j | ower aIkyIantnocarbonyInethyI,
am no, nono- or di-|lower alkyl ani no, cycllc aWIQQ% or a 5- or 6-nenbered
het erocyclic ring optionally stituted with oné §r two substituents

sel ected fromthe group congiéggpg of hal o, | ower &Tk; | ower al koxy,
hydr oxy, cyano, nitro, am p® | ogenat ed Iomer ' | ogenat ed | ower
al koxy, hydroxycarbonyf,

aIkyPEarbononxy and
| ower al kyl car bonyl a . C|IC |n1de ring;

Sartionyl ami no), benzyl,
Subst wtwent s |ndependently
al kyl, I ower al koxy,

; e yibs, halogenated | ower
yl Car bonyl oxy, benzyl oxy,

(b) a 5- or 6-

R2 i's hydrogen, halo ‘ r al kyl, | ower @Ik‘-yw y FKXO)O (Ris
defined hereinbefore)\ cygme ‘nitro am no,=hal ogegated | ower al kyl,

hal ogenat ed | ower alkox ycarbonyllrfkrnyl | ower alkoxycarbonyl

tri lower alkylsilyl, ‘ car heay! o3 OvEF al kyl car bonyl ani no,

| ower aIkyIcarbononxynethyI S 'éuteq vinyl, 1-hydroxy-2-nitroethyl,

al koxycar bonyl et hyl , am noca bony —ahky-tarbanyl | alkylcarbonyloxynethyl
benzoyl net hyl , benzylcarbonyloxynethyl or | ower alkoxynethyl R3 is

hydr ogen, hal o, |ower alkyl, |ower aIk0Xy, hydr oxy, RC(0)O0 (R i s defined
her ei nbef ore) cyano, Hnltro am no, hal ogenated | ower algxl hal ogenat ed
| ower al koxy, hydroxyc. betwy |, formyl, |ower al koxycarho hyl, CH2NR7R8

(where each of R7 and R ~ndependent|y H, al kyl ~e£51-6 carbons,
optionally substituted-f ' hydroxy Iomerjalkyt o | ower aIkyI or
- , R7 an gether wth -N—

represent a saturated.5 6-, 7 ne _cycls am ng _ring having no
nore than one addltnmnal NI+00 oxyg oﬁ@ 7 at om'that is optionally
fused to anot her carbocyclig ri i Hgs) , where R9 is |ower

al koxy, CN, amino |ower al koXys or di - | oter#al kyPanmi no | ower al koxy,

| ower al kyl thio, amino | ower alk .mofo- or di-lower alkylanno

| ower al kylthio), or NRLOR11l (_f \ ead of Rmand RH is independently

hydr ogen, |ower al kyl, phenyl, hydroxy'lomer al kyl, or am no | ower al kyl,
or Rm and RH taken together mnth -N- represent a @ﬁgurated 5-, 6, or 7

menbered cyclic amne ring no nore than one additional nitrogen,
oxygen or sul fur atomthat nf opional ly fused tog# er carbocyclic ring

or rings), dialkylam no-al ower alkylcarbonytor Of b ower
al kyl car bonyl ani no; ad R4 is hydrogen,  he @

ower al kyl, | ower

al koxy, hydroxy, RC(0): is defined hereinf forcfw'.an-xnpltro am no,
am no | ower al kyl o ogenat ed | ower al kyla, I og | oner al koxy,
hydr oxycar bonyl , for mgh OweR alkoxycarbony caf?%--yloxy, | ower

al kyl car bonyl oxy, or | owe ’ c;rbonylant o or_Rd.together with RS is
met hyl enedi oxy; aoer al kyl, |ower al koxy,
hydroxy, RC(0)0 (R is defined € , 3 nitro, am no,

hal ogenat ed | ower al kyl, halogenated | oy oxy, hydroxycarbonyl, fornyl,
| ower al koxycar bonyl , Iomer al kyl car bonyl oxy, or | ower al kyl carbonyl am no;
and R6 is hydrogen, halo, |ower alkyl, |ower alkoxy, hydroxy, RC(0)O
(R is defined hereinbefore) cyano, nitro, am no, hal ogenated | ower alkyl,
hal ogenat ed | ower al koxy, hydroxycarbonyl, fornyl, |ower al koxycarbonyl,

| ower al kyl car bonyl oxy, or |ower al kyl carbonyl am no. PEG conj ugat ed
Phosphol i pi d ”




[ 0098] According to the invention, a PEG conjugated phospholipid,
conprising a PEG noiety, preferably having a nol ecul ar wei ght from about

1, 000 t o wbceot3/@044000 dal tons and conjugated to a phosplrolriysea2/ei4@ty, i s
used as a micelle-form ng anphipathic lipid. The PEG conjugated
phospholipid is mxed wth the CPT derivative to formmcelles and
stabilizes the CPT d§5|vat|ve or the pharnmaceutically, gcceptable salt of
sai d derivative. Preferpsfy, the PEG noiety of the PEG" conj ugat ed

\ ! Q about 10, 000

of\j ugat ed phospholi pid
|00.dqltons The PEG
eric' of "star"), and may
be derivatized with am no, %€ , sul i@ | ower al koxyl ends
e.g. nethoxyl polyethylene eg ...Combi nations of different types
of PEG (e.g., branched PEG and/I i nx 'EG) may al so be used. [0099] The
phosphol i pid noi ety of the PE conjugated phosphol i pid as used herein

mayi ncl udenat ur al or synt hesi zedphosphol i pi d, f orexanpl e, g,

phosphat i dyl et hang Qe (such as distearoylphosphatid et hanol am ne

2 wPEG nnlety obt1

daltons. More prefersg
pout 2 06 abo

has a nol ecul ar wej¢f
noi ety may be |i neafs!

dloleoylphosphat|ow ethanol am ne (DOPE), J-pahky A eyl ,
phosphatldylethanol“nlnef POPE), andg_di i st oy} >pha |derthanoIan1ne
(DMPE) ) ; phosphati dykghotine (such a p frag’| dyl chebi ne, soy

phosphati dyl chol i ne, dj pal (=6 Ip;osphatldylw 2
di st ear oyl phosphati dyl theli ne (PSPRY, di nyri staylgho pﬁatldylchollne
(DMPC), and di ol eoyl phosphgti f’cho" A D8RE) ) ; phosphatidyl serine;
phosphati dyl i nositol; sphl gop qsphr |p|d hydr ogenat ed phosphol i pid (such
as hydrogenat ed phosphatldylchollné (HSPC)); and the |ike; and conbi nations
t hereof Particularly preferred phospholipid for,genjugation to PEG as used
herein is selected fromthe up consi sting of D~PE DPPE, DWVPE, DOPE, and
POPE and conbi nati ons theré?iiiblOO] I n one enbq4 the PEG conj ugat ed
phosphol i pid i s a PEG DSPE ¢enjugat e, preferablw BLhoX )

conjugate such as 1 te aroyl - pho sphatt =yAno | ani ne- met hyl - po

| yet hyl enegl ycol -20 O The structure of
MPEG2000- DSPE i s shoy 1 -, 00
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NA; Pharnmaceutical Conpositions [0101] The pharmaceutical conposition of
the present invention conprises at | east one CPT derivative or the

phar mmcewoDcaldop7aecept abl e salt of said derivative; anaCatusk@assisane

PEG conj ugat ed phospholipid. The nolar ratio of said PEG conjugated
phosphol i pid to said hydrdophobi c canptothecin derivative or said
pharmaceutical Iy acceptable salt of said hydrophobic % npt ot hecin
derivative is grgﬁ- #han about 0.45:1. Mol ar Ratio of P hospholipid to CPT
[0102] The nol ar rat } the phospholipid to CPT desiyvati ve plays an

inmportant role in ing ng the stability of\the Q eyivative in the
phar maceuti cal conmpositTomyIn a preferred ent 5 t he PEG conj ugat ed
phosphol ipid is mixedjwthjthe CPT d ive Aol ar ratio (lipid: CPT
derivative) nore than &R .45: 1. a e Pr=gT er r ediCenbodi nent, the

mol ar ratio of the phosphol i pidnt : CPb deriva) i S fronrabout 0.60:1 to
about 1.00: 1 and even nBre/ RI aX aboyf o
I'n other enbodi ments,
i fbly, from about 0.75:1 to about
1:00: 1. By mxing the phosprollpl of th the CPT derivative at the nol ar
rati o as described herein, the mcelles thus forned have an aver age
di anet er bel ow about 40 nm nore particularly bel ow about 20 nm and even
nore particul arlBscg@out .15 nm pH Adjusting Agent [0103[NJkhe pharmaceuti cal
conposition of the prESent, i nvention is preferably acidic. Certain CPT
derivatives of the pj ¢! i nvention, such as TLC388HCIY nmay be unstable in
an al kal i ne envi r onneng a preferred enbgdﬁl- _ bhar maceuti ca
conposition of the pre t ‘about 4.0. In a
nore preferred enbodi ng cal onposrtlon IS
bet ween about 3 to aboutﬁ 1josi ti on: *ray contain one
or nore pH adjusting ager vai i #H and stabilizing the
CPT derivatives. The pH aH i ;.o»ht can b--A ¢ phadrmaceut i cal
accept abl e buffer, which inchudeg onejor moye of the follow ng: oxalic
aci d, ethylenedlanlne t et r aaGeT =l ei ¢ acid, aspartic acid,
phosphat e, asparagi ne buffery glyslne, pyruvic acid, pyrophosphate, malonic
acid, phthalate, fumaric acid, tartaric acid, citrate, furancarboxylic
acid, le

Boel) N
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al anine buffer, le : le '-dinmethyl glutaric acid, formc acid, |lactic acid,
y am nobutyric acid, barbituric acid, benzoic acid, succinic acid,

E- am nocapoah/@meidd, acetic acid, propionic acid, malicPaEius0ippsidi ne,

hi stidine, cacodylic acid, carbonic acid, hydroxyini dazole, glycerol
phosphat e, ethylenedianine i mdazol e, arsenic acid, 2,4,6-collidine, 1-,

S e 3 et NleSY |y azo'bﬁs%%ﬁf hfﬁ%el%%?ﬁ{ﬁin?ﬁ%ﬁﬂﬁwﬁ%d% fnfilﬁf BB 5 frot hy! -

1,3 -prop_.anedi ol , 2- am no- 2- et nedi ol ,  di et hanol am ne,
4- am nopy FidFEdazgl wéor %aftr%lééf HlaZ%lnwﬁgraup E?‘H%erafﬂf loNing SHHEMMTS ne,
hydr oxyprol i ne, 2-am no-2-nethyl- 1 -propanol, leucine, trinethyl, a -
al ani ne, n-propyl al cohol, nethyl an ne, ethylanine n- but yl am ne,
triethyl am ne, dinethylanine ~hexanet hyl enedi am ne, piperidine,

p-tol uenesul fonic acid, tri bydroxynetbyl)anf ne\hane (Tris),
gl ycyl gl yci ne, GTA buffEFTﬁ%EOd bud Ler Su wfer, Bis-Tris buffer,
ADA buffer, PIPES buffef, A S buff GEEP feﬁ BES buffer MOPS
buffer, TES buffer, HERES hdffer, buf fer, SO buffer, POPSO buf f er,
HEPPSO buf f er, EPPS buf f ex, Tr|C|ne b fer, BICI e buffer, TAPS buf fer,
CHES buffer, CAPSO bufferj and CAPSJJLJ¢H &a&l&ab the pH adj usti ng
agent conprises one or “Wf the foll ow ng: C|trate fumari c aci d,

di et hanol am ne, Tris, glycine, acetic acid, succinic acid, tartaric acid,
carbonic acid, imdazole and naleic acid. [0104] The pharnaceuti cal

CO”p05|t'Q@ﬁﬁ%JRﬁﬁshﬂMeﬂk9K¥kdﬁBMnﬁ%ﬂ%ﬂ@ﬂ conprise at |east one
cryoprotectant such as nennitol, gl ycerol, dextrose, sucrose, and/or

trehal ose Oﬂ%fthb@feFerc{r&g a0 o‘?ettl%g hﬁa‘?clje cﬁre’ﬁrﬁg Bith@led to bgéﬁﬁlheldartﬁ)ﬂg?

enbodinen is invention al so prov armaceuti cal conposition

further cor r| n ut| aII accept abl e e ent,
di | uent, ve 5 gﬁbgg %ﬁﬁb ?he ac "i Ve ﬂ%f%%leﬁ?nmﬁghamlobb(ﬁgfh%

[0106] I n one. e ma eutl sition i sin
TL@SSHCla%%ﬂhﬁﬂb it b LBIRheREc By BErey SR RRG RS 880 A it hoxy!
PEG DSPE conj ugate; and citric acid, mhereln t he nmet hoxyl PEG conj ugated
phosphol i pPEPTaBY iteEupias Ob anseormnersaBpiesn.oulfiher primesaatms adieipiadcept abl e
salt of TLC388 HCL at a nolar ratio of between about 0.45: 1 to about
0.9:1. [oliokyr ineEhogder A &m-Pr-epheicmgXns Gebl eNRar er khowh T i indeperdently such as
t he nmet hanol - evaporati on nethod and the co-precipitation nethod. In the
met hanol - ER&AIanag aroimtepet fodh 0 the R Bndetcpardirontd tandatdeacRieGRecanj Rigat ed
phospholipid at a suitable nolar ratio, as described herein, are dissolved
i n et hangldepdidiently et frémhi@rdgthMedemilkyl, dsubstabica lowdfgtylsol ution and
the nmethanol is renoved by vacuum evaporation or vice versa; and the

m xture i gaRf! %‘Q—lpbbﬁcﬁfaﬁ;y ﬂréf%ﬁ@d aRgb@mehd APOL), k& @frisddNntthesubstitution
co- preC|p|tat|on nmet hod CPT derivative and the PEG conj ugated

phosphol & B fheladt ;SUbAOhE HIPLANp R, dBRvFaCH] RAMBEIER. 0! offhssol ved
in asuita Ie or N cosol vent : the mxture ds t ect into a
anti-sol vent . rmprecipitate and the organic solvent is renoved by
vacuum dr {THY" ]ng g powder thus obtained is dissolved in a suitable buffer
solution; and the resulting aqueous solution is optionally sterilized by
filtration and/or |lyophilized. Details of gthe preparation are described in
t he exanpl es bel ow. [0108] The pharmaceuti
may be used in nethod$ g inhibit capncer gt in agsubject suffering from
a cancer disorder. It is fheusd Xﬁéfphar ‘ b conpositions of the
i nvention inhibit cancer ek educe toxi€ity to normal tissues or
cells, particularly bone ‘g The net hod of inhibiting cancer
cells and treating cancer

Ty

N
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[ 0109] Anot her aspect of this invention is directed to nethods of
inhibiting or retarding the growh of cancer cells in a subject, which
conpri seswoOhle13adm4ni strati on of an effective anount of wPrhe/ysh@arzmeseuti cal
conposition as described herein to the subject, whereby the synptons and
signs of the cancer in the subject are reduced. The nethod may optionally
include the step of exposing the subject's, cancer ells to one or nore

anti-cancer agents, such as ionizing radlatlon enti onal chenot herapy,
or targeted cancer therapys [0110] The phar t|c | conposition may be
constituted into any forms K Nt-hy monistration sel ected.
Preferably, the pharnmaceuti Qgrtion |s (ornulated for parenta

ntranuscular subcut aneous and
~A_the pharnaceutical conposi tion of

adm ni stration, such as |nt
intraperitoneal i njection.
the invention may be in the f
or reconstituted in an aquegds solu such as sterile water, saline or
other suitable fluid for injectio S.her mrdical |y acceptable route of
admi ni stration includes oral, tPansdermal, rectal or inhalation and the

i ke. [0111] The dosage of the pharmaceutical conposition or the conpound
of the present invention can be determ ned by the skilled person in the art
according to the enbodi nents. Unit doses or nultiPI dose forns are

cont enpl at ed, each Qj{erlng advantages in certa fni cal settings.
According to the preéseny |n,ent|on *the actualganountgof the conpound or
phar maceuti cal conpositi i ni stered ¢ an vary in accordance with

t he age, weight, condi t{ subj ect to be treated and ot her
co-norbidity, and depend cretion of nedical professionals.
[0112] In one enbodi nent, \ the present invention conprises

co-adm ni stering the Uhérnaceut|;,l co--oS|t|on with one or nore
anti - cancer agents, such as.j.Q ™ 6, targeted cancer therapy such
as EGFR and VEG- ant agoni sts, or convention chenot herapy. [0113] Exanpl es
of convention chenot herapy include, but are not limted to anthracycline
antibiotic, DNA synthesis inhibitor, alkylaing agentg antifolate agent,
met abol i ¢ i nhi bi t or Qg the |ike. [0114] Exanpl es it hracycl i ne

anti biotic include, but are not IlnthdH“o X ubi ci B, . Epi rubi cin,

M toxantrone and the |ike/~T0I$5] ;nple A synt hesi s inhibitor

i ncl ude, but are not [|i m mycin C, 5-FU (5-fluorouracil),

capeci tabi ne, irinotecan Y: d thymtag and the |ike. [0116]
Exanpl es of al kyl ati ng agept i ] J§ are not limted to, cisplatin,
car bopl atin, oxallplatlm}wn1toxantrone and the like. [0117] Exanples of

met abol i ¢ inhibitor include, but_.aresget” |Tnkied to, etoposide, rottlerin
and the like. [0118] Exanple§~6T antlfolate agent include, but are not
limted to, Nolatrexed and the like. [0119] The fol howi ng exanples further
illustrate the present invention. These exanplesf i ntended nerely to be

illustrative of the pqgspnt |nvent|oq[and e n be construed as being
l'imting. \ _ N _

O

05N
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Exanpl e 1: Preparation of the pharmaceutical conpositions of canptothecin
derivatives 1.1 Canptothecin derivatives [0120] TLC388 base, with the
f ol | owi ngwbanmaulezd49as used to prepare the pharmaceuti calPCEAISR@LI0GI4N:

N

/
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[0121] The chem cal name of the TLC388 base is
(S)-10-[ (di net hyl am no) net hyl ]
- 4- et hyl -Wohytw4a94- 04()-2-(2',4",5", 7"-tetranitro-9"- PCuarseogloszenearmn noo
Xy) propionyl]-1Hpyrano [3 "' ,4 ' :6,7]indolizino
[ 1, 2- b] qui nol i ne-3, 14- (4H, 12H) - di one. TLC388 base was used to prepare the
phar maceuti cal conpositions because of its fixed Iecular wei ght, which is
850.7. This allowed for the exact quantitationyof CPT derivative by
mol e. [0122] TLCl988HCl: with the quIomn-o f h s used to prepare
the CML901 and 1903 phar hgcewiical £G sm\ﬁns [0123]
Thechem cal naneof TLC1988 0- [(dlnet yl am no) net hy]
-4-ethy|-9-hydroxy-4-012-‘ 2", 4", 5", 7"
i i q '.roplonyl 1 -1Hpyrano[3 ',4

. 6, 71|ndoI|2|no [1, 2- bh:tUlnoll L4- (411, 12H) - di one,
nnnohydrochlorlde 1.2 Met hanol -eWwapoeratton, nethod [0124] The
phar maceuti cal conpositions We¥e prepared by methanol - evaporati on nethod,
as illustrated below. 1. TLC388 base (or TLCl1988HCl) and nPE&000- DSPE at
various nolar ratios, as shown in Table 1, re ssol ved in nethanol; 2
The m xture in Step 1 was mxed with a buffen) solu4ion containing nmannitol
and tartaric acid, at the, yol unme ratﬁo of. 1 ¥fo™1, The methanol in the
L eva’oratlon

mxture in Step 2 was renmowe

[0072] The camptothecin derivative of formula (II) is as follows:

RYY—(T),—X
\< CH ;

Xisa O, S, —NR—, or a bond;

(D

wherein
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using a rotor bottle in the 50-55C water bath (pressure 11-21 cm Hg) for at
| east 30 mnutes; 4. The mxture in Step 3 underwent sterile filtration

usi ng a Ow02oiyasm4penbr ane, foll owed by | yophilization PoT/tsadizmcisent

anal yses. [0125] An alternative route was carried out in the follow ng
order: 1. TLC388 base (or TLC1988HCl) and nPEG000- DSPE at vari ous nol ar

rati os were dissol\ in nol ;.. 2. inol in .t I xture in Step 1
was renoved byﬁﬁﬁm_eﬁ@gﬁ_on_ an—ggg—@’gﬁé%%w%@ q?‘?" e 50-55C wat er
bath (pressure_11-21cnHg) for at least 30 minutes; 3. The mixture in Step 2
was m xed wit hTds BGeEp@dcdi 4RRGn cont ai ning mannitol and tartaric acid, at
the volune ratio of 1 to 1; 4. The mxture in Step 3 underwent sterile
filtration usi pshaofOR2and R i melependaetly ser¢todhdwnbyryisogeni Cizalkylonnd or
subsequent anal yses. 1.3 Co-precipitation nmethod [0126] The pharnmaceuti cal
conposi t i sutstitueedeC pradigdr ed by co-precipitation nethod, as illustrated

bel ow. 1A, TLC388 base and nPEG2000- DSPE at various nolar ratios were

di ssol ved in ansyid abdger fo@aANo®; sol vent, such as met hanol ;

R'is optionally substituted heterocyclic, aryl, or heteroaryl;

provided that when X is a bond or CH, and n is 1, 2, or 3, then Y, when bound
to R', is not oxygen; and

provided that when X is a bond or CHy, n is 1, 2, or 3; and R'is heterocyclic
containing at least one nitrogen atom, then Y is not bound directly to said nitrogen
atom;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RQY-L-C(O)O—,
cyano, nitro, amino, halogenated lower alkyl, halogenated lower alkoxy,
hydroxycarbonyl, formyl, lower alkoxycarbonyl, tri lower alkylsilyl, lower
alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue, phosphosugar residue,
O-quinone, substituted lower alkyl aminomethyl, lower alkylcarbonylamino, lower
alkylcarbonyloxy methyl, optionally substituted lower alkylcarbonyloxy methyl,
substituted vinyl, 1-hydroxy-2-nitroethyl, alkoxycarbonylethyl, aminocarbonyl,
alkylcarbonyl, alkylcarbonyloxymethyl, benzoylmethyl, benzylcarbonyloxymethyl,
lower alkyliminomethyl or lower alkoxymethyl;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RQY-L-C(O)O—,
cyano, nitro, amino, halogenated lower alkyl, halogenated lower alkoxy,
hydroxycarbonyl, formyl, lower alkoxycarbonyl, CH,NR'R® (where each of R” and
R® is independently H, alkyl of 1-6 carbons, optionally substituted phenyl, hydroxy

lower alkyl, amino lower alkyl, or mono- or dialkylamino lower alkyl, or and R® taken
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2A. The m xture in Step | A was injected into an anti-solvent to form
precipitation; 3A. The mxture in Step 2A underwent filtration and vacuum
dryi ng t owpenws7€0l vent, and i nternedi ate powder was f @Ccras2012M63Hhe

i ntermedi ate powder in Step 3A was dissolved in a buffer solution

contai ning mannitol and citric acid; 5A The m xture in Step 4A underwent

t il filtrat f ol by .1 phi Th bubilit
of the PhifgrtE '5’ h Pestegode ot f ilﬁ 53 eSHereabt POy pfinere I LY

phar maceut i cal osition in_the present | nvention was eval ed in term
of the m @@lilqra#* 51? Aridkeyye (Y- &mm% WSk DEponpr %@Wé@ﬁ@f TYPO t he
phar maceuti cal conposition with various phospholipid to CPT derivative

mol ar 1 at looerwalkoxsr fayarealkytre, rasjne t lovwst alkelthioudy awoeoswindi-lored in
Table 1. Table 1. The characteristics of the various pharmceuti cal
conposi t i elfiglaviind loveari kg thidio NFOR I indheteocaCRofdRY i andt RV és rimdependeatly os.

hydrogen, lower alkyl, phenyl, hydroxy lower alkyl, or amino lower alkyl, or R'* and

" taken together with the nitrogen to which the are attached represent a cyclic
amino), trialkylsilyl, dialkylamino alkyl, lower alkylcarbonyloxy, lower
alkoxycarbonyloxy, sugar residue, phosphosugar residue, O-quinone, substituted
lower alkyl aminomethyl, or lower alkylcarbonylamino or R? together with R” is furan,
dihydrofuran or 1,4-oxazine-2-one;

R* is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RQY-L-C(O)O—,
cyano, nitro, amino, amino lower alkyl, halogenated lower alkyl, halogenated lower
alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, carbamoyloxy, lower
alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue, phosphosugar residue,
O-quinone, substituted lower alkyl aminomethyl, or lower alkylcarbonylamino, or R*
together with R’ is methylenedioxy;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RQY-L-C(O)O—,
cyano, nitro, amino, halogenated lower alkyl, halogenated lower alkoxy,
hydroxycarbonyl, formyl, lower alkoxycarbonyl, lower alkylcarbonyloxy, lower
alkoxycarbonyloxy, sugar residue, phosphosugar residue, O-quinone, substituted
lower alkyl aminomethyl, or lower alkylcarbonylamino;

R® is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RQY-L-C(O)O—,
cyano, nitro, amino, trialkylsilyl, halogenated lower alkyl, halogenated lower alkoxy,
hydroxycarbonyl, formyl, lower alkoxycarbonyl, lower alkylcarbonyloxy, lower

alkoxycarbonyloxy, sugar residue, phosphosugar residue, O-quinone, substituted
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Phar maceuti cal Phospholipid/ CPT Size (nm PI* Conposition derivative
CM31l7a 0.09/1 67.4
WO 2013/067449 PCT/US2012/063447

lower alkyl aminomethyl, or lower alkylcarbonylamino; and R% is an optionally
substituted heterocyclic, aryl, or heteroaryl group, or R'Y together form a NR'R"
group, where R, R®, and the nitrogen to which they are attached form a cyclic amine
or imide ring.

[0073] In onc embodiment, one of the R%, RY, or R is selected from the group
consisting  of  (tris(hydroxymethyl)methylamino)methyl,  (bis(hydroxymethyl)
methylamino)methyl, and (2-hydroxyethylamino)methyl.

[0074] In a preferred embodiment, R? is sclected from the group consisting of
(tris(hydroxymethyl)methylamino)methyl, (bis(hydroxymethyl)methylamino)methyl,
and (2-hydroxyethylamino)methyl.

[0075] 1In another embodiment, R* is selected from the group consisting of
(tris(hydroxymethyl)methylamino)methyl, (bis(hydroxymethyl)methylamino)methyl,
and (2-hydroxyethylamino)methyl; R* is hydrogen, dimethylamino, amino, or nitro;
R*is hydrogen, hydroxy, or 4-(1-piperidino)-1-piperidinocarbonyloxy; or R* together
with R’ is methylenedioxy; R’ is hydrogen; or R’ together with R* is methylenedioxy;
and R’ is hydrogen. In another embodiment, R” is selected from the group consisting
of  (tris(hydroxymethyl)methylamino)methyl,  (bis(hydroxymethyl)methylamino)
methyl, and (2-hydroxyethylamino)methyl; R is hydrogen; R* together with R’ is
methylenedioxy and R® is hydrogen.

[0076] In yet another embodiment, R* is selected from the group consisting of
(tris(hydroxymethyl)methylamino)methyl, (bis(hydroxymethyl)methylamino)methyl,
and (2-hydroxyethylamino)methyl and each of R*, R*, R, and R® is hydrogen.

[0077] In a preferred embodiment R' is aromatic.

[0078] In a preferred embodiment X is a covalent bond. Additionally it is preferred

that Y is =NO— or —N(H)O— and even more preferably that n is 1 and each of R
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0. 364 CM316a 0.29/1 87.2 0.824 CM315a 0.45/1 21.9 0.263 CM314 a 0.68/1 13.

WO 2013/067449 PCT/US2012/063447

and R' is independently methyl or hydrogen. In a further preferred embodiment, R' is
a substituted or unsubstituted carbocyclic, preferably having 1 to 4 aromatic rings.
The substituted or unsubstituted carbocyclic may be 9-fluorenyl, preferably

substituted with at least one nitro group. In one embodiment of the compound, R' is

[0079] In a preferred embodiment, the hydrophobic camptothecin derivative is

selected from the group consisting of
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0.105 CvB91b 0.46/1 13.2 0.314 CM392 b 0.52/1 11.5 0.136 CvB86 b 0.65/1
15.2
WO 2013/067449 PCT/US2012/063447
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0.142 Cv881 b 0.71/1 15.1 0.106 CM382 b 0.70/1 15.2 0.099 CvB87 b 0.75/1
15.2
WO 2013/067449 PCT/US2012/063447
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0.106 CvB88 b 0.85/1 14.8 0.075 CM389 b 0.95/1 14.7 0.069 CVB90 b 1.05/1
15.3
WO 2013/067449 PCT/US2012/063447

[0080] In another preferred embodiment, the compound of Formula (IT) includes an

R! or R€ that is
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0.118 CVM1901 a 1.25/1 15.8 0.427 CM1903 a 1.5/1 16.4 0.236 a. The
phar maceuti cal conposition was prepared by the nethanol -evaporati on net hod.

b. The phsiormaasr4i4eal conposition was prepared by the c®eCprseoRiosbau? on
met hod. )

wherein R* is halo, alkyl, or substituted alkyl.

[0081] In yet another preferred embodiment of Formula (II), R'Y~(T),-X —(0)0 —

18

36



* Pl = Pol ydi spersity, a neasure of distribution of particles. H gh Pl neans
w de size distribution and |low Pl reflects a good nonodi spersed particle

si ze. [0MeO)]20t3a6md4gel | ar size (hydrodynam c di aneter) ofCrhs2phasimteuti cal
conposition was neasured by dynamic |light scattering (DLS) using a

Zet asi zer NANO- Z590 wi th Zetasizer Software 6.20 (Ml vern Instrunments). The
57 pharnmaceutical conposition was diluted with norgal saline at anbient
tenperature to a concentration to provide e of 50 to 200 kcps.

The Z-average di aneter,was obtained fromtt C% enments. [0130] The
results in Table 1 show'tgat to obtaifg._a e sizeé, |l ess than 40 nm the
m ni mum phosphol i pi ds to QRFdwsrivatfve fblar ratio i $°nore than about

0.45. [0131] In addition, reos sol ubil ity of TLCL988HC1 increased to
10 nmg/ mL wi th nmPE&000- DSt ¥ \ [0132] An eval uation of the size
di stribution of the pharmact orRoOSi tions w th various phospholipid
to CPT derivative nolar ratjos way gr med. The results are shown in

FIGURES 1 and 2. [0133] H.K . e size distribution graph of the
CMB15 Conposition. The m cel | ar sj* ‘-\8N815 Conposition is |less than
40 nm and the size distributigr graph shows “€MB15 Conposition has a narrow
size distribution with one major peak at about 15 nm [0134] FIGURE 2 shows

the size distribution graph of the CMB16 Canpositiong The mcellar size of

the CVMB16 Conposition is over 40 nm and the si zel: ri bution graph shows
a wide size distributisn with nmultiplie pea mai i, peak is at nore than
200 nm N .
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[ 0135] These results show that the pharmaceutical conposition with a
phosphol ipid to CPT derivative nolar ratio of nore than about 0.45 has a

m cel | e sWoeolwaphan 40 nm and narrower size distri buPCorus2012oespt e 3:

Ef fect of pH Adjusting Agent and pH on Stability [0136] TLC388 HCl and
TLC1988HC1 are known to be unstable in an al kaline condition. An eval uation
of various pH adjusting agents and the pH wasnperfoymed to determne the
suitabl e pH range and the pH adjusting agent % r the&, pharmaceuti cal
conposition. [0137] Tartaric acid or citric ac \ dded to the

phar maceuti cal conposiiNi ons and i ncubate m xture 40 C for 2 weeks.
The stability of the phaxnmceuticalN osithons after 2 weeks of

i ncubation is sumari zed abl es/2-4. Tabl & 2. The effect of the pH

Adj usting Agents and pH 7 api ity of the Pharmaceutical Conpositions
i 3t pH Stability at 40C for 2 weeks Drug

Phar maceuti cal Conpositi
[/ 0CSi ze(nm

N
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CV314-3a 1.2% mannitol & 2.95 96% 424.0 CVM314-4a 0.5% artaric acid/ NaOH
3.78 75% 260. 0 CvB48-3"
WO 2013/067449 PCT/US2012/063447

[0082] Certain CPT derivatives are particularly desirable, for example, a compound
of the formula (IT), wherein R? is hydrogen; R® is CH,NR'R® (where each of R and
R® is independently H, alkyl of 1-6 carbons, optionally substituted phenyl, hydroxy
lower alkyl, amino lower alkyl, or mono- or dialkylamino lower alkyl, or R” and R®
taken together with —N— represent a cyclic amino-), NR''R"" (where each of R
and R' is independently hydrogen, lower alkyl, phenyl, hydroxy lower alkyl, or
amino lower alkyl, or R'® and R" taken together with —N— represent a cyclic
amino), or dialkylamino alkyl; R* is lower alkoxy, hydroxy, halogenated lower alkyl,
halogenated lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl,
carbamoyloxy, lower alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue,
phosphosugar residue, or R* together with R’ is methylenedioxy; R’ is hydrogen or
together with R* is methylenedioxy; and R® is hydrogen.

[0083] More preferably, R is CH,NR'R® (where cach of R” and R is lower alkyl),
R' is hydroxy, alkoxy, or alkylcarbonyloxy, and R’ is hydrogen. In a particularly
preferred embodiment of this compound, R? is CH,N(CHs) ; and/or R* is hydroxy.
[0084] Similarly, a preferred compound of Formula (II) has the following features:
R’ is hydrogen, lower alkyl or halogenated lower alkyl; R® is hydrogen or lower alkyl;
R* is lower alkoxy, hydroxy, halogenated lower alkoxy, hydroxycarbonyl,
carbamoyloxy, lower alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue,
phosphosugar residue, or R* together with R’ is methylenedioxy; R’ is hydrogen or
together with R* is methylenedioxy; and R® is hydrogen.

[0085] Preferably, R is hydrogen, R” is carbamoyloxy, and R’ is hydrogen. Even
more preferably, R* is lower alkyl, especially cthyl, and R* is 4-(1-piperidino)

-1-piperidinocarbonyloxy.
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5% mannitol & 3.10 93% 16.0 CvB48-4" 0.2% tartaric acid/ 4.00 86% 15.6
CMB48-5" NaOH 5.01
WO 2013/067449 PCT/US2012/063447

[0086] In other embodiments of invention, R” is hydrogen and R* is 4-(1-piperidino)
-1-piperidinocarbonyloxy.

[0087] In other embodiments of invention, R” is hydrogen, R” is hydrogen and R” is
tert-butoxycarbonyloxy.

[0088] Yet another preferred compound of the invention is of Formula (1), wherein
R’ is lower alkyl; R® is hydrogen; R* is hydroxy, lower alkoxy, halogenated lower
alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, lower alkoxycarbonyloxy,
sugar residue, phosphosugar residue, or lower alkylcarbonyloxy; R’ is hydrogen; and
R® is hydrogen.

[0089] Preferably, R? is ethyl and R” is hydroxy.

[0090] Yet another preferred compound of the invention is of Formula (IT) where R?
R*, R’ and R® are hydrogen and R® is amino or nitro. An alternative compound of
Formula (IT) has the following substituents: R” is tri-lower alkylsilyl; R is hydrogen;
R* is hydroxy, lower alkoxy, halogenated lower alkoxy, hydroxycarbonyl, formyl,
lower alkoxycarbonyl, lower alkoxycarbonyloxy, sugar residue, phosphosugar residue,
carbamoyloxy or lower alkylcarbonyloxy; R’ is hydrogen; and R® is hydrogen.
Preferably, R? is t-butyldimethylsilyl and R” is hydroxy.

[0091] While the linker, L, may be any alkylene group of 1 to 8 carbons, optionally
interrupted by one or more oxygen, sulfur or nitrogen atoms, a preferred linker is
(CHy)m or -(T),—X—, wherein X is O, S, —NR—, or a bond; T is independently
CRR'; m is an integer from 0 to 3; n is an integer from 1 to 3, and each of R and R' is
independently selected from hydrogen, alkyl, and substituted alkyl.

[0092] In yet another preferred embodiment, the camptothecin derivative of the

present invention, known as TLC388HCI, comprises the following isomers:
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76% 180. 0 CVB47-3" 5% mannitol & 3.14 92% 24.5 CMB47-4 b 0.2%citric acid/
3.99 85% 14.6
WO 2013/067449 PCT/US2012/063447

[0093] TLC388HCI is a diasterecomer and comprises (S,S) and (S,R) isomers in
approximately 2:1 molar ratio.  As used herein, the term “S” or “R” is a way to name
an optical isomer by its configuration, without involving a reference molecule, which
is called the R/S system. It labels each chiral center R or S according to a system by
which its ligands are each assigned a priority, according to the Cahn Ingold Prelog
priority rules, based on atomic number. This system labels each chiral center in a
molecule (and also has an extension to chiral molecules not involving chiral centers).
If the compound has two chiral centers, it can be labeled, for example, as an (S,S)
isomer versus an (S,R) isomer.

[0094] The hydrophobic CPT derivatives disclosed herein are prepared by reacting a
known camptothecin-based compound having a free hydroxyl or an amine group with
an appropriate electron-affinic moiety, by linking the electron-affinic group to any of
the Cs, C;, Co, Cig, Ci1, C1z or Cyo carbons of CPT using a variety of methods.
Preparation processes of the CPT derivative of the present invention are described in
U.S. Patent No. 7,875,602, which is incorporated herein in its entirety.

[0095] In a preferred embodiment, the camptothecin derivative is selected from the
group consisting of TLC388HCI, TLC1988HCI, and mixtures thercof.

[0096] In another group of embodiment, the CPT derivatives include compounds of
formula (V), which are disclosed in U.S. Patent No. 6,350,756, and is incorporated

herein by reference in its entirety.
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CMVMB47-5 NaCH 4.94 78% 225.0 CM381 b 1.5% nannitol & 3.0 99% 15.2 CM382 b
0.1%citric acid/
WO 2013/067449 PCT/US2012/063447

V)
wherein R is R'—O— (CH,), —, m is an integer of 1-10 and R' is

phenyl optionally substituted with from one to five substituents independently
selected from the group consisting of halo, lower alkyl, lower alkoxy, hydroxy, cyano,
nitro, amino, halogenated lower alkyl, halogenated lower alkoxy, formyl, lower alkyl
carbonyl, hydroxycarbonyl, lower alkylcarbonyloxy, benzyloxy, optionally substituted
piperazino, lower alkoxycarbonyl, and lower alkylcarbonylamino;

a fused, 2-, 3-, or 4-ring heterocyclic system optionally substituted with one to
five substituents independently selected from the group consisting of halo, lower alkyl,
lower alkoxy, hydroxy, cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, lower alkoxycarbonyl, lower alkylcarbonyloxy, and
lower alkylcarbonylamino;

1- or 2-naphthyl optionally substituted with from one to four substituents
independently selected from the group consisting of halo, lower alkyl, lower alkoxy,
hydroxy, cyano, nitro, amino, halogenated lower alkyl, halogenated lower alkoxy,
hydroxycarbonyl, lower alkoxycarbonyl, lower alkylcarbonyloxy, and lower

alkylcarbonylamino;
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3.5 97% 15.0 NaOH CML901 a 2% mannitol & 2.5-3.5 NN A

WO 2013/067449 PCT/US2012/063447

a 5 or 6 membered heterocyclic ring containing one or two nitrogen atoms,
which ring is optionally substituted with one or two substituents selected from the
group consisting of halo, lower alkyl, lower alkoxy, hydroxy, cyano, nitro, amino,
halogenated lower alkyl, halogenated lower alkoxy, hydroxycarbonyl, lower
alkoxycarbonyl, lower alkylcarbonyloxy, and lower alkylcarbonylamino;

R” is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RC(0)O (R is
defined hereinbefore), cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, tri lower alkylsilyl,
lower alkylcarbonyloxy, lower alkylcarbonylamino, lower alkylcarbonyloxy methyl,
substituted vinyl, 1-hydroxy-2-nitroethyl, alkoxycarbonylethyl, aminocarbonyl,
alkylcarbonyl, alkylcarbonyloxymethyl, benzoylmethyl, benzylcarbonyloxymethyl, or
lower alkoxymethyl;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RC(0)O (R is
defined hereinbefore) cyano, nitro, amino, halogenated lower alkyl, halogenated

lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, CH,NR'R® (where

cach of R” and R® is independently H—, alkyl of 1-6 carbons, optionally substituted
phenyl, hydroxy lower alkyl, amino lower alkyl, or mono- or dialkylamino lower
alkyl, or R’ and R® taken together with —N— represent a cyclic amino-), CH,R’
(where R® is lower alkoxy, CN, amino lower alkoxy, mono- or di-lower alkylamino
lower alkoxy, lower alkylthio, amino lower alkylthio, or mono- or di-lower
alkylamino lower alkylthio), or NR'*R'! (where each of R'%and R"' is independently
hydrogen, lower alkyl, phenyl, hydroxy lower alkyl, or amino lower alkyl, or R'* and
R'! taken together with —N— represent a cyclic amino), dialkylamino alkyl, lower

alkylcarbonyloxy lower alkylcarbonylamino; and
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NA 0.2%artaricacid/ 2.5-3.5 CML903 a

WO 2013/067449 PCT/US2012/063447

R* is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RC(0)O (R is
defined hereinbefore) cyano, nitro, amino, amino lower alkyl, halogenated lower alkyl,
halogenated lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl,
carbamoyloxy, lower alkylcarbonyloxy, or lower alkylcarbonylamino, or R” together
with R’ is methylenedioxy;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RC(0)O (R is
defined hereinbefore) cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, lower
alkylcarbonyloxy, or lower alkylcarbonylamino; and

R® is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RC(0)O (R is
defined hereinbefore) cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, lower
alkylcarbonyloxy, or lower alkylcarbonylamino.

[0097] In yet another group of embodiment, the CPT derivatives include
compounds of formula (VI), which are disclosed in U.S. Patent No. 6,403,604, and is

incorporated herein by reference in its entirety.

(VI)
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NaOH N A N A a. The pharnmaceutical conposition was prepared by the

nmet hanol - evaporati on nethod. b. The pharmaceutical conposition was prepared
by the cowpretigi44ati on nmet hod. c. Percentage of renai niPad/UBRG3/08B4hase
with respect fo the initial content. WD 2013/067449PCT/ US2012/ 063447

Tabl e3: Accel erat edSt abi | i t yEval uati onof t heCMB81Conposi tion (1.5%mannitol +

0. 08% sodi um Cthhreri‘e?ﬁ Rl?sE%ﬁt&o_sE)&qbgpﬁl% E',LC388:0. 71)

R*R" together with N form (a) a 5-, 6-, or 7-membered cyclic amine having no
more than one additional nitrogen, oxygen, or sulfur atom in the ring, which ring is
fused to another, carbocyclic ring or rings which resulting fused ring system is
optionally substituted with up to two substituents chosen from lower alkyl, lower
cycloalkyl, hydroxy lower alkyl, phenyl, substituted phenyl (substituted with one to
five substituents independently selected from the group consisting of halo, lower alkyl,
lower alkoxy, hydroxy, cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, carbonyl, hydroxycarbonyl, lower alkylcarbonyloxy, benzyloxy,
optionally  substituted  piperidino, lower  alkoxycarbonyl, and lower
alkylcarbonylamino), benzyl, substituted benzyl (substituted with one to five
substituents independently selected from the group consisting of halo, lower alkyl,
lower alkoxy, hydroxy, cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, carbonyl, hydroxycarbonyl, lower alkylcarbonyloxy, benzyloxy,
optionally  substituted  piperidino, lower alkoxycarbonyl, and lower
alkylcarbonylamino), aminocarbonylmethyl, lower alkylaminocarbonylmethyl, amino,
mono- or di-lower alkyl amino, cyclic amino, or a 5- or 6-membered heterocyclic ring
optionally substituted with one or two substituents selected from the group consisting
of halo, lower alkyl, lower alkoxy, hydroxy, cyano, nitro, amino, halogenated lower
alkyl, halogenated lower alkoxy, hydroxycarbonyl, lower alkoxycarbonyl, lower
alkylcarbonyloxy, and lower alkylcarbonylamino or (b) a 5- or 6-membered cyclic
imide ring;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RC(0)O (R is
defined hereinbefore), cyano, nitro, amino, halogenated lower alkyl, halogenated

lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, tri lower alkylsilyl,
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CMB81 Initial 402C 14 days 28days Appearance of cake |ight yell ow cake
light yell ow cake |ight yellow cake Clarity Cear Cear Cear pH
WO 2013/067449 PCT/US2012/063447

lower alkylcarbonyloxy, lower alkylcarbonylamino, lower alkylcarbonyloxymethyl,
substituted vinyl, 1-hydroxy-2-nitroethyl, alkoxycarbonylethyl, aminocarbonyl,
alkylcarbonyl, alkylcarbonyloxymethyl, benzoylmethyl, benzylcarbonyloxymethyl, or
lower alkoxymethyl,

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RC(0)O (R is
defined hereinbefore) cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, CH,NR'R® (where

cach of R” and R® is independently H—, alkyl of 1-6 carbons, optionally substituted

phenyl, hydroxy lower alkyl, amino lower alkyl, or mono- or dialkylamino lower
alkyl, or R” and R® taken together with —N— represent a saturated 5-, 6-, or 7
membered cyclic amine ring having no more than one additional nitrogen, oxygen or
sulfur atom that is optionally fused to another carbocyclic ring or rings), CH,R’
(where R’ is lower alkoxy, CN, amino lower alkoxy, mono- or di-lower alkylamino
lower alkoxy, lower alkylthio, amino lower alkylthio, or mono- or di-lower
alkylamino lower alkylthio), or NR'’R"" (where each of R'%nd R is independently
hydrogen, lower alkyl, phenyl, hydroxy lower alkyl, or amino lower alkyl, or R'* and
R'! taken together with —N— represent a saturated 5-, 6, or 7 membered cyclic
amine ring having no more than one additional nitrogen, oxygen or sulfur atom that is
optionally fused to another carbocyclic ring or rings), dialkylamino alkyl, lower
alkylcarbonyloxy, or lower alkylcarbonylamino; and

R* is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RC(0)O (R is
defined hereinbefore) cyano, nitro, amino, amino lower alkyl, halogenated lower alkyl,
halogenated lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl,
carbamoyloxy, lower alkylcarbonyloxy, or lower alkylcarbonylamino, or R* together

with R’ is methylenedioxy;
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3.10 3.11 3.30 Size (nm 15.1 15.2 15.2 Distribution (Pdl) 0.106 0.064
0. 037 Conc. (ng/n)
WO 2013/067449 PCT/US2012/063447

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RC(0)O (R is
defined hereinbefore) cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, lower
alkylcarbonyloxy, or lower alkylcarbonylamino; and

R® is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RC(0)O (R is
defined hereinbefore) cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, lower

alkylcarbonyloxy, or lower alkylcarbonylamino.

PEG-conjugated Phospholipid

[0098] According to the invention, a PEG conjugated phospholipid, comprising a
PEG moiety, preferably having a molecular weight from about 1,000 to about 20,000
daltons and conjugated to a phospholipid moiety, is used as a micelle-forming
amphipathic lipid. The PEG conjugated phospholipid is mixed with the CPT
derivative to form micelles and stabilizes the CPT derivative, or the pharmaceutically
acceptable salt of said derivative. Preferably, the PEG moiety of the PEG
conjugated phospholipid has a molecular weight from about 1,000 to about 10,000
daltons. More preferably, the PEG moiety of the PEG conjugated phospholipid has a
molecular weight from about 2,000 to about 5,000 daltons. The PEG moicty may be
linear, branched (including “dendrimeric” or “star”), and may be derivatized with
amino, carboxyl, acyl, sulfonyl, or lower alkoxyl ends e.g. methoxyl polyethylene
glycol (mPEG). Combinations of different types of PEG (e.g., branched PEG and
linear PEG) may also be used.

[0099] The phospholipid moiety of the PEG conjugated phospholipid as used herein

may include  natural or  synthesized  phospholipid, for  example,
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phosphatidylethanolamine (such as distearoylphosphatidylethanolamine (DSPE),
dipalmitoylphosphatidylethanolamine (DPPE), dioleoylphosphatidylethanolamine
(DOPE), 1-palmitoyl-2-oleyl, phosphatidylethanolamine (POPE), and
dimyristoylphosphatidylethanolamine (DMPE)); phosphatidylcholine (such as yolk
phosphatidylcholine, soy phosphatidylcholine, dipalmitoylphosphatidylcholine
(DPPC), distearoylphosphatidylcholine (DSPC), dimyristoylphosphatidylcholine
(DMPC), and dioleoylphosphatidylcholine  (DOPC));  phosphatidylserine;
phosphatidylinositol; sphingophospholipid; hydrogenated phospholipid (such as
hydrogenated phosphatidylcholine (HSPC)); and the like; and combinations thereof.
Particularly preferred phospholipid for conjugation to PEG as used herein is selected
from the group consisting of DSPE, DPPE, DMPE, DOPE, and POPE and
combinations thereof.

[0100] In one embodiment, the PEG conjugated phospholipid is a PEG-DSPE
conjugate, preferably a  methoxyl PEG-DSPE conjugate such as
1,2-distearoyl-phosphatidylethanolamine-methyl-polyethyleneglycol-2000

(mPEG2000-DSPE). The chemical structure of mPEG2000-DSPE is shown below:

[
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Pharmaceutical Compositions

[0101] The pharmaceutical composition of the present invention comprises at least
one CPT derivative or the pharmaceutically acceptable salt of said derivative; and at
least one PEG-conjugated phospholipid. The molar ratio of said PEG conjugated

phospholipid to said hydrdophobic camptothecin derivative or said pharmaceutically
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acceptable salt of said hydrophobic camptothecin derivative is greater than about

0.45:1.

Molar Ratio of Phospholipid to CPT

[0102] The molar ratio of the phospholipid to CPT derivative plays an important
role in improving the stability of the CPT derivative in the pharmaceutical
composition. In a preferred embodiment, the PEG conjugated phospholipid is mixed
with the CPT derivative at a molar ratio (lipid: CPT derivative) more than about 0.45:
1. In a more preferred embodiment, the molar ratio of the phospholipid to CPT
derivative is from about 0.60:1 to about 1.00: 1 and even more preferably, from about
0.70:1 to about 0.90:1 In other embodiments, the molar ratio of the phospolipid to
CPT derivative is greater than about 0.75 to 1, preferably, from about 0.75:1 to about
1:00:1. By mixing the phospholipid with the CPT derivative at the molar ratio as
described herein, the micelles thus formed have an average diameter below about 40

nm, more particularly below about 20 nm, and even more particularly about 15 nm.

pH Adjusting Agent

[0103] The pharmaceutical composition of the present invention is preferably acidic.
Certain CPT derivatives of the present invention, such as TLC388HCI, may be
unstable in an alkaline environment. In a preferred embodiment, the pharmaceutical
composition of the present invention has a pH less than about 4.0. In a more
preferred embodiment, the pH of the pharmaceutical composition is between about 3
to about 4. The pharmaceutical composition may contain one or more pH adjusting
agents to maintain an acidic pH and stabilizing the CPT derivatives. The pH

adjusting agent can be any pharmaceutical acceptable buffer, which includes one or
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more of the following: oxalic acid, ethylenediamine tetraacetic acid, maleic acid,
aspartic acid, phosphate, asparagine buffer, glycine, pyruvic acid, pyrophosphate,
malonic acid, phthalate, fumaric acid, tartaric acid, citrate, furancarboxylic acid, S
-alanine buffer, £ : S '-dimethyl glutaric acid, formic acid, lactic acid, 7
-aminobutyric acid, barbituric acid, benzoic acid, succinic acid, E-aminocaproic
acid, acetic acid, propionic acid, malic acid, pyridine, histidine, cacodylic acid,
carbonic acid, hydroxyimidazole, glycerol phosphate, ethylenediamine, imidazole,
arsenic acid, 2,4,6-collidine, 1-, 2-, or 4-methyl imidazole, N-cthyl morpholine,
veronal, barbital, 2,4-dimethyl imidazole, morpholine, N-ethyl morpholine,
2-amino-2-methyl-1,3-propanediol, 2-amino-2-cthyl-1,3-propanediol,
diethanolamine, 4-aminopyridine, serine, boric acid, ammonia, cthanolamine,
ephedrine, hydroxyproline, 2-amino-2-methyl-1-propanol, leucine, trimethyl, « -
alanine, n-propyl alcohol, methylamine, ethylamine, n-butylamine, triethylamine,
dimethylamine, hexamethylenediamine, piperidine, p-toluenesulfonic  acid,
tris(hydroxymethyl)aminomethane (Tris), glycylglycine, GTA buffer, Good buffer
such as MES buffer, Bis-Tris buffer, ADA buffer, PIPES buffer, ACES buffer,
MOPSO buffer, BES buffer, MOPS buffer, TES buffer, HEPES buffer, DIPSO buffer,
TAPSO buffer, POPSO buffer, HEPPSO buffer, EPPS buffer, Tricine buffer, Bicine
buffer, TAPS buffer, CHES buffer, CAPSO buffer, and CAPS buffer. Preferably, the
pH adjusting agent comprises one or more of the following: citrate, fumaric acid,
diethanolamine, Tris, glycine, acetic acid, succinic acid, tartaric acid, carbonic acid,
imidazole and maleic acid.

[0104] The pharmaceutical composition of the invention may further comprise at
least one cryoprotectant such as mannitol, glycerol, dextrose, sucrose, and/or trehalose.

One preferred cryoprotectant is mannitol.
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[0105] In some embodiments, this invention also provides a pharmaceutical
composition further comprising at least one pharmaceutically acceptable excipient,
diluent, vehicle, medium for the active ingredient, or a combination.

[0106] In one embodiment, the pharmaceutical composition comprising
TLC388HCI or the pharmaceutically acceptable salt of TLC388 HCL; methoxyl
PEG-DSPE conjugate; and citric acid, wherein the methoxyl PEG conjugated
phospholipid is mixed with the TLC388HCI or the pharmaceutically acceptable salt of
TLC388 HCL at a molar ratio of between about 0.45: 1 to about 0.9:1.

[0107] Methods for preparing micelles are known in the art, such as the
methanol-evaporation method and the co-precipitation method. In the
methanol-evaporation method, the CPT derivative and the PEG conjugated
phospholipid at a suitable molar ratio, as described herein, are dissolved in methanol.
The mixture is then mixed with a suitable buffer solution and the methanol is removed
by vacuum evaporation or vice versa; and the mixture is optionally sterilized and/or
lyophilized. In the co-precipitation method, the CPT derivative and the PEG
conjugated phospholipid at a suitable molar ratio, as described herein, are dissolved in
a suitable organic solvent; the mixture is then injected into an anti-solvent to form
precipitate and the organic solvent is removed by vacuum drying; the powder thus
obtained is dissolved in a suitable buffer solution; and the resulting aqueous solution
is optionally sterilized by filtration and/or lyophilized. Details of the preparation are
described in the examples below.

[0108] The pharmaceutical compositions of the invention may be used in methods
to inhibit cancer cells in a subject suffering from a cancer disorder. It is found that
the pharmaceutical compositions of the invention inhibit cancer cells and reduce

toxicity to normal tissues or cells, particularly bone marrow cells.
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[0138] The results show that the suitable pH range for the pharnmaceuti cal
conpositions of the invention is |ower than about pH 4.0. In addition,
citric acwo amdetaptari c acid are suitable pH adj usti ngPagarste12/063441 he
phar maceuti cal conpositions in the present invention. Exanple 4:

Cytotoxicity Assay 4.1 Cell lines and culture conditions [0139] Human
hepatonma cell |ines Hep3B, Hep®&, HepQ&2/2.2.15, Huh-7 and Sk-Hep-1, human
glioblastoma cell Iine RG 2, and human prostate cancer cell |ine DUL45 were

mai nt ai ned in DI\/EM | CI one Labor at or| es Logan, Utah, USA). Human prostate
cancer cell R ARG AEPYS aibag caeel culture medi um
(Sigma-Aldrich, St. Low s, MO USA) Cul ture nmedi um was suppl enented with
10 % heat [0189Lt Arethcetaapech f this Beentan( iy drested tabetbadsr ofemhitiveger Ut ah,
USA), 1 %penicillin/streptomycin (Invitrogen, Carlsbad, CA USA), 1 mM
sodi um pyratarding thtigtdvoheflcatwr atlby ineessubli@ga»mhiclulcampris_ds,fk)le addinstrbn

L-d utam ne (HyCd one Laboratories, Logan, Utah, USA). Human prostate cancer
cel I 1'i neoftn 3ffeatcmmdintbNed pharhiutibdricempodilbn aededsfibéd Avretn @A,

Carl sbad, CA, USA) with the sanme nmedi um suppl enments described in the

culture nﬁ%éﬁ’ﬂ FHECHY tﬁ&@mﬂt@ﬁsfaﬁh%hgrﬁ%ﬂtﬁ@ cRRdH T GRNGEIN G akd REuwas reduced
to 7 % by volune. Cancer cells were maintained at 37C|n a humdified

i ncubat or I say (SRB
assay) [OI&%}*%% %%E@%%@%%%%ﬁ%%eg ?’8%55‘812% ﬁfé S%E e?*é%’@d?g BBy,
The CanC(:"rn(:(:"lrno G %a I‘ﬁ ch 1onizn d@n entlo llslm%}areat ed
with I'x tPYpSiM ‘EBPR@P%&? oyt R g The "ol dre"Redidh was
added to dilute the trypsin-EDTA The detached cancer ceI | s were harvested
by centrlPU@é%eFeéirPaaﬁed g%%@’ended inthe 1 m culture medium Ten i Al of the
cell suspension was di spensed into counting chanbers and the cell density
was det er HIABL dhe pbarewsreioel gommpticrempy berrorgguist iBiosPenoIB iyt e seeded
onto a 96-well cell plate (Nunc, Rochester, NY) at the appropriate cell
density pér themodantiadmmidtatien s¢lectehe Rreferabdy ltheplerinacaubiatl mompesitinn ght . 4. 3
Testing Conpositions [0141] W evaluated the ant-cancer activity of the

f ol | ow ngisCRIrmddated afar v esreplabradadeistrattal, oehpasi intrevksious, intramuscular,

subcutaneous and intraperitoneal injection. For example, the pharmaceutical
composition of the invention may be in the form of lyophilized powders and further
diluted or reconstituted in an aqueous solution such as sterile water, saline or other
suitable fluid for injection. Other medically acceptable route of administration
includes oral, transdermal, rectal or inhalation and the like.

[0111] The dosage of the pharmaceutical composition or the compound of the
present invention can be determined by the skilled person in the art according to the
embodiments. Unit doses or multiple dose forms are contemplated, each offering
advantages in certain clinical settings. According to the present invention, the actual
amount of the compound or pharmaceutical composition to be administered can vary
in accordance with the age, weight, condition of the subject to be treated and other

co-morbidity, and depends on the discretion of medical professionals.
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1. TLC388 HC1l, a non-water soluble CPT derivative (obtained from Sci noPharm
Taiwan Ltd., Taiwan); 2. Topotecan, a water-soluble CPT derivative and is
used as paoi2vis7aontrol (Conmercial ly avail abl e from WithanSyuaneiseng
Technol ogy Devel opnent Co., Ltd, China); and 3. Lipotecan(r) (CMB82
Conmposition in Table 1, corrpri ses PEG conj ugat ed phosphol i pid and CPT

derivativ a | ar t| 7) LC38 Cl and, Topotecan were

dt ssol ved T2V P& e /sap tafite e Snethpi s oy ERHOR, FREIN ¢ h 5
of citric acid, (J.T. Baker, NJ, USA) to,. desired concentrations.

Li pot ecanf® drpipstepingsBe v WC?WC@% TIPS IO ARRIOTIPIF A -GANETT 38R of
citric acid to desired concentration. [0142] The internedi ate pl ate was set
up for theucr g idiized rediation, nfdrgsfteticanes tetagy weushuge EGBR fnrdee/HGIE388 HC1
and Topotecan dilution and ddH20 was used for Lipotecan(r) dilution. Two pl
of free Th@38BudiChbr oonvenpoi elcamithdragf t he fol |l owi ng concentrations were
then added to the cells: 0, 0.0008, 0.003, 0.012, 0.049, 0.195, 0.781,
3.125, 12|@E13nd BXAmpld3nbL eohvenkias heheapaempyainciicyast tested limitéd itpl i cat e
and was incubated at 37 Cwth the cancer cells for 24 h, 48 h and 72 h.

The hi ghegfthf@pagmRt dnibictie, ONAVRIL RS ifditliRr, YalkNatiky §gén$55nt1folﬁﬂélefg%]1t At the
end of the incubation perlod cells were fixed by adding 50 ill of cold 50
% TCA (W MO, USA) to a final concentration of 10 % TCA
and furth}e&)retﬁ%ﬁlé% 1b1§rr %éﬁ?o 60 m nutes. The supernatants were

di scar ded t Iate shed Lve ti mes, h_ster.i ter and
air-dri ed[m?gg ]%anp eSSS o am e’ fblOt utn}Cl S n?ralhng{% ui's, MO

USA) at 0.4 % .1 % acetic aci Fl uka, Seel ze Germany) was
subsequenfi‘i”ﬁPr'é B’é‘dﬁP%&é%}Bhﬁ/@@f‘i‘n%ap deddCed at room tenperature for 30

m nutes. After staining, unbound dye was renpved by 1 % acetic acid and the
pl at es welM1ahaifixampiesdef AANABythssist mhibiton iaglydc.wBrY atga 8ok dnytsd| fozed wi t h
100 ill of 10 mMtrizma base (Bioshop, Burlington, ON, Canada), and the

absor banceitaery cime@sFed(Suiarguracila areraabeck, ptisatecandydeach{otide hibsm20Q 1,

Ant hos Labtec Instrunent) at 540 nm 4.3 Data Anal ysis [0144] The graph and
dat a wer eamhthkyiked by Si gmaPl ot 10.0 software and M crosoft(r) Excel 2002.
4.4 Results [0145] Tables 5 and 6 show the 50 % inhibitory concentration

(1C50) vajo1es] f BxatabROt T aAylatink GE8Ht HeluRNGuT QROWBE aimiad wel dispgir, he
enhancenment factor (ICso
carboplatin, oxaliplatin, mitoxantrone and the like.
[0117] Examples of metabolic inhibitor include, but are not limited to, etoposide,
rottlerin and the like.
[0118] Examples of antifolate agent include, but are not limited to, Nolatrexed and
the like.
[0119] The following examples further illustrate the present invention. These

examples are intended merely to be illustrative of the present invention and are not to

be construed as being limiting.
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TLC388 HC1/1C50 Lipotecan0) Table 5. In Vitro Cytotoxic Effect of
Li potecan , TLC388 HClL and Topotecan Agai nst Sel ected Cancer Cell Lines
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Example 1: Preparation of the pharmaceutical compositions of camptothecin
derivatives

1.1 Camptothecin derivatives

[0120] TLC388 base, with the following formula was used to prepare the

pharmaceutical composition:

[0121] The chemical name of the TLC388 base is (5)-10-[(dimethylamino)methyl]
-4-ethyl-9-hydroxy-4-O-[(£)-2-(2"°,4°",5",7" -tetranitro-9’’-fluorenylideneaminooxy)
propionyl]-1H-pyrano[3°,4’:6,7]indolizino[ 1,2-b]quinoline-3,14-(4H,12H)-dione.
TLC388 base was used to prepare the pharmaceutical compositions because of its
fixed molecular weight, which is 850.7. This allowed for the exact quantitation of

the CPT derivative by mole.

[0122] TLCI1988HCI, with the following formula, was used to prepare the CM1901

and 1903 pharmaceutical compositions:
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TLC-1988
FW = 864.20
900.18 (as HCI salt)

[0123] The chemical name of TLC1988HCI is
(S)-10-[ (dimethylamino)methyl]-4—ethyl-9-hydroxy-4-O-[ 2-methyl-2-(2 7, 47,5 7,7 -
tetranitro-9 "-fluorenylideneaminooxy)propionyl]-1H-pyrano[3°,4°:6,7 ] indolizino

[1,2-b]quinoline-3,14-(4H, 1 2H)-dione, monohydrochloride.

1.2 Methanol-evaporation method

[0124] The pharmaceutical compositions were prepared by methanol-evaporation

method, as illustrated below:

1. TLC388 base (or TLC1988HCI) and mPEG2000-DSPE at various molar ratios,
as shown in Table 1, were dissolved in methanol;

2. The mixture in Step 1 was mixed with a buffer solution containing mannitol
and tartaric acid, at the volume ratio of 1 to 1;

3. The methanol in the mixture in Step 2 was removed by vacuum evaporation,
using a rotor bottle in the 50-55°C water bath (pressure 11-21 ¢cm Hg) for at
least 30 minutes;

4. The mixture in Step 3 underwent sterile filtration using a 0.22 um membrane,

followed by lyophilization for subsequent analyses.
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[0125] An alternative route was carried out in the following order:

1. TLC388 base (or TLC1988HCI) and mPEG2000-DSPE at various molar ratios
were dissolved in methanol;

2. The methanol in the mixture in Step 1 was removed by vacuum evaporation
using a rotor bottle in the 50-55°C water bath (pressure 11-21cmHg) for at
least 30 minutes;

3. The mixture in Step 2 was mixed with a buffer solution containing mannitol
and tartaric acid, at the volume ratio of 1 to 1;

4. The mixture in Step 3 underwent sterile filtration using a 0.22 um membrane,

followed by lyophilization for subsequent analyses.

1.3 Co-precipitation method

[0126]

The pharmaceutical compositions were prepared by co-precipitation method,

as illustrated below:

1A.

2A.

3A.

4A.

SA.

TLC388 base and mPEG2000-DSPE at various molar ratios were dissolved in
a suitable organic solvent, such as methanol;

The mixture in Step 1A was injected into an anti-solvent to form precipitation;

The mixture in Step 2A underwent filtration and vacuum drying to remove
solvent, and intermediate powder was formed;

The intermediate powder in Step 3A was dissolved in a buffer solution
containing mannitol and citric acid;

The mixture in Step 4A underwent sterile filtration, followed by

lyophilization.
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Example 2: The Solubility of the Pharmaceutical Composition

[0127] The solubility of the pharmaceutical composition in the present invention

was evaluated in term of the micellar size and the distribution.

[0128] An evaluation of the pharmaceutical composition with various phospholipid

to CPT derivative molar ratios was performed.

summarized in Table 1.

The results of the study are

Table 1. The characteristics of the various pharmaceutical compositions with

various phospholipid to CPT derivative molar ratios.

Pharmaceutical Phospholipid/CPT  Size (nm) PI*
Composition derivative

CM317° 0.09/1 67.4 0.364
CM316 0.29/1 87.2 0.824
CM315° 0.45/1 21.9 0.263
CM314° 0.68/1 13.4 0.105
CM391° 0.46/1 13.2 0.314
CM392° 0.52/1 11.5 0.136
CM386° 0.65/1 15.2 0.142
CM381° 0.71/1 15.1 0.106
CM382° 0.70/1 15.2 0.099
CM387° 0.75/1 15.2 0.106
CM388° 0.85/1 14.8 0.075
CM389° 0.95/1 14.7 0.069
CM390° 1.05/1 15.3 0.118
CM1901°* 1.25/1 15.8 0.427
CM1903* 1.5/1 16.4 0.236

a. The pharmaceutical composition was prepared by the methanol-evaporation method.

b. The pharmaceutical composition was prepared by the co-precipitation method.

* PI= Polydispersity, a measure of distribution of particles. High PI means wide size distribution

and low PI reflects a good monodispersed particle size.

[0129] The micellar size (hydrodynamic diameter) of the pharmaceutical

composition was measured by dynamic light scattering (DLS) using a Zetasizer

NANO-ZS90 with Zetasizer

Software 6.20 (Malvern Instruments). The
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pharmaceutical composition was diluted with normal saline at ambient temperature to
a concentration to provide a Count Rate of 50 to 200 keps.  The Z-average diameter
was obtained from three measurements.

[0130] The results in Table 1 show that to obtain a micelle size less than 40 nm, the
minimum phospholipids to CPT derivative molar ratio is more than about 0.45.

[0131] In addition, the aqueous solubility of TLC1988HCI increased to 10 mg/mL
with mPEG2000-DSPE formulation.

[0132] An evaluation of the size distribution of the pharmaceutical compositions
with various phospholipid to CPT derivative molar ratios was performed. The
results are shown in FIGURES 1 and 2.

[0133] FIGURE 1 shows the size distribution graph of the CM315 Composition.
The micellar size of the CM315 Composition is less than 40 nm, and the size
distribution graph shows CM315 Composition has a narrow size distribution with one
major peak at about 15 nm.

[0134] FIGURE 2 shows the size distribution graph of the CM316 Composition.
The micellar size of the CM316 Composition is over 40 nm, and the size distribution
graph shows a wide size distribution with multiple peaks. The main peak is at more
than 200 nm.

[0135] These results show that the pharmaceutical composition with a phospholipid
to CPT derivative molar ratio of more than about 0.45 has a micelle size less than 40

nm and narrower size distribution.
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Example 3: Effect of pH Adjusting Agent and pH on Stability

[0136] TLC388 HCIl and TLC1988HCI are known to be unstable in an alkaline
condition. An evaluation of various pH adjusting agents and the pH was performed
to determine the suitable pH range and the pH adjusting agent for the pharmaceutical
composition.

[0137] Tartaric acid or citric acid was added to the pharmaceutical compositions and
incubated the mixture at 40°C for 2 weeks. The stability of the pharmaceutical

compositions after 2 weeks of incubation is summarized in Tables 2-4.

Table 2. The effect of the pH Adjusting Agents and pH on the Stability of the

Pharmaceutical Compositions

Pharmaceutical  Excipient pH Stability at 40°C for
Composition 2 weeks
Drug %° Size(nm)

CM314-3* 1.2% mannitol & 2.95 96% 424.0
CM314-4* 0.5% tartaric 3.78 75% 260.0

acid/ NaOH
CM348-3° 5% mannitol & 3.10 93% 16.0
CM348-4° 0.2% tartaric acid/ 4.00 86% 15.6
CM348-5° NaOH 5.01 76% 180.0
CM347-3° 5% mannitol & 3.14 92% 24.5
CM347-4° 0.2% citric acid/ 3.99 85% 14.6
CM347-5 NaOH 4.94 78% 225.0
CM381° 1.5% mannitol & 3.0 99% 15.2
CM382° 0.1% citric acid/ 3.5 97% 15.0

NaOH
CM1901* 2% mannitol & 2.5~3.5 N/A N/A

. 0.2% tartaric acid/ 2.5~3.5

CM1903

NaOH N/A N/A

a. The pharmaceutical composition was prepared by the methanol-evaporation method.
b. The pharmaceutical composition was prepared by the co-precipitation method.

¢. Percentage of remaining TLC388 base with respect to the initial content.
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Table 3: Accelerated Stability Evaluation of the CM381 Composition
(1.5%mannitol + 0.08% sodium citric, PEG Phospholipid/TLC388=0.71)

CM381 Initial 1042°C

14 days 28days
Appearance of cake light yellow cake light yellow cake light yellow cake
Clarity Clear Clear Clear
pH 3.10 3.11 3.30
Size (nm) 15.1 15.2 15.2
Distribution (PdI) 0.106 0.064 0.037
Conc. (mg/mL) 8.61 8.57 8.61
Drug remaining (%)* 100.0% 99.5% 100.0%

“ Percentage TLC388 remaining with respect to initial content of TLC388

Table 4: Accelerated Stability Evaluation of CM382 Composition (1.5%mannitol
+ 0.11% sodium citric, PEG phospholipid/TLC388=0.7).

CM382 Initial 4022°C

14 days 28days
Appearance of cake light yellow cake light yellow cake light yellow cake
Clarity Clear Clear Clear
pH 3.56 3.58 3.61
Size (nm) 15.2 15.0 15.1
Distribution (PdI) 0.099 0.085 0.069
Conc. (mg/mL) 8.61 8.42 8.44
Drug remaining (%)* 100.0% 97.8% 98.0%

 Percentage TLC388 remaining with respect to initial content of TLC388.

[0138] The results show that the suitable pH range for the pharmaceutical

compositions of the invention is lower than about pH 4.0. In addition, citric acid and

tartaric acid are suitable pH adjusting agents for the pharmaceutical compositions in

the present invention.
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Example 4: Cytotoxicity Assay

4.1 Cell lines and culture conditions

[0139] Human hepatoma cell lines Hep3B, HepG2, HepG2/2.2.15, Huh-7 and
Sk-Hep-1, human glioblastoma cell line RG-2, and human prostate cancer cell line
DU145 were maintained in DMEM (HyClone Laboratories, Logan, Utah, USA).
Human prostate cancer cell line LNCap was maintained in RPMI-1640 culture
medium (Sigma-Aldrich, St. Louis, MO, USA). Culture medium was supplemented
with 10 % heat-inactive fetal bovine serum (HyClone Laboratories, Logan, Utah,
USA), 1 % penicillin/streptomycin (Invitrogen, Carlsbad, CA, USA), 1 mM sodium
pyruvate (HyClone Laboratories, Logan, Utah, USA) and 1 mM L-Glutamine
(HyClone Laboratories, Logan, Utah, USA). Human prostate cancer cell line PC-3
was maintained in the Ham’s F-12K medium (Invitrogen, Carlsbad, CA, USA) with
the same medium supplements described in the culture medium except that the fetal
bovine serum concentration was reduced to 7 % by volume. Cancer cells were

maintained at 37°C in a humidified incubator (Nuaire, USA) containing 5 % CO,.

4.2 Sulforhodamine B assay (SRB assay)

[0140] The SRB assay was used for measuring cancer cell viability. The cancer
cells in the plate wells were rinsed with 1x PBS and treated with 1x trypsin-EDTA
(Invitrogen, Carlsbad, CA). The culture medium was added to dilute the
trypsin-EDTA. The detached cancer cells were harvested by centrifugation and
suspended in the 1 ml culture medium. Ten pl of the cell suspension was dispensed
into counting chambers and the cell density was determined microscopically. The

cells in 198 pl suspensions were seeded onto a 96-well cell plate (Nunc, Rochester,
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NY) at the appropriate cell density per well and incubated in the cell culture incubator

overnight.

4.3 Testing Compositions

[0141] We evaluated the ant-cancer activity of the following CPT derivatives

pharmaceutical compositions:

1. TLC388 HCI, a non-water soluble CPT derivative (obtained from ScinoPharm
Taiwan Ltd., Taiwan);

2. Topotecan, a water-soluble CPT derivative and is used as positive control
(Commercially available from Wuhan Yuancheng Technology Development
Co., Ltd, China); and

3. Lipotecan™ (CM382 Composition in Table 1, comprises PEG conjugated
phospholipid and CPT derivative at a molar ratio of 0.7).

TLC388 HCI and Topotecan were dissolved in DMSO (Sigma-Aldrich, St. Louis, MO,

USA) and diluted with 5 mM of citric acid (J.T. Baker, NJ, USA) to desired

concentrations. Lipotecan® was dissolved with sterile ddH,0 and diluted with 5 mM

of citric acid to desired concentration.

[0142] The intermediate plate was set up for the drug dilution. 5 mM of citric acid

was used for free TLC388 HCIl and Topotecan dilution and ddH,O was used for

Lipotecan® dilution. Two pl of free TLC388 HCI or Lipotecan®™ of the following

concentrations were then added to the cells: 0, 0.0008, 0.003, 0.012, 0.049, 0.195,

0.781, 3.125, 12.5 and 50 umole/ml. Each concentration was tested in triplicate and

was incubated at 37 °C with the cancer cells for 24 h, 48 h and 72 h. The highest

concentration of DMSO was 0.05 % in this test.
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[0143] At the end of the incubation period, cells were fixed by adding 50 pl of cold
50 % TCA (w/v) (Sigma, St Louis, MO, USA) to a final concentration of 10 % TCA
and further incubated at 4°C for 60 minutes. The supernatants were discarded, and
the plates were washed five times with sterile water and air-dried. 100 pl of
Sulforhodamine B solution (SRB, Sigma, St. Louis, MO, USA) at 0.4 % (w/v) in 1 %
acetic acid (Fluka, Seelze, Germany) was subsequently added to each well and
incubated at room temperature for 30 minutes. After staining, unbound dye was
removed by 1 % acetic acid and the plates were again air-dried. Bound stain in each
well was solubilized with 100 ul of 10 mM trizma base (Bioshop, Burlington, ON,
Canada), and the absorbance was measured using an automated plate reader (Anthos

2001, Anthos Labtec Instrument) at 540 nm.

4.3 Data Analysis
[0144] The graph and data were analyzed by SigmaPlot 10.0 software and

Microsoft® Excel 2002.

4.4 Results
[0145] Tables 5 and 6 show the 50 % inhibitory concentration (ICsy) values for
Lipotecan®™, TLC388 HCI and Topotecan as well as the enhancement factor (ICs

L0388 HCVIC 50 Lipotecan®).-
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Table 5. In Vitro Cytotoxic Effect of Lipotecan®, TLC388 HCI and Topotecan
Against Selected Cancer Cell Lines

Cellline  pneben .. ... A— m—
. Topoiecan TLLCIZR B Lipotecan® Ratie
Hussn Hepatoma
24k 57.45 26.23 3.60 712
HepG2 48b 27 232 .26 1165
72k 0.586 0,71 0.08 883
24h > 50 31.49 337 934
HepG2iI 2,15 48k .1 1936 LIS 16.63
T2 2.58 0.73 8.30 35
240 65.3 30,33 125 3466
Huhed e 08 44t 2.43 10.26
72k 28 348 329 119
4% Csse 0 208 A §.99
Hep3B 45h 64.58 9.93 9.69 1,35
728 6.2 6.18 0,68 235
248 74.89 ss6 150 a8
Sk-Hep-1 48k 13.46 196 180 295,
72k 2.16 v.34 .16 2.13
Prosisie Caneeyr
24k 128 307 817 18.06
DULES 4k 9.50 0.85 816 £5
72b 052 0.78 2.08 13
24h 14.93 8.1 563 o093
LNCap 43h 6.13 1.38 148 5.96
2% 259 0.3% 223 152
24k 130.63 2338 121 T
PO pres 1842 §.73 187 639
72k 358 .58 047 783
Colng: Crncey
HCT115 7Zh 2,008 0.001 car  BAOE
HT29 72h 0,638 0.0006 052 0.961

NOTE: The I rahios ave caloulated to mdicats enhancemsent in cyfotamcity of TLO3RS HOE over Lipotenan®
% yrzaws i s Limissnt 1
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Table 6. in vitro cytotoxic effect of Lipotecan®, TLC388 HCI and Topotecan in
RG-2 glioma cell line.

Incubation  ICs (UM)

Cell line
Time Topotecan TLC388 HCI  Lipotecan® Ratio*
24 h 7.23 7 1.23 5.7
RG-2 48 h 2.78 2.1 0.53 4
72 h 3 2.12 0.24 8.8

* Note: The ICsy ratios are calculated to indicate enhancement in cytotoxicity of TLC388 HCI

: ®
over Lipotecan™ (ICsy 1r.c388 Hel/ 1Cs0 Lipotecan®)

[0146] As shown in Tables 5 and 6, Lipotecan® is more effective in inhibiting
hepatoma, prostate and glioma cancer cells than TLC388 HCI. In addition,

Lipotecan® is effective in inhibiting the colon cancer cells.

Example S: Bone Marrow Suppression Evaluation

[0147] An in vitro evaluation of the effect of the pharmaceutical compositions on
human bone marrow cells was performed.

[0148] Protocol: Clonogenic progenitors of the erythroid (CFU-E, BFU-E),
granulocyte- monocyte (CFU-GM) and multipotential lincages (CFU-GEMM) were
set up in methylcellulose-based medium (R&D Systems) containing recombinant
rhSCF (50 ng/mL), thIL-3 (10 ng/mL), rhGM-CSF (10 ng/mL),and rhEpo (3 U/mL).
[0149] TLC388 HCI and Topotecan were diluted in DMSO and Lipotecan® was
diluted in sterile water to provide the appropriate working stock concentrations.
These working stock solutions were subsequently added to the methylcellulose-based
colony assay medium described above. The colony assay mediums were set up in

triplicate at 2x10" cells per culture medium.
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[0150] The replicate culture mediums were incubated at 37°C in 5% CO, for 14-16
days. After this time, the resultant colonies in the culture medium were evaluated by
a senior scientist in term of size and morphology.

[0151] FIGURE 3 shows the toxicity of TLC388HCI, Topotecan and Lipotecan®™
(TLC388 HCI composition) on human erythroid and myeloid progenitor. The ICs
values of the free TLC388 HCl were 9.3 nM for erythroid Colony Forming Cells
(CFCs) and 9.8 nM for myeloid CFCs. The ICsq values of Topotecan were 11.8 nM
for erythroid CFCs and 8.7 nM for myeloid CFCs. The ICso values of Lipotecan®
were 12.5 nM for erythroid CFCs and 11.5 nM for myeloid CFCs. The results show
that the toxic effects of Lipotecan® on human erythroid and myeloid progenitors were
lower than that of free TLC388 HCI and Topotecan.

[0152] This data indicates that Lipotecan® composition of the present invention has
increased anti-cancer effect to various cancer cell lines, such as hepatoma, prostate
cancer and glioma cell lines, and lower toxicity on bone marrow cells such as
erythroid and myeloid CFCs.

[0153] When ranges are used herein for physical properties, such as molecular
weight, or chemical properties, such as chemical formulae, all combinations, and
subcombinations of ranges specific embodiments therein are intended to be included.
[0154] Those skilled in the art will appreciate that numerous changes and
modifications can be made to the preferred embodiments of the invention and that
such changes and modifications can be made without departing from the spirit of the
invention. It is, therefore, intended that the appended claims cover all such

equivalent variations as fall within the true spirit and scope of the invention.
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What 1s claimed is:

1. A pharmaceutical composition, comprising:
at least one hydrophobic camptothecin derivative or a pharmaceutically
acceptable salt of said derivative; and
at least one polyethylene glycol (PEG) conjugated phospholipid;
wherein the molar ratio of said PEG conjugated phospholipid to said
hydrdophobic camptothecin derivative or said pharmaceutically acceptable

salt of said hydrophobic camptothecin derivative is greater than about 0.45:1.

2. The pharmaceutical composition of claim 1, wherein said hydrophobic

camptothecin derivative comprises at least one compound of formula (I):

or a pharmaceutically acceptable salt of said derivative;
wherein:
W is alkyl-C(O)—, or R'Y-L-C(O), provided that when W is

alkyl-C(O)—, at least one of Rz, RS, R4, RS, or R®is nitro;
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L is a bond or linear alkylene (1-8) group, optionally substituted with
lower alkyl or substituted lower alkyl, wherein one or two methylene
(—CHy—) units of the linear alkylene group is optionally replaced with O, S
or NH;

Y is =NO—, —N(H)O—, =N—, —NR—, O, S, or a bond;

R is H, alkyl, or substituted alkyl;

R'is optionally substituted carbocyclic, heterocyclic, or fused 2-, 3- or
4-ring heterocyclic;

R” is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy, RCY,
RQY-L-C(0)O—, cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, tri lower
alkylsilyl, lower alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue,
phosphosugar residue residue, O-quinone, substituted lower alkyl
aminomethyl, lower alkylcarbonylamino, lower alkylcarbonyloxy methyl,
optionally substituted lower alkylcarbonyloxy methyl, substituted vinyl,
1-hydroxy-2-nitroethyl, alkoxycarbonylethyl, aminocarbonyl, alkylcarbonyl,
benzoylmethyl, benzylcarbonyloxymethyl, lower alkyliminomethyl or lower
alkoxymethyl;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy,
RQY-L-C(0)O—, cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, CH,NR'R®
(where each of R” and R® is independently H, alkyl of 1-6 carbons, optionally
substituted phenyl, hydroxy lower alkyl, amino lower alkyl, or mono- or
dialkylamino lower alkyl, or R” and R® taken together with —N— represent a

cyclic amino-), CH,R® (where R is lower alkoxy, cyano, amino lower alkoxy,
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mono- or di-lower alkylamino lower alkoxy, lower alkylthio, amino lower
alkylthio, or mono- or di-lower alkylamino lower alkylthio), NR'R'! (where
cach of R' and R" is independently hydrogen, lower alkyl, phenyl, hydroxy
lower alkyl, or amino lower alkyl, or R and R'' taken together with --N--
represent a cyclic amino), trialkylsilyl, dialkylamino alkyl, lower
alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue, phosphosugar
residue, O-quinone, substituted lower alkyl aminomethyl, or lower
alkylcarbonylamino or R’ together with R* is furan, dihydrofuran or
1,4-oxazine-2-one; and

R' is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy,
RQY-L-C(O)O—, cyano, nitro, amino, amino lower alkyl, halogenated lower
alkyl, halogenated lower alkoxy, hydroxycarbonyl, formyl, lower
alkoxycarbonyl, carbamoyloxy, lower alkylcarbonyloxy, lower
alkoxycarbonyloxy, sugar residue, phosphosugar residue residue, O-quinone,
substituted lower alkyl aminomethyl, or lower alkylcarbonylamino, or R*
together with R? is furan, dihydrofuran or 1,4-oxazine-2-one, or R* together
with R’ is methylenedioxy;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy,
RQY-L-C(0)0—, cyano, nitro, amino, trialkylsilyl, halogenated lower alkyl,
halogenated lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl,
lower alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue,
phosphosugar residue residue, O-quinone, substituted lower alkyl
aminomethyl, or lower alkylcarbonylamino, or R’ together with R is

methylenedioxys;
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Table 6. in vitro cytotoxic effect of Lipotecan(r), TLC388 HC1l and
Topotecan in RG2 glioma cell line. Cell line Incubation |ICso 0-04)
Ti meTopotwoanBuWE388 HC1 Li pot ecanORati o* 24 h7.2371. 235PTTRS204863447
h2.782.10. 534 72h32. 120. 248. 8

R® is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy,
RQY-L-C(0)O—, cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, lower
alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue, phosphosugar
residue residue, O-quinone, substituted lower alkyl aminomethyl, or lower
alkylcarbonylamino; and

RQis optionally substituted carbocyclic, heterocyclic, or fused 2-, 3- or

4-ring heterocyclic.

3. The pharmaceutical composition of claim 1, wherein said hydrophobic

camptothecin derivative comprises at least one compound of formula (I1):

R? R?

O -
RIY—(T),—X 0
\CH 3
0

or a pharmaceutically acceptable salt of said derivative;

(D

wherein:

Xi1sa0,S, —NR—, or a bond;

Y is =NO—, —N(H)O—, =N—, —NR—, O, S; or a covalent bond;

T is independently CRR’;

cach of R and R’ is independently selected from hydrogen, C;4 alkyl,

and substituted C,.4 alkyl;

70



* Note: The IC50 ratios are calculated to indicate enhancenent in
cytotoxicity of TLC388 HCL over Lipotecan (I1C50 TLC388 HEY | C50 Li potecan0)
[0146] Aswehomnmer49Tabl es 5 and 6, Lipotecan is nore ef PETIUSE2i063447

i nhi biting hepatoma, prostate and glioma cancer cells than TLC388 HCl. In
addition, Lipotecan(r) is effective in inhibiting the colon cancer cells.
Exanpl e 5: Bone Marrow SUE%%e%Si "k IES\(aI uation [0147] An in vitro eval uation
of the effect of th&HpHaHEERUPTCA Conpositions on human bone marrow cells
was performed. [0148] Protocol: C onogenic progenitors of the erythroid
(CFU-E, BFU-E), gr aB}JISo‘ERﬁ{Oé@”YTﬁWW%d DRI ahd: Pruhstei9aEnRPRIde | neages
(CFU-GEMV) were set up in methyl cellul ose-based medi um (R&D Syst ens)

cont ai ni ng r ecebivhemX isIORd 05 G Hhgindin) is 1¢ R4 or-3 tiienoY.nghar hound heRkE .GSF (10
ng/ m.),and rhEpo (3 Wnl). [0149] TLC388 HCl and Topotecan were diluted in
DVBSO and Li pot ectanggeasndiprasida that wher X liea hatdor €d,,prisi deortdhendBpr opri at e
wor ki ng stock concentrations. These working stock solutions were

subsequent | y agdeserooydlitecoiiditiyip el lbast @ae-ased SOMOMlyena¥Siayndrediubdn

descri bed above. The col ony assay nediunms were set up in triplicate at
2x104 cel | s pegir&dilyttd s8id Mg déMatonh;0150] The replicate cul ture medi ums were
i ncubated at 37C in 5% CO2 for 14-16 days. After this tinme, the resultant

colonies in the cul {uar i wenre ev t y ni Ci i interm
of size and norphol Io{gyf?S Fggir??%n[:l ¥ E zé\gﬁoaﬁk}fqheﬂ)tv%gi (?;H{Of/( ’ofﬁ%@%BHCL
Topot ecan and Lippagt r) (TLC388 HCl. coppQsiti on human.erythroid and
ryel o1 - br ogenft S CHR Tk ae GFinpnanp st hdE o T ufee i For
erythroid Col o Form ng Ce]ls Cs nd 9.8 nM for | oid CFCs. The 1 C50
val ues of Topor%?@éna]g;é*g ﬁ@r%xyﬁ%‘l%g&”)’ e‘%WYulr olpﬁ’etlf’&oxé(%%%?ﬁ’ i 18T nyel oi d
CFCs. The 1C50 val ues of Lipotecan(r) were 12.5 nMfor erythroid CFCs and
11.5 nM for nyelkglsHylcdewer gikglcpbenylosy. avwr alkakyeankonyiye segar detiducyf

Li potecan(r) on human erythroid and nyel oid progenitors were | ower than
that of free ThE3®Bosugar amebidicpotesclan. [BAERIncThissbsidutadi nidivent edut hat

Li potecan(r) conposition of the present invention has increased anti-cancer
effect to vari emsonaticdy leedd alkytwashonglaatin@s ldvepatlbpiarbpnylekatmethghcer and
glioma cell lines, and |ower toxicity on bone marrow cells such as
erythroid and gpedmilg GHcEwutdd1S3d: Migncaimigasyaneetigedubaiteba fiayl, physi cal
properties, such as nol ecul ar weight, or chem cal properties, such as

chem cal fornuk: lr_ inoat | ohi i specific
enmbodi nent s t hg?@?ﬁ&grzeﬁl?ﬂrglgtpﬂgggeegfg{ﬁ%ﬁcggeﬁ%lgflhgge%?fn[egatfg%?g"rﬁ%g [ecaf;%?l 1I ed in

the art will a i ge if1 l.ons be nade
to the preferr %%&%%)gh?l%ﬂﬁéthgg ?%%ld?%%@i oﬁengﬁga]ﬂgﬁg*l&?ﬁgﬁh@halﬁg%g and
nodi fi cati ons C@nl.be maeg% W Iihout degarﬂ]igpg fromthe spirit of the
invention. It PSY'RHENY far qVYletr@H@é_ "fHAt the appended clains cover all

S e val ent Varfatong, B3el halh,fower! il Uil oM hsHSRE O e

RYY-L-C(0)O—, cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, CH,NR'R®
(where each of R” and R® is independently H, alkyl of 1-6 carbons, optionally
substituted phenyl, hydroxy lower alkyl, amino lower alkyl, or mono- or
dialkylamino lower alkyl, or and R® taken together with —N— represent a
cyclic amino-), CH,R® (where R’ is lower alkoxy, CN, amino lower alkoxy,
mono- or di-lower alkylamino lower alkoxy, lower alkylthio, amino lower

alkylthio, or mono- or di-lower alkylamino lower alkylthio), NR'R'! (where
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What is clainmed is: 1. A pharmaceutical conposition, conprising: at
| east one hydrophobi c canptothecin derivative or a pharmaceutically
accept ablwozaltoeof49sai d derivative; and at | east one polrgetusgdienas4gt ycol
(PEG conj ugat ed phospholi pid; wherein the nolar ratio of said PEG
conj ugat ed phospholipid to said hydrdophobi c canptothecin derivative or

d ph ticallyi table salt of said hyd th
dorivative i o gibatet BRAR ahonrers et naRodnd SRR R TP Botgos! i on

of claim1, wherein Sal d hydr obi c canﬁq ot hechn deri vabl ve_conprises at

ph
| east one compBUivd a8y ’f‘Hrar?EiFl%cf?WY alk h%’rdn%céﬂllfqnctﬁg?t ¥t priore salt
of said derivative; wherein: WIS alk Célﬂ , or RLY-L-C(0),
provi ded t hat vnegsen i & AvRD - @ndo). | trisdkyle é,t ytaﬁmm aflyl, ROWeR5, or R6

s nitro; alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue, phosphosugar
residue residue, O-quinone, substituted lower alkyl aminomethyl, or lower
alkylcarbonylamino or R’ together with R* is furan, dihydrofuran or
1,4-oxazine-2-one;

R' is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy,
RQY-L-C(O)O—, cyano, nitro, amino, amino lower alkyl, halogenated lower
alkyl, halogenated lower alkoxy, hydroxycarbonyl, formyl, lower
alkoxycarbonyl, carbamoyloxy, lower alkylcarbonyloxy, lower
alkoxycarbonyloxy, sugar residue, phosphosugar residue residue, O-quinone,
substituted lower alkyl aminomethyl, or lower alkylcarbonylamino, or R*
together with R’ is methylenedioxy;

R’ is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy,
RYY-L-C(0)O—, cyano, nitro, amino, halogenated lower alkyl, halogenated
lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, lower
alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue, phosphosugar
residue residue, O-quinone, substituted lower alkyl aminomethyl, or lower
alkylcarbonylamino; and

R® is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy,
RQY-L-C(0)0O—, cyano, nitro, amino, trialkylsilyl, halogenated lower alkyl,
halogenated lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl,
lower alkylcarbonyloxy, lower alkoxycarbonyloxy, sugar residue,

phosphosugar residue, O-quinone, substituted lower alkyl aminomethyl, or
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L is a bond or linear alkylene (1-8) group, optionally substituted with

| oner al kyl or substituted | ower al kyl, wherein one or two nethyl ene

(- CH2-) uwDte130f744be | i near al kyl ene group is optional | pCrapsb@cadsmith 0, S
or NH, Y is =NO, -NKFDO- =N, -NR-, 0, S, or a bond; Ris H alkyl, or
substituted aIkyI IS optronally substituted carbocyclrc

het erocycl i c, or 4- o} heteroc hydr ogen,
hal o, | ower al 3&3?? W%L @ QémonééqumﬁﬁﬁybhemHVﬁﬁH: nitro,
am no, halogenat d Iomer al kyl, halo ena ed | ower al koxy, hydroxygarbonyl,
fornyl, |ower ADkdX)EErEBRyEOUR QL H' vtege PIKEPr8;d 1§RQ ]JI(%?WéP \ﬁquziyﬁc’altcbgonyr oxy,
| ower alkoxycarbonyloxy sugar residue, phosphosugar residue residue,

0- qui none, subgnd thamépdenvrwhishithey aaiatiethed figrm a Pyshisreminkgl ioddoBAg: am no,

| ower al kyl carbonyl oxy nmethyl, optionally substituted | ower

al kyl car bonyl oxy net hyl , substituted vi nyl, 1-hydroxy-2-nitroethyl,

al koxycar bonyl et hyl , am nocar bonyl, al kyl carbonyl, benzoyl net hyl,

benzyl car bony| oky peirhteuticaM@impabkiphioffic RGABE Wikredr: | ower al koxymet hyl ;

R3 is hydrogen, halo, |ower alkyl, |ower alkoxy, hydroxy, RQY-L-C(0)O-,
cyano, nitro, antnoxjgakpgenaNgd_hgwﬁkmglkyI hal ogenat ed | ower al koxy,
hydr oxycar bonyl, fornyl, |ower alkoxycarbonyl CH2NR7R8 (where each of R7
and R8 is |ndependeth¥= aIk k ﬁ5 Q. carkb —L(9Q£b9Q%B$Me ﬁ%ltuted

phenyl, hydroxy | ower al kyl, amno Iémer al kyl, rono- | am no

| ower aIkyI or R7 et her mnth -N— represent a cyclrc
am no-), CH2R9 (mhe?e Eé?%eda §é¢ ’koxy cyano am no | ower al koxY, nono-

or di-lower alkylam | kox | ower al k i no | owe
al kyl thi o, or nono- %fg%f%&t% 1% dgpenden erér({gpwylrﬁ%%?p; Crptlsp 1 (wher e

each of Rmand RH is independently hydrogen | ower al kyl, phenyl, hydroxy

| oner al kyl, ofndsHbsdufcd\ieraiikyl | or R and RH taken together with --N--
represent a cyclic am no), trralkylsilyl, di al kyl am no al kyl, | ower

al kyl car bonyl oxy, IodEﬂHEH%mKﬁQQMbwdyloxy, sugar residue, phosphosugar

resi due, 0-quinone, substituted |ower al kyl am nonethyl, or |ower

al kyl car bonyl am no 8¢ iskRptibog bt dubstitwict! hefRdodyslid, urydnor lebtdayaylof ur an or

1, 4- oxazi ne- 2-one; and R4 is hydrogen, halo, |ower alkyl, |ower

al koxy, hydroxy, rolvideld Qhd-whed YaRQ, bonidior CH,aMd M0s 18P dRG, WS, wkky!

hal ogenat ed | ower al kyl, hal ogenated | ower al koxy, hydroxycarbonyl, fornyl,

| ower aIkoxycagg@ﬂy%chgqgggg%kg&Mw'Iomer al kyl car bonyl oxy, | ower
al koxycar bonyl oxy, sugar resi phosphosugar resi due residue, O0-quinone,

substltuted Iomer_ab&x%m %Pﬁﬁ%@¥#tsQﬁthW%(%§%K¥h§?r908ybaQ&P%fd§r R4

together with R3 is uran or xazl ne-2-one

together with 5 IS n hal o

oot e o s TR LSS o e P RS ol Rl
trralkylsrlyl hal o enated | ower al kyl, hal ogenated | ower al koxy,
hydroxycarbonyﬁ)ﬁﬂ%?ﬁyg@1W6ﬁbr al koxycarbonyl, |ower al kyl carbonyl oxy,

| ower al koxycarbonyl oxy, sugar residue, phosphosu ar residue residue,

0- qui none, substit uRéd 13 oeFroggrky halewi st rafkyl. ofoweswetkoxy, hydroxy,
alkylcarbonylanlno or R5 together with R4 is nethyl enedi oxy; R6 is

hydr ogen, hal oR Ydm@r(O}(]Hey|cyaﬂlcowetro,aztrkmmyhalbgdratﬁdyl,owRQ‘aﬂldyl Gagenatedyano,
nitro, am no, hal ogenated | ower al kyl, hal ogenated | ower al koxy,

hydr oxycar bonylowdr osiliyty, M@M@QmamhﬁyydahbgmwbmefQm&kyahbmhﬂaﬁhomwkﬁxy,
| ower al koxycar bonyl oxy, sugar residue, phosphosugar residue residue,

0- qui none, subgiki FsH&leConlV@rV\@H(yﬁlaﬁibhyﬁﬁy NRRARE MkoxyBarbb M8y, sugar residue
alkylcarbonylantno
residue, phosphosugar residue, O-quinone, substituted lower alkyl
aminomethyl, lower alkylcarbonylamino, lower alkylcarbonyloxy methyl,

optionally substituted lower alkylcarbonyloxy methyl, substituted vinyl,

1-hydroxy-2-nitroethyl, alkoxycarbonylethyl, aminocarbonyl, alkylcarbonyl,
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RQis optionally substituted carbocyclic, heterocyclic, or fused 2-, 3- or
4-ring heterocyclic. 3. The pharmaceutical conposition of claim1, wherein
sai d hydrwphotsmw7aanpt ot heci n derivative conprises at | eastuseone/ocanpound of
formula (11):  or a pharnmaceutically acceptable salt of said derivative;
wherein: Xis a 0, S, -NR-, or a bond; Yis =NO, -N(HO-, =N, -NR- 0, S

"ndependent Iy & V@«‘&lﬁb@a'ylﬁﬂ'srﬁ?ﬁ% ﬁem ety al?wlcafﬁﬂaquﬁ&ﬁ?]m O¥EL 4

alkyl; nis an_integer fromO t is optionally substituted
heterocycl ic, élikyllm“tﬂmer‘i@tl@i”%Yeﬁlalkoﬁib”é‘\?ﬁhéféd that when X is a bond or CH2
and nis 1, 2, or 3, .then Y, when bound to R, is not oxygen; and provided

that when X is a boRd o tHbogeni dalp, Jowesr akylantver jadkopm: ehysbg i c
cont ai ni ng at Ieast one nitrogen atom then Y is not bound directly to said
ni trogen atom RQY-L-C(0)O—, cyano, nitro, amino, halogenated lower alkyl, halogenated

lower alkoxy, hydroxycarbonyl, formyl, lower alkoxycarbonyl, CH,NR'R®
(where each of R” and R® is independently H, alkyl of 1-6 carbons, optionally
substituted phenyl, hydroxy lower alkyl, amino lower alkyl, or mono- or
dialkylamino lower alkyl, or and R® taken together with the nitrogen to which
it is attached represent a cyclic amino-), CH,R’ (where R’ is lower alkoxy, CN,
amino lower alkoxy, mono- or di-lower alkylamino lower alkoxy, lower
alkylthio, amino lower alkylthio, or mono- or di-lower alkylamino lower
alkylthio), NR'R'" (where each of R' and R" is independently hydrogen,
lower alkyl, phenyl, hydroxy lower alkyl, or amino lower alkyl, or R'® and R"!
taken together with the nitrogen to which they are attached represent a cyclic
amino), trialkylsilyl, dialkylamino alkyl, lower alkylcarbonyloxy, lower
alkoxycarbonyloxy, sugar residue, phosphosugar residue residue, O-quinone,
substituted lower alkyl aminomethyl, or lower alkylcarbonylamino or R’
together with R* is furan, dihydrofuran or 1,4-oxazine-2-one;

R' is hydrogen, halo, lower alkyl, lower alkoxy, hydroxy,
RQY-L-C(O)O—, cyano, nitro, amino, amino lower alkyl, halogenated lower
alkyl, halogenated lower alkoxy, hydroxycarbonyl, formyl, lower
alkoxycarbonyl, carbamoyloxy, lower alkylcarbonyloxy, lower
alkoxycarbonyloxy, sugar residue residue, phosphosugar residue residue
residue, O-quinone, substituted lower alkyl aminomethyl, or lower

alkylcarbonylamino, or R together with R’ is methylenedioxy;
y y g y y
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R2 is hydrogen, halo, |ower alkyl, |ower alkoxy, hydroxy, RQY-L-C(0)O-,
cyano, nitro, am no, hal ogenated |ower alkyl, hal ogenated | ower al koxy,

hydr oxycawbanigioe744er myl , | ower al koxycarbonyl, tri | owerCalusgdigiobsh7 | ower
al kyl car bonyl oxy, | ower al koxycarbonyl oxy, sugar residue, phosphosugar
resi due residue, O-quinone, substituted | ower alkyl aninonethyl | ower

al kyl car bonyl am no, _kower . a Icarb yl ox yI o t| nal Iy bstituted
| ower aIkylcarbonylBxyl%ePﬂ§P¥I§u6@ &P@% Ak h5ﬁﬁ)’f3}bethyl,
al koxycar bonyl et,hyl , am nocar bony! aIk | ¢ bon aIkyI nyl oxymet hyl ,
benzoyl met hyl , REXFLZW@H?F@WP’&Q%? hyinoy Baegenél @y loMist A t*r@qgeaa eﬁower

al koxynet hyl ; R3 i s hydrogen, hal o, |ower aIkyI | oner al koxy,
hydroxy, RQY- Llog(em) @lkoxgy dnigrosyicerbenylanforeyl, hdewee ridkasdchbaeyl, alowgr

hal ogenat ed | ower al koxy, hydroxycarbonyl, fornyl, |ower al koxycarbonyl,
CH2NR7R8 ( wher elkghlatboofloRy, andemesymmMﬂ@kngsmugy Ksidak k yhosfhodugir car bons,
optionally substituted phenyl, hydroxy |lower alkyl, amno | ower alkyl, or
mono- or di al kydsakie nesideven-q@idoyk, substiatedl RSvdrakieyl dmi@eimbeiy] Vit wel\-
represent a cyclic amno-), CH2R9 (where RO is |ower al koxy, CN, am no

| ower al koxy, Pgaﬂ@h ghﬂmpmer al kyl am no | ower al koxy, |ower al kylthio,
am no | ower al kylthio nDno- or d|-|0mer al kyl am no | ower al kylthio),

NR1OR11 (where eacﬁéof grﬁHhaE i e a@ﬂtlanydéﬁgﬁgd]k&pgékalkyl

phenyl , hydroxy | ower al r’am no Iomer

together wth ; re c am no I5|I dlalk m no

al kyl, | ower bl?/{I cg(@i(gyl oxX ’I o ]Ian}ﬂalk sﬁ%g’rfy ?i?’er e%?’@ue
phosphosugar si due re |due q one, sub tute Iome

ami nonet hyl , EaIP%%@re Wr@él% 5}/ RY YRRy Oflazglet%?r RO £ oy an,
d|hydrofuran or 1, 4-oxazine-2-one; R4 is hydrogen, halo | ower aIkyI,

| over al koxy, MY oxylkyRenopylogp) 0lowety askoxpsarbdylam nosugaii rHesifesmer

al kyl, hal ogenated | ower al kyl, hal ogenated | ower al koxy, hydroxycarbonyl,
f or rryl , | ower ahcb@@hwgarbom@sliduecardsdmyl Oxguindrnersubstikyted arlowny | Xyl | ower
al koxycar bonyl oxy, sugar residue, phosphosugar residue residue, O-quinone,
substituted | owminoaidiyll, @rtowenakylydrbowrathmepandal kyl car bonyl am no, or R4

together with R5 is nethyl enedi oxy; R5 is hydrogen, halo, |ower
al kyl, | ower al koxyR°Nydr @pMondRVsubstE( Q) Greter6d@ne, rﬂl bf Qete®AYIGroup
halogenated | ower al kyl, hal ogenated | ower al koxy, ydroxycarbonyl formyl,

| over al koxycappphy lto ehf%W%mﬁé KRRBLRABY HAKY R RWBd%é‘ﬂﬁX%ﬁ{ QQK)E{&HXY

sugar residue, phosph osugar resi due-resi due, O0-qui none, stituted | owner
al kyl am nomet o) V. and R6 i s hydrogen,
hal o, | ower alﬂ%&ar %ﬁﬁg&g f&%kﬁgégggﬁ??@kﬁqu%XO)0- cyano, nitro,

am no, trialkyIS|IyI hal ogenat ed | ower al kyl, hal ogenated | ower al koxy,

hydr oxycar bonyl , fornyl | ower alkoxycarbonyl | ower al kyl car bonyl oxy,
| ower alkoxycarbon oxy, sugar resjdu Qs sugar residue, O- qU|none
substituted | ole? P%%WPG%WWWPHO flaim dm&ﬂ%alr KR H and  RQ

is an optionally substituted heterocyclic, aryl, or heteroaryl group, or
R Y toget her fadinsteneNRaM group, where Ra, Rb, and t he nitrogen to which
they are attached forma cyclic amine or imde ring. 4.The pharnaceuti cal
conposition of claim3, wherein: Xis a0, S -NR, or a bond; Y is =NO,
-N(H)0-, =N, -NR-, 0, S; or a covalent bond; T is independently CRR

6. The pharmaceutical composition of claim 1, wherein the pH adjusting agent is

tartaric acid.

7. The pharmaceutical composition of claim 1, wherein the pH adjusting agent is

citric acid.
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each of Rand R is independently selected from hydrogen, Cl1_4 al kyl, and
substituted C1 4 alkyl; nis an integer fromO to 8, R is optionally
substi t utwo 2osteragyclic, aryl, or heteroaryl; pr opCcaams2eidas3mhen Xi s
a bond or CH2 'and nis 1, 2, or 3, then Y, when bound to R, is not oxygen;
and provided that when X is a bond or CH2, nis 1, 2 or 3, and Rl is

het erocyclic cQ east one n tom then not bound
irectly fo sahe mErggenicl Sippostion SRsfd S fGTuaminaing S 6heens! ky!

| ower al koxy, dr oxy Y-L-C(0)0-,. cyano, nitro, am no, hal ogenated | ower
al kyl , halogenB%EHwPﬁﬂﬁ?‘%P%%R@beﬁ§dP5%9@dWHdﬁyl fornyl, |ower

al koxycarbonyl, tri |lower alkylsilyl, |ower alkylcarbonyloxy, | ower
alkoxycarbonyloxy, sugar residue residue, phosphosugar resi due, 0-qui none,
substituted | ower al kyl am nonmet hyl, |ower alkyl carbonyl am no, | ower

al kyl car bényl oXYie nptanyhceutpdli coaposyticulodt claimt edl Wherein ashidy hgdropbolyit oxy

met hyl , substituted vinyl, 1-hydroxy-2-nitroethyl, alkoxycarbonylethyl,

ami nocar bonyl , cahkygtheainhhRAyhtive idlakiphpauhd salbaxy freihiib grdipreoayiktimt sy | |,
benzyl car bonyl oxymet hyl , [ ower al kylim nomethyl or |ower al koxynethyl;

R3 is hydrogenrrakomcl; ml%kﬁi@t .ant QYRfur&ltk@xys. hydroxy, RQY-L-C(0)0-,
cyano, nitro, am no, hal ogenated |ower alkyl, hal ogenated |ower al koxy,
hydr oxycar bonyl, fornyl, | ower alkoxycarbonyl CH2NR7R8 (where each of R7
and R8 is independently H, alkyl of 1-6 carbons optionally substituted
phenyl, I ox yl kyl am no
Pover o k1 Cofme Tt C?mao%n% fin fhernafn BBl el 8h s
attached repre t a.cyclic amno re RO is |ower al koxy, CN,
anino | ower al §§§y Shiiind Groapeliidis Sﬂﬁ@ﬁ%ﬁ%b%ﬁ@mi%meﬂr%r

al kylthio, amno |ower alkylthio, or nono- or di-I|ower alkylamno |ower

al kyl thi o), NReORAY Rhapepresutgdly agccriablgngltpes paidhydeppbabientaniptofherivgen,

| ower al kyl, phenyl, hydroxy |ower alkyl, or am no | ower alkyl, or Rmand
RH t aken togetHeimethuﬁhet®6®ﬂogehnndlmm10h they are attached represent a
cyclic amno), trialkylsilyl, dialkylamno alkyl, |ower alkylcarbonyl oxy,

| oner al koxycar bonyl oxy, sugar residue, phosphosugar residue residue,

0- qui none, substituted | ower al kyl am nonmethyl, or | ower alkyl carbonyl am no

or R3 together TW pRarfhcbstidal t@ipositidiy 8f elfii an woeroln AcOMBEL MRi2oORA
R4 is hydrogen hal o, lower alkyl, |ower aIkoxy, hydr oxy, RQY-L-C(0)O0-,

cyano, nitro, f(t@ﬁleﬁ%hb fip ﬁll fo¥shid Mt&[ﬂl%%t ceaﬁlﬂt@rﬂ@dm ﬁEIIf\yaitlfve or

hal ogenat ed Iomer al koxy, "hy roxycarbony , fornyl, l'ower al koxycarbonyl,

car banoyl oxy, Lﬁd‘ep%ha%ﬁgéu%@&@o%ée% e gl ALORYGRRRAY! it BUdR"

resi due residue osugar resirdue residue res
substituted | ower Kk r..l ower alkylcarbonylanino or R4
t ogether with R&'YA Wﬁ%ﬁ%?iq&g@? ébdut% 90:1? R5 i s hydrogen, halo, |ower
al kyl, | ower al koxy, hydroxy, RQY-L-C(0)O-, cyano, nitro, am no,
hal ogenat ed | ower al kyl, hal ogenated | ower al koxy, hydroxycarbonyl, fornyl,
| oner al koxycar bonyl Iomer al kyl carb | oxy, | ower alkoxycarbonyloxy
sugar resildue, Tbhd&@ﬁ@%@geﬁﬂﬂé@ﬂd@@oﬁegydﬁén 10- ylraioneaid qiggndacutiead | ower
al kyl am nonethyl, or |ower alkyl carbonyl am no;

cornposition has a pH less than about 4.

13.  The pharmaceutical composition of claim 1, wherein the PEG conjugated

phospholipid comprises a PEG moiety having a molecular weight from about

1,000 to about 20,000 daltons conjugated to a phospholipid moiety.
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R6 i s hydrogen, halo, |ower alkyl, |ower alkoxy, hydroxy, RQY-L-C(0)O-,
cyano, nitro, amno, trialkylsilyl, halogenated |ower alkyl, hal ogenated

| ower al kwRyp13nsdoxycar bonyl , fornyl, | ower al koxycar b@aylys2010ines447

al kyl car bonyl oxy, |ower al koxycarbonyl oxy, sugar residue, phosphosugar

resi due residue, O-quinone, substituted |ower alkyl am nomethyl, or |ower
al kyl carbonyl agy no; and .. i.S. an optional l.ly substi ed het erocycli c,
aryl . or R er GF e g gicab oRPo TR RERNT dr HEr N Pt (R HET o e,

Rb, and the nityogen. to. which th%¥ are attached forma cyclic am ne or
imide ring. 5.DPheEhpIE et BEOTIRAE € §tion of claim1, further
conprising at |east one pH adjusting agent. 6. The pharnaceuti cal
conposition of claiml1l, wherein the pH adjusting agent is tartaric acid. 7.
The pharnmaceutical conposition of claim1, wherein the pH adjusting agent
is citriclaci dThe \yha20a&0i63144R0T5SP AT2068444, Sheide thbaPR&eRBPE cal
conposition of claim1, further conprising at | east one pharmaceutically
accept abl e excigijegite Bra raethoxy#@ PERDSPReopfugatdnceut i cal conposition of claim
4, wherein said hydrophobi c canptothecin derivative is a conpound sel ected
fromthe group consisting of: TLC388HC1l; TLC1988HCl; and m xtures thereof.
10. The pharnaceutical conposition of claim1l, wherein the nolar ratio of
sai d PEG g¢pnj u e i pj . sal d phﬁﬂ#- C i
derivativggor gg%&ﬂgﬁggﬁﬁggﬁt?%@P?@“@?éﬁb?%ﬁ?e?ga t %P 2§$38E§§§§%%obic
canpt ot heci n derivative i,s.about 0.60:1 to about, 1,00:1. . 11. T .

phar maceuti cal ‘o ; %lgfltni 8?1“%3?“’& %] r%l el,p}l\%ﬂléarchtﬁcaﬁlﬁea%ngler Sﬁﬂlt o o?algai d PEG
conj ugat ed phosphol.ipi.d to sai d hydrophobic npt ot heci n derj.vatjve or said
phar maceut i cal ﬁ%ae ‘E%Plétoglﬁﬁfl f’lV%tg‘ie W@ﬁﬁwwg@eﬁgﬁﬁp&h@?ifﬂm
derivative is about 0.70:1 to about 0.90:1. 12. The pharnaceuti cal

conposi tion of mageliceivith averlassthapibguphdpmaceut i cal conposition has a pH
| ess t han about 4.

17. A plurality of micelles, wherein ecach of said micelles comprises a

pharmaceutical composition of claim 1.

18. A plurality of micelles of claim 17, further comprising at least one pH

adjusting agent.

19. A plurality of micelles of claim 18, wherein the pH adjusting agent is tartaric

acid.

20. A plurality of micelles of claim 18, wherein the pH adjusting agent is citric
acid.

21. A plurality of micelles of claim 17, further comprising at least one

pharmaceutically acceptable excipient or carrier.
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13. The pharmaceutical conposition of claim11, wherein the PEG conjugated
phosphol i pid conprises a PEG noi ety having a nol ecul ar wei ght from about
1, 000 t o wbcot3/@044000 dal t ons conjugated to a phosphol i pCa/useéieyi447 WO
2013/ 067449PCT/ US2012/ 063447 14. The pharmaceutical conposition of claiml1,
wherei n the PEG conjugated phospholipid is a PEG DSPE conjugate. 15. The
phar maceuti cal conposition of claim 14, wherein the PEG DSPE conjugate is a
nmet hoxyl PEG DSPE conjugate. 16. The pharmaceutical conposition of claim1,
wherein the hydrophobi c_canpt ot heci.n derivative or th har maceuti.cal ly

e Rhabicvemaiei

accept abl é2sal * Bradisy af myerisprdistamcmprhstdiecprid Ricrerrapic @ mytheties

conj ugat ed phospholipid formmcelles with a size |ess than about 40 nm
17. A plural it gerofativg céd | edectedhefien dacteredp sednsistingelofesTeoapitiCks a
pharmaceuti cal conposition of claim1. 18. A plurality of mcelles of claim
17, further copfil98§idChund sasttireotteergfl adj usti ng agent. 19. A plurality of
mcelles of claim 18, wherein the pH adjusting agent is tartaric acid. 20.
A plurality of mcelles of claim18, wherein the pH adjusting agent is
citric acid. 21. A plurality of mcelles of claim217, further conprising at
| east onepphar megRWitE ! Micas&est 2B EXGIRIGRtthOmAAT FdtRN of said PEG
conjugated phospholipid to said hydrdophobic camptothecin derivative or said
pharmaceutically acceptable salt of said hydrophobic camptothecin derivative

1s about 0.60:1 to about 1.00:1.

24. A plurality of micelles of claim 17, wherein the molar ratio of said PEG
conjugated phospholipid to said hydrdophobic camptothecin derivative or said
pharmaceutically acceptable salt of said hydrophobic camptothecin derivative

1s about 0.70:1 to about 0.90:1.

25. A plurality of micelles of claim 17, wherein said pharmaceutical composition

has a pH less than about 4.
26. A plurality of micelles of claim 17, wherein the PEG conjugated phospholipid
comprises a PEG moiety having a molecular weight from about 1,000 to about

20,000 daltons conjugated to a phospholipid moiety

27. A plurality of micelles of claim 17, wherein the PEG conjugated phospholipid

is PEG-DSPE conjugate.
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WO 2013/ 067449PCT/ US2012/ 063447 22. A plurality of mcelles of claim17,
wherei n said hydrophobi c canptothecin derivative is selected fromthe group
consi sti Myoah13/06L43388HCL; TLCL988HC1; and mi xtures ther @ofi/td3012863kur al ity
of micelles of claim17, wherein the nolar ratio of said PEG conjugated
phosphol i pid to said hydrdophobi c canptothecin derivative or said

h L, cal l ept abl. | t. of. L d d hali t ot.heci
ot vat1vasi o AR b Ay Bttt 2bovi Bl U R b IR R | os of

claim17, wherein the nplar ratio of said PEG conjugated phospholipid to
sai d hydr dophoBicthox3hRk SR foiegatS at i ve or said pharmaceutical |y
acceptabl e salt of said hydrophobi c canptothecin derivative is about 0.70:1
to about 0.90:1. 25. Aplurality of mcelles of claim1l7, wherein said
pharmaceutical conposition has a pH | ess than about 4. 26. A plurality of
m cel | es 29. cl & pluflity ohenellos bhelaPEG7 cwhenegathe dnipbltespgtaslai picdlessotiipni ses a
PEG noi ety having a nol ecul ar wei ght from about 1,000 to about 20, 000
dal t ons conj ugab®d40@ana phospholipid nmoiety 27. A plurality of mcelles of
claim 17, wherein the PEG conjugated phospholipid is PEG DSPE conj ugat e.
WO 2013/ 067449PCT/ US2012/ 063447 28. A plurality of mcelles of claim?27,
wherein the PEG DSPE conjugate is a nethoxyl PEG DSPE conjugate. 29. A

Pl RSP Skt WigpAReE e, el s s e sl el ess
at least one compound seclected from the group consisting of
TLC388HCI or a pharmaceutically acceptable salt of TLC388 HCI,
methoxyl PEG-DSPE conjugate; and
citric acid;
wherein the molar ratio of said methoxyl PEG conjugated phospholipid

to said TLC388HCI or a pharmaceutically acceptable salt of TLC388 HCl is

greater than about 0.45: 1 to about 0.9:1.
31. A method of inhibiting the growth of cancer cells, comprising:
administering to a subject in need thercof an effective amount of a

pharmaceutical composition of claim 1.

32. A method of claim 31, further comprising:

exposing said cancer cells to one or more anti-cancer agents.

33. A method of claim 32, wherein said anti-cancer agent is ionizing radiation.
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at | east one conpound selected fromthe group consisting of TLC388HC1 or a
phar maceutical ly acceptable salt of TLC388 HCl; nethoxyl PEG DSPE

conj ugat evoanth/si44pi ¢ aci d; wherein the nol ar rati ecofussaizdeiet hoxyl
PEG conj ugat ed phospholipid to said TLC388HCL or a pharnaceutically
acceptable salt of TLC388 HCl1 is greater than about 0.45:1 to about 0.9:1.

31. A nethod of inhibiti.ng the growh of .cancer cells, conprising:

S ni ster g o R e HaentrHar st - di- G cRvs BnbuhEnBfi
pharmaceutical conposition of claiml. 32. A nethod of claim 31, further
conprising: exPFENGHBETaRY-d cancer cells to one or nmore anti-cancer agents.
33. A nethod of claim 32, wherein said anti-cancer agent is ionizing

radi ation. WD 2013/ 067449PCT/ US2012/ 063447 34. A nethod of claim 31,

wherein said anti-cancer agent is conventional chenotherapy. 35. A nethod
of claim 31, wAenmeithodsefi dlaent3l, calmmein swgénrntiicentearapeheds cagaed chierapy.

therapy.
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