TI TLE AZI RI DI NYL- EPOTHI LONE COMPOUNDS [ 0001] This
application clains priority to U S. Provisional Patent
w@\ppliteredT on No. 60/ 808,366, filed May 25, 200PCT/vk10011069736
is hereby incorporated by reference herein inits
entirety. BACKGROUND OF THE | NVENTION Field of the
I nvention [0002] The present invention relates to
aziridi nyl -epot hil one anal ogs pharnmaceuti ca
conposi tions conprising aziridinyl-epothilone anal ogs,
and net hods of using the sane. Rel ated Background Art
[ 0003] Epothilones A and B are naturally-occurring
compounds that were di scovered by Hofle et al. as
isolated fromfernmentation products of the
m croorgani sm Sorangi um cel | ul osum {see, e.g., WO
93/10121). Hofle et al. also discovered 37 natura
epot hil one variants and rel ated conpounds produced by
Sor angi um cel | ul osum including epothilones C, D, E, F
and other isoners and variants. See, e.g., US Pat. No.
6, 624, 310. Wiile in 1993 Hofle etal reported on
cytotoxic effects of Epothilones A and B, in 1995
researchers with Merck reported that epothilone B
exerts mcrotubule- stabilizing effects simlar to- ?
- paclitaxel (TAXOL(r)) (See DM Boll ag,
"“Epot hil ones, a New Cl ass of M crotubul e-Stabilizing
Agents with a Taxol-1ike NEQB%EESW]Of Action," Cancer
Research, Vol. 55 (June 1995), ~at pp. 2325-2333).
[ 0004] Various derivatives and anal ogs of the
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at Bristol-MWers EqU| : anples o epoﬂﬁflone

anal ogs include the aza-epothilone B anal og known as

! Xab[ﬁ@dll] Of%s ap%ilic_:ation claims priority to U.S. Provisional Patent Application
No. 60/808,366, filed May 25, 2006, which is hereby incorporated by reference

herein in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention
[0002] The present invention relates to aziridinyl-epothilone analogs
pharmaceutical compositions comprising aziridinyl-epothilone analogs, and

methods of using the same.

Related Background Art

[0003] Epothilones A and B are naturally-occurring compounds that were
discovered by Hofle ef al. as isolated from fermentation products of the
microorganism, Sorangium cellulosum (see, e.g., WO 93/10121). Hofle et al.
also discovered 37 natural epothilone variants and related compounds produced
by Sorangium cellulosum, including epothilones C, D, E, F and other isomers and
variants. See, e.g., US Pat. No. 6,624,310. While in 1993 Héfle ef al reported on
cytotoxic effects of Epothilones A and B, in 1995 researchers with Merck

reported that epothilone B exerts microtubule-stabilizing effects similar to
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i ncl udi ng aziridinyl-epothilone anal ogs. See, e.g. US

Pat. Nos. 6, 605,599; 6,262,094; 6,399, 638; 6,498, 257;
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i ncorporated herein by reference. O hers have al so

reported on the discovery of other epothilone
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have f or
mlcrotubule stablhzmg agents, may be useful for treating proliferative diseases

such as cancer, which typically work by killing (or arresting the growth of) tumor
cells, other pathogenic cells, and foreign pathogens. Often, however, anticancer
drugs attack not only tumor cells but also normal tissue, leading to undesired side
effects. Additionally, anticancer drugs typically present solubility issues such
that formulation and delivery of the agents can present challenges, leading to use
of solubilizing agents such as CREMOPHOR®. The cytotoxicity of some
anticancer drugs and/or formulation ingredients has been known to cause
neuropathy or other side effects such as hypersensitivity reactions. These adverse
side effects highlight the need for anticancer therapies that are selective for

pathogenic cell populations and therefore result in reduced host toxicity.



years attenpted to use nonocl onal antibodies (mAbs) in
targeted drug therapies for delivery of

W@ b@mosheT apeut i ¢ agents to patients, but drawk@rks2007/069736
have been encountered in ternms of, inter alia, the
cl eavabl e noiety, the linkers, and the form of drug
released in the cell. It has been reported that
successful therapy of tunmors wth mAbs is limted by
i nadequat e penetration of the antibody in the tunor
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[0008] The present invention is directed to compounds having the following

Formula X:

or pharmaceutically-acceptable salts and/or solvates thereof, wherein:

Kis -O-, -S-, or -NR7-;

A is (CRgR9)-(CHy)-Z- wherein Z is —(CHR 1¢)-, -C(=0)-, -C(=0)-
C(=0)-, -OC(=0)-, -N(R11)C(=0)-, -SO3-, or -N(R11)SO,-;

B; is hydroxyl or cyano and R; is hydrogen or By and R; are taken together

to form a double bond;



R4 is hydrogen, alkyl, alkenyl, substituted al kyl,

substituted al kenyl, aryl, or substituted aryl; R6 is
wogdrogen; al kyl or substituted al kyl; R7, Rs,PQRYUSROTN69736

and Rn are independently hydrogen, al kyl, substituted

al kyl, cycloal kyl, substituted cycl oal kyl, aryl,

substituted aryl, heterocycloal kyl, substituted

het er ocycl oal kyl, heteroaryl, 4or substituted

heteroaryl; R12 is H, alkyl, substituted al kyl, or

hal ogen; Ri3 is aryl, substituted aryl, heteroaryl or

subst i t utRRR;haideRsaed, depeadehtiyn hyglrdgeh,@llgl, shx@iafdd alhe, aryl or

present. inventio urther directed to. nethods for
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acceptable carriers for treating cancer. Compounds of Formula X are especially

useful in preparing compositions for targeted drug therapies.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] FIG. 1 is the chemical structures, relative affinities, and EC50 (nM)
values against KB tumor cells of six folate conjugates of epothilone analog
Compound AA (conjugate number AA.I to AA-VI).
[0011] FIG. 2 is the chemical structures, relative affinities, and EC50 (nM)
values against KB tumor cells of three folate conjugates of epothilone analog
Compound BB (conjugate number BB.I to BB.III).
[0012] FIG. 3 demonstrates the fraction of surviving KB clones (Surviving
fraction; y-axis) after treatment with increasing concentrations (Concentration
(nM); x-axis) of Compound G (bars), Compound CC (triangles), Compound AA
(diamonds), or ixabepilone (squares).
[0013] FIG. 4 demonstrates the in vivo antitumor efficacy of treating KB
nasopharyngeal epidermoid carcinoma xenografts in nude mice with Compound J

(grey squares, white squares, grey diamonds) at various doses or ixabepilone



[0013] FIG 4 denobnstrates the in vivo antitunor

efficacy of treating KB nasopharyngeal epidernoid
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nonocl onal anti I'S overexpresse
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OVernid] r%%@ﬂ’o&nﬂg are definitions of terms used in the present specification.
The initial definition provided for a group or term herein applies to that group or
term throughout the present specification individually or as part of another group,
unless otherwise indicated.

[0017] The term “folate-binding moiety or analog or derivative thereof™ as used
herein means a moiety that will bind to a folate-receptor protein (not a
monoclonal antibody) that is overexpressed or preferentially expressed on cancer
cells. For example, it is known that the folate receptor (FR) is over-expressed in
ovarian cancer cells and other cancer cells. Illustrative analogs and derivatives of
folate are disclosed in US Pat. App. Pub. No. 2005/0002942 to Vlahov et al.,
(hereinafter “Vlahov™), incorporated herein by reference.

[0018] The term “releasable linker” as used herein means a bivalent linker that
includes at least one cleavable bond that can be broken under physiological
conditions (e.g. a pH-labile, reductively-labile, acid-labile, oxidatively-labile, or
enzyme-labile bond.) It should be appreciated that such physiological conditions

resulting in bond breaking include standard chemical hydrolysis reactions that



ovari an cancer cells and other cancer cells.
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VI ahov et al., (hereinafter "VIahov"), incorporated

herein by reference. [0018] The term "rel easabl e
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group is a —CHjy- group and an ethylene group is a —-CH,-CH,- group.

[0022] When the term alkyl is used in connection with another group, as in
heterocycloalkyl or cycloalkylalkyl, this means the other identified (first named)
group is bonded directly through an alkyl group as defined above (e.g., which
may be branched or straight chain). Thus, the term “alkyl” is used in this
instance to refer to an alkylene, e.g., a divalent alkyl group, having two available
points of attachment. For example, cyclopropylC;4alkyl means a cyclopropyl
group bonded through a straight or branched chain alkylene having one to four
carbon atoms, and hydroxyalkyl means the group OH bonded through a straight
or branched chain alkylene having one to ten carbon atoms, preferably 1 to 6
carbon atoms, more preferably 1 to 4 carbon atoms. In the case of substituents,

as in “substituted cycloalkylalkyl,” the alkylene portion of the group, besides



[0021] The term "al kyl ene" refers to a bival ent
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a lower alkyl or lower alkenyl substltuted w1th one to four groups selected from
hydroxy, cyano, halogen, haloC; 4alkyl, haloC; 4alkoxy, cyano, nitro, amino, C;.
salkylamino, aminoCy_4alkyl, hydroxyC_4alkyl, C;4alkoxy, thiol, and/or C;.
salkylthio. For the avoidance of doubt, a “substituted lower alkyl” means an
alkyl group having one to four carbon atoms and one to four substituents selected
from those recited immediately above for substituted alkyl groups. In the case of
a substituted lower alkyl, preferably the groups R, and R, are selected from
hydrogen, lower alkyl, lower alkenyl, C;_scycloalkyl, phenyl, and five to six
membered monocyclic heterocyclo and/or heteroaryl, in turn optionally
substituted as above.

[0024] The term “alkenyl” refers to a straight or branched chain hydrocarbon

radical containing from 2 to 12 carbon atoms and at least one carbon-carbon



-NHS(O) 2Ra, -NHS(O 2NHR , -NHC(=0)NHR a, -NHC(=0)R

a, -NHC(O 2Ra, -NHC(=N-CN)R a, aryl, heterocycle,
weyoro#ai2kyl , and/ or heteroaryl, wherein the grBCpESR07/069736

and Rb are independently selected from hydrogen,

al kyl, al kenyl, cycl oal kyl, heterocyclo, aryl, and

heteroaryl, and wherein each R and/or Rb in turn is

optionally substituted with arge to four groups

sel ected from al kyl, al kenyl, hal ogen, hal oal kyl,

hal oal koxy, cyano, nitro, am no, alkylam no,

am nivablepbnd. ys@dmplayy suely gfoopyabllagré ¢thalykadaylyl. tSuledtifuted

& B D B R 1S T B P ot roe S reepes

het egr&ranaply, | randhestin@nds aeny alakytle §dintl oF WedchAkke Wtmplary

substjtuted wt to four groups selected fro
hydrsblhi}““eeﬁfd%“‘lgﬁﬁ?ygﬁ‘é‘??t“‘}% eyl aﬂglﬂ}?}%‘f Zroppy TEEeA ﬁgn%&%?/

cyar@kylglhgsﬁ@entam no_ G _ 4al kyl am no, am noO’ ~al kyl

hydrox¥C 4al k N %@ thiol, and/o
Aal KO3 Bre t@’&}s ﬁlh@wa\ﬁa‘#d%{ Bipfrefghignn alkal grgwqefq&lp%

| OV\BJbo@é ohbed ﬂﬁﬁﬁ@% a@&}%leﬁ(}hllkagé QBP) Jra\hing msﬁ, el(x_f,our
carbon atons and one t0 four substituents sel ected

f r orfripReISElyr ddie tases i 'yabetivtad elkoxyasad ssupgitutedpkylihieitrelgr to
al ky;{ subSeR @alk%l%rc“?%s AR fvaf ab@ves%gﬁ%&lg)trugﬁi ?%%%ne %r sulfur

pr e era groups R an .
f r orhrﬂiygt’r @gwtlvetlbv»éf‘loawekylkom”m €1-gallieapyd 4 group OR, wherein

C3 71(8}/8%‘9&]&%’{181@@ lya & nak Y& to six rrenbered

nonocyc o and/ or eeroaryl in turn
opt i [0024] | SArmu@’SIs iN:Hﬂ @& aflylaaboys. NBOQMI]ereTma l¢asr one of R,

"al ke H)ﬁ is an alla/gj orC SauI%Stl ute% alﬁﬁlgfmd t e otg ?%2%%2&‘12182 éregeghed from

hydroca pbon r con
at ormsdangen, atkyl, aad tubstiteted alkiplo rAn: arrbm:raﬁ«yuhh@nb anghino group

Exenpl ary. such S|ncl e_ et | qr | vl

SunBr RS RUR R s DSiGe sl Mg
subsihédntibiedikyWhihho @R @efied ABYVE bshtRE ithrbutinSikylhe keiupbl y
1 to 4 substituents, at any avail abl e poi nt of

atta(car%l%‘“rﬂe?NPE)?\é)hpl ary substituents include al kyl,

subgpIYtRR @hikyl” RRGs ©R98IR, BoRIMRS hyd@sdaitRd gaﬂgyam@ﬁ have
aI kyl substituents. [0025 The terms "al koxy" and

"al kyterrirematicaings. eprsciaHy BIORGAYCHT Yyrysle %r@%&srwm phenyl or

naphthyl. Aryl groups which are bicyclic or tricyclic must include at least one
fully aromatic carbocyclic ring but the other fused ring or rings may be aromatic
or non-aromatic and may optionally contain heteroatoms, provided that in such
cases the point of attachment will be to the aromatic carbocyclic ring.
Additionally, when an aryl group has fused thereto a heterocyclic or cycloalkyl
ring, the heterocyclic and/or cycloalkyl ring may have one or more carbonyl
carbon atoms, i.e., attached via a double bond to an oxygen atom to define a

carbonyl group. Thus, examples of “aryl” may include without limitation:

0 U0 L0 €0



above bonded through an oxygen linkage (-O) or a

sul fur linkage (-S-), respectively. The terns
w0 subg#20ut ed al koxy" and "substituted al kyl t hP@I/URDBO69736

to a substituted al kyl group as descri bed above bonded

t hrough an oxygen or sulfur |inkage, respectively. A

"l oner al koxy" or a Ctalkoxy is a group OR, wherein R

is lower alkyl (alkyl of 1 tao¢d carbon atons). [0026]

"Am no" is NH2. An alkylam no is -NRcRd wherein at

| east one of Rand Rd is an al kyl or substituted
je other of Rc and Rd is selected from
|, and 4
ans an am no" b dedNt hr van
kyl alg ndal kyl
means an al k§l ani no de |ned abo e bdnded t hrough -an
aI kyl ene group (-al kyl ene- NRCFH 0027] The t

"aryl” rs to clJ aro Xlr ocar, onlgr
whi ¢ h ve 0 IQ’/ar ' es eci al
nono bi c roups uch as phen

napht éyl AryI 'gr oups whi ch- ar bi cyclic tr| cyclice
must Nrcl g_at | east, on fully ar onatic car cyc i C
ring er_fusegl ring or § N i
or non- ic an op onal on

het er ato ., provi de&)tha in suc ca es the oi N of ;
attachment will be to tbe aromatic carbocyclic ring.
Addi tionally, when group has fused thereto a

het er oc [ r |®® r\r_g Nhe erocyclic
and/ or [‘cycloal kyl A NRY.bave gne or Mpre car bonyl
carb . e. wched vi a u bond to an

oxygen atom to define a®carbonyl group Thﬂr%dth%klé%pl es
of @029 théﬁé’rrﬂ r&%lléﬁée refbrd Mlv;hérmafﬂrddﬁg} Qoz?ngjr lTéi‘&p as
term | ene” refers to a bivalent aryl radic Y

.e. defla Wey¢ haying ipyo Reinthecf atiacmaRido v hetherregouphit pmr nts

of Egr&m'
poi ﬁ%vg of att tsd ﬁ%ﬁ@%&mﬁe% |§ ?En@ﬁ%{%/sgﬂ eallS??)Iﬁgs
may sab%mlttréwslmblswftﬂm gdupmsmltﬂbhﬁyr wfosttthteongmdhm@yl groups

sui t abl & f QL substitution on the aryl groups defined
herein '

[0029] “Substituted aryl” refers to an aryl or arylene group as defined above

substituted by one or more substituents, preferably 1 to 4 substituents, at any
point of attachment. Substituents include alkyl, substituted alkyl, alkenyl,
substituted alkenyl, as well as those groups recited above as alkyl substituents.
[0030] The term “carbocyclic” means a saturated or unsaturated monocyclic,
bicyclic, or tricyclic ring (preferably mono- or bicyclic) in which all atoms of all
rings are carbon. Thus, the term includes cycloalkyl and aryl rings. The
carbocyclic ring may be substituted in which case the substituents are selected
from those recited above for cycloalkyl and aryl groups.

[0031] The term “cycloalkyl” refers to a fully saturated or partially saturated
cyclic hydrocarbon group containing from 1 to 3 rings and 3 to 7 carbon atoms
per ring. Exemplary fully saturated cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl. Exemplary partially saturated
cycloalkyl groups include cyclobutenyl, cyclopentenyl, and cyclohexenyl. The



[0029] "Substituted aryl"™ refers to an aryl or aryl ene
group as defined above substituted by one or nore
weustniReents, preferably 1 to 4 substituents,PEL/USIYT069736
poi nt of attachment. Substituents include al kyl,
substituted al kyl, al kenyl, substituted al kenyl, as
wel | as those groups recited above as al kyl
substituents. [0030] The termcarbocyclic" means a
saturated or unsaturated nonocyclic, bicyclic, or
tricyclic ring (preferably nono- or bicyclic) in which
al | ta:tnomycloﬁlkﬁll’ ﬁncﬂddagslcagﬁ)upsahtdvmg a bFldgsof thiee td fennearbon
i ncl udes aryl rjings. The. carbocyclic
gy ARt Yo R Bt bR B o VN LRGN bl s
ar e iggh@cd: edstfone Mllyhastitddes iphlﬁdll}ahﬁitﬁed @ydr@cyiﬂioﬁ ailnk pht the
and aryl rqu 533{0031 The term "cycl oa Iké refers
to aOtIF%I ws% é\g?jfr 28 {13y PC AERMAfiG PY §PISEPRLicA8E My CPRIRIn
hy drieasdasi, gfoRlded BRNhaLEH d"zl@lesftlﬁeqmlrl of xta3hinbmt G&11 BOE tBe
to 7 carbon atons per ring Iar¥ fully saturated

cyclYalik yPn-@ﬁoaﬂh%hxqﬁ%qawé 2y éﬂ#l&ﬁ% 1y, Qg BI9iR §prbon
cycl SRR pthe cﬁrbqlkﬁy§r5%5yfom %&%@h & Mxy%@ﬂ bdld B()nd to
saturated c groups include cyclobutenyl,
cycldspant exphenyl arﬁap c s otxempley pf “Cwieatlé\rl NErogpEInBainkiy e,
I ncl ydes sHehiodr oups having a bridge of three to four
carbon atons. Additionally, cycloal kyl groups which
are bicyclic or tricyclic must include at Ieast one

fully saturated q partially saturated hydro
ring qut theyxot he ;iﬂ;ed g or QgS may tic
or no ro c an y ai n het groat ory pded

that I n suchi cases the point of attachment wi I=¥e to

the cyclic, non aromatic h drocarb n group.
Addllgfﬂgi% MDKE, arboné%flzf:of the
cyclo gro for arb <oxyge l e

bond to defirne a carbonyl group. Thus, exanples of
“cycl oal kyl " may i ncl ude mnthout [imtation:

. ene" refers to a
a_rycl oal kyl group
attachnent to
"and the like.

[0032] The term “cycloalkylene” refers to a bivalent cycloalkyl radical, i.e., a
cycloalkyl group as defined above having two points of attachment to two other
groups, at any available two points of attachment of the cycloalkyl ring.

[0033] “Substituted cycloalkyl” refers to a cycloalkyl group as defined above
substituted at any available point of attachment with one or more substituents,
preferably 1 to 4 substituents. Cycloalkyl substituents include alkyl, substituted
alkyl, alkenyl, substituted alkenyl, and those groups recited above as alkyl

substituents.
NH
NH,

[0034] The term “guanidinyl” means the group H . Thus, a

guanidinylalkyl means an alkyl group bonded to the guanidinyl such as a group
NH

5(\/\”)'\% |

having the formula,



groups, at any available two points of attachnent of
the cycloal kyl ring. [0033] "Substituted cycl oal kyl "
W0 edoen$020d a cycl oal kyl group as defi ned abovePCT/US2007/069736
substituted at any avail able point of attachment with
one or nore substituents, preferably 1 to 4
substituents. Cycl oal kyl substituents include al kyl,
substituted al kyl, al kenyl, swypstituted al kenyl, and
those groups recited above as al kyl substituents.
[0034] The term "guanidinyl" neans the group . Thus, a
guanioedyltel eyt “hateaas’ oafihad kigfersgod dluprileocidedhet brotlve and
guanlg]nyl such as a group having the formul a, [ 0035]
The 'P&Pfn "hal ogen" or "hal 0" refers to fluorine,
chl qo0388, THert@#i ‘MetetvaebnisOdichees ¢:30&f hulfifiand gitrogen.

"het toms" inc es 0x gen | fur and nitrogen.
[00§$§%h@ett@%halﬁé\i@alw S nreélavﬁ AR Aoy PlOFFa‘Qﬁ?‘hg one
or @Bﬁltﬁbﬁ{somﬁlu&ﬁg kx/ﬁtﬁ&ﬁtlﬁntatlﬁpélﬂﬁﬁsrwcﬁf\dst e, -CHF, and -CF.
[imtation %rou such as -CH2F, -CHF2 and -CF3

et

[ 0038938t rkherterpmbaloalkesyitBseps sk SERHPARKB% PrefTougse halo

havi {8t @R s0 FofMXafpltatiRica kg Mﬁ&% socFor exanple,
"hal oal koxy" |ncludes -OCF3.” [0039] When the term

" und893 AWeer the ery SeepatyEiesd” s ¥sgd herpig to fegerdo p Fipgorggroup, the
ro [ urated or
9 Utﬂwagl dl:r%?ou n{h b ffulgf d,fﬁlslz{lum OP%{E;H )J&ﬁsé{ﬁ}%éh

parti ur at e term "heteroaryl"
r ef dfe4tl oTI@rterar chnﬁtqacfl’grefﬁnptowmammatls gepugt whirh7s prédbér ed

rmnoIﬁgIﬁILdEI‘% rmgnotc? IhJC17 {Belm&ﬁ%réal b(f%% 12: %r {o 1%%%11906}6%

menber e Icyclic ring system east one
r|ngnqnmtamgmm@naﬁmk$as$mdﬂﬂt@eﬁ&g&aMQMngabhupnmg of

the h?t oatoon‘ril r ]ga h%{/\g %Pth%%gtte%ag}l g%u con%al{nnﬁ%theter tom

cont SO GHE FaP 4 o P om
one doatafnoine on tvtd @geen (ﬁtsolfiﬂr atcpnmnidtd)e tomhvat td ﬂ@er tiobgen
nunber of s.fou | ess %mg

> %gtggro? orrslin 2 Lng |
cac T hgHEETHEC DS HES L EBRSS i SoFhane Bl o
ri Ngmd eMHUMRHaN@ 1éREorRicaipeh homaMthe tﬁtsb@ ¥ eds OmPle@tiPte May
contaln onky carbon atons and may
bicyclic and tricyclic groups may contain only carbon atoms and may be
saturated, partially saturated, or unsaturated. The nitrogen and sulfur atoms may
optionally be oxidized and the nitrogen atoms may optionally be quaternized.
Heteroaryl groups which are bicyclic or tricyclic must include at least one fully
aromatic ring but the other fused ring or rings may be aromatic or non-aromatic
and may be carbocyclic, provided that in such cases the point of attachment will
be at any available nitrogen or carbon atom of an aromatic heteroatom-containing
ring. Additionally, the definition of heteroaryl groups itself includes rings
wherein one or more of the carbon atoms is attached via a double bond to an
oxygen atom to define a carbonyl group (provided the heteroaryl group is
aromatic) and also when a heteroaryl group has fused thereto a heterocyclic or
cycloalkyl ring, the heterocyclic and/or cycloalkyl ring may have one or more

carbonyl groups.

[0041] Exemplary monocyclic heteroaryl groups include pyrrolyl, pyrazolyl,

pyrazolinyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl (i.e., \év«] ), thiadiazolyl,
isothiazolyl, furanyl, thienyl, oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl,



saturated, partially saturated, or unsaturated. The
nitrogen and sul fur atons may optionally be oxidized

W@ 7te9ni t rogen atons may optionally be quatRCHUE™A7/069736
Het eroaryl groups which are bicyclic or tricyclic nust
include at |east one fully aromatic ring but the other
fused ring or rings nay be aromatic or non-aromatic
and may be carbocyclic, proviged that in such cases
the point of attachnent will be at any avail able
ni trogen or carbon atom of an aromatic
het eryoidiAm acantidil andide tike gAddiaehatly,cimaé the defiiidon of heteroaryl

definiti f het | itself includ I
wher G4 gl e AeS phers ogs Pergire & ieoiPgn APFR dRN
via a double bond to an oxygen atomto define advy®
car bRy g3 ingsrsech deet-tiRedadt A BEHM3AI- 3 9Pd lifg-i & ) and

ar ongd i ardddkso When a heteroaryl group has fused
thereto a heterocyclic or cycloal kyl ring, the

het dPOAA} dixeptindpieyclic eterwalyk groups ingfudrapddigly engerbiagglyl,
nor 11l ~ of o Jigiee
oSSR B QAL DY, RGNt
pyr aswjuinalihyl, hemridadagdlyl, beragpwraiyylinddligimxlakeizgfuranyl,

thia [ . i.adi azol yl .. isothi

ur gy ofogrintt b BGRE Rk I AR cngpin.
pyr i pyrlopytid ypyfotoghaadimyl] dihgdroiscindoyl, tamahytitoquinoliky] and the
Additionally, since the definition of heteroaryl
groups'itself includes rings wherein one or nore of

t he [0643)dixeaiptuiptrid@fliche&raaryt @rdnpiiyiblude Quilzolli, bgsidoleh

as 2,4-di hydro-[1,2,4]triazal.-3-on i.e. N and
e epaat Bn At bh oSy Se bl ey ¢
het 0048 yThedéraiipsteldaldylede’ deftekOro WlbivaR@NEDErBArdizadiydl, i.e., a

benzodi oxal yl , benzoxaxol¥%L benzot hi enyl , quinolinyl,
t et rISHYRAYILVGE ATICAPPOVeinayga Mopqiy Pt dttachment (o two other

benzdr5ifd ag ahy Avail RO ERBOIRON attab NI biZthéNdteroaryl ring.
benzof uranyl, chronony coumarinyl, benzopyranyl

| :
ci nriBP43Ay ISubsiititerbhesrpHyl” groupyas Betproarypgiopes 3 gsiinedyabove

fur apyededb ¥l ofH O LbREDAR!, Bleterkitd T @Y dio@UiAokLi Ay
and the like. [0043] Exenplary tricyclic heteroaryl

gr ougysildbtrooid of attachimens| Ykemplamy zilpgugnts include, but are not limited
to alkyl, substituted alkyl, alkenyl, substituted alkenyl, as well as those groups

recited above as alkyl substituents.

[0046] The terms “heterocycle”, heterocyclic” and “heterocyclo™ are used
interchangeably and each refer to a fully saturated or partially unsaturated
nonaromatic cyclic group, which may be substituted or unsubstituted, for
example, which is a 4 to 7 membered monocyclic, 7 to 11 membered bicyclic, or
10 to 15 membered tricyclic ring system, which has at least one heteroatom in at
least one carbon atom-containing ring. Each ring of the heterocyclic group
containing a heteroatom may have 1, 2 or 3 heteroatoms selected from nitrogen,
oxygen, and sulfur atoms, where the nitrogen and sulfur heteroatoms also
optionally may be oxidized and the nitrogen heteroatoms also optionally may be
quaternized. Preferably two adjacent heteroatoms are not simultaneously selected
from oxygen and nitrogen. Heterocyclic groups which are bicyclic or tricyclic

must include at least one non- aromatic non-carbocyclic ring, but the other fused



phenant hrol I i nyl, acridinyl, phenanthridinyl,
xant henyl and the like. [0044] The term
WO b@vasnal kyl ene” refers to a bival ent het er oaPgi/US2007/069736
radical, i.e., a heteroaryl group as defined above
having two points of attachnent to two other groups,
at any avail able two points of attachnent of the
het eroaryl ring. [0045] "Subststuted heteroaryl”
groups are heteroaryl groups as defined above
substituted with one or nore substituents, preferably
1 t aink s uilbgt Ihlhy.llaﬂztrSmatai oralny aswatit atnl ®ayled aaiboofclic, provided

att achment i tue |nclud but are

not i t4sh C?SSS ggl?y‘ln %Yvﬂ]f:beaﬁt RY aVe ﬁlee‘i’fﬁinen or
Subsdaitiodtagh & akr@ﬁsakomaiﬁ: hwtdatoascddwﬁﬁg ghQUAEitieaily, etk
abon& as, alggl substituents ﬁﬂ46 Th ternB

" het EfiBLpR pEReterpeyclly groyks) self ingfrges ’i‘?&}’c‘?“&'or gyoge of the
us ecaitioh @fcriRangedildywiangdoudaadnd ef &l oxlyendatdiltd define a
saturated or partially unsaturated nonaromatic cyclic

gr oUTPoRH; EPPPHBRP Vided BiGhsEractlic I SIP iHHIBENREY @éfaalsq Bhen
ex arm&e@emawl&g}oﬁﬁha@ fikell 91e¥etar§fﬂ%&e&grraf&9 GfHet fing 1¥1a§ Rave

11 menberéd bicyclic, or 10 to 15 menbered tricyclic
ri ngPns s mer caglienyterones at | east one heteroatomin at

| ea of
t he o R B R R b R A 0
hav eimidaleict'mylsemvéwémﬁwlomer@m%@madrwb r]WWIZQIerIg’én

cur 1808 ol THERRoMISE hIF b BOERARny.

t he m¢hhngen het eroat ons al so optionally may be

quat Pr ef er abl MO .a heteroatQ
oo G BT OB 2SR PhAP SRR ol BBl

Het elfeﬂa@g@bllo’c r@efr(ncbj haemtycdm haeérecyeiicye heterooycldi gmeyscals |def1ned
nmust i ncl

non- 3@8% lﬂ“F@ WFF Ao Orﬂﬁ?re f‘ﬁ)é“tﬂi?ﬂ% rpreffﬂé,@?ﬂ FiEhG S ErtippR iy St

may 4He aaeﬁﬁﬁﬁtpbﬁlt Gﬂatt@&ﬁnea;[ OPRfhiplarpsbstidntd@clude alkyl,
carbocyclic, pravided that in such cases the point of

at t aRRHSHed Wyl alkrayh pubgipred pliepypisavell ,%?@%g,roalfs edi*Bon

at onpete & cRRpIAR UMY bibsfit@é sy, 0at om cont ai ni ng ring.
Addi tionally, the definition of heterocyclic groups

|tsép9“ﬂnéb@68§”ﬁﬁﬁ§@ Werein one or nore of the

car hgosm@t ool %egﬁsttﬁggggp v¢@g a doubl e bond to an
oxygen atomto define a
[0051] The term “quaternary nitrogen” refers to a tetravalent positively charged

nitrogen atom including, for example, the positively charged nitrogen in a
tetraalkylammonium group (e.g., tetramethylammonium or N-methylpyridinium),
the positively charged nitrogen in protonated ammonium species (e.g.,
trimethylhydroammonium or N-hydropyridinium), the positively charged
nitrogen in amine N-oxides (e.g., N-methyl-morpholine-N-oxide or pyridine-N-
oxide), and the positively charged nitrogen in an N-amino-ammonium group
(e.g., N-aminopyridinium).

[0052] When a functional group is termed “protected”, this means that the group
is in modified form to mitigate, especially preclude, undesired side reactions at
the protected site. Suitable protecting groups for the methods and compounds

described herein include, without limitation, those described in standard



carbonyl group (provided the heterocyclic group is
non-aromatic) and al so when a heterocyclic group has

W0 e@ed4bereto a further ring, such further riPQI/Hsa007/069736
have one or nore carbonyl groups. [0047] Exenplary
nmonocycl i c heterocyclic groups include pyrrolidinyl,
i m dazolidinyl, tetrahydrofuryl, piperidinyl,
pi perazi nyl, pyrazolidinyl, Lmydazolinyl, pyrrolinyl,
tetrahydropyranyl, norpholinyl, thianorpholinyl, and
the |ike. [0048] "Substituted heterocycle,"”
" sulmsttbddks e’ddﬁr&ﬁg@meye; MW, ét ahnlé?ofesmbfﬁriohpﬁz& @rganic Synthesis,
het fer to heteroc het erocyclic, or
ot eV SEY &6 b Bueditortit Firda b REte Subsy 1+ ut ed wi t h
one or nore substituents, preferably 1 to 4
subsALTEEMAEEIﬁﬂB@DyWENﬁS[ﬁﬁﬂﬁEﬁﬁVENTmﬂﬁattachnent

Exe ySsubstituents incl.u

AP LS T e L D (S
grou@ﬁmﬁﬁo{hedxabmme&&Summ@mpMamyﬂabel substltuents
[ 004 b droxg refers to - mgo 50 "Th ns
t he [P prhedreset AR RTOMERRPHISTS FOWEICS PHARS ! ﬁFtF‘"r"'Bi?éﬂ ¢
refa%ﬁnﬁ&mﬂﬁﬁﬁbﬁaﬁﬁhsﬁt positively charged nitrogen
atomincluding, for exanple, the positively charged
nitrogen in a tetfaalkyiam i umggroup (e.g.
tetramet hyl ammoni um or N-net i gyri di nium, the
positively charged nitrogep i ted amoni um
species (e.g., tri hyl hydr oanmoni u

N- hydr opyri di ni um, Th L84
am ne N-oxides (e.g., N nethyl-
pyri di ne- Noxi de), and the p8si
in an N-am no-ammoni um gr oup .9

N- am nopyri di nium. [0052] Whén aBﬁuthlonaI group is
ternmed "protected”, this neang.that the group is in
nodified formto mtigate, especially preclude,

undesi r edncdudiiee phemcdcewirsllyabcceptable salts and/or solvates thereof,

wherein,

Kis -O-, -S-, or -NR7-;

A is —(CR3sR9)-(CHy)-Z- wherein Z is -(CHR 9)-, -C(=0)-, -C(=0)-
C(=0)-, -OC(=0)-, -N(R11)C(=0)-, -SO3-, or -N(R11)SO,-;

B, is hydroxyl or cyano and R, is hydrogen or By and R, are taken together
to form a double bond;

R» R3, and Rj are, independently, hydrogen, alkyl, substituted alkyl, aryl or
substituted aryl; or R, and R3 may be taken together with the carbon to which they
are attached to form an optionally substituted cycloalkyl;

R4 is hydrogen, alkyl, alkenyl, substituted alkyl, substituted alkenyl, aryl, or
substituted aryl;

Rg is hydrogen, alkyl or substituted alkyl;

R7, Rg, R, Ryp, and Ry are independently hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocycloalkyl,
substituted heterocycloalkyl, heteroaryl, or substituted heteroaryl;

Ry is H, alkyl, substituted alkyl, or halogen;



the protected site. Suitable protecting groups for the

nmet hods and conpounds descri bed herein incl ude,
wWaraoiour9t i m tati on, those described in PCT/US2007/069736

st andar dt ext books, including Geene, T.W et al.,

Protective Groups in Organic Synthesis, Wley, NY.

(1991), incorporated herein by reference. ALTERNATE

EMBODI MENTS OF THE | NVENTI ON_[[§053] The present

i nvention conprises conpounds having the follow ng

Formula X, as set forth in the Sunmary of Invention.

[ 0054] THRe; pnasenbstinadenyli Bateroapiuris St tutainp gy ; and

havi ng t he, tereospe0|f|c formaccording to Fornmula X

X includ? é arnaceutlcally acceptabl e salts and/ or

sol a0 Thhesteafembalialeed, Bompouhds ofGhe invedtion Bave tNdRFormillaAX

H;{CRS%%(GﬂQnZQmmeH1Z|S-UMR1m

(=0 A =0 _O)Rs -N(R n ) CC=0) -
-S2-, O -N(Rn )S2- ; BisN
'S hydrogen or B and R arBp:ta

dr oxyl or cyano and R

her to forma

doubl e bond; R , R3, Rand i ndep¢ndent |y,
hydr ogen, aIkyI subst g
substitut ed aryl or R2 and/R3 st aken t oget her

with the carbon to which the8
optionally substituted cycloallkyl] R |is hydrogen

al kyl, al kenyl, substituted aPkyIB1su95t|tuted
alkenyl, aryl, or substitutedsaryl; Re is hydrogen,

al kyl or substituted al kyl; R7, Rs, R9, Rio, and Rn are
i ndepérdearedspecijcioagala, X’afm@yq: m%mpmma@qutewlkmcceptable

cyclg ﬂ$5¥Mﬂs&Vgﬁ%h%g&£@h&" ygl oal kyl, aryl, substituted

aryl, heterocycl oal kyf stltuted heterocycloalkyl,
het er oar W is -OF; substituted heteroaryl;

A is Cy4alkylene;

B, is -OH;

R; R3, R4 and Rs are, independently, hydrogen or lower alkyl;

Rg is hydrogen or methyl;

Ry is H, alkyl, substituted alkyl, or halogen; and

R13 is an optionally substituted 5 or 6 membered heteroaryl.
[0056] In another embodiment, compounds of the invention have the Formula X
or X’, as defined above, including pharmaceutically acceptable salts and/or
solvates thereof, wherein

Kis -O-;

A is Cy4alkylene;

B, is -OH;

R, R3, Ry and Ry are, independently, hydrogen or lower alkyl;

Rg is hydrogen;

Ry is H, alkyl, substituted alkyl, or halogen; and

Ry3 is an optionally substituted 5 or 6 membered heteroaryl.
[0057] In another embodiment, compounds of the invention have the Formula X
or X’, as defined above, including pharmaceutically acceptable salts and/or

solvates thereof, wherein



Ri2is H alkyl, substituted alkyl, or halogen;Ri 3 is

aryl, substituted aryl, heteroaryl or substituted
woeaenersyl ; and mis 0 to 6. [0055] I n anot hePCT/US2007/069736

enbodi nent, conpounds of the invention have the

Formula X X or the stereospecific Fornula X, above,

i ncl udi ng pharmaceutically acceptable salts and/or

sol vates thereof, wherein Kig$-0; A is C2"al kyl ene;

Bl is -OH R ,R3, R and R5 are, independently,

hydrogen or lower alkyl; Re is hydrogen or nethyl; R12

is H al Kis-Osubstituted al kyl, or halogen; and R 3 is

an optional k:y gblstltut ed 5 or 6 nenbered heteroaryl.

[ 0056] | ot A&Y*®bodi ment, conpounds of the

I nventi o, hkaveHt he Fornul a X or X, as defined above,

i ncl udi ng, phar rraceutl cal | ccept bI e salts §£ / or

sol vat es "eHer Bofnd Ry Sdppe ‘?DélyL rOgﬁnPEIOEE”‘ yl ene;

Bl is -Oﬁ“ﬁ@d@en&@aﬁyl% are, i ndependent |y,
hydr ogen or | ower al I's hydrogen; Rn is H,

al kyl , sibbsiitt atet S%S%Wed allpl. RahdlegER: andnd R13 i's an
opt i onal IRY,5 ﬁla%f)ﬂldnu nﬁ&bgm%d ﬁne{femp%ﬁ%,ﬂ@to%z%@nyl

[00574) I n anot her enbodi nent, corrpoun
i nv P38 Hnaciberembofigleny Fempouads axe proagie@bervmetae fpvla Xa,

i ncl udi ng pharmaceutically acceptable salts and/or

including pharmaceutically-acceptable salts and/or solvates thereof,
wherein,

Kis -O-, -S-, or -NR7-;

A is (CRgR9)-(CHy)-Z- wherein Z is —(CHR 1¢)-, -C(=0)-, -C(=0)-
C(=0)-, -OC(=0)-, -N(R1)C(=0)-, -SO,-, or -N(R11)SO»-;

Rg is hydrogen or methyl;

Rs, Rg, Ryo, and Ry are independently hydrogen, alkyl, or substituted alkyl,

Ry, is H, alkyl, substituted alkyl, or halogen; and

Rz is aryl, substituted aryl, heteroaryl or substituted heteroaryl; and

mis 0 to 6.
[0059] In another embodiment of the invention, compounds of formula Xa,
including compounds of formula Xa’ having the stereospecific form Xa’,

corresponding to the stereochemistry shown for X’, are provided.



sol vates thereof, whereinKis -0-; Ais C2*al kyl ene;
Bl is -OH R2,R3, R and R5 are, independently,

wogarogens’ or | ower alkyl; R is hydrogen or metPgl/USRIZ069736
is H alkyl, substituted alkyl, or halogen; and R 3 is
an optionally substituted thiazolyl, pyridyl, or
oxazolyl. [0058] In another enbodi nent, conpounds are
provi ded having the forrmula Xa7_Xa incl udi ng
pharmaceutical | y-acceptabl e salts and/or sol vates
thereof, wherein, Kis -0, -S, or -NR7- ; Ais -(CR
8 R9) [0Q60H2h anathe rwhdbdinte ni/ corspouaBHRE ﬂl@)/idﬁd h{S{@he formula Xa,

N( F&%as%mezhaf_%y a[g:g%y&elgﬁbllﬁ\l sR—Q)- M is ol'a_&oncﬁgéubﬂiqéed

and tRbdolglr pyridryrj epe;md@m biyd dRy ekrn@greﬁlg g@hﬂ@)ﬁke as@lefined above.
subshb t ed a R12 is H al , Substituted alhy
or ({}g R an%.{ edr e@gdlfngntam}ppoug ? proyid qu aéflug’g] the formula Xa,

het edroar Yabo®, whstemtK tsuioedA et ehmaedd; Re m;l/dmgels ofnétBy16R,
[0059] In another embodi ment. of the invention

conpdiinipsentlkyloprhiaiogenkand Ruds orfiong deaRptitag diagplyl, pyridyl,
forngam%gd havi ng the stereospecific form Xa',

corres ng to the stereochem stry shown for X, are
pr ovi08e2d. 4 owBBIuny Af tha FrvRRifonamyGHoraKR the Esmubiiils ar e
provided having fge formula Xa, or Xa' , inmmediately

above, wherein K |§\>€fAhqg 3 is optionally
substituted thlazolmhc pyrii r oxazolyl, and the
remai ni ng groups \are d [0061] In

anot her enh )Hled havi ng the
formul a Xa,

Xb,

including pharmaceutically-acceptable salts and/or solvates thereof,
wherein Rg is hydrogen or methyl.
[0063] In another embodiment, a compound of the invention has the formula Xb,
wherein Rg is hydrogen.
[0064] In another embodiment, a compound of the invention may have the

stereospecific formula Xb’

Xb’

including pharmaceutically-acceptable salts and/or solvates thereof, wherein R is

hydrogen or methyl.



or Xa', above, wherein Kis -O ; Ais C2"al kyl ene; R
is hydrogen or nethyl; R 2 is H [|ower alkyl, or
wh2000040297 and R 3 i s optionally-substituted thPERUE2007/069736
pyridyl, or oxazolyl. [0062] A conpound of the
i nvention may al so have the formula Xb Xb, including
phar maceuti cal | y-acceptabl e salts and/or sol vates
thereof, wherein R is hydrogepngor methyl. [0063] In
anot her enbodi nent, a conpound of the invention has
the formula Xb, wherein Ris hydrogen. [0064] In
anot[0ess] dnfaadth¢renibpdiacan apatpwhnd bf thhénvemioarkas ta forayila
hav t,he stereo cific formula Xb" Xb' including
phar cgﬁetr?leé?tﬂ@%gﬁo@g’bt abl e salts and/or sol vates
t her[@odo] mefcﬁrlgrto RBné¢ smbvdahagenthe presai hyknt[od0GSthodsrire
anot her rrf‘oodl a co und of the |nvent| n has
E he. TOVSRA A" S nE GBS et - RAGE HyER BgBIPe Y TOBBT fon

Ac c QdodliphiGink Geme a%ﬁ@&l@bvﬁﬁ@&he@ipeﬁtﬂﬁllpéf@&ﬁ% arth6M@Btd on,
nmet hods are provided for treating cancer, e.g. , a

f ol seawrPudpYEe thefoleyiae Eamedhdi ti on, conpri sing
treating a pati eni—w-t Ik-a—taher apeuti cal | y effective
anount of a conpound havi ng Whe 7ol |l owi ng Fornmula X: X
or a pharmaceuti cally- accepta salt and/or solvate

t hereof, wherein: Kis - R7- ; Ais -(CR
8R9) - (CH2)mZ- wher & gﬁ;O)
-C(:())- C(=(>’ -(x:(:()>’ " O 'N(R
n )SA2- ; B is hydroxyl or s hydrogen or
Bi and R are taken together

or a pharmaceutically-acceptable salt and/or solvate thereof, wherein:

Kis -O-, -S-, or -NR7-;

A is —(CR3sR9)-(CHy)-Z- wherein Z is -(CHR 9)-, -C(=0)-, -C(=0)-
C(=0)-, -OC(=0)-, -N(R11)C(=0)-, -SO3-, or -N(R11)SO,-;

B; is hydroxyl or cyano and R; is hydrogen or By and R; are taken together
to form a double bond;

R» R3, and Rj are, independently, hydrogen, alkyl, substituted alkyl, aryl or
substituted aryl; or R, and R3 may be taken together with the carbon to which they
are attached to form an optionally substituted cycloalkyl;

R4 is hydrogen, alkyl, alkenyl, substituted alkyl, substituted alkenyl, aryl, or
substituted aryl;

Rg is hydrogen, alkyl or substituted alkyl;

R7, Rs, Rg Ryg, and Ry are independently hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocycloalkyl,
substituted heterocycloalkyl, heteroaryl, or substituted heteroaryl;

Ry is H, alkyl, substituted alkyl, or halogen;

Rz is aryl, substituted aryl, heteroaryl or substituted heteroaryl; and

m is O to 6.



to forma double bond; R ,R3, and R5 are,

i ndependently, hydrogen, alkyl, substituted al kyl,
W@eopl7/1en29Bubsti tuted aryl; or R2 and R3 nmay bePCHKS2907/069736

together with the carbon to which they are attached to

forman optionally substituted cycloalkyl; Ris

hydr ogen, al kyl, al kenyl, substituted al kyl,

substituted al kenyl, aryl, orjsubstituted aryl; Ris

hydr ogen, al kyl or substituted alkyl; R7, R8, R c>,

Rio, and Rn are independently hydrogen, alkyl,

subg0067) tlednatkyddimey ahombigd corsprizst ﬂretatihgml patical wih kyl |

aryI substituted. a , terocycl substi t.uted
net dbBEET G RYE Rabainsar o ro g fResy Bt peciht
het efp@aumlX’, Rl 2 is H, al kyl, substituted al kyl, or

hal ogen; R 3 is aryl, substituted aryl, heteroaryl or
substituted heteroaryl; and mis 0 to 6.[0067] In one
enbodi nent, the nnthed|@ﬁﬂﬁmw ses treating a patient
with a therapeutlcally ef f eC\i velfanount of a compound
havi ng the stereospecific_ForBu X' including
pharnaceuticalIy-acceptab‘é S or sol vates

t hereof, wherein, wres o3, R4, Rs,
Re, R?, Rs, R9, Rio, Rn Rli R1 Wre as defined
above for conpounds of Forngla I n anot her

with a therapeutlcally ef fect pve gimouft of a conpound
having the fornula X, including formula X, as
descri bed above, including phXFnaceutlcaIIy accept abl e

chl\;ls kaln(iIl’/lC udlnsgo[lh\e/t%tle%gut}cg 3; gc%feptab SN Iarrlld/or slof{/at_esot'h;ere'g‘f,l S

whereln whereln K, A, B; Ry, Ry Rs, Ry, Rs, Rg, R7, Rg, Ro Ryg, R11 Ry2, Ry3, and
m are as defined above for compounds of Formula X.

[0068] In another embodiment, the method comprises treating a patient with a
therapeutically effective amount of a compound having the formula X, including
formula X’, as described above, including pharmaceutically acceptable salts
and/or solvates thereof, wherein

Kis -O-;

A is Cy4alkylene;

B, is -OH;

R; R3, R4 and Rs are, independently, hydrogen or lower alkyl;

Rg is hydrogen or methyl;

R7, Rg, R, Ryp, and Ry are independently hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocycloalkyl,
substituted heterocycloalkyl, heteroaryl, or substituted heteroaryl;

Ry is H, alkyl, substituted alkyl, or halogen; and

R13 is an optionally substituted 5 or 6 membered heteroaryl.

[0069] In another embodiment, the method comprises treating a patient with a
therapeutically effective amount of a compound having the formula X, or X’, as
described above, including pharmaceutically acceptable salts and/or solvates

thereof, wherein



Bl is -OH R ,R3, R and R5 are, independently,
hydrogen or | ower alkyl; Re is hydrogen or nethyl; R7,
WOR007R2 0, and R11 are independently hydrogePCT/EB1091/069736
substituted al kyl, cycloal kyl, substituted cycl oal kyl,
aryl, substituted aryl, heterocycl oal kyl, substituted
het erocycl oal kyl, heteroaryl, or substituted
heteroaryl; Rl is H, alkyl, suopstituted al kyl, or
hal ogen; and R13 is an optionally substituted 5 or 6
menbered heteroaryl. [0069] In another enbodi nent, the
met hod capriOses treating a patient with a
therapeutlc%alﬁ» ffectlve anmount of a conpound havi ng
the formijt kyle as descri bed above, including
phar mace®;icabiy acceptable salts and/or sol vat es

t her eof, wherein C2nal kyl ene:
R R RRAN st o, (RO Rgrossy B BEERATBY. | omor
al kyl ; RR.$s hyedeegten; R7, R8 R c> Rio, and Rn are

|ndependently h drogen alk , Substituted alky
cycl oal kY7, R Bp&ud it Rid 2ty ee%ﬂd&wy hygrqgen, aéli)/ﬂ)étﬂi’sflﬂlt“‘é’d

ar yl i1 BloR&YIC B ikl cy SRS, Iawtsﬁgstmﬁ&%gp M&é@@cmikyl

heteroaryl, of substituted heteroar
al kyaubstigyiprshaterogye pakiyk eterogyl, ﬁwl’cbgtéhted hﬁélfOR”YB [ s an

optional gy § @pﬁﬂéfgkﬁg:édQR?ﬁ Fﬁe n%? gheteroaryl.

[0070] In Znot hef " enbodi men od conpri ses
t r eat i ng Ras igan pptrmalhy sulpstzuted & 0ap agbeat hyteropfybet i ve

N T T

sal ttheraprdfionlly stibatat esotief @ ofmponiné haiimg the formula X, or X, as
described above, including pharmaceutically acceptable salts and/or solvates
thereof, wherein

Kis -O-;

A is Cy4alkylene;

B; is -OH;

R; R3, R4 and Rs are, independently, hydrogen or lower alkyl;

Rg is hydrogen or methyl;

R7, Rs, Rg Ryg, and Ry are independently hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocycloalkyl,
substituted heterocycloalkyl, heteroaryl, or substituted heteroaryl;

Ry, is H, alkyl, substituted alkyl, or halogen; and

Ry3 is an optionally substituted thiazolyl, pyridyl, or oxazolyl.

[0071] A method of the invention may also comprise treating a patient in need of
such treatment with a therapeutically effective amount of a compound having the
formula Xa, above, or the stereospecific form Xa’, including pharmaceutically-
acceptable salts and/or solvates thereof, wherein, K is —O-, -S-, or -NR7-; A is —
(CRgR9)-(CHy)m-Z- wherein Z is -(CHRp)-, -C(=0)-, -C(=0)-C(=0)-, -OC(=0)-
, -N(R11)C(=0)-, -SO;-, or -N(R11)SO;-; Rg is hydrogen or methyl; Rg and Rg are
independently hydrogen, alkyl, or substituted alkyl, Ry, is H, alkyl, substituted



Kis -O; Ais C alkylene; Bl is -OH R2,R3, Rand RS
are, independently, hydrogen or lower alkyl; R6 is
whywrogen or nethyl; R7, R, R 10, and Rl1 ar ePCT/US2007/069736
i ndependent |y hydrogen, al kyl, substituted al kyl,
cycl oal kyl, substituted cycloal kyl, aryl, substituted
aryl, heterocycl oal kyl, substituted heterocycl oal kyl,
het eroaryl, or substituted heberoaryl; Rl is H, alkyl,
substituted al kyl, or hal ogen; and R13 is an
optionally substituted thiazolyl, pyridyl, or
oxazaky|ar hhlogehl R As agt, hadtinfedtahe, Herer@inglion ubswtyted hsworoaryl;
conprlse treating a patient in need of such treatnent
4 "} K§&r'8Beut i cal Iy effective amount of a conpound

h av [ [ng7 2 he nfeiotdf the K&entﬁﬁQﬂ@ al@ cohlpBiseSti@ti RO pR2h{ in@eed of
fo i ncl udi n eutlcall cceptable salts

an d/ S&F g?ﬂ“?)‘%ﬁté@eff %ytéc@ﬁy © é‘?’%f‘rﬂounk geonggound legving fhe

) gI)FUfonnulA\xgs)r Xb(, m&@wtér&m%lmyam E\Ii"jﬁ’frﬁétﬂylzlﬂ et nAddR
- N( ':)Oéxla‘?@) the m@@i Conwrlsesm(emg) thppatient wigh § conpppapdefen

or nthwh XngX@nQVha%uﬁlﬁﬁels hfﬂis%?ndent |y hydrogen,
al kyl, or substi'tuted 2 is H alkyl,

sub g0 T3t Aepalreg gmbodimen| of wemvenmecqn@na%wse ofsimyof fheut ed
af y' con{il)gﬁlﬁfs qgsrcwjecp{?ow?‘é"(bl?ﬁdcﬁﬂg c%?n BEIR P RMika >§B@.!l il K0

the in entlon may
c onmnd@e@r, @émerengthaglpales B, BinkRnBe&sdts, Bu&a Rx% RatRydht,
a thergpeut; [ o}
havi qﬁl ﬁ? hééﬁdflg %’ b& %eé)e%%h iﬁqcéé@a%%%e) ];1 n%&%ggﬂg#r&geutlcal
hy d ra@ge)nthnsrfetttﬂﬁtmg danceyéd paiRDt hartlcahﬁ@,dbn@nun mbkieg
at |

o f #R %raﬁrrlll,l c%&gﬁc%%lpt%gtelor}s c\?ﬁtalmnlg cgﬁuga e%coglrp(glérécﬁ forqg\%%ﬁ'? grug

Anotdetivere t‘d)tﬂd]lofmh]ztt o®dr-expesd ar\pediéeminllg expreds siesfolasae@tor.

an%—dﬁ{’%@ S‘E e1r 8&%%(31??? &1&I1rk1)\§eggtloanb(§)<a\é1epngésqgatlng a Igatlent in need
of such treatment with a therapeutically effective amount of a compound having
the formulas X, Xa, Xa’, Xb, and/or Xb’ (wherein the groups K, A, B; Rj, R, Rs,
R4, Rs, Rg, R7, Rg, R Ry9, R11 Ri2, and Ry3 may be selected as recited above),
wherein the treatment occurs at the tumor site, having been released at the tumor
site. In this embodiment, a conjugated compound is delivered to the tumor site,
and then the compound of formulae X, Xa, Xa', Xb, or Xb', as defined above, is
released at the tumor site and treats the patient at the tumor site. It is therefore
understood herein, whenever the term "treatment" is used with reference to
treating a patient, that this encompasses treatment at the tumor site, however
delivered, e.g., via a conjugated compound.
[0075] The use of an agent to upregulate the level of folate receptor (FR) may be
effective to increase the FR expression in certain cancer cells or tumor types to
enhance the advantages obtained upon administering the compounds of the
invention to patients, and/or to enhance the various diseases or tumor types that
may be treated with the folate receptor binding compounds according to the
invention. The expression of folate receptor in certain cancers may be

upregulated by the administration of a folate receptor inducer, which selectively



and/or Xb', wherein the groups K, A, BRl, R2 R3, R,

R5, R, R7, Rs, RO, Rio, Rh Rl2 , and R13 nay be
w@e002a4e7 as recited above), in making phar maceUr/U82N7/069736

conpositions for treating cancer in patients,

particularly, for use in making pharnmaceuti cal

conposi tions contai ning conjugated conpounds for

targeted drug delivery to tunpss that over-express or

preferentially express the folate receptor. [0074]

Anot her enbodi nent of the invention conprises treating

a pahéresses tha leneled fdfte saceptoit ih elat daeer callst thudenhancing the

there?%euti cal | A effective agn%nt of. a con&gund havi n%
t he FOFITPES 2RO CCeRIQT LrEeis SRy o BT MPIRNEF R [ TR™!
gr ougsitike (FR+) BreaRtkandds, exR3ss 18w, lev,of Rlate Réepthis, TRAtment
R o, Rn %#é and Réd3 rragﬂc e selected as recited .
abov¥ifh 2 {gls BrepterHucsre OXYER G §5tpEen AR s known
Si t o upRYHING IREKPrekLdrEFISBc ¥cepBdR ih BRRbr&bi@ncels)incRhsing
enbodi nent, a conjugated conpound is delivered to the

t unmobe ERt é?ea%fﬁanqe# S BYsEeREIBHRORriEs2Fent Wity FRlde secepier

Xa' , tar8bred Merapph) . as defined above, is released at the
tunor site and treats the patient at the tunor site.
It (9076} Preraspast effbeingension Pridss A meilied RE(eating pEnCeleqrh

"tr Mg . j. . . A .
ot FEAERE A BUERY D CALRLARSEN LATH LA e
si t ean dffgoiega@modet of veleestl oneefolyte, reqeiptpr sndpentj and dteeatehg the patient
compound. 5 e f t r t
P PO TRS e b CBOELa BRES B o
i ncriehgaetdper FRuex prag $s adminisrergEref@e nudag oe pftaelhd mtiont is

t unor pe o_enhance the adyvant obt ai ned upo
cam et ST oA Rt AT Jo it FhREpyHR e
pat i fehatesreceptod irolncdr @s infigineed pHer tv akatost wiklsthas@spannd of

tunor t th may be treat with the fol ate

oo dprBE Ry e man S EBr it Sopt S T on
The ®xdquhehsd regiateh Hedblater€@pPt DIthd desBed dellb Fuch AME GeS
may be upr egul ated by the admnistration of a folate

r ec dFRBRENE WHD dsrcomppindHs YetPRic Y SHecdYe- - i ner eases

t he [oevR! Exaipied biottd REGRIrAhdulsts Fdren<CdRRAlati68bl Slatet hUS
enhancing the effectiveness a fol ate receﬁtor tar get ed

t herragsptor P FRex@ayfies esteagen mgemorraatagpiigsp such as tamoxifen;
progesterone receptor agonists such as progestin; androgen receptor agonists such
as testosterone and dihydroxytestosterone, and glucocorticoid receptor agonists
such as dexamethasone.

[0078] Examples of folate receptor inducers for the upregulation of folate
receptor B (FRP) include: retinoic acid receptor agonists such as all-trans retinoic
acid (ATRA), tetramethyl napthalenyl propenyl benzoic acid (TTNPB), 9-cis
retinoic acid (9-cis RA), CD33336, LG101093, and CD2781.

[0079] In one embodiment, a method of treating cancer or a proliferative disease
in a patient in need thereof is provided, comprising administering an effective
amount of at least one folate receptor inducer and also treating the patient with at
least one compound according to formula X; wherein said folate receptor inducer
upregulates folate receptor o. Preferably, said cancer or proliferative disease is

selected from breast cancer, such as ER+ breast cancer, and ovarian cancer.



positive (ER+) breast cancers express |low | evel s of
folate receptors. Treatnent with a fol ate receptor

WO pbag €297 such tanoxi fen, an estrogen antagoni BET/UB207/069736
known to upregul ate the expression of folate receptors
in ER+ breast cancers, increasing the ERt+ breast
cancer cells susceptibility to treatnent with a folate
receptor targeted therapy. [087Y6] One aspect of the
i nvention provides a nethod of treating cancer or a
proliferative disease in a patient, conprising
opt i [06&0] | Iyl oadlembudsihatt iofithe peesent patnt@nt a mathed bexedativgcancer
amount of st aone folate r i nduce and
et T R R R R R (P A A
| easddnom ee Gt @ADLk oTg: oast baY folatearedtptof hRlutRland e
recept or, i nducer_nmay be adm nj stered bef<£ﬁ gum

sl

or iSIERg aﬁlaftfﬁe%th‘fe amountof 2t legpt GRg gpmpRRD VTN > fbimula
accoxdi kit %id iR HeBepfor 1ﬁ&c%r%ﬁﬁ9:§l FSTRB kocepthep.f b RLB1y,

receptor i nducer is adm nistered prior to treatnent

wi t Fratdiyancep apigolifdragie disgapgis selsctedapora feulserninandapmeint  of
the folabg ¢ sora JOLHER TedkEH BN AMIO 278 ABRY Hyelo
uprégulatg (?ﬁ qﬁ%tggrecé%tor%ﬁn Jﬁé desired G ?ﬁk
suchletkeamia ¢(MLY r eat nent with the conpound is

therygRf Sl bk SLOSELNS: AR Tl RIATTAGS P ol e

rec ucers he” Upregu
r ecefitease ia a pkiRa) inimeed hideof i @torvm?gé reompdsipg administering an

ant a ni. sts suc ro sterone rece

R B O e S R S L A RO

suchhiasnetdeadeogdse imditetonndd dediyngd tepatias bt kffedive amdunt of

gl ucocorticoid receptos a nisﬁ ch as

lex AR 280 AUIPQUBE S RESERTBRILY . ABE SRR lbhitgpe

| nstIé@é’e‘Sylis@ ﬁnHilh@r u;nﬁﬁg)uﬂaaﬁ Aqmsm tﬁgl Pdtént EA@?H%{A&@IE Pllibrlllcatlon
| C acCl t or agonl sts suc as

aI | -I%? éﬂ@@]&@?%ﬁé ‘%{Qﬂ&’o‘é@gﬂﬁﬁ? Kelly KMot {1 Rowan, and M.

napt a0 \an B R eaYdA &emLZSQ@ 0@3)( %Hg@henég “Behf, and
retinoic acid 59 cis RA) 36 LGL01093, and

CD2 7Rptnany, dibopd) 9G: ?52(9@@3@@98% rrent a method of treating
c an%ﬁsz@ 'Ti chnBl)ﬁﬂcdg Bf"ﬁlé ¥1%segllt tvéntfon may form salts or solvates which

are also within the scope of this invention. Reference to a compound of the
formula (X) herein is understood to include reference to salts and solvates
thereof, racemates, diastereomers, and enantiomers thereof, unless otherwise
indicated. The term “salt(s)”, as employed herein, denotes acidic and/or basic
salts formed with inorganic and/or organic acids and bases. In addition, when a
compound of formula (X) contains both a basic moiety, such as but not limited to
a pyridinyl imidazolyl, amine or guanidinyl and an acidic moiety such as but not
limited to a carboxylic acid, zwitterions may be formed and are included within
the term “salt(s)” as used herein. Pharmaceutically acceptable (i.e., non-toxic,
physiologically acceptable) salts are preferred, although other salts are also
useful, e.g., in isolation or purification steps which may be employed during
preparation. Salts of the compounds of the formula (X) may be formed, for

example, by reacting a compound of formula (X) with an amount of acid or base,



in a patient in need thereof is provided, conprising
adm ni stering an effective anount of at |east one

wo 200atie020ecept or i nducer and al so treating t heP@HRUS®AT/069736
with at | east one compound according to fornula X;
wherein said fol ate receptor inducer upregul ates
folate receptor a. Preferably, said cancer or
proliferative disease is selegjed from breast cancer
such as ERt+ breast cancer, and ovarian cancer.[0080]
In one enbodi nent of the present invention, a nethod
of tsuelais angqoianie@ranobntaingr oddide sathiay endinseichehd sal@

atient .in need thereof i.s r|S|ng
S A 2 R e R 0 e o R
f ol e8] enrrbopoinds uLFman X el i cohtainerbakig ndfety kiidcds ibue
anmount onﬁ?@ | east one co ound accor rnula

ing . tq f
X: Ve FBR! N dpngy éﬁ%an}dé% Btoyp: Cifﬁcﬂ’éiﬁgﬁfl © 5?18@28 yAfigg may
f ol abfn EAE SRIAIvaRety BF 8ifctiid Bl dino i€l a& @) F8EmPlary acid add1t10n
proliferative disease is selected fromleukem a, and

mor a5t Bflafetneiptes (YRR athess s SHBRGEHS aci e Sihalpagstpiarid,

and gh&QRipfe, mbl%g@e@@uadi @&ibﬁé@ R1o{reM.)asc @B 1dspd thedd,
further embodi ment, a net of treating cancer or a

pr ol ieneqages | brazcapsdiaaes; 'PiSldfaﬁﬁét'?Oéﬁ?S Pyfyigecittdesy eof s
pr OVAaQ?Horat%Q 'E%bl?d oRAN R ?c{p%ﬁth Ebn%(e@ % ThobRagyTount
of at ol ate réce

east one cer m ni steri ng
at |dedetylsoHeaeh p@ltamaelf@e%éumra@e glu@hhdptetnomes and

tr eg& é)hgsg)hﬁgst h%ﬂl‘éulﬂtészllne%%ngltéseﬁé)ga}{ ate%g?%%%?hf?)];ld&t

| ea npound accor o fornu exanpl e
of ahydicbtapmdesdealca@dyitlasskey droyethhteculfangtes (dghost atin A

20037 BT RN TS bh b 2T KA T RO 6 g
Rg\(l)\/gmphthﬂdnebﬂllfdﬁaﬁeﬂ&rg Bljﬁphﬁﬁlegﬁéﬁ?fagb), ﬁgotci)%g@pﬁieﬁ%
( ﬁ%bt %tuta%d@?sulfftg% gbﬁny[hﬁ%pl%% g]%gﬁ dé—pl&efnyl[pﬁogionates)

pr eSphBﬁphhtéy idratey) pivaliteh, Prspisialel Saldyl 8| Mti@SesMilfakes &ueh
also within the scog opgthls i nvention. Reference to

a cApunPrord pHR syl ) e%fonpisy Bieh #54hosRendense derew)-

I ncl ahh@rek QhiBERNSES, tdhuchadulSnARGuaPs ey Bifes! IHREQ@bates, and the
racemat es, di astereoners, and enantioners thereof,

unl 8¥€- ot her wi se
[0084] The compounds of formula (X) that contain an acidic moiety, such as but

not limited to a carboxylic acid, may form salts with a variety of organic and
inorganic bases. Exemplary basic salts include ammonium salts; alkali metal
salts such as sodium, lithium, and potassium salts; alkaline earth metal salts such
as calcium and magnesium salts; salts with organic bases (for example, organic
amines) such as benzathines, dicyclohexylamines, hydrabamines (formed with
N,N-bis(dehydroabietyl)ethylenediamine), N-methyl-D-glucamines, N-methyl-D-
glycamides, t-butyl amines; and salts with amino acids such as arginine, lysine,
and the like. Basic nitrogen-containing groups may be quaternized with agents
such as lower alkyl halides (e.g. methyl, ethyl, propyl, and butyl chlorides,
bromides, and iodides), dialkyl sulfates (e.g. dimethyl, diethyl, dibutyl, and
diamyl sulfates), long chain halides (e.g. decyl, lauryl, myristyl, and stearyl



indicated. The term"salt(s)", as enployed herein,
denotes acidic and/or basic salts fornmed with
W0 p@rgemndT and/ or organi c aci ds and bases. | n BCHUS$100T069736

when a conpound of fornmula (X) contains both a basic

noi ety, such as but not limted to a pyridinyl

i m dazolyl, am ne or guanidinyl and an acidic noiety

such as but not Iimted to a_garboxylic acid,

zwitterions may be fornmed and are included within the

term"salt(s)" as used herein. Pharmaceutically

accejlaidee b{dmlées andasdides iacalkyp hylRleoleqgbaall and phenethyl

accept abl ts are preferred, although other salts
e%§P§€E§ %%ﬁwl ™e.g., inisolation or purification

st e[e083)i SullvarR Yt bhe cempbuayest tﬁ@ Inivexgion ra&wagoabh@ﬂlpla&alhmm

t unds of th for a (X be f f or
ex an% tesgifp/q’heéa@t"?%&s B dnﬂF‘aeﬁ Eﬂrﬁﬁ’r“&’l? gi‘}’df\ﬂﬁef ‘h an
ano qobsaqua@tel«ém@ém&asﬁm pfeben@&ondibuf@ikorak ahidle, AR Rthich
in a nmediumsuch as one In which the salt precipitates

or i HAYAKISh AYF'83EY HRERHTIE ATPUIS OB WRECUS yul B A} ingBidingn.
[ 0083hncbagrie %mglgm@&aaére&ﬁ&mbﬁm( 43 csﬁtahplg@a tadhlh tRe scope

basic noiety, such as but not Iimted to an am ne,
guarffdiinipverfioaubiusdier erapple earh reerenqeitelgomapapnds erF@nm#&%
for I}éﬁfi’énﬁéd Weﬁltbrﬁbagaacrgng)gﬂnégfof REARM . ah Vid Q2 Omers of

aci Exenpl ary ‘acl dition salts inc e acetates
( sucthe eggnpohodseof tlgrimecaition mhy, é@reqxamplacb@ubﬁantlally free of other

tr I n? e:jglas s %%ln% ‘or fsl%rs aﬁ%ﬁﬁg)lu?e’ orp%lc% o&h%? RA% e01f1ed

aC| , Iglna Sco aspa
ben zacoatneﬁ,, orkmmyzae ndsixef dmamplebassraﬂehates ST wbh) a]abmsr, or other

but A I%cte ste%eotlsro%teress ggl?patf ce grse g’f the nPenP {n%gntlog rr1naellty %a\?e the
“l at Bs,
cycl Spentanepr opi ona

dod eﬁ:yﬂ B tﬂ)rffk’ghﬁﬂon &td’eﬁn&ﬁby tﬁ@ nmpe(s ,197f4lRm15thﬁdatlons Racemic

ept BHEGPE LS HENAH B B PPt s xanple Falonal

hyd r@izymmadeﬁ SepayAtion bﬂ&yﬂﬁﬁzauby of @m@&daﬁd}ﬁwhmlmag es
(e 2-h droxyethanesulfonates | act ates, mal eate

et b aE U SO AR R e Byl gRiduaLorpitlgromers can be

2- nafupdi Al tRNE Sibtbb:PBALI@Srbeestis COhdrdl A k@ Ring Miatdrdts @fid/or
oxal ates, pectinates, persulfates, phenyl propi onates

(. ghiermedisesiya fstesise bﬁ\a@%% §tefe%16glpsﬁap@l§68pmd¢rrgawlgsthat

Pi Vadegit&ior RE elm BB&IBSandiBd {E¥dRERRry RUAHHMAREE Trroughout
sul fates (such
the reactions, and/or the isomers can be obtained from racemates by any suitable

method, including without limitation, conventional methods, such as, for
example, salt formation with an optically active acid followed by crystallization.
[0087] All configurational isomers of the compounds of the present invention are
contemplated, either in admixture, or in pure or substantially pure form. As can
be appreciated, the preferred configuration can be a function of the particular
compound and the activity desired. Configurational isomers may be prepared by
the processes described herein, which may be stereoselective. In other words, a
desired stereochemistry for the final compounds can be achieved by using
starting materials having the corresponding desired stereochemistry, and then
maintaining the stereoselectivity throughout the process of preparation.

Alternatively, the compounds may be prepared as racemates or diastereomers,



as those formed with sulfuric acid), sulfonates (such
as those nentioned herein), tartrates, thiocyanates,

wo a0oas28ul f onat es such as tosyl ates, undecanoR€BES20aTI069736
the |ike. [0084] The compounds of fornula (X) that
contain an acidic noiety, such as but not limted to a
carboxylic acid, may formsalts with a variety of
organi ¢ and i norgani c bases. _Exenplary basic salts
i nclude ammonium salts; alkali nmetal salts such as
sodium lithium and potassiumsalts; alkaline earth
met adnd stanttise dicdd sasecehdmistuyrimanbe Mhgredviarepastivs pf sal t s

o BeRbaR el R Y hRh rR Rk e 4] B B85 i
(f ortieteldd & 4, ﬂc%iﬁoﬁﬁﬁﬂgﬁﬁe?ﬁ@?@yl ) et hyl zgedlt aLnUtne)
n@@g@ ﬁég%%ﬁgb?@%%?ﬂﬁ%ﬁ%oﬁ & 534 é@&tﬁu%s th?ra?fﬁ?fwéae

l ySi dh8senddProt1A8 stablk noiddds hifel ddhfpbO@e RscFaINE BhrnAubEMNPS
may be quaternized wth agents such as | ower alkyl

hal i WeP1b YmpRBIdy Wdforelflﬁwedw;s? efgymoundgrpsety| jinypakirig

chl ogua&%euteam&e&am@mnﬂoe%d Qﬁl)e,skfﬁb@lnktﬁé f1§1H WiRhSReciate
(e.g. dinethyl’, diet but yl di anyl

sul fsattt@dg selqcapry felh@mﬁg/lh%walegve(seb@ cog@eyids. | auryl ,

myri

B A R R SEL B8 B8 e A i
br omedéw)ratl‘@rﬂmdmpﬂem@ng [ 0085] Sol vates of t he

co G R
oL SIS U 5 90, SRR 8 e
I nclfigdbsuch o, fca)eaanpple,, cohgidiraig esmbin@RB6 pf thk Iembodiments

ster epi so

t ho S e Vsﬁlc above an are geensl’ e1%11tted gso %iln ?V%thl(nfﬂ?e %:o%e orﬁ%fle ’

may ~ex ic car s on
varnnumusmbaﬁntuents), |nclud|ng enantioneric forns
and di astereoneric forns, are contenplated within the
SCOpgy his invention. Thus, for exanple, each
reference t o conpounds of For mul a X, is intended to
enc dofy O pleynasing thabe orerteapiéssed bnpieferaddally expressed in
i nven

For CTARGIES 50 UBSEAR PRIy FPEetear SEHER 1EONE o

( e. Gsynthass, anesi@indfumdtl BshidRelsadrd ¥noirte ogdleixpdbs | SOMer

havi tjg?ate?birsl 1relg,9 [I)rfolte?ncé For example, both Campbell et al., “Folate Binding
Protein is a Marker for Ovarian Cancer,” Cancer Research, Vol. 51 (Oct. 1,
1991), at pp. 5329-38, and Coney et al., “Cloning of a Tumor-Associated
Antigen: MOv18 and MOv19 Antibodies Recognize Folate-binding Protein,”
Cancer Research, Vol. 51 (Nov. 15, 1991), at pp. 6125-31, report that folate-
binding proteins are markers for ovarian cancer. Folate-receptor over-expression
is also known for other cancers such as, for example, skin, renal, breast, lung,
colon, nose, throat, mammary gland, and brain cancers, as well as other cancers
referenced herein.
[0092] The compounds of the present invention are useful and can be delivered
as epothilone-derived microtubule-stabilizing agents to tumors that express a
folate receptor. They are useful in the treatment of a variety of cancers and other
proliferative diseases, particularly those cancers characterized by cancer cells or

tumors that express the folate receptor. The term “folate-receptor associated



activity), or may be adm xed, for exanple, as

racemates or with all other, or other selected,
wae@raei28oners. The chiral centers of the preseei/US2007/069736

i nvention may have the S or R configuration as defined

by the | UPAC 1974 Reconmendati ons. Racemi c forns can

be resol ved by physical nethods, such as, for exanple,

fractional crystallization, separation or

crystallization of diastereomeric derivatives, or

separation by chiral columm chromatography. |ndividua

opt | @aditibsoswkas] eadin benpBtadistads or dikordére tlepspeiced by

processes erein startin terials and/or .

P e piron B Pl Bt it I B R Dol s r dispyers
co {j rtﬁﬁ;p@msﬁ mgnuirs]ddmrtu’emd Bieed siedhe ieatl dfhﬁ[;}reﬂd)nﬁif a@dyohe,

and the stereochemstry is intained thro out . the

r eacPeBIRE In LipdPeristsds FLBRAEY W‘é%ﬁ“ﬁ’ép%"é‘f%i Cﬁog%PQPP@rﬂr‘] the

I aC eJFBeBSn Y ti G Mre SbbflIa6] BrriME Béugated C Fotcixmep doiptinds of
limtation, conventional nethods, such as, for

exanpf Bersionimay be Head;te o thhiclpwBgcragatsH coappryrd of dhed
fol lgweda Py crystallization. [0087] All

configurational isomers of the conmpounds of the

present inveNtTod arefcoMemfiatRd, either in

adm xture, or in pure or substanthal ' pure form As
can be appreciated, the preferred i guration can be
a function of the particular i Vi
desi red. Confi gurati onal Rj; y_be prlepargd by
the processes descri bed herein, i dh

stereosel ective. In other words,oa
stereochem stry for the final co unds c3h b&,
achi eved by using starting materi [
correspondi ng desired stereochem stry, an
mai ntai ning the stereoselectiMity throughout the
proce%§eqf preparation. Alternatively, the conmpounds
may % 6?epared as racemates or diastereoners, and then
t he desi ned felhtey @aahedosdrderinamiye der@achi eved vi a
separatiqg.%% cog&'gurational i soners which can be
achi eved $§ hRy'sthit abl e met hod known in the field,
e.g., Suahisasrek@abldMinkdil omat ogr aphy. [0088] Thr oughout
t he specification, groups and substituents thereof may
be choseﬂ(Féxﬁr%W$%@;stable nmoi eti es and conpounds

useful as\ RhatrEeSUtHHRIZ et RLICHR )-, -C(=0)-, -C(=0)-
C(=0)-, -OC(=0)-, -N(R11)C(=0)-, -SO,-, or -N(R11)SO>-;
B, is hydroxyl or cyano and R, is hydrogen or By and R, are taken together

to form a double bond;

R» R3, and Rj are, independently, hydrogen, alkyl, substituted alkyl, aryl or
substituted aryl; or R, and R3 may be taken together with the carbon to which they
are attached to form an optionally substituted cycloalkyl;

R4 is hydrogen, alkyl, alkenyl, substituted alkyl, substituted alkenyl, aryl, or
substituted aryl;

Rg is hydrogen, alkyl or substituted alkyl;

R7., R7, Rg, Rg Ryp, and Ry; are independently hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocycloalkyl,

substituted heterocycloalkyl, heteroaryl, or substituted heteroaryl;



conmpounds and/or intermnmedi ate conpounds useful in
meki ng pharmaceuti cal | y-accept abl e conpounds. One
WG@RTheR9T n the field will appreciate suitabl ePCT/US2007/069736
sel ections for variables to achi eve stabl e conpounds.
[ 0089] Enbodi nents indicated herein as exenplary or
preferred are intended to be illustrative and not
[imting. [0090] O her enbodipgnts of the invention
will be apparent to one skilled in the field such as,
for exanple, considering conbinations of the
enbodi mem;sis tehkyendeduabalkg], oandogne contenplated as
thin the scope of the t|o

d
AR AR i e e S R R R

over-expmes&ed6or preferentially expressed in certain
cancer cells is the folate receptor. Folic acid is
required f WW@F@@%thesis and certain human tunor
cells are known to over- express folate bi ndi ng

proteins. For exanple, both et al. "Folate
Binding Protein is a Nh erCTo Oyari an Cancer
Cancer Research, Vol - , ¢8®%%), at pp.

5329- 38, and Coney et a " @ao Ing of a

Tunor - Associ at ed Amtlgen m@vIS and Mlvl 9 Anti bodi es
Recogmirgige Fol at e- bi ndi ng Protein,"” Cancer Research,

Vol. 5 1 (Nov. 15, 1991) 6125- 31, report t hat
fol at ebi Mdi HGAPrSeFETsREe lérlédfrPﬁP‘Eeé% hyydo2esly alky  prbetitiied pIkyl.
Fol af@: §BGRREe ﬁryP\Aﬁﬂalﬁﬂ%ﬁsstftﬁt&Par}rﬁlk? %&lmuﬂﬂumd

ot her” cancers such "as,” for exa

br eadyeloalkyingyclaadiyisikyl, ﬁb@@tutqcrﬂyelaﬁlkylﬁﬁwﬂwhrtyrowhnd and
br a'ﬂéte‘E@aF;g%kgr] s SticiRl het@x%mgziah%g rﬁsﬁﬁﬁéd%efe?éa‘?ﬁenced

her el n e compoun e present 1nvention
arelugeﬁwHOQKﬂ»@Hﬂbﬁeﬂdﬁmmvene@a&slepothllone deri ved
m crot ub glﬁ)ﬁp 14 zing agents to tunors that express
a folate ecep oF . They are useful in the treatnent of
a vari et RioRicaddar se adepentidngly hydrogen, alkyl, substituted alkyl, or

cycloalkyl.
[0093] As another nonlimiting example, compounds of the invention may be

used to form the following conjugated compound of the formula Ila:

\ T Q M o)

Ia

wherein V is a folate-receptor binding moiety. For example, V may have

the following formula:



proliferative diseases, particularly those cancers
characterized by cancer cells or tunors that express
wWQ b@7figi29t e receptor. The term "fol at e-r ecept oPCT/US2007/069736

associ at edcondi ti on" as used herein conprises di seases
or disorders characterized by expression of the folate
receptor, or in other words, those di seases or

di sorders that can be di agnosegl.or treated based on
the | evel of expression of the folate receptor in

di seased tissue as conpared with normal tissue.
Conmpounds of the present inventionpar &eiseful for
form ng conjugates. For exanpl- cil jlggaa?b\the

i nvention may be used to fior f ol oW ndl conj ugat ed
conpound of the fg I e drein: V is°folate, or
an anal og or deﬁﬁhath:]E#;Peof Qis O S, or NR7; M
is a rel easabl ZK.i 8§20 S, or NR7a; Ais -(CR
8R9) - (CH2) m Z- “Wherein Z 1S -(CHR 10)-, -C(=0) -,

- ( O> Clwherein WOBH20kre indh[@dﬁdentl)y(lﬁiz@ mt;rogesm O -N(R

n)S B i s, hydrox) and Ris hydrogen or
B and R g?%“@ﬁ@@%I&@Bé?ﬁék“@gqggrnla doubl e bond; R

, R3, and H351s a&ﬁogdnmﬂﬁfEEﬂdﬁn&ﬂ fynmm@lfmgmm gradl;k\yﬂth Ros;
substitu k ubst ed aryl: o and
0 mmy. bt abr R Boker Rl BT HkhPbisel BURT: ATt hey
are attagedh &ogalrdfmﬁlsqr@wl@m}llmthmbsplefewbgdV is

cycl oal kyl; R is hydrogen, alkyl, aI , Substituted
al kyl , substltuted al kenyl', aryl, Qor sﬁ stltuted aryl ;
Re is hydrogen, al kyl or sub 7a R7,

Rs, R9, Ri o, and ar e |ndep ntly hydr @gen, al kyl
substitut ed

[0094] Compounds of the present invention can be conjugated to form

compounds having the following Formula Ib:

R F{17
R
HN COsR;s °
_<\ P OH
N
O
O OH O
Ib

wherein

V is a folate-receptor binding moiety;
R is H or lower alkyl;

Qis O, S, or NR7;

M is a releasable linker having the following formula:

Rgi Reo {7 Ras R24Q S
\S%O)L ~ \/S)SJL/\ or ’\ | /
Ris Rio Ros Ros A G\"—\’
Ro7



al kyl, cycloal kyl, substituted cycl oal kyl, aryl,

substituted aryl, heterocycloal kyl, substituted
whedoenereytl| oal kyl , heteroaryl, or substituted PCT/US2007/069736

heteroaryl;Ri 2 is H, alkyl, substituted al kyl, or

hal ogen; Ri3 is aryl, substituted aryl, heteroaryl or

substituted heteroaryl; mis 0 to 6; T has the

formul a: wherein R 4 at each_ggcurrence is,

i ndependent |y, hydrogen, alkyl, substituted al kyl,

aryl, substituted aryl, arylal kyl, substituted

aryl al kyl, cycl oal kyl ﬂfstituted cycl oal kyl ,

cycl oal kyl . cycloalkylalkyl,
heteroar?ﬁfmﬁ%Yeroaryla kyl ; substituted

het er oar W, pAck)dh ocsuRsitd 1! Uﬁl&éﬂ)eﬁ&hﬁ{] ,0@d8dken, alkyl, substituted alkyl,
het er ocycl oal kyl , or substituted heterocycl oal

i s 1arylpSubgitutggh @Yhaylaﬂﬂde%muw yylalkyh a)éfé%l‘evérﬂlbaﬂmtedq
hydr%@l%&lkylaéﬁwalk N Ao @kl‘&)ﬂh(ylaﬁ&&l e Kyl .

93] As” anot her nonI|n1t|n9 exanpl e; conpounds of
t he herpyeanylplsi. sriytitaied hetergatyly kYé)rSHbSEIWéedff@Felleng

conj i's
Con RSSOl RO L brabir eyl
hav esetehied from| Fbwnatlgyl f syamdingtpedpet, e(CﬂﬂzMVzéKdHX (&leSH, CHz-OH

| onanap gyl st Rindbub A ABECOTRELE AR RS pRIIR 2T,
cychoébh&@l@mﬂmmeMMMhoﬂ&G’CGRDZDHthNHKﬁgEmD¢HﬁMer

al kyl , Iome e wer al kynyl; and R23 is
hydrogenqols Oaiok %er%bﬁﬁ ?kyl wth R 1. Preferably,

Vis [00%4], R(ﬁoamrlmmﬂs indépentientlp hedepdn, lomee mikylam seatitubed
conj {;éat%g1 0 forn1conpounds havi ng t he follomnng
For
Ris, R19, R31, R32, Ra3, Ray, Ros, Rog, Ry7, Rog and Ry are each,

independently, H, lower alkyl, substituted lower alkyl, cycloalkyl, or substituted
cycloalkyl, or any of Rig and Ri9. R3; and R, Ri9 and Ri;; R33 and Ryy; Rys and
Ry6; Ry and Rys; or Ry7 and Ry may be taken together to form a cycloalkyl.
[0095] Compounds of the present invention are especially useful for forming
conjugated compounds, including pharmaceutically acceptable salts and solvates

thereof, having the following formula:
COZH

[0096] For any bivalent group listed herein, such as —(CRgRg)-(CH;),-Z-, that is

capable of insertion into compounds of Formula I,



Ib wherein Vis a folate-receptor binding noiety; Ris
Hor lower alkyl; Qis O S, or NR7; Mis a rel easable
WO 2ovkas02biavi ng the foll owi ng fornmul a: o pref er abdTUS2007/069736

Ri 4 at each occurrence is, independently, hydrogen,

al kyl, substituted al kyl, aryl, substituted aryl,
aryl al kyl, substituted arylal kyl, cycl oal kyl,
substituted cycl oal kyl, cycl og| kyl al kyl, substituted
cycl oal kyl al kyl, heteroaryl, heteroarylal kyl,
substituted heteroaryl al kyl, substituted heteroaryl,
het er ocycl oalkyt=T UW<%Ubétrfﬂ%emhheterocycloaIkyI and
is preferably a group sel ected f\Qm He net hyl ,
guani di nyl propyl, -(CH2)i-2-CO2H, N - SH -CH2-CH
|n1dazolyl(nethyl) am nobut yIf12 an -CH 3 and

is nore preferably a G R@ W th
one of -C(=0)-0H or -NH C( 0;
preferably 1 to 5 R 5 R 6 and(R 7 endent |y
hydr ogen, | ower al kyl or substitu l; and
R 8 R 9, R3i, R32, R33, R24, R25,7 R2Q, 7, R2 and

R29 are each, independently, H, Iomer al kyl ,
substituted | ower aIkyI cycldalkyl or substituted

R0 R Vg in ks Mo poytedion Ryido Hely. Aerig lone ng
R28 fﬁﬂg’\xallﬁg Sl?LﬁKﬁlﬂWh@@%tlh aéfirded ai QIOR;Ro) G ¥ Ell Y ad- ki me[h@ﬁ:ﬁ5]
Conpounds of t nventi o e especi al

us ef%?upf 1 Fttﬂ‘B?‘Pr‘Pﬂg ‘i&?}e %ggé‘?‘&’ds &%ﬂ%ﬁ%&ﬂﬁﬁa@ nIreRep l%lfhﬁ geiridinyl

phanﬂgpgu%n&ﬁjly acceptabl e salts and sol vates
t hereof, having the fou¥§%mg fornula

/\Re

V—-T—Q— M—K/ (H2C)

[0097] As a non-limiting example, such folate-receptor associated cancers
include ovarian cancer and cancers of the skin, breast, lung, colon, nose, throat,
mammary gland, liver, kidney, spleen, and/or brain; mesotheliomas, pituitary
adenoma, cervical cancer, renal cell carcinoma or other renal cancer, choroid
plexus carcinoma, and epithelial tumors (See, Asok, Antony, “Folate Receptors:
Reflections on a Personal Odyssey and a Perspective on Unfolding Truth,”
Advanced Drug Delivery Reviews 56 (2004) at 1059-66).

[0098] Additionally, use of an antiestrogen (such as tamoxifen, ICI 182, 780),
may be effective to increase the FR expression in certain cancer cells or tumor
types to enhance the advantages obtained upon administering the compounds of
the invention to patients, and/or to enhance the various diseases or tumor types
that may be treated with the compounds according to the invention.

[0099] For example, the diseases that may be treated with the compounds of this

invention, and/or upon a combination therapy comprising the compounds of this



[ 0096] For any bivalent group listed herein, such as

-(CR 8R9)-(CH2)m Z-, that is capable of insertion into
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fromleft to right. For exanple, in the follow ng

situation where Ais defined as -(CR 8R9)-(CH2) m Z-,

the nmethylene group is attached to K, and the Z group

is attached to the nitrogen of>the aziridinyl ring, as

follows: [0097] As a non-limting exanple, such

fol ate-receptor associ ated cancers include ovarian

c anciavendoinc@mbatagorofith easiksttoge ) megStrthek inetpde, oathont

nose throa mmary gland, |iver, kidney, spleen,

and/ gritagion;t E\éfoﬂg ¥Wehel i omas, pituitary adenons,

cervi cal -eafif@has lﬁ&lﬂﬂﬂlg 6Jel1is@a HB6 R ARBloOthatQsF lAerbliaasl

cancer, chor o%@ Eﬁ c}c1ar ci noma, and epithelial
turrtﬁa§cr(:3§e§°m YIOKhBhBIOS@ | at e Recept or s:

Refl ecti OlﬁbSnd@cb’poﬂ:uE’ﬁfn&&@@ﬂ 1y1@9yos<$ﬁﬂea?@ ) GincudBR 1S R@ETAs\BcHOR
Unfol ding Truth," Advanced Dru ivery Reviews 56

( 2ocme)lteéxmwsylcée‘)kemfW@fﬂtwafrpém@ﬁ%uc|1‘3P eRjigeangflygphomas,
ant i @st 109601 yRpeIm AT - J@WFEIO% Hb&Kkirk8mpheRR) nodBYddRehs

effective to increase th expression in certain

candgmplkand. faipt cell yrpphomppans Buskigts lyawbemgshe advant ages
obt ai ned _poR, Qﬂb Rindr€54 ;g%l&ﬁ A& g@ﬁ&&fﬁ}ﬁé% %tlte 1e chronic

i nvention to patient S, /or to nhance e varl ous
di seaﬁé@emmﬂ@ak@mlasylpfégromhdpcm%%emtareat ed with the

compound S%uﬁ-‘%% dff %enc%n&ﬁ h& erl ﬂgrg er\po[as %{8938)9 %JC LEl?f[gh e

exanpl e, | seases
C O NP oy $onod, n¢dnolﬁasitowae gliorom ,antawlilavannoups,n a conbi nation

t herapy co i n hi sinvention in
combi nat i OR OWl 4 eg%ncg I{wﬁ 13 m mdﬁldmﬁﬁlgmfsam?lﬁér i ncl ude,
W t hhﬁhdoinlymatca)tnaomd o&ﬂaesafaohiaomdng - car ci nomas

i ncl udi ng éhose | isted above and/or that of th
bl adder, ~PAHIPEYS, inglp %@ﬁlan?lﬂ%/ ﬁﬁoaeﬂnglp&gl?ﬁng)gllngt sgminoma,

- herlam@@mﬁﬁdrﬁa Y8 SolRfuldr YaARBO bkl telafRa@Romancl udi ng
Ieukﬁb as such as acute | ynphocytic | eukem a and acute
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who have been previously treated for cancer, as well as those who have not
previously been treated for cancer. The methods and compositions of this
invention can be used in first-line and second-line cancer treatments.
Furthermore, the compounds of formula (X) may be useful for treating refractory
or resistant cancers.

[0101] The compounds of the present invention may also be useful in treatment
of other conditions responsive to microtubule-stabilizing agents delivered via the
folate receptor, including but not limited to, arthritis, especially inflammatory
arthritis and other inflammatory conditions mediated by activated macrophages,
and central nervous system disorders such as Alzheimer’s disease.

[0102] Furthermore, patients being treatment with the compounds of the present
invention may receive a combination of treatments, for example, with other anti-
cancer and cytotoxic agents or other treatments useful in the treatment of cancer
or other proliferative diseases. In treating cancer, a combination of compounds

of the instant invention and one or more additional agents and/or other treatments



such as B-cell |ynphoma, T-cell |ynphoma, Hodgkins

| ynphoma, non- Hodgki ns | ynphoma, hairy cell |ynphoma
waee7Bunki tts | ynphona; -henatopoietic tunors BET/US2007/069736

nmyel oi d |ineage, including acute and chronic

nmyel ogenous | eukem as and pronyel ocytic | eukem a;

-tunors of the central and peripheral nervous system
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¢ onbllntli]lglttolr(s) Pncﬁlfclln%%lr{lqt? llélnglsse inhibitors and/or inhibitors of Src kinase or
Src/abl; signal transduction inhibitors; and other agents used as anti-cancer and
cytotoxic agents such as biological response modifiers, growth factors, and
immune modulators. The compounds of formula X may also be used in
conjunction with radiation therapy.

[0104] Further examples of anticancer agents that may be used in combination
with the compounds of the invention include Src kinase inhibitors, ‘N-(2-Chloro-
6-methylphenyl)-2-[[6-[4-(2-hydroxyethyl)-1-piperazinyl]-2-methyl-4-
pyrimidinyl]amino]-5-thiazolecarboxamide, and other compounds described in
US Pat. No. 6,596,746 and US Pat. App. No. 11/051,208, filed February 4, 2005,
incorporated herein by reference; ixabepilone, an aza-epothilone B analog, and/or
other epothilone analogs described in US Pat. Nos. 6,605,599; 6,262,094
6,288,237; 6,291,684; 6,359,140; 6,365,749; 6,380,395; 6,399,638; 6,498,257,
6,518,421; 6,576,651; 6,593,115; 6,613,912; 6,624,310, US Appl. Pub. No.
2003/0060623, published March 2003; German Patent No. 4138042.8; WO
97/19086, WO 98/22461, WO 98/25929, WO 98/38192, WO 99/01124, WO
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agents and/ or other treatnentsmay be advantageous. The
waewond2agent may have the sane or different nRCITHRI08T69736

of action than the conmpounds of formula (X).

Especially useful are anti-cancer and cytotoxic drug

conbi nati ons wherein the second drug chosen acts in a
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and gastric irritation, such as antiemetics, and H; and H, antihistaminics.

[0107] The above other therapeutic agents, when employed in combination with
the compounds of the present invention, can be used, for example, in those
amounts indicated in the Physicians’ Desk Reference (PDR) or as otherwise
determined by one of ordinary skill in the art.

[0108] One embodiment of the invention comprises use of the present invention
compounds in preparing pharmaceutical compositions for treatment of cancer,
particularly for use in preparing pharmaceutical compositions for use in targeted
drug delivery to tumors that overexpress or preferentially express the folate
receptor. The pharmaceutical compositions of the present invention can be
administered for any of the uses described herein by any suitable means, for

example, parenterally, such as by subcutaneous, intravenous, intramuscular, or
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exa Olo(zélnd/torh Solyelgt%/rlerrrl%%%%gll 4%%l may comprise use of surfactants
(pharmaceutically-acceptable surface active agent that may be used to increase a
compound’s spreading or wetting properties by reducing its surface tension),
including without limitation, CREMOPHOR®, SOLUTOL HS 15®, polysorbate
80, polysorbate 20, poloxamer, pyrrolidones such as N-alkylpyrrolidone (e.g., N-
methylpyrrolidone) and/or polyvinylpyrrolidone; may also comprise use of one or
more “buffers” (e.g., an ingredient which imparts an ability to resist change in the
effective acidity or alkalinity of a medium upon the addition of increments of an
acid or base), including, without limitation, sodium phosphate, sodium citrate,
diethanolamine, triethanolamine, L-arginine, L-lysine, L-histidine, L-alanine,
glycine, sodium carbonate, tromethamine (a/k/a
tris[hydroxymethyl]aminomethane or Tris), and/or mixtures thereof.

[0110] The effective amount of the compound of the present invention can be

determined by one of ordinary skill in the art, and includes exemplary dosage
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Clonogenic Cell Survival Assay
[0112] Cancer cells were seeded at 3.0E+05 cells in a T75 flask with 10 ml of
RPMI1640 media, free of folic acid, and containing 10% fetal bovine serum and
25 mM HEPES. Cells were grown in a 37°C incubator containing 5% CO; for 2
days. On day 2, supernatants were removed from the flasks, and the flasks were
divided into 2 groups. One group of cells were incubated with 5 ml of media
containing 100 M of folic acid (Sigma) for 30 minutes and the others were grown
in 5 ml of media without added folic acid. Cells were then treated with 20 nM of
epothilone, epothilone analog, conjugated epothilone, or conjugated epothilone
analog for one hour. At the end of the incubation, the drugs were removed from
the flasks and the cells were washed with PBS buffer 3x. After washing, 5 ml of

complete media were added into each flask, and the cell was grown in the CO,
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synthetic nono- or diglycerides, and fatty acids.
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frequency of dosage for any partlcular subj ect can be
variléﬂhtaﬁebekaAsxagpend upon a vari ety of factors

I ncl fdﬂﬁ gAltl samp g [t)rle[\)/e{retltx)n%froctecrllueress seeé: %or the FR assay were performed
at 4°C. Tissue samples were homogenized in homogenization buffer (10 mM
Tris, pH 8.0, 0.02 mg/ml each of leupeptin and aprotinin; 1 ml buffer/5S0mg
tissue) using a PowerGen 125 homogenizer. Large debris was removed by mild
centrifugation (3000 X g for 15 min). Membrane pellets were then collected by
centrifugation at 40,000 X g for 60 min and resuspended in solubilization buffer
(50 mM Tris, pH 7.4, 150 mM NaCl, 25 mM n-octyl-f-D-glucopyranoside,

5 mM EDTA, and 0.02% sodium azide). Insoluble material was removed by a
second 40,000 X g 60 min centrifugation, and the total protein concentration of
the supernatants was determined by the bicinchoninic acid (BCA) method (Pierce
Chemical). Each sample was then diluted to 0.25 mg/ml in solubilization buffer,
and 100 ul was placed inside each of two Microcon-30 microconcentrators

(30,000-MW cutoff, Millipore). Samples were then centrifuged at 14,000 X g for



conmpound enpl oyed, the netabolic stability and | ength

of action of that conpound, the species, age, body
woweioghto29general health, sex and di et of the sej/E81007/069736

the node and tine of adm nistration, rate of

excretion, drug conbination, and severity of the

particular condition. Preferred subjects for treatnent

i nclude aninmals, nost preferabyy nmanmmal i an speci es

such as humans, and donestic animals such as dogs,

cats and the like, subject to

m crigtminat sost eipdratpeettb piss al 9Otk ditjeid tioroughi thé mAmbrane, as

[011 f ese tion, such

Conpbuado BraE i sBuelinof bt s B el gprgafier s

exanpédisrand) aViEsubeRGert esitefdgationGRPs WerePoIfEmRH uElhg these same

assays described bel ow and/ or assays known in

fi el REramgids-dEwBRstY gt 3 %Mwaéa@ﬁrb&ﬁFfe(PHé\ﬁBlwaéﬁd%?ét@ gty
as MhErRbiBHRoo AL B Qgenﬁqsgun%n APSAYE. & AL pRAbEue

Sur vi val y [0112] Cancer | s were seeded at
3.0 E!r»tﬁfgreééﬁllr@ (PFaS)awaF'fESpﬁmsa@ lategach migogancestraRpNplicevrd by

medi fomtf &futleal B FreiShils oAPERA 8 ahagggﬂe%nt @08 hm

owne seruma 5 nmM HEPE
37C [lfeivatcor (Acsmhainhinnl§) Y% N2GROS, ¢ SnM KadsBO., OH 7d‘hy 2,

] as Oﬂél %%tﬁ)gl Vi g\é&?l nt o%kbp%&%m&%%g& %ﬁd ‘o

flas ou of cells
wer gluqmpytbmSeid) i 30hu15f aboropetine ciagent (i:n'ncﬁhgmemgnﬂﬁlﬁs M0OgfM

folic,aci Si g fo 0 nutes and t

0e ot el S s e L (Pt SRS Aores Sy Fowdy £20-
wer eminhigdubhtiodak mdnvﬁemberaﬁrmﬂﬁe@f)ndepmtdsm wereewase@indehirifasee
anal pg, .conju ed_e hilo conj ugat .

o pat i aRe BT G R P io LB S SO g, S Mavag in Ps.
I Nncuhat 4Oonftet tAE fidi1L@Sh, WeY Bteh@i¥D Y& Haihih® MetsbRbili-aBKSs wdte
the cells were washed with PBS buffer 3x. After

was HEFRyeres fiom tBe Memhisne tustanpef the WiFeroReraBy oMY dve sates

f 1 askich ﬁ)@)OLll'thBS 6J>ﬂtaﬁﬁ%§ 49 B KO1obh %@Qnﬂﬁé& Rt Othed &unted
23 hours. The next norning, the cells were renoved

f r o AAGUikIsgigkiatiog C?Lr%é?%i(%fﬂtﬁ“@ﬁlen@él Commrse PénUiieicpm)
det e illeDGdre BN %1%41& RSB eE cpm of a known standard,

and the final results were normalized with respect to the sample protein content.

Animals and Tumors

[0115] Female CD2F1 mice (Harlan Sprague-Dawley Inc., 20-22 g) maintained
in a controlled environment and provided with water and food ad libitum were
used in these studies. The murine FRa(-) Madison 109 (M109) lung carcinoma
(Marks et al., 1977) and the FR-expressing (FRo(+)) 98M109 variant were used
to evaluate the efficacy of the epothilone, epothilone analog (e.g., epothilone
derivative), folate-epothilone conjugate, or folate-epothilone analog conjugate.
In addition, the human head and neck epidermoid carcinoma KB grown in nude

mice was also used for this purpose.

Drug Treatment and Antitumor Efficacy Evaluation
[0116] For administration of epothilone or epothilone analogs to mice, an

excipient consisting of the following was used: CREMOPHOR ®/ethanol/water



in a6 wll plates. Ten days after plating, colonies

were stained with crystal violet and counted. The
waeewivi2ey fracti ons were determ ned. | n vitr oPGAVBS2007/069736

Proliferation/Cytotoxicity Assay [0113] In vitro

cytotoxicity was assessed in tunor cells using a

tetrazol i unbased colorinetric assay which takes

advant age of the netabolic conyersion of MIS

(3-(4,5-di et hyl thiazol -2-yl)-5-(3-carboxynet hoxypheny

')-2-(4- sul phenyl)-2Htetrazolium inner salt) to a

r edug deB, v .nThe@inpabisi mese fidsghitsobtd AQ2mixmre GEI s were

Zgg? @?ﬁ%‘ég weélbam]c(gﬂ?ﬁ)d eﬁugg 3%18{9{1}1"(? %8 i %grg dosage strength

conj wigahRd Iepahhil heb&o@miad o@mikiatdtiom Miceawefadi@bistered the
incubatignwgt 370C with seriall i ed conﬁpund
b

0O Yy dilu
MTS, 2&8FHS Pt isRER hppugly the éﬁlg%f‘flk oFr?Eaé‘“o ERAthIIOge Seyeaates
phenazbipe--perthieelhiids Eonjyiats Q@ﬂﬁgeﬁaﬁadﬁﬁ' GehlR |ph§s-phem‘5|e
i ncubati on was conti nued for hours, then t

abs diblsisdyalyre apdhadmgigietss tafmwdw 1Yol dnigsiion mr@%WQ filg

SPeCyiPRAGLRARIZD.01 hIPbAKRe! R aMUIPET eaf arﬁﬂwa\é ibA@d on
cells relative to control populations. The results are

expriadigidgalhedyweighin cyt ot oxi ¢ concentrations (I C50
val fﬂ7 TiRely k@ﬁ ﬁﬁpérgf arﬁ?ﬁ]?l’lee[dg%‘ et 4 m§ﬁﬁ@flﬁ response

preparat|on oce ures use or the FR assay were
per fyoererpeblet at 4@, stari of sheeexpenimpéne sndigsck wasgimgeniubeaiequs

NOMASHNAEh LTRUE BRI ELONTMATELS yeR 0 o O 1o il

eup ep I'n and aprotinin;
t [ ss(Dlebhe lﬁ@lrmgiaa, aﬁowésr @em ety cﬂleﬁ:nblgednoz\enousumagmndatolr S

was re ved by ? cent rifugat.i 0 5
m r])COI’I I%Ougn eTIE%I’Ie 1g1a\Rle\Xfeée elﬁegc%gg pOI‘ ree&m%nt rglate&

centwxkitingmbitaity. aEach @Grdpdf Xnigafsovas 6@1glhbd]bdiﬁtd the initiation of

resus ende S |on uf fer (50 Tri H

G TEAY et obisy DGRy e Bl ol e 5
mvl Eﬁ}T&enoa Al béiyQRKats OWk LIt BiZiréhades alnOlrel bf @eaffdrfdlakd
was renpved by a second 40,000 X g 60 mn

cent'Pfififdyat i on, and the total protein concentration of
[0118] Tumor response was determined by measurement of tumors with a

caliper twice a week, until the tumors reached a predetermined “target” size of 1

gm. Tumor weights (mg) were estimated from the formula:
Tumor weight = (length x width®) + 2

[0119] Antitumor activity was evaluated at the maximum tolerated dose (MTD)
which is defined as the dose level immediately below which excessive toxicity
(i.e. more than one death) occurred. When death occurred, the day of death was
recorded. Treated mice dying prior to having their tumors reach target size were
considered to have died from drug toxicity. No control mice died bearing tumors
less than target size. Treatment groups with more than one death caused by drug
toxicity were considered to have had excessively toxic treatments and their data

were not included in the evaluation of a compound’s antitumor efficacy.



t he supernatants was determ ned by the bicinchoninic
acid (BCA) nethod (Pierce Chemcal). Each sanple was
wo b@n/1dizbuted to 0.25 ng/m in solubilization PCE/182007/069736
and 100 mM was pl aced inside each of two M crocon-30
m croconcentrators (30,000-MNcutoff, MIIlipore).
Sanpl es were then centrifuged at 14,000 X g forl0 mn
at roomtenperature to pass ahh.of the liquid through
the menbrane, as well as to retain the solubilized FRs
on the surface of the mcroconcentrator' s nenbrane.
Al | [81Md enumentresperst end-pgatwBrxpteps inveme of @rmiargredh delay

usin hes nme paraneters.. Then 55 m .of .30. mM

Rt dEe H T T T O} CRAE B AHEA TR BawfRd for e Heated

M CroMeRGENbIrédch b prddedetnoneDialdyt BzeGomiphiedl tOBbde@ tHRtcdftrol

Next, 55 of phosphate buffered saline (PBS) was

di spEPd&)i nto each microconcentrator, foll owed by

anot[per1] CRNdstiinbiegahbrarn kilher tiortoludfe doablide!thec(TAHIT was

bi ndi ng r;@ent. (120 nM[3H folic acid (Amersham in
nfysiNaeplerd withghaoRrBIBO4, pH 7. 4, cont ai ni ng 500 MM

NaCl, 2.7 nM KA, and 25 mv

n-octyl - b- Dgl ucopyranosi de) or 50 ml of a conpeting

r eagEYiPT ciVierianrigne elayfe far cpntipd tunp@s faveash|tiBtIsiEd —\dian time

act Qalor i nhford BEeRARREPREI 2L sconcent r at or's.

[
Fol l'owi ng a 20- mn 1 ncubation at roomtenperature,
the concentrators were washed/centrifuged three tines
withy 76 mM 50 mM n -octyl-b-Dglucopyranoside, 0.7 M
NaCl  1n PBS, pH 7.4. After the final wash, the
retentates containing the solubilized FRs were

recover ed fromt gpg@g%@[%ﬂ%ﬁ%’i%ﬁxﬁf\i@ﬁfm of PBS

m croconcentra WO rinses wt
containing 4% Triton X-100. The sanples were then

b1 oot Gt esilih & G PTG GEDe SoRGh Ged Wiloron

conuedit ed to piconoles of FR based on the cpmof a
known standard, and the final results were normalized
with respect to the sanple protein content. Aninals
and Tunors [0115] Fenmal e CD2F1 mice (Harl an

Spr agBBRERMEYNSNC. , 20-22 g) nmaintained in a

cont pol)eg enyironnent  and provided with water and,
herein for ease of reference:
CBZ-0OSu = N-(Benzyloxycarbonyloxy)succinimide
DCM = dichloromethane
DEA = diethylamine
DIAD = diisopropyl azodicarboxylate
DIPEA = diisopropylethylamine
DMA = dimethylamine
DMF = dimethyl formamide
DMSO = dimethylsufoxide
EDC = 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
EtOH = ethanol
EtOAc = ethyl acetate

FR = folate receptor



used in these studies. The nurine FRa(-) Madi son 109

(MLO9) lung carcinoma (Marks et al., 1977) and the
wo-Reapressi ng (FRa(+)) 98MLO9 variant were usedI/U82007/069736

eval uate the efficacy of the epothilone, epothilone

anal og (e.g., epothilone derivative),

fol ate-epot hil one conjugate, or fol ate-epothilone

anal og conjugate. In additiongithe human head and neck

epi dernoid carci noma KB grown in nude mce was al so

used for this purpose. Drug Treatnment and Antitunor

Ef f i B@By= 2hadiroay bamaoti@Aléd] For adm ni stration of

epot hil one. or ot hi l one, gnal ogs to m ce, an excipi ent
conaiter RideefREt P Fat T uaE e i
CRENPRBER( TP A etifvpisplyl medter (1: 1: 8, v/v). The conpounds
were first dissolved in m xt ure of

CREI\ké‘MﬁRT Pﬂ‘?@fl?"lfﬁ‘ﬁ‘étpgr@?a ?@GS)S.SP% nal dilution to the
requip £d 198OS AR sSIréBNGEtifle Was made | ess than 1 hr
before drug adm nistration. Mce were adm nistered the
agent!€OBy B! | v i nj ection through the tail vein.

Fol atypeepetdiichPRg.conj ugates or fol ate-epot hil one
anal og conjugates were prepared in sterile phosphate

buf f@Mee neesdlaise and administered to mice by 1V bol us
i nj e[%tiﬁﬁlenhhr ough the tail vein at a volune of 0.01
nm./g of mce. Treatnment of each aninmal was based on
i ndi RVQeakllisody onedrhért . [0117] The required nunber of

o TRk 15 EURTBRL o 3 RRORR o

gi velty -apwidyt ut aneous i nocul ati on of a tunor brei (2%
W/v)R Ium)rls were allowed to grow for 4 days. On the

= LOoom emr]i)era e . . .
fourth ay, anrmals were evenly distributed to various
t r eaSadRtsamndedcont rol groups. Treated animals were

che dai for treatnment rel ated
tox?ﬁﬁ??fﬁ%¢%ﬁ?§?§. Each group of aninmals was wei ghed
bef orma thefhiofdabétatdcan of treatment (WI) and then
again following the |ast treatnent dose (W2). The

di f f Erlendbn (e HRMAREYHRY (W 2-W 1) provi des a neasure

of tTEStINE Bhlofotlcdty@akoXi City.

UV = ultraviolet.

METHODS OF PREPARATION
[0123] Compounds of the present invention may generally be prepared according
to the following schemes and the knowledge of one skilled in the art, and/or using
methods set forth in US Pat. Nos. 6,605,599; 6,831,090; 6,800,653; 6,291,684;
6,719,540; 7,172,884, US Pat. Appl. Pub. No. 2005/0002942 and Organic
Letters, 2001, 3, 2693-2696, the disclosures of which are herein incorporated by
reference and/or in the Examples that follow.
[0124] As shown in Scheme 1, a compound of formula X can be prepared from a
compound of formula II. Compounds of formula II can be obtained by
fermentation (see, e.g. Gerth et al., “Studies on the Biosynthesis of Epothilones:
The Biosynthetic Origin of the Carbon Skeleton,” Journal of Antibiotics, Vol. 53,
No. 12 (Dec. 2000), and Hofle et al., “Epothilone A and B- Novel 16-Membered



[0118] Tunor response was determ ned by neasurenent of
tunors with a caliper twice a week, until the tunors

WO emche9n predeterm ned "target” size of 1 gnPCTTUSIINT/069736
wei ghts (ng) were estimated fromthe fornula: Tunor
wei ght = (length x width2) 2 [0119] Antitunor
activity was evaluated at the maxi numtol erated dose
(MID) which is defined as thegglose | evel inmmediately
bel ow whi ch excessive toxicity (i.e. nore than one
deat h) occurred. Wen death occurred, the day of death
was Mmolﬁdée.dlsofﬁri@ﬁ(:eﬁ;tmrﬂﬁectﬁtyj aing thfomhatidm ih&vlutign’ t hefgdw.
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and 2006/004(#31 ahdWetiSom&tal. Ve ki€ Eelrelrd) Zob@ 281\5617119110)%& of
a conpound' s_antitunor efficacy.[0120] Tunor response
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fgma{s% tﬁﬂc%l% £n<&) g%&éhlled-rﬁorﬁ§ hﬁﬁﬁ oédf'mrqng{a%d celflidbbim

e tu rvourre t1me was f
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Siz dou;ﬁgﬂdmetmgﬂy,let butklldipheIgflsﬂyntrll(q'pr@&lsﬂyljl'atﬁlfyle like (see, e.g.,
Statistic alutlonsof e .perforfred usi.n
S neiReiSR i, PERGRYE GPThsdh SRR PR R AT R B8
[ 01za¢.) TlFte efmh;blaw cogpalntdrog YoraluiadiisyigeseP isseethylsilyl ban be
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prepared by treatmrr%t ots a compound of formula II with chlorotriethylsilane in
the presence of Hunig’s base. In the case where B; is hydroxyl in the compound
of formula II, then B; would also be converted to the corresponding silyl ether. A
halohydrin of formula I'V (Y is Cl, Br, or I) can be prepared from a compound of
formula III by treatment with a metal halide salt by methods known in the art.
For example, epoxide opening using magnesium bromide etherate at low
temperature (-20 to —5°C) can provide diastereomeric halohydrins, where Y is
bromine. A compound of formula V can be prepared from a compound of
formula IV by displacement of the halogen using, for example, sodium azide in a
polar solvent such as dimethylformamide. An ordinarily skilled artisan will
recognize that the stereochemisty at Cy, as depicted in Scheme I should not be
construed as limiting, but rather exemplary. If desired, inversion of the
stereochemistry at the Cy, position can be achieved following the Mitsunobu
protocol which is well established in the art. For example, treatment of a
compound of formula V with p-nitrobenzoic acid, diethylazodicarboxylate, and
triphenylphosphine provides the corresponding nitrobenzoate ester, which can
then be cleaved by mild ester hydrolysis using, for example, methanolic solutions

of ammonia to provide a compound of formula VI. Again, the stereochemistry



herein for ease of reference: CBZ-OSu =
N- ( Benzyl oxycar bonyl oxy) succi ni m de DCM =
waelr@iienenet hane DEA = di et hyl ami ne DI AD = di i BOPDSJ9Y1/069736
azodi car boxyl ate DI PEA = diisopropyl et hyl ani ne DVA =
di met hyl ami ne DMF = di et hyl formam de DMSO =
di met hyl suf oxi de EDC =
| - (3-di net hyl am nopropyl ) - 3- eyl car bodi i m de
hydrochl ori de EtOH = ethanol EtOAc = ethyl acetate FR
= folate receptorHOBt = n-hydroxy benzotriazole HPCL =
hi g I'fop@fzfaodidm:m@lefof tagppiodnd Wit Bnmat lagitiaphyid isRiepiddd as sdcRAo =

i so al cohol .LC/ M5 i qui d, chr gmat ogr aphy/ nass
gty L Bt R A R R R S
OTESt %haOpds[tioﬁI Iyt Siadiyelly;, o%orgarﬂ@&y(ﬂsaﬁz@dlc%oxylﬂhﬁ fayd

Pd/ C = &nl um ogg(car

benZBEHP 1eype ﬂf%{%ﬁ%ﬁi dfitRRbY heRiofn compound
hexajflf@iuRP PR SIBRIGG Rya Ieavde drédy sulll asmésgam, tRyRe! /isihe,

triflate and the like can be prepared from a compound of formula VI by methods
known in the art. For example, treatment of VI with methanesulfonyl chloride
and triethylamine in a suitable organic solvent such as dichloromethane provides
a compound of formula VII where OG is mesylate. A compound of formula VIII
can be prepared from a compound of formula VII by reduction of the azido group
with a reducing agent such as an organophosphine (e.g., trimethylphosphine).
Alternatively, a compound of formula VIII can be prepared directly from a
compound of formula VI using an organophosphine reducing agent such as
triphenylphosphine. A compound of formula IX can be prepared from a
compound of formula VIII by methods known in the art (see, e.g., US Pat. No.
6,800,653; and Regueiro-Ren et al., Organic Letters, 2001, 3, 2693-2696). For
instance, a compound of formula [X where H-K-A- is 2-hydroxyethyl can be
prepared from a compound of formula VIII by alkylation of the aziridine ring
using, for example, excess 2-bromoethanol and a base such as potassium
carbonate. A compound of formula X can be prepared from a compound of
formula IX by removal of the silyl ether protecting groups using methods known
in the art (see, e.g., Greene et al., “Protective groups in Organic Synthesis”, John
Wiley and Sons, Inc.). For instance, when P is triethylsilyl, treatment of a
compound of formula IX with trifluoroacetic acid in dichloromethane effects

deprotection to provide a compound of formula X.



Sat'd = saturated THF = tetrahydrofuran TFA =
trifluoroacetic acid TLC = thin |ayer chromat ography

WA BEBC4029Thl orotri et hyl silane UV = ul travi ol et PCIVETHODS9736
OF PREPARATI ON [0123] Conpounds of the present
i nvention may generally be prepared according to the
foll ow ng schenes and the know edge of one skilled in
the art, and/or using nethodsyget forth in US Pat.
Nos. 6, 605,599; 6,831, 090; 6,800, 653; 6, 291, 684;
6, 719, 540; 7,172,884, US Pat. Appl. Pub. No.
2005/ 0002942 and Organi ¢ LeCHEME 12001, 3, 2693-2696,
the disclosures of which are herein jncorporated by
reference agt/or in the Exanplesgt ol l ow. [0124]
As shgmgﬁa b2 X can be
prepare r npounds of
formula | PY€ ngah;oﬁ (see, e.qg.
Gerth et aP.,” "Studies on the Biosynthesis of
Epot hi | ones:  The Biosynthetic Oiginrof the Carbon
Skel et on, " Journahoof Ant i bi oti cs, VoIo 53, No. 12
( Dec. 2000) g
Novel 16- Merbhes
St ructure, and ew. Chem
Int. Ed. Engl. ) 5 (1996),
the discl osures of mhlch are herein |ncorporated by
reference) or by syhRthesis (see, e.g. Vite et al. US
Pat. Nos. 6, 605,599, 6, 242, 469; 6, 867, 333mand US Pat.
Appl . Pub. 2006/@
Letters, 2006, X
are herein incor
entirety). For ex esa "tonpound of fordmud af | I wher e
R2, R3, R, R5, and R 2 are nethyl, Bi is hydroxyl Ri
and R are hydrogen, and Ris 2- nethylthlaZ@I-4 yl is
referred to

bral

[0125] Scheme 2 shows a process for making a folate analog or derivative V and
bivalent linker T-Q having the formula XI, below, that may be used with
compounds of the invention to make conjugated molecules for targeted drug
delivery, e.g., as per formula I, previously described. As shown in Scheme 2, a
folate analog and bivalent linker can be assembled using methods known in the
art, especially in the case where V is folic acid or a folic acid analog, as
described, for example, by Jackson, et al., Advanced Drug Delivery Rev.
56(2004) 1111-1125, the disclosure of which is herein incorporated by reference,
and T-Q is a peptide. For example, peptidyl folate XI can be prepared as shown
in Scheme 2. Sequential peptide coupling of a cysteine-loaded polystyrene resin
with Fmoc-protected aspartate, arginine, aspartate, and then glutamate can be

effected using PyBOP as coupling agent and piperidine as Fmoc-deprotection



as epothilone A and can be obtained fromfernentation

of Sorangi um cel | ul osum as referenced above. A
w@ovpoene’ of fornula Il can be converted to a RPONPSINT069736

of formula Il where Pis a silyl protecting group

such as triethylsilyl, tbutyldinmethylsilyl,

t - butyl di phenylsilyl, triisopropylsilyl, and the like

(see, e.qg., Greene et al., "Pgotective groups in
Organic Synthesis", John Wley and Sons, Inc.). For
exanple, a conpound of formula Il where Pis

tri etchytl N'1-ylifleaoachampleqpaeeet fyrotcraeitcar hi pmf)arad in two

conpound of for lorotrie |SI

C heraaLe RtzaBhc ot redat 6o e £ B G A aga
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pr epaé RYinfwidiBusomReURG &d £ v bamhe NI tﬂﬂu&%@@bﬂ@f&p
with a netal halide salt by nethods known in the art.
For Wigmpimeonivgybydrerddeopieyifivig Yrdr A draaagH ot p arnersiPbe

et NebAhGa lvndOW it RITREEALHE ¢-¢ 1s25&s§ Bre- Q%c;@mpr ovi de
di ast ereoneri c hal ohydrins, where rom ne
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for exanp sodium azide in a polar solvent such as

di msthyl formam' de. An ordinarily skilled artisan wll
recogni ze that the stereochemgty at Cl2 as depicted

in Scheme | should not be construed as limti ng but

rat her exenpl ary. H€ysersthosyrity) pydlogirgy-Rssin ¢ (ading 0.57mmol/g)
stereochem stry at the Cl2 position can be achi eved

following the Mtsunobu priot Bcﬁhoc")ﬂ @) DEVBIHoP, DIPEA DMF,
established in the art. Fdadr gﬂdnlireat nent of

compound of formula V with p i
di et hyl azodi car boxyl ate, 4gn Z)nfenﬁé)en&ﬁgﬁ %’%Og DIPEA, DMF,

provi des the correspondi ng n
i Id }8 imoc ?%1?)9& g l?Sl Eﬁ;E%hDMF

can then be cleaved by m | S
W@lggb "Hrmonij a

for exanple, nmethanolic sql u
provide a conpound of fornuld NA°CAGIHH: PGS bidea, par,

stereocheni stryfor Cl2 as de |Eq;1é’&’e‘F‘15‘Fe conmpound V

i s
not limting, and is depiqt %ST%@FFO’FOA%“hBWQ%Q{PEA DMSO
treatnent of compound V as d@s%?fﬁ%% W oI HaPnd2 HPietHE:

stereochem stry and 2.5% ethanedithiol
v 7) NH,4OH aq., then HCI aq.

HN_NH
NH
o COH y \)Cj)\ o JiSH
N N A
o) Res H/\/\lcl)/ T N 7" N7 coH
w 2 o) z
X ~
HNT Y] N \COZH CO-H
x Rao
RZO N R21
XI

[0126] Scheme 3, below, shows a method for using the epothilone derivatives of
the present invention to prepare a conjugated molecule of formula I, for use in

targeted drug delivery. As shown in Scheme 3, assembly of compounds of



at that position. Alternatively, other organic acids,
azodi car boxyl ates, and organophosphi nes can be used to
w@tdozas020he M t sonuobu i nversion. A conpound oOPCT/UR2001/669736

VII where OGis a |leaving group such as nesyl ate,

tosyl ate, nosylate, triflate and the |ike can be

prepared froma conpound of fornula VI by nethods

known in the art. For exanpl egg¢treatnent of VI with

met hanesul fonyl chloride and triethylamne in a

sui t abl e organi c sol vent such as dichl oronet hane

pr oVibtheda Bcandipachiendd df chgring Ic@mpduhdw;fefbmlﬂE(itSa fragment V-
mesylate. A conp ound of for e pr.epared

r ont B BisHBs R ARSI BRAT Sy iy rkerle o grpat Thpaston. o

azi dnipooidor\bintulaX fdetdC ANG Hhig e@HZ(&mzch &% balkonverted to a

A { RRLERERY SR S BN GT F 0 LT ol ompgend o
pr epRfida Sl ecédnypolih @8R BrifiRauWs b@f)reﬁﬁécﬂﬂbrﬁ n¥rcap@kdnol,
an or ganophosphi ne reduci ng agent suc

t ri pRERIYpHBYPhIHENYILhlo8HH @91‘1 an optiopyhnybsitytsd can be

pr epﬁﬁl@fia[%tBMdﬁleQQHRQM@ dn ﬁfterfne&melza(z hhml@y et hods
known in art (see, e.g., USP : 800, 653;

and Yosgubimdetarleyhigh can temgs ﬁp@veﬂed tOeﬂr@mPQwilof fgrmula XII
269 romula |1 X
mheﬁgaggﬁ%ﬂ%§ﬁﬁdgﬂﬁ% gﬁdé?ﬁ gﬁa%gﬂ%$ggared froma
conpodradyeszétgazelsd. aSququermyhsallﬁrds/ pechpngg vath atfeetidyl folate such
azir | I

2 brsaTndeSf YRR ot B T v BXERSRIL 0 Insidape.
A cohmeAnpeC O avirnl SEHXCHab((®) p rieip af B eCHor amd K is O.
conmpound of forrmula I X by renoval of the silyl ether
protecting groups using nmethods known in the art (see,
e.g., Geene et al., "Prot &EHEVE §roups in Organic
Synt hesi s", John Wley and Sons, Inc.). For instance,
when P is tgiethylsilyl, treatnenty of a conpound of
formula I X Wit trifl uor oacetie~ b Th i N

di chl or onet ha eflf ects deprotectign“ﬂﬁ provi de a
conpound of flor echenme 2-shows a
process for i tivative V and
bi val ent IinkerXT-Q haV|ng’?he fornmufg> X1, bel ow, that
may be used with

HzN. NH

o COouH /S\/\OJ\O/H
)o*w* wi
O. R
RZO

[0127] Scheme 4 illustrates an alternative method for making a compound of
formula X from a compound of formula XIV (see, U.S. Patent Application No.
60/940,088, filed May 25, 2006, incorporated herein in its entirety by reference).
Compounds of formula XIV can be obtained by methods well known in the field,
for example, by fermentation (see, e.g. Gerth et al., “Studies on the Biosynthesis

of Epothilones: The Biosynthetic Origin of the Carbon Skeleton,” Journal of



conmpounds of the invention to make conjugated
nol ecul es for targeted drug delivery, e.g., as per

wo o091, previously described. As shown in BCIERWOZ069736
a folate anal og and bival ent |inker can be assenbl ed
usi ng nmet hods known in the art, especially in the case
where Vis folic acid or a folic acid anal og, as
descri bed, for exanple, by Jagkson, et al., Advanced
Drug Delivery Rev. 56(2004) 1111-1 125, the disclosure
of which is herein incorporated by reference, and T-Q
I S aAmiiticeleVol BGr Nexianpkee 20p@pinddydflefeohigtBpothilamam i B-

GG PR R MRS dtrediopory Se e 88 i Hppgion
rxﬁm SoREECT, aggegg émematnefEed?t‘zggén XEF r::s aspastiat 6,67:’;18619
agerit g%ﬁdﬁﬁhﬁcé?%uﬁqs ﬁg“@@ ﬁ%’@re&é‘ﬁ‘??i?%&{%/ g}ﬁ SJeriee) OIPby total

N10 syﬁﬂhéély@éeo ag@mm ﬁym eds e6l 60, B006,04 84496 6 88N 31eand
prepar ed enzymatic (car boxyﬁeptl dase

O conbEr éPRJnPltPf 29%(q060é§crha dfseloﬂtfé%%v@l%l’cﬁf%l eI£ig] | owed

by Nﬁ&rp&g&@@ feﬁ-ﬁ‘eﬂé% i@eit EAtfrbyPrIRRE LI e @mmh@@f formula
Next, couplin he NL1O- protected pter0| c acid

t he X5vhereBo %eBb’laﬁé Riiogir¢ Bl By isdydyggR mdd?fm a(fehe
resi IE/d fglgﬁ ahd Rf %Fl@tﬁﬁﬁﬁdzgl—@ id r&&ﬁjedrtg%) p%lthélgfle Eggd can be

N1O-tri or oacet group using amoni um hydr oxI

pr ovdbtheredgroyn fﬁr@rﬁa’c@gwéﬁqra@glwa celbrgranrid rftfﬂelmd ﬁbnva A
wher i

A o o £ o AI8 e Sl o (PR fESmE
pl aceheod P ;staeml@l proacth@ gangh sotthesrtriethyleidyl adnqudmcmgusdylbte

2° b e BB, bRRR L BB B 4P, T B ¢ baai o
0. STmmédtlg& gibppFHmanrgAep$ yaiBsi) 2, Gbhn WyiBORd SDhPEvk ). ik,
(ren, LR e 2 TR G RYBER BLEE o,
DI PEfsatnbdbof a compound of formula XIV with chlorotriethylsilane in the
presence of base such as Hunig’s base. In the case where B is hydroxyl in the
compound of formula XIV, then B; would also be converted to the corresponding
silyl ether. A halohydrin of formula XVI or XVII (Y is Cl, Br, or I) can be
prepared from a compound of formula XV by treatment with a halogenating
agent such as Y,. For example, electrophilic addition in polar solvents such as
acetonitrile using iodine can stereoselectively provide regioisomeric halohydrins
of formulas XVI and XVII, where Y is iodine. Alternatively N-halo
succinimides can also be used for the same transformation. A compound of
formula XVIII can be prepared from compounds of formulas XVI and/or XVII
by epoxide ring closure in the presence of bases such as triethylamine or Hunig’s
base in a polar/aqueous solvent system such as acetonitrile/water. If desired,
compound XIV can be directly transformed into a compounds of formula XVI
and/or XVII (where P is H ), which could then be converted into the epoxide
XVII (where P is H). A compound of formula XVIII can be transformed into
the azido-alcohols of formulas VI and XIX by azide displacement in the presence

of inorganic azide salts or tetra-alkyl ammonium azides in alcoholic solvents. In



then piperidine 4) Fnoc-d u- O Bu, PyBOP, DI PEA, DVF,

then piperidine 5) NLOTFA Pteroic Acid, PyBOP, D PEA,
WOrBO1829D2. 5% TFA, 2.5% H20, 2.5% i - Pr3Si H, ardI/BSB9G/069736

et hanedithiol 7) NHAOH ag., then HO aq. X | [0126]

Schene 3, below, shows a nethod for using the

epot hil one derivatives of the present invention to

prepare a conjugated nol ecul eq9f formula I, for use in

targeted drug delivery. As shown in Schene 3, assenbly

of compounds offornula | can be achi eved by coupling

conpbheiads whére fPas milya pétdecanggiong gompbundd of fQylassX B pwd/se

' ti .of rel ble I|i M B f .

T oRPRED G 25 G P vt PiroH B oA @O e g
- CH £l tkHike abn bepreminatefidre dorhovad dbtFoinfudswiehlpt X1X by
carbonﬁte X1, usi an activated benzotri

. n zole .
conpBURAs &PV e aarg)éf qr eXAnRIey H5 BTGt fVIfBBiirfi?ﬂ?igi Xt can
be pha&rakamifchyiemongs eRPtie@yAANRin 2 FRIBRXY&AICRBRYAL such as
sulfe chl oride, and an optionally substituted

nyl
2- nﬁ@ﬁﬁf@_ﬁ@hﬁnwwdwowww farnylpt 2K pRd KAl @here OG is
2- ( Zn@Ylatedi Nectnpovihd S 120 L& e ared HHRELonGROndshE N
be converted to a conpound of formul'a XI1 by treatnent
wi t Hoemposy apdokdl kinredytion abthe pzidegroup thiqual methods
hydr [ i i
) 1 RRNRE R RSl pl R BSAN NP L e G B0 ounas
of fatenniudas XXl e XX throfigh jeactipoivdth aTed)cing agent Aggh-as an

and REREAEFOE el Ame BRI R b p e

al t eAloaatively metiendtlis Ho compduing gf forowlaydlinch lof difeotiyrpriepared

ngglr?lrof:lné (f:(i)om o%ﬁ%n)sfjofqgrn{u?e{s r(/”['a% o} XI)& g'ye ree’duchio%of ﬁ)l%ta%gg group with
a reducing agent such as an organophosphine (e.g., triphenylphosphine) in polar
solvents such as acetonitrile. A compound of formula X can be prepared from a
compound of formula VIII by methods known in the art (see, e.g., US Pat. No.
6,800,653; and Regueiro-Ren et al., Organic Letters, 2001, 3, 2693-2696). For
instance, a compound of formula [X where H-K-A- is 2-hydroxyethyl can be
prepared from a compound of formula VIII by alkylation of the aziridine ring
using, for example, excess 2-bromoethanol and a base such as potassium
carbonate. In case P is a trialkylsilyl, a compound of formula X can be prepared
from a compound of formula IX by removal of the silyl ether protecting groups
using methods known in the art (see, e.g., Greene et al., “Protective groups in
Organic Synthesis™, John Wiley and Sons, Inc.). For instance, when P is

triethylsilyl, treatment of a compound of formula IX with trifluoroacetic acid in

dichloromethane effects deprotection to provide a compound of formula X.



60/ 940,088, filed May 25, 2006, incorporated herein in

its entirety by reference). Conpounds of forrmula XV
w@27h4020bt ai ned by net hods wel |l known in the PCEUSZ007/069736

for exanple, by fernentation (see, e.g. Certh et al.

"Studi es on the Biosynthesis of Epothilones: The

Bi osynthetic Origin of the Carbon Skel eton,"” Journa

of Anti biotics, Vol. 53, No. 1Z9(Dec. 2000), and Hofle

et al., "Epothilone A and BNovel 16-Menbered

Macrolides: Isolation, Crystal Structure, and

Conformation in Solution", SGHEME 4Chem Int. Ed.

Engl., Vol. 35, Nos 13/14, 1567-1569 g1996) t he

di scl osures of ) are herein incorporated by

reference) or

al. US Pat. Nose

Us Pat. Appl. Pub. T2do6/ 004065, iscloSures of

whi ch are herein igcorporated by reference in their

entirety). For exanple a,gonpound of Fﬁrnuia XI'V where

R, R3, R, R5 and RlZ nmet hyl ,
and R are hydrggenmm [ pnqthy
referred to as epothllqne can be

fermentation of Sorangi el il osum as rkf

above. A conpound of fornula XIV can be cogyerted to a
compound of forrmula XV where Pis a silyl protecting
group such as triethylsilypsrd-butyl di nethylsilyl,

t butyl di phenylsilyl, triispprogylsilyl. and the Iike
(see, e.g., G&ene et al.] | i i
Organi c Synthe3|s John yTarfd Sons, Inc.). For
exanple, a conpound of formula’xVv where P is
triethylsilyl can be prepat®l by treatnment of a
conpound of formul FXIV wth chlorotjethylsilane in
the presence of &% ch as Hunit§ . In the case
where Bi is Ay Srmula XV,
then Bi would al $§ £ espondi ng
silyl ether. A hal°olfydtin of fornulcag or XVIl1 (Y is
C, Br, or 1) can berprepared from axzonmpound of
fornula XV by treatgent with a haloggnatlng agent such
as Y . For exanple, ectrophlllc£2 on in polar
rCan
Johydrins

[0128] The invention will now be further described with reference to the

following illustrative examples.



of forrmulas XVI and XVII, where Y is iodine.
Alternatively N-halo succinimdes can al so be used for
W@ b@784me7 t r ansf or mati on. A conpound of f or nmul BCTXUS1007/069736
can be prepared from conpounds of formulas XVl and/or
XVl by epoxide ring closure in the presence of bases
such as triethylamne or Hunig's base in a
pol ar/ aqueous sol vent system.sgch as
acetonitrile/water. If desired, conpound XV can be
directly transformed into a conpounds of fornula XVi
and/or XVII (where P is HBEXAMPLES coul d then be
converted into the epoxide XVIII (where Pis H. A
compound of formula XVII1 can be transfornmed into the
azi do- al cohol £XAMPBE fuFaste WnjegatdxpXhidgneznildes
dis ' e.presenc f .1 Nnor ' [ sal.t s
or PR St M P R R b oG o @ S ol of
| nt helacasedastrilred ilPViabowa Inirésghrcipnat destlopigery doerped toward

d f | XX and/ XX oG i :
- oo Br-Blos - LkHe B RRe S pEoribasH SRR af igPapitone
t ri fdnalog campounbe sévekat canpoubés wére patje tddro folaanpaergsple,

o, SR el B g2 e

met hanrgatidhasydlicabidor i de and triethylamne in a

sui tabl e organi c sol vent such as dichl oronet hane
provi des conspounds;,,, f formulas XX and X4 /where OGis
nmesyl at e. ACC ound’o focg'r mul a,¥l(ﬁ| an[ bé& prepared
from cofpounds?of f orytiyas XX &nhd/"or uction
of the azido groQ h nmet hods kno art.
For exanple, compoun® VII1 can be prepared®ffom
conpounds of fornmulas XX and/or XXI through reaction
Wi th a reducing ent such as an organophosphi
(e.g., trimethyl g%ggﬁﬁriléjn‘gﬁ ol Bp

in polar solv APRCTUEY as
acetonitrile. Alternatively, when Pis H comound of

f or i1 3P1\Fanpogah APehag petivty Iy Phapel ghvigal fiidmapdiip sUes

of f&B@gﬁtéssof\@on??agﬂcPAA%ténP&mB? WGteh A\ 91 séJ‘ﬁcﬁﬁb AQre

group Wth a reducing agent such as an organophosphi ne

( e. gpreparadiapi eptydnphotephd fre chdnmicg slabilitys GR\bendling, sndcfR-as

acet onj.t.r| icgviﬁyﬁ\ncc ﬂ?ﬁ’lHﬂQ of forrmula I X can be prepared

froma conpound o ormila VIl by methods known in

t he [A131] (Bedindngpf thesgSfdRat conNgates of Compound AA to FR was
determined in an assay that measures displacement of radiolabeled folic acid
from FR expressed on KB tumor cells grown to confluence. Finding of the folate
conjugates of Compounds AA.I and AA.II to FR was deemed acceptable [relative
affinity (RA) >0.25; RA of folic acid = 1.0]. However, surprisingly, none of the
six conjugates of Compound AA shown in Fig. 1 displayed appreciable
cytotoxicity against KB tumor cells in antiproliferation assays that measure “H-
thymidine incorporation (data not shown).
[0132] Since conjugates of Compound AA demonstrated disappointing
cytotoxicity against tumor cells, studies were conducted using three conjugates of
Compound BB (Compounds BB.I to BB.III). Compound BB is also known as

epothilone F, and is an analog of Compound AA, where the 21-amino group is

replaced by a 21-hydroxyl group. While Compound BB.II (Fig. 2) displayed



6, 800, 653; and Regueiro-Ren et al., Organic Letters,
2001, 3, 2693-2696). For instance, a conpound of
W0 00 @9T X where H K- A- is 2-hydroxyet hyl canP@BEUS2007/069736
prepared froma conpound of fornula VIII by al kylation
of the aziridine ring using, for exanple, excess
2- bronoet hanol and a base such as potassi um car bonat e.
In case Pis a trialkylsilyl,sa compound of formula X
can be prepared froma conpound of fornmula I X by
renoval of the silyl ether protecting groups using
met hgesoxiciguimnhigh corfventadtiony, #@ecti @tygvas nGr @eneat&l in@bmpetition

a:: (rj osé&ieéluglsﬁ g)ru‘)%lsjy (?_f 591“ alggg ﬁg@fo%n%%o rvéd cy‘go(%g]xwlty \!V &

t rl edidfiyphid toydon-shéeiad RRAde dfchalpeﬁxmnd of formula I X

i.fl uoroa etlc acid in hIoronethane effects
depr i%&t‘!"gﬁf qPgt H?W“@Qg%eéoﬁ%&ﬁéﬂl Hrihtlgheh ArgksevacyEiE
4 [ 0d28de, IBE UL PRIBAL M) 6\Wob | 638 0RE Jagird-RES, M et 12001 lRg.
with reference to the foll ow ng i lustrative

exanfFes. W@@@@W@&anm@%éw%rﬁwg Heregample, an
epot\rirk QRgy aﬁ%&%reh%é%iaué@cﬂ&egs poregtyion ahﬁﬁb&leﬁf ai |l ed

descripti on above, anal ogs ard derivatives of folate
ar e epebdpraradlopnagginghioRair af rﬁaxﬂéﬁs@alﬁf@ht caprer edliEes @Ry M46

di 1 etk 7hONRT faf OhalRd EEOABAM AEITNARG:  BuhliBion

conj ugate epot | one an e ot one anal 0g
c onp@mrmma acBiae dérived ﬁpmuh@@nweveeH%m ougeemetine gnd is

f ol . .
conar el uRtATR, o BERAURL, e Bie BB EALE P R s
aci drangempo Ay S&FGs npoundoBBaf o@&aﬁ@mmmtm rlelrivedl fhmsthe

activit Phase Ll cli d.six, f.ol at
c Onj uga%/ég%o fhn&)and is re q‘Stﬁ}% t? E%cht[axel aa a re"&&ﬂ Iof 'fl mu}ﬁgovn tﬁe
see thbuBn ah)lnw\&icesenﬁ@pamedm@mls thp ubibtyalf pyclitest © tiddor

chem tabjlit R _bi ndi n di at

oot ToFR) A58 St by ot Rt S ] e BhTS8  nese

f ol aitempeItidy gat ES) sbw Eolehint thndAadtith Beal@s both the HCT116
colon and A2780 ovarian carcinoma cell lines, compared to other known

antitumor agents, e.g., paclitaxel, compound AA, and epothilone B.



determined in an assay that neasures displacenent of

radi ol abel ed folic acid from FR expressed on KB tunor
w@ei0784gpown t o confl uence. Finding of the folBCEUS2007/069736

conj ugat es of Conpounds AA. Il and AA. Il to FR was

deened acceptable [relative affinity (RA) >0.25; RA of

folic acid = 1.0]. However, surprisingly, none of the

si x conjugates of Compound AAsshown in Fig. 1

di spl ayed appreciabl e cytotoxicity agai nst KB tunor

cells in antiproliferation assays that neasure

3Ht Hyatiedi. e vitrocwetipor &tl2da-agdiding] eothilbhawn) . [ 0132]

Si nce conjugates of Conpound AA denonstrat ed

di sappoi nting cytotoxicity against tumor cells,

studi es were conducted using three conjugates of

Conmpound BB ( Conmpounds BB. | t&“ B.1l1). Conpound BB is

al so known as epot hi l-efe]| F, and is an gnal og of

Compound AA, where the {a no D is replaced by

a 21-hydroxyl group. Wile C& Il (Fig. 2)

di spl ayedcytotoxicity at high entrations, the

activity was not attenuated |n conpetltlon studles
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Conpgathe—BBH+—6433 —e—g,
azm(i‘/qi nyl gpothil onek nbpwn-in t qpéﬁ -
e.g.[PPU. S. Pat erit:No. | @.399.136B8; OReglEi2P 60Reph, Al et
al . [KR001) Qr@LCHEdE] 9.40302598- 968 arld.23kow: pot ent
ant'ﬂatﬂlt&‘cel t)tmuggi Tty 3T . EXATPIR g, If/l_]_$0d>bd L
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candipothdaleB|l i nes (HCFWMW&(Hﬁd A2790THRR3Iwa9 gondact e
( se€ MaRICE, £SD caltMale VWA folrSepdrald HpBH el ON car Cl nona Ccel
|Iné]ﬂSﬁmwﬁﬂbmMHUbEMEUSEM§$¢ﬂVe HCTlI 16 parent Iine,
and I RS pssi AXMEmeseTaxires due t o over expressi on of
the 17CkD p-glyprotein drug efflux transporter.
A27d013pt iDespitelberantitoneracaviticsof etindingl epethilone aempounds
deri f resi .

to recrr LaghhIgeRRpaRber ol it iEey &0Ral Bid Rl Bllonso
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challenge to discover a compound that would be readily available for conjugation
to folate, and which would demonstrate activity via specific release of the active
epothilone moiety in the tumor cells.

[0136] The aziridinyl epothilone compound G was discovered, having the

?

formula,

H

\\\OH

OH

Compound G



[0134] As is shown in Table 1, various aziridinyl

epot hi | one anal ogs (Conpounds CC- EE) show pot ent
W@paortemer activity agai nst both the HCTI 16 cPCDOS20T069736

A2780 ovarian carcinoma cell |ines, conpared to other

known antitunor agents, e.g., paclitaxel, conpound AA

and epothilone B. Table 1. In vitro activity of

12,13-aziridinyl epothilones_kpan |IC50 SD cal cul at ed

fromfour separate experinents. 2 RIS ratio = HCTlI 16

| G5O HCT1 16VMA61 C50 3 RIS ratio = A2780 | C50/ A2780Tax

I C5qo13n %c]m@ﬁﬁ(ﬂ)'(}t(aaetﬂ’x&mﬁ]at R anth®rpravetiiswiptisiegly edsy to

aziridin hi.l o C oun CC-EE, t only . .

ny cr SR RO i SR ETREPBE B ravapkeapr@h e afinic

c Onjbdf@GVUIfOﬂ‘lfoIa(b it edpfir avmeomb@s@toffehmmcat t Eedcs and C7

car tons Oonse t Vi n researcned, a J er
elﬁ b W?ﬁ@ecﬁeé% g qu#aowﬁawoa gn theyairidine sidg Eﬁé‘gg

C hal o AgRrstly a@e&qwe@lﬁum&@ ?lr@d the Rikid e UpsihiRfe heAGHS! Y

avai |l abl e for conjugation to folate, and which would

denoHut s dpeoriat l?ewutsgf ityj§ the agjeiding prothilone analoges-g4 ffgmpound G,

act i g n@eg&&éaltﬂl@ﬁﬁtm @ffa/ctg ihoh h@eds& BB 618 dcft. THRB3Rhey of
The aziri di nyl | one conpound G was di scover ed,

B A S A A A A
SRl g A0 CAERUEH DEYSRH SLIBL RSO, romaion

conjugate to fo I c acl orm Co
Examstay tiz isygepdiibed hizptve v@hfacrompfmtltagrorolfeedﬁdw kfllgi0% ofl at e

rec ec%n%r ené#\ﬁgr&a c%pp 4 (R%/élfs 81:&31]%1196% a(?t'er zL thg gJéposure duration

Unexpec roxyl group
a2|nﬁd7mem5|deﬂuhmunFmGdSmompadMé}s@meaﬁmEb%oﬁ%énblmm

antltu r act|V|t of th a2|r|d|n at hi
anal B 4Tt bt Pt P SbhiiolS O Rba 0B i e
epohhmkpmﬁmamqkagwbe g. Cbnpound G that nediates the

antgh r effects upon r fromfolic. acid Bﬁt
BT BTPa ERha Py et
epotdtihanre a@tﬁ/&!y 0g&onfposad &pidoansunddaivpuithtedAnbsadndal
Conpound BB). were eval uated by the col ony formation
cytotoxic activity against tumor cells in vivo. In the KB ir vivo FRa(+) tumor
model, compound J demonstrated activity both at is maximum tolerated dose
(MTD) and at two lower does levels that produced minimal toxicity (see FIG. 4).
In contrast, ixabepilone was active only at its MTD (5 umol/kg). When
compared at the MTDs, compound J produced superior antitumor effects than

ixabepilone (FIG. 4).

HoN NHo
coH s’s\/\o)l\o
LI
~ N N N,
N/\/\n/ N \:)LN COoH 35 B
© \ H o i H _<\Nj\) _wOH
j/\ CO,H COH S
O OH O
Compound J

[0140] In contrast, with the FRa(-) M 109 parent tumor model, Compound J had
poor activity at all dose levels tested, including at its MTD (2.4 umol/kg),
whereas ixabepilone was active at its MTD of 5 umol/kg. (FIG. 5). These

results indicate that the FRa (-) M 109 is sensitive to ixabepilone and the



assay that is described above. The concentration
needed to kill 90% of cl onogenic KB cancer cells

W@ 2@90)020ms determ ned after a drug exposure dRCEHUBINT/069736
of 17 hours. As shown in FIG 3, conmpound G exhi bited
an 1C90 of 4.3 nMand was ~2, 4, and 6-fold nore
potent than conpound CC, conpound AA, and i xabepil one,
respectively. [0139] Conjugatken of conpound G to form
Compound J did not affect the antitunor activity of
compound G Conpound J denonstrated substantia
cyt ahaxivity aftdoimipbotind Jaig akenglargeummone@jubmeioﬂ tIMiab@ncd of Alae

KB F +) t del trated
ot 1P b e Tse e HrER AT O o Ds® TR o
at tas@vityorebmgeas J|rﬁiyeie3nddl’h@dd tpto0ghIBE BRBIrébepBts.

t oxi Ci e FIG . contra i xabepi | one wa
act i[:(}%‘hﬁr#‘?t%%rteVi‘ieg"%%fﬁl W@t&%simg HRREDCBIRYAMER Oht
t he d¥iiBsundcOR PR} 8 ﬂk@dwﬁ@@oﬁ th@ﬁé’d i ABrd oGP folate
effects than |xabep|{one npound J H0140
a

I n cBalor as30-folg ‘txﬁestsﬁéthFFlas(e%fCW%mBéP%‘Hfl syhyiptialrsgeipste

Conp@igéhmboliAfl) ﬁmce@&ﬁule{d artprébdt Fﬁ@?@ 9&;1@1\1@@ &mors from
tested, including its f wher eas

i xatfbwnt@ﬁéorwggcta@ﬁ qomoaltd S (& m 8fncg Cﬁlﬁmané& andptheg,
cUﬂj%@ﬁe [ oﬁﬁ‘é(otugd ¥ )Pﬁb&ﬁfrﬁms‘i tntlttaﬁOIF e@f’éct@ b%thfl\\ﬂgl%o and i 1n

senS|t|ve t one an ei nactivit conpound
J | sviva, ked gmdeahfg@tlylr@r@@tns@wéﬁe@p@fndtJ h@ayéigglén@éabtb

e n s . al .
pr oV B+ BB B Becs e SRy nERASPal SBlb R Rirciny
conppuathdodt amlpg Wempediddt éde Ehanple? 4nded) EFR@arm €oepbwrds],
[014 %L Eurthei evi dence of the FRa nedi ated drug
del i & ery né@% hi sm of conpound J is provided by the
observation that co-admnistration of a folate anal og
at 20-fold excess of the dose of compound J could
substantially conpete with conmpound J for receptor
bi ndi ng and pESASFLERaPREPARMI BN Olirefp MPOUDR ¢ he
antitunor effects of conpound J . (FIG 6). Since
Compound G and the M

ot
- /i A ICOM )
HNJ\N |Nj/\ O OH O
(S)-2-(4-((2-amino-4-oxo0-3,4-dihydropteridin-6-yl)methylamino)benzamido)-5-
((S)-3-carboxy-1-((S)-1-((S)-3-carboxy-1-((R)-1-carboxy-2-(2-(2-((2-
((1S,3S5,7S,10R,1185,125,16R)-7,11-dihydroxy-8,8,10,12-tetramethyl-3-((E)-1-(2-
methylthiazol-4-yl)prop- 1-en-2-yl)-5,9-dioxo-4-oxa-17-aza-
bicyclo[14.1.0]heptadecan-17-yl)ethoxy)carbonyloxy)ethyl)disulfanyl)ethylamino)
-1-oxopropan-2-ylamino)-5-guanidino- 1-oxopentan-2-ylamino)- 1 -oxopropan-2-

ylamino)-5-oxopentanoic acid



conj ugat e (Compound J) have surprising anti-tunor

effects both in vitro and in vivo, and since the
W@pio7uemer activities of Conmpound J may be at tPEDHUSAT/069736

to FRa(+)-nedi ated effects, also described herein is

t he conjugation of aziridinyl epothilone anal og

Conmpound G (see Exanples 2 and 3) to form Conpound J .

(See Exanple T). EXAMPLE 2 : _BPREPARATI ON OF COVPOUND J

(S)-2-(4-((2-am no-4-oxo-3, 4-di hydropteri din-6-yl)nmeth

yl am no) benzam do) - 5-

( ( S)A3- catHPRAIR(ESIR 1GR3 ;1CRr:168%511-8;8(10RR-Tet xniddiopl-3-

y-2-(2-(2-({2- . - .

{41 5aebh Brmpind- tgatpethemy I i ity ) pole
et r adigtabydyclBf14(1E) Théptdecane-5,9-dione
nethylthiazq;-4-yl)prop-l-en-2-y|)-5,9-dioxo-4-oxa-17-
azabi cycl [ = 2

14. 1. 0}hest Adec

fanyl ) et hylcap
- guani di no- xgpent an- 2-yl am no) - 1- oxopfofda
yl am no) - 5- oxofient anoi ¢ aci dA.
[ S-D142] i Tﬂ? s(tﬁl)ed Eaﬁnlf]drﬂcﬁ’Ep?glﬂénle le $69:1] hmd)) Sinii@hza12(T.€0
tramet - 3- - yl-2-(2- -

o ¢ 408y oneanEER 35 St BF ey imgrisicrspy QR (100 mL)
- 4, TufrdeidN px@bdphiie ok ddded «ihentyadeaaret £0 Gddsoamol).
[0142] To a stirred salutjon og Epot hi | one A 5.0é%,,
10. 1A%s%hle) additign ¢35 ePreplets, thregction golgtiompps) warmgd p Pek (il
(28. pat¥etaperd@) GrMBk Jo dite aﬁfﬁ}yg §u 1cPMRiné a&ged‘{n’e)h;ct.
under N2 at nosphere was added triethylsilyl chloride
(15.181441 Thegbavefagstipn wag teppatadrwoarfis Eimen aPMBapihet e,
the dofiidfel Q&uﬁ’(gl Wi &ﬁll\@@%&é@ﬁi@ﬁ gac%flm.S Thd Foa(n?/' rlasi(_kﬂﬁtvths
tenperature) for 12 hr to give a single spot (tic) of

t he mbeisied bylcqgvive dupmatogragd] (siiihegd b \Werele 289-Hehmaws 600 g;

r epeas£4o Yo, JTHy. t]'d R CTIE, tﬁgf 9 4t §8.89$E%@§19 dA
solﬁf?dn masmggig?é e Sﬁaes dﬁ vacuum The o%ﬁ? »
r esiduatesald.puri fi ed by col um chromat ography (silica
75: ok R SRR TR e A8 X
T doF RS AR TaR Jserl e 3 gy Mol 0
Conpoinn those B s(Ba= Mtie MeGHYHL@+ 0.2% H;PO,), flow rate at 1.0ml/min, UV
254, t = 23.15 min. LC/MS (ES+) 722 (M+H).
B. Preparation of [4S-[4R*,75%,8R*,9R*,135%,145%,16R*(E)]]-14-Bromo-
13-hydroxy-5,5,7,9-tetramethyl-16-[1-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]
-4,8-bis[ (triethylsilyl)oxy]-1-oxacyclohexadecane-2,6-dione

S H

O O e
OSiEt, OSiEt,

[0145] To a stirred solution of [1S-[1R*,3R*(E),7R*,10S*,1 1R*,12R*,16S*]]-
8,8,10,12-Tetramethyl-3-[ 1-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-7,11-
bis[(triethylsily)oxy] -4,17-dioxabicyclo[14.1.0]heptadecane-5,9-dione (5.0 g,
6.92 mmol) in anhydrous dichloromethane (140 mL) at -20 °C under N,
atmosphere was added MgBr,-Et,O (3 x 2.13 g, 24.78 mmol) in three portions



[0144] HPLC: ES Industries FluoroSep RP Phenyl, 4.6 X

250mm isocratic, 30 mn, 10098, (B = 90% MeOH' H 20 +
w2@91HBP04), flowrate at |.0OmM/ mn, W 254, PCHUSBNLE69736

mn. LCM (ESt) 722 (MtH). B. Preparation of

[4S-[4R*, 7S*, 8R*, 9R*, 13S*, 14S*, 16R*(E)]] - 14- Br ono-

13- hydroxy-5,5,7,9-tetranet hyl - 16-[ | - net hyl - 2- ( 2- net hy

| - 4-thiazolyl)ethenyl] 256 -

-4,8-bis[(triethylsilyl)oxy]-I-oxacycl ohexadecane-2, 6-

di one [0145] To a stirred solution of

[ 1S-dvaitwa RélﬁrE)VhﬂRmaih%ﬁng.aﬂ iRfernal 2Rpeh6s hdlew -5°C. After

8, 8, 10, - Tet r anet - (.2- met hyl -

. b RuaT b PR i 1t SRt B s apgt washed

- 4 Wlﬂdéao mbl(mgqiz Qf, ﬁﬂgdlo@} hmpﬂlﬁldemagseh ﬁn&e\d'p@ﬁted (bvadduum
I N an r ous or onet hane

0 B e GGBH N TR BT L ISt o So g (e e

2. 138 Merdd 238 400Bksh, i 8 4;Broze7. s@atslaaasgg%m H:DRc/MOINSs) to
whi | e mai nt ai ni ngsan i nt er nal tenperature bel ow -5C.

Af t e vebuRouRd Rr(ZSen @ P &islD ivb i VRt {aPer RgsYith Perverd
W t rgtaqlh@h%@m b%nﬁgq@nd washed with sat. NaHCg 3 (2

x), dried over anhydrous Na SO and evaporated in

vac ultel HEiw eE%Iffdﬁ%tﬁ?S FperopepsR RiBrenyilad- O s miredsasyatic, 30

ﬁg'shkﬁiﬁ Fdﬁ)fm%@g%o%gbéoiﬁﬂ '0'&?2%%?05 ﬂMéEe&@m 1207 AR0uv

Et O hiexldrigs)ing B0 e ChABESIis- 62 @4@1) 45% yi el d)

(0. &y, TaopRATuaRe S LU, B R RO TR Bho-

Phen@l -hy ddoxXy - SQS,ZBGletrmnetlsfbd:ﬁ fX-inethyB0- (Muethy]OOﬁBazo(yEB)etllenyl]

204 ree s Gr b peeatyiohe fadefibera@bione 605 iy

C. Preparati onpHof OH

[4S-[4 R*, 13S*, 14R*, 16R*(E) ] ] s14- Aui,

13- hy teteanet hyl - 16-[ 1 - M 2- metlyosiet,
| - 4-thiazo
-4, 8-bi s[ (trilet hyllsi yI)oxy]-I-oxacyclohexadec ne 2,l6-

di one [0147] TOOSiHEte,SO| ution of OS|EtS
[4S-[ 4R*, 7S*, 8R*, 9R*, 13S*, 14S*, 16R*(E)]] - 14-

Br Or@l:ilﬁ fb)’éj{o‘ﬂmén%f Flvs7[4ﬁ* 17533 Eﬁ”@khl{ésﬂﬁm& hereENyH22- (2

Bromo 13 -hydroxy-5,5,7,9-tetramethyl-16-[ 1-methyl-2-(2-methyl- 4-

thiazolyl)ethenyl] -4,8-bis[(triethylsilyl)oxy]-1-oxacyclohexadecane-2,6-dione
(9.9 g, 12.3 mmol) in 1.2 L of DMF were added sodium azide (8.01 g, 123.3
mmol) and 18-crown-6 (3.26 g, 12.3 mmol) at RT under N, atmosphere. The
clear solution was stirred mechanically at rt for 7 days. The solution was diluted
with EtOAc (4 L), and washed with H,O (6 x 3 L). The organic layer was dried
(Na;SQy), and then evaporated to give 9.2 g of the crude product. Column
chromatography (silica gel 450 g, 5 - 15% EtOAc/hexane) furnished 6.7 g (71%
yield) Compound C as a white foam.

[0148] HPLC: YMC ODS-A S5, 4.6 x 50mm, isocratic, 30 min, 100%B. (B =
90% MeOH/H,0 + 0.2% H;PQ,), flow rate at 4.0mL/min, UV 254 nm, t =2.00
min. LC/MS (ES+) 765 (M+H).



t hi azol yl ) et henyl ]

-4,8-bis[(triethylsilyl)oxy]-I-oxacycl ohexadecane- 2, 6-
wele@na4297 9 g, 12.3 nmol) in 1.2 L of DVF wer ePEHtg007/069736

sodi um azide (8.01 g, 123.3 mmwol) and 18-crown-6 (3.26

g, 12.3 mmol ) at RT under N atnosphere. The clear

solution was stirred nechanically at rt for 7 days.

The solution was diluted withsfet OAc (4 L), and washed

with HO (6 x 3 L). The organic |layer was dried

(Na2SO4), and then evaporated to give 9.2 g of the

crude. pr duteyedratiézoofus-[41krr, 788 RIGIRIDIBR *(, BIR, IR “ge)] |- b A zido-

g, 5 --,15% Et QAc ane rni she { 71% yi )
Gt e TSRO ERF i FublSF FpidnhiberikTifls
4. 6 nitrobeiRoyl) X9 T 4e8-bis[(tridthyRily1) 0y OPBxaclyBokex@8ealye 6. dibne
20+ 0. 2% H3POM), flow rate at 4.0nL/ mn, W 2% nm t
=2.00 min. LCM (ES+) 765 (M+H).D. Preparati on ‘of
[4S-[4R*, 7S*, 8R*, 9R*, 13R*, 14R*, 16R*(E)]] - 14- o-
5,5,7,9-tetranmet hyl - 16-[ | - met hyl - 2- ( 2- net hyl A@?
4-t hi azol yl ) et Egnyl ]1-13-[(4- nitrobenzoyl) oxy}=,
4, 8- bi g[ (trigethylsilyl)oxy] S Ng.,

-1 - oxacyicl ohexadecane- 2, 6- di one [0149}< ]\4/) o8
[4S-[ 4R, 7S P35+ 1aRe 16REE) ] TV 14- 4 (L
ydroxy- 5,5, thyl -16-[1 - net hyl - 2-(

4-t hi azol yl) -4, 8- o) 0
bi s[ (triethyl sil%F) oxy] -1 -oxacycl ohexadecane- 2, 6-8"8ne
(7.0 g, 9.15 mmol ), 4- nitrobenzoic acid (3.82 g, 22.9
ol [P1498nBSEERPABHERHARE pBS NtR(*6.6B * ) 1122 - Azidarbl-hydserye

di ss in TH Q i et hyl azodi,carboxyl at e

(o 3 St A6TOeltsl o PhEhlk AREIERIRMNLEE

addeds[axiehylsilypekylodoxicydolEk st @ -2, GFiiend @acd,9dis nmaly,dr e

was nmi.nt ai.ned, at_.RT r 4 _hr, . concentrated d

o TR By & Ay ot Sanahare SRRSRIP oS Og 229

gr adh@ol) wered3sble® inyHRCes aile/ Dexianesdicabd:bate (9.0 mL of
ate

et hy] acet at e/ hexane;ﬁ} to isolate the nitrohenzo

cst AT o Bhpo amo el Nefasged Penspodel yRnies. The

Phenessibs Xiteh8 wad nfhinkaiRQ 0T thSPEH adncEntrated afd Purifld®YB.

(B =.90% MeOH H20O + 0. 1% TFA), flow rate at 4.0

L/ riillita gehshmptegraphy (stepwise gradient from 5% ethylacetate/hexanes to
15% ethylacetate/hexanes) to isolate the nitrobenzoate ester as a white foam
(7.3g, 87%).
[0150] LC-MS: Phenomenex C18, 4.6 x 50 mm, isocratic, 15 min, 100%B. (B
=90% MeOH/H,0 + 0.1% TFA), flow rate at 4.0 mL/min, UV 220 nm.
Retention time = 8.9 min. MS (ESI) M+H = 886.7
E. Preparation of [4S-[4R*,7S*,8R*,9R*,13R*,14R*,16R*(E)]]-14-Azido-
13-hydroxy-5,5,7,9-tetramethyl-16-[1-methyl-2-(2-methyl- 4-
thiazolyl)ethenyl]-4,8-bis[ (triethylsilyl)oxy] -1-oxacyclohexadecane-2,6-dione



Retention tine = 8.9 mn. M5 (ESI) MtH = 886.7 E
Preparati on of

WO 2®714Ry7 7S*, 8R*, 9R*, 13R*, 14R*, 16R*(E) ] ] - 14- ApCTUS2007/069736
13- hydroxy-5,5,7,9-tetranet hyl - 16-[ | - met hyl - 2- ( 2- net hy
| - 4- thiazolyl)ethenyl]-4,8-bis[(triethylsilyl)oxy]
-| - oxacycl ohexadecane- 2, 6-di one[ 0151] The
nitrobenzoate ester Conpound_BEx(7.3g, 7.98 mmol) was
di ssolved in ethyl acetate (35 nL) and cooled to 00C.
Ammoni a in nethanol (350 nL of 2M solution in
met hanol ) waswoadded, and the reaction m xture stirred
at RT for 4 concentrated and purified by silica
gel chromat phy (stepw se gradient from10 %
ethylacetate/ exanes to 3096ethy|acetate/hexangs) to

isolate [4
[4R*h2§g\g§*“ 3R*, 14R*, 16R*(E)]] - 14 2fn§ 2
Xy-5, BNT G- HV% 16-[1 - et hyl - 2_€ t.
4-t hi azol yl p

-| - oxacycl oh
solid (5.97g, 98¥%-. [0152] LC- MS: Phenonenex C18<Eﬂ%6
x 50mm isocratic, 5 mn, 10098. (B = 90% MeOH H20 +

0. 1%07154) Theflﬁt%ﬁeﬁz'bh@ eékEr @or@pdﬁhﬂ m (7.3¢ U7\/9§121@10[)R9&as dissolved in

Retention tine = 2.25 M5 (ESI) MrH = 765, 66 F.
Pr erfél?yé@?eéaﬁe P mL) and cooled to 0°C. Ammonia in methanol (350 mL of 2M

[ 1S-HifRon ﬁﬁﬁétﬁnoﬁ Rras Ji&&d; Anliffbe rbedon hudelstifeBat kD e hr,
Tetranet hyl - 3-[| - net hyl - 2- ( 2- net hyl -
4-t hqoacze@{r?qe()l an 1|eﬂl by siliggoged Et(romatography (stepwise gradient from

tri eﬁ%'eﬁﬂyia&tht@?ﬁ&lan@s t@&@%%?hﬂaé@t@eﬁbé%n@&)]té isbrafl [h§pt adec

ane-5, 9-di one
[48-[51111‘5%93"7@* Blﬁ?* 1@1%*14113“R'6RIZEFH] ltemidE) 3-hydraxyazpdd- 13- h

ydr , ne! 2- et hyl -
tﬁé%?g%?§fégﬁ ﬂﬁ?QZEEEMt?gftf%?gﬁﬁﬂ%én ) oxy]

-I-dxﬂﬁy@hﬁhb&adﬂcéﬂ@MchhdwduBm(56@ngas7g8&wnﬂﬁ¢8dhﬂ

trie ne (4.34 nL, 31.2 mol) were dissolved in

dlCH? %nefﬂane (85 nL) and cooled to 0 OC
thHﬁhﬁﬂuﬂfchWImhh@nMﬂeCn8¢E5mﬁ@nﬁSmdxmnnﬁhanQO%Bdéﬂ—

reactiro et Ol PENS Ueg -t B S L rine Ty el nnt, frencion

sti rimeec= aRs Min. WStELD 3+ = 76he6r eact i on m xture was
::j|aiée ‘or o;lr)lé?lﬁ%gttéb(ynro t[?éi [m;%*(%) GﬁgqogL}IR*eﬁ&( ggﬁ S\Ig f() 12-

Tetramethyl-3-[1-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-7,11-

bis[(triethylsilyl)oxy]-4-oxa-17-azabicyclo[14.1.0]heptadecane-5,9-dione

MeO2S.. HN.

30, B
Y ]\) i S NS"’ \5]\)
< . ~OSIEt , ]
N~F 0, wOSiEty <\ ]\) NN, WOSIEty

WOSiEty [ —

0 o o]
OSiEt, o o OSiEt,
OSiEt,

[0153] [4S—[4R*,7S*,8R*,9I%*,13R*,14R*,16R;(E)]]—14—Azido—13—hydroxy—
5,5,7,9-tetramethyl-16-[1-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-4,8-
bis[(triethylsilyl)oxy] -1-oxacyclohexadecane-2,6-dione (5.97 g, 7.8 mmol) and
triethylamine (4.34 mL, 31.2 mmol) were dissolved in dichloromethane (85 mL)
and cooled to 0 °C. Methanesulfonylchloride (1.8 mL, 23.4 mmol) was added

dropwise over a period of 5 min. After 10 min, the reaction mixture was



(3 X 100 nL), dried over Na SO, concentrated and
taken to next step without further purification.

W@ 034302The crude net hanesul fonate ester was dPEEUR200T069736
in THF/ H2O (12:1, 130 nL). Triethylamne (2.2 nL, 16
nmmol ) and trimet hyl phosphine (16 mmol, 16 nL of 1.0 M
solution in THF) were added, and the reaction m xture
was stirred at RT. After 3 hrszgthe reaction was heated
at 45C for 7 hr, concentrated and purified by silica
gel chromatography (stepw se gradient from 2%
met hamoldddhinothe fi@rbmhi endstrme bt RN oA ftaltl oy thé aaegontiixture
i sol at e Conmpound F [ lid (5,08 8% f or
o CdpE P ot sied R B bl Bt 8 Hies Bibrichag,
| soqBa 10D, mb), atidd ovkORYBO, (BneenBYd MG dnl2Enext Sked Kithout
TFA) }f1l ow rate at 4.0 nL/mn, U 220 nm Retention
t i mefuhes PYBECAPY Vs (ESI) MrH = 721.58 G Preparati on
of [[d$54] IRe,cARE (RkhadlRuIfd63R eskel Bas didRTved 6STHFALOX12:1, 130
D hydr oxy-17-[ 2- hydr oxyet hyl ] -8, 8, 10, 12-t et r anet hyl - 3-
[ - nebh rlegl_yta@ynq'étm]_,,_m minol) and trimethylphosphine (16 mniol, 16
4-t hhpgpl ¥hv eSiemh Irify Q¥R added@zRRhE NG R Mix dirddl RaRLASA
ecane-5, 9-di one [0156] K2CG3 (1.4g, 10.2 mmol) and
2- brishoétteraityl the cagiponiiyas hpated %ﬁi‘éi’c? fojd he carrgadatedand

[1S ]k {: x ~ =1 10, 12- Tet
Famdt TS Pan P el o P ASEmO (e ERSCkddh S

4- t hingthasioy/¢Hlerpfpamyd $%-nethanoyihdorpiorn) tetidpldtsComppuast flas a
-4- oxa-. 1A ' I . hept adecane- 5, 9- di one

(1. o‘gﬂtge,sg’liq@csdyr%ﬁ%?% B WG ekpd] NPT A (20 m) and heat ed
t o AGRS] ALG-81S: Phanomendsl il 8,ch@k SQ oy, pwvomtihy2noin, (V78R (B =
m., 4 n (1.4 10. 2 nmol e a d..
art PRI ERD GRS fof il se PR BHETR B30 i 96 RGson
nmol jmeva 8.288l chixd . MAKESH M3-Hh« 7215 reacti on m xture was
cool ed tq room.te iy red 0 ite,
nesrEd wheRBLOE e I ) sk S LR e8t -
(2 >Diayaioky-179DaeMioxaéthA]-8/3010f 12kefrafmethY B X 1-Ale@iy1-2-(2-

w thout further purification, [0157] The crude reacti

or odtey hdhireutitheni-Fou LhiaphrgotdisThemadneye s done

s H.,, ., s N
E S Y E
—] . — —<1_J
Nj\) WOSiEt, \N]\)"', LOSiE| — o N o, WOH
o
o o o
o [¢) O

0
OSiEts OSiEt;

[0156] K,CO; (1.4g, 10.2 mmol) and 2-bromoethanol (0.52 mL., 7.3 mmol) were
added to [1S-[1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-8,8,10,12-Tetramethyl-
3-[1-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-7,11-bis[(triethylsilyl)oxy]-4-oxa-
17-azabicyclo[14.1.0]heptadecane-5,9-dione (1.05 g, 1.46 mmol) in acetonitrile
(20 mL) and heated to 82°C. After 4 hr, additional 2-bromoethanol (0.52 mL, 7.3
mmol) and K,CO; (1.4 g, 10.2 mmol) were added. After 5 hr, additional 2-
bromoethanol (0.21 mL, 2.92 mmol) was added. After 3 hr, the reaction mixture
was cooled to room temperature, filtered through Celite, washed with acetonitrile
(5 X 5 mL), dichloromethane (2 X 5 mL), concentrated and taken to next step

without further purification.



cooled to 00C, and trifluoroacetic acid (8.0 nL) was
added. After 1 hr, the reaction m xture was
w@ocaseat ed, taken-up in saturated NaHCg 3 (RODUS0P7/069736
extracted with dichloronethane (3 X 100 nL), dried
over Na2SO , concentrated, and purified by silica gel
chr omat ogr aphy (10% net hanol / di chl oronet hane) to
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2[ 0160] The follow ng procedures were used: Coupling
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[(;159] (5)-2-(4-((2-amino-4-oxo0-3,4-dihydropteridin-6-
yl)methylamino)benzamido)-5-((S)-3-carboxy-1-((S)-1-((S)-3-carboxy-1-((S)-1-
carboxy-2-mercaptoethylamino)-1-oxopropan-2-ylamino)-5-guanidino-1-
oxopentan-2-ylamino)-1-oxopropan-2-ylamino)-5-oxopentanoic acid was
synthesized by solid phase peptide synthesis in five steps starting from H-Cys(4-
methoxytrityl)-2-chlorotrityl-resin. The Table 2 shows the amount of reagents

used in the synthesis.

TABLE 2

|| | Mmol | Equiv. | MW | amount
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The supernatant was decanted. The wet solid was
urified as follows (the wet solid could
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is sequence was repeated for each amino acid coupling step.

Synthesis of N'°-TFA-protected pter

oic acid:

[0162] To 10 L of 0.1 M tris base solution (121.1 g tris base in 10 L. water) in a

22 L mechanically-stirred round bottomed flask, equipped with a heating mantle,

was added 200 g (0.453 mole) of folic acid. The mixture was stirred to dissolve

the folic acid, and then 500 mg (3.67 mmole) zinc chloride was added.

Carboxypeptidase G (13 x 20 unit vials available from Sigma) was added and the

pH was adjusted to 7.3 with 1N HCI and maintained throughout the reaction.

The mixture was protected from light and heated at 30°C for 8-10 days (use of an

auto-titrator to hold the pH constant reduced the conversion time by 4-5 days).

The reaction was monitored by analytical HPLC until 80% conversion was

achieved (further conversion is desirable but has not been optimized). The

product was precipitated from the reaction mixture by adjusting the solution to




HPLC. Fractions containing pure pteroic acid were
adjusted to pH=3 with 6 MHC to precipitate pteroic
W@e00d/140Bh2 m xture was centrifuged at 3000 r pnPEDUSR07/069736

m n. The supernatant was decanted and washed w th

water (3x). The solid was freeze-dried for at |east 72
hr. The inpact of residual water on the next reaction

is not known. [0163] The ptergpc acid was further

dried over P20s under high vacuum for over 24 hr (note
that simlar results in the protection step were
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protected intermedi ate was rel eased fromthe resin

usi r?g‘dﬁlﬁ%aléFYé%&/Sé?j’é NexgEte (repaped PFF%%%WW:“G@&?LP L
TFA, rodad¥6xtoh- fﬁélfﬂe)lulblge@a with DHedhdnid#™lisrer and an argon inlet, and

stored under high vacuum overnight. Argon gas was added followed by 3500 g
(2316 mL) of trifluoroacetic anhydride. The flask was sealed with a rubber
stopper or argon inlet adaptor, and then stirred vigorously. The flask was
protected from light and stirred at room temperature under argon atmosphere for
7 days (the reaction was monitored by HPLC of aliquots diluted 20x each with
water and DMSO). The mixture was rotary evaporated to dryness and treated
with 2.5 L of 3% trifluoroacetic acid in water. The mixture was stirred overnight
at room temperature to hydrolyze anhydride by-products. Rotary evaporation
gave a dry solid. The solid was suspended in 2 L of water and then centrifuged in
250-mL centrifuge bottles at 3000 rpm for 20 min. The supernatant was removed
and the solid was washed with water and centrifuged (4 times). The solid was
freeze-dried for 3 days, transferred to amber bottles, and dried under high vacuum
in the presence of P,Os for 2 days (Purity >95%; residual TFA assessed by

Elemental Analysis).



Triisopropylsilane, and 2.5% (1.34nlL) ethanedithiol.
The cl eavage reagent was added to the reaction vesse

W@ 28m13029Ar gon was bubbl ed t hrough the m xt ur eP€DUSDOF069736
hr. The liquid was drained fromthe vessel, and resin
was washed with remai ning reagent (3 X 8nlL). The
vol atiles were concentrated by rotary evaporation to a
vol une of 10 nmL. Diethyl etheg3(35.0 nL) was added to
effect precipitation. The solid was collected by
centrifugation and dried to give 1.25 g of cl eavage
prodmemmgimﬂjotection step: [0165] The
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2- ((9fSle3B27 BrotioR, | | s 125 16R) 7,11 - di hydr oxy-
8, 8, 10, 12- t et ranet hyl - 3- ((E) - - ( 2- met hyl t hi azol - 4-yl ) p

r op- ﬂ)ep%]:ec%o}{lsaa 2, 9-
di oxo-4- oxa- Z aza- bi cycl o[ 14. 1. 0] hept adecan-17-yl ) eth

yl 201681 (BerY dirifluproagdtyl dirasedtina mgiup t thy presds dihperion was
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110 I!ﬂB):ellr}lmonium hydroxide (1 — 2 mL). After lhr, the pH was adjusted to 5 with
IN HCl (~1 mL) and the product was purified on preparative HPLC to yield 125
mg of Compound H.

HPLC Purification conditions:
[0166] Column: Waters NovaPak C;5 300x19mm
[0167] Solvent A: Buffer I0mM Ammonium Acetate, pH=5
[0168] Solvent B: Acetonitrile
[0169] Elution: 1%B to 20%B in 40min at 15mL/min
[0170] Total yield from combined reactions: 625 mg
L. Preparation of 2-((1S,3S,7S,10R,11S,12S,16R)-7,11-dihydroxy-
8,8,10,12-tetramethyl-3-((E)-1-(2-methylthiazol-4-yl)prop-1-en-2-yl)-5,9-
dioxo-4-oxa-17-aza-bicyclo[14.1.0]heptadecan-17-yl)ethyl 2-(2-(pyridin-2-
yDdisulfanyl)ethyl carbonate
1. Preparation of 2-(2-(Pyridin-2-yl)disulfanyl)ethanol
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i n dichl oronethane (100 nm.), cooled to 0 0C, was added
nmer capt oet hanol (7.6 nL, 110 mmol ), dropw se. The
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At this point, a solution of 2-nercaptopyridine (12.2
g, 110 mmol) in dichloronmethane (160 nL) was added.
The solution was allowed to react at 0 OC for 1 hr and
then was allowed to warmto R§sfor another 1 hr. Solid
product was observed to have fallen out of solution.
TLC (1:1 Pet Ether/EtOAc) showed that significant
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HCL salt

[0174] A solution of diphosgene (2.28 g, 11.5 mmol) in 15 mL anhydrous
dichloromethane was stirred under argon in a roundbottom flask and cooled by a
ice/salt bath. An addition funnel with a mixture of 2-(pyridin-2-
yldisulfanyl)ethanol (5.01 g, 22.4 mmol) and triethylamine (2.25 g, 22.2 mmol)
in 65 mL anhydrous dichloromethane was placed onto the roundbottom flask.
The mixture was added dropwise over a period of 20 min. The reaction mixture
was allowed to warm to RT and stirred for an additional 1 hr. TLC analysis of
the reaction mixture showed that the starting material was consumed and there
was formation of a “streaking” less polar chloroformate product, TLC (6:4
EtOAc:Hexanes): R of starting material 0.4; Ry of chloroformate product: 0.8.
[0175] The reaction mixture was stirred in a roundbottom flask under argon and
cooled by an ice/salt bath. A mixture of 3.02 g, 22.4 mmol HOBt and 2.23 g,
22.0 mmol triethylamine in 10 mL anhydrous dichloromethane was added to a

dropping funnel affixed to the roundbottom flask. The mixture was slowly added



cooled by an ice/salt bath. A m xture of 3.02 g, 22.4
mmol HOBt and 2.23 g, 22.0 mmol triethylamne in 10 nL
wa@edvydsos di chl oromet hane was added to a dr opPETYS2007/069736
funnel affixed to the roundbottom flask. The m xture
was sl ow y addedto the roundbottom flask maintaining
the reaction tenperature at 2C. The reaction m xture

was allowed to warmto RT andgstirred overnight.
Approxi mately 27 nL of dichl oronethane was then
distilled fromthe reaction m xture at atnospheric
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and stir for 2 hr. The solids re collected
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To a solution
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4-t mllalzsolfyliﬂ)eﬁlhmyﬂo}lat&- oxa- 17- azabi cycl o[ 14. 1. 0] hept ad
ecane-5, 9-di one i n anhydrous dichl or,omet hane at 00C

was added (1.2 eq.) and s

benzol[ d] [I Jtriazol-1-yl ™8 \/\O)ko

2-(2-( : di sul fanyl)ethyl carbbaate (1.0
eq. )—in | a de resction mxt(g@g)vas stir edOHat
00C under ~ar DN t-or-ed=-by ZeN@ry

Addi ti onal 2. BysamgcHGompeund . eq. )
wer e added as oneonessary until all of Conpowndo G was

condliEd. Totheluteaof [16A 1 REASRGURABRAES i kRT, IMBRCHO6*11-7rHL)
oL O L BT VI SR IS R 23 Al
2.5- %%dve@bthmymxattﬂ ahbioydo[i hé. Olhepﬂa@cam@%@eas a
bei gaenh?cPrloﬁsddlch orgl.%gtﬂgn% at 0°C was added DMAP (1.2 eq.) and
benzo[d][1,2,3]triazol-1-yl 2-(2-(pyridin-2-yl)disulfanyl)ethyl carbonate (1.0 eq.)
in tandem. The reaction mixture was stirred at 0°C under argon and monitored by
TLC every 10 min. Additional DMAP (1.2 eq.) and Compound I (2)(1.0 eq.)
were added as necessary until all of Compound G was consumed. The reaction
was quenched with MeOH (1 mL) at 0°C, the solvent was removed under
vacuum, and the residue was purified by chromatography (silica gel, 2.5-5%
MeOH in DCM) to afford the title compound as a beige solid. Compound
amounts and recoveries are listed below in Table 3. Total yield from 2.95 g of

Compound G was 2.80 g (67.9%) of Compound I.



amounts and recoveries are listed below in Table 3.

Tot al
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yield from2.95 g of Conpound G was 2.80 ¢

.* Each chr omat ogr aphi cPCT/US2007/069736
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bat ches #2 and 4, two chromatographic purifications

were carried out.
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m n under anal ytical HPLC conditions. The m xture was

diluted with -15 nlL of phosphate buffer and the THF
wo®neneved under vacuum The cl oudy sol uti onP@EES2007/069736

centrifuged and filtered. The yellow filtrate was

divided into two portions and purified by preparative

HPLC. Pure fractions (>98% pure) were pool ed and

freeze-dried. Tail fractions_g%x98% pure) were

collected and re-purified for every 3-6 chromatography

runs to provide 700 ng of the title conpound as a
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mn, flow rate: nm./ mn Analytical HPLC paraneters:
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yl anvaaechédnd Byrachiykicd-HPLC at 15 min. The product peak came out at ~ 6.4
min under analytical HPLC conditions. The mixture was diluted with ~15 mL of
phosphate buffer and the THF was removed under vacuum. The cloudy solution
was centrifuged and filtered. The yellow filtrate was divided into two portions
and purified by preparative HPLC. Pure fractions (>98% pure) were pooled and
freeze-dried. Tail fractions (<98% pure) were collected and re-purified for every
3-6 chromatography runs to provide 700 mg of the title compound as a white
powder (contains 11.8% by weight of water and 8.7% by weight sodium and

sodium phosphate salts, as determined by Karl Fischer and elemental analyses).

Preparative HPLC parameters:

[0178] Column: Waters Nova-Pak HR C18 6um 30x300 mm
[0179] Mobile phase A: 7.0 mM sodium phosphate buffer, pH=7.2
[0180] Mobile phase B: acetonitrile

[0181] Method: 10%B-50%B in 30 min, flow rate: 40 mL/min

Analytical HPLC parameters:

[0182] Column: Waters Symmetry C18 3.5um 4.6x75 mm

[0183] Mobile phase A: 10 mM Triethylammonium acetate (TEAOAc) buffer,
pH=7.5
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1.1 L). Oganic phases were collected and washed

successively with saturated sodi um bi carbonate
solution (675 nL) and saturated sodi um chl ori de
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oil (85.6 g). The Conpound A was used in next reaction
wi t hout further purification.“fﬂ&@@] HPLC. Phenomnex

Luna C8 (2) 3um 4.6 x 150mnm isbcratic, 18 mn, 36%B,
17 nin, 56U, (Mohilesphase A% 0. 01M-RHIGAC,
ACN: Vater (5:9 3hj Hgﬂas \;ko 01M NHAQAG. |
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-yl ](S) 4 (ﬁj_ w2- amlr[lo 4- oxo 3 4-dihydropteridin-6- yl)methyfgmlno)be%zamldo) 5-
((S)-3-carboxy-1-((S)-1-((S)-3-carboxy-1-((R)-1-carboxy-2-(2-(2-((2-
((1S,3S5,7S,10R,1185,125,16R)-7,11-dihydroxy-8,8,10,12-tetramethyl-3-((E)-1-(2-
methylthiazol-4-yl)prop- 1-en-2-yl)-5,9-dioxo-4-oxa-17-aza-
bicyclo[14.1.0]heptadecan-17-
ylethoxy)carbonyloxy)ethyl)disulfanyl)ethylamino)-1-oxopropan-2-ylamino)-5-

guanidino- 1-oxopentan-2-ylamino)- 1 -oxopropan-2-ylamino)-5-oxopentanoic acid

3A. Preparation of [4S,7R,8S,10R,9S,13R,16S]-4,8,13-trihydroxy-14-iodo-
5,5,7,9-tetramethyl-16-[(E)-1-[2-methylthiazol-4-yl ]prop-1-en-2-yl]
oxacyclohexadecane-2,6-dione.
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di oxabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di one.
[4S, 7R, 8S, 10R, 9S, 13R, 16S] - 4, 8, 13-t ri hydr oxy- 14-i odo- 5,

W® 2007940281 r anet hyl - 16- PCT/US2007/069736
[(B)-I-[2-met hyl thiazol-4-yl]prop-I-en-2-yl]
oxacycl ohexadecane- 2, 6-di one (85.6 g) was dissolved in
acetonitrile (670 nL) and water (130 ni).
Triethylamne (135 ni, 968.5_gyol) was added to the
solution. The reaction was heated to 50 0C to 60 0OC
for at least 8 hr. [0191] After it was cooled to RT
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et halg(s) rg{ g )5]% ter (48 nL) was added sodi um
azi del 4y Vggz 1 FPHbI ) and ammoni um chl ori de
(3.14g, 58.14 nmmol ). The m xture was stirred at 60 0OC
f or 3B- 2@repaatiai of [¢R,387Sd OBYIA SALE 681- D1l -Hihg droxly $88/10,12-
ev apetrainethyliBd)- IrRducthgltiinad-dul iproe il en-25a] AQ7- The
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[4S,7R,8S,10R,9S,13R,16S]-4,8,13-trihydroxy-14-iodo-5,5,7,9-tetramethyl-16-
[(E)-1-[2-methylthiazol-4-yl]prop-1-en-2-yl] oxacyclohexadecane-2,6-dione
(85.6 g) was dissolved in acetonitrile (670 mL) and water (130 mL).
Triethylamine (135 mL, 968.5 mmol) was added to the solution. The reaction
was heated to 50 °C to 60 °C for at least 8 hr.

[0191] After it was cooled to RT, the solution was concentrated under reduced
pressure. The residue was diluted with EtOAc (1.2 L) and washed with saturated

sodium chloride solution (3 x 500 mL). The solvents were evaporated under



m.) and water (50 nL) m xture. Phases were separated

and t he bottom aqueous phase was extracted with ethyl
wW@e®ra¥eI{ 115 nlL). The conbi ned organi c phasesP@EDS2007/069736

washed with 25% aqueous sodi um chl oride (brine)

sol ution. Solvent was evaporated under reduced

pressure and the resi due was passed through a pad of

silica gel eluting with ethyly@cetate/ n-heptane (2:1)

m xture. Evaporation of the solvent under reduced

pressure provided regio-isoneric mxture of

azi dealcedpiekssre to give the crude product as yellow oil. Purification by silica
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met hyl suI fo de and N net hyI pyrk ol di none 0194]
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Preparati on o
(1S,3S, 7S, 1 . 12S16R) - 7, | | - dithyldrbxy-8, 8, 10, 12- }, o

t etranet hyl - 3- ((E)-I-(2 nethylthlazol 4- yITprop | -en-2
-yl)-4-oxa-17-

az ak{nmdm | ml( aldirikd @élh@dﬁi FdpcBphibn8-A0di10136 g, 10 ABIolen @
stirred sql ution

(4S, eﬁF@ﬂS%%%ﬂliéﬁl%@#fﬂé%}ﬂ% Fangddgd soflivgn gzde (11.45 g, 174.41

tri hﬁdﬁl()}) zsud ém%oﬁu& chr@hﬂ@mremlgyw LOmn6E) Trle-thidrun®d ydritrba &
zol - zfé%? g -1 -en- yl ) oxacycl ohexadecane- 2, 6- di one
R

and €O Ig§01@ggs T4, eyamyatgomip gryary evaporator under
reduced pressure below 50 °C. The residue was dissolved in ethyl acetate (287
mL) and water (50 mL) mixture. Phases were separated and the bottom aqueous
phase was extracted with ethyl acetate (115 mL). The combined organic phases
were washed with 25% aqueous sodium chloride (brine) solution. Solvent was
evaporated under reduced pressure and the residue was passed through a pad of
silica gel eluting with ethyl acetate/n-heptane (2:1) mixture. Evaporation of the
solvent under reduced pressure provided regio-isomeric mixture of azido-
alcohols, (45,7R,8S,9S5,13R,14R,165)-13-Azido-4,8,14-trihydroxy-5,5,7,9-
tetramethyl-16-((E)-1-(2-methylthiazol-4-yl)prop- 1-en-2-yl)oxacyclohexadecane-
2,6-dione and (4S,7R,8S,95,135,145,16S)-14- Azido-4,8,13-trihydroxy-5,5,7,9-
tetramethyl-16-((E)-1-(2-methylthiazol-4-yl)prop- 1-en-2-yl)oxacyclohexadecane-
2,6-dione in ~6:1 ratio (12.8 g, 82%) as a white foam.



4,8,13-tri hydroxy-5,5,7,9-tetranet hyl -16-((E)-I-(2-net
hyl t hi azol - 4-yl ) prop-1I-en-

WQ2007)eatycl ohexadecane- 2, 6-di one m xture (12P@I/f$2007/069736
23.85 mml ) in anhydrous acetonitrile (90 nL) was
added tri phenyl phosphine (9.48 g, 35.77 nmmol) under
ni trogen atnosphere. The clear solution was stirred at
20-40 OC for 19-4Ch. The reaction m xture was cool ed
to 0-5 0C for 3-4h and filtered the product. The cake
was washed with heptane (64 nL) and dried at 40 0OC
unddrC-msi ure forfdne s SufiC$(Qy col.lﬁnﬂ.%hmﬁ Gl Y&mm. Gradlent 15
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-y )M kif C}Q@Nmz@b@bﬁ (8140 b18) NGIQ@A@' ac@ANYHIO 95 8ne

as a white solid (5. 4@ LC- M5: Phenonenex Luna
C8( Ajlow éateirdd mB/niiy W4Vf-‘éen>gth5@ 0 - Rgfeaten ting= g3 migg@S
to ](Qgﬁp(ﬁ+m+1@3m91 then 100% B for 5 mn. Mbile
phases: 0.01 MNHAOQAC in CH3CN H20 5:95; B = 0.01 M
NH4 GRE93] nmemtw 99115 in phegobvante ik ageterie gretpnitrile,

R (TN, e
mnth%@@h@nmwhosphlnes I|ke trlcyc!ohexylphosphlne,
LB ARG S TR B8 08 L i

tet raatd;atzhnmrictmmmchlaﬁe Preparati on of
[1S-[ 1R*, SR*(E) 7R*, 108*, 11R*, 12R*, 16S*]]- 7, 11-

[D:hy ‘Q’X?i) f'fox[‘é’fd( y%'iw{]11§’1§8136%)]7211tcﬁf1§(ﬂ%§§ 8%ho3>-
- tﬁg@g@ b %@9 hinaol- ko ep i P Tt g

ecane- T 95 m., 35.52 mmol) and
2- bronnethanq} (3.02 nL 42 mol ) were added to

(I'S, 35_7SH LS, 12S, 16R) ~ J di hydr oxy-8, 8 10 9.
tetra«e h I-3- J-fQan;h | t hilazgl - 4- yI)ﬁ¢ | oH
-yl) - 4 oXa17- ”Blcyglo %D.l. eptadecane s, K i
(3.50 g, 7. i n acet oyl (35 nL) and h

to 72.5 0OC. OAfdie? 20 hr, therealtion nixture was ©

cool ed to room tenperature, concentrated to dryness

throu%h rotary vacuumdistill ati The
0195] To a stirred solution of (45, 7R 8S, 9S 13R 14R 16S) 13-Azido-4,8,14-

trihydroxy-5,5,7,9-tetramethyl-16-((E)- 1-(2-methylthiazol-4-yl)prop- 1 -en-2-
yl)oxacyclohexadecane-2,6-dione and (4S,7R,8S,9S,1385,14S,165)-14-Azido-
4,8,13-trihydroxy-5,5,7,9-tetramethyl-16-((E)-1-(2-methylthiazol-4-yl)prop-1-en-
2-yl)oxacyclohexadecane-2,6-dione mixture (12.8 g, 23.85 mmol) in anhydrous
acetonitrile (90 mL) was added triphenylphosphine (9.48 g, 35.77 mmol) under
nitrogen atmosphere. The clear solution was stirred at 20-40 °C for 19-40h. The
reaction mixture was cooled to 0-5 °C for 3-4h and filtered the product. The cake
was washed with heptane (64 mL) and dried at 40 °C under reduced pressure for
15-18h to give (15,35,7S,10R,115,12516R)-7,11-dihydroxy-8,8,10,12-
tetramethyl-3-((E)-1-(2-methylthiazol-4-yl)prop- 1-en-2-yl)-4-oxa-17-
azabicyclo(14.1.0)heptadecane-5,9-dione as a white solid (5.41 g, 46%).

LC-MS: Phenomenex Luna C8(2) column: 3 um, 4.6 x 50 mm. Gradient; 15 min,
0%B to 100% B in 10 min, then 100% B for 5 min. Mobile phases: A =0.01 M



crude was dissolved in ethyl acetate (50 nL) and m xed
Wi th deionized water (35 nlL). The m xture was

weziraered with ethyl acetate (3 x 35 nlL), driRdI/OS®N7/069736
Na2SO4, filtered, concentrated, crystallized in
acetonitrile (35 nmL), washed with acetonitrile (2 x 5
m), and dried in vacuum oven at 45.5 0C overnight to
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recogni ze that Conmpound 3G as prepared by this Exanple
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of which argydescribed in Exanple 2. \E CLAhM\,l
conpound Dav he fornul g:Xc. K. 0r a
phar mECRWr ceept abl BNsabIN t her eof-

is -ON -89 7- ; A TS T (CR BRIk
wherein Z i - 10)-, - O) -C(=0 - (C(=

- OC( Efdical rdMuR 1) 60350) -, - SO2- OI‘ -N(R n ) SO GH Bi

I's hydr dEx3¢tIMa®r49 ano and Ri |s hydr ogeﬁheGFa'BrmU'aﬁetHﬂzOsS
are taken"t§gettet’ to forma double bondemw > 22nd
R5 are, independently, hydrogen, alkyl, substituted

al kY[b1976}fE’tLN ef 953&19945! 52%1%91) @ﬁcyi bro%{oelﬁ%ncﬁr(lﬁoﬂ%LW@ﬁmol)
taken to her wt he carbon to which t

were a ded to (15,38, 7S 1OR 118,128,16R)-7,11- d1hydroxy 8)5/3 10,12-
tetramethyl-3-((E)-1-(2-methylthiazol-4-yl)prop- 1-en-2-yl)-4-oxa-17-

azabicyclo[14.1.0]heptadecane-5,9-dione (3.50 g, 7.10 mmol) in acetonitrile (35
mL) and heated to 72.5 °C. After 20 hr, the reaction mixture was cooled to room
temperature, concentrated to dryness through rotary vacuum distillation. The
crude was dissolved in ethyl acetate (50 mL) and mixed with deionized water (35
mL). The mixture was extracted with ethyl acetate (3 x 35 mL), dried over
Na,SQy, filtered, concentrated, crystallized in acetonitrile (35 mL), washed with
acetonitrile (2 x 5 mL), and dried in vacuum oven at 45.5 °C overnight to isolate
(15,3S,7S,10R,118,128,16R)-7,11-dihydroxy-17-(2-hydroxyethyl)-8,8,10,12-
tetramethyl-3-((E)-1-(2-methylthiazol-4-yl)prop- 1-en-2-yl)-4-oxa-17-
azabicyclo[14.1.0]heptadecane-5,9-dione as a white crystalline powder (2.60g,
HPLC AP 97.1, 68.2% yield).

[0198] L.C-MS: Phenomenex C8, 3 wm, 4.6 x 150mm, gradient, 10 to50%B
over 10 min, and stop at 20 min. (A= 5% MeCN/H,0 + 0.01 M NH4OAc; B =
95% MeOH/H,0 + 0.01 M NH40Ac), flow rate at 1.0 mL/min, UV 254 nm.
Retention time = 9.43 min. MS (ESI) M+H = 537.21.



are attached to forman optionally substituted
cycloal kyl; R4 is hydrogen, alkyl, alkenyl,

waemstaeot ed al kyl, substituted al kenyl, aryl ,P@F/US2007/069736
substituted aryl; R is hydrogen, alkyl or substituted
alkyl; R7, Rs, RO,Rio, and Rn Ri 2 are independently
hydr ogen, al kyl, substituted al kyl, cycl oal kyl,
substituted cycl oal kyl, aryl,7substituted aryl,
het erocycl oal kyl, substituted heterocycl oal kyl,
heteroaryl, or substituted heteroaryl; R 2 is H,
al ky[0199% utblsblidtriatlﬁzdkﬂlle&yﬂtlsamlllhado(gglemthaRiZéirn[b@naB@las
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an optlonally substituted 5 or 6 nenbered het er oaryl ,
or a pharmaceutically-acceptable salt thereof. 3. A
conpound according to claiml1l or 2, wherein R 3 is an
optionally substituted thiazolyl, pyridyl, or
oxazolyl. 4. A conmpound according to claim1, 2, or 3,
having the fornmula X : X ; or a

phar maceutical |l y-acceptable salt thereof, 5. A
compound according to claim 2, having the fornula Xb,
Xb 6. A conpound according to claim5, having the
formula Xb' : Xb'.



7. A conpound according to any one of clainms 1, 2, 5
or 6, wherein Ris hydrogen. 8. A conpound accordi ng
wo 00any2ohe of clainms 1, 2, 5 or 6, wherein R PGI/US2007/069736
methyl. 9. Use of a conpound according to any one of
claims 1, 2, 3, 4, 5 6, 7, or 8, in preparation of a
medi canent for treating cancer in a patient. 10. A
process for making a pharmaceunjical conposition for
targeted drug delivery conprising conjugating a
conmpound as in any one of clains 1, 2, 3, 4, 5, 6, 7,
or 8WEt@.sAM:el easable Iinker to forma conjugated
compound. 11. The process of claim 10, wherein the

conj ugat ed conmpound conprises a fol ate binding noiety.
1 A compound having the formula X:

H——K——A

or a pharmaceutically-acceptable salt thereof, wherein:

Kis -O-, -S-, or -NRy-;

A is (CRgRg)-(CH,)y-Z- wherein Z is —(CHR 1()-, -C(=0)-, -C(=0)-
C(=0)-, -OC(=0)-, -N(R11)C(=0)-, -SO;-, or -N(R11)SO,-;

B; is hydroxyl or cyano and R; is hydrogen or By and R; are taken together
to form a double bond;

R, Rj, and Rs are, independently, hydrogen, alkyl, substituted alkyl, aryl or
substituted aryl; or R, and R3 may be taken together with the carbon to which they
are attached to form an optionally substituted cycloalkyl;

R4 is hydrogen, alkyl, alkenyl, substituted alkyl, substituted alkenyl, aryl, or
substituted aryl;

Rg is hydrogen, alkyl or substituted alkyl;

R7, Rg, Ro, Ryp, and Ry Ry are independently hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocycloalkyl,
substituted heterocycloalkyl, heteroaryl, or substituted heteroaryl;

Ry is H, alkyl, substituted alkyl, or halogen;

R;3 is aryl, substituted aryl, heteroaryl or substituted heteroaryl; and

m is O to 6.

2. A compound according to claim 1, wherein:

Kis -O-;
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A is Cy4alkylene;

B; is -OH;

R; R3, R4 and Rs are, independently, hydrogen or lower alkyl;
Rg is hydrogen or methyl; and

Ry is an optionally substituted 5 or 6 membered heteroaryl, or a

pharmaceutically-acceptable salt thereof.

3. A compound according to claim 1 or 2, wherein Ry; is an optionally

substituted thiazolyl, pyridyl, or oxazolyl.

4. A compound according to claim 1, 2, or 3, having the formula X’:

6. A compound according to claim 5, having the formula Xb’:
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7. A compound according to any one of claims 1, 2, 5 or 6, wherein Rg is

hydrogen.

8. A compound according to any one of claims 1, 2, 5 or 6, wherein Rg is

methyl.

9. Use of a compound according to any one of claims 1, 2,3, 4,5, 6,7, or 8,

in preparation of a medicament for treating cancer in a patient.

10. A process for making a pharmaceutical composition for targeted drug
delivery comprising conjugating a compound as in any one of claims 1, 2, 3, 4, 5,

6,7, or 8, to a releasable linker to form a conjugated compound.

11. The process of claim 10, wherein the conjugated compound comprises a

folate binding moiety.



