TI TLE AZI RI DI NYL- EPOTHI LONE COMPOUNDS [ 0001] This
application clains priority to U S. Provisional Patent
woARRY/ipasi on No. 60/808,366, filed May 25, 20GGyryib@eor3s

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
conmpounds that were di scovered by Hale cud. as
isolated fromfernmentati on products of the

m croorgani sm Sorangi um cel | ul osum (see, e.g., W
93/10121). Mle et al. also discovered 37 natura

epot hil one variants and rel ated conpounds produced by
Sarong/inn cellul osum including epothilones C, D, E
F and other isoners and variants. See, e.g., US Pat.
No. 6,624,310. Wiile in 1993 Hale eta/reported on
cytotoxic effects of Epothilones A and B, in 1995
researchers with Merck reported that epothilone B
exerts mcrotubule-stabilizing effects simlar to
pacht axel (TAXCOL(r)) (See D. M -Bol |l ag, "Epothilones, a
New Cl ass of M crotubul e-Stabilizing Agents with a
"Taxol -11 ke Mechani sm of Action," Cancer Research

Vol . 55 (June 1995), at pp. T2B2B-2333). [0004] Various
derivatives and anal ogs of the naturally- occurring

S bb Eﬂesgﬂa%%ukéﬁﬁ&ﬁ EEBUTIE R G BB NG B ¢ e

aza-epot hil one B anal og known as i xabepil one, 21-

subs |tuted anal ogs of epothilone B including

21- AH0hG 5ﬁéP@§”“%1@m6Fé$P%Wéo5H%P6§§“m@J§mﬁ$éﬁ@“ﬂ“ml

anaNegs6/seRyHcoRke Yy 28Nal089shicidRG:REY REOGYGIcl (By @é}aleﬁ&s

i ncl udi ng aziridinyl-epothilone anal ogs. See, e.g.

Pat PeIREdD itBCBOEY599; 6, 262, 094; 6, 399, 638; 6, 498, 257

6, 380, 395; and 6, 800, 653, each of which is

i ncor porated her phukiyrOENey ORGAIE EXVENTIORVE al sO

reported on the discovery of other epothiTone

der irfeat ivpsinagdioanal ogs. See, e.g., PCT Pub. Nos. WO

99/ WO 98/ 25929; WD 00/99/07692 WD 99/ 67252; WD

00/ 8@%%@ TRRSCEE! e AR 0P8 S80S RAB 987 877488, WO

99/ QifEH2ccuME] 0OHBRARRS cMDrOH490 Ay 1- WuQRAE BBEDs, MO

03/ 045324, WD 04/ 014919, WD 04/ 056832, WD 03/ 022844;

us pethodngiasing esfiege; 6, 284, 781; 6, 660, 758;

6, 380, 394; 6, 242, 469; 6,531, 497; 6, 441, 186; 6, 489, 314;

6,5&9m9@8mcﬁy&3ﬁ;&02 US Pat. Appl. Pub. Nos. US

200%&@97487?,AI; US 2003/ 0023082 Al ; US 2004/0053910
b dass Agwd A are gypragy- OGERTTE APEOY K dr'pBFiEt ed

by HRE®LRAGS I]dﬂlctehﬁﬂ fis 1%’]51&(&’ B¢ £erh R0Q5dn (;Ebﬁlcts Of the

natural | y-occurring epothilones and their ana

| i kEIGPNEMIHILCPETIEBYI @llelostny (e4icrgy Vé@é?ﬁft@ 12 lﬁaywafeer al.
usehub afs@veleli 8L MG @mmoﬁ@ Rfatzﬁn}@%n@héﬁ&ﬁ&ﬁlp%y&n pARluced
cancer, which typicall by killing (or arresting

t heby S et uiggfey /Il o ing lldlnﬁ ep@thﬁ‘é'te% ﬁat)hlgg:emd@tl@elsp@pls and
and . f,ongi QPT(Q% Wle No. th”ga'}O V%r 1’99@%}}19 gpfs:i? ported on
drugs attac ot only tunorcells al so nor
tissw@ka@&d@ﬁgfEmﬂmNMGs$nwﬂBsmdé9%&ﬁecmgsWHhNkmk
Add'lsg) ﬁI&tﬁy Lr_ly glﬁigéﬁcgiﬁgﬁe?ttrs ﬁg{l‘ggg?l%P\‘Jl(l:lg‘lln:%ymgrse&gj%ﬂtu 10

of the agents can present challenges, leading to use

of solubilizing agents such as CREMOPHO e. The
cytotoxicity of sonme anticancer drugs and/or
formul ati on ingredi ents has been known to cause

neur opat hy or other side effects such as
hypersensitivity reactions. These adverse side effects
hi ghl i ght the need for anticancer therapies that are




[ 0006] However, as discussed in WD 2004/ 054622 Al

scientists have for many years attenpted to use
woRneakenal antibodies (mAbs) in targeted drugrcr/us2007/069736

therapies for delivery of chenotherapeutic agents to

patients, but drawbacks have been encountered in terns

of, inter alio, the cleavable noiety, the linkers, and

the formof drug released in the cell. It has been

reported that successful therapy of tunors with |InAbs

is limted by inadequate penetration of the antibody

i Nt BRLWARTARDE PKE Bevhed|RE OTRP@AMRs i 184w Chyd bfon  of
correspondi ng tunor- associ ated antigen in the t unor

ti ssMecrogge-SrpiiringtAgpnts W2 0BLg7ko HechHdyh givdetiong Cancer
Sche hodss App33Fub. No.
2005?%%%§€§%ﬂé#sgﬁgggs V|?gﬁ?n ?g%%ptor bi ndi ng drug
del i 0894} ¥onjusdaiasvashad aznees ¢§ &F uptufaly-opaiges e thelping
08l | NEEYeonhED Rl Py BrdBLER1EA SoliBb &L Eh@piASIpbNANT
anticancer agents t e used
conjmga@egmmdcmeaslqh@sbndéﬁeﬁpmbdmmmgU@b®@@@¢0602942

tor Cankre iRl RLaPUKRRAR B R R e B

The ankgerd-3cynnentilags, q&kﬂuﬂ@bﬁﬁmgtmn@b@@oquSMWaﬂﬂng

the fol l.ow ng Farnu a X . Xor ‘ ,

s G A8 Sl tiiset A e o NS Rt Nogy G ERSDY:

t her €0462,00he el 6B83; K4D&°s706 389 59a aﬁxrs SIRT3; each of whilh iisS
( CR8R9

@5:01 p%i(l %;'elcm b@&fﬂ}@)lce edtp\iz haﬁ_e gb? epoH?(!v% the d1C<(.ove? 'y of
- N( 1&1&&)&@&&1@ne denvmv& andSinfyelr 0%y le.gQPCTyRBONSNVAR i S
e 20 o530 0 w8 06 op 1§, WIS B s 2L i) ST, wo
l nde@@?mﬁ@t\kfrl) 01?8’5@@@3@&0 9oR &y, W@um%s)buwwbm(bdﬁxk WO

or substitute

o ORI hT R St TSt v Do B v aTekBned. vo
for n@%wg@; I[mah | Nossyh?@]t {deub egy gyick 880 K3l 6. ’580 394 6,984 469

is hydro keny I substituted al

subsﬁ P 9é?d6 éﬂk ﬁ 48%?% 6 5899681 68D L 0% 1 %wt y‘rppl Ribj 1§os.
hydr 99@6@4/@355’&0 Rf: suhskldoeiRd al b&s"ﬁom/oom 10 RT,ud 28,
R9, are |n ependent I'y "hydrogen, al kyl,

subsﬂmﬂﬁiéﬁﬂﬁﬂwyhiOhW@FD&PWVPWMSU@§WHﬂ@ﬁéﬁ“@y%mdﬁpww
ar yl §§J]b l“rf E}l'ﬁ@ fﬁ‘;b{um a§(§}lﬁ?o%@¥*ﬁ @ 11k'¥111’00~§gxl;3§5 hEIUt ed

hete ocyc t'ero or su ut'e
het emaastybyle- stabllmng agents, may be useful for treating proliferative diseases

such as cancer, which typicalty 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.



R 12 is fl, alkyl, substituted al kyl, or hal ogen; 1213
is aryl, substituted aryl, heteroaryl or substituted
wdmwberearyl; and inis 0 to 6. [0009] The presentus2007/069736
invention is further directed to nethods for treating
cancer with use of conpounds having the Formula X, as
wel | as use of the conpounds of Fornmula X in preparing
pharmaceutical conpositions with pharmaceutically
acceptable carriers for treating cancer. Conpounds of
Formula X are especially useful in preparing
CONPEAG | IHERSvdrOfs disRh Q&S @dy Briaga/bhenani &sicnBR h%-Ee for many
DESCRI PTI ON OF THE DRAW NGS [0010] FIG 1 is th
cheat@afiespiadde uieesonorlendinyiodigs (inAbpilegreetqdlr LE@B@ apies
( Mo VR]i W8P o BGRHBSE, aF& ik Hg{% 6 %lullc?atsolfmt%l 2voh s BE e been
conj ugat es” of epot hil one anal og Conpound AA (conj ugate
nunsegouparey! i @nmapfwr)m FO® 1116] clEivable mojety, tHedinktieming gie form
ST UEHME SFeasd Bhald XA Afhd Plch kERredfig: FER e o
agai nst : KBt uror (’cceﬁl | # eh %e”? Patt"e cg"%&ﬂ‘g%%pg" f gﬁﬁm
epthuhI!m”hlB iahmit@gb}dom@mm@;o@@iétt;mrqi thganebady e tBhdvlabd
SBEr \llfp h’)c he[e%%%@ouf !11@'1 1{3@1(@ ?és{a?&c [thl Xss t(!:do:)ntl%?rim
t r edtertmlnbl tinkiteh Seﬂd‘f]&l&ﬁ RIngV @O)‘iff)éﬁ‘l?(} Ie(tl%cgln&i to Schering AG).

o R B e 08 oeBinBlin g AR ata ey oF bpcine

i Xahﬁgldcbfbey écsmgarbesx)u ark Q@ E3 [foilthigeted d G AEMSTY. aties it he
In viva antitunor flcac of treatin B
nas pHEPy ]‘fgj‘étaIPl gt @&F%‘?tﬁ vear @eﬂﬁﬁﬁ“ K %rt © PHCnude

M ceomiidalts CRHRQURLe desti@fe@Yn SIGUADBSO02VMI, §1E(1S HAER SE
grey dlanDnd52 at various doses or |xabep|Ione -5

( bl BER g aneeled gig e by B AYICET EAIRSt (control ; bl ack

circles), as a neasure of (A) nedian tunor melght (ny;

y-axi s) several da X-axi s) or
(B) weight |oss (%@%W&édé”?ﬁ%ﬁ%@?@am s) several
daySOQﬁ@Btl ht pignt innpltiants didce@d ksdompo0fikAhvikd Ge f8lowing
nstrates the in vivo antitunor effects of Conpound
J ( P%Wﬂg%uares) or ixabepilone (white squares),
conpared to no treatwernt—taontrol; black circles),
agai nst FR (-) MLO9 nurlne Tu Car ci nonma as a nmeasure
of medi an tunor wei ght ( several days post
tunor inplant (x-axis). denonstrates the
in vivo antitunor eRbects; sute afy medi an
tunmor weight (ng; y-axis) spver u;déms post tunor
i nplant (x-axis), of no tr t ontheol , bl ack
circles), treatment with Conppun oné4(grey
squares), Conpound J in the f a folate
anal og, black bars), or treatnent with Conpound G
(grey di anonds). DETAILED DESERI PTI ON OF THE | NVENTI ON

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

Kis -0O-, -S-, or -NR-;

Ais <(CRgRo)-(CHy)p-Z- wherein 7. is —(CHR ), -C(=0)-, -C(=0}-
C(=0)-, -0CE=0)-, -NR1NC(=0)-, -SO»-, or -N(R11)SO5-;

B is hydroxyi or cyano and R, is hydrogen or B; and R, are taken together

to form a double bond;



DEFI NI TI ONS OF TERVS [ 0016] The follow ng are
definitions of terns used in the present

wGopPgGghkdeation. The initial definition provi degcf@k2087/069736
group or termherein applies to that group or term
t hroughout the present specification individually or
as part of another group, unless otherw se indicated.
[0017] The term "fol ate- blndlqg noi ety or anal og or
derivative thereof as used herein neans a noiety that
will bind to a folate-receptor protein (not a
monocl onaf, yaniidedyd, 1ﬁd%aéndbx§1y0}{ﬁﬁ@gé9f£1%§e,qbs@ﬂiuted alkyl
preferentlall expressed on cancer cell’s. For exanple
it igbrigwhavhat Ry el Riohanbe thlep éqpeter ‘(lviwheu%lbfm to witich they
over o) and ot her
canc%§§@%ﬁ%§£q??F%§¥§g%?géggﬁgﬁ%“§agﬁglderlvatlves of
f ol at e arke idhgdmseadkilrmiigsylPa ﬂ$MM®®amPubﬁNWbmdammwl1WLOY
2005 .0 Vlahov et al., (hereinafter "VIahov"),
|ncd$%g8§§§§‘ erein by reference. [0018] The term

releasaﬁhﬁshymxgn'm@sOUSQQﬁWQdQRW'neans a bi val ent

linker t t l Udeéd ﬁy are xlrlt‘?eé)e]?c{(]apt]y ﬂoydgc\a/gt%g a?kgrk? sﬂ&nﬂ?gg

aryl or

can be brdkeﬁ n
pH- | akbyi) @plon]egl]u mmwmley cycahxmk}e,, argdedullstlabd drgl, hetezocyc}m}kyl,

e apprberAbefooRbr el oo R g Bl TESAM ons

resul ting, R thang, bﬁtﬁakzltdzﬂgnuym@h tiﬁegcﬁt andard cheni cal
B%S; |0|olygld$ 1 gﬁ?)éhluggft’uté‘%mal PQE‘GPE}’] (stubeu]::uted hetelc%) )lzl andat
conpart mgptal dkhgation into a cellular organelle, such
as an endosone having a | ower pH than cytosolic pH, or
as a[P@Qul@>%$%?@&%WP@h“ﬁWGW’@“EgﬁﬂﬁPﬁ?m?b@h%?ﬁﬁgéﬂ@ﬂt
suchy,as u @l ditah R BaeaviRdtorhtial 38 R SR Hhak @and%
cl eavabl e bond can connect two adjacent atons Wit

t he ¢idicangapi i@ pr qpﬁwrphanmcewwébfﬁ)ﬁ@@tltl%'vh@%h Eé%mséutt%i
the {C%éﬁ‘ﬁﬁ@plll J?&ll fon K@z&m@ QE&&@SC&lﬁ)UF’dS}Sf l@ﬁlﬁ@gcﬁé &g&m]ly
herein, at either or both ends the |inker.

The wseful preitakipg corappditioas for taméidr@rg HEIOPIES. or | n

conmbi nation with sonme other group, refer to a straight

or branched chain_al drocarbon) radi cal
attached at any §@5|P§§FBI@§P§&N*AFB I“fﬁﬁ?égning from

|t orodfhicRyans @ztf: QREnicRBh@IBDEMave b i BB BT SBIOVS,
nore preferably from1l to 4 carbon atons. Exenplary

such\ﬂjlfee ApEnY K| thider celitof ar PlHotonyeaict eibPPdIReR iR
et hytmnwu(ﬂ@wA (cbﬁ@ L@ﬂ)ﬂabei @\ai\bIUtBY\A vy, but y| i sobutyl,

pent% Eé{ , 4, 4-di et hyl pentyl, OCEi
011]i Hy$ﬁ@ﬁh@ﬁwaahdﬁWﬁ%lﬁmh@aﬁ”UbMéWdélSQmebr
l,
;\?arhhe"il ?%%@gﬁéU% ga?f @];ae?qég%@gmgﬁgswpév\ﬂ%%ﬁgloﬂgQﬁarbg
subs@mmpﬂmﬂ@BusgduymimHMEfBBém@@BﬂH)an al kyl or ot her

g ro ﬁ@ﬂ%%}hfl G %bcﬁaﬁloh‘R ates ?ﬁe%fa%tn%tpoftshg EHWEﬁ rCiOQl}; &%FJ?\Q Rs
t e r niridGon 45&11)4(33 |'1!’LCI1 trwlnmhemra utommjnamcainlnwnsgﬂomq@su wofon 1

4 b h
f’;lloky i@? 63ﬁ1§)a%?,ofipfygncp GE%’&B% om ound Cjca(hbéi]fs)‘rl‘[ﬁ ;p%ound AA

aIkwhaﬂmdsr@ﬁeﬂsmkmc@quvalent hydrocarbon radi cal ,

d f | K but h ;
ot t AR HIC BT fanelr Y gl el oo B of

gr OUfasafitiryd@e £ by e0e) GFOMMd @nderafisin Gidednickih @oaippund J
[0022] When the termal kyl is used in connection with
anot K&y Grotip. Whie SQUATCH, e ‘@’r%t‘,‘wdb)dl[ Rypouaposes or ixabepilone
cycl oal kyl al kyl , this means the other identified

(first nanmed) group is bonded directly through an

al kyl group as defined above (e, g., which may be
branched or straight chain). Thus, the term"al kyl" is
used in this instance to refer to an al kylene, e.g., a
di val ent al kyl group, having two avail abl e points of
attachnment. For exanple, cyclopropyl Q). 4al kyl neans a



bei ng branched or straight chain, may be substituted
as recited bel ow for substituted al kyl groups and/ or
wo g7 Adoist nanmed group (e.g., cycloal kyl) may pp/usio07/69736
substituted as recited hereln for that naned group
(e.g., cycloalkyl). [0023] "Substituted al kyl" refers
to an al kyl group substituted with one or nore
substituents, preferably 1 to_4 substituents, at any
avai | abl e point of attachnment. However, when an al kyl
group is substituted with nmultiple halo substituents,
the (@}LJ&MJ ars thﬁg@a B¢ SttnYe%} &Bﬁtﬁ)l%l&&v&d@g, e II]I(QISUI'C of
substi tuen re preferab up to seven
subgA] medat wmopvRight (8igbs tltltalh@mftlsl dapypds nehadepiame (Corxis)

o8 @Jb e%%%tt uen{@"\é@d}%uuﬁ%}%ﬁ%gﬁ aﬂx‘?sg ngsgn il rﬁ;?s&t'}& 1St

f or mpigyt (kaxishe | atter case, groups such as a

per f{(&gﬂgf ?ﬂ}ké’ du]gca%uﬁesqgﬁ%nw%d(:%wl%ri chtaefg%&ttn?%r’% J3 (gpery

- OC@q:t&)eRBm 1x&b@§l{@n@1x@ﬂﬁ{te squdiR} Rl@),mpm@(i wOANRIRENt (control; black

NS R R SR e i Sy e

- NHE( &) 2R8ht ('1NE|yG(xt-‘,D\lse@N)aﬂ-a'tyﬁ p@sftydmox heprragyeke,
Cy0|@ﬁ|§¥t0 &nd/or het eroaryl, wherejn the groups Ra
and (RS BFECT hdprenests/in STty igeor PRt BgwhTe of

al k)ﬁtedmalukﬁd}wetgwﬁg 9axlcy bove REESE gwﬁhﬁbl iapMht (xARE), of no
heteroaryl, and wherein each R "and/or Rh in turn is
opt |“6i‘f%\’l‘31‘5£c<§1}t95tbi'*ﬁluf‘éde‘\)vl“tcﬁlllt?ﬁbwt”bct"éia‘?u ngP 8lpps (erey

sel Q&Iﬂﬁg) fO’oQﬁﬂ)@ dh the@hd@¥lor o m&egﬁbg BALIOR]&Ydrtreatment
hal oal koxy, ano, nitro, amno, al kylam no,
antﬁ@@KkVHmU forydiamgetsoxyal kyl , al koxy, thiol,

al kyl t hi o, phenyl benzyl phenyloxy benzyl oxy,

C. ntycl oal kyl ve or ! het erocycl o o

het er oar yl , PBT@PJ%)PB@%F“dﬁQVﬁMoT“E6W¥P Q%QEnyl
substituted with one to four groups selected from

hy dexyNITegEe@F hekiagen, hal oCl 4al kyl, hal oC, Aalkoxy
ﬁig?@!ggl 1?r gcillﬁs{ggn%l( %g oag%)(tlg; 1lnfaslﬁn 1?1 tléﬁi{jn?sgi?glaclnk égmon
4i | Ry Inhlla(l)dcfE@tiontih@n@\éi()bldtaﬂﬁﬁ?p Sifie OEin bl oS LBAchothes
| ower al kyl" neans an al kyl . group having one to four

carH%Wt@?&ﬁ@“ﬁﬂﬂpﬁﬁ@tﬂﬁct%ﬁFmsubsﬂttﬁéh?sV%%ﬁé@ﬁ@ag“mp
fronhanﬂﬁn@@@hMQdm@nnedlately above for substituted
grou ps. In the case of a substituted | ower
al kf‘rﬂl bref Brapidaig-Hadige sipsy Rainaled oRilerivat v hepedc pregped
fr Ottttlaaﬁdﬁcqg@mmole%tg vl o h@él}/ﬁé r@k g8 Ybiein (not a
C337cyc|oalky| phenyl, and five to six nenbered
mon&eyederl Nétbéfﬂ)dély!é sevaisyperschet welownylly euxnletsgﬂ fn cancer
opt a@hy SHBgt e
gﬁy cx F}Eﬁ itﬁsq&lgg/g @fté ?189(\{1‘?18 r:&cg?t nchll([}%cvﬁ &r?tcssed in
hydptman bmcr@m el otiey ntua:ﬁmqiig Hgmu2e toldg agdddyontives of
2 OMB@Al Al FASLONP LR PAINGAIRAM0xE HOHRLE RN
? such groups i'Hel ude et henyl or
Su I(isat qnt"dlitee v laihd«éhwwl poeiersrdobarfcatrkenyl group
f?g%@ligttﬁdteﬂlt rele ast% qxrltkg};rag\t}%a:c'ill%g%tsat1%gqgns ﬁ’blvp nt lmlim tl)Yt
at t achaendt ]eaE)telH‘plca\mjbleSmbStitat trene Srakas bude pialsloydgical

substitute alk nd t hos ited above as

21 Ryt tisgled bR Gbdf Eb Roae St ey N Ro T o
"al Kydyhﬁuﬁbtleﬂﬁﬁ@)' It @odd bahytci GEDOBR @sh ﬁi@s@rdgk@etohoa&mu@;
bonded t hrough an oxygen | i nkage (1OL% or a sul fur

| i nK&YEg ”@0}1@ bt@é@ﬁ%&%l%rwﬂ ' ﬂ‘é’et“éﬁ"‘ ydrdysiepqignegat

al koxy" and "substituted al kylthio" refer to a

substituted al kyl group as descri bed above bonded

t hrough an oxygen or sul fur |inkage, respectively. A
"l ower al koxy" or a ¢ Aal koxy is a group OR wherein R
is |lower alkyl (alkyl of 1 to 4 carbon atons). [0026]
"Amino" is NI -12. An alkylamno is -NRcRd wherein at



[0028] The term "arylene" refers to a bivalent aryl

radical, i.e., an aryl group as defined above having
wbve7AQePE s of attachnment to two ot her groups, p@t/usmg7/069736

avai | abl e points of attachment of the aryl ring.

Aryl ene rings may al so be substituted with any of the

groups suitable for substitution on the aryl groups

defined herein. [0029] "Substituted aryl" refers to an

aryl or arylene group as defined above substituted by

one or nore substituents, preferably | to 4

subsgdctiu ?d'}teiim]ﬁé, BPysRRigHal 9, bl ARBNEtcompusdidiizanins
i ncl ude al k substi tuted al kyl, al kenyl, substituted

al ke a c%%mgﬁneéi@, SpHbEN GRS Padig? b‘awgﬁﬂwﬂ%‘gymohc
al kyby: %1”3@5 FdsHEOL SactibP ARk cdiBartr&lling GEPARY &Y | glﬁtathlone
means a saturated or unsaturated nonocyclic, brcyclic,
or t H0&Ucktiscundpgod rbmbff dearpbly bershign commegitey adlipgept gepms
whi CQltﬁlnltheg{efgﬁblgfmﬁl[ am?/b;ntg) nét & 1&% QS)@ to {1';9 P&?@asztblﬂsehnkm
termincludes cycl oa an ary rin
carbmmy@$Q@ﬂ¢Kn@CWayﬁb@hSGWSMﬁﬂM¥@dmﬁhﬂmhpﬁwcéa§é t he
Syer P ThasRI RSl Sk o Loy L bt Lok
" cycbial gkgdp, ref@fies sraight ar fraddhyd gatnnllane dlydrocgaom)iladid:’y
tsgt ggt%tc a(f davgﬂz{f% © CAT Co%{agoc% cartgﬁ@g G éJmt Pxo”l'orl%gc()ﬁ Qt'glnls
fuIIMe&aw%ram&dmﬂymhamkkmbmgmﬂupmyHmmiud@«m%&hmpmmpyl
cycl gbut cIo ent and

ot PR st B R s FOGHBIERY P G0 Bloby.

cycl pepbenyl- butglygb&pleﬂb@wl penBMthe Ly G{e@@eneﬂwimhmemy}
10 - term"cycl " includes, such

., oupf havk

bt g o RE et B B Lo T B A S
cycl gl sueiRUR SrapticalRnan eikbi iy Gk oGe @)ﬁoﬁlrclaﬁb)éﬁ laﬂomsnusten
include at | east one fully saturated or art

sat uf attbe@iﬂﬁw%ww@?fwﬁ@o Bkt ReCBE I'%é?“pf e éw Elodels

ri Ngg, (ABYLRR: 8f QAR afonf thAQR- REYTEE, GnANd FERYx &M, @iclerm
het eroat ons, provided that in such cases the point of

at t achmehy! " wdydeppbens A alkyl@pirs of hind %ﬂﬂefwﬁwe% and the term
hydr @@lalfaﬁ%?ﬁ ngaraf?sl"zﬁkyl’%gﬂr)g hoNald ¥ypoRB@nRr nore carbon
at ons he cycl oal'k group may form a
car bmzthmyg@ml@dm@ eef%m wlﬁal%#w%@mam@awb% s described
gr ouﬁ’b VEMS qlﬁ@x @mlf\lvﬂ?‘m%fpm:ﬁé’&l ﬂ% 1|ﬂ§élm IQ}Y Mﬁ)ld@)’nethy]cne
|ncIu imtation: [0032] term
cycgmap ksyll -6ite" gloef errds«'mted?yé@nblempm Cdjrx:@dalgwup

r adi ' [ |
oo B BB K O S ISE%ES;P
at ahgteravaildadidyl e dyvdoalppla]ﬂiy]stlmsfmmns g letenidemfict] herst named)
e3¢ 9B g AL Ry SERRY LR GHEL BRI e
subshmyhéednakdanym&&auhabléhm@rmtmmfamyEaGHHEnthAth
one or nore ubstng%nts g [ ¥ 41 vailable
substPPHEHP $5'</C) 81 Bar kS "§u6 Pty gPHB 8 S gy
subspbihy o teiahiyile, ml deanyle, cysmb@pylt:umd | alekie m}dycloﬁmﬁy
those groups recited above as al é gbstlfue nts.
[ 003810 AR ded HHpue dar iRy IPrnAkeg fBaip ASY P DR HIS OPR RO,
guanigdbsyiahk khd FRROS AR @Mﬁy lhe%[cﬁll{é@}b%]ﬁe&itht@gh Retraight
guani di nyl such as a %rou

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



[0035] The term "hal ogen"” or "halo" refers to
fluorine, chlorine, bromne and iodine. [0036] The
wd flomudobet er oat oms” i ncl udes oxygen, sul fur angrysa007/069736
nitrogen. [0037] The term "hal oal kyl "™ nmeans an al kyl
havi ng one or nore hal o substituents, including
Wi thout [imtation groups such as -CH F, -CHF, and
-CF3. [0038] The term "hal oal koxy" neans an al koxy
group having one or nore hal o substituents. For
exanpl e, "hal oal koxy" includes -0CF3. [0039] When the
ter meiny REALEnL %gugﬂt §hd‘1‘1§ thyhe ru%s[?tu&:@ '1( ?cfcf?t&l tefviick | NG
or group, the ring group nmay fully unsaturated
or pdr%tliuéﬁdl Ak al@arwéioedw f[lﬂ@xm@?d grhep &ee?r rey¢ihakdl vay d
r ef I nenbered
rongeya e AT (BRI 6l 8% fb i o
nenb@ﬁéh“ﬁﬁ%@@ﬁ%m&wianNSVsne%yummwﬁhbhmsaHWMieasnnume
ring &R{E}éf'f\' rbl 913 g 1 tgﬁ% sp&gntbeﬁ ?r 03 1?ﬁmle omq of atlacl%nent
the eteroary contal ni ng Het'e
conﬂhwmvgnﬁh@W1MAmyigmy@&nubﬁmﬁmb&ﬂrmampmmqamdwmnmﬁmghm
fqépu%ghﬁgo J]aﬁﬁ 3 ﬁrﬁﬁ ed t hat thef |
nunbe? OF HaE Bat one” Py a4BK 11° “ngPoUPmé?eP§%§”8HB
eac keveh Rghshasntat Alkgbsibstmasaasbadudd mor Mbe: df usadliowing

ri ngs co e bicyclic and cycli roups nay

cont i i BREyE Ear HORE ARt e Ry e Sl e Bt oo

par i @k hyecsabspafugdsuchbs &Jﬁﬁﬁﬁc&ibﬂkﬁ gi ouygeammkﬂ%ﬁﬁ@ RMthe
i zed and

sulfir at ons tignally be oxi

i DRk BT ot oriel PR be- AP ErnDEbe)R-

Het CORREVIOIGT QUBR, T NI R, DORYCOINR,RI, BIIGKE] SO
include at | east one Eﬁ aromatic rlng&p t'he ot her
fuseHI$ﬂH§R@rNF§H§§NH§y 1A HEE R - BHCRgh Rar SWHH OgR..
and _Rmiy-(be..GARDAEY ‘Hete@ocy@l% Q:‘frlﬂg?lgylt Reor 'hBlcﬁHS'E] vﬁl%ﬁ:%?the
the point of attachnent at any ava

nit @ﬁyéhiio%ndé?aﬁlﬁfdﬁd@@@ﬁﬁnw %eéfwreérfwmwdeogm ﬂky 'llkenyl

het el Qg h%R:PJc?&;H' A, Hdrh%tc: d%%q dnly %@Jelnyeqclli ﬁ md/cn Ry in
definition of héteroaryl groups itself includes rings
wheteh i afenidy S\fh;»ri@ltqdfmtlwe@afdyogvoam%cmic}ﬂp@ framtadiyhatkenyl,
Vi ayg up g f

car bacE B SR ARk RE SRR FlHh AT nhoarion,
arohﬁﬁb@bhahdnaﬂsbqmpenthOh@&EM@@ﬂybngﬂmm@dmm@n&U$ed
Lgte{é(r%o?g]o%zl - c Cﬁ%&!'&&c 1? ﬁl%{ng%ekxételuily%ﬁj Qr hueloalyl and/o1
nor e lcwm blkl_;lyd» ]w@uﬁ&nyl[s@M&]redEmﬂnmeam ;ourrgmop:sy%lebted Ilom

h)e/tr gr(gf”f)ynﬂ 191 OlnPo gﬁqw ‘%@ﬁfh‘ﬁﬁ' ;dilf(ﬁ%r azleﬁ,éin‘o, amino, C;.
t hi amuyhm()mech, ;‘F]Byl) ydﬁd)dy@dh&@@l@{halk@@pﬂhtﬂl ama/ioyt:,

oyt (AT iyITor Bhgi GREE rooPh Vol v B el

Ad dilkiyofraly BayingioR€ & {bbhechfbﬁﬂqﬁhltsl Q8 oﬁkf toTetre LA Rthts selected
roups jtself includes rings wherein one or nore of

t he“{f“é\1 B et BN e e 8P BB Bl §TOupY: nig dhesiptot
as 2 sdosBiunndsed hidi, pldisrhiaz ele g@o@n@ (um 18; are Nidete@bnt he
i ke are included. [0042] Exenp X bi cyclic

het 8¥dagey logeotipd: prer alayl, ﬁmﬂygﬂml ﬂeﬁ?@rfh@r@zmew $ix
benmmb%@t%mcy@w&es@eg@lovglm/opﬁaé%21 Gk opthaag! 1 Nyl
t et rahydr ol soqui nol i nyl”, i soqui nol
benZMhﬂ@Hﬂ@bVﬁwcbenzopyranyl |ndoI|Z|nyI

benzabuf %pezlel i GMRQ{TFﬂWCIS GRYTREN J&‘})mnl%ﬁ%ﬁ %@WA thon
ci nnol i'ny qU|nox iny I nda , rro

f ur oyerl dinayling dithyde 0F sobardadiyd mdtwetertahy@mb}m cmdiqnnyl
and the like. [0043] Exenplary tricyclic heteroaryl
groups include carbazolyl, benzidolyl,
phenant hrol I i nyl, acridinyl, phenanthriclinyl,

xant henyl and the like. [0044] The term

"het eroal kyl ene" refers to a bival ent heteroaryl
radical, i.e., a heteroaryl group as defined above
having two points of attachnent to two other groups,



[ 0045] "Substituted heteroaryl” groups are heteroaryl

groups as defined above substituted with one or nore
woshslikguents, preferably 1 to 4 substituents, p@t/usI0y7/069736

avai |l abl e point of attachnent. Exenplary substituents

i nclude, but are not limted to al kyl, substituted

al kyl, al kenyl, substituted al kenyl, as well as those

groups recited above as al kyl_gsubstituents. [0046] The

ternms "heterocycle", heterocyclic" and "heterocycl o”

are used interchangeably and each refer to a fully

sat WRbRGoRd. Panipia) bith URsS! MeRESEhARNST DFRLSabEMttd C
group, mhfch nayF%ﬁ@subgtl?uted or unsubstituted, for

ex an«'f:skeélyl WO psalkeny] gigursybeiBER adbhiong pigage prbsttupnig.g

1 nepReLed tg'éics‘égsu't&ntsoz[t a%fmla%@i@p&lﬁt‘m@&&‘ﬂnféﬁt‘ GM%EhpRry
r|ng system which has at 1east one heteroatomin at
| eastubyitecnesdrdeds Bodrresointed HoAgdihnge sEaRsHesie gbofe as
the ﬁgﬁg&gg%ﬁh;c group contai ni ng a heteroatom may

have eteroatons sel ected from nitrogen,
oxy gl®a25 lafie teunsf aikowt owrd ‘alluHdy e Itﬁqetomntaikaggﬁumﬁnﬁemlbed
oL T4 DELSLORLATR AL ERPIMATRL Vot el dizsd and
quat mmm\&ﬁy ‘Predrer&bibytitiind a&d}()écaeﬁt Sdbsttetmb alkplttgo aesr to
L‘g{ e:fgjggt'gt 2q %gyﬁo%%u Sﬁ,‘ﬂaﬁ%& gdr z{el)%g?%on)él%@t%notlgg g Q%}{;e{?gl Difor
must litkagd, ugpecavell eastovemetknoyy-or aerniakqxg is a group OR, wherein
t the other fused - 13 - ring

non arboc [ b
Hdgw @k%gﬁ%%8ﬁﬁPﬁ¥c%?mﬁ%ﬂnéronat|c and may be
Car bmomql mnmp’r @\N}@Ize chrt digtlariifo SUBIR R Asleseit higlepoometof 6

attachnent w| any._ava nitro .or .carhon
o oo ot oty el S BheBomy AR PG R
Addi ﬁ)ldﬁf@h | 1 tah& sﬂﬁﬁ@f&itall@n A ﬂﬁb@lﬂmyﬁkdn@ ag ﬁlﬁiﬂlb%mup
itself |nclu3 wher ei_ n .one _aor

o Dl G g By BenBon/ oo H I g R gy ghipalky)

0XY 9@ Bardt @ Mkt RinbRf ds Refi R dGas RAAMlcddhOUEh {npnieNdndeebuphe
heterocyclic group is non-aromatic) and al so when a

het er#kyens8Rgbup has fused thereto a further ring,
suchrghpfit NRS e fi ngyln?éfmt'?{y@c@@%uﬂfau@% oGRIRMNIps which have
groups 100471 Exenpl ary rnonocyclic heterocy cI|c
gr oup 3 srematererineyraserciadly manocychs eiskeNciie EwyP% such as phenyl or
tetr ﬁ‘g?‘ﬂxgpfk& yL;ourR'\ﬂﬁé'H i BM% olicRk H’r’c'ﬂ A% ¥k include at Jeast one
pyr az I nyl, ~pyrrolinyl et rahydr opyr anyl ,
nDrphdwnﬁyhMCtMPQHDmeﬁﬂwmQEOﬂ@nﬁhvh@MJ@k@g*P@D@B?mﬂﬁm
" Subst
and PelBar T ST RRE Sl ARG B, QLR ol e
het ecncsytbd: popt drtidvbtmentoei bk o0 Gr owpstasideltiratheabove
subst,i with one & t] refer
1o iR SRR R} 4R Ry B AR
attaﬁmgﬂnﬂmmﬁxgmnhaﬂm]suhmﬂwtummmsyhmebude1a@kyhbmw
substituted al kyl tuted al ken
e 1 o it 6 plip@onET v RRRl s APl etk
SUbSEdlbd\h@ngféup [0R4 xamplydsioxy!” mef eeckidé thcﬁ]t'lhm[lt@!ﬁkﬁﬂ]
“Thiol" neans Qup -SH [ 0051] The term
" quat y nig’r 09e efersyto travalen
p03|rrvely chgryed ogen @|tomii ncpuding, f
exanpl he pos&fiy char nrta ogen |
t et raal kyl anmoni um group (e.g., tetranethylannnn|un1or
N- et hyl pyridi niunm), the positively charged nitrogen
i n protonated amoni um species (e.dg.,
tri met hyl hydr oammoni um or N-hydropyridi niunm), the
positively charged nitrogen in am ne N-oxides (e.qg.,
N- net hyl - nor phol i ne- N- oxi de or pyri di ne- Noxi de), and
the positively charged nitrogen in an N-am no-ammoni um
group (e.g., N-am nopyridinium. [0052] Wen a
functional group is ternmed "protected", this neans
that the group is in nodified formto mtigate,
especially preclude, undesired side reactions at the




- 14 - textbooks, including Geene, T.W et al.,
Protective Groups in Organic Synthesis, Wley, NY.

wd 3910204 ncorporated herein by reference. ALTERNARR7/069736
EMBCODI MENTS OF THE | NVENTI ON [ 0053] The present
i nvention conprises conpounds having the follow ng
Formula X, as set forth in the Summaiy of Invention.
[ 0054] The present invention @onprlses compounds
havi ng the stereospecific formaccording to Fornula X

X i ncl udi ng pharmaceutical |l y-acceptable salts
and/ or sol vates thereof, wherein, Kis -0-, -S, or
Ais - 29) - ( 11- - wherein Z is -(

- (= o =0) -5 - oS

- SQ2-, (Ri1) BIjis dro yl

and R i s hyadrogen 0O d,Rl a n .tog

form a doubl e bond; R2 R3, and R5 are,

i ndependent |y, hygrog n, alky tut

aryl porysSubst i t utedyaryh; TZ] an e faken

t oge hel wiih t to W€ ey areN tt ed to

form@n © i onal |y sulStitut ed cycl oal kyl ;

i's hy rog al kyl , Iken |, substituted aIkyI

subs ed Ikenyl \\or su ed ar : S

hydr en al =§©b itgted U R7, a7
Rll areO n endentl ogen,

substltuted aIkyI, cyclpal kyl , substituted cycloalkyl
ny], substituted aryl, eterocycloalkyl substituted
e ] or ﬁubs\%yuted

/ ===

@]
\
0 , N , and the like.

[0028] The term “arylenc” refers to a bivalent ary] radical, i.e., an aryl group as
detfined above having two points of attachment to two other groups, at any
available peints of attachment of the aryl ring. Arylene rings may also be
substituted with any of the groups suitable for 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 “carbocyelic™ means a saturated or unsaturated monocyclic,
bicyclic, or tricyclic ring {preferably mono- or bicyclic) in which alt atoms of all
rings are carbon. Thus, the term includes cycloatky? 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 partalty saturated

cycloaikyl groups include cyclobutenyl, cyclopentenyl, and cyclohexenyl. The



1212 is H, alkyl, substituted al kyl, or hal ogen; - 15
- RI3 is aryl, substituted aryl, heteroaryl or

weURshidwy ed heteroaryl; and inis O to 6. [00b&H/UBMO7/069736
anot her enbodi nent, conpounds of the invention have

the Formula X KA X or the stereospecific Fornula
X', above, including pharmaceutically acceptable salts
and/ or sol vates thereof, wherghn Kis --0-; Ais
C24al kyl ene; Bl is -OH '
term “cycloalkyl” includes such groups having a bridge of three to four carbon
atoms. Additionally, cycloalkyl groups which are bicyclic or tricyclic must
include at least one fully saturated or partially saturated hydrocarbon ring but the
other fused ring or rings may be aromatic or non-aromatic and may contatn
heteroatoms, provided that in such cases the point of attachment will be to the
cyclie, non-aromatic hydrocarbon group. Additionally, one or more carbon
atoms of the cycloalkyl group may form a carbon-to-oxygen double bond to
define a carbonyl group. Thus, examples of “cycioalkyl” groups may include,

without limitation:

\>§>E—(>\O= ):@

D g
5 : ' o ‘and the like.

[0032] The term “cycloalkylene” refers to a bivalent cycloalkyl radical, ie., a

cycloalky! 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
'f\N)LNH?
[0034] The term “guanidinyl™ means the group H . Thus, &
guanidinylalkyl means an alky! group bonded to the guanidinyl such as a group

NH

N:*NH, -

having the formula,



122, 123, R4 and R5 are, independently, hydrogen or
| ower alkyl; R6 is hydrogen or nethyl; R12 is F1,

wodosyl4nzubstituted al kyl, or hal ogen; and RL3dirgysasr/o69736
optionally substituted 5 or 6 nenbered heteroaryl

[ 0056] In another enbodi nent, conpounds of the

i nvention have the Fornula X or X, as defined above,
i ncl udi ng pharmaceutically acppptable salts and/ or

sol vates thereof, wherein Kis -0-; Ais C24 al kyl ene;
Bl is -OH 122, R3 R4 and R5 are, independently,

hydii@aen T8E wQWeklo kM} “hafd® 1éf§13 fayﬁ&&&@ oh1oRke, thdilie and
al kyl, substituted alkyl, or halogen; and RI'3 is an

optWﬁWﬁlly substituted 5 or 6 nenbered heteroaryl.
[ 00%gla6] Frh@%saﬁlhﬁ&m%mmg’* HEkes 099§gaomg§a Fnidhdden.

i nventi on have For mul a ef1 ned above,
i ncll¥7hg’ llptﬁ@ﬁlﬁh@eﬁkyicmbﬁry aa@&eblmbwlg@ns al merednd/ or

SOl YakfRelD8h8ing WRERLLiRitatonMoups KichSs 2 U,F, -CHF, and -CF,,
[0038] The term “haloalkoxy” means an alkoxy group having one or more halo
substituents. For example, “haloalkoxy” includes -OCFs.

[0039] When the term “unsaturated” is used herein to refer to a ring or group, the
ring or group may be fully unsaturated or partially unsaturated.

[0040] The term “heteroaryl” refers to an aromatic group whichis a 4 to 7
membered monocyclic, 7 to 11 membered bicyclic, or 10 to 15 membered
tricyclic ring system, which has at least one ring containing at least one
heteroatom. Each ring of the hetercaryl group containing a heteroatom can
contain one or two oxygen or sulfur atoms and/or from one to four nitrogen
atoms, provided that the total number of heteroatoms in each ring is four or less
and each ring has at Jeast one carbon atom. The fused rings completing the
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 buot 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 heterocyelic or
cycloatkyl ring, the heterocyclic and/or cycloalkyl ring may have one or more
carbonyl groups.

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

s
pyrazolinyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl (i.e., \\%N] ), thiadiazolyl,

isothiazolyl, furanyl, thienyl, oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl,



Ais C4 alkylene; 131 is -OH, R2, R3, R4 and R5 are,

i ndependently, hydrogen or |ower alkyl; R6 is hydrogen
wonoaRlsbyh; R12 is H alkyl, substituted al kyl pcoms2007/069736

hal ogen; and R13 is an optionally substituted

thiazolyl, pyridyl, or oxazolyl [0058] In another e

nbodi ment, conpounds are provided having the fornul a

Xa, Xa i ncl udi ng pharpaceutical | y-accept abl e
salts and/or solvates thereof, wherein, Kis -0-, -S-,
or -NR7-; Ais -(CRBRO)-(C112)"1-Z- wherein Z is

- yl, ni@ﬁm%%zmd tre@ieOhddi€bm@ - since Qfe(@hition SORteroaryl

O - (R JOS02- i s hydrogen or nethyl;
groups itself includes rings wlierein one or more of the carbon atoms defines a

[Tgetel

carbonyl group, rings such as 2,4-dihydro-{1,2,4}triazol-3-one (i.e., ‘(er } and
the like are included,

[0042] Exemplary bicyclic heteroaryl groups include indolyl, benzothiazolyl,
benzodioxolyl, benzoxaxolyl, benzothienyl, quinolinyl, tetrahydroisoquinolinyl,
isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuranyl,
chromonyl, coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl, indazolyl,
pyrrolopyridyl, furopyridinyl, dihydroiseindelyl, tetrahydroguinolinyl and the
like.

[0043] Exemplary tricyclic heteroary] groups include carbazolyl, benzidolyl,
phenanthrollinyl, acridinyl, phenanthridinyl, xanthenyl and the like.

[0044] The term “heteroalkylene™ refers to a bivalent heteroaryl radical, i.e., a
heteroaryl group as defined above having two points of attachment to two other
groups, at any available two points of attachment of the heteroaryl ring.

[0045] “Substituted heteroary]l” groups are heteroaryl groups as defined above
substituted with one or more substituents, preferably 1 to 4 substituents, at any
available point of attachment. Exemplary substituents include, but are not Hinited
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 cach refer to a fully saturated or partially unsaturated
nonaromatic ¢yclic 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 ene 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. Heterocyelic groups which are bicyclic or tricyclic

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



R8, R6, R10, and 1211 are independently hydrogen,

al kyl, or substituted alkyl, R, is H alkyl,
wosibstdobast ed al kyl, or hal ogen; and R13 is aryirws2007/069736

substituted aryl, heteroaryl or substituted

heteroaryl; and mis O to 6. [0059] In another

enbodi nent of the invention, conpounds of fornmula Xa,

i ncl udi ng conpounds of formula Xa' having the

stereospecific form Xa', corrésponding to the

stereochem stry shown for X, are provided. - 17 -
[00§Qkolﬂméﬂﬁﬁﬁ%IK%FQQQIHﬁﬁhom%ﬂﬂﬂg%ﬁg%c%%%mﬂﬁﬁybﬂﬁﬂmd
having the fornmula Xa, or Xa', | med ately above,

whert!mt it el grsesghe prgk Omgaqhsw@tmtil dhal dny agarlable inftipgegor

t hi I . t r [ g

ar OSE@L%#%I“%Q Q%lllur?gl fic E%%é%%ﬁ cgét‘:-}i}qﬁg xﬂgn A%F@PPA lr}]f, the
enb@@ﬁmnthicmnwwdhdﬁmmse%ﬂhedu@sdmaawmmgnDhQMﬁmmnnf@c

Xa, C‘?;'[:vo % 1’}15%&9&%’@(! \\vallgtedrd% g‘le ID '19 ygen at%qué lnl%yl ene
yd pike ! Y50

126 rogen or nethy
haI@g@nmﬂgnﬂpﬁﬁ@wd@im@hmanakhygﬁubshmnmnEMmthHﬂmubwmen
P bt s PP B sk ORRE By TR B Mg may have
I nclobelongop babome etsipcal | y- acceptable salts and/or

sol thereof, wherein en or

T 00T bR GroERGUa eI YT By IGHEE BF

I NV enidaaidhas oy dr &[}fw|pﬁ3©}thnyl/\’ﬁ©éﬁl?1ﬁyl|:§lhf@)]lhl}‘)sj]r ogen.
[0064] |n anot her embod

i nv RPNy FRAVE teﬂéllbélefé%*aélp@ewﬂlPEnbﬁ ShigvPEh Nyl and

the like.

[0048] “Substituted heterocycle,” “substituted heterocyclic,” and “substituted
heterocyelo™ refer to heterocycle, heterocyclic, or heterocyclo groups as defined
above substituted with one or more substitvents, preferably 1 to 4 substituents, at
any available point of attachment. Exemplary substituents include alkyl,
substituted aikyl, alkenyl, substituted alkenyl, as well as those groups recited
above as exemplary alkyl substituents.

[0049] “Hydroxy™ refers to -OH.

[0050] “Thiol” means the group -SH.

[0051] The term “guaternary nitrogen” refers to a tetravalent positively charged
nitrogen atom including, for example, the positively charged nitrogen in a
tetraalkylammonium group (e.g., tetramethylantmonium or N-methylpyridinium),
the positively charged nitrogen in protonated ammoniwm species (¢.g.,
trimethylhydroammonium or N-hydropyridinium), the positively charged
nitrogen in anune N-oxides (e.g., N-methyl-morpholine-N-oxide or pyridine-N-
oxide), and the positively charged nitrogen in an N-anlinc-ammonium group
(e.g., N-aminopyridiniunt).

[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 sife. Suitable protecting groups for the methods and compounds

described herein include, without limitation, those described 1n standard



Xb" including pharmaceutical |l y-acceptabl e salts and/or
sol vates thereof, wherein 126 is hydrogen or nethyl.
wo 2669/130269065] 1 n anot her enbodi ment, a conpoupdr/@k20bhNese736

invention has the forrmula Xb', wherein R6 is hydrogen.

[ 0066] According to one enbodlnent of the present

i nvention, nethods are provided for treating cancer,

e.g., a fol at e- recept or assoch ted condition,

conprising treating a patient wth a therapeutlcally

effective anount of a conpound having the foll ow ng

For %kt@oc?ﬁs 1561@{11 é\IGR@nBEIQW & @rP@recmie Groups in Organic Synthesis,
phar naceut i cal | y-acceptabl e salt and/or ‘sol va§

theﬂé@ﬁ},& Nk el &9 b mp@lp@ate@h?iemgy,Ief@l@nceNm-, Ais

.(CR8R9)-(0.12),"-Z- wherein Zis --(Cl-112. 30)-

- —@iTERNﬁ(rEﬂMBO&MFQ)rs,OFﬁﬁéﬁ@\)fﬁN TroW 1211) O(=0) -
-S02-, or -N(12,0 i's hydroxyl or cyano
and 99331 |Ehetwﬁ%fg@wna@n 1P CRIHPaW@S hakehibe sYeMier to

for nﬁcﬁmgfa% a§ SEQ?&QT in the Summary of Invention.
[0054] The present invention comprises compounds having the stereospecific

form according to Formula X’
H

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

Kis =O-, -S-, or -NRy-;

A is (CRgRo)-(CH2) -2 wherein Z is —-({CHR1q)-, -C(=0)-, -C{=0)-
C(=0}-, -OC(=0)-, -N(RNC(=0)-, -50,-, or -N{R11)SO-;

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

R, Rs, and Rs are, independently, hydrogen, alkyl, substituted alkyl, aryl o1
substituted aryl; or R; and R; 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;

Re is hydrogen, alkyl or substituted alkyl;

R4, Rg, Ro Ryg, and Ry are independently hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocycloalkyl,
substituted heterocycloalkyl, heteroaryl, or substituted heteroaryl;

Riz is H, alkyl, substituted alkyl, or halogesn;



R2,123, and Rs are, independently, hydrogen, alkyl,

substituted al kyl, aryl or substituted aryl; or R and
wolddH 1458y, be taken together with the carbon tqdﬂmgthmjmm

they are attached to forman optionally substituted

cycl oal kyl ; R4 is hydrogen, alkyl, alkenyl,

substituted al kyl, substituted al kenyl, ny], or

substituted aiyl, R5 is hydropgn al kyl or substituted

al kyl ; R7, R8, R9, Tho,” and Rll are

|ndependently hydrogen al kyl , substituted al kyl,

cycl oal kgl , I ed

oy oal kil s SUPSILWL S DAELARL 0Ly Bfo TS

heteroaryhsodwésubstltuted heteronyl; RLl7 is H, aIkyI

:332??5{53:@ gno% ?4 ab?]cﬁ)t 1%1? gdé)ﬁ%%métrs %ﬁ'ﬁf ¢ 11{% ?trd{t Hél\’e the Formula X

het eroaryl ; and ith—s GWTBAQ} L9 - [0067] In one

enmbodi nent, the nethod conprige treatlng a patient

with a therapeutlcally efd ect | unt of a conpound

havi ng the stereospecific

i ncl udi ng phar maceuf' érs and/ or
sol vat es thereof, wherein, 131 121, R2,
R3, R4, R5, R6, R7 RS, R9,° : R13, and m

are as defined above for conp und Frula X
100681 I n anot her enbodi nment,ot hes;netdod conpri ses
treating a patient with a the%apeutically effective
amount of a conmpound having die formula X, including

f or rulha saéaaos;&sljdeeﬁmlbﬁd 2BB@Y Biclud g IpHghivAgeutically acceptable
pharnace %ﬁ % acc table salts and/ or sol vates
i

t her %I&fan ”P@“r wgnem
Kis -0O-;

Ais Cyq alkylene;

By is —OH;

R2 R3, Ry and Ry are, independently, hydrogen or lower alkyl,

Rg is hydroges or methyl,

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

Ry; 1 an optionally substituted 5 or 6 membered heteroaryi.
[0056] In another embediment, compounds of the invention have the Formula X
or X', as defined above, including pharmaceutically acceptable salts and/or
solvates thereof, wherein

Kis -0-;

Ats Coyalkylene,

B, is ~OH;

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

R 15 hydrogen;

Rz 1s H, alkyl, substituted alkyl, or halogen; and

Rz 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



Ais C24 alkylene; 131 is -OH 122, R3, R4 and R5 are,
i ndependently, hydrogen or |ower alkyl; R6 is hydrogen
w8hod Rl ; R7, Rs, R9,1240, and 121, a{eus2007/069736
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 th%[oaryl; 1212 i sal kyl,
substituted al kyl, or hal ogen; "and R13 is an
optionally substituted 5 or 6 nenbered heteroaryl.
100691 | ngangt.her embodi ment, the nmethod conprises
treating a patient with a therapeutically effective
amount ofA & Compolent having the formula X, or X, as
describeggﬁpg& .1 ncludi ng pharmaceutical ly acceptabl e
salts and/or solvates thereof, wherein - 20 - Kis
-0-; A i sROR4 Rahkd/Rene;ind@peridsnthyOhydrfzn oRBweRdlkgind Rs
are, indepen ] ~.hydrogen or lower alkyl; R6 is
hydr ogen; 6wg$§gg%ﬁﬁP%E§? R9, 1210, and 1231 are
i ndependeh; ksyH hyidt egienijutal dipl, or selbgdn; tndt ed al kyl
cycl oal ky), .subst.it ut ed cyecl.oal kyl., aryl, subst,tuted
7ol O heti ST bty P Bt e R B BT eyt
het ef0088lyIn, anothestiisidihdit, edmbetnes aampydvided having the formula Xa,

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

Kis -0-, -S-, or -NR7-;

A 18 —~(CRgRg)-(CHa) -7 wherein Z is ~(CHRp)-, -C(=0)-, -C(=0)-
C(=0)-, -OC(=0)-, -N(R))C(=0)-, -SO5-, or -N(R;)S05-;

Rs 18 hydrogen or methyl;

Rs, Rg, Ryg, and Ry; are independently hydrogen, alkyl, or substituted alkyl,

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

Ri3 is aryl, substituted aryl, heteroaryl or substituted heteroary}l; and

mis0tob.
[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.



R, is H alkyl, substituted al kyl, or hal ogen; and
R13 is an optionally substituted 5 or 6 membered
wdwheiexsyl . [0070] In another enbodi ment, th@'cﬁ‘ﬁts"z‘&ﬂﬂmvfse
conprises treating a patient with a therapeutlca y
effective anmount of a compound having the formula X
or X, as described above, including pharmaceutically
accept abl e salts and/or sol va1t7es t hereof, wherein Kis
--0-; Ais C94 alkylene; Bl i1s -OH R2. 123 Rl and Rs
are, independently, hydrogen or lower alkyl; R6 is
hy di@@81 1QkndiRE B¥ibodi Rinds B pr&ica®hPing G x4
are[l ndgpenndent Ey)%y}mfrmcggceoﬁlp d g?%pl s{'ﬁljltlfj1 GIR&JH .
cycIODXP’kmee@%FblS’tﬂb@m ehereip & r@aDkymd Ranwptsowbgtlbsv um.t@ld
aryly 4351 C ?%/ I L,
het é}léaf%{/ y%%ﬁ 5 M¥1u}n§ Itcneillrﬁog %},ﬁ%& q?}sgahfgé‘al%ffl,
subgdet Ltlte@hoaiek whabo@mex’na:ioogaemd% ardor cR]_(Bach hgviapthe formula Xa,

opt i,onal | d t.hia y

oxazo Q q%[v%dg%. i« t%dld}\ oﬁo fﬁlg]?rﬁvlg SX%{E’O%] Pr giedyh R
c orrmr]}lsewexrfelaﬁ iom@alagqpabidetit isi aptineelg- sotﬁsusmmihhmc&ﬁt ey,
with a th]e{ apeutically effective anount of a conpound
havi°hg*¢#é" f ornul a Xa, above, or the stereospecific

f or me0¥a) A dongloust s3hgihadnae et hgahiwtacoapilalbe salts
and/ or sol vates thereof, V\:heﬁel n, Kis -0-, -S-, or
-NR7-; Ais - 12) v- wherein Z is
-(C111210)-, -C(= = -0C(=0)- , -N(RI
i)C(=0)-, -SQOes ; i s hydrogen or

nmet hyl ; R end\\ hydrogen, al kyl,
or substituted M kyl, , Substituted

al kyl, or hal ogen RH i soar tuted aryl,
heteroaryl or substitutedjhet ;Clnd mis 0 to 6.

[0072] A nethod of the ingenfhon
treating a patient in need of such treatnent a
therapeutically effective anmobunt of a conpound havi ng
the formula Xb or Xb' abovexw\herei n R6 is hydrogen
or methy

conpr i seg“kllﬂlggiﬁfﬂa“f%ﬁ%ﬂcg%ﬂba R gl B Rror
f or nuk@indly, iohydébgen oshengi.n R6 i s hydrogen.

[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 X0’

Xb’

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

hydrogen or methyl.



[0073] Anot her enbodi nent of the invention conprises

use of any of the conpounds descri bed above (including
w&RAYngs of formula X, Xa, Xa', Xb, and/or Xuty/us2007/069736

wherein the groups K, A B, Rt, R2 R3, R4, R5, R,

R7, RS, R9, RO Rp, and 1213 may be sel ected as

recited above), in making pharnaceutical conpositions

for treating cancer in patiengg particul arly, for use

i n maki ng pharmaceutical conpdSitions containing

conj ugat ed conpounds for targeted drug delivery to

R e aRERLEA 4 8bmPARLSE FRYLBAN R REESTuiNe

fol ate receptor. er enbodi nent

|nveﬁblemmcmdbwbbekwﬁneatlng a patient in need of such

trea t f | f a

Cor‘r'p ﬂg /ﬁéﬂ\?ﬂd“ﬁlg?&o otﬂg ]g?&r‘r}tﬂ] 1&1&% ’hx ?esérﬁ%e?(t&naﬂgtﬁ%; s o

Xb pm/aneccEfon ut:hexg gmdlps sKp fodatemcﬂbl, asRRjatdR3;ondRiion, R5

roci APaBBUR mear Sl i Fnd PR e BSLF S e
t unotongichied hdvang thgtoleemg Ffeh@ds&d at the tunor site. In
this enbodi nent, @a_conjugated conpound is delivered to
the tunor site, and then th conmppund of fornul ae X,
Xa, Xa', Xb, or Xb', as defined_above, is released at
the tunor site and treat sRizhe |pati-e at the tunor
site. It is thereforg, ) whenever the
term"treatnment” is uséd w Htreating a
patient, that this enconpas at the tunor
site, however delivered, e.g> : :
conmpound. [0075] The use of an agent tlo upregul ate the
| evel of folate receptor (FR) nabee 8ffective to
i ncrease the FR expression inxertain cancer cells or
tunor types to enhance the advant ages obtai ned upon
admi ni st eFiARYIPRECHIEHYGGHEIE DT Satt AP BA ity gvherein:
patients,xandj.ors. tH.ephance the various di seases or

tunmor types that be treated with the fol a
receptorfb%nd?ﬁ@bddﬁﬁduﬁdyh%é@éﬁﬁrHQIR@)tﬁéimnvgﬁﬁwon

The expyesstemef. [§%ﬁW£bye§@pt9Fbk@nﬁﬁﬁtaln cancers
may be upregul ated by the ‘adm ni stration of a folate
recept or Bnelhewexy! argyenre a€ ot hydeeapn or Bomd R japfclpkeadegether

the |eyel .9 mﬁg&f%e receptor in the cancer cells, thus
enhanci ng t effectiveness a fol ate receptor targeted

t her apy. KbRuemhﬂpheIMEB@ﬂe@ehhﬂE@%wtﬁkﬂpﬁbﬂt¢@¢ﬁ%$§@§“ﬂ
br east I f

T oot UG RDR SRPARER e R B el 2 Ao R RRbRL ey
tannmmﬁenmmHersmmogmnndhha@mnnetWCbskwnomn to

upr egul at ion of | R+
reast cabersr SR FRlats nbouil gl EE SR AR e e gy o
suscemtmbmﬁmny to treatnent with a folate receptor

targeted of the invention
provi des % hétﬁ%%:oggﬁPLﬁgqﬁumégﬁétr or a
proliferagr] we KisgaseR nudindghdntly hgbogeni Skydgubstituted

optionally adm nisterin tient an e

U of R bae s Frad Pacutire wihear ookt
t r eatipk@uieh Beldty @MkyWihtRroaryl ef bkastiivwa hawrdnt, of at

| east one conpound according to fornula X. The folate

recept or Rndudeykpaybiesddivhi g haleed pef ore, duri ng,
or after &he pat hﬁ%ﬁtmt’e@m{yr gat2dry bt AbiicCRMPeMHIdand
according to formula n one enbodi ment, the folate
receptor Pidler is administered prior to treatment
with the conpound of fornmula X. An effective anmount of
the folate receptor inducer refers to an anmount that
upregul ates the folate receptor in the desired cells
such that the treatnment with the conpound is
therapeutically effective. [0077] Exanples of folate
receptor inducers for the upregulation of folate
receptor a (FRa) include: estrogen receptor

ant agoni sts such as tanoxifen; progesterone receptor




[0082] The conpounds of the present invention may form
salts or solvates which are also within the scope of

wd Rosndosyention. Reference to a conpound of thﬁnh@hﬂpmﬁyn(
( herein is understood to include reference to sal
and sol vates thereof, racenmates, diastereoners, and
enantioneis thereof, unless otherw se indicated. The
term"salt(s)", as enployed hgrein, denotes acidic
and/ or basic salts formed wi th inorganic and/or
organi c acids and bases. In addition, when a conpound
th f[%@'lﬁo&@@m&@ﬂﬁ&k MR 19(3{1(511 %nﬁ?@%%cmﬁeﬁt Q’meﬁ%n as
guari’ﬂfmmytllmﬁn dff%mve@m@hrxt ofmicetppusdiohyireshditr e%@tcmc

LT mig g g,a carboxylic acid, zwitterions may be

for ‘are included within the tern1"sa|t(s)" as

used herein Phar maceutical ly acceptable (i.

non-toxic, physiqlogicglly,acceptable) salts are

preferred, although other salts mare also useful, e.g.,

in isolation or purificationsf¢ps which may be

enpl oyed during preparatifen. t he conpounds of

the formula (X wayﬂp\\(grned for exanple, by

reacting a conpound of ~af amount  of

acid or base, - 24 - such as fval ent anmount, in

a medi um such as one in whicC FgCi pitates or

i n an aqueous nedi um fol | oned yophi | i zati on.

[ 0083] The conpounds of fornu?a 050 that contain a

basic noiety, such as but notyiimted to an am ne, a

guani di nyl rouP or a pyridyl or |n1dazoly1 ring,

f or m sal tgh pggItet! i@?ﬁ%ﬁﬁﬁﬁh%m@ﬁw%@ﬁ@?@%ﬁﬁ@

aci QhercEX QMBAIY, @cngff\qglﬁ | RN RS LR, 'Rnclkgul@'g 186 RL,AR §Sand

(such as those fornmed w th acétic aci

tr|ﬁ%meat@ﬂﬁ@ddewgimﬁ@mpexﬁhpﬂknmvhﬁfIuoroacetlc

aci ‘#@068?‘#1‘1 Rahies mn@&%‘n@rﬁt @e me@ﬁﬁ 9519@#3@@0;51@?1%QE}Et?eE?\%ith a

benzoat es, benzenesul f onhat es I sul fates ates,

but ylvtaztpestlmﬁy tﬁiri%ttie@s'ml@a:npthmoatmwd lvaimghlor ouhdlogatreBiding

cycl fan callv accentable salts

Goac e R SRS AALRE n Bk PRkl accemable sat

gl ueotiepaneathes:of . gthyecer ophosphat es, hemi sul f at es,

hept anoajes, ,hexanoat es, hydrochl ori des,

hydrobr0|n|deS hydr oi odi des, hydr oxyet hanesul f onat es

(e.qg., 2Ahydfgm%ehhanesulfonates), | act at es, mal eat es,

nethanesgl g@t napht hal enesul fonates (e.g

2- napht h P8 Ifonates) ni coti nates, nitrates,

?xalategiaﬁedhmnﬁkeﬁz1ﬁams$kh@%a§mﬁgaﬁ&y&mﬁap@Qnates
e.g., p es phosphat es, picrates,

pi val at e8¢ EF&B O f]qnhsallcylates succi nat es,

sul f at esr(,3uchy RS, 1AGS Lt orERE Al My 8bElkIKG, aws@k)ued
sul fonates (such as those menti oned hereln

t ar fryb sxclogiyl, é&\}%}ﬁé@%@/cloﬂ]&%eﬁbém%fle.%lﬂeﬁ listrapeyslgalkyl,
t osyhialiREx HRARGADAR Sfeter@d. §NELd (&I ndLOBE] The
conmpounds of fornula (X) that contain an acidic
moi ety, BuchtlagkButbrieed #lkil edatogen agdr boxyl i ¢ aci d,
may fornpsal &ﬁoﬁeﬂom]y@umm&t ¥oi0f 0L G0 G @Byl nor gani ¢
bases. Exenplary basic salts include annDnlun1saIts
al k&1069 bt alothenPmBodiueH, e MeGEi comprises tiaung 2 aeknt with a
pot £
Cal SR A o8 SR L SN TEASlned bR P8
( f odesgxbaviplbeye. orchanizphamaesipabuchepgeldahy atdiirmelsates
dchg ?gﬁﬁ ggnines, hydr abam nes (fornmed with

I'S ydr oabi et yl ) et hyl enedi am ne),
N- net hyl - D- gl ucam nes, N-nethyl - Dgl ycam des, t-butyl
am nes; and salts with amno acids such as arginine,
lysine, and the |ike. Basic nitrogen-containing groups
may be quaternized with agents such as | ower al kyl
halides (e.g. nethyl, ethyl, propyl, and butyl
chl orides, brom des, and iodides), dialkyl sulfates




and then the desired stereochem stry may be achi eved
via separation of configurational isomers which can be
w@shireY®e7 by any suitable nmethod known in the gdelishonro69736
e.g., such as col umm chromat ography. [0088] Throughout
the specification, groups and substituents thereof may
be chosen to provide stable noieties and conpounds
useful as pharnaceuticalIy-agggptable compounds and/ or
i nt ermedi ate conpounds useful "I n maki ng
phar maceuti cal | y-accept abl e conmpounds. One skilled in
the field;wl].. appreciate suitable selections for
vari abl es to achi eve stabl e conpounds. [0089]
Enbodi ment 5 Gondikgl§i®d herein as exenplary or preferred
are |nteqﬁqg .&Q. be illustrative and not limting.
[ 0090] er enbodlnents of the invention wll be
appar ent RoR:oReasid s dree éhdepentderslyf naskretes gelewasalkflor
exanpl e, r..hg conbi nations of the enbodi ments
referencggqpiy(%ehand are contenpl ated as covered
within the, Eg:dipéh@ﬁnct Re almvmt:mct@nﬂml@rdmgqn alkph. lshRytuted
[ 009 e, o
or ef é]lyl,nctyc 1|f1<3y,1‘ %ge"tut%!:s %ﬁé?c?alﬁ Ayt shbdtitSitd %?i?geg?rl%gﬂllog{kyl,
t he ﬁmhﬂmmﬂh@aegmammyFabmcmammmsmﬁum$qhmnemyfor DNA

synt hesi a ertain n r cells are known to
over-expﬁgégqggﬁﬁiéﬁﬁf ngwbobpﬁ?%? andy exanpl e,
bot h Canpbelslan@pti@lally su'bEt(nJuaﬂe o8 nehintvgrePhet@eniyl.i s a
Mar ker _for Ov r," Cancer Research, Vol. 5
(Cct [%0710] II‘@‘@T;“ %@ogﬁmséﬁg“%%od QRS HENS PAfent Wit a
" O ofémgeuataB bk ASERG atetpAntihgans hhBuidglaa0dr Mi)hls
9 Anti bodi es Recogni ze Fol at e- b|nd|n Protein," Canc
Resecgzls@}ped wpve. @q]ut(hp\g)ghm Tgcc:fg@ily accgpts E’]E’ s'ﬂ% fg@‘oxssflvates
r epofhtrebilahetel at ebi nding proteins are markers for
ovari an cancer. Fol ate-receptor over-expression is
al so knowhisfét: ot her cancers such as, for exanple,
skin, renal,cRLg&38he; | Ung, colon, nose, throat,
mammary gl and, and brain cancers, as well as other
cancers rifier@Hced her ei n. [0092] The conpounds of the
present igpvenki o @rLe, E)éﬂderﬁf}dhﬁ%et?% fekl veped as
epot hi | one- derived i ni'crot ubul e stabi | i zing agents to
tunors t Hatis bxdsessgor metpl at e receptor. They are usefu
in the treapment vard g4 § i1 QL BGuted
prollferatlgggﬁﬂgegggg” [érﬁ%%&%n fgﬁﬁioggnganéergﬁe
char akxleamclpeutybyutmatnwéncy@mﬁkyé aoy!, m@mmtsd tiyhbeterepycdasgyl,
the f e Th I r r
asso%Lg‘ %dhg&g%mgnugnggemﬁﬁm]ag&ﬁgégdﬁgggﬂ 9corrprlses
di seases g isdil. syt entstickearadicot ex hzlegknbyndexpr essi on of
the fol ate recept.or t hose , di seases
or di sor Fgﬂ?ﬁﬁ?m?gﬁs%%nﬂuﬁt%%@@@qugwrmé?ed)ﬁased on
t he joevel Aefelexipit &&Sn\&ntl@flnh)hﬂscf @dnqiuee ﬁemeg)ti paitielnnm need of
di seased tissue as

Co n‘pﬁlﬁlﬁ agatglf:mtvr.]tgl aptlhgg]g%{mﬁ]ﬁ\;gﬁfti v§ ﬁmg}”ét of g é?‘Bﬁ"’”f‘% Pavm g the

f or MoRgule R} gat es theE&[eo@@(ﬁﬂ}&H@lm EQUROMDGE phdihbtically-
i nvention may be used to forn1%he f IIo __cgg&ugated

conpRRIADE SERANYYARES fheregh phergn Als =
(CRgR9)-(CHa)p-Z- wherein Z is ~(CHRo)-, -C(=0)-, —C( O)-C(zO)-,ﬁOC(::O)—

, -N(R11YC(=0)-, -SO;-, or -N(R11)S0O5-; Re is hydrogen or methyl; Rg and Ry are
independently hydrogen, alkyl, or substituted alkyl, Ry2 is H, alkyl, substituted



Vis folate, or an analog or derivative thereof; Qis
0, S, or NR7, Misareleasablelinker Kis 0, 5 or

woNBddis0297 Ai's -(CRBRI)- (012),"-Z- wher ei BcfnjsSoo7io60736
---(CHR10) -, -C(=0)-, -(=0)- C(=0)-, -0C(=0)-, _
-N(1211) C(: =0)-, -S2-, or -N(1211)802- B, is
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[0073] Another embodiment of the invention comprises use of any of the
compounds described above (including compounds of formula X, Xa, Xa’, Xb,
and/or Xb’, wherein the groups K, A, B; Rj, Ry Rs, Ry, Rs, Re, Ry, Rg, Ro Ry,
Ry Riz, and Ry may be selected as recited above), in making pharmaceutical
compositions for treating cancer in patients, particularly, for use in making
pharmaceutical compositions containing conjugated compounds for targeted drug
delivery to tumors that over-express or preferentially express the folate receptor.
[0074] Another embodiment of the invention comprises treating a patient 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, By R;, Ry Ry,
R, Rs, Rs, Ry, Rg, Rg Rip, Ry1 Rya, and Rz may be selected as recited above),
wherein the treatment occurs at the tumor site, having been refeased at the twmor
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 treatiient at the mmor site, however
delivered, e.g., via a conjugated compound.

[0075] The use of an agent 1o 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 adiunistering the compounds of the
invesntion to patients, and/or to enhance the various diseases or tunor 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
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TO Ntooupregulate the expression of folate receptors in ER+ breast cancers, increasing
the ER+ breast cancer cells susceptibility to treatment with a folate receptor
targeted therapy.

[0076] One aspect of the invention provides a method of treating cancer or a
proliferative disease in a patient, comprising optionally administering to a patient
an effective amount of at least one folate receptor inducer, and treating the patient
with an effective amount of at least one compound according to formula X. The
folate receptor inducer may be administered before, during, or after the patient is
treated with the compound according to formula X. In one embodiment, the
folate receptor inducer is administered prior to treatment with the compound of
formula X. An effective amount of the folate receptor inducer refers o an
amount that upregulates the folate receptor in the desired cells such that the
treatment with the compound is therapeutically effective.

[0077] Examples of folate receptor inducers for the upregulation of folate
receptor o (FR@) include: estrogen receptor antagonists such as tamoxiten;
progesterone receptor agonists such as progestin; androgen receptor agonists such
as testosterone and dihydroxytestosterone, and glucocorticoid receptor agonists
such as dexamethasone.

[0078] Lxamples of folate receptor inducers for the upregulation of folate
receptor B (FRB) 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, 1.G101093, 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 . Preferably, said cancer or proliferative disease is

selected from breast cancer, such as ER+ breast cancer, and ovarian cancer.
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[0080] Inone embodiment of the present invention, 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
administering an effective amount of at least one compound according to formula
X; wherein said folate receptor inducer upregulates folate receptor 3. Preferably,
said cancer or proliferative disease is selected from leukemia, and more
preferably from acute myelogenous leukemia (AML) and chronic myelogenous
leukemia (CML).

{00817 Ina further 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, administering at least one
histone deacetylase inhibitor, and treating the patient with an effective amount of
at least one compound according to formula X. An example of a histone
deacetylase inhibitor is trichostatin A (TSA). U.S. Patent Application Publication
No. 2003/0170299 A1, WO 2004/082463, Kelly, K. M., B.G. Rowan, and M.
Ratnam, Cancer Research 63, 2820-2828 (2003), Wang, Zheng, Behm, and
Ratnam, Blood, 96:3529-3536 (2000).

f00821 The compounds of the present invention 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,
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such as an equivalent amount, in a medium such as one in which the salt
precipitates or in an aqueous medium followed by lyophilization.

[0683] The compounds of formula (X) that contain a basic moiety, such as but
not limited to an amine, a guanidinyl group, or a pyridyl or imidazolyl ring, may
form salts with a variety of organic and inorganic acids. Exemplary acid addition
salts include acetates (such as those formed with acetic acid or trihaloacetic acid,
for example, trifluorcacetic acid), adipates, alginates, ascorbates, aspartates,
benzoates, benzenesuifonates, bisulfates, borates, butyrates, citrates,
camphorates, camphorsulfonates, cyclopentanepropionates, digiuconates,
dodecylsulfates, ethanesulfonates, fumarates, glucoheptanoates,
glycerophosphates, hemisulfates, heptanoates, hexanoates, hydrochlorides,
hydrobromides, hydroiodides, hydroxyethanesulfonates (e.g.,
2-hydroxyethanesulfonates), lactates, maleates, methapesulfonates,
naphthalenesulfonates (e.g., 2-naphthalenesulfonates), nicotinates, nitrates,
oxalates, pectinates, persulfates, phenylpropionates (e.g., 3-phenylpropiocnates),
phosphates, picrates, pivalates, propionates, salicylates, succinates, sulfates (such
as those formed with sulfuric acid), sulfonates (such as those mentioned herein),
tartrates, thiocyanates, toluenesulfonates such as tosylates, undecanoates, and the
like.

[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 amimonium salts; alkali metal
salts such as sodium, lithium, and potassiun saits; alkaline eartl metaf 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 iike. 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
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R26, R27, R%S_and %Fh9.are:e ch, e ‘
enantiomeric forms and diastereomeric forms, are contemplated within the scope
of this invention. Thus, for example, each reference to compounds of Formula X,
is intended to encompass compounds of Formula X’. Individual sterecisomers of
the compounds of the invention may, for example, be substantially free of other
isomers (e.g., as a pure or substantially pure optical isomer having a specified
activity), or may be admixed, for example, as racemates or with all other, or other
selected, stereoisomers. The chiral centers of the present invention may have the
S or R configuration as defined by the IUPAC 1974 Recommendations. Racemic
forms can be resolved by physical methods, such as, for example, fractional
crystallization, separation or crystallization of diastereomeric derivatives, or
separation by chiral column chromatography. Individual optical isomers can be
obtained from stereospecific processes, wherein starting materials and/or
mtermediates are selected having a stereochemistry corresponding with that
desired for the end products, and the stereochemistry is maintained throughout
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.

Aliernatively, the compounds may be prepared as racemates or diastereomers,
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pharmaceutically-acceptable compounds. One skilled in the field will appreciate
suitable selections for variables to achieve stable compounds.

[0089] Embodiments indicated herein as exemplary or preferred are intended to
be illustrative and not limiting.

[0090] Other embodiments of the invention will be apparent to one skilled in the
field such as, for example, considering combinations of the embodiments
referenced above, and are contemplated as covered within the scope of the

invention herein.

UTILITY

[00911 One of the proteins that is over-expressed or preferentially expressed in
certain cancer cells is the folate receptor. Folic acid is required for DNA
synthesis, and certain human tumor cells are known to over-express
folate-binding proteins. For example, both Campbell et al., “Felate 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 Antibedies Recognize Polate-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, repal, 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
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wheretn:

V 1s folale, or an analog or derivative thercot;

Qis O, S, or NRy;

M is a releasable linker;

Kis O, S, or NRy,;

Als ~(CRgRy)-(CHy)w-2Z- wherein 7 is ~(CHR 1g)-, -C(=0)-, -C(=0)-
C(=03-, -0C(=0Q)-, -N(R 1))C{=0}-, -SO3-, or -N(R;)S0,-;

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

R» Ry, 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;

R is hydrogen, alkyl, alkenyl, substituted alkyl, substituted alkenyl, aryl, o1
substituted aryi;

Ry is hydrogen, alky! or substituted alkyl;

R7., Ra, Rg, Ro Ry, and Ry, are independently hydrogen, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocycloalkyl,

substituted heterocycloalkyl, heteroaryl, or substituted hetercaryl;
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[0094] Compounds of the present invention can be conjugated to form
compounds having the following Formuia Ib:

Ri?

’L HN Rs
q CO,Ry5

—<\1/ OH
N

O OH O
b
wherein
V is a folate-receptor binding moiety;
R is H or fower alkyl;
Qis O, S, or NRy;
M is a releasable linker haiving the following formula:

Rys Raz §

\S )j_/\ ;\\R:asﬁeq " \
Rzeﬁ‘to /S Ras Ree K/B(C\ﬂ'\

2? R?B



[0106] The pharmaceutical conpositions prepared

according to the present invention can al so be
whabihgbed or co-adm nistered with other theraeeukidr/069736

agents that are selected for their particular

useful ness in adm nistering therapies associated with

t he af orenenti oned conditions. For exanple, the

phar maceuti cal conpositions q§¥_be fornmul ated with

agents to prevent nausea, hypérsensitivity and gastric

irritation, such as antienetics, and 111 and H2

anti hi stam nics. [0107] The above other therapeutic

agents, when enplypyed |n/ﬁpnb|nat|on with the

conpoundsrebrablye \§€ﬁ? i'nvention, can be used, for

exanpl e, 4n those amunts.

Desk Ref er! éat el z%%wnce s md%[%eﬁgenttleqlgd;d)é{: h%lﬁﬂ:&g)sbtu%g%lkyl
of orgli, pasytuekialyll, arylalkyiesubkticuted 08yl @]ﬁoaﬂmoﬂquntd of

compbORae ) IR hG b rEoal RIS Rl T ons T or

t L ealdigir yl@fkyf} angetited mametdaw?m ) s)ébcftmrmdmﬁndxnylpg egar ing

P arnmaceutjc CQ‘ ositi ons 0 S tar.get.e rug

deluV@??ﬁFb ﬁﬁhﬁ%ggﬁﬂﬂP d BEPes @§§36 “ﬁF@%@P%ﬁﬁFﬁPly

eXpr@&ﬁrea h@nf 9l rﬂétﬁylr @ﬁﬁ@tr@rplopyhe(cnn%meut@}qfﬁn -CH,-OH,
OSI tions Of t he i nvention

2 R abuerefip %WS)O%‘FW{W@ ~GEEQHyE S rai“%éd“%%P’éif%abéx/a C

any gut,t:alh uoBaRs wit Ghe @%@f@iﬂ)ﬁ@%@tﬁﬁt@ﬂﬂw} );qusuch as
by subcut aneous, intravenous, intranus 35

~7i nt r astaialto 1 $ijpedeiidn 168 3i nf usi on technlques (e.g.

as Ster'H@shﬂLﬁﬁﬁ%?%@1@ﬂﬂ§ﬁ&§w9®dﬁga1ﬁﬂM@QM?kﬁQmHEhQﬂS
or suspensions), and/or 1n dosage uUni't fornulations
cont laiai dlylnoM- t oxi c, pharnaceutlcally accept abl e
vehlcleslgrlglhy ﬁBSR” > Rhagmaceyt | gal, conpgsi tions

can, for ex dni'histefed’in"a fofmsuitable
for undmdqieatle Iﬂ é4>\ecagé<yb sulsKtugaddeder nédyéas@oaiﬁthdwlat@ted

rel ez Is%{%g arniseaﬁ AR zbﬁ aghkeved amze},hﬁzsuﬁcg

of s euti dal 'conpdsi fions''co
pres%ntRﬁ@mpBun@§%7mmIbpampbcukaw%gmhmwwﬁmm@a$@06kw

exte {"gl%l OaU% Ofl? e 5193%11&'11%\?011 I)n 91%%'3 G 3 forming
purps. U

subc eous s 0r osno
Exenaha@ymdompmsmﬁqomﬁmﬁ@qmmaﬁemnmﬂaMmaﬂnmnwghqamh@Mams
i ncl ude #P ect tions or suspensions which can
contgmﬁO %gm% W"@ Ui'f%bl e non-toxic, parenterally

accept abl e dlluents or solvents“zN t as mannitol,
1, 3-butanediol, water, Ringer's s Hutlon an |50ton|c
sodi um chl ori de solutlon (O 9@68 di um Chl

e

I njection [Normal SW Dext 0 e InJectl
or other suitab d|$p r 0 @md :

agent Sy ynthetlc no- o Cdyglycen .
fatty, ﬁharnaceutlcally accept abl e conposi t4i
and/ or net hods of adm ni stering conpounds of the © o ¢

i nvention may include use of cosolvents including, but

not ﬂob%]tﬁd?ah%l%ll?ﬁ%% hNiel}'hE‘l' W@&M'a@c(%ﬁzaﬁ‘ﬂ@ﬁ Dphatis
propyl ene glycol, gl ycg d pol yet hyl ene gl ycol s

e.g. amﬁé¢9@mﬁy%&newgpye@mdsoucamdwdr pol yet hyl ene

gl ycol 400, may conprise use of surfactants
(pharmaceuti cal | y-acceptabl e surface active agent that
may be used to increase a conpound' s spreadi ng or
wetting properties by reducing its surface tension),
including without limtation, CREMOPHOR(r),
SOLUTOLpol ysor bat e 80, pol ysorbate 20, pol oxaner,
pyrrolidones such as N-al kyl pyrrolidone (e.g., N

met hyl pyrrol i done) and/or polyvinyl pyrrolidone; may

al so conprise use of one or nore "buffers" (e.g., an

i ngredient which inparts an ability to resist change
in the effective acidity or alkalinity of a nedi um
upon the addition of increnments of an acid or base),
including, without limtation, sodi um phosphate,




[0111] Conpounds of the present invention, such as
conpounds di sclosed in one or nore of the follow ng
woR@fPhgs, have been tested in one or nore of PU?QSZO()W()(W.?G
assays descri bed bel ow and/ or assays known in the
field, and denonstrate a neasurable |evel of activity
as mcrotubule stabilizing agents. ASSAYS C onogenic
Cell Survival Assay [0112] cer cells were seeded at
3.0E+05 cells in a T75 flask with 10 ml of RPM 1640
media, free of folic acid, and containing 10%fetal
bovi ne serumyand 25 gM HgRESk-Calls were grown in a
37C incubator containing 5% CO, Kor & days. On day 2,
supernatants were renoved fromtha_fl asks, and the
flasks were divided into 2 greuyps. oup of cells
were incubated with 5 m, of di alcontai ning 100 M of
folic acid (Sigm) for 36°Ts
growmn in 5 nm of nmedia wthout
were then treated with 20 nM of °
anal og, conjugated epot hil one,
epot hi |l one anal og for one hour. AP thé end of the
i ncubation, the drugs were regoved fromthe flasks and
the cells were washed with PBS buffer 3x. After
washi ng, thg imgertiof slmﬂrbtbeen@lerf@di laftweri@taﬂche@almnkoin glach
fla C s
mcE &“@E‘*d ﬁ]!?{? “ﬁ ou)rqlg’d e ne f%&%“ Zt ﬁlge %eetmrl%ne
wer eraue nmzvedheﬁrt@m trklehd ¥ gskip vbytatlreyl psihaingsge o, theedidiny]
nurrtl)lersg\fvl%[e determned, and then cells were plated in
el T "piAt'es. Ten days after plating, colonies were
st ai ned W|th crystal vimR€t and cou !\?N% The surviving
fractions were determne wt,vgt
Prol i f evati-dnt€ytot resmlny Aé'é?&iw [0113]N
cytotoxicity was assessed in tunor (tzell
tetrazol i unbased col ori netri cr@ass
advant age of the netabolic conversi ony of FM];S 5
(3-(4, 5-dinmethylthiazol-2-yl)-5-(3-caybo
1)-2-(4- sul phenyl)-2Htetrazolium in
reduced formthat absorbs Iight at 492
seeded 24 hr prior to addition of the epothil one,
epot ¥ brie tamaﬂmgt,mg:&txmnpga:tleu f cépcm ch:mbtonfe;ocmcci cancers
Conj}t%ﬂﬁﬁ%gm%%%t i lz?n e'u?crg*?so 9, skl L 1, gng coion nos throat,
i ncubatTonat e WARASETay JI Ot d“
M | 'W8mriany glandilinat kidme weildent Jrrel/celbeﬂ:at m@z@otﬁﬂmphh noruagent
phengzme meth sufatelvv? oithe el 1h<§
i ncdBAPIBn hA EBKET Flelse 8?*C'§°‘Pf68¥%“elt HE Cﬂt“ﬁeé cHoror
abs qzralaamyclém‘m:t B a"mdmmm;atmégzi rAsBk, wgﬁomawf t€Reddploh:
trophot onet er obtain the nunber of survivlng
ceI IQ@% i‘?f\/%l"f‘bm&’oﬁgl{f)%‘tﬁy BOPEPEPTENSON TR FesUPts” ar e
expm@is&@dd BpugBEliveR eI THRPACORS LEL | ons (I C50
val ues Fol at e Recept or Assay [(0114] Al sanp
pr e PRI sHiioPd e Bsrben a@@a“qg@*ﬂ waléawn%éeéyl%ﬁ 780),
per f,akmedradivAte indieSS We: ﬁagqﬂlésmwc%; HATRIeNL Z1e dr l'uﬂm:
honogéni zation buffer (10 MM 'iris, 0, 02 ny/ ml
eacvprst (9 @hpepticrndatitreapeiotingd #pon adinisgg de/Boweunds of
ti ssﬂ%%)wé,aab,m ﬁ@&%ﬁ&%ﬂ&%%@@ﬁ@%%%ﬁrmaa&%naqggeg
was renoved mld centrifugation (3
mi n)hat Mapbe seecdoeith dt sompeunds freprdoglp Betiednbyn.
cen t CoF thic
e O R e 0
7.4 m\@ﬁtﬁbm pivl/Nau@dn a 2&nmipindvlonigedpyl oompmalgg Ue opy pamdseideis
5 ni M EDTA, and 0. 02% sodi um azi de). |nsol uble
mat eri al was renoved by a second 40,000 X e 60 m n
centrifugation, and the total protein concentration of
- the supernatants was determ ned by the bicinchoninic
acid (BCA) nmethod (Pierce Chenical). Each sanple was
then diluted to 0.25 ing/inl in solubilization buffer,
and 100 ul was placed inside each of two M crocon-30




10 mn at roomtenperature to pass all of the liquid

t hrough the nenbrane, as well as to retain the
wBbsishdozed Fits on the surface of the PCT/US2007/069736

m croconcentrator's nenbrane. Al subsequent

centrifugation steps were perforned using these sane

paraneters. Then 55 pi of 30 inM acetate buffer (pH

10) was added to each n1crocog5entrator foll owed by a

centrifugation step. Next, 5570l of phosphate buffered

saline (PBS) was di spensed I nto each

m cr n n.

Then S0 Sl of T I PO e ey d b A o ?gﬁﬁﬁﬁﬁdd%i“%%*ohp

[ 3H] fiitieonadie doljommmr sham) in 10 iri M Na2PO4,

KH2PO4, pk c [ C KC1,

and 25 |nK%%még?b@Q%QEQhB?ﬁ%%%V?gﬁ%??%éﬁmgﬁr%H%Q%%

a copmeﬁmngwnmagdnmmdmnncmngwreagent plus 120 } AM

unl abel ed fglatloc ac.

concentra% ors. pcffe

tenpeﬁaﬂymemx@heMGbmmemmnahmﬂﬁnmmbmuwaahmdmcemimn$U@mﬂ,

three tings with 75 i NM n : .
" oct et Breg ey Pan s L BEO flegalips el non-Hodgfins
Af t eryntphemﬁimay cMBIS phdiig aﬁ@B@fﬁttaﬂ}eﬁpiﬁmﬁi ai ning the
sol ubili z wer e re g fron1t&§ nenbrage ,
surface o ‘e‘ili’f8?<?’r‘?‘l§r%‘8%‘h8 ’h’f/? feagsying g ng foyiead gpiepic
100 piyciofenBRSca@ntiaihi p@nftodytictifkeXial00. The sanpl es
were then counted in a liquid scintillation counter
(Packar d BirggePieheertalagd ﬁﬁléphﬁ’élll DY NS S PN ues
Ver e, ¢ePMent edubhaRbeRTRbeS, B siRhased, on the cpm of
a known standard, and the final results were
nor mal i ze“éPiW”tPtf1?1‘§§¥FéélﬁTﬂlt%‘gtfhé]C§‘éle§I1@‘%f"éf”& :n content.
Ani nmagdoamsgew fud QiLBloJmmale CO2171 i ce (Harlan
Spr ague- Da I n mai ntained in a
control | eéthéhf\‘ﬁilloénméﬁfimaﬁ@] PPOYidedeiiahe e ermaisginoma,
f OOdk(?S{ochd ﬁ'l}&%@t%ﬁ&?h’ﬂﬁ@ﬁal cgnéeh%ﬁfteﬁtt&qfc%:m-rhe nuri ne
FRa( - élson 1 ' ung carci nona (Marks et

L Q@?Thfmmmoh@is PR pprses siantiqhRRa(s#)) f@8RItDQ patients
var ' %rb@ergfﬁ t?e\ﬁ?eldlf Ic%nr%ep Qs gfefi agﬁlg% VQHO ﬁabgnot
epot one ot ne ana g., epothilone
deri matfuovéj beeh @Ieat@oe pUtChll IThnerctwdj ugatoepopiions of this
f ol SR L bongs ARLan. SANLUGRL Frc LR FANLLLAD, Che
nud ebmmenmshad:cmq;ouscecbf famutai(X$ m{ay bpm&%ml f@n;lﬂgm g refractory
Treatnenﬁ %nd Antitunor Efficacy Evaluation [0116] For
adni i 'SYY&Y“8I°8f epot hi | one or epot hi | one anal ogs to
m cefoian GEDK(CctCmipﬁﬂiﬁdS(bO%Ip&i&tﬂ’ﬂ@w@ﬁ“dnhﬁwfzﬁdollﬁ%@@l imasatment

used: [ et hanol [ wat e

The & ?ﬁi?é S%E%E%P?W@t‘o *af%%tr%aﬁ% ‘h‘ %1% ﬂﬁe% ?81%3"3%%‘ Wi tne
CREMPHOReg tdretnbiamal biai Bd)ed &1 fakitidickpetiappinfiomhhery
required dosage strength was nmade | ess than 1 hr

bef oi“é“’d‘ﬁ ae! BT IR PR GRS &'olidtcE DA AR RICE PEreahigse
agenis c@MnJMﬂEM@uJ VsibRjaeetdeRRusNQUARIhNE dRhde, VeI N.
Fol at e- epot hi | one conj ugates or fol ate-epothil one

anal B)dﬁ%]oﬁ‘jnﬁ’ﬁb&l@g RREes PinggEerwepnt Yits the cpmpoysAbeiphapigsent
buf f grediosdlay Q@ceﬁ/@q c&qmnﬁ‘tﬁ&)to? k@SR %F&a!ﬂ}ﬂlel \Mtlp&hé’asantx-
|nject|onthroug the tail vein at a volunme of 0.

i nUgcatermng eyomprie Agneay ogfer Bepdheniseill inglstr %}é}@‘d Obfﬁimel

i ndi Xl(gllrgill %@%@(ﬂ%‘l@ﬂ%s lL]Q;%J‘L?] Inc% a%ghﬁlb{nggon%fgpﬁpo&ﬁs
ani nal e {0 detect a mean ng%u response we

pool eﬂhfatmttamenwam angfont hemersepddiiiomh t zcandnéackihagisaunents
gi ven a subcut aneous inocul ation of a tunor brei (2%
wv). Tunors were allowed to grow for 4 days. On the
fourth day, animals were evenly distributed to various
treatnment and control groups. Treated aninals were
checked daily for treatnent rel ated

toxicity/nortality. Each group of animals was wei ghed
before the initiation of treatnent (Wi) and then

}c Lm 1013 o% lgmfgmg imealf%e h1§ acP g%lgﬁfemm Such as



[0119] Antitunor activity was eval uated at the maxi num
tol erated dose (mID) which is defined as the dose

wd f¥ehsohsrredi atel y bel ow whi ch excessive toxi q;éfmsébm%(w%
nore than one death) occurred. Wen death occurred

the day of death was recorded. Treated m ce dying
prior to having their tunors reach target size were
consi dered to have died fromgdrug toxicity. No control
m ce died bearing tunors |ess than target size.
Treatment groups with nore than one death caused by

dr ug, &, X 1aGd s %ﬁ%ﬁ&&g&%&{ggrgtn‘g@ h'?@&é:ﬁ% E{%‘% $ ?e?éa' vely

toxiC treatmeRts an i nc ude in
t he nesghdnirat plowtiof than bonpopmdtisofdptmidufior Eafeﬁ:latiac&yeful are

fr gr ;?g‘[lg#?%? anﬁ%”%{ox{ce(ﬁp%@%ma L?Lnsdghemfm Y‘}?%@Cé)eg dng Eosgxl'l Mets

t he ind'n ﬁiffkreenmennenmtdiff@m(tqbayns)of regel et thor it heivt deat ed
gz Stermnedtar et size
omiest Mt B SR R R B TSP BTS Sl o%21] To
est |[mﬁ33¢ Bxumpics efdidssdsiof knti-tdneertaudrofiotsnl ug@ssd@uhxlei, Bg are
tinme VDTl) first calculated with the

tg,l\,l\fl?lfyl

TVDT‘OU”ME‘H HS C&AY's JUCP 8 MEBHT RIS ‘u*nf}& Oriﬂé%vc h

t ar gefosSirg®, cthVednas, tahdirﬁ‘u&@iﬂySi})tuﬁ}&ﬁbcﬂﬂﬁt Jueh a¢furmf s to
reach half the target size And, %cell kill =T-C
A

(3. @2“"‘5’(0%?)”‘@“&?1%‘{6?@%1 peyRidngpdnees g Bedcsir e

per fenimRatks UsENg: fHana BQRAla] dnZ@ ks Wak e OX ORoidig Shnsferase
ABBREVI A' TI ONS [0122] The fol lowing abbreviations are

us e dPITLoFH BORHAIAEEN th HECIER ASP S (9El efsHOgeH 1 BBSE0261S,

ref ah&9d &S/ﬁ%dl@ roges{ing, and luteml/m hormone-releasin
N- ( Benz%l oxycar bgﬁlyi%x%) succinimde DOM = s

di cRhBrEPEhec DRAC-disgper hgankniugk as ecleinascidins or their analogs
and derivatives; microtubule-stabilizing agents; plant-derived products, such as

vinca alkaloids, epipodophyllotoxing, and taxanes; topeisomerase inhibitors;
prenyl-protein transferase inhibitors; platinum coordination complexes; kinase
inhibitors including multi-kinase inhibitors and/or inhibitors of Sre kinase or
Src/fabl; signal transduction inhibitors; and other agents used as anti-cancer and
cytotoxic agents such as biological response modifiers, growth factors, and
imnune modulators. The compounds of fornla X may also be used in
conjunction with radiation therapy.

[6104] Further examples of anticancer agents that may be used in combinatien
with the compounds of the invention include Src kinase inhibitors, *N-(2-Chloro-
6-methylphenyl)-2-[{6-[4-(2-hydroxyethyl)-1-piperazinyi]-2-methyl-4-
pyrimidinyljamino}-5-thiazolecarboxamide, and other compounds described in
US Pat. No. 6,596,746 and US Pat. App. No. 11/051,208, filed February 4, 2003,
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; 6,570,651; 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, W( 98/38192, WO 99/01124, WO



DI AD = diisopropyl azodi carboxyl ate D PEA =
di i sopropyl et hyl am ne DVA = cli net hyl am ne DWMF =

i formam de DMSO = di met hyl suf oxi de EDge1s 6
W@?@’E&%t hyl ani nopr opy1) - 3- et hyl car bodi i i GarCTTUS2007/069736

hydrochl ori de EtOH = ethanol EtOAc = ethyl acetate FR
= folate receptor -41 - HOBt = n-hydroxy

benzotri azol e HPC1J = hi gh perfornmance |iquid

chr omat ogr aphy i Pr-01-1 or | PAY= i sopropyl al cohol
LCMS = liquid chromat ography/ mass spec LDA = lithium

di' i s@PELBY 1\ f02514, WO 99/03848, WO 99/07692, WO 99/27890, WO
99/28324, WO 99/43653, WO 99/54330, WO 99/54318, WO 99/54319, WO
99/65913, WO 99/67252, WO 99/67253, WO 00/00485, US Pat. Appl. Pub. Nos.
2004/0053910 and 2004/0152708; cyclin dependent kinase inhibitors found in
WO 99/24416 (see also U.S. Pat. No. 6,040,321); prenyl-protein transferase
inhibitors found in WO 97/30992 and WO 98/54966; farnesyl protein transferase
agents described in U.S. Patent No. 6,011,029; CTLA-4 antibodies described in
PCT publication no. W001/14424, and/or a CTLA-4 antibody described in PCT
publication no. WO 00/37504 such as, for example, the antibody known as CP-
675206 (ticilimunab), or ORENCIA®; MDX-010; vinflunine (Javlor™), and
Erbitux (cetuximab).

[0105] Other agents potentially useful in combination with compounds of the
present invention may include paclitaxel (TAXOL®), docetaxel (TAXQOTERE®)
misceilaneous agents such as, hydroxyurea, procarbazine, mitotane,
hexamethylmelamine, cisplatin and carboplatin; Avastin; and Herceptin.

[0106] The pharmaceutical compositions prepared according to the present
invention can also be formulated or co-administered with other therapeutic agents
that are selected for their particular usefulness in administering therapies
associated with the aforementioned conditions. For example, the pharnaceutical
compositions may be formulated with agents to prevent nausea, hypersensitivity
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 arnt.

[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



MeO1- 1= nethanol OTES = o-triethylsilyl; Ow =
nmesyl ate; Ph = phenyl Pd/C = palladi umon carbon PyBOP

“Krmﬁ%ﬂé%hr'320| 1-yl-oxytripyrn i di nophosphoRicifsherinrss
hexatf | uorophosphate Py = pyridyl RT = room tenperature

Sat'd = saturated THF = tetrahydrofu ran TEA =
trifluoroacetic acid TLC = thin |ayer chromatography
TESCL = chlorotriethyl silane qv = ultraviol et. METHODS
OF PREPARATION [0123] Cbnpounds of the present

i nvention may generally be prepared according to the

fol llﬁW%@&aﬁg gm‘ansor%ngu(gmt%ﬂﬁg-gl\é’i gz%gets Qttalhlgnrﬁe U@](p%q(%gm A

the art, an usi n fort
Nos no&ﬂ@@@ﬂ%@@:uo@% @3!1&}3@9@911%6 A800, 16 98sag6RODB@4ons

S ooLPuE55 a6 T B hncda fRY pecdBRbis sERes Nguepss. g

thepﬁmsmbn&uﬁemnpﬁumh&am ﬁmethﬂebna@nmsﬁmmhahé@nbmnﬂﬂe

ref ?rsetﬂl%leed%%q/e}%gse Iopextene]eg)%?ea e, efmmcnm{e xclcasle%\{vextended release
can be achieved by the use of suitable pharmaceutical compositions comprising
the present compounds, or, particularly in the case of extended release, by the use
of devices such as subcutaneous implants or osmotic pumps.
[0109] Exemplary compositions for parenteral administration include injectable
solrtions or suspensions which can contain, for example, suitable non-toxic,
parenterally acceptable diluents or solvents, such as mannitol, 1,3-butanedio],
water, Ringer’s solution, an tsotonic sodium chloride solution (0.9% Sodium
Chloride Injection [Normal Saline] or 5% Dextrose Injection), or other suitable
dispersing or wetting and suspending agents, including synthetic mono- or
diglycerides, and fatty acids. Pharmaceutically acceptable compositions and/or
methods of administering compounds of the invention may include use of
cosolvents including, but not limited to ethanol, N,N dumethylacetamide,
propylene glycol, glycerol and polyethylene glycols, e.g., polyethylene glycol
300 and/or polyethyiene glycol 400, 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 polyvinyipyrrelidone; may also coniprise 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, §-arginine, L-lysine, L-histidine, L.-alanine,
glycine, sedium carbonate, iromethamine {a/k/a
tris[hydroxymethyt]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



[0124] As shown in Schene 1, a conpound of formula X

can be prepared froma conpound of fornula II.
wEoopeupss of formula Il can be obtained by — pcyus2007069736

fermentation (see, e.g. Gerth et al., "Studies on the

Bi osynt hesi s of Epothilones: The Bi osynthetic Origin

of the Carbon Skel eton," Journal of Antibiotics, Vol.

53, No. 12 (Dec. 2000), and Fgﬁfle et al., "Epothilone

A and B- Novel 16-Menbered Macr o' i des:
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incubator for 23 hours. The next morning, the cells were removed from the
flasks by trypsinization, cell numbers were determined, and then cells were plated
in a 6 well plates. Ten days after plating, colonies were stained with crystal

violet and counted. The surviving fractions were determined.

In vitro MTS Proliferation/Cytotoxicity Assay

f0113] In vitro cytotoxicity was assessed in tumor cells using a tetrazolivm-
based colorimetric assay which takes advantage of the metabolic conversion of
MTS (3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-
sulphenyl)-2H-tetrazolium, inner salt) to a reduced form that absorbs light at 492
nm. Cells were seeded 24 hr prior to addition of the epothilone, epothilone
analog, conjugated epothiione, or conjugated epothilone analog. Following a 72
hour incubation at 37°C with serially diluted compound, MTS, in combination
with the electron coupiing agent phenazine methosulfate, was added to the cells.
The incubation was continued for 3 hours, then the absorbancy of the medium at
492 nm was measured with a spectrophotometer to obtain the number of
surviving cells relative to control populations. The results are expressed as

median eytotoxic concentrations {ICso values).

Folate Receptor Assay

[0114] All sample preparation procedures used for 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; I ml buffer/50mg
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--D-glucopyranoside,
5mM 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 dijuted 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
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10 min at room temperature to pass all of the liquid through the membrane, as
well as to retain the solubilized FRs on the surface of the microconcentrator’s
membrane. All subsequent centrifugation steps were performed using these same
parameters. Then 55 ul of 30 mM acetate buffer (pH 3.0) was added to each
microconcentrator, followed by a centrifugation step. Next, 55 ul of phosphate
buffered saline (PBS) was dispensed into each microconcentrator, followed by
another centrifugation. Then 50 ui of [*H]folic acid binding reagent (120 nM
[3H}folic acid (Amersham) in 10 mM Na,PQ,, 1.8mM KH;PO,, pH 7.4,
containing 500 mM NaCl, 2.7 mM KC1, and 25 mM n-octyl-B-D-
glucopyranoside) or 50 pl of a competing reagent (binding reagent plus 120 uM
uniabeled folic acid) was added to the appropriate concentrators. Following a 20-
min incubation at room temperature, the concentrators were washed/centrifuged
three times with 75 pl 50 mM n -octyl-p-D-glucopyranoside, 0.7 M NaCl in PBS,
pH 7.4. After the final wash, the retentates containing i,hé solubilized FRs were
recovered front the membrane surface of the microconcentrators by two rinses
with 100 ! of PBS containing 4% Triton X-100. The samples were then counted
in a liquid scintillation counter (Packard Bioscience). Counts per minute (cpnt)
values were converted to picomoles of FR based on the 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 libitun were
used in these studies. The murine FRa{-) Madison 109 (M 109} ung carcinoma
(Marks et al., 1977) and the FR-expressing (FRa(+)) 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
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(1:1:8, v/v}. The compounds were first dissolved in a mixture of
CREMOPHOR “/ethanol (50:50). Final dilution to the required dosage strength
was made less than 1 hr before drug administration. Mice were administered the
agents by bolus IV injection through the tail vein. Folate-epothilone conjugates
or folate-epothilone analog conjugates were prepared in sterile phosphate
buffered saline and administered to mice by IV bolus injection through the tail
vein at a volume of 0.0} ml./g of mice. Treatment of each animal was based on
individual body weight.

[0117] The required number of animals needed to detect a meaningful response
were pooled at the start of the experiment and each was given a subcutancous
incculation of a tumor brei (2% w/v). Tumors were allowed to grow for 4 days.
On the fourth day, animals were evenly distributed to varicus treatment and
control groups. Treated animals were checked daily for treatment related
toxicity/mortality. Each group of antmals was weighed before the initiation of
treatment (Wt1) and then again following the last treatment dose (Wt2). The
difference in body weight (Wt2-Wt1) provides a measure of treatment-related
toxicity.

[0118] Twmor response was determined by measurement of tumors with a
caliper twice a week, until the tumors reached a predetermined “target” size of |

gm. Tumor weights (ing) were estimated from the formula:

Tumor weight = (length x width?) + 2

[0119] Antitmmor 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 thetr data

were not included in the evaluation of a compound’s antitamor efficacy.
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Schene 2 shows a process for making a fol ate anal og or

wdekdmadbye V and bival ent |inker T-Q having tBerys2007/069736
formula Xl, below, that may be used with conpounds of

the invention to nake conjugated nol ecul es for
targeted drug delivery, e.g., as per fornula I

previ ously described. As sho in Schene 2, a folate
anal og and bival ent |inker can“be assenbl ed using

met hods known in the art, especially in the case where
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prepargd((as shown in Scheme 2. Sequential peptide
couplyy 59 Pf o R, G¥SLELNE T KAPAR LR YRt BBl SR TV T) was

first calculated with the formula:

TVDT = Median time (days) for control tumors to reach target size — Median time

(days) for control tumors to reach half the target size
And,
Log cell kill = T-C =+ (3.32 x TVDT)

Statistical evaluations of data were performed using Gehan’s generalized Wilcoxon

test.

ABBREVIATIONS

[0122] The following abbreviations are used in the schemes and Examples
herein for ease of reference:

CBZ-08u = N-(Benzyloxycarbonyloxy)succinimide

DCM = dichloromethane

DEA = diethylamine

DIAD = diisopropyl azodicarboxylate

DIPEA = diisopropylethylamine

DMA = dimethylamine

DMF = dimethyl formamide

DMSQ = dimethylsufoxide

EDC = 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
EtOH = ethanol

EtOAc = ethyl acetate

FR = folate receptor
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wi th Fnoc-protected aspartate, arginine, aspartate,
and then glutamte can be effected using PyBOP as

-45 - agent. N m#TrifIuoroacetanide-protecteéﬁﬁ}er0|c
acid can be prepared in two steps by enzymatic

(car boxypepti dase G conversion of folic acid to
pteroic acid, followed by N—p otectlon usi ng
trifluoroacetic anhydride. coupling of the

N1- protected pteroic acid to the resi n-bound peptide

foll d—:P%&&@%\é@%%J& mthe resin with

tri uor oacet | d and renoval of the
N- t HLuehighpetynagpedgpidebiongicgmpbni um hydr oxi de

ro ) I of a conpound of formula I
P hoYhAgT Rk Tt L ATERY d T-Qis -Asp- Arg- Asp- Oys- OH.

Al téKWSIdflejmyﬂ,clM1M@gi@habm”ds gnral ogs could be used in

pl ag%/\ iRLerg aC|Id and ot her am no acids, could be
use T plrace %?OP%O%“@H Ilustrated in Scheme 2. Scheme
2 I—H\G}(H{Amﬁtaholxyt rityl)-2-chlorotrityl-Resin (loading

0. 57 ol / 1) . Fjnoc-Asp(Offlu)-0H PyBOP, D1PEA,
dﬂlﬁ g%@ﬁké%‘i‘léi!;ne 2) Froc- Arg(Pbl)-0H, PyBOP,
DI PEAIs DMesyidhen pi peridi ne 3) Fnoc- Asp( Qi Bn) - 011,
PyB , DLPEA, DMF, then piperidine 4) Finoc-Glu-Q Bu,
=BEBEA. DVF, then pi peridine 5) N TFA Pteroic

ACI qb(g/(P:yﬁm%de]{PnEAionl\/SO 6) 92.5% TEA, 2.5%1120, 2.5%
| -Pr 38| | d, and 2.5% ethanedithiol 7) NH 011 aq., then
é% P = benzotriazol-1- yl-oxytripyrrolidinophosphonium hexafluorophosphate

Py = pyridyl

RT = room temperature

Sat’d = saturated

THYF = tetrahydrofuran

TFA = trifluoroacetic acid

TLC = thin layer chromatography
TESCL = chlorotriethylsilane

UV = uliraviolet.

METHODS OF PREPARATION

{0123] Compounds of the present invention may generally be prepared according
to the following schemes and the knowledge of one skiiled in the art, and/or using
methods ser 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
Letrers, 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 H. 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 (Pec. 2000), and Hofle et al., “Epothilone A and B- Novel [6-Membered

b9 7/069736



H2ZNNH NH CO2HSH H N+ ---------- 11- NNNCO2H - -,
CO2HCO2H X1 [0126] Schene 3, below, shows a nethod
wbd 9%07434299 the epothilone derivatives of the ppepeinnrns973s
Invention to prepare a conjugated nol ecul e of formula
I, for use in targeted drug delivery. As shown in
Scheme 3, assenbly of compounds of -46 - fornula |
can be achi eved by coupling c%qpounds of formula X to
a fragment VT-Q by stepwi se irncorporation of a

rel easable linker M By way of illustration,
conp i e rration 1 .
T e

an aChdmvdeeld bagkoteli ¥z doel %tﬂ;@ﬁﬁ]ﬂtﬁéﬂ 96, thgldésciasyres Qif
Con'p\ghllgﬁi zn% leir{ 1%(1 ng%i <§ bf 4 g%ef&%ﬁ%%ﬁﬁesf& (%@1 e. dte et al.

mer capt oet'h oXYy car b ony enyl” "chl ot
and H©f P@tleoor@aﬂOIS359%;&%!121469:t(681572¥3ﬁend:ﬁ@ﬁ’&tpypwldl’ube to

Provige @hdsntel TEdLaLe, 25,627 RY LA M5B, 2:1537-1540) the
disclosures of which are herein incorporated by reference in their entirety). For
example a compound of formula II where Ro, Ra, Ry, Rs, and Ry are methyl, B,
is hydroxyl, R) and Re are hydrogen, and R» is 2-methylthiazol-4-yl is referred to
as epothilone A and can be obtained from fermentation of Sorangium cellulosum
as referenced above. A compound of formula II can be converted to a compeund
of formuia [ where P is a silyl protecting group such as triethylsilyl, t-
butyldimethylsilyl, t-butyldiphenylsilyl, triisopropylsilyl, and the like (see, e.g.,
Greene et al., “Protective groups in Organic Syathesis”, John Wiley and Sons,
Inc.). For example, a compound of formula {II where P is triethylsilyl can be
prepared by treatment of 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 IV (Y is CI, Br, or I} can be prepared from a compound of
formula {1 by treatiment with a metal halide salt by methods known in the ait.
For example, epoxide opening using magnesium bromide etherate at low
temperature (-20 to ~5°C) can provide diastereonieric 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, forexample, sodium azide in a
polar solvent such as dimethylformamide, An ordinarily skilled artisan will
recognize that the stereochemisty at Cj, as depicted in Scheme I should not be
construed as limiting, but rather exemplary. If desired, inversion of the
stereochemistry at the Cj2 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 antmonia to provide a compound of fornula V1. Again, the stereochemistry
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conpounds of fornulas XX and/or XXI where OGis a
wb816gr OUp such as nesylate, tosylate, nosytB82007/069736

triflate and the |ike can be prepared from conpounds

of formulas VI and/or Xl X by nethods known in the art.

For exanple, treatnent of VI and/or XIX with
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renoval of the silyl etheernotectlng gr oups uewng A,
n the art (se€iXe.g., Geene et al.
"Protectlv groups, i n Oy Syni hesi s", Joh
and Sons, ]I dgeym [ For-+i-nst ande, "wheh P is—
trlethyIS| a
W th trlfluoroacetlc acid in d|gﬁ|0ronethane effect
deprot ection 16 provi de a conpound of fornmula X %9
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[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-leaded polystyrene resin
with Fmoc-protected aspartate, arginine, aspartate, and then glutamate can be

effected using PyBOP as coupling agent and piperidine as Fmoc-deprotection
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As described in the detail ed description above,
wadadp@se7and derivatives of folate are descri BeguisRonr069736
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ConmouRc AL, OHla & ERRPONI R:crdi 0130 L GRONR P as
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i ncorporation (data not shovvn3 0132] Since
conj ugates of Conpalsd-nAdogerpnstiiabed!-desappaintiisigmol/s)
cytotoxicity against tunor cells, studies were

conducted using three conjugates

(Conpounds BB.T to 13B.111) gl? gﬂ%&%@%b&ﬁ”ﬁ%ﬁ%‘”
as epothilone F, and is an anéﬂcbgpfif“‘
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roup. \Wile Conpound BI 3. F@i‘ grersinegi spl a
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[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
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[0127] Scheme 4 illustrates an alternative method for making a compound of
formula X from a compeund of formula XIV {see, U.S. Patent Application No.
60/940,088, filed May 25, 2006, incorporated herein in its entivety 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
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Antibiotics, Vol. 53, No. 12 (Dec. 2000), and Hofle et al., “Epothilone A and B-
Novel 16-Membered Macrolides: Isolation, Crystal Structure, and Conformation
in Solution”, Angew. Chem. Int. Ed. Engl., Vol. 35, No. 13/14, 1567-1569
(1996), the disclosures of which are herein incorporated by reference) or by total
synthesis (see, e.g. Vite et al. US Pat. Nos. 6,605,599; 6,242,469; 6,867,333 and
US Pat. Appl. Pub. 2006/004065, the disclosures of which are herein
incorporated by reference in their entirety). For example a compound of formula
XIV where Ry, R3, Ry, Rs, and Ry, are methyl, By is hydroxyl, R; and R are
hydrogen, and R, is 2-methylthiazol-4-yl is referred to as epothilone C and can be
obtained from fermentation of Sorangium cellulosum as referenced above. A
compound of formula XIV can be eonverted to a compound of formula XV
where P is a sily] protecting group such as triethylsilyl, t-butyldimethylsilyl, t-
butyldiphenylsilyl, triisopropylsilyl, and the like (sce, e.g., Greene et al.,
“Protective groups in Organic Synthesis”, John Wiley and Sons, Inc.). For
example, a compound of formula XV where P is triethylsilyl can be prepared by
treatment of 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 X1V, then B, would alse be converted to the corresponding
silyl ether. A halchydrin of formula X VI or XVII{Y is CI, Br, or I} can be
prepared from a compound of formula XV by treatment with a halogenating
agent such as Ys. For example, electrophilic addition in polar solvents such as
acetonitrile using iodine can stereoselectively provide regioisomeric halohydsins
of formulas X VI and XVII, where Y is iodine. Alternatively N-halo
succinimides can also be used for the same transformation. A compound of
formula X VIII 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. It desired,
compound XIV can be directly transformed into a compounds of formula XVI
and/or XVI{ (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 letra-alkyl ammonium azides in alcoholic solvents. In
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the case where P is a silyl protecting group, compounds of formulas XX and/or
X XTI where OG is a leaving group such as mesylate, tosylate, nosylate, triflate
and the like can be prepared from compounds of forimulas VI and/or XIX by
methods known in the art. For example, treatiment of VI and/or X1X with
methanesulfonyl chloride and triethylamine in a suitable organic solvent such as
dichloromethane provides compounds of formulas XX and XXI where OG is
mesylate. A compound of formula VHI can be prepared from compounds of
formulas XX and/or XXI by reduction of the azido group through methods
known in the art. For example, compound VHI can be prepared from compounds
of formulas XX and/or X X1 through reaction with a reducing agent such as an
organophosphine (e.g., trimethylphosphine) in polar solvents such as acetonitrile.
Alternatively, when P is H, compound of formula VI can be directly prepared
from compounds of formulas VI and/or XIX by reduction of the azido group with
a reducing agent such as an organophosphine {e.g., triphenylphosphine) in polar
solvents such as acetonitrile. A compound of formula IX can be prepared froni 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 IX where H-K-A- is 2-hydroxyethyl can be
prepared from a compound of formula VIII by atkylation 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, treatmment of a compound of formula IX with trifiuoroacetic acid in

dichloromethane effects deprotection to provide a compound of formula X.
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SCHEME 4

[G128] The invention will now be further described with reference to the

following illustrative examples.
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wénbi7huper activities of aziridinyl epothil onepcr/us2007/069736
conmpounds CC-EE, the only hydroxyl groups on these
nol ecul es avail abl e for conjugation to folate are
those found at the 03 and 07 carbon atons.
Consequent |y, having researchqua nunber of epothil one
conmpounds and anal ogs, there remai ned a challenge to
di scover a conpound that would be readily avail abl e
for conjugation to fol ate, pgRdpmiiscch woul d denonstrate
activity via specific release of the active epothilone
noiety in the tunor cells. [0136] The aziridinyl
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epot hi | omé a 98 (i ePi | oney ' arid
Compound BB) wer e d by the col ion
assay that is des above. The concent patd on
needed to kill 90% of cl onogenic KB cancer cells (ICA

was determ ned after a drug exposure duration of 17
hours. As shown i/Hoard 3A conpound G exhPHPEEE Bth
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respectively. .[0139 j ugation .of cohpound. G to form
CompB a5 o G REL aAFIRE PR SR, arBr VEeH TiyTor®
conppdpdedGandCpipauncksitd danmasik ilatedits Wpstainig, atd FR-
cytotoxic activlty agai nst tunor cells in vivo. In the
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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 incorperation (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.1II). Compound BB is also known as
epothilone F, and is an analog of Compound AA, where the 2]1-amino group 1s

replaced by a 21-hydroxyl group. While Compound BB.II (Fig. 2) displayed
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[0135] Despite the antitumor activities of aziridinyl epothilone compounds

™

X

CC-EE, the only hydroxyl groups on these molecules available for conjugation to
folate are those found at the Ci and Cy carbon atoms. Consequently, having
researched a number of epothiione compounds and analogs, there remained a
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 motiety in the tumor cells.

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

formula,

Compound G
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4, 8-cblh1§z£1(ad friged Wb@ldo)»i@@l?ﬁ)(ﬂj produced superior antitumor effects than

- gy Rheliagpoane-2. o-drone

& onC
Compound J

[0140] In contrast, with the FRa{-) M109 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. (F1G. 5). These

results indicate that the FRao (=) M 109 is sensitive to ixabepilone and the
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bi s[(triethylsilyl)oxy]-1-oxacycl ohexadecane-2, 6-di one
(7.0 g, 9.15 mnol), 4- nitrobenzoic acid (3.82 g,
22.9 mmol ), and triphenyl phosphine (6.0 g, 22.9 mnol)
were dissolved in TI-IF (100 ).

Di et hyl azodi car boxylate (9.0 nL of 40% solution in
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-1- 0%5'&:% eéﬁ WRYE v? Slgp]dﬁ Bp-tumgietfects both 1n vitro and in
vivo, and since the antitumor activities of Compound J may be attributed to
FRa(+)-mediated effects, also described herein is the conjugation of aziridinyl

epothilone analog Compound G (see Examples 2 and 3) to form Compound J.

(See Example 2).

EXAMPLE 2: PREPARATION OF COMPOUND ]

GOz Jim /[ g™ ie”\
)JI ]/\ Q/LL /\/\n/ \)J\ N\:‘lcl:\o i CO” ]\){\\(QP\OH

O on O
{8§)-2-(4-((Z-amino-4-oxo-3.4-dithydropteridin-6-ymethylamino)benzamido)-5-
{{S)-3-carboxy-1-((S)-1-({8)-3-carboxy-1-({R)-1-carbox y-2-(2-(2-((2-
((18,35,7S,10R,1185,128,16R)-7,1 1-dihydroxy-8,8,10,12-tetramethyl-3-((E)-1-(2-
methylthiazol-4-yl)prop-1-en-2-y1)-5,9-dioxo-4-oxa-17-aza-
bicyclo[14.1.0}heptadecan-17-yhethoxy)carbonyloxy)ethylydisulfanylethylanino)
-1-oxopropan-2-ylamino)-5-guanidino-1-oxopentan-2-ylamino)- 1 -oxopropan-2-

ylamino)-5-oxopentanoic acid



[0151] The nitrobenzoate ester Conpound D (7.3g, 7.98

nunol ) was dissolved in ethyl acetate (35 nt.) and

WO%F’J/ﬁ%ho 0C. Ammoni a in methanol (350 inL obcdMs2007/069736
tion in nethanol) was added, and the reaction

m xture stirred at RT for 4 hr, concentrated and

purified by silica gel chronmat ogr aphy (stepw se

gradient from 10 % et hyl acetaste/ hexanes to 30%

et hyl acet at e/ hexanes) to i sol At'e
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RISl e A 1&9/\F/ﬁ‘”§‘§?ﬂ g e K%Sé(‘/o)sof&@@wound Aas
ext nagiedoy t h di chl oronet hane (3 X 100 nth), dried
over Na2S011, concentrated and taken to next step
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TFA), flow pate 4.0 nL/min, OV 220 mt Ret
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[0145] To a stirred solution of [1S-[IR* 3R*(E),7R*,10S* 1 IR* 12R* 165¥]]-
8,8,10,12-Tetramethyl-3-{I-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;0 (3 x 2.13 g, 24.78 munol} in three portions



G Preparation of

[1S-[112*,312*(E), 712*, 10St, 1112*,1212*,16S]]-7, 11-
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-net hyl -2-(2- net hyl -

4-t hi azol yOet henyl i - 4- oxa- 17- azabi cycl o[ 14. 1. 0] hept ade

cane-5, 9-di one [0156] K2COB (1.4g, 10.2 mmol) and

21":onoet hanol (0.52 m., 7.3 rggol) were added to
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t errpgwa(lom@ourfdl B t:?e"r gdl‘s%miﬂdjgh aGdlile tfeym wasdeth wedered

acet otnltt éﬁ ggﬁ di chl oronethane (2 X 5 nil.),
concéft ?I%f“é‘be“ g gaﬁ ‘to next step without further

puri fo1der HENC: ES 16@sstrict DLbrofeplRP PRénydl e 0 et h@Nisocratic, 30

pr oduct di chl oronet hane i nL

oot bR im0y acrliprbalaft STRu! dopatio st P, UV
addeds4, AEL£%7 ﬂamf'('l@()% b@ley @@qtqs @mm >80WI\Q+M@S _
concentrated t ak (200 i nL

extr&et ed? ’iﬁ/l’f"f‘i’“ﬁl‘@ﬁ 4§riéﬁfest7 ﬁaﬁ% ?13 sﬂ@’slG)tf”"ﬂ‘e]t?)‘2 (@ﬂ]r’é’dm)”do'
over 1 Naydfiedy ssw&@mﬂﬁi%]ﬁqn%e%fuzf(uﬁﬁethyi @'u'ubﬁﬁ*ylﬂz?l'.enyl]

chr omat ograph ('10% net Kanol/ di chl or onet hane)

i sol gh&bis|(triethylsilylyoxy]-1-oxacyclohexadecane-2,6-dione

[1S-[112*, 3R*(g) 712t,10St, 1112*, 12R*, 16S1] - 7, 115 Di hyd
roxy- 1% ] 2- sqydr ox ethyl] 8 8,10, 12- tetr@rrethggl :
[ 1- met,] 1»2,- ek hyshie, 4- —~ 1)
[ oxa- 17—azabi-cyel o[ 14]1. ]
gnppund G, asaclearfllm(O
.059358] LC-MS: Waters Sunfire CBB, 14.%
x 50mm gradient, O tol00%8 over 4 mn. (A= 10%

I\/bOl 1% OH/ 11 FA
NeOLAREER, £ ot TP Tl RO B B L T
2. 12Brdnie- 1 My dp&SHY, 5, M ltdtrameB3 71 S2L-mkthpr- BpRmatiyon- of

S) - 2- (44( 2- ar ni nQ-4- oxo- 3, 4-di hydr opt eri di n- 6-
) i LR A R p e S Rt p-cione
S) - 3¢o0mg, DORYMUEGIP)r 12 L of DME wue added sodium azide (8.0% g, 123.3

car boxy- 2- ner capt oet hyl am no) - 1- oxopr opan- 2- yl am no? 5
- guah’ I1 ;gd {8-crown-6 (3.26 g, 12.3 nimol) at RT under Ny atmOsphere. The

0X0PEBirabudoy ARG mbcIAXRRAOR X To27 ¥dy@NTROMIRILAXAP 8l
noi ¢ acid 0CO2H
with EtOAc (4 L), and washed with H,O (6 x 3 L). The organic layer was dried

(Na;504), 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 §5, 4.6 x 50mun, isccratic, 30 min, [00%B. (B =
90% MeOH/H,0 + 0.2% H;3P0y), flow rate at 4.0m1/min, UV 254 nm, t =2.00
niin. LC/MS (ES+) 765 (M+H).



0= 0 HN CO2H H2N [ 0159]

(S)-2-(44(2-am no-4-oxo- 3, 4-di hydropteri di n- 6-
wo/doh#TRloBy ai ni no) benzami do) - 5- ((S) - 3- car boxy- beRIs:doS736

) - 3- car boxy- 14(S) - 1-

car boxy- 2- mer capt oet hyl am no) - 1- oxopr opan- 2-yl am no) -5

- guani di no- 1-

oxopentan-z-ylanino)-l-oxoprgﬁﬁn-z-ylanino)-5-oxopenta

noi ¢ acid was synthesi zed by solid phase peptide

synthesis in five steps starting from 11-Cys(4-
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[0149] {4S-[4R*75% 8R* 9R* 135% [4R*,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 (7.0 g, 9.15 mmol}, 4-
nitrobenzoic acid (3.82 g, 22.9 mumol), and triphenylphosphine (6.0 g, 22.9
mmaol) were dissolved in THF (100 mL). Diethylazodicarboxylate (9.0 mL of
40% solution in toluene, 22.9 mmol} were added over a period of 5 minutes. The
reaction mixture was maintained at RT for 4 hr, concentrated and purified by
silica gel chromatography (stepwise gradient from 5% ethylacetate/hexanes to
15% cthylacetate/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
= 00% MeOH/H,0 + 0.1% TFA), flow rate at 4.0 mi/min, UV 220 nm.
Retention time = 8.9 min. MS (ESI) M+H = 886.7

E. Preparation of [4S-[4R*7S* 8R* IR* 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



amount H Cys(4-nmethoxytrityl)-2- chlorotrityl-Resin
(loading 0.57mmol /g) 1.14 2.0 g Fnoc-Asp(OQ Bu) - OH

w6 dbsmadwe in 15nL DMF) L14 2 411.5 0.938 g pCT/US2007/069736
Frmoc- Arg(Pb1)-01-1 (15nL DWF) 1. 14
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[0151] The nitrobenzoate ester Compound D (7.3g, 7.98 minol) was dissolved in
ethyl acetate (35 ml.) and cooled to 0°C. Ammonia in methanol (350 mL of 2M
solution in methanol) was added, and the reaction mixture stirred at R'T for 4 hr,
concenirated and purified by silica gel chromatography (stepwise gradient from
1G % ethylacetate/hexanes to 30% ethylacetate/hexanes) to isolate [4S-
[4R*,75% 8R* 9R* 13R* 14R* 16R*(E)]]-14-Azido-13-hydroxy-5,5,7,9-
tetramethyl-16-[ 1-methyl-2-(2-methyl- 4-thiazolylethenyl]-4,8-
bis[(triethylsilyloxy] -1-oxacyclohexadecane-2,6-dione as a glassy white solid
(5.97g, 98%).

[0152] LC-MS: Phenomenex C18, 4.6 x 30num, isocratic, 3 min, 100%B. (B =
90% MeQOH/H,0 + 0.1% TEA), flow rate at 4.0 mL/min, UV 220 nin. Retention
time = 2.25 min. MS (ESI) M+H = 765.66

K. Preparation of [1S-[1R#*3R%*(E),7R*,108%,11R*,12R*,165%]]-8,8,10,12-
Tetramethyl-3-[1-methyl-2-(2-methyl- 4-thiazolyl)ethenyl}-7,11-
bis[(triethylsilyl)oxyl-4-oxa-17-azabicyclo[14.1.0]heptadecane-5,9-dione

0
Ositt,

Q
QSiEl

[0153] [4S—[4R*,7S*,8R*,9¥1*,13R*,14R"“,16R":(E)}]~14-Azido—13—hydr0xy«
5,5,7,9-tetramethyl-16-[ 1-methy!-2-(2-methyl- 4-thiazolyiethenyli-4,8-
bis[{tricthylsilyloxy] -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



9 648 1.477 g Fnoc-Asp(OQtBu)-OH (di ssolve in 15ni,
DVF) 1.14 2 411.5 0.938 g Fnoc-d u- & Bu (15 DIVF)

wobkod#14820425. 5 0. 970g NWTFA Pteroic Acid (di ss@cyashddro69736
15ml,, DMSO)
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removed from the ice bath, and stirred at RT. After 3 hr, the reaction mixture
was taken-up in saturated NaHCO; (300 ml), extracted with dichloromethane

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

[0154] The crude methanesulfonate ester was dissolved in THE/H,O (12:1, 130
mL). Triethylamine (2.2 ml., 16 mmeol) and trimethylphosphine (16 mmol, 16
mL of 1.0 M solution in THF) were added, and the reaction mixture was stirred at
RT. After 3 hr, the reaction was heated at 45°C for 7 hr, concentrated and
purified by silica gel chromatography (stepwise gradient from 2%
methanol/chloroform to 5% methanol/chloroformy) to isolate Compound F as a
white solid (5.08 g, 88% for two steps).

{0155} LC-MS: Phenomenex CI18, 4.6 x 50 mm, isocratic, 5 min, 100%B. (B =
90% MeOH/H,0 + 0.1% TFA), flow rate at 4.0 mL/min, UV 220 nm. Retention
time = 0.298 min. MS (ESI}) M+H =721.58

G. Preparation of [1S-[1R* 3R*(E),7R*,1058%,11R*,12R*,165%]]-7,11-
Dihydroxy-17-[2-hydroxyethyi]-8,8,10,12-tetramethyl-3-{1-methyl-2-(2-
methyl- 4-thiazolyhethenyl]-4-oxa-17-azabicyclo[14.1.0]heptadecane-5,9-dione

HG

' Q.

[0156] K,CO4 (1.4g, 10.2 mmol) and 2-bromoethanol {0.52 ml., 7.3 mmol} were
added to [15-[1R* 3R*(E),7IR*,10S* 11R* 12R*,165%]]-8.,8,10,12-Tetramethyl-

3-{1-methyl-2-(2-methyl- 4-thiazolyDethenyl}-7,1 i-bis{(triethylsiiyDoxy]-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,CG; (1.4 g, 10.2 mimol) were added. After 5 hr, additional 2-
bromoethanol (0.21 mlL., 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 fo next step

without further purification.
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[6157] The crude reaction product was dissolved in dichloromethane (40 mL),
cooled 1o 0°C, and trifluoroacetic acid (8.0 mL) was added. After | hr, the
reaction mixture was concentrated, taken-up in saturated NaHCO3 (200 mlL),
extracted with dichloromethane (3 X 100 mL), dried over N2,S04, concentrated,
and purified by silica gel chromatography (10% methanol/dichloromethane) to
isolate [1S-[1R*3R*(E),7R*,105%,11R* 12R*,165%}]-7,11-Dihydroxy-17-[2-
hydroxyethyl]-8,8,10,12-tetramethyl-3-[1-methyl-2-(2-methyl- 4-
thiazolyDethenyl]-4-oxa-17-azabicyclo[ 14.1.0]heptadecane-5,9-dione
(Compound G), as a clear film (0.62g, 79% for two steps).

[0158] LC-MS: Waters Sunfire CI8&, 4.6 x 50mm, gradient, 0 to100%B over 4
min, {A= 10% MeOH/H,0 + 0.1% TFA; B = 90% MeOH/H,0 + 0.1% TFA),
flow rate at 4.0 mL/min, UV 220 nm. Retention time = 2.12 min. MS (ESI)
M+H = 537.52.

H. Preparation of (S)-2-(4-({(2-amino-4-ox0-3,4-dihydropteridin-6-
yD)methylamino)benzamido)-5-((S)-3-carboxy-1-((S)-1-((S)-3-carboxy-1-((S)-1-
carboxy-2-mercaptoethylamine)-1-oxopropan-2-ylamino)-5-guanidino-1-

oxopentan-2-ylamino}-1-oxopropan-2-ylamino)-5-oxopentaneic acid

HNg . NHs

NH

0 COM I
o /@)‘\ W \)L \/1k COM
N E o
HNJK!I/: \j/\ﬁ \cog COH
/L\\ =

{6159] (S)-2-(4-((2-amino-4-oxo-3,4-dihydropteridin-6-
ylmethylaminojbenzamido)-5-((S)-3-carboxy-1-((S)-1-((S)-3-carboxy-1-({5)-1-

/lh

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-
methox ytrity])-2-chlorotrityl-resin. The Table 2 shows the amount of reagents

used in the synthesis.

TABLE 2

I[ | Mmol | Equiv. MW
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Deprotection step: [0165] The N -trifl uoroacetyl
protecting group in the pteroic acid portion was

ngm;,)ﬁqglwynder basic conditions. Starting w thp@p@sil7069736
of protected internediate in 10 inL water, the pH was

adjusted to 9.3 and maintained for 1 hr using 4:1

Ri O ammoni um hydroxide (I - 2 nL). After | hr, the pH
was adjusted to 5 with INHCL (-1 inL) and the product
was purified on preparative HOEC to yield 125 ng of
Compound H. 1-1PLC Purification conditions: [0166]
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1. b SRS a s B b AT o P ST PR e ke

NS PEBE cellulose; mobile phase: 1.0 M NaCl/0.01 M NaOH, pH=1L1.5; flow rate:
17 ml/min). One liter yellow-colored fractions were collected and analyzed by
HPLC. Fractions containing pure pteroic acid were adjusted to pH=3 with 6 M
HC1 to precipitate pteroic acid. The mixture was centrifuged at 3000 rpm for 20
min. The supernatant was decanted and washed with water (3x). The solid was
freeze-dried for at least 72 hr. The impact of residual water on the next reaction
is not known.
[0163] The pteroic acid was further dried over P2Os under high vacuum for over
24 hr (note that similar results in the protection step were obtained without this
additional drying step). Next, 100g {0.32 mol) of pteroic acid was addedtoa 5 L
round bottom flask, equipped with a mechanical stirrer and an argen 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 stitred at room temperature under argon atmosphere for
7 days (the reaction was monitored by HPLC of aliquots diluted 20x each with
water and DMSQO). 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 superpatant 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,0s for 2 days (Purity >95%; residual TFA assessed by

Elemental Analysis).



[0171] To a solution of inethoxycarbonyl sulfenyl
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allowed to react at OC for 1 %r and then was all owed
to warmto RT for another 1 hr. Solid product was
obsefved. g}have fallen out of solution. TLC (1:1 Pet
Et her/ Et showed that significant product had been
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".011 PySSCH2CH202C013t 0 OH 00 OH 0 [0176] To a
sol uti on of

wob&7hidb2111, 3R 1(13), 7121", 10S1", 1112. 111, 12p2#1820b6869736
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0, 12-tetranet hyl- 341- net hyl- 242- net hyl 4-t hi azol ypet hen
y11- 4- oxa- 17- azabi cycl o[ 14. 1. O] hept adecane- 5, 9- di one
i n anhydrous dichl oromethane af OC was added DVAP (1.2
eq.) and benzo[d][l 2,3]triazol - 1-vyl
2-(2-(pyridin-2 yl)dlsulfanyl)ethyl carbonate (1.0

eq. ) ol ]t eh dedmiokhe n’feﬁﬁﬁﬁ'da%ng‘ KB NS (1) i eth Al
under argon and nonitored %%@ LC every 10 mn.
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filter cake was washed with dichloromethane and then dried under vacuum
overnight to afford 2-(2-(Pyridin-2-yhdisulfanyl)ethanol (23.6 g), as the HCl salt.

[0172] TLC: Ry=0.45
[0173] Plates - EMT Silica Gel 60 Fisy, 5 X 10 cm, 230 M
2. Preparation of Benzo[d][1,2,3]trtazol-1-yl 2-(2-(pyridin-2-
yhdisulfanylethyl carbonate
Qi

H
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[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
icefsalt bath. An addition funnel with a mixture of 2-(pyridin-2-
yldisulfanylethanol (5.01 g, 22.4 mmol) and triethylamine (2.25 g, 22.2 mmel)
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 T 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
EtQOAc:Hexanes): Ry 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 icefsalt 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
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952 683 x 3 260 x 3 22.0 984 Batch #3
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to the roundbottom flask maintaining the reaction temperature at 2°C. The
reaction mixture was allowed to warm to RT and stirred overnight.
Approximately 27 mL of dichloromethane was then distilled from the reaction
mixture at atmospheric pressure. The mixture was then allowed to cool to RT
and stir for 2 hr. The solids were collected by filtration, and the filter cake was
washed with 20 mL of dichloromethane. The solids were then dried under
vacuum at 40°C on a rotary evaporator to afford 7.81 g of off-white solids. This
product was analyzed by 'H- NMR and determined to be the desired product.

3 Preparation of 2-((15,35,75,10R,115,125,16R)-7,11-dihydroxy-
8,8,10,12-tetramethyl-3-((E)- 1-(2-methylthiazol-4-yDprop- 1 -en-2-y1)-5,9-dioxo-4-
oxa-17-aza-bicyclo[14.1.0lheptadecan-17-ylethyl 2-(2-(pyridin-2-
yldisulfanylethyl carbonate

HO’\ bye” S o)Lo/ﬁ
N.,
g L s AP

—_——
PyS$SSCH,CH,0,C0B1 ©
(0] OH o© O oM 0

[0176] To asolution of [I1S-[1R* 3R*(E),7R* 10S* 11R* 12R* 165%]]-7,11-

Dihydroxy-17-[2-hydroxyethyl]-8,8,10,1 2-tetramethy}-3-[ | -methyi-2-(2-methyl-
4-thiazolyliethenyli-4-oxa-17-azabicyclo[14.1 Otheptadecane-5,9-dione in
arhydrous dichloromethane at 0°C was added DMAP (1.2 eq.) and
benzold][1.2,3]utazel-1-y] 2-(2-(pyridin-Z-yDdisulfanyliethyl carbonate (1.0 eq.)
in tandem. The reaction mixture was stirred at 0°C under argon and menitored by
TLC every 10 min. Additional DMAP (1.2 eq.) and Compound { (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.



921 661 x 3 251 x 3 22.0 761 Batch #4 775 556 x 3 211

x 3 18.0 851 * Each chromatographic purification
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(80-00% purity) product. The inpure product was

conbined with the crude product fromthe next batch

for chromatographic purification. For batches #2 and

4, two chromat ographic purifL%%[ions were carried out.

J. Preparation of

(S)-2-(44(2-am no- 4-oxo- 3, 4-di hydropteri di n- 6-

TABLE 3
Compound G | Compound 1 | DMAP DCM Compound 1
(mg) (2) (mg) (mg) (mL) (mg)
Batch #1 | 303 197 x 3 82.8x3 |8.0 204
Batch #2 | 952 683 x 3 260 x 3 22.0 984
Batch #3 | 921 661 x 3 251 x 3 22.0 761
Batch #4 | 775 556 x 3 211 x3 18.0 851

* Bach chromatographic purification typically gave pure product along with some
impure (80-50% purity) product. The impure product was combined with the
crude product from the next batch for chromatographic purification. For batches

#2 and 4, two chromatographic purifications were carried out.

J. Preparation of (5)-2-(4-((2-amino-4-0x0-3,4-dihydropteridin-6-
yl)methylamino)benzamido)-5-((S)-3-carboxy-1-((S)-1-((S)-3-carboxy-1-((R)-
1-carboxy-2-(2-(2-((2-({(15,38,7S,10R,115,125,16R)-7,11-dihydroxy-8,8,10,12-
tetramethyl-3-((E)-1-(2-methylthiazol-4-yl)prop-1-en-2-yi)-5,9-dioxo-4-0xa-17-
aza-bicyclo[14.1.0theptadecan-17-ylethoxy)carbonyloxy)ethyhdisulfanyl)
ethylamino)-1-oxopropan-2-ylamino)-5-guanidino-1-oxopentan-2-ylamino)-1-

oxopropan-2-ylamino}-5-oxopentanoic acid
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whiﬁ@xp@ﬁﬂ@ﬁpbeemhakw& 11. 8% by wei ght of water and

haht. vs salts, as
deté kw%h%n}Kéﬁngﬂgﬁﬁg?ﬁgg! “gggﬁgﬂﬁginalyses)
Premaﬁ@lm%&ﬂHBmGemaﬁéh&M&n&nmhﬂh%ﬂ@m@bﬁuan Maters
Nov a- HR.C1 mm [ 0179] Mobi | e phase A
o?ﬁﬁaié‘é‘?b&ﬁwf)ﬁﬁ@pﬂ“ Oé“tﬂ%f fer, pHE7.2 [0180] Nobile
phagel s8] Marddni®Bid06B in 30 min, flow rate: 40 mL/min

Analytical HPLC parameters:

[0182] Column: Waters Symmetry CI8 3.51m 4.6x75 mm

[0183] Mobile phase A: 10 mM Triethylammonium acetate (TEEAQAC) buffer,
pH=7.5



[0181] Method: 109B-50%B in 30 mn, flow rate: 40
i nUm n Anal ytical HPLC paraneters: [0182] Col um:

whabersodymet ry C18 3. 5pin 4.6x75 nm [0183] Mediue2007/069736
phase A: 10 ni M Tri et hyl amtmoni um acet at e ( TEAOAC)

buffer, pld=7.5 - 68 - [0184] Mdbile phase B:
Acetonitrile [0185] Method: 209B-40%8 in 10 mn, flow
rate: 1.0 nmL/mn Accurate nmassg nmz (C671-192N1602283):
[0186] Cal cul ated: 1570.58907 't M4-214), 785, 29454
(M+21-)21, 523.86563 (M+3H) 3+, 393.15118 (M-4H) 4

[018701185°M%9:}e}g%@t‘)&et&ﬁm%% 29100 (4.5 ppm,
( M+3 at 523.86431 (2.5 ppm, (M+4l1)4+ at

393. 488lsMegod: 3GH-4EKAMPLENS:, Tar TERNATIVMIPREPARATI ON
OF COMPOUND J 1-121,1 0 CH O

Accurate mass m/z {CerHoaN 150254y

[0186] Calculated: 1570.58907 (M+2H), 785.29454 (M+2H)**, 52386563
(M+3H)™, 393,151 18 (M+4H)*

[0187] Found: (M+2H)* at 785.29100 (4.5 ppm), (M+3H)*" at 523.86431 (2.5
ppm), (M+4HY*" at 393.14996 (3.1 ppm)

EXAMPLE 3: ALTERNATIVE PREPARATION OF COMPOUNIDJ

CO H

O

O on ©
(5)-2-(4-((Z2-amino-4-ox0-3,4-dihydropteridin-6-yl)methylamino)benzamido)- 5-
((8)-3-carboxy-1-((S)-1-{(8)-3-carboxy-1-((R)-i-carboxy-2-(2-(2-((2-
((15,35,75,10R,11S,12S,16R)-7,1 i-dihydroxy-8,8,10, 1 2-tetramethyl-3-((E)-1-(2-
methylthiazol-4-yhprop-1-en-2-y13-5,9-dioxo-4-oxa- 1 7-aza-
bicyclo[14.1.0Jheptadecan-17-
yihethoxy)carbonyloxy)ethylydisulfanyl)ethylamino}- | -oxopropan-2-ylamino)-5-

guanidine-1-oxopentan-2-ylamino)- I-oxopropan-2-ylamino}-5-oxopentanoic acid

3A.  Preparation of [45,7R,85,10R,95,13R,165]-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,




(S)-2-(44(2-am no-4-oxo0- 3, 4-di hydropt eri di n- 6- yOret hyl
am no) benzam do) - 5-
wdieg)/ligzﬁfgr b?>2<y- 1- ((S) - 1- ((S) - 3- car boxy- 1- (( Rpckn2aid®s973s

((18, 38, 78, 10R, 118, 128, 16R) - 7, 11- di hydr oxy- 8, 8, 10, 12-t
etranethyl -3-((E)-1-(2-
met hyl t hi azol - 4-yl ) prop-1-en-2-y1)-5, 9-di oxo- 4- oxa- 17-
azabi cycl o[ 14. 1. 0] hept adecan-17-
yeethoxy)carbonyloxy)ethdeisquanypethyIanino) 1- oxop
r Op 3@ éﬂh&@c 113.7 mmol) was dissolved in acetonitrile (480
uanldlno f oxopen an ylan1n03 1- oxopr opan- 2-y|arn|no
) - 5IgxEpe W@@hbﬁO@ﬂdc iTde sAvtRmeysacaelpd -6fC to -10 °C.” lodine
[4S 4 \ ?ﬁ i

S CRPL O RBR S F8R windlydioh Fa WK AghoRdr
p 1dan:12+ 14 fr. oxacyclohexadecane 2, 6- dlone - 69 -
[01 hi | e
di Si@%BQEﬁ%{E hcagtgogte%a%l ?ncpg’d \?121 %‘3]‘7"; ﬁ?jlmp 2%{)\/[\)5?@?6 s(o%aon (900
ianﬂJTﬁhesmhmbmmmemasmdanﬁedwtmmmﬁq7md } LD @gadiodhases
(144. 3 reac and
{ el Qe GRP  R po AER BRET ™ (o BE AT BB
rea@mhm@1MHSnﬂU&mDh&ﬂnmﬂhhuﬁﬁ&ﬂ@ﬂﬁhdﬂh@ﬁ@ﬂbhﬁﬂ]dee

sol ution (900 inL re was extracted wt

ot hyPElet gee pardecnndS ed BEnPE A 6O% Epubtund A o
col lyedvedii asch yaghedospesasshyalsyd M ekt 1SRk @6t further
sodi um bi carbonate solution (675 nth) and saturated
sodiPUHEHPHri de sol ution (675 inL). The solvents were

evaperoai ethr Undekndeducad o@r(mw 8. 61,01 Bhivie 1S%Ellad@ 18 min,
Compound A as‘%Fllom10|l npound A was

useéﬁ%ﬁ réiny ¥4t KRG lew@ —fo?‘It%éW“@lﬁ\Cl”F PERY Vet

[ 0198bs) MOB]"]‘&)]]&EJ]g nQﬁﬁ)M Wﬁ@)/\@gn (Aa\l Wﬁl[@i (F: ‘ﬁ% )FIOJ@Q@&D

|socrat|c /B, 17 mn, (Mobi'l e phase A
0. /NN Liﬁ@ﬁ@ WFF —ﬁ’ﬁNW!&t er (5 95), Mobi | e phase B =

0.01M N11140Ac in ACN Water (95:5)), flow rate at

1. OB/ i1 ipkdbardhbnZd PIR B, 75 18R 14s lifzm(,s'jﬁ ﬁtcﬁﬁﬁh@w 91, 1©f12-
[ 1Rt&Bamk&h pﬂﬁril%ﬂ&%ﬁﬁﬁdmh %ﬂ]de 8,18. 10,

tet rmbﬂyélo?!d Q)ﬁ)epm]d'ev{ 5"931 fafe.l NN azol 4- y’i] prOD 1
-en-2-yl] ,17- "di oxa bi eyel o[ 14. 1. 0] hept adeca

ne-5, 9- dlone OHpon

[4S,7R,8S,10R,95,13R,165]-4,8,13-trihydroxy- 14-i0do-5,5,7,9-tetramethyl- 1 6-
[(E)-1-[2-methylthiazol-4-yllprop-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 difuted with EtOAc (1.2 L) and washed with saturated

sodium chloride solution (3 x 300 ml.). The solvents were evaporated under



[48, 7R, 88, 10R, 98, 13R, 168] - 4, 8, 13-t ri hydr oxy-
14-io0do-5,5,7,9-tetranethyl-16- [(E) -1

wo b@esdyl t hi azol - 4-yl ] prop-1-en-2-yl] PCT/US2007/069736
oxacycl ohexadecane- 2, 6-di one (85.6 g) was dissolved in
acetonitrile (670 |nL) and water (130 ni).
Triethylam ne (135 inL, 968.5 mml) was added to the
solution. The reaction was he bed to 50C to 60 C for
at least 8 hr. [0191] After |t was cooled to RT, the
sol uti on was concentrated under reduced pressure. The

resi dugeWasdid L%tg?v@ (i &DdeEﬁlQ(ﬁ“ct &s]yeao»kb1laplg1ﬂ@§m Midah

saturat ed sodi umchl ori de sol uti on

sol vashpa ffpieongvidipbgad ez (petetOAc i eptaqee%wéédand 1x3L)
Pfesﬁfbﬁ&dtc%n%lo\éﬁd EQ?fo%ﬁH@ﬁ % %%Jg dﬁ‘%n}ﬂ‘ﬁﬁ&%f’
't ca ge tration |ca ge

Puritication
700 @PL@G%@@@A@ Lim Ge@h awe, 4.0 x X150, lsmfdacﬂ @, B§%B, 17

af forde f (

HPLC ‘%PQ%O/CQ "@%ﬁ@g P %ng%‘o pdl ulﬁg@%g‘(lé?ﬂ\{p\wt&ﬁl %S)\AMOB“&
150nphasd B edrEM NHADBcin ACNSSUB; (957) ritlny r86¢B.Orfibini U¥
phas%.gRt 85@1M NHA0Ac in ACN Water (5:95), Mobile
phase”B = 07 0IM'NH40AC in _ACN: Viater (95:5)), flowrate
at 1.0mMimn, W 245 R = 15.0 mn. 3C/ 3D. Prepration
of (AG3P12, 881’9®rm® ARSI B SP-IBI3Rz14dRo165)-3 3-N4ido-4,8,14-

t ri biydhydrory 5,57,7-18x are¢thgrdd:-(0k1)- 1-UBme(g) thibz 124- plgpriop! 1k dni-2-
azol ylxyEplobpxdiiceme2;6-gidox and CISOIGEHB E3HEHS2,663- tH-dnklo-
and 4,8,13-trihydroxy-5,5,7,9-tetramethyl-16-({E)-1-(2-methylthiazol-4-yl)prop-1-
(4S, éR-81328yAB e xddSaie Bp-dleheAzi do4, 8, 13-trittydroxy-5
,5,7,9-tetramet hyl - 16- ((E)-1-(2-nmet hyl t1 nazol - 4- yOpr op

-1- en-2-y acycl ohexadecane- 2, 6-wi one. 101921 To a
stirr of ep -E ilo 14. 357

n1noT%§lnje hangk..£240 n1g§§£9én 48 Nty WOH
added sodi j (T 25 g, 17 d) *and a

chloride (3.;1 Bg} 58.14 ininol). 'xturp was ¢ o
stirred at 60 & for 17-20h. Vol ati|Es wer's™“8vapor at €d
on the rotary evaporator under reduced pressure bel ow
50 Goroerd £siy %m& S eﬁﬁg.!;afﬁqrbnm Qlhyl, acetaler (287
inl_,) and water (50 int.) mxture. Ph ases were

sepaq{ el 24 il e \b@@lﬂé%ﬁl&d Had irdslep hetian weide @xt'p &ct @dH
Wi t hil]?%‘i)ﬁﬂ]d ﬁﬁﬁ%ﬁhﬁ] c(ﬂlb;ée g? }4)g SSTH?mGBHbi 1@%91)(915(9@%' s@med at
phases were washed with 5% aqueous sodi um chl ori de

( br i YL fool i2floYola8sis \s«eme\'wasateovalpwﬁ adtag evapderornadiiced
pressure. and t resi passe

B PR RS TR fh Tor R i PARES ool HETe B Uy
M Xtyr pand B4R OS@EHLDMHOfre tIH@seS QleWeaparitbd @id theBGathqueous

pressure provided reqlo-isoneric m xt ur e of _
azi dhare W(ﬂxgacted with ethyl acetate (115 ml.). The combined organic phases

(48, Wit 885198 “thaR,sMaué&é),ocﬂén/c\mbﬂ@e (4)1;8&)16111&&31{ lsmmwn
,5,7,9- tetramethyl- 16-( ’ﬁé&% (2-me th

yl
az 0l VARG psist Pfd@ﬁd DIy a TR AHdRaTe 2“@18&%’% of
and gijica gel eluting with e{hg] acetate/n-heptane (2:1) mixture. Evaporation of the

(4S, 7R, 8S, 98, 13S, 14S, 16S) - 14- Azi do-4, 8, 13-tri hydroxy-5

.5, 7509&:11{ under reduced pressure p1 ovided regio-isomeric mixture of azido-

t et VMBPY(%F%Eexa ) k- 1(4?i g@%dh¥'A*z!Hoa4z§l4 Am Jhla&’f Q?fz en-

2-y1l)oxacyc ecane?2 ione in-6:1 a
g, Sesamaisyld 6M)tle(’>f1wmltlm7<71L4 yhrGp-VBn- MMMWGWaﬂ@mae

CB(2) SRLUIM; (o3 7R o, §44200 M, G AdlaLi AR 5 918

phastesamethy- 16 (0D- IM2NRABO N zD - @)prﬂzﬁ%&ﬂ)(ﬁﬂ%}ob&aﬁecane

0, O% NFH_ Flow rate: 3.0
g% (WAL ¥ﬁo(§%¥§2%5%asa“f foaltlon time = 5.52

wnn. NB (ES| (hAl 1-1) = 537.69 [01931 This reaction
al so works in other solvents |ike, acetone,
acetonitrile, tetrahydrofuran, 2-propanol,

di met hyl f or mam de, net hyl sul f oxi de and

N- et hyl pyrrol i di none.



[0194] Tertrabutyl anmmoni um azi de reagent al so can be

used instead of sodi um azi de/ ammoni um chl ori de
wokoRifpsyr at i on of _ PCT/US2007/069736

(11S, 3S, 7S, 10R, 115, 12S16R) - 7, 11- di hydr oxy- 8, 8, 10, 12-

tetranmet hyl-3-((E)-1-(2-netitylthiazol-4-yl)prop-1-en-

2-yl)-4-oxa-17-

azabi cycl o(14. 1. O)Ileptadecanﬁ‘S 9-dione. [0195] To a

stirred sol ution of

(4S, 7R, 8S, 9S, 13R, 14R, 16S) - 13- Azido 4,8, 14-

tﬁzfl( h%@fi@?%ﬂéﬁlé&ﬁ&ﬁ)?ﬁ?@i%ﬁ%mﬁgn 3 gm 4, 6 x SO . Gradient: 15

y Boxaioy(h 8 ve Kkel am 3126 theh |1@Wé133fnd€ min. Mobxle phases: A =0.01

(43 145 Az] - QXY-
hgﬁgﬁﬁAgﬁéégﬁﬁ&q§?6 (C '1%6%gﬁﬁ§¥%Vf@hlagﬁyﬁ%§ ?pr
op Tensade: ﬂBothnyml\bt\e)eagdheﬁarrée AmbRelbmiva timext SI62min. MS
(12 &%@ ﬂ ol ) in anhydrous acetonitrile (90
el Mg henyl phosphi ne (9.48 g, 35.77 mmol)
un d 01931 tmmgem;aﬁ ReS @hﬁn am O{H_d'ieolﬁiéxﬁ'alikes @etiink Qidc M@Gile,
stirre g 20-40 C f 40Q0h. The tl? Hg] ég
was ‘¢E8rae Ty %PBOPé’ ‘“%th)ﬂ} PrERE G ‘I“F Ye8u i apy Sdfueby!-
The}ggk@hm@@ washed with heptane (64 inL) and dried at
C under reduced pressure for 15-18h to give
( I S, @@%é CHLERRUY &‘91“102181]6?2)‘(5671& gfnfd\}WélP 85’(95‘% ”8’“”]3@) ofjspeium
t et raetMondn{ gl - (2- met hyl t hi azol - 4-y1) prop- 1-en- 2
-yl)-4-oxa-17- azablcyclo(14 1. 0) hept adecane- 5, 9- di one
as a white solid 5 VS; Phenaonenex
Go( P cobtamegtliss R o gl BT g 1012
098 ‘?‘63%@)‘@% Bl J§ "l‘ﬁ‘W""c‘W@h“‘!BBﬁ)GPB]?%P w-dpxr-1hobi | e
phageébicygloclpl. BhepsadsganeAS-FiARGEHION H20 5: 95: B = 0. 01
M NFLQAC in CHBCN/HQO 95:5. Flowrate: 3.0 ithmn.
Vﬁvelengthc v 250 nm Ret@ntion time = 4.43 mn. a6

(ESI)-COMF 93 684f9k86] rgactlon_qf 0
with ot es M Iohexy+phos
trinethylp tribut ne and trls(4-C

nmet hoxyphenyl), ghosphi ne an her sol vent
tetrahydrofuran Chem cal Fornmul a: C281-144N205S Exact
Mass: 536.29 Mol ecul ar Weight: 536.72 [0197] Et3N

(4. 981951, To35:1i52d saiion cdids . 7R.BY.BFdER . héid6S) (13 A2dart. 8, 14-

(1o SR R TP ARy el g b

t et ndoedchgibhe3ddeE)nel, ¢- ﬁionetuhy(lflﬁ A RﬁCﬂS MBSylﬁpﬁb)leAede -2-

%’%) 5§i P%t?i.?%%axﬁé%&%ﬁu%%éﬁ 53(13 ?11 heg’t & gylﬂnﬁ/oFZl-%]-)gliogn-een
2-yhoxacyclohexadecane-2,6-dione mixture (12.8 g, 23.85 mumol) in anhydrous
acetonitrile (90 mL) was added triphenylphosphine (9.48 g, 35.77 nunol) under
nitrogen atinosphere. 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,118,12516R)-7,1 I -dihydroxy-8,8,10,12-
tetramethyl-3-((E)-1-(2-methylthiazel-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%).
LLC-MS: Phenomenex Luna C8(2) column: 3 i, 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



1111.) and heated to 72.5 C. After 20 hr, the reaction
m xture was cooled to roomtenperature, concentrated
wb Qo ¥hess through rotary vacuumdistillati onpcil}ggzﬁow{mns(,

crude was dissolved in ethyl acetate (50 rol,) an

m xed with deionized water (35 "IL). The mxture vvas
extracted with ethyl acetate (3 x 35 niL), dried over
Na2S0.4, filtered, concent rat&ﬁg, crystallized in
acetonitrile (35 nmL), washed Wth acetonitrile (2 x 5
inL), and dried in vacuum oven at 45.5 C overnight to

i sol

(1S gge%c PO 95 0P M NS B LTI BG 5555 Flow
yet hspley 38, 18L/dy. ¥avelength: UV 250 nm, Rctcnnon mne =4.43 min. MS (ESI)
tetr t)él X 3'6§3( E) - 1- (2- met hyl t hi azol - 4-y1) prop-1-en-2
-yl)-4- -azabi cycl o[ 14. 1. 0] hept adecane- 5, 9- di one
as ajubélt Ehie repstical Alsorveripomidesthdr2h6@gined llilELC AP 97. 1,

a0y A S PP g Do sueh o i wAR i op”

at ZQeuﬁbxyphéIAaf) e ENh -2 tHer 0010dnt Muhliidéidan. B = 95%
I\/EOll/ 1120 + 0.01 M N140QAc), flow rate at 1. O InUm n,

g i el ;

Exan'b’ie %Qﬂ"&'é '

’

gancb 9 dione

Exanpl e 2, us, Conmpound 30 may be us

pr eparsey, Coiy Ron |, andSizieile rre;g

pr eparation, oun ~OH
Exanpl e 2. dai 1. A cofrpound hayi Hg t

X, or
wher ec"‘r’lm'ilﬁ e CAENON 5T C2. 4 al kyl ene; cRimich Sormidd,Ando,s

Rl i s Merlggeip: 192.67 Exact Mass: 536.29

Molecutar Weight: 536.72

I Cgu ically-acceptable salt thereofgyo
TG 2

(0197} FtsN (4.95 ml., 35.52 mmeol) and 2-bromeoethanol (3.02 mL, 42.62 mmol)
were added to (15,35,75,10R,115,128,16R)-7,11-dihydroxy-8,8,10,12-
tetramethyl-3-((E)-1-(2-methylthiazol-4-yl)prop-1-en-2-y1)-4-oxa- 1 7-
azabicycelo[14.1.0Jheptadecane-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 distitlation. 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
NSO, 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
(15,35,75,10R,118,125,16R)-7,11-dihydroxy-17-(2-hydroxyethy})-8,8,10,12-
tetramethyl-3-((E)-1-(2-methylthiazol-4-yl)prop-1-en-2-yl)-4-oxa-17-
azabicyclo[14.1.0Jheptadecane-5.9-dione as a white crystalline powder (2.60g,
HPLC AP 97.1, 68.2% yield).

[0198] LC-MS: Phenomenex C8&, 3 um, 4.6 x 150mm, gradient, 10 te50%1B
over 10 min, and stop at 20 min. (A= 5% MeCN/H,0 + 0.01 M NH,0Ac; 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 (ESIH) M+H = 537.21.



R2, RI R4, and R6 are, independently, hydrogen or
| ower al kyl; R6 is hydrogen or nmethyl; R12 is hl,
wRtdsyhsozsubsti tuted al kyl, or hal ogen; and RlGcsutiesise
optionally substituted 5 or 6 nenbered heteroaryl. 2.
A conpound according to claiml1, wherein R6 is
hydrogen. 3. A compound according to claim1, wherein
R6 is nmethyl. 4. A conpound gggprding toclaim1l
wherein Ria is an optionally Substituted thiazolyl,
pyridyl, or oxazolyl. 5. A conpound according to claim
1, ' f 80, ; Jysela] ing to
of ait e By R B B s L o U TR R 0 10
accorapricd by e Eainmls] iswtratieil to REnpaindgét dyyprepare? 5y Egample

c on@?%hlﬁ? @‘85193)1”19 3%'91]15‘)’ l?cl JPC(? to pl?ﬂ%ler&n;pt&%nésq.iqujn% JXIRE: :

methods of preparation and compounds of which are described in Example 2.



Xb' 9, A conpound according to claim8, wherein R6
i s hydrogen. 10. A conpound according to claim1,
haying the fornmula X :

74

Claims

1. A compound having the formula X:

/OH

or a pharmaceutically-acceptable salt thereof, wherein:

Kis —O—;

Ais Cy.4 alkylene;

B, is —OH and R, is hydrogen;

Ro, Rs, Ry, and Rs are, independently, hydrogen or lower alkyl;
R is hydrogen or methyl;

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

Ry3 is an optionally substituted 5 or 6 membered heteroaryl.
2. A compound according to claim 1, wherein Rg is hydrogen.
3. Acompound according to claim 1, wherein Rg is methyl.

4. A compound according to claim 1 wherein Ry3 is an optionally substituted thiazolyl, pyridy!, or

oxazolyl.

5. A compound according to claim 1, having the formula Xb,

Xb

HO\/\ N Rg

6. A compound according to claim 5, wherein Rgis hydrogen.

7. A compound according to claim 5, wherein Rg is methyl,
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8. A compound according to claim 5, having the formula Xb".

Xb'

9. A compound according to claim 8, wherein Rg is hydrogen.

10. A compound according to claim 1, having the formula X"

H—K—A
\ Re

Ry



