WO 2004/ 089925 .PCT/ US2004/ 010399 PI -3 KI NASE | NH Bl TOR PRODRUGS BACKGROUND
OF THE INVENTION 1. Field of the Invention [00011 The present invention
relates to prodrugs of Pl-Kinase inhibitors and nethods of using these
inhibitors. 2, Descri%_gtion of Related Art (00021 PI-3 kinases are a | arge

famly of 1iPPAV%%¥2¢xs that phosphoryl ate phosphati dyl i nRSH/P$A004/010399 he D3
position to generate an inportant second nessenger, phosphatidylinositol

3' -phosphate. Menbers of pthaiRask NS ORPRODPIAIEs di vided into 3 cl asses
based on sequence honol ogy and the product fornmed by enzyme catalysis. The

class I PI-3 kinases are conposed of 2 subunits: a 110 kd catal ytic subunit
and an 85 kd regul atory sBACKGROUNBQF THREINVENEIOMN are involved in

i mportant signal transduction events downstream of cytokines, integrins,
growt h f dctKield ofitle Invemtienor ecept ors, whi ch suggests that control of this

th d . . ' ffects,. 100031 i Qi t.] f
Class | oos] ERprbsdot HRAGE Reatks F BRI b fiok o iR AR g B o s 1 n
vi vo, antheseiiphibitsres t he radi osensitivity of certain tunors. LY294002
(2-(4-nor, p!ﬁ%sbqgﬁﬂiﬁeg%}gg | - 4H-| - benzopyr an- 4-one) (Conpound 1) is a well

known spét lass | PI-3 kinases and has been denonstrated
t 0 posse$@diahPi-3 kiameedre piape faniilyf lifdd kidatds thaCphqaphotsilate) phbiphatiddilinoditokin

o PR A AR BRSPS Tl o
tissue speghbetsof HePPSKinRs familyd E0NIEd REPPARssEXBhkdd R4 tOBGblognmdhas been
deronst 8L 9. 4.9 Bade ) SIS, WS das TP LS w0405 o) hiSEE S 20101,
\ . 110 kd catalytic subunit and an 85 kd regulatory subunit. Class I PI-3 kinases are involved in

important signal transduction events downstream of cytokines, integrins, growth factors and

immunoreceptors, which suggests that control of this pathway may lead to important therapeutic

effects.

[0003] Inhibition of class I PI-3 kinase induces apoptosis, blocks tumor induced angiogenesis in

vivo, and increases the radiosensitivity of certain tumors. L'Y294002 (2-(4-morpholinyl)-8-

phenyl-4H-1-benzopyran-4-one) (Compound 1) is a well known specific inhibitor of class I PI-3

kinases and has been demonstrated to possess anti-cancer properties.

{Compound 1)

However, the anti-cancer applications of 1Y294002 are severely limited by its lack of aqueous
solubility and its poor pharmacokinetics. Moreover, LY294002 has no tissue specific properties



LY294002 woul d need to be adm ni stered at frequent intervals and thus has
the potential to also inhibit PI-3 kinases in normal cells thereby | eading
to undesirable side effects. [0004] There continues to be a need for class |
Pl -3 kinase inhibitors with inproved pharnmacokinetic and phar macodynam c
properties. W‘hé""p’ﬂ@@%ﬁnt invention fulfills these needs arﬂﬁTﬂiSﬂWIﬂé@gS' ot her

rel at ed ta %%ﬁ 00 The se | nvention is
rel at ed %(1)1&%?5 e%‘fﬁrrpoun S c§rﬁ)gr: Mﬁé“*’g“%ﬁg ?éwpﬁ% o] OHhe 'ét?@i n one bond
of the qmmﬂwmﬂdhwdgeheachmhysubrﬁlayﬁed)ieﬂtmﬁl/ahfahéthuhmméy&exﬁxabfo atdi d bond
yields a.c of .th (9 R R4

wher ei n, 'ﬁgggggg%faﬁeﬁgelﬁgﬁ %g‘“ggéleﬁ}m%mﬂéﬁ%‘a? tﬁ ut ed al i phati c,

opt i onal I[pomﬁﬁénetcoﬁtmdesmtbylanehyﬁr dxgeIIPI-BatinagﬂnhlbﬂbﬂsMﬂ& inpled ocycl e, cyano,
am no, are t.aken et her toforman tionally su |.tuted

vl oal | phERRGOkiettgeq BRIyt PRAFUE. Th PeomemEspB SRS tese ropsapfal | y
substi tutﬁglagslomk[@adﬁa&t donally substituted aryl; and R4 and R5

i ndependently are H, optionally substituted aliphatic, optionally

substituted aryl, heterocy I I r, are taken together to
forman optionally substi t%@%&&%&‘ﬁ%@&onal |y substituted
het er oary, 6] The pro-co be of the.fornul WO
2004/ 0899 E%“Sﬁzq'gﬁzﬁ E%g’é‘&%?“ﬁ%%@ "'L‘%Prf bgepSus commprisiy & Quafornary irogen,
wherein one bond of the quatemary nitrogen is hydrolyzable and after hydrolysis of said bond

i

yields a compound of the formula:

wherein,
R; and R; independently are H, optionally substituted aliphatic, optionally substituted
" aryl, hydroxyl, halogen, alkoxy, heterocycle, cyano, amino, or, are taken together
to form an optionally substituted cycloaliphatic or optionally substituted aryl;
R; represents H, optionally substituted aliphatic, and optionally substituted aryl; and
R4 and Rs independently are H, optionally substituted aliphatic, optionally substituted
aryl, heterocycle, aryloxy, carboxy, or, are taken together to form an optionally
( substituted heterocycle or optionally substituted heteroaryl.
[0006) The pro-compound may be of the formula:



R3 RR4A NRe -~ 1 wherein, Ring Ais benzo; Z1 and Z2 independently are S
or 0; RL and R2 independently are H, optionally substituted aliphati c,
optionally substituted aryl, hydroxyl, hal ogen, al koxy, heterocycle, cyano,
am no, or, are taken together to forman optionally substituted

cycl oal i phat W@ 9P48$83250nal | y substituted aryl; R3 represeREEUSR0PORYNal | y
substituted aliphatic, and optﬁfnally gubstituted aryl; R4 and RS

i ndependently are H, optionallyxsubstifuted aliphatic, optionally
substituted aryl, heterocycle, af
forman optionally substituted
heteroaryl; R6 represents H, opt

av.boxy, or, are taken together to
ocyftle or optionally substituted

; dybstituted aliphatic, optionally
substituted aryl, al koxy, carboky, a@,“h‘el—m&cycl e, aryloxy, and
optionally substituted therewigh a tar i rRL agent; and L represent a

| i nker group. The targeting agént may be a vitanin, peptide, protein,

| i posone, whege- seeki ng agent or cartil age-seeking agent [00071 The present

invention is also related to internedi ate conpounds of the fornmula: Z1 (
S=C=N | (CH2)" 4RipgAiybsazopherein, -3 WO 2004/ 089925 PCTI US2004/ 010399 X

represents a halp A9y RhdeMnabdydd § old; o |
R, and R; independently are H, optionally substituted aliphatic, optionally substituted
aryl, hydroxyl, halogen, alkoxy, heterocycle, cyano, amino, or, are taken together

to form an optionally substituted cycloaliphatic or optionally substituted aryl;
( Rj represents H, optionally substituted aliphatic, and optioﬁally substituted aryl;
R, and Rs independently are H, optionally substituted aliphatic, optionally substituted
aryl, heterocycle, aryloxy, carboxy, or, are taken together to form an optionally
substituted heterocycle or optionally substituted heteroaryl; .
R¢ represents H, optionally substituted aliphatic, optionally substituted aryl, alkoxy,
carboxy, amino, heterocycle, aryloxy, and optionally substituted therewith a
targeting agent; and '
L represent a linker group.
The targeting agent may be a vitamin, peptide, protein, liposome, bone-seeking agent or |
cartilage-seeking agent
[0007] The present invention is also related to intermediate compounds of the formula:

- 7
( S=C=N——@—(CH2)H—< 1
Zz—....._

wherein,

Y
\
X



Y represents -CH2-, -CH(CH3)-, -CH(Ph)-, -C(CH3)(000H)- or CH(CH(CH3)?2)-;

ZI and ZZ independently are S or 0; and n=0to 1. [0008] The present
invention is also related to the use of the pro- conpounds for the treatnent
of a condity Lated with PI-3 kinase activity, inflammtory disease,
age-rel ated “rr@cr}ﬂ@&gﬁéegenerat I on, conditions associ ates ﬁﬁ'ffﬁs%?o WMt PTEN,
hypertensi on, paigpaatdis 4 Balo glodp ) heferablg@terI; di srupting | eukocyte function;
i nduci ng apopt osi s; enha%nggi{h(sﬂ%heﬁsensi tivi tﬁ of  tumor cells;

enhanci ng the r 20fBUEETES 1R {HEFY u (P 1SCHINRORD LRG3 uced
angi ogenesi s;  iz)hhdP} independeiiI9ARIs 6 Maagesses associ ated w th non-cancer

di seases; inproving performance of a stent; inhibiting phosphatidylinositol
3-kinase in a wigT&tckl | of a patient, conprising admnistering to a

patient igooapee f:@ﬁh@ﬂ%ﬂh@ﬁ%ﬁ%ﬁﬂﬁe%&ome FooR ﬁﬁ&sim&gg%éﬁbﬁg the

pr o- conpounds of " the present invention. The pro-conpdunds nmay

admi ni st evcerditien asprsiabest Wit P1-3 kipase|agtjyity, Rflasumetorsndisdagro age-relpites maculaent

i nventi ony,.j l. : L ' .af i on of

pr ogen ¢ abeia bRl dodotafs 0B NP TENIRpETSEN, dtbirktE AL 00, D)
anount ofcagcer; dismptisg tenkeryéeofimetion] inducing@poptesisyeshanding thetchempseasitivity dfnvent i on.
[ 0010] The_prese ' i |.S.: @l ted. to.the purification of the

pr o- conp gﬁ“ﬁ%s"%(ﬁﬁ’ g@haiejmg rmeesr gﬂ?éeﬁsﬁ@éﬁ%{ éﬁljlo? § ﬁ‘%r fng}bﬁtbnga ?rnlad’fcl’?é BFEBSHpounds
t 0 a sol unhibitingagirgesic prpcedsed Bsteiated. whlhnopacancer diséades; Mnliproving pérfommaespii Si ng

the pro-compouynd.is.th rLona aphed referably . b HPLC. to isolate the
pro-pom&%ﬁg?ﬁ&ﬂrﬁf WP%’;Q? n% o%gﬁéﬁnfiét’ﬁ?rﬁ?ﬂs@gl shows t he

IC: he LT caI2 aﬂiﬁlﬁlﬂtél’![ﬂl%@o mfaatﬁﬁﬂ“ﬁ:ﬁee(it]ﬁﬂibffan,%m%\féan?miqf N:Eéigﬁﬁitio?mdmﬁff_siﬁﬁhe[ 00 ELZ]
igure 2 shows em cal, struc es of potential bopne targeting agents.
[0013] FilguPupsuadstdio HESRHBIAESH. e Rt FORPIOHS To%he SHESEr i bEREIt 0 i n a
bone tar ggtsiodd.v.aaeed.. [0014] Figure 4 shows the al kylation reaction to

nodi fy a phosphonate in a bone targeting agent. [0015]. Figure 5 shows a
concept f[8909l: resent Pveption isAlsogelatod g Behodeor gyppressing differentiation of

progenitor cells comprising contacting progenitor cells with an effective amount of a

composition comprising a pro-compound of the present invention.

[0010] The present invention is also related to the purification of the pro-compounds of the
present invention comprising adding the pro-compounds to a solution comprising at least 0.1%
(v/v) acid. The solution comprisirig the pro-compound is the chromatographed, preferably by
HPLC, to isolate the pro-compound.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 shows the chemical structure of EDTMP, DOTMP, ABDTMP, BAD, MTX-BP
and CF-BP.

[0012] Figure 2 shows the chemical structures of potential bone targeting agents.

[0013] Figure 3 shows the chemical reaction for modifying a phosphonate in a bone targeting
agent.

[0014] Figure 4 shows the alkylation reaction to modify a phosphonate in a bone targeting agent.
[0015] Figure 5 shows a concept for chemically modifying EDTMP and DOTMP.



-4 WD 2004/ 089925 PCT/ US2004/ 010399 [0016] Figure 6 shows the inhibition of
phagocytosis by LY294002 in J774 cells. The colums indicate phagocytic
i ndex or percentage of cells positive for phagocytic response. The

phagocytic ipde s the nunber of sRBC s (sheep red bl ood cells) found per
100 J774 celﬂg’é%‘m?ﬁe % of phagocytic cells is the % of BEVHSHEHPIWNat

have pha [ & P ? rIEgg r: dand
devi at i o%l@gifg] Ee;gg% i&hgﬁ?%ﬁgﬁ%pﬁgc\kgﬁ%ﬁg 3‘??3 %E@ﬁﬁcﬁp%n%% gglr ams of
Conpound indigee phagosyti index o pryacptagepfeelle pitive fovphagasyivrsspdnse Theiss Spect rum
of Conpo S,g‘_ﬁ,-n - HQRGE ' Pl 3
Ki nas<rarp i #&g%% or séég‘g?glggﬁang e:% he t ub'R’J(;(‘L'l?g‘rIE %’? IIo(?):EQ%YfS) H@ﬁ%@%?ﬂ%ﬁﬁé@?al

cel I s on thetardf gbagocyticTalls Eithe 6 96K T TeibNhitdoROihaBelytizad at keastdrsB86h The onpounds,

products | Qﬂﬁr? . are disclosed and described, it is to
be underse?%gg&?f?g%gﬁg erm&éril%ﬁ%??%gaéld herein is for the purpose of

descri bi n@017 Figureclshaws ¢heldddiand BLS Chromatogratns of Cootpound H2d€A0B86-3B | i miti ng.
It must ed that s ysed | he spegj.ficati appended

cl ai ns, ?ﬁ%ﬁﬁ%‘fﬁ QS?“"WS?%‘““SI Ve hﬂg#pegﬁ@?ofh%mpquﬁgﬁm%-gg} referents

unl ess t o199 Fighxd 9 shoea thay ASPI tapgdeassl FO G Ikérawd inkibitdrd Bdgatddthe tupb Gtinatidt

appl i cat I%[R(S‘-C}g%?[eﬁ ueglgin%ﬁ%lg]? are referenced, the disclosures of these

publi cati &te hereby incorporated by reference into
this application in order to nore fully describe the state of the art to
which this invention pertai ns.DETAIKED DESCRIBTIO®22] The term "branched" as
used herein refers to a group containing from1l to 24 backbone atons

wher ei n t[R620) Befoothe prekaent norppountls; pgrdoctp amicrempbsitonsraed orethwds are distiosediandit e

br ariches fro t.he i.n.chai eferred branched .groups _hereip,.conptain from
o 15 et e TRuRes B e kERE ey EA RS E s o |
limt e? tméijg&ﬁ&u%mernsa&_xizly C';_clﬁd is heﬁprgﬁdbxilto be l&%%%&d%hﬂd&éﬁdﬁ as usle_d Ii<n ‘
- CH2CH - H2 (. C «Lang. t I ke.
oo TS ek ioh B fog RaAOa TR S EP s e o g SRR g
from 1 taefRfenBalebtR@context clearly dictates otherwise.

[0021] Throughout this application, where publications are referenced, the disclosures of these

publications in their entireties are hereby incorporated by reference into this application in order
to more fully describe the state of the art to which this invention pertains.

1. Definitions .
[0022] The term “branched” as used herein refers to a group containing from 1 to 24 backbone

atoms wherein the backbone chain of the group contains one or more subordinate branches from
the main chain. Preferred branched groups herein contain from 1 to 12 backbone atoms.
Examples of branched groups include, but are not limited to, isobutyl, t-butyl, isopropyl,
-CH,CH,CH(CH3)CH,CHj, -CH,CH(CH,CH;)CH;CHj3, -CH,CH,C(CH3),CHs,
~CH;CH,C(CH3); and the like.

[0023] The term “unbranched” as used herein refers to a group containing from 1 to 24 backbone
atoms wherein the backbone chain of the group extends in a direct line. Preferred unbranched
groups herein contain from 1 to 12 backbone atoms.



atons wherein the backbone chain of the group extends in a direct |ine.

Pref erred unbranched groups herein contain from1l to 12 backbone atons. -5
WO 2004/ 089925 PCT/ US2004/ 010399 [0024] The term"cyclic" or "cyclo" as
used herein <N conbination refers to a group having one or nore
cl osed quﬂsi}%&lﬁgﬁsunsaturat ed or saturated, possessi ngCT{UFYH4/B1039r om 3
to 12 Baglipiite iaMEyci® 6f @5 AL ¥ Red fordn biEon ARAEh 1 1 €F M
"l ower" 2@ _%fsire,lgwherei}r'lc refergato a group \?\?ﬁ%&)@ﬂ?%QG aé]kr%one ]g on§. [ 00261
The t er m basmgeneersgore glosedrings fehathen upssfugated areataratpdopassesking tngd df fmued toabl e

val ence Pli’é}&% t tached to other atons.
Represen?%%\%b%éigt#%?’ S 0 9@3?8?3?%%‘”3‘{%%%% I ncl ude, but are not |limted

t o, but yl[0025]} dhe keemylowegT gsarsediheanein safets tohegrbipkeith | GOPFckbdre atomiisn

"unsat ur 1 AS & ' [s to a grou ere.at .l east. one ayail abl e
val ence g]{())n ](}?‘efe\% gajiﬁ'%g{:egz%]{?géﬁ%g éé}g%oﬂ%gp%vg Efregq?‘% ﬁv?lﬁnc(??’ﬁ’é Soft ons,
Repr esentth¢ backbone xtonslaesattathedris ather Adred Rgpreseptativeeatipiss obsdturated groaps | | it ed
to, -CH2CH 2, phenyl rrol e.and the |ike 028] The term

"al i phat ilﬁélggsggﬁdpoﬁﬁ?]éﬁmr g‘hﬁ gy“?@"&ﬁ’ Wﬁéﬂ%@fg?‘gﬁanched or cyclic

hydr ocar g7y The frm insatur€d” ab @sedtetein refeisid a @roup hieldsdt idastiond avalBlewhi ch may
be saturated or  upnsatuyat eg”ﬁﬂib?m which is not aromatic. The term aliphatic
further i %@daqucgﬂ_ [ae atorghis apt aigehsH te ethehalean Representieh, sul f ur
or phosp fmﬁg@s S AEFLRA LARDITCRDE bR arf Rt SinGRA B CHAH,CHMEHYsHeapar bon
backbone. [0029) The term "aromatic" as used herein refers to an unsaturated
cyclic hyrirglearB8ie eoup having 4n+2 del ocal i zed n(pi) electrons, which may
be subst '[hb'is‘i%.@{md%l?]ﬁh%{ié’*déh@éﬁ- hefdrefefd 'an RrRERLLE lbmeﬁéa% cg&ﬁl udes

arorfati c groups, which conprise a nitrogen atom replacing oné or nmore

car bons diydrasarberygreun avhibrmaydiseubsiitutedoranpibetiiuied, aad afichireayhesatpmtddos| ude,
but are- . : . 1 oD : . Ldi nyl,
(is) oxazggl% @ﬁ%@ﬁ@ﬁﬁ@@%@ﬁcﬁgﬁﬁ% b,argg st tla‘fﬁelgé'saagé u§%‘; “hg’r ein
refers t ovkcheomppisheupigeny nitrogem sulfigros phosphagmpomsrepladimgoneair omge cagwefl fr om

a carbon or | eroatom and replaced with a further group.
Preferre %@%é#ﬁg%g%Q§§%Ups herein are substituted with one to five, nost

pr ef er abl [p029} &he terrh ffarematic™ as used herein refers to an unsaturated cyclic hydrocarbon group
having 4n+2 delocalized n(pi) electrons, which may be substituted or unsubstituted. The term

aromatic further includes aromatic groups, which comprise a nitrogen atom replacing one or
more carbons of the hydrocarbon backbone. Examples of aromatic groups include, but are not
limited to, phenyl, naphthyl, thienyl, furanyl, pyridinyl, (is)oxazoyl and the like.

[0030] The term “substituted™ as used herein refers to a group having one or more hydrogens or
other atoms removed from a carbon or sujtable heteroatom and replaced with a further group.

{ Preferred substituted groups herein are substituted with one to five, most preferably one to three
substituents. An atom with two substituents is denoted with “di,” whereas an atom with more
than two substituents is denoted by “poly.” Representative examples of such substituents include,
but are not limited to aliphatic groups, aromatic groups, alkyl, alkenyl, allcynyl, aryl, alkoxy,
halo, aryloxy, carbonyl, acryl, cyano, amino, nitro, phosphate-containing groups, sulfur-
containing groups, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycariaonyloxy, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,

alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, acylamino, amidino, imino,

-6~



substituents. An atomw th two substituents is denoted with "di," whereas an
atomwith nore than two substituents is denoted by "poly." Representative
exanpl es of such substituents include, but are not limted to aliphatic

groups, aro s, alkyl, alkenyl, alkynyl, aryl, alkoxy, halo,
aryl oxy,_ ca?g%dnj/ol %éggjrgyl cyano, amino, nitro, phosphate @GH’(‘E?W&@?’%oups

sulfur- cani@ioNid 6} ftﬁié@a%boﬁls@é Mﬂsulﬁﬁ}lkﬁﬁllﬂ&@{ohﬁﬁ% QXiMo, ﬁ%cga&pmylwy
al koxycar bonyl oxy, arylo arbongloxy, car onyI aryl caf bonyl ,
al koxycarlistsrseryl, s&ml%ﬂ@alﬂadﬁwmc@ 4z§dg) lanlpmémromw imiglate, rogpmmyhocar bonyl ,

al kyl t hi R-,glky ag&% 925
PCTyUSZOO ?B?Rgé%bc}%?k @?ﬂ]ﬁn gﬁ/ﬂchl 0, | ocarg Ma Yl sul finyl,
trifluor cﬂmé@malkymbﬂwl andphosphipil, Wlaﬂﬂlﬁth&ml, ,mylmm&@bhmhlwbm car bazi do,

t hi osem \/

cycl oal ky cg&%% Pd’ E?l ij%hlg%r%oﬁ%i ﬁgﬂgﬁbdﬂg}l %%anbflﬁ’ %&@@EA}&LW;}WMﬁHYL

aryl al kylaa:ﬂc)tﬁclmydylsulfmwwombin@mmﬁlm tmdylib,snmnqusphwetphi nyl,

21 ol o BRET TR R B SRS e G o FF PSR PRy

aryl al kylﬁwpﬁamchedthamolozynﬂsﬂﬁtddyhaefbxf onyI conbl nati ons thereof and
substi t ut Jo h=re'q 0031& The erm.unsuybstituted’' gs u ﬁg herein refers
to a grod bﬁigi‘ © ff58 s 2k h ‘ﬁ’Pf’ﬁE‘rco Figtiopre @@ﬂgﬂ"“f‘ Meto or
substi t utwpBrahéiRdShRkated dHpBic g'fm Régresentative)dxamples oiSeiel] RRIups Mcmbmat £ 1 n
Repr esontiat FRpa=CRaHp QE;FQ&%?? . Brerlr R obuiaee et b Al o
Repr esent 5 tf d to,
net h(yl Qfe&mltetrdaewlq&x&decylsawssmptehacdayltaﬁaiﬂe,hkbsobutyl sec- butyl

tert butyI octyl decyl - tetradecyl hexadecyl , elcosyl etracosyl and

the |ike.[0933pTh teyp a*@%asalﬁwémmaa%eqmepwvémr@mﬁ@a ¢hed@nbi nat i on

refers tQugraRiiRGieshndted aliak gx%ﬂﬁgontéhﬂﬁgh %%@rféc%!bbﬂ*&%bﬁd&{b@éﬁbnﬁom ai ni ng

at | east one carbon-carbon douBl e bond may occur at a tabl e poi nt
alﬁlﬁm'hﬂeuPSbut are

al ong t hevhithaiay, ocRenst anyesieble paiet adoog il célgmoRemsmtnwe egnmnbs of
not T e ou BN Khtedo ARGYETREN 2Okhenf0aRY st pite || ke [0034] The

term"al kK as use éne or ol na |on refers to a branched
or unbr a{m&dhe tsarma’allqyra»ﬂ b uaed }Fehan alongcurom pomtnnatmnmeﬁag ta b biapeletl oone

car bon- cargong‘h{lile slérgfoﬁ‘gw}gq; ¢ Broub & Occuﬁtd%%t Acaithi dheboR Blpld v Hdn! N

chai n.

may occur at any stable point along the chain. Representative examples of alkynyl groups
include, but are not limited to, ethynyl, propynyl, propargyl, butynyl, hexynyl, decynyl and the
like. ' _
[0035] The term “aryl” as used herein alone or in combination refers to a substituted or
unsubstituted aromatic group, which may be optionally fused to other aromatic or non-aromatic
{ cyclic groups. Representative examples of aryl groups include, but are not limited to, phenyl,
benzyl, naphthyl, benzylidine, xylyl, styrene, styryl, phenethyl, phenylene, benzenetriyl and the
like,
[0036] The term “alkoxy” as used herein alone or in combination refers to an alkyl, alkenyl or
alkynyl group bound through a single terminal ether linkage. Examples of alkoxy groups include,
but are not limited to, methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, 2-butoxy, tert-

butoxy, n-pentoxy, 2-pentoxy, 3-pentoxy, isopentoxy, neopentoxy, n-hexoxy, 2-hexoxy, 3-



i nclude, but are not |limted to, ethynyl, propynyl, propargyl, butynyl,
hexynyl, decynyl and the |I|ike. [0035] The term"aryl" as used herein al one
or in conbination refers to a substituted or unsubstituted aronmatic group,
whi ch may be optionally fused to other aromatic or non-aromatic cyclic
groups. Repr¥Qéaf4dBI%Ne exanpl es of aryl groups include, bRETHSB04P399 i t ed

t o, phenykxoxypeawylpeniory)tthyiometiniy,\diflubratethory] tifluoDiiefORE, chibtotficthoxy,

phenet hyl,, . phen ene,mgfe enetriyl and the |ike. [ 0036] The terra "al koxy"
as used ﬁlﬁh&‘?{n it (e g °r85‘ﬁ{13‘1° tion refers to an al kyl, alkenyl or

al kynyl qoo3gpThétns “irhToRytdit Bedlicigh alohesith BahbiahitRrefelsits 808yl Fyaiiuas of

al koxy grou&)s i nclude,, but gre not limted to, nethoxy, ethoxy, n-propoxy,
i so- pr op&gugha singletegmingl FESt ert - but oxy, n-pentoxy, 2-pentoxy,

3- pent oxgaoshgm@aiﬂwamgzﬁppﬁﬂmem “hatoN GXEsY h?l%rnhafamwin comibinaMés RR¢089925
PCT1US2004/ 010399 hexoxy,

) OXY, 3- r.ret“(hﬁll,per_\t o%, |'uor onet hoxy, difl uoromnethoxy,
ti f | uor ofiueriendiE, @irsingTEl hbrenine ‘Hroiedineg o ahd ayating AL Repshsentabivet hoxy .

0037] T ¥ " ! W | ' f t
b ary1 | Qe EBe R inchge, 6o G ity Uifor Sl P EBRRRCIRR ) O '
t er m " halidngestartido ged thddike.or "hal 0" as used herein alone or in conbination
ot at 1 ne 10301 HLIERE hefery SR h3n clhbinariln HiiGo a Bloyp lPlliep hepr 08, |
limted tomscifihny deneattathediban éalsomoadydmpind Bepresedotivedampibs ofimterd gmups ke.
0039] The,t "het er.o" d_h ' b nat | t . t hat
10059) o S8l RS Bl SR B b B, L

Repr esent@ hitsge oapgenesulfof andehesphoms.oups i ncl ude, but are not limted to,
t hose gr at contain heteroatons including, but not.limted to,

i 1 ogon UGB B s Sharepedelis s irsg BB ELoS 100 ST FEPCBRHI SR o as
used her ®epresepitative ekanples@y BetbrocEl 3 hede minaglilﬁitmb,e;sﬁi@mamifgraqine,
Represent atii ve exanpl es of heterOC){cI es jnclude, but are ngt limted to,
pyri di nep am@, ine, PIReFaR EMO1S PrrdidHons, pyppitra masdolips, r ol e,

pyrroli digenemhiie! RibE) iBBndD iRid@dld) &iazole, tetrazole, furan, benzofuran, dibenzofuran,

thiophene, thiazole, benzothiazole, benzoxazole, benzothiophene, quinoline, isoquinoline,

azapine, naphthopyran, furanobenzopyranone and the like.

[0041] The term “carbonyl” or “carboxy” as used herein alone or in combination refers to 4
group that contains a carbon-oxygen double bond. Representative examples of groups which
contain a carbony! include, but are not limited to, aldehydes (i.e., formyls), ketones (i.e., acyls),
carboxylic acids (i.e., carboxyls), amides (i.e., amidos), imides (i.e., imidos), esters, anhydrides
and the like.

[0042] The term “acry!” as used herein alone or in combination refers to a group represented by
CH=C(Q)C(O)O- where Q ig an aliphatic or aromatic group.

[0043] The term “cyano,” “cyanate,” or “cyanide” as used herein alone or in combination refers
to a carbon-nitrogren double bond. Representative examples of cyano groups include, but are not
limited to, isocyanate, isothiocyanate and the like.

[0044] The term “amino” as used herein alone or in combination refers to a group containinga |

backbone nitro gen atom. Representative examples of amino groups include, but are not limited



t hi onor phol i ne, indole, isoindole, imdazole, triazole, tetrazole, furan,
benzof uran, di benzofuran, thiophene, thiazole, benzothiazole, benzoxazol e,
benzot hi ophene, quinoline, isoquinoline, azapine, naphthopyran,

f uranobenzopyranone and the |ike. [0041] The term "carbonyl” or "carboxy" as
used herein é’P&%“f’%f’”Pn conbination refers to a group thBET/ES2004010399a

car bon- oxydeli,datibl & o . r nt.ati ve ex | es .of grouns ich contain
a carbo n?ﬁ%&%%ﬁ%ﬁﬁﬁgﬁ%%?ﬁﬁ% m‘ﬁ‘?ﬂ?"?’b": a%{?lggﬁ%g% ag?’?" . ,°H¥W8’H+ﬂ?t s),
ket one irylearb 1189, carbemoyipuryido endiihe Hike. (i . €., car boxyl s), am de i.e.,
am dos?,(m' OWF i, d ‘s)my.#gster;,, aﬁllh dri.de )I‘(l)(; f)he I'ke.S 5)1)42] The
term"ac r@{ﬂﬁi@e EFEB@‘P‘%SP@%‘:?{Q#%’H’% EFPUP BSOS f‘%ﬂs f‘l’eﬁ‘ PP ¢ up
{ epr e ]s en t 1&&: e phbdpEeohs dcinGh Gh oﬂﬁﬁftﬁstftk.jll&p&@gngdﬂ;yﬁ bﬁﬁplesgﬂﬂﬁd@!ﬂiﬁfaffm@ roup.

e term"cyanq," ."cyanate," Qr "cyanide" as used herejn alone or in
conbi nat i Bwteﬁé?’@g%g?’ﬂc %‘%%ﬁ??ﬁaﬁlmct@‘g&rpg?%gﬁﬁ Bﬁtgs’@gﬂ@.?”%ﬁ?seg iposy e
exanpl es phf:sﬁxﬁ@[k?p]ﬂkﬂgﬁblﬂjd?ié@l hobhosphBnd3Of hospHobanty R SpHoSphoka® gat e,

i sot hi ocyanate and t l.i ke. 10044] The term "am no" as used herein al one or
i n conbi rEbosRbaropestapd e lkey group containing a backbone nitrogen atom

Repr esent [@Me}gqhem%ﬂﬁu%nﬁmn@weme& P&kl AFers B34 ?%Pfc&ﬁ&imh'g%ﬁ]ﬁﬁ -8 WO
2004/ 059925 PCT/ US2004/ 010399 “to, al kyl am no, diarylam no, arylam no,

di ar y| ami a4@n. Repegeniatiye sramples inglnda, batarroie) limitetie, sulfayduylsagulfonns| amlfings,,
car barmylsmﬁﬁﬁ,n,i %g?%?@fﬁgéﬁ%&%&gpﬁ]thgm_ term "phosphat e- cont ai ni ng group”

as used here roup containing at |east one phosphorous atom
i n an oxi[6047¢ The tean &optiRmpl’ @s Contianallyd aevsedbireia naans thatghe Hibsequemlynisseribed i t ed
to, phosp i c .aci L ' 3 . |LRi denes,
phosphi nadeitof pistineRiRP St for Bl na IR ALERER Rl BURRAR WAL
phosphor asaidlesent phcsphetaacsdecure ardinstapleo whire itasesnohfbr exemplle, ke phf3046] The

sul fur B Rl Raae Al dheanfhat BE i rfad o s el Bretie &g " "0
sul f hydr ythedesaiptios itetudesbdth unubstitutsdihlkylayd sikylsuHeteothere 434 fubstithison. t hi os,

122 o 4 i o o i °

composition as provided herein, means a sufficient amount of the compound, product or

composition to provide the desired result. The exact amount required will vary depending on the
particular compound, product or composition used, its mode of administration and the like. Thus,
it is not always possible to spécify an exact “effective amount.” However, an appropriate
effective amount may be determined by one of ordinary skill in the art informed by the instant
disclosure using only routine experimentation.
[00!49] The term “suitable” as used herein refers to a group that is compatible with the

{ compounds, products, or compositions as provided herein for the stated purpose. Suitability for

| the stated purpose may be determined by one of ordinary skill in the art using only routine

experimentation.
[0050] The term “hydrolyzable” as used herein refers to whether the group is capable of or prone
to hydrolysis (i.e., splitting of the molecule or group into two or more new molecules or group).

2. Compounds
[0051] The present invention provides a compound, which upon cleavage of one bond of a

quaternary amine yields a compound of the formula:

9. -



event or circunstance nmay or may not occur, and that the description

i ncl udes instances where said event or circunstance occurs and instances
where it does not. For exanple, the phrase “optionally substituted al kyl"
means that the alkyl group may or may not be substituted and that the
descri pti on WOhHO48R%2Shot h unsubstituted al kyl and al kyl REEES2Q048103%% s 5
substitution. [0048] The term"gffectivg anmount,"” when used in reference to
a conmpound, product, or conposityon as 1provi ded herein, neans a sufficient
anount of the conpound, product o ST Fteon to provide the desired
result. The exact anount requi re y depending on the particular
conpound, product or conposition ySe# ~i g{xﬁ of adm nistration and the
like. Thus, it is not always posSible T™ specify an exact "effective
amount . " However, an appropriatiRy effectiveRgnmount may be determ ned by one
of ordinary skill in the art inforned by the instant disclosure using only
routine experinentation. [0049] The term "suitable" as used herein refers to
a group that is conpatible with thém™sddunds, products, or conpositions as
provi ded herein for the stated purpose. Suitability for the stated purpose
may be d%&h i ned by one of ordinary skill in the art using only routine
experinmentati on. [0050] The term "hydrol yzabl e" as used herein refers to
whet her the groRmgAisdepahl e of or prone to hydrolysis (i.e., splitting of
t he nol ecul e or group . nt or ,,ore new nol ecul es or group). 2.
Conmpounds [0051#%@6?@?%%‘%%’5%&?92 provi des a conmpound, whi ch upon

cl eavage of one RyantRphdependpmily ererth roptianailpanbytiteted aliphatio roptioundly efibstitneed
formula: -9 WO 2004/l 3 9251ll3‘1 /US%&OMIQJ{O?)QQ1 R2 Zi R3 Zz 1ta£lAt thh R4
(Cor(pound 2) vvheraQ' 1y OXYyl, ogen, 0XYy, heterocycle, cyano, amino, or, are <N togewmer

to form an optionally substituted cycloaliphatic or optionally substituted aryl;

R; represents H, optionally substituted aliphatic, and optionally substituted aryl; and
R4 and R;s independently are H, optionally substituted aliphatic, optionally substituted
aryl, heterocycle, aryloxy, carboxy, or, are‘ taken together to form an optionally
substituted heterocycle or optionally substituted heteroaryl.
Preferably, cleavage of one bond of a quaternary amine yields LY294002 (Compound 1).

[0052] The present invention also provides a compound of the formula:

(Compound 3)

wherein,

-10-



Ring Ais benzo; ZI and Z2 independently are S or 0; Rl and R2 independently
are H, optionally substituted aliphatic, optionally substituted aryl,

hydr oxyl , hal ogen, al koxy, heterocycle, cyano, am no, or, are taken together
to forman optionally substituted cycloaliphatic or optionally substituted
aryl; R3 repf@z®#p89933 optionally substituted aliphatic, P&H@%ﬁﬁ‘l‘)&?&ﬁ |y
substituted arylp:, %bﬁ%o;and R5 i ndependently are H, optionally substituted
aliphatic, optionally substituted aryl, heterocycle, aryloxy, carboxy, or,
are taken toget Hepnd % indapemdentlvpreiSomélly  substituted heterocycle or

optional ly subst, . 4 P . . f a
quaternary am ngl%l%a %gﬁﬁ’x?%%g%?e(lwhg%ﬁgQﬁ%ﬁmﬁéggﬁ?gﬂcﬁéopr sﬁ"engglltérgllventi on
al so provides a camylcyrxyl, genf alkoxy, heterBRycld, cydnosning) o)/ akd taken-tBgetheR~ R4
benzo: 21 and 22 i haepeRgRRl Srendil St ahetcer chS A SRRBR AR arc H,
benzo; ZI and Z2 i e y r70, n t14* are H,
ﬁp}[i onal | yI iubsllzi;:-]eptaehtal{i Tﬁmhﬂnwubﬂﬁﬁtemﬂi&wﬁmﬂﬁb?m?dubstﬁwéﬁmﬂydr?xy:c ,

al ogen, al koxy eferocycl e, .cyang, am no, .Or, . ar aken .toget her, o form
an optionally sgbgrf‘f ﬁ%&%’%&ﬂ%éﬁeﬂgﬁﬁgﬁ’%ﬂww@ﬂﬁ% l?";t}c’s%ﬂgi‘al%@’ﬁ{&@ﬂ |: R3
represents H, opt igfdeerosulesirylony, @drbaky, B ald tikenasiéteptd fB1ha kb yptforhlst i t ut ed
aryl; Rg and R5 independently a%e H, .optionally substituted aliphatic,
optionally substi tsﬂlffé‘&t‘?da‘?")tﬁr?cyﬁ {0 PRfiqpailwsubsfityfed heteroaryb gady . or, are taken
together to for m, apriitt ANGtoMally substituted aliphatic, optionally substituted aryl, alkoxy,

carboxy, amino, heterocycle, aryloxy, and optionally substituted therewith a

targeting agent; and
L represents a linker group.
[0053] In a preferred embodiment, Compounds 2-3 of the present invention are those
compounds wherein, R;-Ring A-R, is selected from the group consisting of the following:

-11-



substituted heterocycle or optionally substituted heteroaryl; and R6
represents H, optionally substituted aliphatic, optionally substituted aryl,
al koxy, carboxy, am no, heterocycle, aryloxy, and optionally substituted
therewith a tar etin% agent; and L represents a linker group. [0053] In a
preferred enBEHBEN925Conpounds 2-3 of the present invent ipomsteebivese
conpounds wherein, RI-Ring AR2 is selected fromthe group consisting of the
/ US2004/010399 | \ / HO HO\I \- \l [/ Q

\ HS. \ I\ |
I\ - 0\
ds 2- t heéyprasent

| ected from phe group

g o O O o
CRLEEY
g o U0 O Q

BIEGe QR QUGN @j@i

[0054] In a preferred embodiment, Compounds 2-3 of the present invention are those

\tr
\ I HS H2N

f@?& is s

i nvention #
consi sting

compounds wherein, R4-N-Rs is selected from the group consisting of the following:

-12-



WD 2004/ 089925 PCT/ US2004/ 010399 OH N OEQN OH\ JOOH Hi ,-,,0HN

YI-JI ~O- N," NOFN,-><,F o0l1l~1 (/ 0 ~\OfrN~ VO NAO NH2 0- and [00551
I n anot her enbodi ment Conpounds 2-3 of the present invention are those
conmpounds wherein, R6 is selected fromthe group consisting of the

foll ow ng TQ?’?‘&’“SWZOOM 089925 PC1/US2004/ 010399 0 / D(?TIG)SZM-@HO@QN 0 oM
p OO0\ \W\\ 1, NCS ~ \O OHa ON OFO O (\ O OH\ 1 ON O

s O hg Fe
BR=]n sl s 0 s SN 2oy
RRSN~ON gl R s

o e PR L ey

[0055] In another embodiment Compounds 2-3 of the present invention are those compounds

:|:"'

wherein, R is selected from the group consisting of the following:

-13-



O NCS NCS HO OH < F
-510G2 CH,C0Hp-
So OOHffff ~ '0-
PCTI US2004/ 01039 9

“p~-)roH N J4~Q) OHC N\HIONO SON- OO0 0 22
Oand O ~( 0 0 -14 WO 2004/089925

Li nker [0056] In another enbodi nent ound of the
present i nvetR2WH989% { hose conpounds wherein, the Iinkdi€ &F%’“F‘?”

hydr ol yza The |inker group of the prodrug may be cleaved by epnzynmati c
g '\Dr

cl eavage ef erabl si s unde ysi ol ogl @
i ncluding’ b aqu ous copdi |ons V|n anlna to
yi el d Corrpoun e ra odf hy @Fob{s¥% of o ker group pader
physi ol ogj tions is preferablyfromabout { ni nut e h If-1%Vfe to
about 48 1%1%5 |fe I Ej
o~ i_l J\ E_Y
Q K i_QU" }-Q ‘_\Q i_\/\© !p o
% Vs cl
(o]
o—N
Pﬁ X by %—]< el b
] I8 g
=5 0 Q
N*
o T ot He
(o}
O QNCS NCS  HO OH
0 o
!_0 W \g z_o ;—o g—O'Q’OH

9 . HO  ©OH

OOOH 01 0f ~OO0O 1 HO3O0WOH/ GO-t~/OHO G O
15
O

0
NJ
a

o tamons %\ Nl Y
Biae - ?’\’f“’-& PR j‘b O
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b. Hydrolysis [0057] The term "hydrolyzable" as used herein refers to

whet her the group is capable of or prone to hydrolysis (i.e., splitting of
the nol ecule or group into two or nore new nol ecul es or groups due to the
net insertion of a water nolecule) at a rate of about 1 mnute half-life to
48 hour hal fWORPHESPHO58] The |inker group may be any grREEUINEH010Y be
hydr ol yzed or E%EﬁllcaHy cleaved to vyield Conpound 2. In a preferred
enbodi ment, t#e Ker group is of the formula: /2 \ 4 R~ Z3 R6 wherein,
Z3 and Z4005Qld:parmdmnmhbo@ma®w@®;1démdﬂﬁinamnﬁm&m:sam Bl ompGhifdsH3) -

- CH( Ph) - . 00 A repre at| exérrpl e
of the hydqe%é/:gggﬁ“%(%%% eﬁ P’%égrgyg%%%#“ﬁ? pB?%%PﬂOémf%mWS% o aad ﬁbound 2

i S preseneyatie c(eﬁ@&ge oeprferablyiy keydnol s e ﬁ@mbl&ﬂﬁﬂ&hﬂﬁﬁbﬁsyinﬂﬁdin@m o).

Hydr ol ysi enz I c .cl eavage of .t RG a he m._nal _t hat
col | apse 'Wh%fiﬁ a%/ %‘P\d@ﬁ’n%ﬁﬂ fim ?’&Wgﬁ é‘?&%éﬂ%? %Fﬂjy ound 2
conpri si nBe Raklef Qeuﬁ @ridet pliygioRigicaBeonditiohdls Pefaiily FémeBoutnamBmel-aGlfewk o0 gi ve
different rates Oll?f g_versmn back to the free tertiary amne. For exanple,
|ncrea3| ° wABderehalflgR at R6 or R7, or a conbination thereof, may increase

the stabilitypt cyﬁ{rqlg,sﬂaydrol ysi s. Furt hernore, el ectron w thdraw ng groups
on the R6 npiety decreases the stabilit In addition to the varying of R6

or R7 di 80354 E&ewe‘hmlaWH i2g pead bezein tsfess to gther i 219uD {pcepabla s o5 PmBe | | t y

of the ¢ Lt@hg&rﬂl%ﬂ (1%%%!%1?6’1‘ thembRENE of %—oﬁﬁ inBas8or mbRi A oREules R Ghdupdal
Chemistry 1 469-480 "Soft Drugs. 1. Labile Quatérnary
Ammoni umdug % wgommwﬁz yatﬂcnomgleIMﬂmg@@w@amwteé@lfS& to 48 hour half-
Antimcrafgials"; and G Brouillette et al; Journal of Pharnmaceutical
Sci gnces, 1996, vol 85 #6, pp620-623, the contents of which are

i ncor por A0058] Abe Bhker BEpup afay be Avegroup that may be hydrolyzed or enzymatically cleaved to

yield Compound 2. In a preferred embodiment, the linker group is of the formula:

. Z
R7—23—<R4
i}

wherein,

Z3 and Z4 independently are S or O; and

R7 represents ~-CHz-, ~CH(CHj3)-, -CH(Ph)-, -C(CH3)(COOH)- or CH(CH(CH?3)2)-,
[0059] A representative example of the hydrolysis of the linker group of the prodrug to yield
Compound 2 is presented in (Scheme 1), wherein Z; and Z, independently are each O.
Hydrolysis or enzymatic cleavage of the Rg ester yields a hemiaminal that collapses with
liberation of the Ry aldehyde, thereby generating Compound 2 comprising a free tertiary amine.
Both R¢ and Ry can be selected to give different rates of conversion back to the free tertiary
amine, For example, increasing substitution at Rg or Ry, or a combination thereof, may increase
the stability towards hydrolysis. Furthermore, electron withdrawing groups on the Re moiety
decreases the stability. In addition to the varying of Rs or R; disclosed herein, additional factors
that may be vary the stability of the quaternary amine may be found in N. Bedor, Journal of
Medicinal Chemistry 1980, vol 23 #5 pp 469-480 "Soft Drugs. 1. Labile Quaternary Ammonium

-15-



SCHEME1l R2 F AR OHyd rolyeisf Af REOH+ HORe Rr Rc RR R5
hem am nal carhoxyfo acid spontaneous conversion Rz 10 j HR, RRI'

al dehyde Conpound 2 O ketone <c. Targeting Agent [0060] In another

enbodi nent, conpounds of the present invention are those conpounds wherein,
R6 further cH®P¥BI2¥ne or nore targeting agents (T) covRCEMSEOp4/at0smched

t hereto. argeting. a LI t he prodrugs of the present |nvent|on to be
deIiverecﬁ%%F%%‘?fM‘% %f ﬁ%p@él |B€°‘t‘9%@§t@f of Pharmaacguical $riepeess 1946,
extracel |y 88 #6 mwmcmemmwﬁewm@r@ﬁm&fmah Conmpound 1
(LY294002) sufftg?s from poor bioavailability, rapid netabolism and side

ef fects because the conpound is not tissue specific. Therefore, it is highly
desirable to limt the |ocation ofSCHEMHNug to that of the area of
treatment or at |least prevent it fromreaching the tissues where if can
cause side effect R, andito ensure thatRat apy particular tinme effective, but
not excessive, a Rsth rugmrﬂge Rhe use of fargeting agents
may al |l ow the prodr niti QnPtd be ntrated at the
site of treatnent rath R/t'hh evenly distribrt To i throughout the entire body
or to be netaboli Fed prematurely or extreted tod qui ckly. Once being
delivered to the site of treatnent, the | inaleesa May be esmeymabically cl eaved
or hydrolyzed as described above to yi el d Conpound 2. Moreover, the use of
targeting agents may limt the dosa e re?rhlered to be administered in order

to achi eve an effective concentr&"f"f" o)l drug at
) Ry |

( | Re 9

@ ’Rs + H/RT
3 o

aldshyde

Compound 2 or

ketone

c. Targeting Agent

[0060] In another embodiment, compounds of the present invention are those compounds
wherein, R¢ further comprises one or more targeting agents (T) covalently attached thereto.
Targeting agents allow the prodrugs of the present invention to be delivered selectively to
specific types of cells, tissues, organs or extracellular structures. As discussed above, treatment
with Gompound 1 (1.Y294002) suffers from poor bicavailability, rapid metabolism and side
effects because the compound is not tissue specific. Therefore, it is highly desirable to limit the

( location of the drug to that of the area of treatment or at least prevent it from reaching the tissues
where if can cause side effects, and to ensure that at any particular time effective, but not
excessive, amounts of the drug are used. The use of targeting agents may allow the prodrugs of
the present invention to be concentrated at the site of treatment rather than evenly distributed
throughout the entire body or to be metabolized prematurely or excreted too quickly. Once being
delivered to the site of treatment, the linker may be enzymatically cleaved or hydrolyzed as
described above to yield Compound 2. Moreover, the use of targeting agents may limit the

dosage required to be administered in order to achieve an effective concentration of the drug at

-16-



-16 WO 2004/ 089925 PCT/ 1JS2004/ 010399 the site of treatnment. The use of
targeting agents nay also allow for nore infrequent dosage or even
alternative nethods of administration in order to achieve an effective
concentration of the drug at the site of treatnent. ' [0061] The targetl ng
agent are prie®2A08M9H |y attached to the conpounds of th&@GIHEREROIBIRY ention

via a covl febr Ho ﬁﬁeﬁwnfehm eI g2 %@?’ﬂﬁ%@ﬂﬁrh@ﬁhﬁﬁ% t doddgeldpt

limted to, a nuc l'ic or Ic group of t getln agent
that is @Weﬂltemmgpm s adipipigtraion ip prder to aphtievei ap effectivgshuaespinationef gaeoup

(respectl )he@ﬁ‘e dﬁ?eabﬁéﬁ'fer [ 0062] In one enbodi nent: of the present
i nventi o rrpoun 3 of the present invention are those conpounds

wher ei n, [0861]TThestargeting-ageat dre praferentiallyrattaghed tonthie sornpaynds of thepressnt mw:trhgn -17 WO
2004/089 25 2 £.0-T..O _ 22 -0
NINT VBBt thitk T e gnpd B we*ﬁo%s, s Yt i a0,

nucleophilic or electrophilic group of the targeting agent that is covalently reacted with an

electrophilic or nucleophilic group (respectively) on the linker.

[0062] In one embodiment of the present invention, Compounds 2-3 of the present invention are

those compounds wherein, Rs-T is selected from the group consisting of the following:
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O~ ~ /INTOT NTpSHIT K_TKNT NNT <OT \ NOTOp NTNT [ TOO
OT Oand O [0063] Targeting agents which naybe reacted with the prodrugs
of the present invention include, but are not limted to, carbohydrates,
vitam ns, peptides, proteins, nucleosides, nucleotides, nuclelc aci ds,

| i posones, IW@?%’“SS‘B%ne seeki ng agents and cartil age- see@GTUSBMB “18 wo
2004/ 089925 PCT/ US2094/ 010399 The targeting ageniﬁiy al so be a nol ecul e

which is by a tor in a desired ssue an optionally transported
into a cepl by|a recgptorfnmedi at pr oce Repr es ative exanpl es of such
targeting a Admel u Tar%T @ oN” di aZépifies that bind to
peri pheral benzodi azepi ne receptors (PBRg 4 esent inglial cells in the
brain. Representative exarrpl s of such di azepl nes are discugsed in G

Trapani, et al. Bioconj ugagﬁkihem 2003, vol pp830- 839 |[Peri pheral
NTTor So—the cog

Benzodi azgpi ne Re d- Mel phal & Pot ial Selective
Drug Deli e ‘
references [0 esentative vitamns that nm used as targeting

N'i ncoNpoTat ed by
agents i ncl ude, are not liggted to, folate, vitamn B12 or vitamn C
The term "fol ate” enconpasses lic acid 'ygtives with capacity to bind
with fola e-recepto Repr es ative exa of f@lates that nmay be used
i teN” but Oar& not o, folic acid, folinic
acid, pte opolygluts and fol ate receptor>pi ndi ng pteridines such
as tetrahydropterlns, di hydr of ol ates, tetrahydrof ol &&sT

-y OSSRy

( Nt | N—T
o) g l_—>"o/ W—'o /T
o o

oO—T and 0

[0063] Targsting agents which may be reacted with the prodrugs of the present invention
include, but are not limited to, carbohydrates, vitamins, peptides, proteins, nucleosides,

nucleotides, nucleic acids, liposomes, lipids, bone-seeking agents and cartilage-seeking agents.
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and their deaza and di deaza anal ogs. O her suitable folates are folate

anal ogs including, but not limted to, am nopterin, anmethopterin

(met hotrexate), Nla-nethylfolate, 2-deam no hydroxyfol ate, deaza anal ogs
such as 1-degzanet ho§§eri n or 3-deazanethopterin, and 3'5' -

di chl or 04- am"H* ' WeHRy - Ni o- net hyl pteroyl -glutanic acid PCT/US2004/010399

(dichl or hot r exat ods of _ conjugating nol ecul es o fo] ates, that
are suit ArSine AgsT: g#@?ﬂ%e %F? %E‘RfFBWF “@#&%‘W}‘Bﬁﬂ&%r%@t%’é‘a‘{??’é@é’ﬁf“elaﬁ@ent i on
ar e di scloptiiily frandpSrtedintoardell N9 2 redeptormediaidd pﬁc&&ﬂl@ﬁeﬁentﬁlhﬁ&ﬁﬂﬂpﬁgs of g
5,108,921 5, 635 38 416,016 the contents o I C re,incorporate
herei n by Sper 2%19%&3 *%aneé‘fﬂ“&aé?n%%Sé‘&%L@g]? BetiR in Cthat are
SUitab|ebfeﬂ’odﬁ%jﬁi fokd Bkmﬁesemn AREMTH 1 braih epRisBR e el iH eaéfon are
di sl osed in R/B.nflafglpnl (? Che%ﬁ Vol 45, pp559-562, 2002 t contents
of whi ch saffbeilmia%? é@%ﬁq@l@ﬂ@ Rraggni, ¢t ple Biageriugat o). m%webmapaﬁﬁovﬁé

pepti des "%0 hBRPBEHBMh IR ine RS cdpi i SHRM-NAGpHARR € oifughted &?P%:@gn@@@l@étﬁrebrh@c' ude,

but are n Imted to, an contai ni ng peptl de sel ec romthe group

consi st i Mgliyéry t4BEiN T\mecr!as;bﬂﬁ)contvmts pbviaich arp incpiporataddunrefsrence.

somat ost t it -
Mol ecul e?ﬁqﬁﬁgﬁ g%gﬁgﬁﬁ‘{)&ghe av t%h%t%g?@nﬁ?%géﬁ?ogén%ﬁﬁag%’ g{é&‘g%?agom sts may
be used o, folategdtaimmBage mitanial. dbs i Hibdate rentinghassea faistacidaterivaivebRItlD 79,

2002/ 006 TSI G RIBGT-HE raBustBh Pl A SIS BN BB " oy

Sci ence \tapetRdg dgentuintiede, bt are AA Yidvitep o, ﬂﬁa&iﬂ,(ﬁo&ﬁc Kcil, lﬂeropdlyglﬂnmm;d,ugat e

Chem 2002 | 1 8- 135.. DA e vol 4,

nuner 5 404 G5 pspeer RHETE BitdipR urt B ey oo, R AR ShiaSRRe Yo vo

2004/ osgaaéﬂammaﬁmﬂ%amgseememﬁaﬁ&ow&m folute alﬂogbﬁﬂluemgﬁuut néici ence
the contents whi ch_are rat.ed herein by

vol 296, p 04- 2407, f cor
referencémgﬁg é@&?@’f&l"?’\f’é“eﬂ}”ﬂe@‘ﬁ(’é‘e ﬂ%a%&“b’é‘eﬁl}g sf ﬁ%f’l“t}’é‘tl ng agents

i ncl ude, hb&bxﬁb@.tmﬁazim&ggeuchqs 1aRhiaReBbReriOér L daAsBIheptdrRCaRIfs- such as a
tunor-specific nonoc| onal anti body or_ fragnent  thereof Reprasentatlve

bone- seeidpredyEping-4rdeaxy-Neoymerlyigteayl-eltamicpcibdichipramethotisxatgk | Metbodsoft ar e

not |i m tghlubiing a{&%%@i@%%ﬁtes Eﬂ@&@@ﬁ&bfé fa%dalemaﬁamm%ﬁ benh& aci d,
phosphat e, "pol yphosphat e, and hydroxyapatite-bi ndi ng poﬁ%‘?& pt| O her

pept i des Present irventiom ase discloded IT(TSLSBPﬂtQIB 1B179.2305, 830587 &5 &8 5, Q@%
5,635,382, and 5,416,016 the contents of which are incorporated herein by reference. Methods

of conjugating molecules to vitamin C that are suitable for covalent attachment fo compound of
the present invention are dislosed in S. Manfrdini J. Med. Chem. Vol 45, pp559-562, 2002 the
contents of which are incorporated herein by reference.
[0065] Representative peptides and peptidomimetics that may be used as targeting agents

( include, but are not limited to, an RGD-containing peptide selected from the group consisting of
RGDs, c{RGDfK), vitronectin, fibronectin, somatostatin-receptor agonists and somatostatin-
receptor antagonists. Molecules that bind to the avb3 integrin receptor and act as antagonists may
be used at targeting agents as described in U.S. Patent Nos. 6,552,079, 6,426,353B,
WO 2002/40505A2, and U.S. Patent Publications 2002/0055499, 2002/0061885,
2002/0065291, 2002/0072500, U.S. 2002/0072518; W. Arap et al. Science vol 279, number 16,
1998, pp 377-380;RJ Kok et al. Biojonjugate Chem. 2002, vol 13, pp128-135; DA Sipkins et al.
Nature Medicine vol 4, number 5, 1998 pp623-626; PM Winter et al. Cancer Research 2003, vol
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Lanza, et al. "Targeted Antiproliferative Drug Delivery to Vascul ar Snooth
Muscle Cells with a Magnetic Resonance | nmagi ng Nanoparticle Contrast
Agent"; Circul ation, 2002 volune 106 pp2842-2847). 100661 O her suitable
targeting agents include antibodies. The anti bodi es nay be of classes IgG
| gM | gA, | JYO 040825 or fragnents or deri vat i ves t her eof BCTVH2PUENEBY’ Fab,

F(ab') 2, ti bodi es,
bt funet | SaaPS P RaaD SA A o SLERAYF e, adPPAER meBaFRRS E WIGE & "0 o
nmonocl onamcowmrat@id@qmby)tesﬁremnalRearcsenm&ypmﬁﬂslﬂmtmaymamséd asdargeﬁnglagdlys or -

t f_whic ib f i f Lyt desired
cpi t ope. e Aot AT HuliBodi i et PR SRR BTyt 0 Do o
chi meri ¢ nonbélbged ynnbﬁhyaoxaﬁﬁgﬂmdﬁtasomyprb@ntadwmbﬁebkmﬁugaﬁ that gy beetsyd of
antigenic erm napt.s.i n oGl at e unmgrs,

1 St SconpaETEERE pPRRF il Sted heffio S SR B PLORERE B f ungi
viruses, aﬁmifoyrmtphb@hbﬂs acid rpl@@ha%ﬂpblﬁﬂthﬁihaﬂel @h%gﬂﬁﬁjdpxu@rbtﬂm nol ecul es.

Antigens assocj at Wi t unor ant i i es )_e(pem fically
p

th
react i ve PPlEFRides: eptidesgeln qqh?qrgtaxnpéSU@ﬁ%ngﬁtl} @@r@s%fa%ti’ GMd i ncl ude,
but are1agfa, biali" etE&AnﬁﬁBerﬁﬁ%Tbﬂg%!ﬁe@% aRblat S$E6dth MhkeleTHIs Wil a2S

TAG 72, human m |k gl obul e anti gens, Xrostate serum anti gent (PSA),

pr ost at el\éq@eticfft@omms@gé\ﬁappwlt t Agepts; Chioidaliona?q0dyolumeri0fe) | and
receptoriﬁmlﬁ inng, but not limted to, the IL-2, EGF, VEGF and

transfer i receptors. Qther representative antlgens associated with tunors
i ncl ude, [#66] Biher suptable fargdting dgants, mﬂh@s@hbmrmmda@edaﬂvﬂqums tEscri bed

Zal cb fra A 5 ,W
I02/ qg789i@9 % I%(gq Ot?en%mﬁ%{)l cat Ion %%EX%H@?@%T’? ﬁ% conlg%ératt?s of
whi ch ar eha;mmrhodueatdwbodla, bxspezch'y: mb@hwnh&ncﬁmmb@m%bmmbﬂhﬁmfget i ng

t u c nno S Qr nones
(05 | ABe Aot MR BEe pdRh sl o RAORS FRIGRZ Sty %Qf*‘m‘ﬁ%b%eok.
(e.g., Tﬁﬁﬁtﬂxes E(a'-qof whith lexhibils suéficimobinting mt:ﬁimty mnd:lcbllﬂ&i dpttbﬁ@ ora sequence

YEE( Gal 3 t | .obul
Ve Vi, T, S B 5 b L B TR AR B
PCT/ US20 QA 88t ki Io@hmgaﬂbnémﬁmnmmaﬁﬂngmosmtddmmm RAERRLS (e. 9.,

Fab), single- chal n antl ody vari abl e, (bgl on (scFv), transferrin, any
vitanmn Q}ﬁpcalﬁpa Mher cell surface a.nttgens, tena, fungi, v1ruses, enzymes, toxins, drugs

and other biologically active molecules. Antigens associated with tumors for which antibodies
may be specifically reactive include, but are not limited to, such antigens as are and include, but
are not limited to, carcinoembryonic antigen (CEA), mucins such as TAG-72, human milk fat
globule antigens, prostate serum antigent @SA), prostate specific membrane antigen (PSMA),
PS (phosphatidy! serine), and receptors including, but not limited to, the IL-2, EGF, VEGF and
transferrin receptors. Other representative antigens associated with tumors inciude, but are not
limited to, those tumor associated antigens described in Zalcbherg and McKenzie, J. Clin.
Oncology, Vol. 3; pp. 876-82 (1985),WO 01/68709A1, and U.S. Patetlt Publication
US2004/0009122A1, the contents of which are incorporated herein by reference. |

[0067] Other suitable targeting agents include glucose, galactose, mannose, mannose 6-
phosphate, hormones (e.g., insulin, growth hormone, and the like), growth factors or cytokines
(e.g., TGFB, EGF, insulin-like growth factor, and the like), YEE(GaiNAcAH).sub.3 or

derivatives, cobalamin, a-2 macroglobulins, asialoglycoprotein, albumin, texaphyrin,
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[ 0068] The targeting agent may al so be an agent that delivers the prodrug to
bones. Bone targeting agents include, but are not limted to, EDTMP DOTMP,
and A13EDTMP, which are disclosed in U S. Patent Nos. 4,937,333, 4,882, 142,
5,064, 633 and WO 94/00143, the contents of which are incorporated herein by
reference. BOTMP4BIMRSEDTVP maybe attached to the |inker PEETERIP48103%y

5 and t REPeDPy s, dlib dineh ol 1Bl DRI St SR Con Pave

an appr omgioat(va)ehemfmpmymmmandlmmpﬁzyMec group that reacts with the

Fur thor 1968, Pl o B bR EREEGL 15 B fRosBle b Baes MiRaron” Tooo,

55, ppl29fEtit@agats itdielecin brembslinftedih) BDTMPOOTB) mdrABEDTMY, wiitiesrence.

Soc. | opt Seehgt i o PSP 4R AR, ARE D Lo B Mo STl e et

PP99- 106whidh re iltviRsted\iereih b refor@ied; DOTNIP AMBED TR Hay 86 Sfbchetito 428nkdrl ;
Tetrahedron Letters, 1989, 30 #51 pp7l41-7144; and U.S. _Patent No.

5, 955, 45M01eiRy auymethod dnclyding, putpog l@ﬂ?%feoﬁhss?@i%cwms@%HbFlglfreéeg] The
tar get i ngh @RS Aky Hidh dAEmisHS %auql lﬁ@kgﬂeeer whé}e tﬂérl@%ﬁﬂﬂca{n%abé’&?ﬁ) pfsprigteS| OW

rel ease reservoir site for th COI’TpOUﬂ s of present i nvention. The

t ar get i ngjecttpphilic prguckephilip gpep ﬂ@b@mfﬁylﬂe Bemueleorbificcy eleprenbilicArespastiealyt o t he
COWPOU”dgronaoftBEhﬂe?ﬁx%{th 'F‘iﬁﬁ@ﬁde&ﬁls ¥ e 881 ﬁﬁg EhenfidtBAN €idlad fﬁkﬂ% ched to

the quat am ne anpl es of an acid cl eavab ker Inc ut are
not |imi 1249, 3 prE9E1 B, the contents @féﬂhwhﬂragveorpmtrdrbyaefpm'@ Mmdue@ﬂs t he

pr ot ei n- Y, tive am no
groyp of gﬁhe%%g@ed%ﬁ‘#gt ‘Ji"tﬁ()i/édgggf hesslgiral gﬁpggll%g%fgat he contents
of V\:hl ch(lhomedlmmapgm &fwdetspyee&dnﬂnwntampwmg)ﬁ Us& PatehtNe.i5¢l 7B 064 Jh
resorptipp an e chment

tet heri ng he r‘odér"nw};:tz%'g%(1)f‘fenreﬁ‘us'gmg'{f)0 Ijgﬁ 3?% v@ﬁ%g???]%‘m{’ﬁyc%ﬁ%} nds of the
|tor e;ent Patere ol 5,055, 4?30&3?@t§dﬂe?ﬁmqmrengp?ﬁﬂtﬁdthyﬁﬁrmce flel [ verNOt hﬁ pr odr:Jgs
o bones e .a nol ecul.e that hindgs. ot ch, receptaqr ch signaling
ol ays. 5 100 e edtarimenaen B prrd i Oclivar e Proamiert Par ke 97 UBPF ous

hermat opotegdridir titerfoiliecompundl (Fehegiedntiifivedtio] (The targdting aginoody bd HBnkl) : 928a

(2003), |jgand- |ndu ed notch s ling is a_novel growth factor for
mul ti pl eSWgSWE%R‘? dmojey al 'afggé%t ecwvnqswégﬁpw ABYEEHOThEE &b i but e to

| ynphonmagenasle $inkér aftabhbd @ the §4R R Parhite \Exd@ipled 0Pahldcidl16aviB AnkeR iigfidb Ny agent
may have a high affinity for caI ciumions_in hy droxXla patite, the
but are not limited to, an ortho acid-amide linkage. Under acidic conditions the pmtcln-ACL3

amide linkage is readily cleaved freeing the native amino group of the amide functionality as

described in W(0-94/00143 the contents of which are incorporated by reference. During
osteoclastic bone resorption, which involves an acidic mediated mechanism, the attachment
tethering the prodrug to bone may be cleaved releasing the compounds of the present invention.
{0070] The targeting agent used fo deliver the prodrugs to bones may be a mdlecule that binds
with notch receptors. Notch signaling plays a key role in the development and differentiation of
various hematopoietic lineages. As discussed in Jundt et al., Blood, 102(11): 928a (2003),
ligand-induced notch signaling is a novel growth factor for multiple myeloma cells and suggests
that these interactions contribute to lymphomagenesis of multiple myeloma in vivo.

[0071] The bone targeting agent may have a high affinity for calcium ions in hydroxyapatite, the

major constituent of bone. The compound of the invention can be targeted to calcium deposits in
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maj or constituent of bone. The conpound of the invention can be targeted to
cal cium deposits in -21 WO 2004/ 089925 PCT/ US2004/ 010399 regions of the
body ot her than bone, such as cal cium deposits in the arteries, heart,

ki dney, or al | bl adder. However, the bone targeting agent ideally

sel ectively gf(hﬁ'g‘“?%”@one ti ssue. A bone targeting agent PET/USE4DIe®NL i ON

bone v ¢ Ao e AR RS o Bk epebin R iE R ar BERR, for o

certai n |gehylabdenfHoweven therbenetaygedﬂg agmndeuyytsélectwelrypmﬂs to bonetissua. Hboe:

environ n oth rds tar trn i refer nds to
bone ti g?ﬁée%#taﬁe"éPfe'Flﬁé“s"F“ ‘%%“%?‘gt&t st g‘ﬁ%ﬂ‘%&g @&@i‘d& % ol d,
at | east tﬁeﬁoabw;mehghee&mwmﬁmh&-b@eu@ed eiblemdirs bold for £edrain 1edgtt 61 ty)

t han the pone tar etrng agent hi nds to non-bone trssue T(I}ﬁ pone targeting

agent r eV@eShery dshi e SoBmesifipn o pbong, enyjopment, I gfher wards fhebens get i ng
agent is t@:gﬁﬁg tagénlt yrefeeérﬂﬁsms tUUéHB: fRnewast 1%mfdr&gre£tepdmhﬂﬁ(efgoqmea& 8072)

The bone targeting age remai n bound bone_tissue for a sufficient

peri od offoldj ﬂStt5of01§1|» rtdwsr fold, &t atleast 25-fohdogreater affinity) thay ghedopy taegetinger eby
del i veri nged BRa@Gidod Bofld #Qud, Thb B@nettﬁ%&ﬁxtg ag&ﬁ Hv%rsfb‘?y ﬁnds tg%eﬂe ﬁ@ﬁer ﬁi@.’mﬁﬂé I's).

The bone fargeting agent can renai n bound bone Tor about day

e.g.
about 2 dbayéhe bahwtargetingragnt is grentisby releasedaf;oga bang aa%emellqd mrhe(bedrg about

330 days 4

targetin agggﬁé ?@gga%%ei ng&? P%E?ﬁaé“ Q%Sg?&#ﬁg. u%)(ril%er a\tlggr%gbtnr %’gmageﬁ?e can
remai n bdualtbw the heatendry prodiomg to bg hpdylyzedethegreby dédiveting/thel agtive dregtio the tardetday s,
bttt 156T4agL poneaB Rt BieF 2P gl P 0B R 1 PERL RSB e o
t he bone dap(e. B @boat\2siays, dbeit Aglayd) brcdbotl Tdays)He alshuu §) yess (¢.2| w30 dafd, er about

45 d t t t | ased f d
even'(ri ﬁ:l I °‘g§g$‘§1 # gg‘ﬁﬁggo gg’ﬁgﬁ%em‘?"ﬁ}“g'ég?‘we 3%_5?1%136?1{1: Efseé‘paf?d?’??gleth?ﬂvent i on
can be sabégf Hﬁdb&tﬁ&ﬁgetﬁig a@bﬁtdhﬁl@lﬂﬂrﬂﬁimd:ﬁ: bbﬁe heasout 7 dayide. g Catlt Ydiye, bone

targetin ts ca end r.mni.n ffinit to bone
ti sgueI (gbﬂ" ?EHWT%@%‘H% ut té&é aB"“téSlq@fst !fb‘\%kﬁ ‘#‘ I
Candi dat g5p@08). Faf &al EgaB&Wﬁ@e@&?ﬁdﬁgﬂa&@mﬁﬁ%ﬁﬁm thébole &t 30%}(@55959 ng

the rate and 'tining excretion of candi date bone targeting agents fromthe

body. | ﬂwrﬂ@mrleglpeéﬂre drygyis refensed. iffershopidy deyethe bppetarepting ageptavaaldles | ed from
the body éz@e&?ﬁnlﬂie%ﬁé’ gnd evePd418) ex-gﬁ?edbﬁﬁ? atlﬁf}hg?a}éé@iﬂg agefordeshiabl y 1s

sel ected rom roup consisting of a
invention can be selected based on binding kmetcs to bone hssue Candldate bone targetmg

agents can be screened in vitro by determining affinity to bone tissue (e.g., hydroxyapatite) in,
for example, a multi-well format. Candidate bone targeting agents also can be screened in vivo
by assessing the rate and timing of excretion of candidate bone targeting agents from the body.

( In this respect, the bone targeting agent preferably is expelled from the body via the kidneys.
[0073] The bone targeting agent desirably is selected from the group consisting of a phosphate, a
phosphonate, a bisphosphonate, a hydroxybisphosphonate, an aminomethylenephosphonic acid,
and an acidic peptide. The bone targeting agent of the invention can carry one, more than one, or
a mixture of these groups. For example, the bone targeting agent can be a phosphonate, meaning
that the bone targeting agent may comprise one phosphonate, two phoephonates, or three or more
phosphonates. One suitable bone targeting agent for use in the invention is EDTMP (ethylene
diamine-N,N,N’,N’-tetrakis(methylenephophonic acid}), the chemical structure of which is set
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phosphonat e, a bi sphosphonate, a hydroxybi sphosphonate, an

am nonet hyl enephosphoni ¢ acid, and an acidic peptide. The bone targeting
agent of the invention can carry one, nore than one, or a mxture of these
groups. For exa t he bone targeting agent can be a phosphonate, neani ng
t hat the bon\é’otlgg"ﬁ@?ﬂzﬁg agent may conprise one phosphonatECT/FWO“’“l“”S'

phosphonaggs,in ff ﬁu{em Bifredfty ¥PACapp m}%&}ﬁ]@ﬁv Qlﬁex%&fo&&i%es-"%%ﬁmbﬂﬁ ggting

agent for use | hé invention is El
di ami ne- hﬂﬂvﬁnng\aseleéwed@lﬂmqwtoé?@éﬁmﬁ@ﬂm &ra@noﬂhan%w isal structure

of which QR2sk re 1,
currentl| yb%ﬁa%é%t&%%%/e E %(} E%ﬁ#ﬁé éé&(})sact Ve alé%%hb%gﬁ%%;x for
del i veri n@ompmﬂemmh% rSeI&E@ﬂ'l\/&harde@lemvdy bmmlaedmmaém tﬁmorspm present
pal l'iati 0, EDTI\/P S 0 | ns four honi cid
groups, ahd ra® aé eghrlgggh%tdg oq%gnshﬂg’ﬁé&é S °‘ée§ g @%‘gﬁ} EDTMP
are sel ecislwgdh;gﬁ mdmlmetmthucmegmmé‘h EUIM&p@‘teﬂlypB @ecny takmeulshgsthaor mal

bone in a I 0 ab cayse bol.j c rnover of

cal ci um % RP&%"?%‘FW#’? e&ﬂ? aﬁf‘olg Péé?@ﬁh #?F&’%‘gﬂ’@ﬁ?ﬁ%’ﬂ?eportedl y

i s rapi dl yorifdhadithefdobyndt Aecunsifad mttbmskblatoﬁsép%ﬁbdlﬁ&tmﬁdbwﬂ&efﬁ,t @ateﬂ@a&nand
cleared fromthe plas ,{ho p rtlon of th nmpound t hat does

accurrul at ¥ aimest ?FED}%%%F%@& ‘Eat‘PégI“BP‘}Ft %%rgfféﬁcyﬁ‘?\’d:"@)@@%t ion is
al nost  coppb®).ahwbhih palli ﬁu&ﬁblﬂ:% ttt@b cﬁfé%&b%&%ﬁ@ﬂgﬁéﬁdﬁfﬂ’cﬁﬁ

Het er ocy CFD - 36%272 I (1993) )ug{ Thee pain palliation is thou ht to be due to

the radi a’e"?‘@ﬁ teythp gqt?pﬂqsmbqqe@pﬁt%%esﬁgﬁpgwe Eatrn theneary Betaddis 88T ¢ bone

et ast asegeRaViditt: SRl ?maatboaata&gﬁng ?ﬂfem’ls ﬁaﬁﬁﬁ aﬁe EneltER btrychitl bfS - AnOt her
cli thal 'y useful bone- getl ng systemis he chem cal structure of
iC

i s which fspet farth i Fipyad enow mrﬁhﬁﬁﬁilﬂchhlﬁiﬂ@m (telmeii BT Raskelstal sargeted er ned
STR skel ghili on) )k G tifibactifdegid &H%plér}?g&%fedrt@‘d'élﬂ \éﬁo&?@ﬁaﬁmﬁ | ex

designed to iver large dose tion tively tot bone mar r ow
for the t s@whv@y\m th¢ bang marpwefonthe treatment|of nuiktipld Iuwmnmdt @duldrbamoted dmt the

R

I rradi ates € near rrow i'gnan ma ceI | s.
Li ke the E&QMBWBMtheMegnapﬂmhimﬂeuMe E&mEﬂdMHmhi the in the

ckel ot al - Paaoget HEREE po0Beae BonERonadhiosrednaueh e uue HGEL B baty e
| ocal i zat peperal, fthe skéle@bupddketidboalzd 10 tabdut 90% hfﬂidfﬂﬁjéctebdtfdsé tahdltheQdibahﬁatmn in
HITustrat Ergasl o?the s%r%tgn ngf Be}'ymﬁﬁrguoegtls ﬁiustratcd in y;gurc 7 of Bayouth et al., J. Nucl.
Med., 36, 730 (1995).
[0074) Preferably, the bone targeting agent is a polyphosphonic acid. Polyphosphonic acid has

been demonstrated to successfully target biologically-active molecules to bone tissue. For
example, conjugation (via isothiocyanato chemistry) of polyaminophosphonic acids, such as
ABDTMP (the chemical structure of which is set forth in Figure 1, to growth factors (to
stimulate bone formation) successfuily resulted in the targeting of the growth factors to the bones
of rats (see, for example, Iniernational Patent Application WO 94/00145). Similarly, bone
targeting agents have been coupled to proteins, For example bisphosphonates that were
conjugated to human seyum albumin successfully delivered the protein to bone in vitro
(Biotechnol. Prog., 16, 258 (2000)) and in vivo (Biotechnol. Prog., 16, 1116 (2000)). The utility

of bone-secking agents extends beyond delivery of proteins to bone and includes, for instance,
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Med., 36, 730 (1995). [0074) Preferably, the bone targeting agent is a

pol yphosphoni ¢ acid. Pol yphosphonic acid has been denonstrated to
successfully target biologically-active nolecules to bone tissue. For
exanpl e, conjéﬂgfoki %{% via i sothiocyanato chem stry) of pol yam nophosphonic
aci ds, such as “RH (the chemical structure of which i FCTAIS240401089% n
Figure 1, to growth factors (to stinulate bone formation) successfully
resul t ed smalttherapemtigepienglenfA conpigete ovnprisinget ims-sékirigtésphosphenatodndraat s ( see,

for exanp] Lnt ernation ent Appljcatio 94/ 00145).. Simi]arly, bone
targetin gugggﬁ%agﬁ%v%cggié\@gﬁlﬁ F%edm.‘% S%'i’%flgf’ E’%’V&Efrseteééhb# Reye g] p#a(ﬁﬁ%b nat es
that wer egenemddl(gmlb.de:tampla,m&ﬁngeae’; ﬂrl}famdguﬁﬂkessglgcmg&gullgy, 200((1986))chi thibe
protein to bone jn. vitro Lotechnal . Prog., .16, and in vivo
( Bi ot ech nB‘ch'gP'éfé‘? ?lkﬂ%fngf%%gls(n?g gt?f{)%ic ml"llr‘em%fafcp?ll W‘tg gy %ﬁ@ﬁé%% R dSgent s
ext ends bggenendRbnivpicit fof clpdvaiebdtwednahdilEhosdihendteG el B6i5e-sekiling hgtat)ance, - 23
WO 2004/ 089925 PCT/ US2004/ 01039 smal | t herapeutic nol ecul es, A conjugate
conpr i si neakyHRS TRk B tysrhg %ﬁﬁléflé%wema}lﬁﬁeéteﬁﬁchﬂéﬁﬁ such as
BAD (the GheRir6dha ﬁb&dﬂﬁé}‘ﬂ% AD] ANbh&E elich o Sludie@hdvB bbéh fegggﬁ& éﬁ;_ingheé been

generated (see, for exanple, Wngen et al., J. Cancer : I'n. Oncol, 111,
209 ( 1986ymtifolats apthieaplasisagent methotrexatethathrsbaen govalpaHy aftaghedbio specific in its

i nteracti ' | Tﬁ% P t. i r ' nt for

cl eavage %?é%h é’lr%"‘%‘ﬁ%d‘lﬁ%‘gﬁ%% onatag&1 |.e.1?§%'3ﬁeef§§{é%rr?§ a g’nté a%gnpt he

al kyl at i nGumdildedy Charine2 838D BwmE etadl Ryl diMed) Chegnnis, B8POIP98)Y, avdkd ef fi cacy
in a rat e r e ' . t ' ' been
per f or nedHﬁ%lgnnga{,'i’ﬁﬁe:R’D%'njg?%’o%?é? ? Q%%ﬁ?gﬁégg f#?‘&%@%ﬁ%“ %’? {r‘g%aﬁmpﬁlg has
been( cov athetrardunddtVenfitedniected tiss phas Iyohload insthe slattedoncafiet ¢ ol XitBRbant 1% hown i n
Figure 1 e, for. exanpl St.urtz r...J. Med. .Chem . 27 825
(1962y + * AIFF dock Bhing SRMukFwiosiis fraf I i eyt demonslBEa V0 Bl fler U1

al ., J. Numticanchattivity3comphtd with9Rdhgtrexdts aloge thanBhihmodéle bLansflmtBP, it was
determ ned. that arpoun % of, the injected dose . Local i zed |

GRel o on Steoseama S 1977 AuamB, Sslss Hhes Perd et e et B i 1
supra) . McaBftyflusredeein getRpanitiahappdhdéd bigphokphesatgtvBee@hemidalistri@t@as sefCt i Vi ty
conpared wth nethaotrexate al one |11 ani ma s of trans

] P | nodel pl .ant ed
ost eosar cOrh 1 Bewed AFugel ot g, Jouryal ofliivg HrediiextHad (15eéh Taéét& polrspie s ng t he
conj ugat ecfroBpis a fluorescent;marker to quantitate pharmacokinetics and biodistribution, and is
connected to the bone targeting agent thraugh an ester hond which is susceptible to hydrolysis in

vivo. Studies in rats injected intravenously indicated that CF-BP localized in the bone and served

as a slow release mechanism for CF generated via general hydrolysis of the ester linkage
(Fujisaki, supra).
[0075] In another embodiment, the bone-seeking agent can be a peptide, such as (Asp)s and

( (Glu)s. The acid-rich peptide sequence of the glycoprotein osteonectin, which is found in
abundance in bone and dentin, has a strong affinity to hydroxyapatite (Fujisawa et al.,
Biochimica et Biophysica Acta, 53, 1292 (1996)). Thus, peptide ligands comprising acidic amino
acids are ideal candidates for bone targeting agents. Indeed, (Glu);o, when attached to biotin,
successfully recruited labeled strepavidin to hydroxyapatite (described further in Chu and Orgel,
Bioconjugate Chem., 8, 103 {1997), and International Patent Application WO 98/35703). In
addition, the biological half-life of the fluorescein isothiocyanate conjugated to (Asp)s was 14
days in the femur (Kasugai et al., Journal of Bone and Mineral Research, 15(5), 936 (2000)),
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a carboxyfluorescein group with an appended bi sphosphonat e whose chem cal
structure is set forth in Figure 1 (Fujisaki et al., Journal of Drug
Targeting, 4, 117 (1994)). In this nolecule, the CF group is a fluorescent
mar ker to quantitate pharmacokinetics and biodistribution, and is connected
to the boneW%F‘{j’é@?ﬁﬂbyagent t hrough an ester bond which iECTREOEID e to

hydr ol ySiRich {§ an‘\ibaéBrablethitil@Stol the rbaﬁe%tafgeﬁ@gcgge& dr el iARRON $inewididadiabsd t hat
CF-BP localized in the bone and serve as a slow rel ease nmechani smfor CF

gener at eff efiradicléAsmaroniigates fohons hagtbeemdemapsteated in oxerisstongiragj aniseals Witk upr a) .
(0075] | &ne&,g&aaﬂnhﬁ)iﬂaa%;ﬁmsﬁpomgﬂ@@g BoncI6R kMo AUPR, JBDaRT BonPRE | de. such

as (Asp)6 an (du)e6. e acid-rirch pepti quence of the glycoprotein
ost eonecMinaral Resegrehi(Suppd bk d4,i5534 Q9aANdhisdeligved thatthe (Aispiecetherto bbresisa st rong
affinity f4d .. Bi.ochlLm | i ca Act a,
5, 1207yt SRR e nslihbiriBBeE o by SRR, HlxctbrerhRRYE; 02 07

i deal copegtidkaligesd povidbome onkyragedansiof ragreitihs corhprokadcto bofid, bt alw, providas aat t ached
to biotin successful ly recrui | abel ed, st repavi di n,.t o hydroxyapatite
(descr pRmTR RERSYH ke Sl g s Hlnt SRR fisteg 41 03¥ 1R507) © and
| nt er nat j00T76 | Othaterahpl dygfl bonatat goting/ MR eS8 it ude,ut arehot laditid tb aminot B&l bi ol ogi cal
hal f-1ife of the fluarescein.isothi.ocyanate conj ed to, (. .6 was 14
days in ‘M‘?@’%ﬂﬁﬂ p]zqgaw&ﬁnd&plhgﬁp&?mﬁ Sé&gyd%%y%ggﬁ%pagw T\ﬂlq'fé?ﬁj\%%s ear ch,
15(5), Yaléndftod@eMamidrodste, WRNARSHUL ISR nRGEd] L BRA04/thha8 93 -digdsgidnics an

acceptable half-life for the bone targeting agent of . the invention.

Li kew seAcidand appipomethylensbisphogphaniq agids peosphtys sich aohyts #3h@thas been
denmonst r gtiRénéthy ephdsBRIAcTR Gud s NN Distinblhy IpRAPEQTH)- Y Bitlind-BéHzbic ki@ An Pt

ost gopor ecti c- type bone | oss (Kasugai et al., Journal of Bone and M neral
Resear cmlvélmweﬂwnhoaptxonsm}W g examples of spme hens tpngeling 4gents MSp) 6 t et her
to bone ghgwnmeﬁigﬁglzi zed during the bone resorption process nedi ated by

osteocl asts. Therefore, the acidic peptide |igand provides not only a neans
of recr 07 Frefenblyithelbonedarseing ageniis an axungmasiylensphogphoricasih Bym of sl owl y

rel easi ng. ¢ ggm el | f[ﬁj!c’j; | ' LY her
exanpl es 0 %%n t %ﬂg&t@ﬁ%@g@e %Strgea?lgg ude. Eﬂ%{li}gé %gtgHﬁ(%{? uﬁ?ﬁ%@%ﬁ %‘%’m no- and
hydr oxy - whde/the pinto®gEiapi las amgl twh, phthsgehosthydenephoighonivyaidogryips sittimbedg laodii ¢ aci ds
i ncl udi I . ] t 4- am t vl ph honj i.d, .
'ﬂ‘ﬁygr 13;}5@{ B gﬁ‘gﬁe&% %%gﬁbﬁgggﬂ]og{ﬁ‘%g diffical TiciHel O L BB SspASHiS acia
may include one or more phosphonic acid groups and one or more amino groups. Exampies of

these aminomethylenephosphonic acids include but are not limited to the compounds F through
N set forth in Figure 2.

[0078] It is envisioned that these bone targeting agents and other bone targeting agents can be
attached through one of the heteroatoms or by chemical modification that installs an additional
attachment point. For example, EDTMP can be connected to a linker by one of the phosphorous
oxygens to create a phosphonate linkage, as illustrated in Figure 3 (see for example Vieira de
Almedia et al., Tetrahedron, 55, 12997-13010 (1999).) The phosphorous oxygen can also be
alkylated as shown in Figure 4, where the R group can have, for example, a pendant amino
group, to provide a secondary attachment point for ligation to, for example, an activated PEG.
Other types of alkylation that could be utilized in the invention include but are not limited to
examples similar to that involving DOTMP, as has been further described in Chavez et al,,
Biomedical Imaging: Reporters, Dyes, & Instumentation, Contag & Sevick-Muracia, Eds., Proc.
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acid, and am nonet hyl enebi sphosphoni ¢ aci d; phosphates such as phytic acid;
and am nonet hyl enephosphoni ¢ aci ds such as

N, N- bi s( met hyl phosphono) - 4- am no- benzoi ¢ acid and

nitrilotri(net % ‘ghos honi c acid). Nonlimting exanples of sone bone
targeting ag¥@®° shown in Figure 2. [0077] Preferabl PCTARW04H1A9

s e oo T EeP e AR i CAUr0H, SNERRIEPIP R Abemfon pide Sthsn describpd

- NCIr—]IZ :303 Hnfor adampyc, Wﬂe_l’etenifﬁel ‘H;ﬁﬁm,?g gartEmt 5\,855 0532 de Lovbbactiret hll) E}Eﬂﬁedb Ciu_mtz., L ed

Wt h ot het SRR oA el ks 8t A TR e dReTR A8 o ey | e ude

one or mmmﬁﬁeaprmmhemmomﬁem m’ﬂMPl%QuBé foTRkemFle| RO tPgenetaeanpl es of
n|c aC|ds ncl ude but are not limted to the

h
Eoﬁiﬁuﬁ&”sﬂw”’fw&e”eﬁ%"gi gacgniline SF?“FK”@‘}E?PQ‘GQ esprhpddn, forexpaplenkiswed f€d t hat

these bongiehificil Piéht AgPNtdiod WO ohfoemsﬁq'ﬂs aﬁlﬁﬁaﬁﬁmaa {RESHhSabIB fhid,, feit t ached
t hrough one of the heteroatons em cal nodification that installs an

addi t i onafsamplesagaRpdsRo nﬂoﬁﬁwﬂmﬂl@zawlaéyr@mm s eutliped indfigeefed to a

li nker b ‘ k

1 st r on Q7 T8 1ol ROGBNAE Qi Goph B b Bl RAGABOARE O oyt ts Mhage. s
Tet r ahedrenpqmiBss thqp_lgsphom@ms( the 9@959901‘f¢held§3 laoé phimowathylsrephesphonin acifiso be

al kyl ated,, @%ctﬁ@l%"‘éﬁ vl %'aggg«ﬂtsé]h d%ﬁaﬁewé(}gf 9&%@%&%%%};@}’}“}’8{“ Tﬁ}mg;at i on

pendant amno rovi de a secon
to, for exalsptiesof. a’rtﬂwdnolvgmdqb}PEGA in@etbdood; Wﬂasmofe aaidiq@fﬁmiomnlmhhmecmul d be

til d 1t h | ited Lo |

o yhat 0B IraE SERR pESSphilE et D ong i Bt b RS

Bi onedi caind rephegedigith RemontdrimnsFuriiyesore, 8he| axshaugemrﬂmtbmfb: célointreig a&nherent

S k- Mu 5 v\o 2004/ 089 S2004/ 0 'SPI E, Vol .
3600, 00708 oA it BEARE e g AR AR b BTN DR BBH MR s ur t hor
descri bedHovwdier, ﬁ@pmmmhmmsﬁanﬁ%mco&pbﬁﬁoﬁ&ﬁtm&he BaitetigeingHpbnt453, de

Lonbaert et al., JMed. em 37, 498-511 (1 9 d lyer_et al
Tet r ahedr®B® %M@P&eq@m@ﬂﬂﬂﬂm@n@&ﬁ Ora?nt f’é’i“ﬂié‘?‘?f%1 Thergfoe, thee i cal

modi f i catiyephofbdadi, pﬁaﬁ)hhﬁe adi®, ran@éﬁﬁiﬁin 1epé§,h$dpﬁs&u& cha%mlfmd/ﬂaw by
i nstall ation of an aniline roup as her described in, for_ exanple,
Figure 1 igferchangeably with phospha e, phosp. onate and aminomethylenephosphonate. While not

particularly preferred, biologically hydrolyzable esters of the phosphorus-based acids may also

be utilized in the ir vivo use of the bone targeting prodrugs. Similarly, prodrugs of the ‘

phosphorous-based acids may also be utilized in vivo to mask the acidity of the composition

during, for example, formulation and administration.

[0080] The targeting agent may also be an agent that targets based upon properties of the

( particular tissue. Representative examples of such targeting agents include, but are not limited to,
polymers that are selectively localized in tumor tissues due to the EPR effect (enhanced
permeability and retention} as described in H. Maeda et al "Tumeor vascular permeability and the
EPR effect in macromolecular therapeutics: A Review"; Jounal of Controlled Release, 2000 vol
63, pp 271-284, the contents of which are incorporated by reference. Other representative
polymers are N-(2-hydroxypropyl)methacrylamide (HPMA) and (poly)L-glutamic acids .
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I nternational Patent Application WO 94/00145). The aniline amne is then
available to form for exanple, an am de bond. DOMIP could be simlarly
nodi fied, as outlined in Figure 5. [0079] The terns "phosphonate, phosphate,
and am nonet hyl enephosphonat e” are neant to enconpass the phosphonic acids,
t he phosphor WO #846§8925and ani nonet hyl enephosphoni ¢ aci ds, PCTaSp0¢0108%| y, as

e e ol 0 S5 R REHL BB iy, 1y oo

or the rmCmcaxcRdearcm BB @): dﬁﬁnﬁ’il (RO0HH RED moietisa tirgst MG fsiomrpratting tve phosphat e

or phosphon t S ilnar et j ng.agent nay be depr nat and repl aced
with a coYﬁfff'é%\“aﬁ? Eaﬂ?? Aoy E‘%‘%ﬁé‘%ﬁﬁﬁ%@%fﬂﬁ?‘%‘?dﬂ%@% 8§gdl?tﬁ5ﬂnr s an

i nherent 3.egpndedi9r the b| nding of the bone targeting agent to the

hydr oxyapatite in t vention. However, preparation and adm nistration of
the conpositidh M?H’cﬁ\“ﬂ P’he bone targetl ng agent nay or may not require
conpl ete [BD@!}OFh%chlﬁﬂo:mﬁs éﬂ‘tﬁe pﬂawﬁe&ma g bél @&H&@k&i wsinglDeIRiooz e, the
phosphoni ¢_aci d, phosphoric ac ‘\%P% norreth | enephgsphoni ¢ aci d are

dr awn and{Geppe as p pipding Hﬁﬁl‘;}%taEY#] 1pay beabtainrd camanerciglly or

ani nomet hwnﬁfaﬁiéa%a&eﬂ&tdmmhﬁe 199 bs de@ﬁ{bbﬂﬁ#ﬂjéri)éterﬁ'i\ﬁ:f Gr’fo@od@?sbih@' ogi cal l'y
hydrol yzabl e esters of the phosphorus-based acids nay al so be'utilized in
the in vi‘estetsef which g Wf%t%? g@wﬂ?y rfererne Gre ofgrdinryskifl in freggmpysiser t he
phosphor o BB acidity of

t he corrpogéat I on %Iﬁtrﬁl:l ng, &E?égﬁengsﬁgﬁn%h%ﬂrgrﬁuﬁ%a% a‘%tag%lm ni g?r ation. [0080]
The targeting lagléwpamiynafberimwmoﬁmﬂtmwvstﬂargets based upon properties
of the p [ agent s
ncl ide, " OESIoHE laid bR 07 CoRBORR ok kP BPUGR aRent el U HRERC 0T T
turmr t | SEUSR294008 (ComporndEPFDeivitives of thp Imainoing syﬁianméébnippmd ?amwlveet ention)

as descri gﬁﬁﬁ q@g

ef fect i n&edaé%dgafro Scw?ﬁﬁ Uﬁé’r%{a%‘elﬁ |(‘Es3\62«5S ev\)lgtiE Journa o? ﬁ%‘ﬁ%d

Rel ease, ®R0ffrenct, forald; prpgerdith-of 8in mﬁgeienmmvmfimmm (©onmoand Hcor por at ed by
refer enc are

N- ( 2- hydr %Vﬁﬁgﬁyf%aﬁgﬁé%fgyﬂ%aﬂﬁﬁé% arﬂ%lya(l% ?eﬁrfpw "}ﬂn@ acids. -26 WO

2004/ 089 9ztimminérdihllyGReilabl i inds|ifddedidg, biteot kel to wubstiyeted 2MyroRy-so conpri se
an RGD noi etﬁycAs di scussed in Curnis et al. Cancer Research, 64(2):

565-571 (S6EBIIORED noj eti es tar get RGD f usi on proteins to
¢. Preparation of Derivatives of Morpholine Ring

[0084) ‘The amine derivatives of Compound 3 may be prepared by the displacement of the

thioalkyl group in Example 1 under conditions ranging from room temperature to forcing

conditions (excess nucleophile and heating to 110°C ). Any primary or secondary nitrogen-

containing nucleophile may react to give alternative amine substitutions to the morpholine ring
_ structure (including different morpholine analogs). The synthesis of representative examples of

such amine derivatives of Compound 3 are described in the Examples herein.

d. Preparation of Esters

[0085] As described above, esters may be used to form the quaternized compounds of the

present invention. The quaternized compounds of the present invention are preferably formed

using halo esters. In one preferred embodiment, the quaternized compounds of the present

invention are formed using chloromethyl esters. Numerous chlorlomethyl esters useful in the

preparation of the compounds of the present invention are available from commercial sources. In
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vascul ature by interacting with interacts with cell adhesion receptors,
including a,. (33 integrin. 3. Synthesis a. Main Ring System [0082] The
conpounds of the present invention may be synthesized using LY294002
(Conpound 1) as a starting product. LY294002 (Conpound 1) may be obtained
comrer ci al | y W6} 200408993%esi zed as descrl bed in Exanpl e 1 or PEI/U$2ee0108%9d i n

U S. Patep Q/75, ts,of her ei n
by refer e?l(%:d"é Ondédrgflgtﬁy drmary 21(5 a%deé?f”i‘%alcfé%&%é i'ﬁjeés‘?%:?g%’he
conpoundsamifU. Sm&tmtHsemwmé,mzwﬁﬁﬂsndgﬁ%,muﬁdmﬁtcﬂs ofiwhichatei ng product .
b. Preparat | on Derivatives of Main Ring System [0083] The main ring

syst em of Wﬁﬂ& "and 3 may be derivatives of the main ring system of

LY294002 ( ConuouQdateinizddivmi vati ves of the main ring system of Conpound 3 may
be prepa d|s | os U.S. Patent No. 5, 7Q3,075, .the. contents, of

ohi ch ar ol OPREIc s arifus OF egrosent iy epBinc B Recronat Do F I g

ring deriyetdnRen@i ot YRAKRAA 2 (WarbigIatunebi esterDﬁE bm{ﬁleg esdetriieden BRdnfiplé 4 ng

syst em of %ound 6 ﬁlgﬂ al so. be prepared by usi rC|aI I&/ avai |l abl e
conpounds®iddeiamgiet Quy Pn‘ll’ier?f"[“@%‘l%mm@yt @Her?

acet ophensuﬁaﬁmné:ﬂoaee@achaaaa@an@i c&sﬁdwagémra{enmm@ﬁ hzreeea!aupg [0084) The
am ne derivatives of npound t%are he di spl acenent of the

t hi oal ky| hygFelyasblerss Bswd@bgvmﬁabmeéwhweﬁ nts}nasrahfgqsvibtorquetﬁﬁnmdhﬁ tediaper at ur e
to forci nanmseﬁé%;aédaﬂémﬁé&%ﬁama%@m&aagy%m@ﬂéfe may Hed)as Any

primary or secon trogen- contalning n to give

al t er nat i descriheil irethg Esgrapleshelons to t he norpholine ring structure (i ncl udi ng
di fferent m)rqhotlnl}g sanal ogs). The synthesis of representative exanples of
such( ami ne derivatlves of Conmpound 3 are described in the Exanples herein.

d. Prepar B08FriThefpradeugsof th[ema}t ipventiansuey dsschegiepared by guatemizingthétsrisged t o

compoundsp i CogFnd REPEUHES 2 if e E Rl WPk R oot BhiE" STC
I n one pr Eiedinkedmantxcuy mamtal ot é{yathqmahldnemhatasl capabﬂp ofiquikernifzing ithe tpitierye nt

| nvent | on, gt or Rd. 45hRgr G SLAIRLIY kiaBRhGE £ e MIFRRNSE M A} SERPYL
attached to a targeting molecule.

[0088] Linkers are preferably comprised of an atom such as oxygen or sulfur, a unit such as -
NH-, -CH;-, -C(O)-; -C(O)NH-, or a chain of atoms. The molecular mass of a linker is typically
in the range of about 14 to 200, preferably in the range of 14 to 96 with a length of up to about -
six atoms. Representative examples of linkers include but are not limited to a saturated or
unsaturated aliphatic group which is optionaily substituted, and wherein one or two saturated
carbons of the chain are optionally replaced by -C(0)-, -C(0)C(0)-, -CONH-, -CONHNH-,
-C(0)O-, -0C(0)-, -NHCO;-, -O-, -NHCONH-, -OC(O)NH-, -NHNH-, -NHCO-, -8-, -S0O-,
-S0O3-, -NH-, -SO;NH-, or -NHSO;-.

[0089] The first functional group of the linker is used to quaternize the tertiary amine as
discussed above. A preferred first functional group is a halomethyl ester including, but not
limited to, chloromethylester and iodomethyl ester. The second fiunctional group of the linker
may be used to covalently attach a targeting agent.

[0090] The second functional group may be an electrophilic group or a nucleophilic group.
Preferred second functional groups for covalently attaching targeting groups are isothiocyanate,
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preparation of the conpounds of the present invention are available from
commercial sources. In -27 WO 2004/ 089925 PCTI US2004/ 010399 additi on,
chl oronmet hyl esters maybe synthesized as described in WO 02/ 42265, WO
94/ 23724, and U.S. Patent Nos. 4,444,686, 4,264,765, and 4,342,768, the
contents of Want0041088925 i ncor por ated herein. e. Quaterni zaPCEASPOHEWPIIThe
prodrugs of the present invention nay be prepared by quaternizing the

t ert i ar yhalodceiemidefmalamide, middester, tidophticalingdde? Nvityidfoxgsuoeininig ester, pasdyer , f or

exanpl e, ;as-described.in le 4 nd anpl.e 6. er.ni zed am ne
corrpoundg‘S@‘P‘ge’ Bg‘ﬂ‘g %I‘Feycﬁg‘%(’%ﬁa\‘}g?%lﬁ B@gniﬁ%%ﬁf POy %’@f‘@ * However, the
quat er nasemicorfidetsahicibazide; dagonium, hyéiain€)Azide,amiswatkylirea, hydr ol yzabl e as

di scussed _abqve. .Hal opet hyl. esters t. my be used .to g em ze, the

tertiar yam’&mmb‘?“r@oﬁ%gﬁﬁﬂ“ﬁ a%‘fm%k%‘ﬁlﬁpﬁ?f‘)éo ¥ ‘?’E?"Z?aqt’? S’é‘\t/agh abl e or
my be preafive embidis wiizhGiidylbe Quitablel fhecoleXiaip) fBcHGY @¥/prolirugh bke pfesddfe I odr ugs
of the resent invention nmay al sg. be b [0087] prodrugs prepared Y quatem zi ng
t he t er t PXpRfion i farpeting a@BﬁfRfﬁH’g diguliyes, pitrenes, iifopamides, carbedimyidss. sufamyli si ng at

| east t Weh1driHRs, HeRRlidatls QCRRCH; andssd;Enker may be any natural or synthetic
| inker that is capable of quaternizing the tertiary amne and is also

capabl e W09HeThsgrprapmate prepyd Binetionplamoupgvill depgng oni ad grawref theny al r eady
be atta ; ' Wi i r @egﬁﬁ

conpri se%r% éa%gegtt%% ggicch E}%chg%(l@iﬁ gﬁﬁoﬁn&lgﬁl%ek aﬁ&%:ﬁ% ﬁéu lgiﬁﬁ ﬁ%&‘f - CH2-,
-C( O -, bidlegicalctivibrasa cohseiqvenos offpuwing 2 Eiven type etlinkage. fitbetardeting dgenkier i s

typi cal l | . . fer ' e of 14 to
05 wi ¢ Brotelh oo Al B e fo e winlide RAA ok S dulfo bSO

i nlfter s makhgekethb polypeptida beckbomel el sids chais gtoupsinelddothe carbead proapeef al i phati c

ip which,.is.opti ). ' . wher.ei. t turated
Carbons BPek I8 0PI wit i poP Wl L B B 2
- CONHNH- groups@f GrRine an@G{sBiing, anlEERIfhydrl-grouphbiiohlcing res@ie) NH-, - NHNH-
- NHCO-,

fO%!_)Z] éaﬁ%xyl side groups presented by a targeting agent such as a polypeptide backbone may
be reacted with amine second functional groups by means of a soluble carbodiimide reaction.
Amino side groups presented by a targeting agent may be reacted with isothiocyanate, isocyanate
or halotriazine second functional groups to effect linkage to the prodrugs of the present
inventioﬁ. Alternatively, amino side groups on the targeting agent may be linked to the prodrugs
compounds of this invention bearing amine reactive groups by means of bifunctional agents such
as dialdehydes and imidoesters. Aromatic groups presented by a targeting agent may be coupled
to the prodnigs of this invention via diazonium derivatives. Sulfthydryl groups on targeting agent
molecules may be reagted with maleimides or with haloalkyl targeting agent reactive groups

( such as iodoacetamide. Free suihydryl groups suitable for such reactions may be generated from

| the disulfide bonds of protein immunoglobulin or may be introduced by chemical derivatization.
Linkage to free sulfhydryl groups generated in the intra-heavy chain region of immunoglobulins
does not interfere with the antigen binding site of the immunoglobulin but may render the
antibody incapable of activating complement.

[0093] When the targeting agent is a glycosylated protein, an alternative to forming a linkage to
the compounds of the present invention via the polypeptide backbone is to form a covalent

linkage with the carbohydrate side chains of the glycoprotein according to the methods such as
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-S2-, -NH, -SO2NH, or -NHSO2-. [0089] The first functional group of the
linker is used to quaternize the tertiary amne as discussed above. A
preferred first functional group is a hal onethyl ester including, but not
limted to, chloronethylester and iodonethyl ester. The second functional
group of theWMO2M89926my be used to covalently attach a tacpesiege@gent .

100901 The second functi onal grggu may be an el ectrophilic group or a

nucl eophthepecofddakingm, ctal.e ERP BB 4Y: thefcarhohydsate bideehaisofpatibodisy ataphe | v
at L ach! DeIdRldbylidediHo Uit bReh WOl Dhilf XD Bl be rradfl mg?ﬁ#@%ﬁ?ﬁfﬁﬁiﬂ

PCT/ US2004/ 01 al oacet ant de nmal el m de, 1 m doester, ) i'm de,
N- hy dr ox grougsdi fiermyd Schiff base opyith Hydrazingi senii¢arlehaide phthinsemigaibdzide actbexyl (and

acid chl grides ) acyl rQzi ' I de
hi oser ERuB5E GhE Rl tyadisle ciaRg o8 or u kBRI Hiages.
am noal k¥hdshsamerreethods anaytalsode iemployedio link thee patinigsdf this/ inventioppdigety| t hi our ea.

O her sujitable react.ive | et.l es ﬂ%p ma bel sui.tahl e for covalently
att achi nE)m?eH’é'm%’F% i gﬁqeg{%ﬁ chpa}sggr b4 ﬁteﬁ\f%?ll?? ot S get i ng agent's i ncl ude
B 1 i st g s e vt 2,

enzi m dates, .- and, - The ropriate. secon uncti ona
group wi PRLYsaEgharides Srithppfdhe Eﬁ?ﬁﬁs}%hépn‘b‘]r%t%n?ﬁaig&féﬂhHM?ﬁy gouRFetHeh @ h whi ch
t he covaph@gnt AR (EHykdrdx§bdrolpReylMihrdd Metitabivest! TS Ridupiid fehdtive HithQFBetRk

bi ol ogi cal activity qs a consequyence of formng a given t Ee of |rnkage. If
the t ar gaePiiGongainE ail-cis-digl.Jpaipg 2 p-fembered Avelie Qﬂ@?ﬁ %Wamé s s afdshe
reactiveyih E%sééa%h?&lﬁﬂe.ﬂ pﬁfﬁ%@ﬁarﬂfes-%ﬁ‘g}}ﬁeéoﬁﬁie% whighlcb@iniRis st PPley PEPL | de

backbone. Such side”chain groups include the car boxq)‘éli groups of aspartic
aci gaandd@l@%}fbpwl derjvatives spay adse beised t linlyibe prodmas obhhis ipwantien foesi dues, the
aromati c_; fs s Rl St dine, LML of
yat of non SEEHARIS EMARIRE, 4R Hophdleclolf s At BRomy Tl o ls-s e
agent suetithed,3popitiby,@e giscigeedbadosenhergnetpl., Biechemistyetl, Wp2h2&({#9%4B. second

ar oups. npsediPUREERAIENR SR i i MRS R B o

i socyanathis fashiontsa lthet3’ hykroxé goep cradbsdnt The iattectarggting agents magf Homever] benkage t o

t he prodrugs of the present, .invention. ternatively, .amno si.d roups on
he ©ar obiga suntinfRblraas e v ep et bt it Righise a anilhit? oBhfv 2o

the deoxyribonucleotide as disclosed by Engelhardt, et al., EPO 97,373.

[0095] When the targeting agent to be linked with the prodrugs of this invention is an intact cell,

either polypeptide reactive or carbohydrate reactive moieties may be employed. Hwang and

Wase, Biochim. Biophys. Acta, 512, 54-71 {1978), disclose the use of the diazonium derivative

of the bifunctional ED'I"A chelator of Sundberg, et al., J. Med. Chem., 17, 1304 (1974), to label

erythrocytes and platelets with indium-111. The dihydroxyboryl group is reactive with a variety
( of bacteria, viruses and microorganisms, see Zittle, Advan. Enzym., 12 493 (1951) and Burnett,

et al., Biochem. Biophys. Res. Comm., 96, 157-62 (1980).

[0096] Preferred linkers that may be used to covalently quaternize the tertiary amine of

Compound 1 or Compound 2 and are of the formula:
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conmpounds of this invention bearing am ne reactive groups by nmeans of

bi functi onal agents such as dial dehydes and i m doesters. Aronatic groups
presented by a targeting agent nay be coupled to the prodrugs of this

i nvention via diazoniumderivatives. Sulfhydryl groups on targeting agent
mol ecul es may B E3ed with mal ei mides or with hal oal ky PCTABE#01§89agent
reactive groups such as iodoacetam de. Free sul hydryl groups suitable for
such reactions may be generated ffom\the disulf} bonds of protein

i mmunogl obul i n or nmay bes?ﬁ?t?g 3 jehi,) erivatization. Linkage to
free sul fhydryl groups generated M—+the intra-he ain region of

i munogl obulins does not interfere with the anti'cen Rinding site of the

i mmunogl obulin but may render the antibody incapable @f activating

conpl ement. [0093] Wien the targeting agent is a glycoSylated protein, an
alternative to formng a |inkage toccdpamg®pounds of the present invention

via the pol ypepti de backbone is to forma covalent |inkage with the
car bohysbgﬁfg- i de chains of the glycoprotein according to the methods such
as -29 /089925 PCTI US2004/ 010399 those of McKeam et al., EPO

88, 695. Thus, t erepesénida/bhlagwup;i de chai ns of antibodi es may be selectively

oxi di zed to genesate ald de i.Gh h ed el LMt h am ne
reactive groups S e Zgéﬁﬂ%ﬁaé‘ﬁﬁ’}’ivﬁﬁﬁﬁ{iﬁﬁg’gbh@ %@ﬁ *:Iélﬂgéfzi de or

t hi osem car bazi d& and2cindspendatlguss ot @, agdve the correspondi ng hydrazone,

sem car bazone or _t&i oseni car bazone |inkages. These sane nethods may al so be
enpl oyed to |inT E"Erodrugs of this invention to non- proteinaceous

tar geti nqoasye It Sneubbdiafent TohPbXA Aéfabe REENTIAVNESE &8 Widse ESmpdul@Osierd)
altegrnative t\arggejti ng agent reactive noiety useful for linkage to

car bohydr at es a8 ar i des wit hout the necessity for prior oxidation

i's the di hydroxybRbker @S - a)b}SCH@h)-Pq@H@kcb@H‘IB&IGCH(CH(Cm)z)-;.
(di hydr oxyboryl )ihen | t hi ourea derivatives. This group is reactive with
targeting agents aabsAt dencpdently areO;and- di ol , form ng a 5-membered cyclic

borate ester, apd ghus is of use with those carbohydrates, polysacchari des
and gl ycoproteins which contain this group. The di hydroxyboryl derivatives
may al so [0e98) seahother ¢mbrdiméent, Comphund 4 obithe present invendion) aosthoss comptwodeic| eosi des,
ri bonucl e{a{e%]eqllgs and ribonucleic acids, since ribose contains a 1, 2-cis-diol

group at e’2',3 position, as disclosed by Rosenberg, et al.,

Bi ochem stry, 1K repBSuE qr1972) .

Y represents -CH,-, -CH(CHs)-, -CH(Ph)-, -C(CH3)(COOH)- or CH(CH(CH3)2)-;

7, and Z, independently are O; and |

n=1. |
[0099] Compound 4 provides linkers with both an alkyl and aryl carboxylic backbone which
provides flexibility in the cleavage rate of the final quaternary nitrogen. The linkers of
Compound 4 may be prepared using commercially available starting products as described in
Example 5.

g. Purification

[0100] The compounds of the present invention may be isolated using standard purification
methods. The hydrolyzable bond of the compounds of the present may be prone to hydrolysis

during the purification of the compounds.

-31-



Deoxyri bonucl eoti des and DNA targeting agents may not be linked to the
present prodrugs in this fashion as the 3" hydroxyl group is absent. The
| atter targeting agents nay, however, be conjugated to isothiocyanate
derivatives %g%?rodru s by first formng an allylam ne derivative of the
deoxyri bonucl di scl osed by Engel hardt, et at EP@CIAIS2003/010389095)

When t he I n e h sof t hi.s vention is
an 1 nt aot IGLAYTHe P EVenkch 188l WBSSE inethol G RERPA s lotef¥ Ve

noi et i es pasenbmveanioh ogmphsmyudglgahaoniﬁ&aﬁs tdh m&ﬁom:oﬁpnmﬁya leabiod. B aElalz,
54-71 (19 di.SC t he use the dlaz ni um a |ve of the

bi f unct i 0&2‘?)* f?ﬁiﬁ?a‘i‘mﬁp ogpd. ch%’P& P‘{“ﬁ%ﬁ% Brtoni . 17, 1304
(1974), t chromitegrapisy preferabty HEECand pl at eI ets with indium 111. The

di hydr oxyboryl gi is reactive with a variety of bacteria, viruses and
m cr oor gani smat gséi% Bittle, Advan. Enzym, 12 493 (1951) and Burnett, et

ial ) Bi 00[;?302] "Hde@l@&th‘@gs oRétte. pr@amiml veniiéh mﬂgﬁﬂet@s?ed(t&ﬂ&@&mh né 0 241t oﬂi)ﬁfcﬂysisaﬂf

| nkers tha us coval en uaternl et rtiar ne o
Conpound ¢ &yﬁééa%mﬁ Sndtha DEpeS P hlesTya tnerorming SR o b 8600 5

PCT/ USZOO;%@& Adsed to cleabagh!cbidiitons azzﬁﬁicndn@mm kﬂalogahﬂraeﬂmty oktfeepr esent s

a hal o group; re resents -CH2-, - CH(CH3) C(*{‘b‘ﬁ (1000 - or
CH( CH( mmnouzisoéﬂu PrseRtipNepHeRIBAY b%/m%asmbbmeﬁod%lﬁeiuﬁnat notlipgsdt% | n one

enmbodi nen [ s wher ei n,
oo v o SEPAUly f GE Al el Mt Iy

- C(CHB) ( ob)g]q);ma]@pumr(c(tjﬂ(nggpgynds of the present mvention may also be measured by PI-3
kinase enzyme assays as described by U.S. Patent No. 5,480,906; K. PFuchikami et al J. Biomol

Screen, 2002 Oct. pp441-450; VI Silveria et al J. Biomol. Screen, 2002, Dec. 7(6), 507-514; BE
Drees Combinatorial Chemistry and Highthroughput Screening 2003, vol 6, 321-330, the
contents of which are incorporated by reference.

i Salts |
[0103] The compounds of the present invention are useful in various pharmaceutically

(,

acceptable salt forms. The term "pharmaceuticaily acceptable salt" refers to those salt forms
which would be apparent to the pharmaceutical chemist, i.e., those which are substantiafly non-
toxic and which provide the desired pharmacdkinetic properties, palatability, absorption,
distribution, metabolism or excretion. Other factors, more practical in nature, which are aiso
important in the selection, are cost of the raw materials, ease of crystallization, yield, stability,
hygroscopicity and flowability of the resulting bulk drug. Conveniently, pharmaceutical
compositions may be prepared from the active ingredients or their pharmaceutically acceptable
salts in combination with pharmaceutically acceptable carriers.

[0104] Pharmaceutically acceptable salts of the compounds of the present invention which are
suitable for use in the methods and compositions of the present invention include, but are not
limited to, salts formed with a variety of organic and inorganic acids such as hydrogen chloride,
hydroxymethane sulfonic acid, hydrogen bromide, methanesulfonic acid, sulfuric acid, acetic
acid, trifluoroacetic acid, maleic acid, benzenesulfonic acid, toluenesﬁlfonic acid, sulfamic acid,

glycolic acid, stearic acid, lactic acid, malic acid, pamoic acid, sulfanilic acid, 2-acetoxybenzoic
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Z1 and Z2 independently are 0; and n=0. [0098] In another enbodi nent,
Compound 4 of the present invention are those conpounds wherein, X
represents C or |; Y represents -CH2-, -CH(CH3)-, -CH(Ph)-, -C(CH3) (COOH) -
or CH(CH(CH3)2)-; Z1 and Z2 independently are 0; and n=1. [0099] Conpound
4 provides | WREOGIPIH pbot h an al kyl and aryl carboxyl i c PEXAISZEME108 Ch
provides flexibility in the cleavage rate of the final quaternary nitrogen.
The | i nkegcsd, imarfeaiaptenindmulitnic Rid, MictRasaFors b8, eHARRRAtoAL a¥idoosalit &bk e
starting produycts_ as, de ﬁl‘l bed i Exanple 5. g. Purification [0100] The
conpoundsisghonigasid, PE%E'ﬁﬁ" ¢ FRTONE PIBFT Rhamageutically acpatpblssals) sushAidag gnitrates,

puri fi catjiRephattsiHdaAs, tattfites OielieY, MicaihtBs, BARHate! aécﬁﬁ)afe@,@ﬁf#ﬂﬁéﬁ, gfd thdsker ese \%
(6]

may be prone to hydrof ysis during the purification of thé conpounds. -31

2004/ 089908 iopEychay GRsSTRATY S LoniNm oS arerrpatemniaied As pharmeputisHly agceptable di r ect ed

t o met hodg kbt i Midisk dabeti&ompounds of the present invention conprising
addi ng the conpounds to a solution conprising at least 0.1%acid (v/v) to

sol ubi | i zI9195] Prefomesosalisiof tiFheonnewpds of dheipresent dnveptior ih¢lude hyylrgsblotide sdltsg
h f P . Test.| h
chromat ogl AR IRLfE a;%,{dgsgit{aens'dtéé@m{%atmgg Rt &g%lnfem?q&{]a%?ﬁ %ﬁ%béﬂ;gt €

present inventlion na term ne erate o sis?of the
hydr ol yz anbre peferdedalncaddition phenacesically depaptablemltsofihe garfounds afgheiPéséntanal ysi s

of the prodr.ug e ed to.cl copnditions as a function of. tine. The
bi ol ogi ca’flv?gﬂqmaﬁggcfr"?%gnﬁg%%%%ﬁl SUBHE “%r%oi%sﬁ'f’mi aﬁ@i‘ﬁt“i‘% ®be
measur ed daythfetdiogish hnaalaneth me midgriesimeos orpanic haseh such as didyetheganphegocyt osi s in

T 0phagg, Celhild % o Fdhes okl it 6 25 utt, FAATRL Sk e

( [0106] The pharmaceutically acceptable salts of the present invention can be synthesized by
conventional chemical methods. Generally, the salis are prepared by reacting the free base or
acid with stoichiometric amounts or with an excess of the desired salt-fonning inorganic or
organic acid or base, in a sujtable solvent or solvent combination.

[0107] In general, the counterions of the salts of the compounds of the present invention are i
determined by the reactants used to synthesized the compounds. There may be a mixture of
counterions of the salts, depending on the reactants. For example, where Nal is added to

facilitate the reaction the counterion may be a mixture of Cl and I counter anions. Furthermore
preparatory HPLC may cause the original counterion to be exchanged by acetate anions when

acetic acid is present in the eluent. The counterions of the salts may be exchanged to a different
counterion. The counterions are preferably exchanged fci>r a pharmaceutically acceptable

counterion to form the salts described above. Procedures for exchanging counterions are

( described in WO,2002/042265, WO 2002/042276 and S.D. Clas, "Quaternized Colestipol, an
improved bile salt adsorbent: In Vitro studies." Journal of Pharmaceutical Sciences, 80(2): 128-
131 (1991), the contents of which are incorporated herein by reference. For clarity reasons the
counterions are not explicitly shown in the chemical structures herein and the characterization of
the compounds is based on the identified quarternary cation.

4, Composition
[0108) The present invention also encompasses a composition comprising one or more

compounds of the present invention. The compositions of the present invention may further
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M
bi ol ogi cal activity of the conpounds of the present invention nay al so be
nmeasured by PlI-3 kinase enzyne assays as described by U S. Patent No.

5,480, 906; K. Fuchikam et al J. Bionol [ Screen, 2002 Cct. pp441-450; VI
Silveria et al J. Bionol. Screen, 2002, Dec. 7(6), 507-514; BE Drees
Conbi nat or i aVOCAMMB®RSy and Hi ght hr oughput Screeni ng 2003PCHUS2064/01834 - 330,
the contents of~which are incorporated by reference. I. Salts [0103] The

conpoundSCTBRTISE RRe ¢5RAE RRarmAGRUHE4Ly scogpiablg sdditional meredicniisuchasalm®eut i cal | y
accept abkignifakd, adt@hibRbial henis BuilfersD 36 titd, 3aldnh s ERR bafll s @hd the T € €r's O
those salt forns which would be apparent to the pharmaceutical chem st,

i .e., th8&e which are substantially non- toxic and which provide the desired
phar macoki net] cppronesdd s, palatability, absorption, distribution,

met abol i sm or excretion, Qther factors, nore practical in nature, which are
al so i nf3P9lCamponsitiopeoidbe pretenbinyventipr may be indhe fomp of tabletseardezZenges, ease of

crystalli LOR: Vi ionk13nhl . Cd LlLE Yy of the
resul ti ng&%%gaa}%%o.%lv%‘gr?\ﬁ/geln_l gnﬁ_g?r eg{]}xa;? %faq%gél}?%fcda‘{%m@%%%%%%%%&&%g&be
pr epar edmay centdileonaentionsl expigicatsimsindingobut mhtlimitgsites bivdingitgents) fileraccept abl e

salts in l.nat.i ] theal Ly acc ble carri.er. 1041

Phar nacellilt%ﬁgag’tsr @Eﬁé%gr g}éftsgg? 8@@%&%&%}, E@ﬁ@géﬁwgso]ﬁﬁg%’ %]l’t atr%’é‘)tﬂ)’fné%%ﬁ{’g Went i on
whi ch ar eccadajigtlati, sorbiiol, ragacanth, mhveilagetofisteksh ambipadyvripydpyrtdlidose. Bftletshe present

i nvention jnclude t .are no limted to, salt ornmed with a.variety of
or gani ¢ Hﬁhﬁ?sh&}ﬁ%ﬂ‘?@“‘ﬁ@?ﬁ% I%C&é?f sﬁ%”ﬂ&?S%‘ﬁﬁ’Bﬁ F%ﬁﬁg’,malﬁ%‘%x ¥hane _
sul 1(‘1 on lt CPl%&?apldue, dsottgeD mgmdﬁnqlm;m?emgt lﬁlﬁiﬁdlo,&lﬁ?ﬁwgiﬁwsfe!dfgtecstédﬂcd, acetic
acid, trifluqgroacetic acid, i c.acid, henzenesul fonic. acid,

tol yenes 6‘?‘%6& =(P°§E‘§‘HIFH%€FV‘F°A’rﬁrIT‘E S@E‘?‘ a‘smtmwgﬂﬁiﬁ“ﬂ?w aptdipifed o, PO | acti ¢
aci d, nokbtiveh a6 sSdiuBAHIREIC g1gedlEte. w’_mfggra' dntsGn@l6delibut AreaioR ligel &) Eliiten land® WO

2004/ 089925 PCT/ US2004/ 010399 acid, Tumaric_ acid, toluenesulfonic acid,

met hanes EiiftshiTablgsimpy becpaiFbercariingdnmethads well lgemmiie theartd, i set honi ¢ aci d,
and i ncl yd eoEdrhRiifioR deke RBRARERHE MY Al¥o BRI ARhElafdsiSludiChudd € 9.,
nitrates, phosphates, borates, tartrates, citrates, succinates, benzoates,
ascor bat Ewitedtal 4q95qus oeeily spensines, polntons, eaaisiomsyswerang slixjrraTes nary amoni um
il ons ar e GonLAII fiAflsod BRAINBESY drf flob¥ct B SoRRRoR wih WL b@Bs T or

ani oni c noreties.
suitable vehicle before use. Such liquid preparations may contain additives including, but not

limited to, suspending agents, emulsifying agents, nonaqueous vehicles and preservatives.

" Suspending agent include, but are not limited to, sorbitol sjrrup, methyl cellulose, glucose/sugar
syrup, gelatin, hydroxyethylcellulose, carboxymethyl cellulose, aluminum stearate gel, and
hydrogenated edible fats. Emulsifying agents include, but are not limited to, lecithin, sorbitan
monooleate, and acacia. Nonaqueous vehicles include, but are not limited to, edible oils, almond

( oil, fractionated coconut oil, oily esters, propylene glycol, and ethyl alcohol. Preservatives
include, but are not limited to, methyl or propyl p-hydroxybenzoate and sorbic acid.
[0111] Compositions of the present invention may also be formulated as suppositories, which
may contain suppository bases including, but not limited to, cocoa butter or glycerides.
Compositions of the present invention may also be formulated for inhalation, which may be in a
form including, but not limited to, a solution, suspension, or emulsion that may be administered
as a dry powder or in the form of an aerosol using a propellant, such as dichlorodifluoromethane

or trichlorofluocromethane. Compositions of the present invention may also be formulated
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[0105] Preferred salts of the conpounds of the present invention include
hydrochl oride salts, nethanesulfonic acid salts and trifluoroacetic acid
salts with methanesul fonic acid salts being nore preferred. In addition,

phar mceuticyé\%oﬁgéﬁﬁt able salts of the conmpounds of the present invention
may be forne 70[ ali nmetals such as sodi um potassi umCIAB29040 I3

al kaline _earth tal s. such as.cal ci um and nagnesj.um . or gani ¢ ,bases. such as
di cycl ohe%3® Wﬂgsm‘% O%fwwu?ﬁﬁowm;ve%ﬁ@ Hﬁ{"ﬁﬂlgal?ﬁtagﬁg{ﬁ‘ as

a][ gi Ri ne, tol Msalnﬁbgoi@ﬂﬁian_tshbtib:hdspaln)ste{sm:aﬁ&hateﬁ_tp@s?ﬂggam@mdmb@d' ey i’:lCCﬁpt abl Ie salts
of the pr t .invention._can be .synthesiz cqnventi ona em ca

net hodsl.o @imrcﬁﬂf%‘??m?rﬁé’?&ﬂp&seﬁﬁ'lﬁy ViR S%‘gnyP@%lE%t Brepenterabe pase or

aci d Wi t hadsigitedtion R Iuding, BUTRTigited toWyliljeddn @K 6QSiHudifs it ol Fohhnfations for
salt-forming inorganic or organic acid or base, in a suitable so|vent or
sol vent CBIfEHRIRaYG 0 the form of susprasianss polutions of erawisiens &ipily OF aqueeussighicles,of t he

Cowpoundsaanmaty*esntashq&%ﬁadoﬁ\agéh&g iﬁéluéih% buth: G & shipeddie, SipRfLiAN A USed to
synt hesi zed the conpounds. There may be a m xture of~ counterions of the

salts, defensernggeents. (Thecomapsitionimay dtsgrbe proxidod in a peveder fox for recanetifadont o
faci |1 tatgh DGfRRGHial id RGN Gl ik TERRRIA pltbihilfgs Wha ™l and | counter
Py é ori

anions Furthernore preparat HPLC may ‘caus gi nal counterion to be
exchanged0bi3] {petpasitionsof thepreshrtinvention may alsi bt fosmpated sya depot préparatibment . The

count eri ops: e : . i.ff.erent.. counterion. The
counteri o‘?@cﬁ%} g?% er %%TGW@ﬁ%ﬁ%@ﬂ%%g@%ﬁ‘ar“%g{éﬁ tlﬁg'aﬁefgg‘g%’:%%f abl e
count er i amay lee foomulatedheitls sifitablegebyewerrib echysliphebic Prtedeld (asen ehmisiavin lmngi ng
count eri ons_ar, .describ in 2002/.042265 20 042276 apd S.D. d as,
o 1 el ol R ARG, o RGO PR B B AR R E G,

st udi es. "spdsmgiysllubdef safPhfar esatepld)i cal Sci ences, 80(2): 128- 131 (1991), the
contents i ch are ingorporat.ed herein by reference. For clarity, reasons
e S be LAl ioerbali S B e Ry e R bl T B A PO ROy o
and the ciwyimeédrd piglatation 04n c&ﬁﬁis@ﬁ?ﬂé&ﬂéﬁﬁﬁéﬁp&ﬁ&ﬁﬁéﬁﬁ@eﬂdﬁiﬁt&eﬂb} fieed

guarternary cation. posi tion 108] The present invention also

.. Co
enconpas s¥&tun %qul %?Frl;mi“%u mEmbraes, srsuliips w delivery of thg scowents afdhs esent

i nventi Omizpomﬁe BRTROS PR able! BDsh&SEMH asiibée MsbABLdRY.§. Walehbo. - 33 WO .
2004/ 089975 PCTI US2004/ 010399
5,077,211 of Yarosh, U.S. Patent No. 4,621,023 of Redziniak et al. or U.S. Patent No. 4,508,703

of Redziniak er al, can be used. The compositions of the invention intended to target skin

conditions can be administered before, during, or after exposure of the skin of the 1ﬁammal to

UV or agents causing oxidative damage. Other suitable formulations can employ niosomes.

Niosomes are lipid vesicles similar to liposomes, with membranes ponsisting largely of non-ionic

lipids, some forms of which are effective for transporting compounds across the stratum {
( corneum.

5. Treatment

[0115] The present invention also encompasses a method of treating a patient suffering from a

condition associated with PI-3 kinase activity. The PI-3 kinase activity may be abnormal,

excessive, or constifutively active. The present invention also encompasses a method for treating

inflammatory disease comprising administering to a patient in need thereof a therapeutically

effective amount of a compound of the present invention. Such diseases and adverse health

effects atiributable to inappropriate PI-3 kinase signaling activity have been disclosed in the art,
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conprise one or nore pharmaceutically acceptable additional ingredient(s)
such as alum stabilizers, antimcrobial agents, buffers, coloring agents,
flavoring agents, adjuvants, and the |Ilike. a. Fornulation (01091

Conposi tions of the present invention nay be in the formof tablets or

| ozenges f oW n a conventional manner. For exanpl BCT/usiob4diessand

capsules or or d ont ai n_conventional excipients

i ncl udi n&prﬁﬁg Wpiﬁfﬁ%&?[;{%g?%bf g'elﬁt6§18f2773]et1%§) 6403 SPE st s,

f"s't”t gg{@m$zandsv\@smm a@@@&@s}(ﬁm@m%@?eﬁgsl }ﬂs“wdosdﬁ%a:%but arle not f
imte 0 a, in, sorbhito ragacan nmuci | age o

starch aﬂasﬁg gwp[ﬂ?‘? ﬁoi 3&8%@7 e cpntgnis oﬂwm@mcwf)m?ﬂéymfﬁwm% ted to,
l'act ose, Glmfl‘he E?eséneﬁmiﬁfoalaisb Bffcoffpadstd LR Bthod Rk éﬁ:%hélﬁg?s:& madigb¢ym phosphat e,

and sor bi toI ricants include, but are not [imted magnesi um

stearate PIWPQ:WH&‘ISP compriging 3nipislering teradatieny inoneed thereof Fheb?@e“ﬁcally _
D sinteg e%&?l 2oldF e chtboRl Of BRY ‘AS&C‘{FE‘EYE‘%"%‘ potato starch and sodium

starch glycollate. Wetting agents in ut are not limted to, sodium
| auryl  J01%7h{Te% prefeabingendionalgo pecompatsesth mctbmdﬁbr@an@ngrﬁlehbdsosmmlﬂymﬁm in

h I d
For ml ai (BRG Fin FARAe i ne 'S pRleAR et YR Bl ot el o

sol uti on&mmmdfalcmmpqundwfﬂp$resanahwehmomrs The conpositions may al so be

f or mul at ct _for nsStituti aor,.other . suitable
vent o o HEHAT 2Re RenBinditoh aef freERBRisrea il B bl iche Ay oY

I ncl udi Nngumérdellnadmprisingiathethist@ing $a1s paizai in geadigRerts a therpentitaflyrfeaent s,
nonaqueous vehlfcl es '{nﬂ pLeserv t| ves. Suspendi ng agent include, but are
not él i mi CEURPT aSBTRYYIG g&?rpﬂeﬁen FERSA™ cel | ul ose, gl ucose/ sugar  syrup,

gel atin, by qnypk&antmebﬁmh@aem@armmahad fo€ ittt Gmofinthiide@dum st ear at e
gel, and hydr ogenat ed, edi.ble fats. Enulsify h“"&%&éils I ncl ude, . but are not

limted t3BBOFTESS FR“PP“S%FMW%?IBBF@QY‘EH s apeyHieal li’gﬁﬂg’evem cl es

i ncl ude, Ridtintra cBRpounld B iR Prdséht iRhfde 0i I's, al nond ol fract i onat ed
coconut oil, oily esters, propylene glycol and et hyl alcohol. Preservati ves

i ncl ude, [#120] Theprsssnt investion lse gncompesssd 2 wethod & W@ﬂ%ﬁbﬂ%‘é?@%ﬁ% and
sorbic, a%ggém&e mlnommeﬁmgéa%%oﬁbn cﬂ’fﬁ%ﬁﬁ Rl And2B YneRloFR b€

formul ated as suppositories, whic contal pository bases incl uding,
but not Ithemdpeutit lbeffmeammmtpﬁﬁcmpﬂgh @Bhnfe@ntmmiﬂpusmlons of the present

L nventi ofo Ry TR 5selPint HeiTH hRb EbobBhsskd Y AbASd RP tredthlb &b MR e Gniphisife

administering to a patient in need thereof a therapeutically effective amount of a compound of

the present invention.
[0122] The compound may be administered simultaneously or metronomically with other anti-
cancer treatments such as chemotherapy and radiation therapy. The term "simuitaneous” or

( "simultaneously” as used herein, means that the other anti-cancer treatment and the compound of
the present invention administered within 48 hours, preferably 24 hours, more preferably 12
hours, yet more preferably 6 hours, and most preferably 3 hours or less, of each other, The term
"metronomically" as used herein means the administration of the compounds at times different
from the chemotherapy and at certain frequency relative to repeat administration and/or the
chemotherapy regiment.
[0123] The chemotherapy treatment may comprise administration of a cytotoxic agent or

cytostatic agent, or combination thereof. Cytotoxic agents prevent cancer cells from multiplying
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formincluding, but not limted to, a solution, suspension, or enulsion that
may be adm nistered as a dry powder or in the formof an aerosol using a
propel I ant, such as dichlorodifluoronethane or trichlorofluoromnethane.
Conposi tions 0&1@@68{ esent invention nmay al so be formul ated -34 WO

2004/ 059925 2/ 010399 transdernal formul ations c&FbUSYO4B193%eous

or nonaqugpRys th@H&rﬁ{&f‘vgﬁH @ekaféisaﬂitytstf&pm{ﬁ drggi.,ﬁn@g%mhecmgf th an@oft TENT'S,

| otions, past'es, nedicated plaster, patch, rane.” [01121 Conpositions
of the prenoptesisimthe parcerrelin-yiisatic pgents@etid modulating; infrofering ot ighibiting the

adm ni strat.i i ' |yt b L’[ﬂﬂﬂ: : I QLIoUS
I nfusi on. %érg%ﬁ Iogg%l%%g Eig%arl %ng{}g{&l iv}(%]?]e hn%eﬂ%ge)cﬁl%llﬁ]%aﬁgé m o gfselﬂlglg%%skl%ns,
sol ut i onscontinuamsidvelsons in oily or aqueous vehicles, and nmay contain

formul ati nts inecl udi ImMtied.to us i stabilizing,
and di sp@?éﬁ%@“gaseor#g@ gg @S%Hb%}‘s%q%sg&n&#f?%l%geﬂ% mpcﬁ)u?\%glbce Howmg: sowder
form for dlledatigtagentt (imuding, itheut Simitatidn, aitregén listarts) ethyléhingine derivatives, | i mi t ed
to, steril rogen-free water. [0L113] . osj tions of th resent

nvent | ontlki RS s et ipetr s e BRI AT YRR ORR e e

adm Bi s]E e(cg%lxbu@)é EIB#f&ﬁida,tthﬂﬁman, &sl;nl:riambuic_almaﬁpcslsrlr:.]:a@;(ﬁ]ln,iuﬁls;ﬂszgﬂ'h b_éﬂecrﬂelaﬁime, ?:om()osi tions
may be for, ted with suitabl e polyneri.c or hydrophobic naterials (as an
emul si on rr’!f‘é{ nethiophosp B ?“1156’@/%%?’ gﬁ“}“ﬁ%‘?’ls %?ﬁﬁ&g&tc@@ﬁ’%e amd g
spar i ngl yiemekdlbhRedatinabs @il RYIng, wilivat li@htonsflit iig aﬁtﬁ%dnjstsf, Fj?rirﬁ?&ﬁﬁm e).
[0114] Conpositions of the present 1nvention may al so be fTornulated as a

| i posone PielogaPuinginalosyad Aderasing deamypass inhibitosyr reethotesater -Huorpyradhones whi ch
penet r at endRgame! dyfrddine @hﬁhﬁﬁt{oplﬁ{ne;[ élglfio iR, wﬁaﬁ%iﬁ@w&?%g@pém&%ﬁ%,t h the

cel l¢ menbrane, reSulting in delivery he contents of | I posone into

t he cel | . aR@emeiahine; ratural podistrsnd getridernvativerd fu egwsple, viog alkaloidssantipmmasnt  No.
5,077, 211, of . ¥ 9@%@ . . t%ﬁs : lﬁ%%‘ b ks | U. S
Pat ent Noalﬁﬁmgg% egégn%ggiznlgﬁngk%l t0 é??@%oan gp‘&ge i %‘he cgﬁn%bgl%lﬁs%%’s of

t he i nventlewnycim dentideniytin, daumagelicis,ldomorubicingépitubici, idarvubivén, atind, paditaxek d
before,, durin r [ | Al .t o . r. agents
causi ng oééfléd{zg‘ | lvlg c%‘ﬁ%‘%%éa.lﬁg e?hegfj?%xgg@)g"?@% Ig%lt I&%ﬁg%ﬁc%%gif%c%s% nes.

Ni osones ledsparkgifisel, iiederohspreféribly HN-b) etoppside) ambtenipbdide. menbr anes consi sti ng
| argely of ngn-joni ' sone forms mhé}thllare effective for

c.. lipids, f
t r anspor tﬁﬂ%ﬁ (QW@EFHHEM @-qu%oxtwn%gegtﬁ Iargtr@ﬁq?bene, 1, anastrazole, letrazole,

capecitabine, reloxafine, cyclophosphamide, ifosamide, and droloxafine.
[0126] Microtubule affecting agents interfere with cellular mitosis and are well known in the art

for their cytotoxic activity. Microtubule affecting agents useful in the invention include, but are
not limited to, allocolchicine (NSC 406042), halichondrin B (NSC 609395), colchicine (NSC
757), colchicine derivatives (e.g., NSC 33410), dolastatin 10 (NSC 376128), maytansine (NSC

\ 153858), rhizoxin (NSC 332598), paclitaxel (Taxol®, NSC 125973), Taxol® derivatives (e.g.,
derivatives (e.g., NSC 608832), thiocolchicine NSC 361792), trityl cysteine (NSC 83265),
vinblastine sulfate (NSC 49842), vincristine sulfate (NSC 67574), natural and synthetic
epothilones including but not limited to epothilone A, epothilone B, and discodermolide (see
Service, (1996) Science, 274:2009) estramustine, nocodazole, MAP4, and the like. Examples of
such agents are also described in Bulinski (1997) J. Cell Sci. 110:3055 3064; Panda (1997) Proc.
Natl, Acad. Sci. USA. 94:10560-10564; Muhlradt (1997) Cancer Res. 57:3344-3346; Nicolaou
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comeum 5. Treatnent [0115] The present invention also enconpasses a nethod
of treating a patient suffering froma condition associated with PI-3

ki nase activity. The PI-3 kinase activity nay be abnormal, excessive,
constitutively active. The present invention also enconpagsescs {agd for
treating inVPIMMEBYAY di sease conprising administering to a pa?| ent in need
thereof 19979 Namea387ex6R1272; Vishae (1997) MEPEIb. obn.3:078189Lad Pahda(199g)Tesent

i nvention. Such di Sefﬁ?g%ég d adverse health effects attributable to

i nappr opriigh Ehen 231:% ‘gnal i ng activity have been disclosed in the art,
- 35 WO 209 99825itRd kb/SHRAALE3DRch EOEpiEpRRRIGKi a8 an BB ALRASGAAS

5, 504, 10?6 @ 6, 5118 277B§%a U.S. %6 403 %’l&é @H 6, 482 62331/ S..6 518 277
U.S. 6, eeﬁomme@sgnhwsmm ezmvnstonQ,mum coorﬂ@agommssrwbaand
U.S." 5, 7Qg. BRhER bolical sfdhs@hbdi O%rgapﬁhﬁﬁl sifihetaBAg [0116]
The presentﬂlz%/&éﬁt%%n al so e‘?\glc%rrpgg%gs a #eglt%h ‘ﬁanmﬁl&\g p5 rredl at ed
pr ogr anmvetberaetic asatshlewnonerin; segafiraudhedmeatepoietig stowth fasters. ent i n need t her eof
a therap f ntion.
o117)  rrgias SotokiaiCheclchl e BE U i1odd, 60 ERUPHe b rRLARRA AUET, |
chermsens("utcludug)symhemtauﬁogs)dé'mlnhaemﬂes;raﬂ@l alisthylstdhesirolnigstosterangpat i ent i n
need t hereof eut | cal f t he

b esent ISP AT EHeio0s dmFaBieht Ftoich dfolfo REERANEEIE o ot hoo
for enhanﬁaﬂmgpmmﬁsdlcaﬂ; msthylstestmsvem;e, pfedmﬁdlusﬂertrmmbinsloﬁe;nﬂmmmaﬁigpnqdm ni stering
to a patient in need thereof ra eutlcal effective anount of..
compound SEHoBH ER o R B U6 P Ay i PGSR EP RS Dl
enconpas sfiansidé|Rériaiferfepfoladehi bi ting tunor induced angi ogenesis conprising
admi ni ster to a Batlent in need thereof a therageuil cal ly ef fective

amount _ of! 15?929&5‘-'5814 Stafic ABRRS pe SREANSIORFRISS SUTRHAT maty apyeteiiasdabioTy ent i on

al so enconpIGLSLPEET MHKIRs, Etﬁihab &iﬂ:l VEGFQﬁtﬂﬂﬁlﬂds@ﬁI@%ﬂl BoR&AETEEh asm% ated
wi t h non-cancer di seases conpri,si qu% adm ni steri ngt to a patlent in need

t her eof cnd SHEPGR Ee alsq rlugeds AntiHerd entibpdiesirons Gepe tiliged. Ar esent
i nvent i ONyjighle EGFR inhibitor is EKB-569 (an irreversible inhibitor). Also included are Imclone

antibody C225 immunospecific for the EGFR, and src inhibitors. .
[0130] Also suitable for use as an cytostatic agent is Casodex@ (bicalutamide, Astra Zeneca) *
which renders androgen-dependent carcinomas non-proliferative. Yet another example of a

cytostatic agent is the antiestrogen Tamoxifen® which inhibits the proliferation or growth of

-i

estrogen dependent breast cancer. Inhibitors of the transduction of cellular proliferative signals
are cytostatic agents. Representative examples include epidermal growth factor inhibitors, Her-2
inhibitors, MEK-1 kinase inhibitors, MAPK kinase inhibitors, P13 inhibitors, Src kinase
inhibitors, and PDGF inhibitors.

[0131]} A variety of cancers may be treated according to the present invention including, but not
limited to, the following: carcinoma including that of the bladder (including accelerated and

1

metastatic bladder cancer), breast, colon (including colorectal cancer), kidney, liver, lung
(including small and non-small cell lung cancer and lung adenocarcinoma), ovary, prostate,
testes, genitourinary tract, lymphatic system, rectum, larynx, pancreas (including exocrine
pancreatic carcinoma), esophagus, stomach, gall bladder, cervix, thyroid, and skin (including

squamous cell carcinoma); hematopoietic tumors of lymphoid lineage including lenkemia, acute
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[01211 The present invention al so enconpasses a nethod for treatnent of
cancer conprising admnistering to a patient in need thereof a
therapeutically effective amount of a conpound of the present invention.
[0122) The conpound may be adm ni stered sinultaneously or netronomcally
with ot her H) W“éﬁ??ér treatnents such as chenotherapy aRETAUSHe0S

t her apy. The term"sinultaneous" or "sinmultaneously" as used herein, neans

that t he lpuphocytinipikenin eexe lymphoblastic Ieuketnia i8-celblyppbonta, GE-celk implmoess e nt
i nventio a3 I referably
12" hour 598 a@*&’ﬁ&gfg%‘*%?*;’gw‘%%’d@a B FERborty OSSR HARRERR /1 205

of each @pﬁamketﬁﬂemp mh‘emlop@ﬁmﬂmswﬁmydmddmagehml@mg mmdt:lmmc

d tr di ff th
and ot coRiekfiRoch KO BRAR By bl b Akeme S AORR e
chenot herlamymraemmnfthe[@ma)and'pmphhmmmaﬁ;exﬁmelaﬂjlﬁgmtrdasmmprrpr| se

adm ni st rat| t ot XI c ent or tost I ¢ .agen conbi nati on
her cof - TEPAPuRRE B b8 KB, fimer sy ORI - 36 O
2004/ 089%50s8€8’rh&.}$&ﬁ64ﬁ19&s@&8&n&,hﬁd odtéokmaﬁ@@ﬁﬁbmmﬂshn&mélbnmbi lity
to repli cate DNA .and nduci ng cell death and/qr . apoptosis,in the cancer
cel | s. gééﬁlé‘ fitogqtap F%IFQW’@YFR‘%FCTW%QWT ARthi bi ting t he
processe&e@ﬁ,e&@},&mﬁ ar si gnal transduction which regulate cell proliferation
and sonetines at |low _continuous |evels. 101241 Cl asses of conpounds t hat

may be uéwzby%ﬁﬂrﬁP@chﬂ‘ﬁgé’ﬁP@q if uge dpotreataccelgrated W mgtastati¢ eapears P agent s
(i ncl udi ngagai ﬁaﬂ&léaud dafider, Prolle cdblod:] RAETHaEEH Rind §anc€1t BybRBLdAEr Ol | Vati ves,

al kyl sul fonate nitrosoureas and tri azenes): Uracil nustard, chl or net hi ne,
cycl ophoé?ﬁmétmf (Cyt oxan(r)) i fosfam de, nel phal an, chl or arrbum I

oL PObY O] hEBKAEIGh 18L Ccomph AN BRI o

ant i net aldininistgingitnepatightig need théreef a théragentically nifedtivk mmowiofla eevipoyod ofst s

pyri m di nal | n ePRsid | m

met hot re@g pr& %lﬁ u%?l{gu%rséicg:]sﬁlgeﬂﬁ oxueslﬂgfeﬁg cyta gte‘g’?o {%%ﬁélj E?% [ ne

6-t hi oguanmm&qn ¢fi Rk ddredlse may plevanipadoecatititent ost at i ne, and gencti t abi ne;

nat ural  RE S path kb G860 biti¥SS hahod S ATBS s utk SoimpRlli! ©F 95
administering to a patient in need thereof a therapeutically effective amount of a compound of

T

the present invention. The present invention also encompasses a method for treating gastric
cancer, such as stomach cancer, comprising administering to a patient in need thereof a
therapeutically effective amount of a compound of the present invention. As discussed in Bacon
etal, Digestive Disease Week Abstracts and Itinerary Planner, Vol. 2003, Abstract No. M921
(2003) and Rokutan et al., Digestive Disease Week Abstracis and Itinerary Planner, Vol. 2003,

( Abstract No, 354 (2003), PI-3 kinase is involved in the adhesion of Helicobacter pylori to gastric
cells, Furthermore, Osaki et al., Journal of Cancer Research and Clinical Oncology, 130(1): 8-14
(2004) indicates that a PI-3 kinase inhibitor, such as 1.Y294002, may be useful as an anti-tumor
agent for gastric carcinoma.

{0135] The present invention also encompasses a method of improving the performance of a
stent comprising administering a therapeutically effective amount of a compound of the present
invention to a patient with a stent, such as a cardiovascular stent. As discussed in Zhou et al.,
Arteriosclerosis Thrombosis and Vascular Biology, 23(11): 2015-2020 (2003), inhibition of PI-3
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antibiotics, enzynes, |ynphokines and epi podophyl |l ot oxins): vinblastine,
vincristine, vindesine, bleonycin, dactinomycin, daunorubicin, doxorubicin,
epirubicin, idarubicin, ara-c, paclitaxel (paclitaxel is conmrercially

avai |l abl e as Taxol ér) m t hramyci n, deoxyco-fornycin, mtonycin-c,

1- aspar agi na¥¥0 2004{¢8893Ser ons (pr ef er abl y | FN-a), etoposi de pcarub2eani@aesi de.
[0125] Other proliferative cytotoxic agents are navel bene, CPT-1 1,

anast r az dtisgse ey prerait éic "seepcamags thet accommsied btoret placymén hocspdla Thele,

i fosam de, and fi 0126 [ oLy Ie affectin aents |nterfere
w th cel IdL?f“gP tgél ?eseng tlc\’/l\l/elfl]th%%v\?fp EEP‘t erp?)i%n yt ot oxi c
activity. sloMbﬁhjainuheJdtmtlertmgmangcl » &gpbmaqumxzbmm;holuﬁﬂxlty,mﬁhﬁ%rw@pm( bnde, but
are not || ocaol c e .(NSC 406042 alichondrin B (NSC
609395), E® ?ﬁgf’ ?‘ﬁ%@ g %nk‘%ég Ut elarengity i vatives (e.g., NSC 33410),
dol ast at | 11015611 cht fvéition 2l hevhsiales § MWofhod #2388y ageheia@a tAct¥SC 332598) ,
paclitax axo § NSC 125973),. Taxol (r) .derivatives . 0. derivatives

(e.g., N 861?83@812 FPERISING adnipistepies 19 @ Pabenf in need W@y&e@w%weﬂ}sc 83265),
Vi nbl ast i difcpisl abridhlt drRSEmAGEARY the\irédestiisehtich. %%&ék@d%ﬁiﬁéﬁmnat ur al

and synthetic epothilones including but not limted to epothiloné A

epot hi | ond00g, m@h&@@?%\é%@ﬁ%l&@@@é@@el oyeregtaveth asspaigted itk AMBeBhe 274: 2009)
estranust ﬁMﬂll:éﬁnh such agents are
al so descdr ?@65628%9%8?%5& 1997) J. Ce 1%%%2%&%%4 Panda (1997)
Proc.  Nai0137] Abadresedt invention afsg ca0B80ssts suthod fiyiteatits hyp 10@&0:9911811@5
57:3344-3 Nat ur e
367 265. %ﬁ}%@%ﬂ*ﬁ%‘%@%&@%@%‘f9@%@%’%@%@%@%@ PEbITofo0e) .
Bi ol ( Chethe ﬁi@n@ﬁﬁﬁﬁoﬂ%scu[ss@dmonﬁicstbawmﬂb[[’bfpatenswy,t@(bxlzs Hgent s such
aseldo at.ax.i.n ti neopl asti ra nhi bitor;
pr ocgr baz@ﬁ@) Fg%ﬂfﬂoﬁgnasﬁlnﬁ' pﬁ"[}'ﬁ{lﬁl&ellpa%%g%’c gﬂ @%ﬁ@g‘a cﬁ‘w @‘

ci ﬁ EI at I@emabmﬁhbﬂph@lbﬂam;]dm ol ogi cal responsle nmodi fiers; growth . .

i nhi bitorgs: i hor nopa t rapeutic eucovor i t egaf an
haemat opdﬁgq?%ﬁpmmf’ eF s"t%f“ﬁé‘f’gf l‘éupggﬁﬁlpgg{ffgﬁn%ﬁ%g}l Hfe used

i ncl ude, b§7 rQ:eHB?EuohlaHhiyEIélctlﬁogd%ﬂbmnﬁ%oﬂﬁﬁhnigtﬂﬂﬁﬂg@ﬁ effectivelaidiut®faynt het i c
anal ogs): al pha -ethinylestradiol, diethylstilbestrol, testosterone,

predni sorfempeyndptiheresentnvention B RIeEERIt o8l AS Aisprssrdindewisat ebi act one,
megest r ol BoekfabMRal Hematology, 32(1): 36-44 (2004), inhibition of the PI-3 kinase pathway suppresses

myeloid progenitor cell.

[0139] The present invention also encompasses a method for treating liver cancer comprising
administering to a patient in need thereof a therapeutically effective amount of a compound of
the present invention. As discussed in Leng et al., Hepatology 38(4) Suppl 1: 401A (2003),
L.Y¥294002 inhibits phosphorylation of Akt (serine/threonine protein kinase B), which is an

( indicator in human liver tissues.
[0140] The present invention also encompasses a method for treating conditions associated with
a mutant PTEN comprising administering to a patient in need thereof a therapeutically effective
amount of a compound of the present invention. PTEN is a tumor suppressor gene located on
chromosome 10g23 that has been identified in patients with Cowden disease. As discussed in
Vega et al., Journal of Investigative Dermatology, 121(6): 1356-1359 (2003), mutant PTEN has
reduced ability to inhibit the activation of the proto-oncogene Akt. Inhibitors of PI-3 kinase may
inhibit phosphorylation of Akt, thereby reducing the effect of the mutant PTEN.
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met hyl predni sol one, nethyl-testosterone, prednisolone, triantinolone,

hl orotri ani sene, hydroxyprogesterone, am nogl utethi m de, estranustine,

medr oxypr ogest emneacetate, |euprolide, flutam de, torem fene, zol adex.
[0129] Other cytostatic agents are antiangi ogenics such as matrix

met al | opr ot el“ﬂg@@‘“ﬁ”ﬁ?ﬂsbi tors, and other VEGF inhibitors, PERAS2004/0803%% - VEGF
anti bodi es and smal] nol ecul es such as ZD6474 and SU6668 are al so incl uded.
Anti - Her 2 ant RooYimisistyagan cenet ech may al so be utilized. A suitable EGFR

i nhi bi t o0143) E6Bp&hfors dthie petd irfveRtich rh 'efhhinﬂﬁhereﬂn%yinmhadﬁ&u@ﬁ% phtTC! One
anti body C225 i mrunospecific for the EG-R and src inhibitors. [0130] Al so
sui t abl e Reblimiteddoprally, pergiteraliy sublingually; transdermaBig ssctally. tanspuresellyyi de, Astra

Zeneca) - yyhial), i RSO0 01 ASANaHERERERA! o PG RARIE A Tk Ghaer at ve, et

anot her exanpl'e of cyt os.tatl.c_;?en; I's the antiestrogen Tanoxifen(r)

whi ch i niafisinistratiensinpipdgs; s isnot Hrrited togingwydnows;, intrasrterigh éniragernfowmdbnt  br east
cancer. |.nbihi ﬁs%ﬂ b et . |  gnal s

are cyt oSt Al &cléoglé’gﬁ?%m e;a)é{eng‘g%?g‘?i’ita%gﬂlexanpgﬁgeﬂé%nci H gihg%ﬁe@ér%%egﬂr owt h

fact or i ngwebiignomay alsedye-administeriedin the HrmMErn iImplantagkdch sllowsistow mleasdafPikbeki nase
inhibitors, P13 inhilkitaor i e . I.nhibitors, and PDGF inhibitors.

[ 0131] AG%P?Sé ?sg%w@!i Scaesidsw%l&og%d]ﬁ g’f‘%%fl'accordi ng to the present

i nvention i ncbudasage but not Ilimted to, the follow ng: carcinoma including

breast, d0fhadfelentoals oHsies aBbG oL R sEmpaBY reafEbd R R Bty N T Ul no
smal | andvithahe samik bf the conditiondeingmeated akclehgih of thaetharaticiyis degired Cind ithe,

Panor oas %8¢ 101 erangHieR oL B mesvah o e ismert AR e lbael By siban.

gal | bl agedial, oevéridoskdthigloybd forudult kinhar frad@rhetd typiballP B antheFarelof 0.001

carci noma); hemat ogoi etic tupors of lynphoid |ineage including | eukem a,

acut e - 3g'efls tocbont 8dmdepedaystirrlosomagboabont; hielke {n abeut KQwekemer davut e
R e e s s,
and Bur k edministeredodt approprivierimtesyds, &riexampleray twopthirasy fohodrdndre sekugeesiprmdaydi ng
?gﬂigmagfﬂd‘%ﬁé}ggé %W@%ﬁ%@%fc}%& }eﬁw as, nyel odyspl astic syndrone, nyeloid
[0143]) A number of factors may lead to the compounds of the present invention being
administered at a wide range of dosages. When given in combination with other therapeutics, the
dosage of the compounds of the present invention may be given at relatively lower dosages. In
addition, the use of targeting agents may allow the neccss:ary dosage to be relatively low. Certain
compounds of the present invention may be administered at relatively high dosages due to
factors inclnding, but not limited to, low toxicity, high clearance, low rates of cleavage of the
( tertiary amine. As a result, the dosage of a compound of the present invention may be from about
o 1 ng/kg to about 100 mg/kg. The dosage of a compound of the present invention may be at any

dosage including, but not limited to, about 1 pg/kg, 25 pnglkg, 50 pg/ke, 75 pg/kg, 100 pg/ke,
125 pg/kg, 150 pglkg, 175 pg/kg, 200 pglkg, 225 ng/kg, 250 nglkg, 275 pglke, 300 pgike,
325 uglkg, 350 pg/ke, 375 ngrkg, 400 pg/ke, 425 pglkg, 450 pg/ke, 475 ng/ke, 500 pglke,

525 pg/kg, 550 ug/kg, 575 nglkg, 600 ngkg, 625 pgkg, 650 pg/ke, 675 ng/kg, 700 ugike,
725 pgfke, 750 pg/ke, 775 pglke, 800 ug/keg, 825 pglkg, 850 ng/kg, 875 ngkg, 900 pg/ke,
925 ug/kg, 950 ng/kg, 975 pgkg, 1 mg/ke, 5 mg/kg, 10 mg/kg, 15 mg/ke, 20 mgfkg, 25 mg/kg,
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| eukem a; tunors of the central and peripheral nervous systemincl uding
astrocytoma, neuroblastoma, glioma, and schwannonas; tunors of nesenchynal
origin including fibrosarcoma, rhabdonyoscarcona, and osteosarcom; and

ot her tunors including nelanoma, xenoderma pi gnentosum ker at oact ant hong,
sem noma, t hWMOoI0®s/988925| cul ar cancer, and terat ocar ci noma PCTAE2984/0M8%
preferably, the invention is used to_treat accelerated or netastatic cancers
of the  biomee 3 aelks almeke 43 meike. 1 Boka sl db melkm Sa g Someeqng
cancer, cghebghnal cancer, and breast cancer. 101331 The present invention
al so enconpasses a nethod for treating pancreatitis conprising .

adni ni st elﬂan Tihg pEesers invention has praliiple 45aoct fllustratedchythe follpwingnpndipsitieg i ve
amount of g6 ound of the present invention. As discussed in Gukovsky et
al ., Gastroeﬁtérology, 126(2):554-66 (2004), inhibition of PI-3 kinase may
prevent pancreatitis. [0134] The present invention also enconpasses a nethod
for treating ulcers conprising adni Erampleilng to a patient in need thereof a

t herapeutical ly effective anounpregﬁ,rﬁioﬁgﬁﬂ%ﬂﬂ; gf the present invention.
The. present invention al so enconpasses a net 03 for treating gastric

cancer, sgg{5[as 1@%9&%@0@?@%& W REpSdd el B Schehk DBaded of 1A rb@Rirei N

need thereof a therapeutically effective anbunt of a conmpound of the

present i deowsibed bnViahes e phduBiod hem. BER(OI52441(194), thejogieatsiof @hivhgease  Week
Abstract %n@&éﬁotﬁt&%@%ﬁ@&é{mgj ‘A Hedplac¥Bbnt of B8 Fhio lrg?(fah oMhoidifRardoned 4Rf13 and

Rokut an et estive Disease Week Abstracts “and ltinerary Planner,
Vol .. 20Q12 by atlisssihagbeendescgbed redos)ly (Bantick 4 ahdsHeterocyalie §lhemd18:67% he

o dour I ghb ARAE T koMb erpff s B GRAR Al 00

i ndi %at e sphieind keetands|such dsi I awith dartionkiisuifide wathchn@mita284/08i2n ofithy thiel anipaf ul  as

an anti-t r agen of L, C . Cl . 1351 The . present _invention
'so encchiies e B FRL Y bepSRic AR kebuis e Enflf R RRh
conpri si ngpnatheicarbexwicianid (30) W patienicd asing thepidcedire deachbvadun Rubdtiom @aipbund of

the present _Jjnventj atient with a stent, such as a cardi ovascul ar
stent. As igﬁﬁ%s%iﬁ%ﬂ(%éﬁﬂgﬁwaﬁ %S °Wﬂ&‘i°8ra{°d’§"(9lr@ir"3 FHi8bosi s and
Vascul ar Bi ol ogy, 23(11): 2015-2020 (2003), inhibition of PI-3 -39

SCHEME 2
R & O .
|
(L e
OH -Mell TH OH -
2TMEC Gumich ¢85 O gk O
LY294002
( 0 i 2 {Compound 1)
Example 2

Preparation of Quaternary Analogs of LY294002

[0146] Following the procedure of Scheme 3 the tertiary amine of LY294002 was quaternized
using iodomethane or benzyl chlorides under forcing conditions to yield compounds A052-10
and Compound 13B. Example 56 describes the synthesis of methyl quaterary prodrug A052-
10. Example 57 describes the synthesis of a phthalimido quaternary prodrug A052-08.
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WO 2004/ 089925 PCT/ 1JS2004/ 010399 ki nase may prevent the "stretch" damage
t hat acconpani es stent placenent in vessels. The conpounds of the present
invention in the stent or polynmer matrix thereof may inprove solubility in
the stent coating patrix, inmprove aqueous/serumsolubility, or inprove
per f usi on ig‘f%z W9 I's i medi ately adjacent to the ste®CTHISA04RHA
[0136] The present invention al so enconpasses a nethod for treating

age- r el atExdmpc8ldascribecite symtiakis ofa HadddaiboR P bRy ISqua@rrarih 0445182 10 1911021 5

patient ipn need.ther.eaof t her apeuti.cal | effecti unt of a conpound of
bhe. pr esdReeRom/Ba s afa pest s imbeyppdne a0 18 2004,

i nhibition of VEGF inhibits blood vessel overgrowh associated with AND. The
conpounds of the present invention g@ﬁ%gat ANMD by i nhi biting angi ogenesi s.

[0137] The present invention also enco ses a method for treating

hypertensi on conprising ad ' nistering to a pat

ent in need thereof a

( the present invention.
re43(t): 125-130 (2004),
i nhi bition of PI-3 kinasg n&y wasgl | ul ar concentrations
of Me that are associatéeti wit ypertensi ont [ 0188] ¢ The present invention
al so enconpasses a nethod for suppressing differentiation of progenitor
cells, such as nyeloid prqﬁg&&tor cell's, comffF¥iTighaddi ng an effective
anount of a conpound of t

e present invention to p?gbenitor cells. As
di scussed in Lewis et al., Experinental Hematol ogy, 32(1): 36-44 (2004),
inhibition of the PI-3 kinase pat hwixaBpls} esses nyel oi d progenitor cell.

[0139] The present inventi op,gla?gica Wt eiRAsmemypeseishod for treating liver
cancer conprising administering to a patient in need thereof a

therapeugbf«ﬁi Ch16RdhéElyt ik SmRETINS veRlp a&amwﬁ%mm&aﬁu@&ﬁmmnvention- As
di scussed in Leng et “at, He‘PatoI og% 8(4) Suppl 17 401A (2003), LY294002
i nhi bi t s Tshidharh Syath Somanme?4, ART, 1084 Brishy, thy wproprate srbewlis arid ves dilwpd inphj ch

| nhi bits . . : . . : pe i ch
:aflcorrpa!s;bcegg@tn%rrettuh{)bd Qor téngtgﬁ%%dt%bngi t1ons %]s‘:gg%&g?e Eﬁi t ewééﬁr%dt ant P§I'EN
conpr i si rgdinmrbicaibonase [4enuin) and paatiabutyl ammmandon hydregenshlizte (e apoiimasal | y

ef fecti V%dde%mﬂg}sﬁmqgafgmm ety POREEIAR 1 1 WYEVS § Y uaabd T bdufbnt UMY
suppressor gene |l ocated on

was stirred vigorously overnight. The mixture was transferred to a separatory funnel with more

dichloromethane and washed with saturated sodium chloride solution. The organics were dried
over sodium sulfate and the solvent removed to provide the product. The material was
characterized by LC-MS and in some cases by 1H NMR spectroscopy. By this general procedure
the following representative chloromethyl esters were prepared from the corresponding

carboxylic acids:

( Table 1
STRUCTURE REF.NO. RET TIME * SMRET
TIME *#
02942 3.612 2.329
/O A029
O
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chronosone 10923 that has been identified inpatients with Cowden di sease.

di scussed in I nvestigative Dernmatol ogy, 121(6):

1356- 1359 (2003),

Vega et at,

Jour nal
nmut ant PTEN has

of

As

reduced ability to inhibit the activation

of the prot o-\gﬁg@% ne Akt. Inhibitors of PI-3 kinase may inhibit
phosphoryl at i %??5, t hereby reducing the effect of thdPCETSH4/OPBEN. - 40
WO 2004/ e 45463 - s 3 :i‘;‘ S H—W&sﬁtions of
the pres “hire Yanner | ncludi ng} but not
i nited or al el |y, reitally,
transnuc s ’ ation,§ via buccal apgm nistrafion, or
conbi natfons thereof. Parenteral™ adm nistrjati on includep, but is}not
limted {o, intravenous, intraarterifal, intjraperitoneal,| subcutafeous,
i ntranmusgular, _{nirathecal, and 1ntr aoﬁﬁt‘l’ar. i_mf t he
present |invg o i stered in the formpf an inplfant, which
all ows sfow 1¢g A conpositiions ag well as a slpw controlfled i.v.
i nfusionf b. D8z 4210A_th@rapeutical lly effective ahount of {he
conpoundfrequired for use in therapy] varieg wth the nagfure of tle
condi ti oh bein Y the timg that activit) ed, and
the agefarmd TR tTTE ey, m ned by
t he attepdan doses enp] oyed adul t
human tr it 200
ng/ kg pe day. The
desired ¢{ S | s
mul tiple atc@apprlopri at b as two,
threge, fpur or nore subdogges per dayl. Milt psi red, or
required{_[01431 A nunber of factors may |6 |t he
present |nventi beiang adrg' ni st er gdA@®-72a When gi ven
in conbi hati o Wi t J(jt77ﬁ\r|’he‘r’otﬁ'euti cs, the nds of the
present |nvention may be ?ven at rdgl-ativel idi ti on,
the use | ' 0 30 o5 el atively
| ow. Cer ntion nmay be Jadm ni stefed at
rel ative
O
0 A029-82 UD UD
/’u‘N O-ci
H
0o
A029-86 uD uD
| CL\V’O‘H:><%T’°\\,,C|
( 0 0
0 A040-46 3.906 2.901




factors including, but not limted to, lowtoxicity, high clearance, |ow
rates of cleavage of the tertiary amine. As a result, the dosage of a
conpound of the present invention nay be fromabout 1 ng/kg to about 100
ng/ kg. The dosage of a conpound of the present invention nay be at any
dosage i ncl vaDREN4/BW2Snot |imted to, about 1 pg/kg, 25 pHEKESWHPIYIRg, 75
g/ kg, 100 ag/kg, 125 g/kg, 150 pg/kg, 175 g/ kg, 200 g/kg, 225 pg/kg, 250

my/ kg, R75 o/ kg, ©00 po/kg, 325 g/ HgAod@5® |1 g7 kaid 3/5 pg/ kowp 400] g/ kg, 425
pg/ kg, g, 475 I K@y Qg g/ kg, 529 g/ kg, 550 g/kg, 575 pg/ kg, 600
pg/ kg, / g D g\/ 5 750 pg/ kg, 775

850 pg/ kg,

kg, 50 ma/ kg 60 e dEg Y geetton, ' 90 ke e o e,
g/ kg, o/ kg, 70 ng g, or g/ kg
el%r% EtepliRReine eﬁihﬁagmﬁa F%IP??#YJ}G a@g idetggemat ed by the

[ 0144]

fol | ow n 13810 BASSRIE S ﬁggﬁ@)‘,jn n of LY294002 [ 0145]
A 10 g srg?rpﬁgﬁ%%ﬁk%gwbob was praesgare agél(lgrl inag&?g?ggﬁerre 2 based on the
procedure described in Vlahos et at. . Biol. Chem 269(7): 5241 (1994),
the contents of which are mcorpor%’fwlﬁ? reference The di spl acenent of
the thionethyl group ofedvipdiebOUPIRM0S pﬁ)ﬂrag]nes has been

descri bed previously (Bantick et at., 1. terocycl IC em 18:679 (1981),

the Cont|]©ms§ Mzgmwoﬁﬁ@mng Mapaiaed iPYoetoftAleQAE then dscht¥shel iR réiathy1zat i on

of meth phenyl ketones such as 11 with carbon disulfide wth concom t ant
al kyl at i qgwrsd# Li3rauivi frem Bxample 3 ea addedalens with 1-2 cquinalents e&soémalpsh

Prep @r atd,0f tQhpfRirithe Je@étfaa?foce@deg onlylsiuww Rith RSBl ERnYIERMTE o m t he
car boxylic aci d 10 was performed using t procedur e describe bottom

et at., small agoguts chtbpryatergizedgning podadt alona with dheeaipitagipn moéwnmléonde
I ncor por gt 86c hye fetlifoh GRI:Eede®td EMiptetiotsdaily iPR4 hours. The reaction when complete

(as judged by analysis by LC-MS) was filtered; concentrated and then purified on reverse phase
HPLC. The fractions were collected and lyophilized to give the desired products as fluffy
powders. Examples prepared and purified in this manner are shown in the table below (the

counter anions are not displayed but included chloride, iodide, acetate or mixtures thereof).

Table 2
STRUCTURE MW ELS MS REFNO | YIELD( | PURITY
RET T mg)
o K 494.6 2718 | M+=494 | AG41-49 | 4006 | 93%
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N~ MX ~O 10 11 13 LY29M (Co

npound 1)

Exanpl e 2 Preparation of

Quat ernary Anal ogs of LY294002 [0146] Follow ng the procedure of Schene 3

the tertiary am ne of LY294002 was quaternized
chl orides under forcing conditions to yield conmpounds A052-10 and Co

usi ng i odonet hane or benzyl

npound

13B. Exanpl eWORIHd$ERF bes t he synthesis of nethyl quater nBET/UBI0BHE103 AO52-

10 Exarm| e 52 deg_r\r| hnn Lt h cyvnt hoci.c n'F nht hal i v-n ee aHadt Q'ghﬂr\l Or Odl’ug
A052. o8 [ a2 VD 2004105000 AEN ega6h o Veaes | 2R le B desciibes) t he
synt hesils of a par boxy penzyl quatqrnary 044- 78 [ 0199]] [ 0215]
descri bgs the sffthesis of p para-scn-Penzyl quaternary prodrug AO044-80.
SCHEME 3 RS ™% PPOPI PO Ph &0, 0 OO O A052-10 R} CH, L}294002
138 R--Henz ; ot 3 Preparatijon of |Chl oronethyl Hsters 01471
Chl or ongt hyl teﬂnﬂdlates her e p%epared fol | awi ng the procledure dekcri bed
in Tsujji harg? Synth Commun{ 24, [767, 1994. Brjiefly, {the appropriatge
carboxyllic acid was dilutediin_ a 50/ m xturle of di hat er
The m xtjure was cooI ’i"?l an 5}3(?@- WSt (oM ANPOEEE (4
equi v) qnd n- tetrg mpni um hydr ogen sul flate (0.
el
0 N"\l
a7
4706 | 2724 | M+=470 | A031-11.] 1904 98.6%
( {JO
4846 | 2926 | M+=484 | A031-14 | 204.8 98.5%
4365 | 2.800 | M+436 | A028-81 31 90%
{
4515 | 2082 | M+=451 [ A029-92




added. After stirring for 5 mn, chloronethyl chlorosulfate (1.1 equiv) was
added. The solution was stirred vigorously overnight. The m xture was
transferred to a separatory funnel with nore dichloronethane and washed

Wi th saturat e‘gosﬂ? "0?%9 ghl oride solution. The organics were dried over

sodi um sul fate "an & sol vent removed to provi de the prodPCT/USIpgoInseri al
was characterized by LCM and in sone cases by 1H NWVR spectroscopy. By
this genefal procedureo‘tﬁe oisbe r@mepmsem ATAMS70C NT 288 0TTET NYTy% €St ers .
wer e prepared ) spondi L| carboxylik acids] ( Taple 1 STRUCTURE.
REF. NO. RET ‘ ME ss A029- 2 3.61p 2.329] 0 -4B WD 2004/ 089925
PCT/ US2004/ 010 D- 44 473 3.827 ©J A029-58 3.8p0 2.833] ~ ~
ovCl O 0\|C #0 956 P O AOR9-62 UD UD ~tCl O A029-72 UD UD O
~OvCl 0 ADP29- :

422 2,735 | M+=422 | A045-09 102.3 93.7%

Example 5
Halomethyl Ester Linkers

[0149] Based on the results of Example 3 and Example 4, halomethy] ester linkers were prepared
(Scheme 4 and chart). Compound B was prepared from Compound A (commercially available)
as described in Example 3. This compound was converted iht_o the more reactive iodomethyl
ester (Compound C) by a Finklestein reaction by dissolving in acetone or 2-butanone and then
dissolving 2-5 equivalents of sodium iodide whereupon the sodium chloride precipitated and the
iodomethyl ester (Compound C) was prodtced in solution. Compound C was isolated by
stripping off the solvent and dissolving in a water immiscibie solvent such as methylene chloride
and extracting with water to remove the residual sodium iodide.

{0150} Compound E was prepared from Compound D (commercially available) Compounds F

and G were prepared in a manner similar to the production of Compounds B and C, respectively.
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0 A029-82 LTD UD AH "O-Cl 0 A029-86 UDUWD C O- ~~ O,,Cl 0 0 O A040-46
3,906 2.901 \ O-C O -44 WO 2004/089925 PCT/ US2004/ 010399 A040-58 UD UD
lAll O~C OO * HPLC-MS retention tinme using UV detection; ** HPLC M5
retention tinme of the starting carboxylic acid using U/ d ctlon: D=
undet ect abl eW@RME28ck of UV absor bance and no ionizati ﬁﬁ%ﬂgmﬁ@m\?}%}aml e 4
Conversi on of LY294002 to QJaternaré rodrug [01481 LY294002 (Conpound 1)
was di ssolved in acetonitrile and t MEh of the chloronethyl esters
(1-1.5 equiv) from Exanpl e 3 was added along with 1-2 equivalents of sodium
i odide. At ( roomterrperat e, the reaction proceeged only slowy with the
chl oronet hyl esters to ; smal | amounts of thg quaternized am ne
product along with t hel| ci prtation of sodi upthlerige~y At 65C, the
reaction proceededghg ol etion usually in i @ ours. The reaction when
conplete (as judge by anal ysis by LC- M5)s tered; concentrated and
then purified on reversg phase B

o ™
SCN c
O " O OH OO~ M
( HN
2 SCN SCN
D c F
Ox O
_ G
SCN
Example 6

Quaternization of LY294402 with Halomethyl Linkers

[0151] Halomethy! esters, including those of Example 5, were use to quaternize 1.Y294002 using
conditions similar to the methodology in Example 4. Representative prodrugs comprising a
linker with a free functional group include the following:
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HPLC. The fractions were collected and | yophilized to give the desired
products as fluffy powders: Exanples prepared and purified in this manner
are shown in the table below (the counter anions are not displayed but

i ncluded chloride, iodide, acetate or m xtures thereof). S%oz?f ?‘5 URE
MV ELS M5 REVORMD#¥SBED( PURITY RET ng) 0 1/ 494.6 2.7 20988 N041- 49
400.6 ' 93%0 0O0i I o o001 o -45 WO 2004/089925 PCT/ US2004/ 010399 0 +

472.5 2.661 Mr=472 A023-23 145 90% 00 L"O NCS 5134.6 3.% %19 M+ 51 36 48B
194.1 97% 0 go' 470.6 2.724 M= 470 AO031-11 190. 4 _98. 6%
36 28- 81 31

484.6 2.926 Mr484 A031-14 204.8 98.5% O | N\ 43675 J 80?
90% 0 N-) ell 0

N”\
k/o Compound 1104

Molecular Weight =672.74
[M}+=613

( zg“fs Y@“
0
O

I _
O o

Compound 1105 Compound 1106
Molecular Weight =626.48 Molecular Weight =601.66
[M}+= 499 . [Mp= 542
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451.5 2. 082 MF=451 A029-92 0 0 MO -46 WD 2004/089925 PCTI US2004/ 010399 O
0 -380.4 2.204 +-380 A040-70 264.0 97% 0 422 2.735 Mr422 A045-09 102.3
93.7% o N Exanple 5 Halonethyl Ester Linkers [0149] Based on the results
of Exanple 3 and Exanpl e 4, hal onethyl ester |inkers Ver 6. Qﬁ%%ﬁf%%( Schene
4 and chart WO 0o#PR923d B was prepared from Conmpound A (comrerci al

avail able) as described in Exanple 3. This conpound was converted into the
nore reactive iodonet hyl (Conpound C) by a Finklestein_reaction by

di ssolving in acetone or Qut.2ongy and then dissol ving 2- g7equi val ents of
sodi um i odi de wher eupon t od| ﬁ’m chloride precipigateg_an ¢ i odonet hyl
ester (Conmpound Q) wa eed in solution. Corrpo d C Wes 1"s0l ated by

§i bl e sgl vent such

gve the rigsi dual
33! D ¢comercial ly

stripping off_thg solt and dpssolving in a

sodi um i odilo [ ) )r gpelol™ pr epar ed

avai |l abl e) Cgf DOONASNE nd were prepared in manner|sinilar to the
production of Conpou ds and C, respectively 47 WO $059925
PCT1US2004/ 4 OCI SCN\ OH SsC 8 A

Compound 1107 Compound 1108

Molecular Weight =599.53 e oot =915.57

[M]+= 486

L] b g N
‘ ’ Compaund 1110

Compound 1109

Molecular Weight =553.62

Molecular Weight =531.57 [M]+= 494

M]+= 472

[0152] Compound 1105 was prepared by mixing Compound 1101 with compound C in

( acetonitrile where both are soluble and the product Compound 1105 precipitates out over a three
day period and is washed with a2 small amount of acetonitrile to give substantially pure
Compound 1105 (confirmed by LCMS). ’

Example 7
Preparation of Prodrugs Using Compound 1111

[0153] Compound 1111 was produced by the method shown in Scheme 5. Compound 1110 was
treated with neat trifluoroacetic acid for 1-3 hours and the TFA was blown off with argon and
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SCN& COOHOMHOC | CC HINSCNSCNDF EOOQO/I I~ G SCN Exanple 6,
Quat erni zati on of LY294402 with Hal onet hyl Linkers [0151] Hal onet hyl esters,
i ncludi ng those of Exanple 5, were use to quaternize LY294002 using
conditions simlar to the nmethodol ogy in Exanple 4. Representative prodrugs
conprising aVOZ0eM8P28i th a free functional group incl udeP?F(é‘S?“B‘f’?'@g@Png: - 48
WO 2004/ PCT/ | .2 5 I | + ~O
Compound gt 8 4% <k tid coopleor Eotmoynty 1912 e LR o § |
91conpouthdn disOBep ouhd it g thidayd ehloridsl and hésed 65 Whior 382eu8Thithimoul ar Wi ght

=601. 66 ihMdbvvad BRwhMewite é&oﬁ & then dried under high vacuum to give Compound 1111 in
good yields as a glassy yellow solid. Compound 1111 can be reacted as a typical acid chloride

L=

with various nitrogen-containing and hydroxyl-containing nucleophiles for example by simply

dissolving in methanol to give the corresponding methy! ester Compound 1112,

SCHEME 5

Compound 1111 Compound 1112

L [0154] A sample of Compound 1111 was dissolved in acetonitrile and treated with at least 5
equivalents of different alcohols in separate vials. After 1 hour the samples were analyzed by
HPLC-MS and showed good conversion >90% of Compound 1111 to the corresponding ester as

shown and characterized in Table 3.
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WO 2004/ 089925 PCT/ US2004/010399 0 0\ O\ |
| pound 1107 \ Conpound 1108 WMbl ecul ar Wi ght

=515. 57

Wi ght =553.
m xi ng Conpound 1101 with conpound C i 5

[M+= 486 {(M+=456 00O\ I \ OO OOIl I I~~ON

| ' AlO- Oorrpégnd 1110 Conmpound 1109 Mol ecul ar Wi ght
0200¢{08992%,75 (M += 494 [0152] Conpound 1105 WRERI/B$20p016399 by

cetonitrile where both are sol ubl e

00O FONOO / Olcom8 \
=599. 53 Mbl ecul ar Wi ght

~0/ \~O0 0\
=531. 57 Mbl ecul ar

day period and

pur e
Usi ng

and the product Conpound 1105 precipita €2 out over a three
is washed w t Bnatuewtlster Brpdnt  of; a8eMoni [ r MMe | 0 Reteutien Bub S | a MSH Edund/
Conpound| 1105Jconfirmed by LCVB);. Exanpl g 7 Prgpar(@initesr of | Prodrugs
Conpound {TTTT HITER] mpound T1TRoAkds-1p[ GiEEsC( DY 1.4% NEt lod S[wWn
Schene 5 eqpound 1110 was trgated with neat|trifluoroacgtic acid
hours ang TF fao Oo/\ﬁ@f with argpn and
0 N“\j o
Lo
A046-92-2 492,55 2.788 492
{ D0 A046:923 | 47651 2.640 476
CL o™=
o MAj
<
Q OY;\ A046-92-4 528.59 2.970 528
CO o0
07 N
o
0 OU A046-92-5 522.62 3.197 522
LA™
R
o
<- 9
0 OYJ\ A046-92-6 524.55 2.490 524
O | (270
o} T\/ o/
a7

n
for 1-3
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-50 WO 2004/ 089925 PCT/ US2004/ 010399
solid conprised of Conpound 1113. Conpound 1113 was
chloride and heated at 65C for
chl oride was bl own off with argon and then dried under

m of th

i onyl

3-8 hours.

t hen
Th
hi

Conpound 111WO MBS yields as a glassy yel l ow solid.

uned under vacuumto give a gl assy

di ssolved in 1-3
e t hionyl

h vacuumto give

RO AR can be

reacted @s a typ I 'd CNT OT | dé4s-o9r T IT ¥eghe QUS Tagspgen-contagni mg and
hydroxylrco kg puc)] eophil e for exdnple Ry sinply dijssolving iin
met hanol{ to e Whe ©orPesponding nethyl estdr Conpound 1j112. SCHENE 5 0 O
00 -~ rHCo 'ﬁlOCICoH‘poundl]lS oto0On-~, YOf)., ~00j10 0 o
Conmpound 11i#~Conpo 1112 [01541 A sdnpl e gf Conpound y111 was dif{ssol ved
in acetonitril e and treated with at leadt 5 dquivalents of different
al cohol sL.in separate vials After 1 hour the danples were ianalyzed by
HPLC- MB OQEOGJconvers BPF6998 05 0#808bfpound 74111 tlo t 180
corresp S shg@g aphd charadterizdd in Table 3. -51 WO
2004108 / 8216047 010 Table 3 $tructyre of Ester (Forned Refi No MW
Ret ent i P~ d) +rfo/\u|nd (mnuges)* Oif A046-92-1 518.55 |2. 849 518

s :

Example 8

Preparation of Protein Conjugate Prodrugs Using Compound 1111

[0155} Proteins are ‘conjugated in largely aqueous solution (pH 7-9) (phosphate buffer to

carbonate buifer) using an excess a 2-10 fold excess of Compound 1111 relative to the amino

groups or hydroxyl groups to be modified. The acid chloride Compound 1111 can be introduced

in a mixed organic- aqueous solution (such at 50/50 water/acetonitrile or 50/50 water/THF) or

stirred in methylene chloride in a two-phase reaction system at room temperature for 1-24 hours.

Protein-conjugates can be purified by dialysis or ultrafiltration and used directly.

[0156} A 500 ul aliquot of 5 mg/ml transferrin protein (Sigma) in 50 mM sodium bicarbonate
buffer was mixed with 100 up of 30 mM A024-~79 (100 molar equivalents), which was prepared
according to Example 12, in DMSOQ. After 1 hour and 20 minutes of reacting at room

temperature a 50 up sample was removed and passed through a Sephadex G-10 (700 molecular

weight cutoff) column to separate protein from small molecules. An aliquot of the purified

conjugated protein eluent was then extracted with acetonitrile and no detectable Compound 1

was observed by LC-MS. The purified conjugated protein eluent was atlowed to stand at room

temperature 39 hours at which time the pro'tein mix was again extracted with acefonitrile and this

time 15% of the maximum theoretical amount of Compound 1 was detected. These results

indicate a molar ratio of 15 moles of prodrug were attached per mole of transferrin. These results

demonstrated the attachment of an electrophilic liflkcr-bearing prodrug to a representative
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ON / 91~ 1 o o Ozza AD46-92-2 492.55 2.788 492 O o O N 0A046-92-3 476.51
2.640 476 O O 0 00O A046-92-4 528.59 2.970 528 0 N O A046-92-5 522.62

3.197 522 o0 o~ DO A046-92-6 524.55 2.490 524 NON ./ O~ o ~I -52 WO
2004/ 089925 PCT/ US2004/ 010399 0 A046-92-7 466.52 2.632 466 ~ 0 0--,. ONoO
0 0 A046-92- sVASE04BIR5737 480 0 N') 214nm Exanpl e 8 Prepacutisgosofosdr ot ei n
Conj ugat e Prodrugs Usi ng ound 1111

protein and demonstrateéd that over time a substantial amount of a PI3 kinase inhibitor

(compound 1) was released from the protein under aqueous conditions.

Example 9

Preparation of Resin-Bound Prodrugs Using Compound 1111
[0157] The peptide arg-gly-asp-ser (RGDS) was prepared on wang resin using standard
FMOC/HOBT coupling peptide chemistry using all natural amino acids. The resin-bound peptide
was reacted with Compound 1111 in DMF from 1-24 hours, filtered and the resin washed with
DMF and then methylene chloride and then treated with trifluoroacetic acid to cleave the
conjugate Compound 1126 from the resin (Scheme 6). Example 55 describes a scaled up
preparation of Compound 1111,
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[ 0155) Proteins are conjugated in |largely aqueous solution (pH 7-9)
(phosphate buffer to carbonate buffer) using an excess a 2-10 fold excess
of Conpound 1111 relative to the am no groups or hydroxyl groups to be
nodi fi ed. The\ﬁﬂﬂ@ﬂ(ﬁ 2gri de Conpound 1111 can be introduced in a m xed
organi c- aqueous sol utton (such at 50/50 water/acetonitril BCHUSHIHEQ399
water/ THF) or stirred in nmethylene chloride in a two-phase reaction system
at roomtenperature for 1-24 hours. SCHEMES n- conj ugates can be purified by
dialysis or ultrafiltration and used directly. [0156] A 500 | aliquot of 5
mg/ M transferrin potec? hgma) in 50 mM sodi um bi carbonate buffer was

m xed with 100 _uR. Q AQ24-79 (100 nol ar equival ents), which was
prepared acco a cil2, in DMSO After 1 hour and 20 m nutes of
reacting at roow tgripgyatyre a 50 up sanple was renoved and passed through
a Sephadex G 10 |( 700 ergﬂ ar weight cutoff) colum to separate protein
fromsmall nolg hes. An I quot of the purified conjugated protein eluent
was then extragted vadnipoasei@nitrile and no detectable Conpound I was
observed by LC The purified conjugated protein eluent was allowed to
stand at room tenpe ag)gag‘ebo%n% hour syt which gime the pyotei ?H x was again
extracted with acetonjtrile and thi I 1 E,Qj_rﬂ xipyum t heoreti cal
anount of Conpound 1 | #s 4 nd catf a 8 ratio of
15 nol es of prodrug werg,@htached per nole of transferyid. These results
denonstrated the attachnent of an electrophilic |inkep-bearing prodrug to a
representative -53 WD 2004/ 089925 PCTI US2004/ 010399 protein and
denonstrated that over ¥iHEPHRUPEPIRCCUP=fBht of a P13 kinase inhibitor

(compound 1) was released fromthe protein undesw aqueous conditions. Exanple

9 Preparation of Re ® n- Bound @r odru i ng npound 1111 [0157] The
peptide arg-gly- - 3T ﬁ/\'é?ﬂ’$ pa 0 g resin using standard
Ly

FMOCI HOBT coupl i ng pepti de ®em st?y g al f natural am no acids. The

d withdConpound 1111 in DVF from 1-24 hours,
ed with DM and then nethyl ene chloride and then
gacgfiic acid to cleave the conjugate Conmpound 1126

%Exanpl&oégwg‘gsﬁ% bes a scal ed up

Example 10
Preparation of Prodrugs with Folate Targeting Agents Using Compound 1111

[0158] Compound 1111 has an electrophilic group that may be reacted with nucleophilic amino

( groups under mildly basic organic or aqueous conditions (i.e. sodium bicarbonate buffer from 20
mM to 500 mM) to form a nonreversible thiourea link. Suitable nucleophilic amino groups are
present on the targeting biomolecule folate. Folate molecules A and C were conjugated to
Compound 1111 via an amino group in DMF by mixing in roughly equal proportions in the
presence of the base triethylamine or diisopropyl ethyl amine to yield compounds B and D
(Scheme 7).
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preparation of Conpound 1111. ( -54 WD 2004/089925 PCT/ US2004/ 010399 SCHEME
6 00 ClL LDO Conpound 1111 OH 1) in bound peptideYH NN NN H H2ZN HH~ NCH
NH, Ofi 2) TFAo O 0 3) LyophHwe and prep HPLC on reverse phase HH N
HZN* ONHOHHN-(;LOO OOOO0 (0o N~ Conpound 1126 Eé@@%@"mé”%

Pr epar at i onway 2004/@3d92%gs Wit h Fol ate Targeti ng Agents Usi A ound 1111
[01581 Conpound 1111 has an el ectrophilic group that may be reacted with
nucl eophilic am no groups under ndciefipehasi ¢ organic or aqueous conditions
(i.e. sodium bicarbonate buffer from20 mMto 500 m\) to forma

nonreversi ble thiourea |ink. Suitable nucleophilic amno groups are

L ey
| \Q;L{H@ " O

EEASOT ,\,,N.%I e
‘ | ®

‘ Compound 1111

HzN /N N\ 0
, g I ]\/H ° H
N = N
(__ H -~ N N
H A~ N,
i 0 H
C
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present on the targeting bionolecule folate. Fol ate nolecules A and C were
conjugated to Conpound 1111 via an amno group in DMF by m xing in roughly
equal proportions in the presence of the base triethylam ne or diisopropyl
ethyl amne tg vyield conpounds B and D (Schene 7). -55 WD 2004/089925

PCT/ uszoomm‘ﬁ@é@f""“%%ﬁkwm HZ\W /NN _ OO /-'NH, T | HREIUSN0H01889 NH H
OA O conpound 1111 O OHZ NYNYI NHOONHH~J *1 0 HMNu\NNI N
OHOOHOO0O HZH /NI N-H\ | OQeipO1O~- ! HNH OD-yHN~1/ NO H I~

| Conpound 1111 HzN\ /N N~ 00
Preparation of Prodrugs with Antibody Targeting Agents Using Compound 1111

[0159] Compound 1111 is conjugated to monoclonal antibodies in aQueous pH 7 to 9 and then
separated by ultrafiltration or other standard methods of separating protein conjugates from small

molecules. The conjugated performed can be prepared according to Example 8.

Example 12
Preparaﬁoil of Prodrugs Using N-hydroxysuccinimide Esters

[0160] An ester less reactive than Compound 1111 was prepared by producing the
N-hydroxysuccinimide active ester of Compound 1113 (Scheme 8). A 100 mg sample of
Compound 1113 (A024-67) was dissolved in 1 m! of dry THF along with 53 mg of N-

( hydroxysuccinimide (2 equivalents), With stirring a 45 up aliquot of 1 M
dicyclohexycarbodiimide in methylene chionide (2 equivalents) was added all at once. Within 3
minutes a heavy white precipitate formed indicating the coupling reaction was occurring. After
allowing the reaction to stir for 23 hours the reaction mix was filtered and the solvent removed
from the filirate to yield 172 mg of crude active ester product as a thick yellow oil, assigned
Compound A024-79 and showing a retention time of 2.334 minutes with the expected mass of
M+=535 found for this peak.

SCHEME 8
O | (oo o-H O I (Oo o—Ni)

(, 0 N"\ — 07 N
e e Qo
Compound 1 1 13 Ref. No. AQ24-79

[0161] Using the same chemistry as described above for Compound 1111, A024-79 was used to
conjugate targeting proteins as described in Example 8 and used to conjugate to a polymer is

described in Example 74.
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NHNI HO NHHNN~A~NH C -56 WO 2004/ 089925 PCT/ US2004/ 010399 Exanpl e
11 Preparation of Prodrugs with Antibody Targeting Agents Usi ng Conpound
1111 [01591 Conpound 1111 is conjugated to nonocl onal antibodies in aqueous
pH 7 to 9 and“}éng@ sﬁs?zgar ated by ultrafiltration or other standard nethods
of separating 4 onjugates fromsmall nol ecul es. TheCTASpaNgyOLIEH
performed can be prepared according to Exanple 8. Exanple 12 Preparation of
Prodrugs Usi ng N-hydroxysucci ni m de Bahiis13 [01601 An ester |less reactive

t han Conpound 1111 was prepare produci ng the dr oxysucci ni m de
active ester of Conpoundremarati ‘('5%%«’&" Ushgmmngd e of Corrpound 1113

A024- 67 d I 1 f THE I h 53 .
Elydr oxyszj@\évgﬁl%nﬂ’é’l SS(‘}E&Z/F]g’GIL#Q/%{‘} ?ﬁhg’)’ Hpglaﬁamgﬁr’]g@yg&}tﬂgw%qg% ¢ anginoq
di cycl 0he%iﬁﬁ%ﬁ@&'duﬁlﬂ@asﬁbrﬁﬂéﬁf'a@ﬁ&u&wn@ﬁbﬂﬂl@%o&ﬁlﬂi dighSbebureshasded al |

at once thin 3 mnutes a eaviq white precipitate formed indicating the

coupl i ng TS0 mM-e fgurarnreygrsibly thiourea ink.Suitalje nealeophilic emie greppserer f or 23

hours the r E]”ﬁ’m
filtrate ?o ylég%%e@ﬁlm?é%ésﬁg g@éﬁﬁe& %stte;ﬁr24 %nr%o c?mgs %s?% %I ow
oi |, assi gmes sudmspydamih d&0ipativeo(daamd  olSoheme ). Representative cxamleabf McB34

m nut eSoW@Q“C&%CIEéﬁﬂ%ﬁwm M+=535 found for this peak. SCHEME 8 O O

ONON Conmpound 1113 Ref. No. A024-79
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[01611 Using the same chem stry as descri bed above for Conpound 1111,
A024-79 was used to conjugate targeting proteins as described in Exanple 8
and used to conjugate to a polymer is described in Exanple 74. -57 WO

2004/ 089925 5@/@8&4 010399 Exanple 13 Preparation of Prodr UE@{ Usi ng
Corpound 11057 & npound 1105 has an el ectrophilic grifpVI401RE be
reacted with nucl eophilic am no grm@der m | dly basic organic or
aqueous conditions (i.e. sodium bi carbonat’e buffer from20 nmMto 500 M) to
forma nonggyergj bl g thiourea link. Suitable nucleophilic amno groups are
present on Fa\*ﬁet' g‘ji\c:/le hes Spch as@lﬁes, proteins and smal |

ol ecul es beanj nglanmhe g -@ wh a am n derivatives (A and C of
Schene 7). RéprageniatiVe exanpl es mf~<suchouproducts i nclude Conpounds B and
D. -58 WO 2004/ @9925 PCT/ US2004/ 01839 ME9 HZN NN (~1 HOONH NH
H HNN' NHO A Corpound 1105 s N Y 000 HNHHEN 11 No i

Compound 1105

I Compound 1105

H,N N N
Rl j\/H <:> /° ©
N = M H
H N N 0
C

N/\\/NHZ
H

Example 14
Preparation of Derivatives of Morpholine Ring

[0163] The thiomethyl compound of Scheme 1 was prepared as described in Example 1. This

compound was heated in an appropriate solvent with or without a catalytic amount of acetic acid
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OHO(H BONO HN ~-NNgOOH HNNONH H-(HNDHoO o Conpound
1105 HzM /NN ( HNN~ HHO I | NON'~ NHz C Exanple 14 Preparation of
Derivatives of Morpholine Ring [0163] The thionethyl conpound of Schene 1
was prepared as described in Exanple 1. This conpound was heated in an
appropriate sSPVEMOR2h or without a catalytic anount of BEEESW&UPH9 -59 |
WO 2004/ 089925 PCTI US2004/ 010399 and with an excess of the nucl eophilic
am nehcorrmg m@thuﬂgidessrmﬁe maikclebplelid hhmamdipdunh@mﬁmmgacbfmml'mﬁwl e@ﬂ;ﬁmﬁme m X
was then subjecte reparative.reverse ase LC tQ | ate_t

Glosi r od morsoRTRE R8RS Vot B BUHRTELT) BERRaR SroTerR PEr A i |
Tabl e 4 algggd uwxﬁﬂ&ﬁh&ﬂiﬂogcmpbmqareg&e@ﬁmw&nh&mw gHdahag Takle 2afongn and

i solation shown in Table 5. The NMR data for .the conmpounds is shown in
Tabl e 6. With their conditions of preparation, characterization and isolation shown in Table 5. The NMR

data for the compounds is shown in Table 6.
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-60 WD 2004/ 089925 PCT/ US2004/ 010399 Table 4 Structure Conpound # Mol W

Yield (ng) Yield (% 1153 352.42 32.6 24.8 | of tia+ ox 1154 483.5 54.6

30.3 1155 335.4 24.7 19.8 0 N O 1156 307.3 5.0 4.4 O N1"} ON 61.2 53.4

1157 305. 4 13@9%@8} 7.7 (est)) gONG 1 158 321.4 30 25.0 1159 295 62 56. 4
178

gh/ OH O -61 925 PCT/ US2004/ 010399 1160 293. 4 RLTUSEH0491030% || o
N~ rl 1161 295.3 71 64.5 O NH
Table 4
Structure Compound # Mol Wt Yield (mg) Yield (%)
1153 352.42 32.6 248
|
el N’\/’“‘
HOH
1154 483.5 54.6 303
LEvs
R P
O 1155 3354 24.7 19.8
o8
o] N
O
( O
9 -1156 3073 5.0 4.4
61.2 534
1157 305.4 100 (est) 87.7 (est))
1158 3214 30 25.0
(
O 1159 295 62 56.4
IO |
o T /\/OH
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O 1162 337.4 6.7 23.5 I A\ 0OIll r OIN ~1 1 vO- 1163 337.4 57.7 45.9 O
0o rl 1164 335.4 41.0 32.8 \ O- 1165 265.31 17.2 17.2 O Nl 1166 319.29
2.4 3.0 O N--- FFF -62 W 2004/089925 PCT/ 1JS2004/ 010399 Table 5
Conmpound Lot Solvent Heat (C I'ine(mn) Cat Retention Yield Yield No.
(gyp Tine (m‘H? 2004099923 Material) 1153 A037-36 n- BuOH 11BCY/USHOHNE393. 407
32.6 24. 1154_A036-08 n-BuOH 1101192 no_3.156 54.6 3Q0. 3 1155 A037-19-3
n-BuOH 110 / 24 tho 3.649 [24. 719 9 [1156 A¥WF7- 18- n- BHEH 110/ 482%p 2. 764
61.2 53.4 1f5% Ap37-15 n BuCH 110/ 24 no 3.837 109 87

) 1161 295.3 71 64.5

1162 3374 6.7 23.5
1163 3374 57.7 459
1164 3354 41.0 32.8
1165 265.31 17.2 17.2
1166 319.29 24 3.0
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1158 A037-29 n-BuOH 110/4 no 2.753 30 25 1159 A037-31 n-BuCH 110 / 20 no
2.753 62 56.4 1160 A037-48 EtOH 65 / 220 yes 3.666 24.4 22.3 1161 A037-40
EtOH 65 / 48 yes 3.012 71 64.5 1162 A037-69 toluene 65 / 24 - 3.410 28.5

23.5 1163

A

uOH 110/180 no 3.278 57.7 45.9 1164 A037-99B n- BuOH

110/ 180 no 8 1165 A041-32 n-BuOH DVF' 110 / PYTAYEN04019309 17 2
17.2 1166 AO41-25 u- BuOH 110/ 240 yf/ﬁ{(egis%ﬂ 11.1 9.3 -63 WO 2004/ 089925
PCT/ US20041010399 Table 6 1153 H N 13): b 1.60-1.65 (b s, 211),
3. 772- 3.[3Bpckeia | ATENp. 3] 508018533 Hebi CATATmin], 408 | ey, | Aok 7} VB30 010,
711), 8,[17808.202 bd, 1011, 3 - 7.|9Hz) 1154 HINVR(CDUmt8)ng m833. 3644 (m
411) 5.491 (s, [LQ)uerdy 370-7.541(rh 711) 8.173-8.197 (d, 111, 1 3 7. 7¢Hz)
1155 H NMRLCDCY3): g1 1B55-1 187 (d641) 2 H967.2 627 (t 1211} 13 58013 640
(m 411)] 153496 |36 1) [ 2BEE 7 50ili5%11), ¥ 164487 (HS 18-
7.75Hz) [1187 H\VRGEBCL3): #BiOEG73- 1. 608 113 n. |61d), | 3.3346- 3. 345 (|t ,30411)
Y AT R e, S 19 e
' 4.498-1 517 (m 7140 1. . (m . - ,
1H), 3.146%3. 1400 PHET 111)*8%H 1473 8Bt n, (119 [3.275%- 4 FIF (m™21]) .
4.011- 4|07 (m| A®H15 5. b24FwH 10), 7UGHH- 7. §o2m( | 383L),| 810063 SFL8T (d,
111, J S{sgBt) Aedigy M NVRCRIR S)T 0 fi092 273 |(DpeS | 2k 37039 (5, 283H) .
3,400-3.426 (.1 211y 3le74.3 747 (+ 200 51417 ¢ 117 287.7 335 (¢,
1H), 7.40%07 489%H! 68), BPWE6-d. 0000 111, 2 -|7.2781r)| 1%60 || A6
NVR( CDC13)@ 6 1. AVS748L. 178 (WOH 611), 36255-3. 409e(q| AF9, [5.447 |(223111),
7,367- 7.9 T Kodido - D &bm 8- 304 (Eb7ad T v B 05 71| 643
( ‘ 1162 A037-69 toluene 65724 - 3410 285 235
' 1163 A037-99A n-BuOH 110/ 180 no 3.278 57.7 459
1164 A037-99B n-BuOH 110/ 180 1no 3.587 41 328
1165 A04]1-32 n-BuOH/DMPF 110/24 yes 3.247 17.2 17.2
1166 AD41-25 n-BuOH 110/ 240 yes 3.427 11.1 9.3
\
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1161 'H NMR(CDC13): b 3.326-3.358 (t, 211), g 3.358 (s, 311), g 3.517-3.542
(t, 211), g 5.099 (b s, 111), g 5.427 (s, 111), g 7.373-7.565 (in, 711), g
8.172-8.195 (d, 111, J - 7.74 Hz) 1163 'H NVR(CDC13): 6 3.035 (s, 311), g
3.479-3.488 (d, 21 g 3.806-3.888 (m 411), g 4.961-4.9 g
5.566 (s, %‘50‘ "Fz’%’és 7.489 (m 411), g 7.555-7.586 (i n%ﬂ’%‘ﬂd’a‘)"”g

8. 180- 8. 204 (d, 111 J = 8.05 1h) 1164 'H NMR(CDC13): & 1.931-2.103 (m
411), g 3.133-3.248 (b s, 511), g 3.273i86296 (m 111), g 3.368-3.394 (n36
]_H)1 g 3. ] ) 05403 Wi 5 374 556 _(m —9 _
8. 101°8. 415 (& | PR NGDCW 5 s b s 203710339 (o140, A0 7ET & “Fh 164> (P aeT
anal ysi s|lwas_perforned on &Sm Al7 1 -2010Q and emmloyved a fl qw rate of
m/mn and al& ar{ fﬂ%%’ﬁ%éﬁt’?&%ﬁ”ﬁ%ﬁ e 3302 i) Sib3-81197{ AR Ty
ranped to 95% concC Yation at 5.0 m nutes, held at 95% until 6.0 m nutes
then |ingar g5y ampNMRERCHONN166-0.18T38/SHt 2.357-B62T(N2H) S550-9/B8ITe, 4H) 5.496 (Rl 338t
t he end jpf t he rup7-8t (¢ 78), &1 ¢4cf 1€8(d, 18] E5’8HBt her wi se  not ed thi s is the

met hod ug§ed TRy T NE TENMRPDEL): o 1F75-11.69% (1B, 6H; 38443300, GRSl @ THN @I
conpounds t hat em B(Bﬁ$d mﬁkamﬂz)ate of 3 rr1/m n and a start| ng B

concent r gttofysof—Ngy LT : i

i nearly ranped t by .@.@@g%tlmtshmaai (o _

to 95%atf 5.0 m nmasamwbwezd,uﬁ Ji=g.8hg)| d unt|I 6.0 m nutes,

ranped t ¢—5%at—=6 £yt SR

7.5 mnutes. T'n aggdiid sﬁﬁsPt,ﬁBSﬁuﬁ‘?sé )8.066.8.

channel s;l W .absor S
light scatteifhg éﬂz hswibiellyt é55"363z?8(?d rfﬂ‘ﬂ(ﬁe’é‘é 567'7546('“’ H)'“S"'
PCT/ US2004/ 010399 oratlle Lght scatterin ctor T
a nitrogen fiew of H.LWFPF@F@ é’?353rﬂ%8é35glfhéﬁm5 GRéNE é&gﬂ@g&sv@ﬁ 827
line) and bl ock t efpE&7dF 550 MRe8 BHEAET &b ILERBT BB10 were both 300C, anf
t he nitrogenisebul THAMR(GBEL) § DIAS (e, 4 3 B79L3/488 (d,. 2B @3 1804-3/838 i) dEN@O%6H -4.98 (1, 1HD,3S
spectra Were det ect.&d (5 o 5057 @892@(56) zﬂiﬁ-’lﬁﬁémc%l)ur&ﬂ??%@%d, WE)‘W Scr ee h
ODS- AQ [S*S1ePal { TEMR(EDER): 6. 1203 1 317031 (4 AH), 0. h 0 SHTL B 2R 206 ¢

was nmade |usi ng HP (E.,ug[gaaj@osﬁabwﬁumrgmos 3, 16D, @7%4(7\5/56/ H@,Agts Eddeﬂ(dimﬂlmbbll ]
phase B Was HPLC Bﬂade B&J

Example 15
HPLC Analysis

[0164] HPLC analysis was performed on a Shimadzu LCMS-2010 and employed a flow rate of 3
ml/min and a starting B concentration of 5%. The B solvent was linearly ramped to 95%

concentration at 5.0 minutes, held at 95% until 6.0 minutes, then linearly ramped back down to

5% at 6.5 minutes, where it remains until the end of the run at 7.5 minutes. Unless otherwise

noted this is the method used in the examples. Method B is a slow gradient method for polar

compounds that employs a flow rate of 3 ml/min and a starting B concentration of 0%, 'where it

is held for the first minute. The B solvent is linearly ramped to 10% concentration at 3.0 minutes,

then linearly ramped to 95% at 5.0 minutes, where it is held until 6.0 minutes, and then linearly

ramped to 5% at 6.5 minutes, where it remains until the end of the run at 7.5 minutes. In

addition to mass detection the LC detection consisted of 3 channels; UV absorbance at 254 nm,

UV absorban

ce at 214 nm, and evaporative light scattering (Alltech ELSD 2000). The
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acetonitrile with 0.1% (v/v) HOAc added. This systemgives a retention tine
of 1.50 to 1.60 mnutes (tRM.50 - 1.60) for a standard commercially

avai l abl e material (4-hydroxyphenylacetic acid; Al drich Catal og H5000-4;

m p. 149-151 ‘ﬁbzbﬁ‘g’& si a reference standard. Exanple 16 Preparative HPLC
[0165] Gradie RfAtive HPLC was performed on a Shi mad®l/ESR4H¥8 posed
of two LC- 8A punps connected to a SIL-10A autosanpler and eluting over a

reverse phevsporgivieligit scativiing detectorCEABOBEPAWIth a G gA IGE bl Brlikges p&0 nmin X 50
mm) and t hg S| vari.abl e vol unme splijtt.er:  t 'l er
stream Wagxg '?’ﬁ%%ﬁﬁa%&%wgdeggf i nungﬁ&g{%gogﬁgwescﬁ]&ﬁér ‘%%Z“H‘g:@g@rrp
(MeCH) anc0ineee!botra00I s and Goirapsy et peie whls Cinh Bbsitensnd negtive UV
etector and then split, rough ; evaporativ t sgatte

det ect or ‘f‘?sﬁﬁpeé{;a ggregewﬁﬁgm?fﬁo?? éa(}eo(r}niél G R‘I‘P‘S“Sﬁ %l?lg?ﬁ’ﬂélég'gand a
Shi madzu 2Q¢05-be paticle kige,!50mm ldngawittod 46 ns 1. DERbbile phiadd Aevah/BAds dingd HELC t hen

flowed to a Glson 215 |jquid dl er,_serving.as a _fraction collector
triggered %ﬁder%%‘f’atwvﬁlgb%%éﬂﬂgﬁg @%@&K’%g? phase Bovasd1PLG grade ki

gradi ents Jaedhitd1eHitR OWBY &/ HOAS Sided THY s%ﬁ&n@lfe@a?éﬂéiﬁ@ﬂ%nﬁ@f‘lgmo fe@nd
ranpi ng up to various concentrations of B. Mbile phase A was made usi ng

HPLC gr adaninglss (tyd 581 110} for @ standard gommerpially availablematedalidtiyioxpphenagtion s

HPLC gr ad ol W . 199- P s TeTel-ToR anple 17
Bl oacti vi %;%lﬁgﬁ%%gdog?\gﬁa#&gé@[ %i%%méréﬁ)easbi oargt | VI tf/lmg%( LY294002

(Conpound 1) was determ ned by assaying phagocytosis in J774 macrophages,
which is a class | PI-3 ki nase-depencfé‘ﬂ?‘l’ hway. Briefly, J774 cells are
treated with LY294002 at concentrapjasRbyi@,c 1 and 0.1 pMalong with an
apprgpriate DVMSO -65 WO 2004/089925 PCTI US2004/010399 control for Ihin

DVEM Wi t h 964 Iclemtian @re}aﬁl@ﬂvesmﬂﬁi‘ twag B&HcHRB on 4 SKRRAY SsteR BP0 bF Slo @S
added at a target to effector ratio equal to 100:1 for 30 mnutes at 37C

Cel I's wer S/eRperseauiested Iy petloHl A auipraemler endeditipgoveradreprerothagsnolanpYMC,
phagocyt osd;pctRBSBHSDSETWIE DRV ATREMMIEEE, 20 nth X 50 mm) and then passing through an

MRA variable volume splitter; the smaller stream was then made up to 3 mi/minute using a LC-
10ADVP make-up pump (MeOH) and the eluent passed through a variable two channel .
wavelength UV detector and then split roughly 6:1 to an evaporative light scattering detector
(run at 50 C with a nitrogen flow of 1.5 liters per minute) and a Shimadzn 2010 Mass detector;
the larger stream from the MRA splitter then flowed to a Gilson 215 liguid handler serving as a
fraction collector triggered by mass, UV absorbance, or ELS peak size.

[0166] Different gradients were run always starting with the more aqueous solvent A and
ramping up to various concentrations of B. Mobile phase A was made using HPLC grade B&J

( water with 0.1% (v/v) HOAc added and mobile phase B was HPLC grade B&J acetonitrile with
0.1% (v/v) HOAc added.

Example 17
Bioactivity of Hydrolyzed Prodrags

[0167) The bioactivity of LY294002 (Compound 1) was determined by assaying phagocytosis in
J774 macrophages, which is a class I PI-3 kinase-dependent pathway. Briefly, J774 cells are
treated with LY294002 at concentrations of 10, 1 and 0.1 pM along with an appropriate DMSO



e e sa—
henogl obi n concentration in the cell lysates. As shown in Figure 1, LY294002
significantly bl ocked phagocytosis at all concentrations in a dose
dependent manner. These results indicate that the 7774 cell system can be
used to rapidly and easily assay the ability of the conpounds of the
present i nvewoioeuds®2snhi bit Pl-3 kinase activity. Using pei/wsieed/(10:99 of
assaying Pl-3 kinase activity targeted prodrug conpound 1126 was tested at

conver si crmpl o Suim N i T Bslaaf S sbiaed SEECE e S HoRoolg o (11 o

zero Wit hagded araem;gmbaffém réfo @ANe106!1 fok 236 InimheyR 979, DASREX ekFoskdde X

(PA; a neasure of the degree of phagocytosis occurring as a result of not

i nhi bi ti ngyPplonis shpekde ggmqvesed blogd cefie agQsiionis wgs deterpimgdiy mRsEmes o pH=7
i ncubat i ofrtdeiRiPdondentrRtion’il theldi MAMES AsSHOWE Ifﬁﬁm i1 P88 sigifican

4
respectively.” This exanpl e denonstrates that 1alTy prodru _1_1%6 has
little toblpekepphagorytpsisat all gpnasnirations ctdoss depensiont roanagr. tTheee resilts indicatet ed t o

bi oacti v ool # t - [ : b DLt t her
oxper | ror O RA o8 BE e Sl i calty adeal AR i) B fhouh g 10
exposur e-the picsent inyentionheyinhibit Rii3rkimase actividy ubsing thisreethod of@lssaying ®1-8kémsy enoval
of test sol.ution ad PGA_ of ersus, 163. f S0 nt bl.ank.,.,190 for
conpound T%nw{%%rgf?egpfo(ﬁumo iﬁ?ﬁ&e"‘ﬁ?ﬁ“& at[.‘h;él?f Gogeep ehQE‘a‘”f’ﬁ’eYai“ﬁB‘enoi ety of
conmpound grdi26bation tihs torMIeWIbEin SO @R eisivg ofprédng A0 REve firug (échifahed). Athe3

ki nase inhibitor in_an expqsure-tine- limted setting. This effect, was
further ePRroLPRglafjup éﬁ@éﬂﬂﬁiﬁ@ WE%&& reRround il ap) g’éﬂf‘éﬁhﬁ@"%’é@x of
conpound pE26, Whisald of e\WeEted bRghaddlytoMs odcurMp s 2 ¥ddult AP ot GniDHOPT-2KidBselyi NUL €

i ncubation tinme fol |l owed rempval of the compound and then hour s
i ncubat i off IH8hersaungEPPIRA %@&%%@9?%&9%%@9@%@ tyge ofi 33, anfold) hogred 213
respect i Vghied POI 8t SV RMRIS 7 rdQRRNRY AhRTx eE_&H&BHﬁQs t%lt%@iéi'aﬂyﬁrodm

dose-exposure-limted setting inhibited PI- I nase in a dose depgndent

manner . EXafbplitiie tomedlak kinase nhiriti@ostiviteang ovenitneds oupeAobo-biopciideg A
nas o e DAl Bion] A el i dieed A M o te
(400 nol %ongentratiep) of coffipeund 1 26 incangeipostirselimitbdtsettiog COonisutaicgpusure Thtest nor e
par af or nas!o?u%%}‘ %Fmggl'zgvafrgl;teﬁ Qcﬂuﬁo@ﬁ had a PGI of 50 versus 163 for solvent blank, 190 for
compound 1, and 170 for RGDS (tetrapeptide that is the targeting moiety of coxﬁpound 1126).
This example showed the advantages of a targeted PI-3 kinase inhibitor in an exposure-time-

limited setting. This effect was further evaluated by repeating the experiment using decreasing
doses of compound 1126 which showed that 10 uM, 3 uM, 1 uM, and 0 uM for a 20 minute
incubation time followed by removal of the compound and then 2 howrs incubation for
phagocytosis to occur gave PGls of 33, 143, 206, and 213 respectively. This example

( demonstrates the compound 1126 in a dose-exposure-limited setting inhibited PI-3 kinase in a

dose dependent manner.

Example 18
Preparation Of Bone Targeting Group A030-384

[0168) A solution of 500 mg 4-[(N-BOC)aminoethyl]aniline (Aldrich) in 10 ml dioxane was
treated with paraformaldehye (400 mol%, 270 mg) and trimethylphosphite (400 mol%, 1.12 g).
The mixture was heated to 95°C overnight. Then more paraformaldehyde (270 mg) and
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WO 2004/ 089925 PCTI US2004/ 010399 tri et hyl phosphite (1.12 g) were added and
It was heated at 95C overni ght again. The solution was cooled, taken up in
chl oroform (20 nL) and washed with saturated sodiumchloride (20 nL) and
wat er (20 n1_)w The organics were dried over sodium sul fate and th sol vent
and excess ‘?ﬁ@i"ﬂW%nosphi te removed via rotary evapor atiGAP3P48HE% o
provide 1.723 g of a clear oil. The presence of the title conpound assigned

| ot nunbetrimegadphpaphita §1- Eogivar eredded gndsit wes heateg ab95°C Hmm%ﬁgﬂ@on

L) 1 ojed e ub 2 oo BT o RS et e Sila £ " 2
870hrrgr gfmd(r}%r'(m mi;l) .Jthe prganids ‘am?decd qveteodmmd.llfaltd MW%E?S r eat ed
over ni gnt neinRaRe (e Sl eilpobentf sfiec [iGp Rl SroSR PRI THE 1
The 1111 e aommount was. contLr nif?;“‘“"‘m’”eé‘?f%?“?"i” “fg"ﬁ‘mc. e“"”m?gﬁ@e“cet e
usi ng th.@ﬁ%% %asre?egﬁ ortb)té tz(laé %‘?‘{ﬁ%‘ﬁﬁsé’gwéﬁém é‘@i{;ec f or
t he desi rﬂﬁmmypfouﬁmxﬁma&aagm%gﬂan@ge expected mz 309 [M H -
operating in the negat:gé ﬁo;o-ﬂgs roduct was a55| ned reference nunber

A030- 84. HILFT) Applutionas, engEed abgve 1y 10 gl fighloemeghana wadgpr  pp
OH " 1 | freafdd wilh brmgihuﬂétﬂylshaﬂe (653 oI B704. TReabMi6h W stirred overnight.

Methanol (10 mL) was added and the solution was stirred 15 min and then concentrated to
provide 1.12 g of an orange oil. The presence of the title compound was confirmed by
electrospray LC-MS. The retention time using this gradient was found to be tg = 0.85 minutes
and the mass spec for the desired product [M=CyH;sN>O¢P;] found at the expected m/z 309 [M-
HJ operating in the negative mode. This product was assigned reference number A030-84.

ﬁ: OMB

\F NH, )
a0 ooiom
b w oMe )
o}
/ AD30-74
TMSBr .

Example 19
Synthesis of Compound A014-52

G/\

AD14-62 Nes

[0170] To 1.0 g of 4-carboxyphenyl isothiocyanate was added dichloromethane (15 mL) and
distilled water (15 mL). The flask was cooled in an ice-water bath and sodium bicarbonate (4.0
equiv) and n-tetrabutylammonium hydrogen sulfate (0.05 equiv) were added. After 10 min,
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Synt hesi s of Conpound A014-52 cr~ 4A014-62 NOS [01701 To 1.0 g of

4- car boxyphenyl i sothiocyanate was added di chl onmet hane (15 ni) and
distilled water (15 nL). The flask was cooled in an ice-water bath and

sodi um bi car bonat e 4.0 equiv) and n-tetrabutyl ami onium en sul fate
(0.05 equiv) WRIRYMRESd. After 10 nin, -67 WD 2004/ 059925 Pﬁéﬂ%@:@tﬁ%losgg
chl oronet hyl chlorosulfate (1.2 equi v) was added. The solution was stirred
vi gor ousl n;hlmsthjrlg:htorosalfete(k-am‘éma@ddded. "Bhessopdiom wes stirfed ivigokousiytdvemnipht ai d of

washed vi B ittt Noiparsly ol HELD o ERRI TR 110 L TR BOB Bl v e

sodi um susepahted amicth¢ brgamio weenvashehwilteshhirated soatitingl ehldrideq2@mdf). Fhetoagantesl i d. The

presence of thetltl icate shi in.retention time in
of the pr¥ %’Pﬂ %B&g aé’ﬂgass?h'?&rﬁam&cgrt‘bé? dF?‘lhéoa‘a(‘@S?Fﬁ'i . The
(a2 ”‘%‘J “? f&*‘“D‘?‘f%‘“@d““W*“‘“mdw“ﬂhﬂmgﬁm( B o ol o 50

S e
Synt hesi s™ %ﬁ‘ﬂtﬁﬁ i\g“fggllf@cﬁ@i &ﬁemmed e 5q C‘gﬁﬁ%?cﬁ%rﬁﬁmﬁf 250
of the c daxé COELPB08 M, ¢he B RS rﬁﬁﬁ(ﬁuz mg& Bed (4, 2H),A014- 52)
in 2 nL acetone WasfJ Ha{ed \%th Sgt}jlll,-l]?n i od| ) ngw V) jand t(he sol ution
was stirred overnight. The solution was fil tered t he sol vent renoved, and
the residue was taken up in dichl og#BWwiee (10 nL). The sol ution was

washed with 10% (w v) sodi Um%ﬂm&ﬁ@rca& poind AG448 W v) sodi um bi carbonat e
(10 n3L), and water (10 niL) he organics were dried over sodium sulfate

and the solvent was renoved to providef 137 ng of a -light green solid. The
presence of the title conpound was taidytated by a: shift in retention tine
in o? t he i odonet hyl ester product afé. iy versus starting chloronet hyl

estet (4.2 min). The conpound was alf%8& confirned by proton NWVR

spectroscopy: 'H (CDC13) 5: 8.04 (d, 2H, J 8.8 Hz), 7.29 (d, 211, J 8.1 Hz),
6. 15 (s, [0171] A solution of 250 mg of the chloromethy) ester (prepared via the procedure described in

A014-52) in 2 mL acetone was treated with sodium iodide (1.2 equiv) and the solution was
stirred overnight. The solution was filtered, the solvent removed, and the residue was taken up in
dichloromethane (10 mL). The solution was washed with 10% (w/v) sodium sulfite (10 mL), 5%
(w/v) sodium bicarbonate (10 mL), and water (10 mL). The organics were dried over sodium
sulfate and the solvent was removed to pravide 137 mg of a light green solid. The presence of
the title compound was indicated by a shift in retention time in of the iodomethyl ester product
(4.4 min) versus starting chioromethy! ester (4.2 min). The compound was also confirmed by
proton NMR spectroscopy: 'H (CDCls) §: 8.04 (4, 2H, J 8.8 Hz), 7.29 (d, 2H, J 8.1 Hz), 6.15 (s,

2H).

Example 21
Synthesis of Compound A014-76

[ Oj\o\
A01d-48 NCS

AM4-78

[0172} A solution of 387 mg of the chloromethyl ester (prepared via the procedure described in
A014-52) in 6 mL 2-butanone was treated with sodium iodide (1.2 equiv) and the solution was
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2H). Exanple 21 Synthesis of Conpound AO14-76 Ao 4.48 s AOt476 [0172] A
solution of 387 ng of the chioronethyl ester (prepared via the procedure
described in A014-52) in 6 nL 2-butanone was treated with sodi um i odi de
(1.2 equiv) th ution was -68 WD 20041089925 PCTI 4/ 010399
heated 10 hr%@?ﬁ”gﬂg%?ﬁion was filtered, the solvent rerroy’és‘ﬁ‘?l%ﬁﬂ’dm?%%

resi due ) n L0, Ol { t e (10 ). | Ut i s. washed
with 10% %}e@?@a igﬁé’l{s}%?ﬂ”@eﬁlﬁ%??‘o%%‘%% )an%%??f?h‘? ei‘%ag?%gn\rll\gglen (10 ni),
and wat er di¢liowinethaidd@ 0 exigaTheiniien evasiwashed ovith 10%qew) sodiem|shlfitex( 16 00L)} 396

sol vent s, Jenmoved t.0 _proyi 8l n sol.id. The presence of the
title c\gﬁ%&ﬁ?gﬁ{ﬁgbs}c%& gg&%%"gwgﬁf gmﬁnﬁﬁ?@ﬁ??‘% oTp Hﬂe‘f%vc%ﬁ@f"}%l est er
product ( ulfitenindjhe d6ivantvas sérmsvie nQproVvilos W¥ag b4 taf Sl Thelprésente9f thetitknpl e 22
0 100531 oot e hehrAtad b & st Spretention the fodomethil catar prodot U4 i) varsts o 0
p- ni t r obeganhg dhidrorhethQt dstil (AR @AMy cl ododecane (Macrocyclics) in 500 L

di oxane was treated wth parafornmal dehyde (50 ng) and tri nmet hyl phosphite
(207 mg). The m xture was heated taq,85C and then the solvent was renpved
via rotary evaporation at 75C Chl Bmpl 10 m.) was added and the

sol ution was washed with sat ByaifRedise9CbmpbuidAorg-ge (2 x 10 nl) and water (2
x 10 nmL). The organics were dried over sodiumsulfate and the sol vent
renoved to provide a brown oil. This vvawpurﬁ’iojmi ed via LC to provide the
desired material. The presence of the 9 ’%‘ cB’npound was confirmed by

el ectrospray LCGMS A, tR =1.8
o A

{ _ AO1B:24 oo oo
Qo

[0173] A solution of 64 mg of 2-p-nitrobenzyi-1,4,7,10-tefraazacyclododecane (Macrocyclics) in
500 pL dioxane was treated with paraformaldehyde (50 mg) and trimethylphosphite (207 mg).
The mixture was heated to 85°C and then the solvent was removed via rotary evaporation at
75°C. Chloroform (10 mL) was added and the solution was washed with saturated sodinm
chloride (2 x 10 mL) and water (2 x 10 mL). The organics were dried over sodium sulfate and
the solvent removed to provide a brown oil. This was purified via LC to provide the desired
material. The presence of the title compound was confirmed by electrospray LC-MS A; tg = 1.8
min. MS [M=Cy7H53N50,4P4] m/z 796 (MH"), 818 (MNa).

)
A

Example 23
( Synthesis of Compound A022-32

@h_\ OH):
it

Ap22-32 E‘OH)’ g(oH”

[0174] A solution of the 33 mg of the phosphonated macrocycle (prepared in A018-24) in 700
uL dichloromethane was treated with bromotrimethylsilane (72 mg). The mixfure was stirred
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mn. M5 [ MFC27H53Ns014P4] mz 796 (ME' ), 818 (MNa+). Exanple 23 Synthesis of
Compound A022-32 ~c, onh” pto(n: |J '"rf\) A022a2 COHh 90CHh 101741 A
solution of the 33 ng of the phosphonated macrocycle (prepared in A018-24)
in 700 L dichloronethane was treated with bronotrinethylsil ane 572 ng). The
m xture was WO 30p4e8992569 WD 2004/ 089925 PCT/ US2004/ 010399 PCHAYE?M/B1399aNnd
then nore bronotrinethylsilane (36 ng) was added and it was stirred an

addi i onabychigiéha b bBANGbmbBARIANAGS A56s dfis Wbt §b Mickln St 1 ed 1

hr, and then the volatiles were rem)ved give a brown oil. Addition of

met hanol #fdétiangt 3 daye MethanobRR0 sy ivees ad@%ﬁua@%thwa@uﬁlqn tigedd basad thendhe. This was
purified vaéml,s%rer&{&m ive a7b %ﬁ A&tﬁu&%?&ﬂeaﬁn%ﬂm abmsn iR EnCe of

the title conpound was con |rrre | ectrospra

[ I\/I;C19 gsmbmbmﬁlmar@sme@ Ny WammlﬁpQ ma:m)tp zymie 24 Dugsf ﬂwrdesuedtma@r@l oup is
reduced u O{]ﬁe&h N TR glﬁldq;:'astﬁ%ehggglgr gﬁﬁégt%ﬁs%”“l%n‘ﬁm 5%

pal | adi um car on cat al ys In ne sphe’r of pure
hydr ogen. [Mh@lgHMuPénV568mm,ISHét(bﬁZH)/:a)Fﬂng care to prevent air exposure

to the ca ye ha e.t mne Exanpl e.

Synt hest < B73ichesRRr bRt SuEs onaailah RiBoaftpiCaistin AT RmIc AR Fif o o
p hf)s ph gr us%3arailsilind o2 Eartn, caﬁal)h‘t impniethaiol mrdemnmun(ri]bphérg obpurt hydragesh . geah. The /
nucous  Fuharam e E e oS e b e RS S i )
over ni ght evaphiateligivetiecmia filtered and the water renoved by rot ary
evaporation at 80C to provide 2.11 g of a white solid.

Example 24
Synthesis of Compound A022-56

{OH),
A022.58 %(OH):

[0176) A mixture of phosphorus acid (1.26 g), 6 M hydrochloric acid (19.5 mL), and p-
xylenediamine (1.0 g) was heated to 100°C. To this was added 37% (wt/wt) aqueous
formaldehyde (1.15 mL) and the mixture was stirred at 100°C overnight. The mixture was
filtered and the water removed by rotary evaporation at 80°C to provide 2.11 g of a white solid.
The presence of the title compound was confirmed by electrospray LC-MS using method B; tg =
1.8 min. MS [M=C)oHsN;O6P1] m/z 325 (MH).

( Example 25
Synthesis of Compound A018-12

S ¢

oc!
AO18-12 g( el

(OcHs)a

[0177] A solution of 928 mg N-BOC-1,4-diaminobutane in 10 mL dioxane was treated with
paraformaldehyde (592 mg) and trimethylphosphite (2.44 g). The mixture was stirred at 108°C
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The presence of the title conpound was confirned by el ectrospray LC MS using
method B; to = 1.8 mn. M5 [ M=C30HL5N206P2] mz 325 (M). Exanple 25

Synt hesi s of Conmpound A018-12 ~(ocrt,h A018.12 e(OCHa}e [0177] A solution
of 928 mg N-BQOC-1,4-dj am nobutane in 10 nL di oxane was treated with

par af or mal deNYAE¥8Y25,y) and trimet hyl phosphite (2.44 g) PCHRSHMR0H% was
stirred at 108C -70 WO 20041089925 PCT/ US2004/ 010399 overni ght and the

sol vent r ewvemiztit iyl thesolvent remapaltatrotary evipotation aCh3°Cr ChloroforinlQ0 mL) waas added

and the saql.ution was shed w t turated sodium, orj.de (2 .x 10 and
water (2 )?d%él mﬁ&e.s‘)l?ﬁ% g#g‘ﬁ#%@%?%”%?&@?ﬁ% o ‘%’gk Efr‘hoﬁsﬁ”)faé‘flév 2 éi% aw%

sol vent OIr i)V Elk dfrganﬂfsg&ei'@&ielﬂ.&& sgdiafn su&iiLteC @?\;isthe I&éeen@feﬁ&ﬁz " 8& pi&f\i/ﬂsémsMs gbfe
conpound was..confirne el.ectrospr.a -M5;, tR = 2. : i
C15H34N205P31L ?heffiﬁs%’mfb\é'&)“.ﬂe Pﬂﬂ%é "%%Wﬁm Ry decyp R%erquﬂﬂ% tx\ﬁ%%‘lw- R~oHh
H2N-~~ AR (ui9@, . F{EDP,] 2[4350 8Na sol ution of 783 ng of the phosphonate
(prepared in AOlé- 12) 1n 18 nmL dichloronethane was treated with

bronotrinmethylsilane (2.2 g). The sﬁ‘:ution was stirred overnight and
met hanol (10 nL) was added and the ¥mPle 28t i rred for 2 hr. The vol atiles

were renoved to provide 1.22sgniBésisofnigown@idloze-de presence of the title
conpound was confirmed by electrospray LC-MS using nethod B; tR = 0.4 mn.

M5 [ MEC6H1sSN206P2] mlz 275(M H7. Exanpl e ZW(OHSkynt hesi s of Conmpound A030-74
HzN\/\/\

A026-52 lf(OH)z
c

{ [0178] A solution of 783 mg of the phosphonate (prepared in A018-12) in 18 mL
dichloromethane was treated with bromotrimethylsilane (2.2 g). The solution was stirred
overnight and methanol (10 mL) was added and the mixture stirred for 2 hr. The volatiles were
removed to provide 1.22 g of a yellow oil. The presence of the title compound was confirmed by
electrospray LC-MS using method B; tg = 0.4 min. MS [M=C¢H;sN,OsP:] m/z 275(M-H").

Example 27
Synthesis of Compound A030-74

o

AD30-74 g(ucn,),

L [0179] A solution of 500 mg 4-[(N-BOC)aminoethyl]aniline in 10 mL dioxane was treated with
paraformaldehyde (270 mg) and trimethylphosphite (1.12 g). The mixture was heated to 95°C
overnight. Then more paraformaldehyde (270 mg) and trimethylphosphite (1.12 g) were added
and it was heated at 95°C overnight again. The solution was cooled, taken up in chloroform (20
mL) and washed with saturated sodium chloride (20 mL) and water (20 mL}). The organics were
dried over sodiumn sulfate and the solvent and excess trimethylphosphite removed via rotary

evaporation at 80°C to provide 1.72 g of a clear oil. The presence of the title compound was
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A090. 74 ra h [0179] A solution of 500 mg 4-[ (N-BOC)am noethyl]ani line in 10
nm. di oxane was treated with parafornal dehyde (270 ng) and

trimethyl phosphite (1.12 g). The m xture was heated to 95C overnight. Then
nor e par af or mal dehyde (270 ng) and trinmethyl phosphite (1.12 g) were added
and it was hWS289#0899255C over ni ght again. The sol uti on waBCEYE10840108%ken up
in chloroform (20 nlL) and washed with saturated sodiumchloride (20 nL) and
wat er ( 2confinmed b gleoresarayd-XS: tr = AP min) MY BYI=€ gHidbO U] thit4674NE ;489 sol vent
and exce i met hyl phosphite renoved via rotary evaporation at 80C to
provi de 1. g of a clear oil. The presence of the title compound was -71 WO
2004/ 089925 PCT/ US20041010399 confirned by el ectrospray LCMS;, to = 2.9
mn. M5 [ MECLsH32N2GsP2] mfz 467 (MVExampk@8 OWM). Exanple 28 Synthesis of

Compound A030-84 HzNy ~(OH)2 m&&&@%& legyt i on of 870 nmg of the
A030-74 in 10 nL dichl or onet ﬁgne was tre tegﬁv(\}%t&ﬁu bronotri net hyl si |l ane

(1.97 g). The solution was stirred g i ght. Methanol (10 nmL) was added
aﬁ 1t

and the solution was stirred 15 ni'# concentrated to provide 1.12 g
| e conmpound was confirned by

of an orange oil. The presence of t
el ectrospray LC-MS using nethod B; ¥8*= mn. MS [ M=C9H) 6N206P2] i z

found for 309 [MH Exanple 29 Synthesis Compound A035-66 O OH O N'-~e
0 A035-66 (0181] A 2.0 g portion of 4-am nonethyl benzoic acid (A drich) was
di ssol ved0189) AGohtionbf 870 mg of the A030-74 in 10 mL dichloromethane was treated with

bromotrimethylsilane (1.97 g). The solution was stirred overnight. Methanol (10 mL) was added
and the solution was stirred 15 min and then concentrated to provide 1.12 g of an orange oil. The

{ presence of the title compound was confirmed by electrospray LC-MS using method B; tz = 0.85
min. MS [M=CgH,sN>OsP2] m/z found for 309 [M-H}".

Example 29
Synthesis of Compound A035-66

Q

H
'
O Ao3s66
{0181] A 2.0 g portion of 4-aminomethy] benzoic acid (Aldrich) was dissolved in 20 mL of
{ water containing 0.64 g of solid NaOH. A 3.18 g portion of Boc anhydride (Aldrich) was added
and the mix allowed stir overnight. The mix was adjusted to pH=2 by the careful addition of 15
mL of 2N HCI. The resulting white solid was filtered and dried to give 2.9997 g of product. The

product was characterized by LCMS (retention time 2.901 minuies and desired M-H mass ion
observed at 250 m/z).
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wat er containing 0.64 g of solid NaOH A 3.18 g portion of Bpc anhydride
(Aldrich) was added and the mx allowed stir overnight. The m x was
adjusted to pH=2 by the careful addition of 15 nL of 2N HC . The resulting
white solid Wﬂi)ﬂéﬁ#_%c\i/sand dried to give 2.9997 g of product. The product
was characteri ze y (retention tine 2.901 m nutes am{TAERVAOIIM H nmass
ion observed at 250 niz). -72 WD 2004/089925 PCT/ US2004/ 010399 Exanple 30
Synt hesi s of Conmpound A035-6 - O O ‘ex@nplespl | / O O A035-6 (0182] A 1.5
portion of A35-66 was dissolved in 17 of dry THE along with 0.69 g of N
hydr oxysucci ni mi de (Al drich) et‘ﬁé’ﬁCPWQa‘E‘EHAé?ﬁ'ﬁat once with 6 nL of 1 M
di cycl ohexyl carbodiimde (Al drich) in dichloronmgthane with stirring. After
two days the white precipitate (dicyclohe ) was filtered off and the
filtrate rotoevaporated under vacuumto ViR 6 g of white solid
characterized by LCVS (retengi i ni nd desired MtH
observed at 349 n>/z). Exanpfe (s of ound A035-14 Ot \
N~~/NHZ H/ HO A035-14 [0183] M J portion @gf A035-6 was dissolved in
5 nm of dry THE and treated W 17002~ nL (10 eqdival ents) of

et hyl enedi am ne (EDA) and al | oAed to #085-6f or 2 hours. The sol ution was

[0182] A 1.5 portion of A35-66 was dissolved in 17 mL of dry THF along with 0.69 g of N-
hydroxysuccinimide (Aldrich) and then treated all at once with 6 mL of 1M
dicyclohexylcarbodiimide (Aldrich) in dichloromethane with stirring. After two days the white
precipitate (dicyclohexylurea) was filtered off and the filirate rotoevaporated under vacuum to
yield 2.8146 g of white solid characterized by LCMS (retention time 3.299 minutes and desired
M+H observed at 349 m/z).

Example 31
Synthesis of Compound A035-14

0
\J( \D)J\N/\/NHZ
H H
OYN
o)

AD35-14

( [0183] A 500 mg portion of A035-6 was dissolved in 5 mL of dry THF and treated with 1.002
mL (10 equivalents) of ethylenediamine (EDA) and allowed to stir for 2 hours. The solution was
then decanted from the formed solid. The solvent and excess EDA was then removed from the
decanted solution by rotoevaporation under vacuum to give 0.8728 g of white solid; the product
was characterized by LCMS (retention time 1.608 minutes and desired M+H observed at 294
m/z).

-73-



t hen decanted fromthe fornmed solid. The solvent and excess EDA was then
renmoved fromthe decanted solution by rotoevaporation under vacuumto give
0.8728 g of white solid; the product was characterized by LCVM5 (retention
time 1.608 mnutes and desired MtH observed at 294 niz). -73 WO 2004/ 089925
PCT/ US2004/ (M@ 2194089838 np| e 32 Synt hesis of Conmpound ARpOFETAS0004BY N
A3224 | (OCH,)2 [0184] A solution of 872 ng of the amne (prepared in
A035-14) in 10 nL di oxane was treatBxhmmpe8h par af or mal dehyde (535 ng) and

trimet hyl phosphite (2.21 ). ]gpﬁ e iLed at 100C overni ght and
then the sol vent renoved by ?o a?silggg%p P\gﬁ‘?‘gﬂg%?gwc to give a brown

solid. Chloroform (25 nL) was }adged and the sglution was washed with water

(15 nmL). The organics were N sodi umbgguh,f at e and t he sol vent
removed to provide 241 ng of a yelw lid. This was purified via LC

to provide 58.8 ng of desired material.dThe hrgc%ence of the title conmpound
was confirned by el ectrospray X365, tR = 2.6§‘m fi. MBS [ MEC21H37N309P2] m z
538 (MH ), 560 (MNa+). Exanple 33 Synthesis of Conpound A03240 F,N /N J CHh

A032- 40 %&54 Wela i : : gin

A032- 24) T‘lﬁr%ﬁﬂ;ﬁ%lg e flgg:rz g‘%eﬁ%ne H%Agge%??gg?égisvﬂjgﬁ Eé]%ﬁa&rg?%ﬁﬁane (156

nmg) . The withperafoemaldehyde {336 exg) ond triviegityiphofphite (521 )0The mirit)re svasihestedat ( 3

dr ops) added i i hr, and then th | atil es were

r ennvequg(ﬁg ki ﬁrglghrrg%ﬁ grﬂ%l a tﬂ%%hg%l f&#‘ég?dlb e’lfgtﬁ‘grﬁv 2 f\téonv\%gooxg?ghve& T wat er (1

) and kylapGhlotoferh (26 mIy) mas bdiied 28d thy selfitien wasrwasidd with whier (16 edgnTie of t he

title co 0 ggxlfi(r:]éj were dricd cpJelr & ucrln Qt}ifa?el and rtl{eosgl(\)irer?t)éemoved to provide 241 mg of a yellow
( semi-solid. This was purified via LC to provide 58.8 mg of desired material. The presence of the
‘ title compound was confirmed by electrospray LC-MS; tg = 2.6 min. MS [M=C,;Hi;N30P;]

m/z 538 (MH"), 560 (MNa").

Example 33
Synthesis of Compound A032-40

' Hzn'\q/u\/\ }OH};
L

o o

[0185] A solution of 54.6 mg of phosphonate (prepared in A032-24) in 1 mL dichloromethane
was treated with bromotrimethylsilane (156 mg). The mixture was stirred overnight. Ethanot (0.5
mL} and water &3 drops) were added and it was stirred 1 hr and then the volatiles were removed

( and the material dried under vacuum. This was taken up in water (1 mL) and lyophilized to
provide 59 mg of a tan solid. The presence of the title compound was confirmed by electrospray
LC-MS using method B; tg = 0.4 min. MS [M=C,,H;;N;0-P;] m/z 380 (M-H"), 382 (MH"), 404

(L\,/II\Ta+).



LC-M5 using nmethod B; tR=0.4 mn. M [MC 2H21IN307P2] mz 380 (MH), 382
(Mii), 404 (M\a5. -74 WD 2004/089925 PCT/ US2004/ 010399 Exanple 34

Synt hesi s of Conpound A026- 60 N(OE% |6 A02" [0186] A026-60 prepared via
t he procedur%v(g%o()ig g_‘% , D., Kenike, J. K, Wchter, W J. Syn.

Commun. , 1996 ‘i@‘i} 2037.: A mixture of N-benzyl - N nmet hpCIMSaenpR9D g) ,
di et hyl phosphite (70.7 g) and triethylorthoformate (29.3 g) was stirred
under argon at reflux (150C) for 5Ehﬁm ke3hanol was renoved via rotary
evaporation at 70C, and the m xture mas again heated at reflux overnight.
The solution was diluted wi tﬁY'UBG“mf%mﬂMéﬂd washed with I M sodium

hydroxide (3 x 100 mL) and saturated s dium chloride (3 x 150 nL). The
organics were dried over sodium SLH’T @ddd t he sol vent renoved to provide

74.0 g of a light yellowoil. 10. 0 this material was subjected to
silica gel colum chromat ography u5|ng 18%4: 1 ethyl acetate: hexane:
nmet hanol as eluent. This provided 6.0 of a clear oil. The presence of the

title conmpound was confirned by el ectvospray LC-MS, tR = 3.4 mn. M
[ M=C( 7H31 NO6P21 mz 408(MH ), 430 (Mmdab, 471 (MNa- CH3CN). Exanple 35
Synt hesi s of Conmpound A030-54 (C (OeQ [0187) A030-54 (compound is known,
CAS # 8040186PA0H-60 prepped wia theiptodetire afn i\, KiénikdSAK.OWechtk}, W.Kegyimke, J.

K., Wecht 1996 A solutjion of 4. 52 g of
t he phos ﬁmf’eag%e%m?)a%ﬁwp( E‘f’@ﬁb"&l"g P%/] Ng"?B‘ZBJB‘)‘m}er( 288€hanol (45 nL) was
treated m&lﬂiﬂl@métﬂwdg)m it Adr R Porindd 29703) iR dtigsPifiet &od & réikat NOSpher e
of hydro over ni ght. The palladjun carbon was filtered to provide 2.98 g
of ali gz biite Efhanof s removed via rotary evaporation at 70°C, and the mixture was again
(i heated at reﬂux overnight. The solution was diluted with 600 mL chloroform and washed with 1
M sodium hydroxide (3 x 100 mL) and saturated sodium chloride (3 x 150 mL). The organics
were dried over sodium sulfate and the solyent removed to provide 74.0 g of a light yellow oil.
10.0 g of this material was subjected to silica gel column chromatography using 14:4:1 ethyl
acetate: hexane: methanol as eluent. This provided 6.08 g of a clear oil. The presence of the title

compound was confirmed by electrospray LC-MS; tg = 3.4 min. MS [M=C[7H31N06P2] m/z
408(MH™, 430 (MNa*) 471 (MNa-CH;CNY.

Example 35
Synthesis of Compounnd A030-54

g

[0187) A030-54 (compound is known, CAS # 80475-00-9), prepared via the procedure of
Kantoci, D., Kenike, J. K., Wechter, W. . Syn. Commun., 1996, 26(10), 2037.: A. solution of
4.52 g of the phosphonated benzylamine (prepared via A026-60) in methanol (45 mL) was
treated with 10% palladium on carbon (200 mg) and subjected to an atmosphere of hydrogen
overnight. The palladium/carbon was filtered to provide 2.98 g of a light yellow oil. The
presence of the title compound was confirmed by electrospray LC-MS using method A; tg = 1.9

min. MS [M=C1oH2sNOsP,] m/z 318(MH").
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presence of the title conpound was confirned by el ectrospray LC MS using
method A, tR=1.9 nmn. M5 [ M=C(OH25NO6P2] mz 318(MH '). -75 WO

2004/ 089925 PCT/ US2004/ 010399 Exanple 36 Synthesis of Conmpound A039-16 OH
H2N\ -/ NI / A039-16 [0188] A039-16: A 500 ng sanple of

4- chl or onet FQHRHIWPE acid (Al drich) was dissolved in 8 PEI/USROTORIMNA
treated all at once with 5 equival ents of ethyl enediamne (Al drich) (983
uL). After 24 hours the solvent wagxanigié fed under high vacuum and the
white solid (93% was characterized by LCVS (retention tinme 0.4 mnutes and
desired M+H observed at 195 $imihes isEf(QﬁﬁPB“’BiiA lhesis of Conpound A038-24
HOHh Y(o"h A03B-7A OH)2 10189] A mixture of 679 ng. of the amno acid
(prepared via A039-16), 37% (wt/w) aqueous Tfjor mal dehyde (1.04 nm),
phosphorus acid (1.15 g), and concentrat ~44M hydrochloric acid (2.3
nm) in dioxane (10 nL) was shjN red vernlght The sol vent was
renoved via rotary evaporati o he m xture was centrifuged and
the solid discarded. To the liquid was added nore fornal dehyde sol ution
(1.04 nlL), phosphorus acid (1.15 g),A8&Mentrated hydrochloric acid (2 nl)
and dioxane (10 nmL) and it was again was stirred overnight at 100C. The

sol vent mss]rmw%dmaoe pl¢ oP¥RREcHdbeAkoid E:Qdmaﬁ&gwagﬁmaoﬁé&lﬁls oi l.
This was purified. via to provide 276 r’(r& of a brown solid. The presence

of the t¥f0f Egﬁﬁégﬁﬂi%ﬂea?ﬁw%enmwn@ ekylsagsiiagying AlNECch) §983¢ et hod A:
tR = 0. 6afkr24 VRsliNwoh3hAN2R b EBIndet Kigh YauludYahill the withé Solid{dRs) whb

characterized by LCMS (retention time 0.4 minutes and desired M+H observed at 195 m/z).

Example 37
Synthesis of Compound A038-24

o

E(OH)z

[0189] A mixture of 679 mg of the amino acid (prepared via A039-16), 37% (wt/wt) aqueous
formaldehyde (1.04 mL), phosphorus acid (1.15 g), and concentrated (12.1 M) hydrochloric acid
(2.3 mL) in dioxane (10 mL} was stirred at 100°C overnight. The solvent was removed via rotary
evaporation at 75°C and the mixture was centrifuged and the solid discarded. To the liquid was
added more formaldehyde solution (1.04 mL), phosphorus acid (1.15 g), concentrated

( hydrochloric acid (2 mL) and dioxane (10 mL) and it was again was stirred overnight at 100°C.
The solvent was removed via rotary evaporation at 75°C to provide a thick oil. This was purified
via LC to provide 276 mg of a brown solid. The presence of the title compound was confirmed
by electrospray LC-MS using method A; tr = 0.6 min. MS [M=~C3Hz:N20y1P3] m/z 475 (M-H),

477 (MH".
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WO 2004/ 089925 PCT/ US2004/ 010399 Exanple 38 Synthesis of Conmpound A038-50
HN, j(OCHh Ho, A038.50 f(OCH3)2 O [0190] A mxture of 6.0 g Fnoc-Lys-CH
(Advanced ChernTech) in methanol (25 nL) and water (25 nmL) was treated with
37% (wt/wt) aqueous fornmal dehyde (6.06 nli) and di nmet hyl phosphite (8.96 g).
The mi xt ur e WRA0MOP2Rd at 80C for 2 hr, cooled, and ext rEcI/estowd/itsey

di chl oronethane (1 x 100 nm., 2 x 50 rrL). The organi cs were washed with
saturated sodium chloride (50 ni), Esampld38over nagnesium sul fate for 30 mn,
and the solvent renoved to 7 f ight green oil. The
presence of the title corrpog#gxev\s/gssofco |°Pﬁ'g308€'sél ectrospray LC- M5 using
method A, tR = 3.3 min M [MCQAR3INQ(oP2] mz 613 (M#4), 636 (Ma).
Exanpl e 39 Synt hesi s of Conpound * 6‘" HN o J-(.A038-7-78 OHh ~h A03&30
| [0191] A solution of 23.9 ng phosplionated Fnoc-Lys-OH (prepared via
A038-50) in dichloronethane (1 nL)¢was treated with bronotrinethylsilane
(60 ng). The m xture was stirred m@Verni wy 1he presence of the title
conpound was confirmed by el ect M5 using method A, tR = 3.4 mn.
M5 [ M=C23H30N2010P2] mfz 555 (MH). -77A WD 2004/ 089925 PCTI US2004/ 010399
Exanpl e 40 Synt hesis of Conpound #838-76 F‘ ok

[0190] A mixture of 6.0 g Fmoc-Lys-OH (Advanced ChemTech) in methanol (25 ml) and water
(25 mL) was treated with 37% (wt/wt) aqueous formaldehyde (6.06 mL) and dimethylphosphite
(8.96 g). The mixture was stirred at 80°C for 2 hr, cooled, and extracted with dichloromethane (1
x 100 mL, 2 x 50 mL}. The organics were washed with saturated sodium chloride (50 mL), dried
over magnesium sulfate for 30 min, and the solvent removed to provide 10.17 g of a light green
oil. The presence of the title compound was confirmed by electrospray LC-MS using method A;
tg = 3.3 min. MS [M=CyH3sN,010P2] m/z 613 (MH"), 636 (MNa").

Example 39
Synthesis of Compound A038-66

HN™ 70 OH)y
Ho;c)\/\/\

AD38-668 (OH)y
| A3B-78
A038-00

[0191] A solution of 23.9 mg phosphonated Fmoc-Lys-OH (prepared via A038-50) in
dichloromethane (1 mL) was treated mth bromotrimethyisilane (60 mg). The mixture was stirred
overnight. The presence of the title compound was confirmed by electrospray EC-MS using
method A; tg = 3.4 min. MS [M=C33H30N2010P2} m/z 555 (M-H).

-77-



HH (OH)2 H AGBB88 ~OH}, A038-78 MB880 10192] A solution of 112.9 ny
phosphonat ed Fnoc-Lys-OH (prepared via A038-50) in 6 M hydrochloric acid (3
m.) was stirred at 80C for 2 days. Water (9 nlL) was added and after 2 nore
days the m@ b4 B entrlfuged and the liquid decanted. The solid was

dri ed under vacuum?o provide 86.8 ng of an of f-white sAGIAUSHHOGILsence
of the title conpound was confirmed by el ectrospray LC-MS using nmethod A
tR=3.1mn M [MC HON201OP2] r¥xampéso (M H ). Exanple 41 Synthesis of
Conpound A038-90 4 HY (OH) 0386 O—l}l A033. 78 6 A03&30 [0193] A

sol ution of 500 ny Fnoc-Lys- eﬁ\’d\? FempountbARI&TH i n di oxane (5 L) was
treated with 37% (w/wt) aqueous foeRal dehyde (303 pL), phosphorus acid (333
ng), and concentrated (12.1 M hy&g t ic acid (674 L). The m xture was
stirred at 90C overnight, the solven as renoved via rotary evaporation at
75C. The presence of the title corrpo d was confirnmed by el ectrospray LC M5
using nmethod B, tR =54 min. M [M 3H30 Q(oP2] mz 555 (MH7. -78 WO
2004/ 059925 PCT/ US2004/ 010399 Ey ynt hesi s of Conpound A042-18

OH},
AOSB-TG
A036-90

[0192] A solution of 112.9 mg phosphonated Fmoc-Lys-OH (prepared via A038-50) in 6 M
hydrochloric acid (3 mL) was stirred at 80°C for 2 days. Water (9 mL) was added and after 2
more days the mixture was centrifuged and the liquid decanted. The solid was dried under

( vacuum to provide 86.8 mg of an off-white solid. The presence of the title compound was

confirmed by electrospray LC-MS using method A; tg = 3.1 min, MS [M=C2H3N;00P2] m/z
555 (M-H).

Example 41
Synthesis of Compound A038-90

W'H (OH)Z
AD38-88 QH),
AC28-76 g(
A038-30

( [0193] A solution of 500 mg Fmoc-Lys-OH (Advanced ChemTech) in dioxane (5 mL) was
treated with 37% (wt/wt) aqueous formaldehyde (303 pL), phosphorus acid (333 mg), and
concentrated (12.1 M) hydrochloric acid (674 pL). The mixture was stirred at 90°C overnight,
the solvent was removgd via rotary evaporation at 75°C. The presence of the title compound was

confirmed by electrospl\'ay LC-MS using method B; tg = 5.4 min. MS [M=C;3H30N>0:0P;] m/z
555 (M-H").
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-kj 1,042-72 [01941 A solution of 1.29 g of the Boc-protected am no acra

(prepared above as |lot A035-66) in 15 nL tetrahydrofixran was treated with
N- hydr oxysucci ni nde (623 ng) and 1.0 M 1, 3- dicycl ohexyl carbodiinmde in

di chl oronet hane (5.4 nlL). The m xture was stirred overnight and a white
preci pi tate w0 I004/489928d and t he supernatant concentrated 89 ¢
of a white solidThe presence of the title conmpound was ing'leggtt’sgdmg 35;]9
presence of a W signal at 3.3 mn. Exafplq243 Synt hesi s of Conmpound A042-26

H H~/~H-i NHa A042-28 Ha [01 ol ution
tris-(2-amnoethyl)amine in 2@"'1]‘?{ ‘? PBT‘&”%F] é/as added drop wise a
solution of 1.0 g of the activate ter (prepared via A042-18) in 20 nL
tetrahydrofuran over a period oriﬁ {es. Jhe mxture was stirred
overnight resulting in a precipitate \ P '
rotary evaporation to provide 2.10 @§e6f a \ oil. The presence of the
title conpound was confirnmed by el ectrospray 4G MS using nethod A, tR= 1.4
mn. M5 [M=C(9H33N5031 niz 380 (MTIl), 402 (MNal). Exanple 44 Synthesis of
538 (r)rpo g g g gma}éaolgﬁégl d‘ﬂ/ 1029%!(03 gf(fh}-ﬁg bc-prétedidd Hmﬁml B(::@Qjﬂeﬁﬂ';d ibglvle Bs lot K@SSEMB) in g

41 PCTI 4/ 01 A sol uti.on ) m n pr epare
via A042- ig%*ﬁ“’&f&? W%@%@‘?‘%‘V@a’fé&cwﬂepﬁéé%ga?‘ﬂhﬁ%hﬁae (1.50 g)
and di met @yhbRspoirbaliintidd diohlordiethife(s 4 meL)V Bk hifxtiré R8s sfrred @Gernight and a

white precipitate was filtered and the supematant concentrated to provide 1.89 g of a white

so}idThe presence of the title compound was indicated by presence of a UV signal at 3.3 min.

Example 43
Synthesis of Compound A042-26

A,
Oy

A042-26

o~

[0195] To a solution of 2.1 g tris-(2-aminoethyl)amine in 20 mL tetrahydrofuran was added drop
wise a solution of 1.0 g of the activated ester (prepared via A042-18) in 20 mL tetrahydrofuran
over a period of 40 minutes. The mixture was stirred overnight resulting in a precipitate that was
filtered and concentrated via rotary evaporation to provide 2.10 g of a yellow oil. The presence
of the title compound was confirmed by electrospray LC-MS using method A; tg = 1.4 min. MS

[M=C)sH33N503] m/z 380 (MH"), 402 (MNa").

Example 44
Synthesis of Compound A042-32

Ay ST LLH\,M,

-PIOCH)
OOH,):

AD42-32
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R —————— I —— e
overni ght and the solvent renoved via rotary evaporation at 70C.
Di chl oronet hane (50 nL) was added and it was washed with saturated sodi um
chloride (25 nL) and water (25 mL). The organics were dried over sodium
sul fate and the solvent renoved. The residue was purified via LC to provide
123.8 ng of woymbd/asse2si|. The presence of the title conpoppddas. ,ﬁ@gﬁl r med
by el ectrospray LC- M5 usi ng net hod D tR = 2.2 mn. M5 [M=C31H6) f5P4]

nm z 868 t d A042-70 _H N Hd
AOZZ 70 ﬁw&i npﬂf%%Séﬂﬁlﬁq il ar gg)r:]lgfhopcatfﬁZQ%IW&Ftpq;@(v'vi z
phOSphO”%ﬁﬁ)rﬂllhﬂ@ﬁﬂ@((Wé)%ﬂﬁﬁn&hﬂ%h‘b@ﬁte 3635 b\ ho fibxtwd babbararmbhRne vas

treated with ronmot rj met hyl si | ane. After nmet hanol (1 nl)

was adde@vernight aﬁdggw@%m‘ﬁdr%@t% gvaporgtion & 78°G- md%tapmeﬁsnw(ég W#sed to
rovi de S@hkdled und was

(F:)onf Ir rre%a‘ge oﬁs &a%}eg%ﬁ’c- VS uss;gﬁg met Qggégi)t@h%&érg&%?%

[ MEO) s Hsihmoycsmqe dried omsoql\umsglialm)dzt;nq $01®§6teqlmd) ﬂmdu@wmmmdms al so

anal yzed p ( Hz) ,
723 (0, B Re AN hERNARR AP pofdehce At perbodldie Bl B U0
A026- 94 elBe@b4prayHIEEMS, using S@thodHD; |tk1=2mnmowsqmmlmamlsm]mfz%8(h?ﬁﬂ) ng of the
phosphonate (prepared via A030-54) in 24 nL dichl oronethane was treated
with bronotrinethylsilane (2.89 g).EEkgpﬁ%uti on was stirred -80 WO
2004/ 089925 PCTI US2004/ 010399

Synthesis of Compound A042-70

HN :o’
{’ ,QA/H\/\ g VE(OH)Z
| L

AD42-T0 (NV (OH),
o=P(OH);

[0197] A solution of 111.1 mg of the phosphonated diamine (prepared via A042-32) in 1 mL
dichloromethane was treated with 194 mg of bromotrimethylsilane. Afier 5 br, methanol (1 mL)
was added, the mixture was stirred for 1 hr, and the solvent was removed fo provide 113.9 mg of
a tan solid. The presence of the title compound was conﬁrmed by electrospray LC-MS using
method B; tr = 1.0 min. MS [M=CgHz;N503P4] m/z 328 [(M+2H/2)*")], 656 (MH"). The
compound was also analyzed by proton NMR spectroscopy: 'H (CDCls) 8: 7.77 (d, 2H, J 8.1
Hz), 7.43 (d, 2H, J 8.2 Hz), 4.1-3.3 (m, 33H).

Example 46
( | Synthesis of Compound A026-94

H
0\. OH

H,Cu /k _OH

Il ~OH
0

[0198] A solution of 750 mg of the phosphonate (prepared via A030-54) in 24 mL
dichloromethane was treated with bromotrimethylsilane (2.89 g). The solution was stirred
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overnight. Methanol (10 nL) was added and the solution stirred for 2 hr and
the solvent renoved to provide a yellow oil which was |yophilized,

resulting in 364 ng of a white solid. The presence of the title conmpound
was confirmed by electrospray LC-Ms using nethod B, tR = 0.6 mn. M

[ MEC2HONOG P2|WRRH4/989825 M H7. Exanpl e 47 Synt hesi s of Conp ROTAUS004D1®89 HO- PN
O [0199] A042-96 (tert-butyl phosphite): A solution of 4.10 g phosphorus
acid in 10Qritbh: iethadlY e A A hatedard ol ﬁ"g%@edsz@fut%dtge REARRGyLA’ - 41

g). A 1.0 Msolution of 1,3- dicyclohexylcar lTmde in di c | or omret hane
(100. 0 nijo medesimiiew qilshirh waglyPnhilized rasuitmg o B64ms afie white stidgThemresendext ur e

was stirr gogﬁnﬁéal E{sd.ﬁ]dg% = o]

provi de GS%BQM% ;%Ié(lﬁf}gsw ol | H%LI%FE%H& t +e Jcw%rrpouné ﬂ/[§

conf i rned[M’yCz’H&ﬁH’z]mm%O“f(MPﬁm ng fragments were found: 57 [(CH3) 3C] 83

[ HP(OH) 31, 123 [(HO) 2PC(CH3) Z+] . Exanpl e 48 Synthesis of Conmpound A042-98 O
HO-~\ P- O-( O P OO O [0200] Ar@% pf ethanolamne(858 ng) ,

par af or mal dehyde (1.05 g), tert-buty sp?n (prepared via A042-96, 6.82
g) in benzene (100 nlL) was he%mébhsutof%mpoMAD%% resulting ina liquid
atop a thick oil. The liquid was decanted and concentrated via rotary
evaporation, resulting in an oil that ﬁfi %bj ected to silica gel colum
chr omat ogr aphy usi ng 10% net hanol H@ F;} 004/ 089925 PCTI US2004/ 010399

di chl oronet hane as eluant. A clear "vil 6436 ) was obtained. The presence
of the title

[0199] A042-96 (tert-butylphosphite): A solution of 4.10 g phosphorus acid in 100 mL
tetrahydrofuran was treated with 2-methyl-2-propanol (7.41 g). A 1.0 M solution of 1,3-
dicyclohexylcarbodiimide in dichloromethane (100.0 mL) was added, resulting in formation of a
white solid. The mixture was stirred overnight and the solid filtered and the solvent removed to
provide 6.82 g of a yellow oil. The presence of the title compound was confirmed by GC-MS.
The followfng fragments were found: 57 [(CH3);C), 83 [HP(OHI)3+], 123 [(HO),PC(CH3):'].

Example 48
Synthesis of Compound A042-98

0
HO
~"N"p—o
‘ l\ W
{ p:o {

0" o

_7<

[0200] A mixture of ethanolamine (858 mg), paraformaldehyde (1.05 g), fert-butylphosphite
(prepared via A042-96, 6.82 g) in benzene (100 mL) was heated at 90°C overnight, resulting in a
liquid atop a thick oil. The liquid was decanted and concentrated via rotary evaporation, resulting

in an oil that was subjected to silica gel column chromatography using 10% methanol in
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conpound was confirnmed by el ectrospray LC-MS using method A, tR = 3.6 mn.
MS [ M OMOHA5NO/P2] miz 496 (MNal. Exanple 49 Synthesis of Conpound A029-34
/OH SCN a 0 A029-34 [02011 In order to prepare 4-isothiocyanat ophenyl
acetic acid, 1.3 13.5 mmles, 2 ( equival ents) thiophosgene was added to
1.0 g of 4- an\VH&B‘H@ﬁéﬂ“aceti c acid (6.61 mmles) [Al drichbcposodsdigss Of
anhydr ous potassium carbonate (4 equival ents) suspended in 20 M. dry THE

The suspemighidmbiingdslehiafl! Al dbar b (4862 Sos Bluain® b SBELBLIE sho! | Oved by a

4 hours eating 1n an silicon ol l" bat utlon was cool ed and

passed th@mmﬁumivmonﬁwdhydeMdGMSammgmﬂhommﬁgﬁeﬁmimM%ol uti on was
col | ected rﬁh[r k and the solvent renoved under reduced
pressure.m?%‘fﬁ@f‘r@sanpl magfstored in a vacuum dessi cator for two hours
t hen dissolved in acetone- water mxture, frozen and |ypholized to give 1.65
g of a blackish solid. The conpound E#smplé4fentified by a shift in retention

Compound A040- 22 SCN O °%BZ‘6§3’29"?‘8§§§‘1’3'F““§%%5-?"p'p?efigr o ests o

4-1 sot hi ocyanat ophenyl acetic acid chloro rthyligster 0.530 g of 4-
| socyanat ophenyl acetic acid (2.7 m : solved in 5.0 m nethyl ene
chloride in a glass wvial,, to whic} ed 0. 044g of tetra-n-butyl

anmoni um hydrogen sul fate (phaS€NTa sFer -82 WD 2004/ 089925

PCTI US2004/ 010399 catal yst- 0.05 qub#ﬁlagnts) and 0.866 g sodi um
bi carbonate (4 equival ents) dissolve of water. The solution was
stirred in an ice bath for ten mnutes. To the cold m xture was added

[0201]} In order to prepare 4-isothiocyanatopheny! acetic acid, 1.3 ml (13.5 mmoles, 2

( equivalents) thiophosgene was added to 1.0 g of 4-aminophenyl acetic acid (6.61 mmoles)

[Aldrich] and 3.73 g of anhydrous potassium carbonate ( 4 equivalents) suspended in 20 ml. dry
THF. The suspension was stirred for 15 minutes at room temperature followed by a 4 hours

_ heating in an silicon oil bath at 85° C. The solution was cooled and passed though a one inch
celite bed in a filter syringe. The solution was collected in a round bottom flask and the solvent
removed under reduced pressure.

. [0202] The sample was stored in a vacuum dessicator for two hours then dissolved in acetone-
water mixture, frozen and lypholized to give 1.65 g of a blackish solid. The compound was
identified by a shift in retention time in the LCMS chromatogram to 3.32 minutes.

Example 50
Synthesis of Compound A040-22

O
SCN ©

A040-22

[0203] In order to prepare 4-Isothiocyanatophenyl acetic acid chloromethyl ester, 0.530 g of 4-
Isocyanatophenyl acetic acid (2.7 mmoles) was dissolved in 5.0 m] methylene chloride in a glass
vial,, to which was added 0.044g of tetra-n-butyl ammonium hydrogen sulfate (phase transfer



0.520 g of chloronethyl chloro sulfate (ACROS Chem cal -1.2 equival ents) and
stirred for 4 hours with the tenperature gradually comng to room
tenperature. The organic | ayer was separated in a separatory funnel, washed
with 10 m saturated brine and dried over anhydrous sodiumsulfate. The

sol vent was POIMB?ider vacuumto give 0.703 g of a cr uBETESE004/q19399
product was identified by the formati on of new peak in the LCM5S with a

r et ent i oncdtilyse-0f054q@Gents) and OBE6 groditr dicdibeRP @PdqaivaRnE] dibddBrep@ko ml

correspondj rting naterial, le 51 hesi s.of Conpound A040- 26
00 1 N St it ool MR in g isg Bt e smminied Yy o e W dded
4-1sothi og. SW@b&hwi'@fﬂMhylm Sulfafe (AOROY CifRfriicd ¥ l&%qﬁwﬁl@ﬁih)/@ﬁlsﬂﬁ‘ed)for 4 Conpound
1101, Co ound 1&18 . 300 gﬁhjd}l%lm:o nmol e) and. 582 g godi um i odi de (4

equi val e to progn (SERETANTS. Lhe erganic JAYEEASr am vi al |
The 4-i sogé@mmeaﬂa@ﬂyhmaaemsﬁedm £0 4R ABPHNE an@ AL oter

A040-22) in 2. dry acetonitnle was added w th stirring. Thé m xture was
heat ed onsogiugg N@@n’@lﬂ‘o‘ﬁol"eﬁ‘a‘t’% regmowy upder ypcupmite give @793 grafaicrude piglhene

progr ess grﬁgje e o ym&% idﬁe‘a& ting

mat eri al @/ggucrégﬁss{&rre ?ﬁeﬂ%{fgactlon é&?g{t&gs puri um%éﬁlgﬂ)g%g?gatlve

LCVS r et eminutes and the disipr@a0n® afithepeslscomesponding to statiyg mhtdriafl 194. 1 ng of 94%
pure product was obtained and identified by LCMS. Conpound A040-26 is then
reacted with nucl eophil e-bearing targg ril‘gs]agents as described by the

met hods disclosed in the exanpl es ut| ¥z ng conpound 1105 to prepare useful
targeted prodrugs. -83 WD ZO@WMQESCWOWQWMO%Q Exanpl e 52

Synt hesi s of Conmpound A044-52 O O\ I

( | {@r\
o N+
!
O

A040-26
[0204] In order to prepare the 4-isothiocyanato phenyl acetic acid quartemary salt derivative of
Compound 1101, Compound 1101 { .300g, 1.0 mmole) and .582 g godium iodide (4 equivalents)
were dissolved in 4.0 ml dry acetonitrile in a one dram vial. The 4-isothiocyanatophenyl acetic
acid chloromethyl ester (compound A040-22) in 2.0 ml dry acetonitrile was added with stirring.
(-‘ The mixture was heated on a silicone oil bath at 65° C for five hours, monitoring the progress of
the reaction by LCMS. When most of thie Compound 1101 starting material was consurned the
reaction mixture was purified using preparative LCMS retention time of 3,019 minutes, m* =513,
A yield of 194.1 mg of 94% pure product was obtained and identified by LCMS. Compound

A040-26 is then reacted with nucleophile-bearing targeting agents as described by the methods
disclosed in the examples utilizing compound 1105 to prepare useful targeted prodrugs.
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A044-52 [0205] In order to prepare N benzyl-N-nethyl carbanmoyl chl oronethyl
ester, 0.300 ng(324 uL, d=0.942) benzyl net hyl am ne and 640 uL dii sopropyl
ethyl amne (1.5 equivalents) were dissolved in 2.0 m dry nethyl ene
chloride and cooled in an ice bath. Wien the solution was cool ed, 330 uL
chl or onet hyIWeRPM8MBT mate (1.5 equivalents) in 2.0 nm drBCHES24/EAE0
chloride was added and stirred for 2 hours, gradually allow ng the solution
to conme to roomtenperature The ¥ahmplvsgol uti on was placed in a separatory
funnel and washed with 2 x m water and 2 x 10 m | N
sodi um bi carbonate. The or ga tm ls'y(?"'ﬂ%"é' ﬂ?‘roéégaver sodi um sul fate and
concentrated under reduced pressure The ,chl or opret hyl car bamat e was obt ai ned
as 0.95 g of a yellow oil and |@ent0f|eg in LCMS as a uv active
conponent with a retention tine = § [0206] In order to prepare
the N benzyl, N-nethyl carg et hyp quarternary salt of Conpound 1101,
0.5 g of Corrpound 1101 and g sdi|/lJm i odi de (20 equival ents) were
dissolved in 5.0 M dry acetgfl toT N gl asss vial. The N-benzyl,

N- et hyl carbanoyl chl or onetihyl r s added to the solution then placed
on an oil bath at 65 C over . The™~>product was identified by LCM5 and
purified by preparative LCNR td gi verﬂtﬁﬁ._ ng (21.5 % theoretical yield) of
a solid assigned A0O44-52 with“a retentio ime of 2.731 mnutes,, M- = 485
and 90% purity. -84 WD 20041089925 PCT/ US2004/ 010399 Exanpl e 53 Synt hesi s
of  CoMp Q) Ader &7 profied Nhezy . N- Bt rboii fctidrorb B ler. OB RIiRE24 0, pr eDar €
N-benzyl, N-ret hyl carbanpyl nethyl quartemary sa npoun 1157, 22 ny
Conpound=0:942) beimylmeshyderaing and 64 Hedisopronyd gty Ka;mmflsisecaw&l@@ﬁ)wem N-benzyl - N-

( dissolved in 2.0 m! dry methylene chloride and cooled in an ice bath. When the solution was
cooled, 330 uL. chloromethyl chloroformate (1.5 equivalents) in 2.0 ml dry methylene chloride

was added and stirred for 2 hours, gradually allowing the solution to come to room temperature.

'

The yellow solution was placed in a separatory funnel and washed with 2 x 10 ml INHC], 1 x
10 m] water and 2 x 10 ml 1 N sodium bicarbonate. The organic layer was dried over sodium
sulfate and concentrated under reduced pressure. The chioromethyl carbamate was obtained as
0.95 g of a yellow oil and identified in the LCMS as a uv active component with a retention time
0f 3.520 mimutes
[0206] In order to prepare the N- benzyl, N-methyl carbamoylmethyl quarternary salt of
Compound 1101, 0.5 g of Compound 1101 and 0.5 g sodium jodide (20 equivalents) were
dissolved in 5.0 ml dry acetonitrile in a glasss vial. The N-benzyl, N-methyl carbamoyl
chloromethyl ester was added to the solution then placed on an oil bath at 65° C overnight. The
(‘_ product was identified by LCMS and purified by preparative LCMS to give 169.5 mg (21.5 %
theoretical yield) of a solid assigned A044-52 with a retention time of 2.731 minutes,, M+ =485
and 90% purity.
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———— R ——— s RPN
met hyl carbonnoyl chl oronethyl ester (2.0 equivalents) were mxed in 500 uL
dry acetonitrile in a glass vial, and heated in an oil bath at 65 C
overni ght. The product was identified via LCM5 and purified by preparative
LCVS. 5.4 ng was obtained (15.5%theoretical yield) of a conpound with a
retention tirvweoabo4ds®id m nutes, Mr = 483 and 98% purity. I& 34
Synthesi s of Conpound A044-28 O Yo OGH2 A044-28 9 [0208&?@8 agsog
prepare the benzyl fornoyl-1-ethyl quarternary salt of Conmpound 1101, 200
uL 1- chl oroethyl chloroformte was ii'd‘é&’é’!?ﬁ% 100 uL benzyl alcohol in 2.0 m
dry nethylene <chloride in ag{lﬁﬁﬁsg{@bm*, g%t 0 Cin an ice bath. To
the cool ed sol ution was added 200 uL pyridine which caused formation of a
white precipitate within a few m nutes. St'i rring-was continued at room
tenperature overnight. Ten m of methltge, chlo g) was added to the m xture
that was then washed with 1 x 0.% ; ¥ 10 M water and 1 x 10 ni
0.5 N sodium -85 WO 2004/ 089§ uS2@04/ 010399 bi carbonate sol ution. The
organi c | ayer was dried over ’ . fate and the solvent renoved under
reduced pressure. The benzyl - hyh formate was identified as a uv
active conponent with a retengion ti H’%Cﬁ. 933 minutes. [0209] To 100 ny
Conmpound 1101 and 100 ng NaT ] equi valentS) dissolved in 1.0 ml dry
acetonitrile was added 107 nt .5 equpgad.gats) of the benzyl-1-chloroethyl
formate. The m xture was heated at 65 C overnight. The LCMS indicated the
presence of starting material so an additional 107 ng (1.5 equival ents) of
benzyl - | - (020w eideectd prepareaN-benapisN-ackind cabandyh mettybqiaitagasaak bNOedpanat her 24

mater al Gt g, 2 resatim sy e Cialste £ o0 pedrernde?
i solfat ed methyl carbonmoy! chloromethyl ester (2.0 equivalents) were mixed in 500 uL dry acetonitrile in

a glass vial , and heated in an oil bath at 65° C overnight. The product was identified via LCMS

and purified by preparative LCMS. 5.4 mg was obtained (15.5% theoretical yield) of a

compound with a retention time of 2.810 minutes, M+ = 483 and 98% purity.

Example 54
Synthesis of Compound A044-28

B @\s
0 N*’\l
(cx,
‘ O A044-28
[0208] In order to prepare the benzyl formoyl-1-ethyl quarternary salt of Compounci 1101, 200
ul. 1- chioroethy! chloroformate was added to 100 uL benzyl alcohol in 2.0 ml dry methylene
chloride in a glass vial incubated at 0° C in an ice bath. To the cooled solution was added 200 uL,
pyridine which caused formation of a white precipitate within a few minutes. Stirring was

continued at room temperature overnight. Ten m] of methlene chloride was added to the mixture
that was then washed with 1 x 10 m1 0.5 M HCI, 1 x 10 m]l water and 1 x 10 ml 0.5 N sodium
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using preparative LCM5 to give 13.7 ng (8.7 %theoretical yield) of a
conpound with a retention tine of 4.690 m nutes, M=+ 488 in 98.6% purity.
Exanpl e 55 Synt hesi s of Conpound 1126 102101 In order to prepare

chl or onet hyl ‘k %L%B cinate, nono t-butyl succinate (Aldrich), 2.0 g,

t hat was di sso ved 0 m nethylene chloride was added R@I/ES2¢4209839vi al
containing 4.0 g pot assi um carbonate and 0.24 g tetra n-butyl ammoni um

hydr ogen tsdattfoRhie sbiBtich. Qhabrgms ra emtsfaue&we& Eddidn hﬂfa?é‘add‘%ﬁ‘e bt reﬁu&f 15

m nutes, 1.3 nlL chl oronet hyl orosul fate (Acros) was added to

et hyl enéméwreﬁuicerbprp%w@r T%Frhfﬂ%lﬂé -gbéoseqthyd formiatetvips ddepkiBedsasi ayvengtive t h oN

t enper at ygg gégéﬁhagu&lg £9983 Lehpgr ature. The organic | ayer was
separate:f R%L e% Wt h 0 n?g EP& and | x 10 ml saturated brine

sol uti on. lﬂmeTsdDlegcﬁvﬂmgnfhlWé@nd)\l'@}mahllay@ﬂ@qmvgﬁm)msww intled mhdrd t he

sol vent r |

obt ai ned agga{ Ae g gne?%ﬁangé%%)ﬁhgﬁ ?lia#%%e%ﬁﬂowt%g% 71 from
above wemsixtiressas heated Bt 653€ qvhmtght dbe MMS indicatechthel ptesame eﬂstmnglmafhnﬂ sg of
Oorrpound 11 an eater w.th st for 16
hours. 9&8%??%7&’1519&9 eﬁ‘gﬁﬁ’ég @@Pﬁﬁ? f’@? ate Wpg ﬁdle%ﬁ'é%h%et ween
wat er andlemltghﬁhmd exvtion Qdﬁoﬁgd‘he EJmMSrﬁéﬁﬁﬂee B@rdﬂhft?ﬁmdﬁcdugyﬁsemed g
separated, washed wit.h brine rjed, over su te an va ed to
e o iR SRS G Y S SRRy e S SO BRP TS HRIRES or 0
in the fusiRgpRparhlve ms,d@glse 1T henghe!719% Webrettl Pleldbea Ml?ouﬁ@ﬁvﬁiﬁd was then
filtered and, washed w th of acetonitrile and dri to give 2.8435 g of

>95% purlfftﬁn”ﬁ%’&%ﬁﬁf4e§§9i“§ﬁ€%§4‘4ﬁ+ﬁﬁﬁ 989k pwitat ention tinme 2. 719 ninutes,
(Mt] of 494 mz. Al of this product was dissolved in 10 nL of -86 WD
20047 089925 PCTI US2004/ 010399 thi omxhmpkelssri de and heated to 65C for 4

hours. The excess thionyl chlqride was renoved under vacuum and t he yel |l ow
oi | dried under high vacuum t §YpthesisoCompemddi2e ne acid chloride (Conpound

raact i ondobhimOedin Pepers Pt Rilsainn BapI- Ry Putte MR 40 and
de- FMOCe G, iRaivusiidbiveEin 8.0 ml methylene chloride was added to a glass vial containing 4.0 g

potassium carbonate and 0.24 g tetra n-butyl ammonium bydrogen sulfate in 8.0 ml water with

stirring in an ice bath. After 15 minutes, 1.3 mL chloromethyl chlorosulfate (Acros) was added to

the methylene chloride layer and the reaction mixture was stirred with the temperature slowly

coming to room temperature. The organic layer was separated and washed with 1x 10 ml water
and 1 x 10 ml saturated brine solution. The solution was dried over anhydrous sodium sulfate
and the solvent removed under reduced pressure. 3 g of a pale yellow oil was obtained and
assigned lot number A047-71.

( I[0211] The 3 g of A047-71 from above were dissolved in 36 mL of acetonitrile and treated with
1.8 g of Compound 1101 and 1.8 g of Nal and put on a heater with stirring for 16 hours. The
reaction mix (including precipitate) was partitioned between water and methylene chloride and
the methylene chloride layer was separated, washed with brine, dried over sodium sulfate and \
evaporated to give a dark oil. This oil was dissolved in 5 mL of acetonitrile and stored in the
freezer for two days. The yellow precipitate that formed was then filtered and washed with 3 mL
of acetonitrile and dried to give 2.8435 g of >95% purity product assigned lot A046-67A,
retention time 2.719 minutes, [M+] of 494 m/z. All of this product was dissolved in 10 mL of
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e e e ]
1.26 g acid chloride of Conpound 1111 and 5.6 g de- FMOC renoved RGDS pepti de
(both dried in vacuum dessicator over Phosphorous pentoxide) were mxed in
a 50 m round bottom flask under Argon gas. To the solids was added 270 uL
dry pyridine in 28 m nethylene chloride and the m xture shaken to dissol ve

the aci d chlwopi2d®sosddne m xture was placed on an orbital spalegobHsroszsone
hour. The solution was drained through a fritted plastic syringe and washed

added 500 N shioBE: BMIEARARINAE K BIR, TSaRs iRl AR TRobedbah S [ 107
ﬁol uti ontvaq'mm m@shwalhwtaldr@dsudwblgbtvwmmyleﬂrbl J908g 0§ﬂiewmdmh10hdcf t hr eteh

i romthe
rosi n. " THGORERRR 1780 a3 SR onch Sesid ot AL be B ST R, £ °Conpi nec
W th Llhg ra'd‘eﬁonss\(l)v! ;Jt [ zp 'rll'he TFAEsoI uti iog wassplt ?ced into four v: al s te?ﬁter
PR T L i e
LCVE and i6sg fid dhildrkid of Compoexdtlé thand 56 g usFNg)(pfeﬁiwé@RGw peptidy (both diies e

LCMS. The conbi ned. runs | ded 163.7 of 96% pure roduct ass ed | ot
L 056 35 Iy ey Hestisetan by Thp PR el PEploxi) W g Aed 03y at 427

N z. The LfgddfAr MW@&E@éﬂdsmﬁamﬁm@mWﬁﬂéxﬁﬁﬁlﬁl@!ﬁ?ﬁﬂé‘éﬁl@i&aﬁ@om in
Figure 7 and F|gure 8. In Flglg # t he x-axis time in mnutes and the
RFF §

y-axis fdhe mixgure ghkerfoskisselyg hlml@q F’hawsma‘f@eelaeffﬁ qusancqspital phakenfor
det ect or o%Eh&ﬁ“‘TﬁUEoﬁxﬁanv@E dﬁaiaedm‘igaq\ﬁqmdcymhe GyritfEe hid Whahbd With b @ehect ed by

t he evaporative ht scattering detector Figure 8 the x-axis is the

mass-t o- GMH)@@etcthn o thy solyeyt drained; Tasthasresin wag pddeg] ﬁf’@h‘s prigole folloyyed biﬁ/s\ s ion
p047-71 & %?fgﬁﬁégq?%%%é%’i@* e e e el RNed W st e i "0 © O

solunon for three hours with occasional shaking. The TFA solution was drained away from the

resin. The resin was washed with 10 ml methylene chloride which was combined with the TFA

solution. The TFA solution was placed into four vials that were blown dry with Argon gas. Each

vial was treated with multiple ether washes and again blown dry with Argon gas. The product

was identified by LCMS and was purified in seventeen runs using preparative reverse phase

LCMS. The combined runs yielded 163.7 mg of 96% pure product (assigned lot 2036-33) with .a

retention time of 1.768 minutes, M-+ = 853 and [M+H]/2 at 427 m/z.The LC-MS chromatogram

and mass spectum for this compound are shown in Figure 7 and Figure 8. In Figure 7 the x-axis

is time in minutes and the y-axis for the top chromatogram is milli-absorbance units for the UV

detector at 254 nm and for the bottom chromatogram is millivolts detected by the evaporative

light scattering detector, In Figure 8 the x-axis is the mass-to-charge ratio (m/z) and the y-axis is

( the intensity of the mass ion count.
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O TFA gz~-, QO H Thlon g~~-0O A046-67SM Chl ori de, Heat A046-67A 0 OT OdC
O O N* RGS-P2lyner TFA (resin cleavage) Prep HPLC 9A04C-67B OH H H2N rH
OH HNOO \~~-O00O0 t I -QAc O N Compound 1126 | -88 WD 2004/089925

PCT/ US2004/ 019@%G04/083934P! € 56 Synthesis of Conmpound A052-10 O g/ O ~* |
00 \ | A052-10 PCT/US2004/010399

SCHEME 10

0 8]
0 O
Ay Y
0 0

AD47-71

Compound 1101
Nal, Acetonitrlle, heat

O Thionyl
A046-67SM Chioride, Heat

/

0 O

T

O | 0= ¢l
o

r*’\ RGDS-Polymer TFA (resin cleavage)

Compound 1126
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[0213) In order to preparation the phthalimdonethyl quartemary salt of
Conmpound 1101, a mxture of 100 ng Conpound 1101 and 100 ng sodi um i odi de
(2.0 equivalents) were dissolved in 3.0 m dry acetonitrile. To the m xture
was added 12 oronet hyl phthalimde (Al drich) and the vial was
heated in an&g?}io@?gﬁﬁgt 55 C for four days. The product wWBST/P3RIPIIPI%RG by
LCMS as a new peak with a retention tinme of 3.984 mnutes, Mt = 467. Exanple
57 . Synthesis of Conpound A052-08 Examiple 560 N-O ~~O A052-08 [0214] In
order to preparation the pht . ry salt of Conmpound 1101,
a mxtureof 100 ngy Conpound%m&g%ﬁ%l"ﬁ%&@g%@n i odi de (2.0 equival ents)
were dissolved in 3.0 m dry acetonitgile. To the m xture was added 128 ng
of chl oronet hyl phthalim de and the vi§l was heated in an oil bath at 55 C
for four days. The product was i dgnts d by LCM5 as a new peak with Rf =
3.984, M+ = 467. -89 WO 2004/ 0899p M ) SP004/ 010399 Exanpl e 58 Synthesis
of Conmpound A044-78 Oi | OH 1 e N0 NAO#A-78 [0215) In order to
prepare the 4-Carboxybenzyl quartegary sal {_ofq Conpound 1101, 300 ng
Compound 1101, 400 ng sodi um i odig@gé J{nd 500 of chl oromet hyl benzoic acid
were mxed in a glass vial and #ndadspg4. 0 M dry acetonitrile. The
reaction was heated on an oil bath™at : :

{0213) In order to preparation the phthalimidomethyl quarternary sait of Compound 1101, a
mixture of 100 mg Compound 1101 and 100 mg sodium iodide (2.0 equivalents) were dissolved
in 3.0 ml dry acetonitrile. To the mixture was added 128 mg of chloromethylphthalimide
(Aldrich) and the vial was heated in an oil bath at 55° C for four days. The product was identified
by LCMS as a new peak with a retention time of 3.984 minutes, M+ = 467.

. Exampie 57
Synthesis of Compound A052-08

N"\o
0

AD52-08

[0214] In order to preparation the phthalimidomethyl quarternary salt of Compound 1101, a
mixture of 100 mg Compound 1101 and 100 mg sodium iodide (2.0 equivalents) were dissolved
in 3.0 ml dry acetonitrile. To the mixture was added 128 mg of chloromethylphthalimide and the
via} was heated in an oil bath at 55° C for four days. The product was identified by LCMS as a
new peak with Rf = 3.984, M+ = 467.
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65 C and nonitored for two weeks by LCMS. The solution was filtered through
a flitted plastic syringe that had been fitted with an additional 2 mcron
filter. The desired conmpound was isol ated using preparative LCMC and had a
retention tinme of 3.717 mnutes, Mr = 442. Ayield of 27.7 ng of 96%purity
was obt ai nedWORRM/E2RBox] i ¢ aci d group of conmpound A044- 7BCTAIS20040Mt ed t O
a reactive group by a) reaction with N hydroxysuccinim de as descri bed by
the nmethod in Exanple 31 to preparExdoigle 881S acti ve ester orb) conversion to
the acid chloride as descrifped b net h i anpl e 56. Either of these
reactive groups are then rea@%@#%ﬁ@““ﬁ%gﬁi lic am ne or al cohol
groups of targeting agents using nethods descpibed in the previous Exanples
to give targeted prodrug conjugates. Exanple §9 Synthesis of Conpound
A044-80 NCO I~ 1 ~I ON) o O 2084/ 089925 PCT/ US2004/ 010399
[0216] In order to prepare t jenzyl quartemary salt of
Compound 1101, a m xture of 1 1101, 450 ng sodiun iodide (3.0

equi val ents) and 490 ny (3. 0~ege “ﬁWOf 4- chl or onet hyl

benzenei socyanate was di ssol ved i d m |dry acetonitrile and heated oil

in an oil bath at 65 C for 2 _ge The i ndi cated the reaction had gone

to conpletion because of thf sence of starting material (Conpound 1101).

The product was identified new(ddal8 with a retention time of 4.577

m nutes, Mt = 439. Conpound A044-80 is reacted with nucl eophilic groups of
0 produce carbamate or urea |inkages to the

Y:ﬁ Igce);J .s nhﬁiggltﬁkgg%?ogﬁ%ﬁ ¢ e ybanzy aypreanary salt of Cogrewb UM B0 mE and
AD40-  26¢okyaiR11200 900 mg sodium iodide and 500 mg of chloromethyl benzoic acid were mixed
(' ina glass vial and suspended in 4.0 m! dry acetonitrile. The reaction was heated on an oil bath at
65° C and monitored for two weeks by LCMS. The solution was filtered through a fritted plastic
syringe that had been fitted with an additional 2 micron filter. The desired compound was

isolated using preparative LCMC and had a retention time of 3.717 minutes, M+ = 442. A yield

of 27.7 mg of 96% purity was obtained. The carboxlic acid group of compound A044-78 is
converted to a reactive group by a) reaction with N-hydroxysuccinimide as described by the
method in Example 31 to prepare the NHS active ester or b) conversion to the ac1d chloride as
described by the metﬁod in Bxample 56. Either of these reactive groups are then reacted with the
nucleophilic amine or alcohol groups of targeting agents using methods described in the previous
Examples to give targeted prodrug conjugates.

Example 59
( Synthesis of Compound A044-80
O N==0



Synt hesi s of Compound AO44-4 Oo0o ON 4 00 9Z~-'AA4-4 102171 In order to
prepare the pival oyl nethyl quartemary salt of Conpound 1101, 100 ng

pi val oyl chloride (2.0 equival ents) was added dropwi se to a m xture of 100
ng Conpound 1101 and 100 ng sodiumiodide (2.0 equivalents) in 2.0 m dry
acetonitril eVORE %P ure was heated on an oil bath at 6BCEHUBIP4/8L038y s
The solids were filtered using a fritted plastic syringe fitted wth a 2
m cron f {0286k In offiee tcpraproeihd 4dsasyiuitnbeizyl quirtenery sgio bECendpasid g0l aepstuest | ve

LCVB. A | ow.~sol i | t i on. Li of. 2. J, UL M- = 422 was
obt ai ned®h oﬁn%c?fu"'%?‘%d\g?bﬁfgg‘g“g Sgn%}{'% aﬁ%.(g@)e%‘ﬁ¥%%?”§si%‘gli%%g§%‘b4/ 089925
PCTI US20 eqifivilesng 8f 4-EnlarpiethyblienSyeisheymhate ohs Gesvped 4. 00 @ryvdetofited@ Br g O

A040: 7 218]. . t hyl t It of
Lonpoundiepiedois sg ol bagh e c P2 RSP Rie IS sifioled BE AR PRIBR R et o o111
i nda lg: aS@'xépdétﬁin;btead’ﬁ@e_ «ilﬁtﬁe Qash{oeﬁﬁﬁfﬁﬁht gbateﬁﬁm@pﬁdﬁ.lgommhqﬁgw?hs was added
an allowed.to stir at ,rogmtenperat ur overnni . I Ndl C e resence
of st art d5Bifiaga8 gy P wﬁh%refegggq fgp 0 §77HE‘<'£‘P%BS‘QT =%ECCPWP%%&QQ4%& h for
8 hour sis fd{ed Rt REIebpHEEOSSupRE Qarths ditdetitlg At th PRAGE dathaiaft drilgeasol i ds

washed with a small amount of cold acetonrtrile. The solid was dried in a
vacuum déBkagestp dhe tergeting agerts birthe methods ek Examples utilizing compound 1105 and A040-
26. .
Example 60

Synthesis of Compound A044-4

O AD44-4

[0217] In order to prepare the pivaloylmethyl quarternary salt of Compound 1101, 100 mg
pivaloyl chloride (2.0 equivalents) was added dropwise to a2 mixture of 100 mg Compound 1101
and 100 mg sodium iodide (2.0 equivalents) in 2.0 ml dry acetonitrile. The mixture was heated
on an oil bath at 65° C for 2 hours. The solids were filtered using a fritted plastic syringe fitted
with a 2 micron filter. The compound was identified and isolated using preparative LCMS. A
yellow solid with a retention time of 2.735 minutes, M+ = 422 was obtained with a yield of
102.3 mg of 93.7% purity.
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was identified as 264 ng of a white solid with a retention tine of 2.204

m nutes, Mr = 380 which was 97% pure. This conpound was found to have very
hi gh water solubility; a 32.5 mllinmolar solution of this conmpound in
phosphat e buffered saline was prepared, by dissolving 27 in 1.865 m, of
phosphat e buPAEP34Fi ne with a resulting pH of around 4ggﬁﬂ@EWﬂEw&Piquot
of this solution (which contains 1.625 uMdl es of Conpound 1101 as a
prodrug) was injected in the tail \Examplfela nude nouse with no observabl e
untoward effects illustrating_the .l . of toxici for the prodrug form
whereas injection of 1.04 u&%@%%%%%lﬁzaused I medi ate death in
three out of three mice. Additionaldy, 250 uL of this 32.5 nM sol ution of
conmpound A040-70 was adm ni stered o a nude\ nouse by oral gavage. After 5,
15, and 30 m nutes 40 uL of ood was ai ned and anal yzed by LC M5
(after extraction using acetg l e)flto nstrate that conbined bl ood

| evel s of prodrug A040-70 and._cophound I/ were 1.8- 4.97, and 4.80

m cronol ar at the respective tiJre gaint .w$ﬁ]s result denonstrates oral

bi oavailability of the activeldrug fro thg)prodrug invivo. T 'e chloride
salt is obtained by dissolvigg thys conpo A040-70 in a m ni num anount of
wat er and passing through an h exchange resin bed such as Dowex 22
(chloride form avail able fronmwA dri AP4ENY t hen washing with water and
freeze-dry the conbined eluant to give a solid possessing a chloride ion

exchange th romde jion. -92 20041089923 PCTI U 4/010399 Exanpl e
65 Pr opa Wb IR Secdd BEPYE A HoF SR BERFFHDY BGACAGPPER HOH Lhe . vt or
sol ubi | i tCompbdrbrid1 whia flissodiad. in 18 &1l dgorBeniaie i a faWvidl; and 1A FSmbBehH) A 78
ng portion of con@gundé vvaqudl sspolved.in 2 nL of acetonitri]e along with 76
10 ot | NGECtEin Y PAALARS) RS s ARLALlgeR oSk ok OB ferBRr SIS UL LR AD20- 62
and stir riffcadd fReabndeOF staRink Pibltctial, 36 he kBG4 Wik Ho@Bd PUESF Uigdn Bl biB ¥&'sse phase
LC-Ms to give 2r’trhg 51% yreld) of ﬂyellow, ) .

hours. The mother liquors were decanted from the solid and the solids washed with a small

amount of cold acetonitrile. The solid was dried in a vacuum dessicator overnight. The product

was identified as 264 mg of 2 white solid with a reteﬁtion time of 2.204 minutes, M+ =380

which was 97% pure. This compound was found to have very high water solubility; a 32.5

millimolar solution of this compound in phosphate bliffered saline was prepared by dissolving 27
mg in 1.865 mL of phosphate buffered saline with a resulting pH of around 4. A 50 uL aliquot of
this solution (which contains 1.625 uMoles of Compound 1101 as a prodrug) was injected in the
tail vein of a nude mouse with no observable untoward effects illustrating the lack of toxicity for
the prodrug form whereas injection of 1.04 uMoles of Compound 1101 caused immediate death
in three out of three mice. Additionally, 250 uL of this 32.5 mM solution of compound A040-70
{ was administered to a nude mouse by oral gavage. After 5, 15, and 30 minutes 40 uL of mouse
blood was obtained and analyzed by LC-MS (after extraction using acetonitrile) to demonstrate
that combined blood levels of prodrug A040-70 and compound 1 were 1.8, 4,97, and 4.80
micromolar at the respective time points. This result demonstrates oral bioavailability of the
active drug from the prodrug in vivo. The chioride salt is obtained by dissolving this compound
A040-70 in a minimum amount of water and passing through an anion exchange resin bed such
as Dowex 22 (chloride form) available from Aldrich and then washing with water and freeze-dry

the combined eluant to give a solid possessing a chloride ion exchanged for the bromide ion.
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solid A027-85 with a retention time of 2.30 mnutes and characterized by
havi ng a nass spectrum show ng M+=556 as expected for C30H38NO3. A snall
sanpl e was introduced into phosphate buffer at pH= 7.4 followed by LC M5
over tinme wh n substantial portion of the prodrug converted back to
conpound | V\n%{(ﬁk@?{osé’gﬁ mated hal f-1ife of conversion of al&F{US30048d9%. - 93
WO 2004/ 089925 PCT/ US2004/ 010399 0 O~ P-oHP- OH OH OO0 Cl OP"OH ~"\I
OONH-INOH O {. H2N I / H ~' PoHExdthpid &%-' OH O Conpound 1111 A042-70 %H

P-OH 0O OljrepNarslat%anOo?a p%lyooxy&hyﬂefeb-pea%nggmgr?llg forOnoNnionic water solability

CI/\O’&/\D/\/O\/\ 0/\/0\
ADZ5.82
Nat, ACN, Haat
Compound 1

0 /(\0/\/0\/\0/\/0\
0 '

O

}
b zres
g

[0219] A 78 mg portion of compound 1 was dissolved in 2 mL of acetonitrile along with 76 mg
of Nal and treated all at once with 144 mg of chloromethylester A029-62 and stirred at 65°C for
5 hours. The reaction was purified by reverse phase LC-MS to give 72 mg (51% yield) of yellow
solid A027-85 with a retention time of 2.30 minutes and characterized by having a mass
spectrum showing M+=556 as expected for C30H38NO9. A small sample was introduced into
phosphate buffer at pH= 7.4 followed by LC-MS over time whereupon a substantial portion of
the prodrug converted back to compound 1 with an estimated half-life of conversion of about 3

hours.
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A046- 89P Exanpl e 63 Preparation of a bone targeted prodrug of Conpound 1.

[ 02201 A 20 uL portion of 75 mvblar A042-70 (1.5 uMdles) in water was added

to a vial containing 500 mwl ar phosphate buffer (11 vials at 11 different

pHs ranging from3.0 to 8.0 in 0.5 unit increnments). After m xi ng each vi al
was then tr¥Qeed/ofieh 50 uL of 60 uMdlar Conpound 1111 pEr/B§Rbaiibiosi | e (3.0
uMbl es= 2 equivalents relative to am no group of bone targeting agent) and

m xed by shakipg. After one hour a 3 uL aliquot of each vial wasg, injected on
HPLC and the Y deternmined for starting material and_desPHed

pr oduct yHproduct of aqueous hydrolysis, Conpound 110¥. Onl g"'the

sanpl es O P TS g.S and 8 were feound totfave \%\I/ﬁ\\ t
anount s 2d |hoge targ ted prodrug 6 89P (retentio ime 2.50
®Oundl fory 1075 m z C42H59NAD1IP4)NT M2

m nut es; / 2=538 pAH al so found).
This exarpl e denonstrates thattthe BPtimefpH for syt he s bone

t ar get eq gdrug un hese <condition is pH=7.0 which gave _about 42% of

t heoreti yi el d of the desired bone targeted -94 WO 2004 %‘%25

PCTI US2084/010399 ro?rug of conpound 1 poss ing 4 phosphdnic acid
groups. AfterCQKmHB&?Q Yhalysis this sane ?ﬂ%ﬁon standi ng for that
time at pH=7.0 indicated that thel targeted prodrug had converted conpletely
back to conmpound 1 denonstratratijng reversibility under physiologically

rel evant conditions. Exanple 64 JIn Vivo Efficacy of Conpound 1126 Agai nst
Non- Smal | Cell Lung Cancer 102211 Male nude mice of 4-P vgeks in age

wei ghi ng around 30 grans were inqcul ated subcutane R~amn the right flank
with 5 mllion tunor cells (human non-snall ¢ ng camer cells: H1299)
on,day 0. Aftdd 14 f allow ng the tumfrs to glew ¢h& animals were
di Vi ded into grougs of |5 i h~CNe gr oupﬁL@ﬁel ved vehicle control
al one. rece ve -dgy taiLl vei p’f'm ections (i.v) of 50 uL
vol une @ i |11 nol & sol uti on of Conpoun 126 dyn phosphate buffered
sal i ne CorFesReMa g"m] 25 ny/ kg/ day dosing | evel 'Lbne active
o)
0
A046-89P
Example 63

Preparation of a bone targeted prodrug of Compound 1.

L4

[0220] A 20 uL portion of 75 mMolar A042-70 (1.5 uMoles) in water was added to a vial
containing 500 mMolar phosphate buffer (11 vials at 11 different pHs ranging from 3.0 t0 8.0 in
0.5 unit increments). After mixing each vial was then treated with 50 uL of 60 uMolar

( Compound 1111 in acetonitrile (3.0 uMoles= 2 equivalents relative to amino group of bone
targeting agent) and mixed by shaking. After one hour a 3 uL aliquot of each vial was injected on
HPLC and the UV peak area determined for starting material and desired product and by product
of aqueous hydrolysis, Compound 1101. Only the samples at pH of 6, 6.5, 7, 7.5 and 8 were
found to have significant amounts of desired bone targeted prodrug A046-89P (retention time
2.50 minutes; [M+] found for 1075 m/z C42H59N60Q19P4) [M+2]/2=538 m/z also found). This
example demonstrates that the optimum pH for synthesis of bone targeted prodrug under these
condition is pH=7.0 which gave about 42% of theoretical yield of the desired bone targeted
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conponent of the prodrug (i.e. compound 1). The |l ast group received

tw ce-per-day tail vein injections (i.v) of 50 uL volume of 4.9 mllinolar
sol ution of Conpound 1126 in phosphate buffered saline corresponding to 5
ng/ kg/ day dosjng | evel of the active conponent of the prodru conmpound 1).
The tunors méyggﬂﬂggﬁF%d every three days using calipers t%Fnﬁké@mm 9 the

tunor vol h i i Welels r.ecorde h | S_were
sacrifi Ceﬁ%ﬁ%ﬁg@mﬁo}ﬁﬁ.}@L%ﬁ%féhoggh‘éﬁ%ﬁa&%gquﬁs.&%fgoéﬁgn%g@a ® st rong
t unor vol saee sobdion staoding B shastime ot H=61.0 indicatbd thiat tHe megeted\peodiughad doavdried st

dat apoi nt _onl d after treatnment (Day 17)..and . cqnt.ipui t hroygh to
he-and ofREe;tiak o HimpPind { EHolRusfingmévaa il fogr oo B Ak
Reduct i onsondifigngg Conpound 1126 at Usi ng Conpound 1126 at [ 25ny/ kg/ day
5ng/ kg/day Day O - Day 17 35% 29% Day 20 66% 50% Day 24 68% 44% Day 27
68% 35% *Conpared to the vehicle onh%m%:&gtérol animal s [ 02221 The tw ce per
day doses were well tolerated over t fieek adninistration period. The

ef fi cacy resul t m WhoRifivsyof Compoasd DINSAatiiht Myn-SnlaNabell urid Sadcet i cal | y
significant difference -95 WO 2004/089925 PCTI US2004/010399 in the ani nal

body wei gii221kialeamnde tive of d+6twesks prage preiphithg tatvmnd 3 giiame atereinboudatalips whi ch as

a general ,neasure of . gr.o t oxl.city.lndicate he target r.odrug has a
desPran! oovuuRsepay fundrieh nan i sinfuncs hufeRselis s Rt ool eater 11 26
Agai nst BeglisNH {2995 616 d:%mmrbmi@e bmhmgﬁyum&&sl | ﬂblgi’ovaﬁledﬁﬁﬁd]) ¢ \bgé di'vmﬁExarrpl e
above except_ using a hunman ain cancer cel], line (1J87M5 and wi ¢
t reat ment ¢ A BYOMRYOIO AT sachi 1ot &TPILR Tepsivsdrvebicle c?ferﬁpfs Alope,| Qpigegroup received
twice-per-day tail vein injections (i.v) of 50 uL volume of 24.4 millimolar solution of Compound
( 1126 in phosphate buffered saline corresponding to 25 mg/kg/day dosing level of the active

component of the prodrug (i.e. compound 1). The last group received twice-per-day tail vein

injections (i.v) of 50 uL volume of 4.9 millimolar solution of Compound 1126 in phosphate
buffered saline corresponding to 5 mg/kg/day dosing level of the active compbnent of the
prodrug (compound 1). The tumors were measured every three days using calipers to determine
the tumor volume and the animals weights were recorded when the animals were sacrificed on
day 27. The resulis are shown in Table 7 and indicate sirong tumor volume reduction versus
control fof both dose levels at the first datapoint only 3 days after treatment (Day 17) and
continuing through to the end of the study: *

Table 7
% Tumor Volume Reduction* | % Tumor Volume Reduction*
Using Compound 1126 at Using Compound 1126 at
( 25mg/kg/day 5mg/kg/day
) Day O - -
Day 17 35% 29%
Day 20 66% 50%
bay 24 68% 44%,
Day 27 68% 35% .

*Compared to the vehicle only control animals
[0222] The twice per day doses were well tolerated over the two week administration period.
The efficacy results above were also accompanied by a lack of statistically significant difference

95-



measur enent occurred on day 10. The results of Conpound 1126 agai nst this
cancer cell line are shown in Table 8 and indicated effectiveness and a
desirable lack of toxicity: Table 8 % Tunor Vol ume Reduction* Using
Compound 1126 at 25ng/kg/day In US7M5 xenograft nodel Day O Day 10 20.2%
Day 14 52.0Y0 2484989975 38. 506 Day 21 35.2% *Conpared to tREI/USDMENESIDNI y

control . ani mal s Exanpl e 66 Al pha v targeted Pl 3 kinase inhibjtors abrogated

the t ub@ theguimelihedy Hrishiscersen the sonfrl goup and the fwatreaimmt grquge vhich 2921 Tube
formati SIRIYFErds tox RN irftiidaf the thGe o @3 £ fespan| £RkRity.N Vi vo.
I n thi s%giagﬁ%l e it%rvvas diebtﬁgrm' ned toﬁ%htggﬁﬁggdrgglgs Pfl 3 kibﬁlség ?ﬁ%} itors

(i ncluding targeted P13 ki nase inhibitor prodrugs) could inhibit tube
formation. Matrigel was plated i nte*™MG83 | plate wells and solidified in
37C for 2 hours. 1pxviveEifiteyePConpoasd N'2l6i ainsEBldin CiE&4 t hen put on the
top of the Matrigel layer in the presence of PBS, RADfV (cyclic negative
cont r ol {oReFt Asl@imalR6ddlyWas (/& describebinBxu@pl ABbvedkcdpl RiihgShumd¥aEin (| | near
negative control egtlde), cogound 1, .or Conpound 1126 at 20 M

concent FRESTSAN B@%‘E—Wﬂ N anppath freatmepfstatin ny lay | such Hah theyfizst temer valespe. vl |
formed huRgSnieAbcBEred chitl 18 etheirBultdisr ddapoaRd f%ﬂiﬁiﬂtﬁs Ednof deft lihe 2gNE!  OF
Figure). There was not nuch difference in the V-, RADf V-, or RCDS-
cont ai nthegmiirTable 8 andriadisgedpifectivapgssiand adesireblg dk of Eicity'S2004/ 010399  PBS
control. Tube formation was signifiggptgy | ess in Conpound 1101- and
Compound 1126-

% Tumor Volume Reduction¥®
Using Compound 1126 at -
25mg/kg/day
( : In US7MG xenograft model
Day 0 -
Day 10 . 20.2%
Day 14 52.6%
Day 17 38.5%
Day 21 35.2%

*Compared to the vehicle only contro} animals

Example 66

Alpha v targeted PI 3 kinase inhibitors abrogated the tube formation of EDC-CBF1
endothelial cells on Matrigel.

[0224] Tube formation represents to some extent the formation of angiogenesis in vivo. In this
example it was determined to what degree PI 3 kinase inhibitors (including targeted PI3 kinase

( inhibitor prodrugs) could inhibit tube formation. Matrigel was plated into 12-well plate wells and
solidified in 37°C for 2 hours. 1 x 10° EDC-CBF1 endothelial cells were then put on the top of
the Mairigel layer in the presence of PBS, RADIV (cyclic negative control peptide), RGDfV
{cyclic positive control peptide), RADS (linear negative control peptide), compound 1, or
Compound 1126 at 20 °M concentration overnight. Pictures were then taken using a microscope.
Well formed tubes can be visnalized in the PBS control wells (top left panel of Figure). There
was not much difference in the RGDfV-, RAD{V-, or RGDS-~ containing wells compared with
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containing wells. Exanple 67 Targeted P1 3 kinase inhibitors |Induced p53
transcriptional activity in HBECs [0225) This experinent tested the effect
of PI 3 kinase inhibitors (Conmpound 1 and the targeted prodrug version of

Compound 1; Oorrpound 1126) on the induction of p53 luciferase activi %’?/
transfecti onWHWPAMEPE was sinilar to that described in t RETUSUEI03Pe to
nonitor p53 transcription. Conmpound 1 (6 hour exposure) induced nore than

two fol d Bl 'ﬂlﬁieffbfmﬁibn v kiguificantly el id G@msoand 1 001- andiCopoundrgeé-ed
versi on of cogtﬁo egg (Conpound 1126) had even better ability of inducing
the p53 |98 activity (to alnost 3 fold). This induction of p53
function was denonstrated to be abrogated by the p53 inhibitor, pifithrin
al pha at 20 uM concentration. Co- trliacﬂﬁ:iﬂt(ﬂﬂ on of catalytic active Akt also

LEQLAELEE%E?,G? Bgﬁﬁﬁﬁﬂtl%iﬁ?”ﬁe'-%ﬁﬁ & e éfi%ﬁﬁ?ﬁ%ﬂé&iéﬁﬁﬁ%&ni? ream
gave an ORFEIM TRARREE Ged PesBE BLPLT Rk S P Bortpabif fn et ARG 1

(E;aggl e) E‘;ﬂodrﬁgwgréx?lmgmmanhd Wmmumﬂ ﬂ]!l&ﬁn:[tﬁeﬂlﬁw):ctﬁlﬁwbs3)lgcﬂ%rx§ela&1iﬁwt&g44 84
. s wei ghed out into es an i ssgl ve
i mredi gt e \A%EP%Q BP@B‘BF%W%@%%B?@[ ‘f‘i’ﬁﬂg“&ﬁ © tQymonit %‘(?Sgt i on

cont ai Ni NehnkcripBed. t:ob%gmi U{Ehodf elpefiiré)induBed rhofe@idn thY 1@ hiphBr MEFR4se and 1% by

vol ume acetic acid of this_ solution was injected for_each

pr epar at i 3EVisHharhe eRpuRbrid thereckdaepionot somenaund i (erepasad 1150 hed evenes.- 4)
with 0.1 cﬁ%d@ PerataY nBGRt rile
(015-4) %V\nﬁtaﬁdboﬁylg/ﬁg?et Ic gcslii(ajlﬁgf&ﬂﬁa | N t(tlgéllﬁlll &?y%‘oﬁae)a%ggar{it vvas&?g%%) t hen

| i ne(ar | y fhegtiewas dengusirsiedtpche abmgatedbyithe é%@mbﬁar, pifitlrie alphecti 20 YMr anped t o
95%B at
a %Egeﬁtrg@ o%uégﬁaﬁﬂgch@ﬁ hﬁc&i?ﬁ{c%cw@m& g.?o %@5}1@%@&&%&&%@%8

ranped bac e starting concentration
tot al purthest cowponads. T0ispesiltishewsthatitee n5g ttiahdckiptan induced by RB lgyasc inhibifes is

acconplis I S | f Usi ng

Thi s ar adoaapitsd AP mE b M e AR AT Bilelefprotie Ailoutd Tiacs™ 17,y
and 427 (gwealgnhaiced aductionDf $F3 wersusitiesintafgesslt drag Cowpoand bl I ect ed during the
preparative chronmat ography runs when the signal detected at the ELSD

exceeded 10

Example 68
Purification of Compound 1126

[0226] Reaction mixture A044-84 (2.33 g) was weighed out into separate 0.33 g samples and
dissolved immediately before preparative chromatography in 800 pl of a solution containing 1
part by volume acetonitrile, 1 part by volume water, and 1% by volume acetic acid. 400 p) of this
solution was injected for each preparative chromatography run. The pump A eluant was B&J
water (365-4) with 0.1% acetic acid added, and the pump B eluant was B&J acetonitrile (015-4)
with 0.1% acetic acid added. Initially, the eluant was 10% B, then linearly ramped to 34% B over
a 4 minute period, then linearly ramped to 95% B at 4.25 minutes and held there until 5.25
minutes, then linearly ramped back to the starting concentration of 10% B at 5.50 minutes. The
total pump flow was 20 mL/minute. Re-equilibration of the system was accomplished while the
autosampler was sampling for the next run. Using this gradient, the product with positive mass
spectral peaks at 853 (m/z=1) and 427 (m/z=2) eluted at 3.37 minutes. Fractions were collected
during the preparative chromatography runs when the signal detected at the ELSD exceeded 10
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-97 WD 20041089925 PCT/ US2004/ 010399 nv. Fractions contai ning product were
diluted with a two-fold excess of water (by volune) and frozen in a
| yophi li zation vessel using a dry ice-acetone bath i mediately after

collection. After |yophilization over a 24-48 hour peri f 180 ny
of Conpound¥Q2¥WOZY2X white fluffy solid with a purity o r@%zw‘\%@é”gbt ai ned.

Thi s exa e denonst.rates at_wi.t h car.ef ul contreol the |abile prodrug
Conpoun E‘rgig"‘?%tw@ﬁ ﬁoiaém‘lné Bfoéii"é a elr%'IAél?“lult WIBU? W‘&/'%E;sﬁxﬁbqs 8&}'@8{1@’3' 5 3@@8* ever se
phase sdpadndh b Oyophiizdtiod vessEainglaatrp et @frrbath igimed{ateBCaficr esltdciiore ARepdr ug
Ni'S und, 1 OBl - /"N ACN 11 f NNO OD.AD13-94 9 .\N r-o
OONI ( 8??{%%%@1%6‘?)’&?‘;"433)“8 peniody t‘ﬁ}ﬁ "8§6¢ Bg\"%lpsmp‘?“qd'tlh a3 WS ﬂ"efi%I’Ao 17. 67
I'1_ O edihilith a garity of 9§94 whs obtained. This example demonstrates that with careful pH control

the labile prodrug Compound 1126 can be isolated in high purity using aqueous based reverse

phase separation methods.

Example 69
Preparation of SCN-reactive Prodrug

[0227] A 184 mg portion of A014-48 prepared by the method of Example 20 was dissolved with
154 mg of Compound 1 in 12 mL of acetonitrile and stirred at room temperature. After 16 hours
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"roSI 1 rONOO/ ONOM /I 0 A027-15 A01759 \ | ~/ [02271 A 184 ny
portion of AQ014-48 prepared by the nethod of Exanple 20 was di ssolved with
154 ng of Conmpound 1 in 12 nmL of acetonitrile and stirred at room
tenperature. After 16 hours -98 WD 2004/089925 PCT/ 11S2004/010399 LC Ms

i ndi cat ed Y4B conversion to the desired quat conp®ETAS2eP48039di ti on

45 nmg o e J.o 0 nd was. added.and. after an additiqnal 22 hqurs the
react i o&‘cﬁ[gg ‘ﬁ%‘f?ge%tago‘g%g%%cogfﬁ%?’égqqgﬁdeéﬁew&ﬁmﬂo% il a“ﬂﬁﬁ’r?@nég meMo
Corrpouﬂﬂ'le\ﬂﬂﬂ)@ﬂiﬂiﬁdl_f @Maﬁﬂé&nﬂdﬁﬂm nSaﬁh Hﬁioﬁdﬁd?h@\ﬁfﬂhbirm&d_)nﬂﬂzégg&fg%O %h(e4§g)/l i ds
were then centrifu .an sh_with acetgnitri t i v : ng 0

yi el d) S?mPlﬁ'é‘mcf@@%&gh‘bq“gﬁ%\%ﬁ OiFPPdHiCGHp%FW?a@?gP%@?@WQé%“BW% retention
tine of addifshal 74 kit ThAQUdS Hartitheh deEfbeS hidBFaslividlacdBfitfioto SSIIN205S as
conpound COVPOUND 1105%3%02@%%5% standi ng i n net hanol conpound 1105,

reacts &ed4nnyieidehthsde igB pugty phwacierizad b3 agetentiophime of288nt i on ti me
of 2. 78 o{ihfliklRd (A6 dESKRE SA-esk 4 13cIRAds Z&lﬁ)@ﬁmﬁﬂ]@
illustrates the reaction of the isotﬁi ocyanlg%?)ssp%?%g w th an al cohol to
give a d¥bamate conjugation to the linker. [0229] The isothiocyanate
I nt er megh O&P]Fg] oS, LS 195 tBack, 'aﬁg,s!,- ] | . t hyl ene
chlorid z?ggy?%lna ygi n te%!ééégr‘{é’?@%ce ol\f%’t ri esta‘{l]éy m %Q@%H&oéﬁgsecondary
anm nes tompaing &01L3-84with adetentiondimppf S 8 AfittesBd theetxpedtecoM-+Hof A1 Br84 mi nut es
showi ng | Jed f : 79) . AQLL- 57 tention tine
> 26 BRI P el ot fop o eds WS b MR RAGSTS T
A027- 15 givenetrbahite cojugitior’todRe himkent es showi ng the desired M+ of 816 nmiz for
C38H48 S.. These exanpl es. denopstrate reagtiopn in good yi.eld of the
a0t i ol VUL T s E A R el PR CRE RS G YO BT o ve ¢ ho
deSi r ed plethylend ciilbidUsptionallyliehdprisenboftonmoathideMBsudibig tdefidareatingdow t h
trifluoropacetic acid g/ni g\g surEri Si, rlllglﬁl%/ ave, the cg%{icl i.C CerHound éA017-59
during 6H& UEgBrdEctfuchag Al fig- HRiento @%g-sfbmwﬁsel? B the Grstrel i+ of 044

m/z for C35H38N3078S); A017-57 (rete_ntion time 2.46 minutes showing the desired M+ of 616

m/z for C33H34N3078); and A027-15 {(retention time 2.82 minutes showing the desired M+ of

816 m/z for C38H48N3011P2S. These examples demonstrate reaction in good yield of the

isothiocyanate prodrug with a diverse group of nucleophiles to give the desired linked products.

The A017-55 compound was further reacted with trifluoroacetic acid which surprisingly gave the
cyclic compound A017-59 during the course of cleaving the t-butyl group (retention time 2.47
minutes showing the desired M+ of 570 m/z for C31H28N3068). This example demonstrated
additional chemistry can be performed on the linker group of the prodrug compounds. In
phosphate buffer at pH=7.4.significant amounts of this compound converted back to compound 1
over a 17 hour period, followed by LC-MS.

Example 70

Acute Toxicity of Compound 1 versus Targeted Prodrug

[0230] Intravenously administered Compound 1 was determined to have a 100% mortality
within 5 minutes of administration in three nude mice at a dose level of 16 mg/kg. Compound
1126, prepared by the method of Example 56, when injected intravenously at 37% higher dose
level (22 mg/kg) in three nude mice showed 0% mortality even after 1 hour of observation. This
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m nutes showi ng the desired M+ of 570 mz for C3IH28N306S). This exanple
denonstrated additional chem stry can be perfornmed on the |inker group of
t he prodrug conmpounds. In phosphate buffer at pH=7.4. significant anmounts
of this conpound converted back to conmpound I over a 17 hour period,
fol | oned bgy([@"ﬂ/&‘”@(arrpl e 70 Acute Toxicity of Conpound®CI/US30EO03Tar get ed
Prodrug [ 02301 Intravenously adm ni stered Conpound 1 was determ ned to have
a 100% pnk ' kel lind rdVed @&Iﬁf}, ; Rafdh'fég ' REB&i e mce at a
dose |e€/% g%‘de%m%éﬁrggh&?npouﬁ%ﬁmﬁ%n& p g{)‘g&gd by taitlgth%et hoc?ﬂt%)&fj Exanpl e
56, whefexicity etthegro al/comenmmg lat 37% hi gher dose level (22 ng/kg) in
three nude mce showed 0% nnortality even after 1 hour of observation. This
-99 WD 2004/ 089925 PCTI U52004/010mm;ﬁ8<ﬁﬂp| e denonstrates the inproved
formul ation ability of the prodrugs and the dimnished toxicity of the
prodrugs of Conmpound 1. Exanplénaleg ofGempepndfl Conpound 1 0 OH go NI
A037-94 (02311 During the preparatigon of the internedi ate A046-67SM such as
described for Conpound 1126 in Exanp¥e 56 a side product was observed. This
material was purified by LC M |3 "ggl e conmpound, A037-94,
consi stent by proton NVR with ructure and giving a retention
time of 3.00 mnutes and a mag m show ng the expected [ MtH + of 338
mz (very |ow abundance) and np%t\’mss [ MMHF41( ACN)] at 379 ni z.
Mnovel anal og of compound 1

This exanple denonstrates the ijsolation

sui tabl e for additional prodr difica hett’ Exanple 72
A037-94

[0231] Dun'ilg the preparation of the intermediate A046-67SM such as described for Compound
1126 in Example 56 a side product was observed. This material was purified by LC-MS to give a
single compound, A037-94, consistent by proton NMR with the proposed structure and giving a
retention time of 3.00 minutes and a mass spectrum showing the expected [M+H]+ of 338 m/z
(very low abundance) and more prominent mass [M+H+41(ACN)] at 379 m/z. This exarople
demonstrates the isolation of a novel analog of compound 1 suitable for additional prodrug
modification.

: Example 72
Use of Prodrug to Deliver Compound 1 in Mice

[0232] Mice were injected with a million non-small cell lung cancer cells (H1299)

( subcutaneously and allowed to grow about 7 days until the tumor mass was approximately 10 to
15 mm by 7 to 9 rom in dimensions. Animals were injected with the targeted prodrug,
Compound 1126, either i.v. (50 uL) or i.p. (50 uL) with 32.6 mMolar solutions of Compound
1126 in phosphate buffered saline. After 60 minutes the mice were sacrificed and the tumors
removed. Three small pieces of the tumors were retrieved and minced. After aging for 24 hours
te allow all of the prodrug to convert to compound 1 the tumor samples were extracted with
acetonitrile. Quantitation by LC-MS indicated that the concentration of extractable compound 1
(as the sum of free compound 1 and derived from Compound 1126) was 157+7 nanomolar in the
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Use of Prodrug to Deliver Conmpound 1 in Mce [02321 Mce were injected with
a mllion non-small cell lung cancer cells (H1299) subcutaneously and
al lowed to grow about 7 days until the tumor mass was approximately 10 to

15 nun by &6900910 4 N dinensions. Aninmals were inject eob&,ﬁg054m03§ﬁr get ed
pr odr ug, npoun 126 either i.v. (50 uL) or i.p. (50 uL) wth 32.

mvbl ar sol ution bu fer After 60
m nut esﬁl{nﬁ’ 3&%re 'S %%HILEII ceé%%r%gl;i ﬁh é dfor%rler{g smal | pi eces
of the injsetios mﬁsecamplerdemmﬂramadaerdehwglof@érhpmndg|tcmguﬁomrhs@éukmgras to all ow
all of @Eﬁe&ﬁrodﬁé to convert to conmpound 1 the tunor sanples were extracted
wth Quantitation by LC-Ms indicated that the concentration

of extractable conmpound 1 (as the sumof free conpound | and derived from
Conpound 1126) was 157f7 nanonol arExamplé?3 - 100 WO 20041089925

PCT/ 1JS2004/ 010399 Sed 0L th P. ection and 27117 nanonol ar
in the tunor pieces foﬁo‘feﬁ@i’ﬁ%v} e Pl ??%95 @l‘?ﬁ'é ound 1 | e denonstrates the
del i ver e._usin anple 73
rever of Pt RE LR Babube tﬁ%?lﬁ'n’“?%*ﬂeaﬁa MeoBiso ety BN e er e
di ssol veadl then dilutedrat zast il O-fERVEE 60 anphosphmaelbr;tfesatlp}b# R4 ionpHad.B )d allbmed t hen
diluted, at |l east Ofoldr hosphate buffer, at . H 4.8
and " al | LA S GO EReRprey ShoEpel SEFRTTE of b eoporas Banbers FiiroBer | he
CONPOUNEiHgdd e 5@ AUSHOaMG D I’A[hiﬁﬁits omngledvefmmn&ad @RalPAA by D-KIS.to Al i quot s

over ti were taken and an IVB to determ ne both _di sappearance
of prodﬁ%°&ﬂf@?%ﬁﬁﬁ@%&mﬁaﬁ REBIBTA AT Gug) (2 dlhind 1126 was

found, tqoa?a«ﬁadmt@{vagfohﬁﬁo%vmhﬁ ohﬂibht Bhow? Bmmi Phdi@life of bt Of about
64 hours a Compound 1110 was found to have a haI f-1ife_of about 10

hotrs ab4 at@H*é'néd Gprmenouad 110vas foundiig have adelfdifeofabgut I8doumahaHzDA0- 70 was
found t 91&'@' Qhaﬁ%f) ek %t p(ﬁ— 4.8088hpckiAd POUHF0 Has RJ"uﬁZ t&1 JIQ%%& ligXGTP! es

denonstrate t at chem cal t he prodrugs converted rug (conpound 1) and

t he di sahpybHlkovesat pH=7. Hemmaxu@lewmnvra;ﬁﬂha@bmddmﬂmpmﬁmg@m@m on
taki ng f&lﬁﬂ'&f(cﬁi‘dﬁ&mﬁ%L:?d'mé‘hls%lé&h&ﬁe%th%lodﬂlé 1808y SERbalkhAliy S!over at

acidic p
conversion taking place much faster at physiological pH and substantially slower at acidic pH.

Example 74
Synthesis of Tumor Localizing Conjugate

[0234) The electrophilic group-bearing compounds (such as compound A036-48B, 1105, 1107,
1111, A024-79, and 1113) can be reacted with Polymers bearing nucleohilic groups such as
alcohols, amino, and thiol groups. N-(2-hyroxypropyl)methylacrylamide (HPMA) having
molecular weight of 2000 to 100,000 is reacted with excess compound 1111 in a nonprotic

( organic solvent such as methylene chloride or tetrahydrofuran in the presensce of triethyl amine
or diisopropylethyl amine and then separated by size exclusion chromatography,
ultracentrifugation, or precipitation in another solvent such as methanol or ether. The polymer
thus precipitated or separated is substantially free of 1111 and is used as a tumor localizing
conjugate that releases active compound 1 overtime in the vicinity of the tumor resulting in
antitumor and anti-angiogenic effects. Likewise polyglutamic acids can be converted to poly-

nucleophilic bearing groups by reaction of the carboxylic acids with excess diamines using
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Exanpl e 74 Synthesis of Tunor Localizing Conjugate [0234) The el ectrophilic
gr oup- beari ng conpounds (such as conpound A036-48B, 1105, 1107, 1111,
A024-79, and 1113) can be reacted with pol yners bearing nucl eohilic groups
such as al cohols, am no, and thiol groups.

N- ( 2- hyr ox YY§? #184/P89P35t hy| acryl ami de (HPMA) havi ng nol ec RCIUSARMGHIIDT 2000

to 100,000 js reacted with excess conmpound 1111 in a nonprotjc__organic
sol ventCadipdtmigds cpgrling If&ﬁ‘i)é"eé E?V §Z¢ 8’@?‘5”“@%{%@? ar Eﬁm?ﬁh“ﬁ%kﬂ‘@ sence of
tri et hylurdeaa to ggmﬂlgogﬂﬁfcﬁay&ﬁ% Mioﬁmfﬂgly?_ﬂﬁnﬁ@%.s eMhadedloB Ry cahitied

excl usiion chronmat ography, ultracentrifugation, or preci @Itatl on in anot her

sol ventbegenstedlireptist Withoicosspogiont pf compeunds 1y beer 1105 05AR648Bhon A28 96

separ at i o @ﬁfc =y I : | Rilarf58 W cali zi ng
conj ugaa?lgp%oﬁlglt% e ggf"slglg %ﬁ%ﬁ%%ﬁ%ﬁdﬁs%@yﬁm In tﬂ%e Vi C|cﬁ:°?y of the

t unor rtgethyltamine ondiisepyep i mminecnd then sepagitedgorsize exslision dromatpgraphye

pol ygl 1L C .aci . - i1 hNg groups by
Feact] ONPEyRald, EEenFBR AL AR MhRPbly (MELERTD b BRADLRO, O

20041 0898i2gatEi Holyisa0bw Baditeed or sepamathidiinsubetantinily fien gf Towl thalemidhr weight z e

excl usi gn,chr onat o h ro.r rse. phase HPL rification to,qbtain

pol y-n JST%%SWE&@ a@é %‘Ells%dn% a&ﬁé@ﬁ?/%ﬁzﬁ‘ggﬂ?%gaé%‘gﬁsr%ﬁsﬁse%%%ﬁ 8?19%1?15% an then
be r eacdvedingt i et iginity éfitheaes esydting inanstuaior adaawngioednidéffets. 1105 or
A036-48B or A024-79 in an aprotic organic solvent such as nethyl ene
chloride or tetrahydrofuran in the presence of triethyl am ne or

di i sopropyl ethyl am ne and then separated by size excl usion chromatography,
ultracentrifugation, or precipitation in another solvent such as nethanol or
et her. The poly- conjugated polyner thus precipitated or separated is
substantially free of Iow nol ecul ar wei ght residual prodrug and is used as
a tunor localizing conjugate that rel eases active conpound 1 overtine in
the vicitnity of the tunor resulting in antitunor and anti-angi ogenic
effects. -102 CLAIMS 1. A conpound of the formula: R2 ZI
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R3 AZz RNL-R6E RL 4 R5 wherein, Ring Ais benzo; Z, and Z2

i ndependently are S or 0; R and R2 independently are H, optionally
substituted aliphatic, optionally substituted aryl, hydroxyl, hal ogen,

al koxy, heterocycle, cyano, am no, or, are taken together to form an
optionally substituted cycloaliphatic or optionally substituted aryl; R3
represents H, optionally substituted aliphatic, and optionally substituted
aryl; R4 and R5 independently are ¢&LAQNS onal ly substituted aliphatic,
optionally substituted aryl, heterocycle, aryloxy, carboxy, or, are taken
toget her top farnatbudRif eeablnuigubstituted heterocycle or optionally
substituted heteroaryl; R6 represents H, optionally substituted aliphatic,
optionally substituted arylR, al koxy,Zcarboxy, anino, heterocycle, aryloxy,
and optionally substituted thg i a taygeting agent; and L represents a
| i nker group; and the bond bepX¥eRn a4fd3L i s hydrol yzable. 103 2. The
conpound of claim1, wherein IFlARl ng R2 is selected fromthe group
consisting of. g | | I//1 Ho L\ N\ HOHOCH2 | I I I \ I HO

HOCH2 HS \ I \ 1\ I\ I\ LR,
R/ Rs
wherein,
Ring A is benzo;

Z, and Z, independently are S or O;

R; and R, independently are H, optionally substituted aliphatic, optionally substituted aryl,
hydroxyl, halogen, alkoxy, heterocycle, cyano, amino, or, are taken together to form an
optionally substituted cycloaliphatic or optionally substituted aryl;

Rj represents H, optionally substituted aliphatic, and optionally substituted aryi;

R4 and Rs independently are H, optionally substituted aliphatic, optionally substituted aryl,
heterocycle, aryloxy, carboxy, or, are taken together to form an optionally substituted
heterocycle or optionally substituted heteroaryl;

R¢ represents H, optionally substituted aliphatic, optionally substituted aryl, alkoxy, carboxy,
amino, heterocycle, aryloxy, and optionally substituted therewith a targeting agent; and

L represents a linker group; and

the bond between N” and L is hydrolyzable.
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11 H2N\ \ HOC\N I v\ I VI V' I\ HOOC HOOC \ \ | \ | \
O\ and O\'0O 104 3. The conpound of claim11, wherein RA-N-R5

I
I i
fromthe group consisting of: HONOONOHNNOHF~~Xo OUOHO ~~~H
L

O and 105 4. The conpound of claim 1, wherein R6 is selected fromthe
group consit iThgcahpound of claim 1, wherein Ri-Ring A-R; is selected from the group

consisting of:

X R o X

O HO . HOCH, O
HO r HOCHf‘ \rg HS
HS l O H,N . - H(O)C l
: i H,N" : i : i H(O)Cr :i

HOOC o O o&
g ) ) ¢
0

104

I O \ O\
s sel ected

(0]
-J ~~/OHEN\ Nmo, ~n NI / N--N-F HOLl~ vi \/ ON~-N \ uONHS O



0-1000000000 O-NO-1055500\ 111 Oj 0OV OO- NCscl o
0O OON VCH3 1 I O~0 HOSSs 00O O NCS\ I 0O~01 ONCSHO/\CH
OH OHOOH J~~ f pOM™H_ wl O OCd 0--i00 OoHOHCO 0 -
/OH SSSSS | HIO
3. The compound of claim 1, wherein Ry4-N-Rs 15 selected from the group consisting
of:
N/\/OH

N %@z §Ceyelnoline
P b e FLL A,
)
o R B FOr L ey

o
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Nv OHC NON, OO-N\'U 2zZf~ O 5555550 0O-N F--OHC \ / and p OO0
0 106 5. A conpound of the fornmula: R2 ZI R3 AZ4 | Z2ZR4 N\ R R6 R- Rs
wherein, Ring Ais benzo; Z,, Z2, Z3 and Z4 independently are S or 0; R
and R2 independently are H, optionally substituted aliphatic, optionally
substituted aryl, hydroxyl, hal ogen, al koxy, heterocycle, cyano, am no, or,
are taken td4gdhheompourddorfmlzim 1,oykteraomRk isyselagtedtfrany theceroye towistippatii ¢ or
optionally substituted aryl; R3 represents H, optionally substituted

al i phatsi c, and optiqgnally substltuted aryl; R4 and R5 |ndependentl are H,

option substltut al i option substitu 5P%inﬂ : cycl e,

aryl oxy, b Y ane ak n tpgether jto |on ut ed
er,

heterocyc?e dr Bp |onai ubst i gi=het

rm
yrxi%% representsO "
optionally subs?Tt ut ed al i phatic, optionally subs uted aryl, al koxy,

car box am no, heterocycle, aryloxy, and optionally substitWted therewith
a targetin agent represe : CH2-, - CH3) -, -LH(Ph)g_. - CH3) ( COOH) -

R T
%—M s w@‘ 5 b :Qt@
PCHA e %@Mf
O L T H
K e £ ?95 fo g

e ?“l‘\i‘l‘:iﬁ ‘1;5 O
PADIS SO
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t he bond between R7 and the quaternary am ne is hydrol yzabl e.

conpound of claimb5, wherein R-Ring AAR2 is selected fromthe group

107 6, The

consistingof. / \ /I HO/ [/ I \'' 1 \'' I HOOH / HOHOCH2 \ \ | \ I \ |
\ HOHOCHZHS/l \|\|\|\|\ HS RN HOC I | I I I HNHOC
L R \ V1 V1 % O Ol \ Oand O\-0O 108 7.

The corrpoun%l éfc%‘lll%ﬂuﬁfigft%‘f@ﬁéiﬂﬁ R4 N-R5 is selected fromthe group
consisting of: ~/OH O

wherein,
Ring A is benzo;
Z\, 2y, Z3 and Z,4 independently are S or O;
R, and R; independently are H, optionally substituted aliphatic, optionally substituted aryl,
hydroxyl, halogen, alkoxy, heterocycle, cyano, amino, or, are taken together to form an
optionally substituted cycloaliphatic or optionally substituted aryl;
R; represents H, optionally substituted aliphatic, and optionally substituted aryl,;
R4 and R; independently are H, optionally substituted aliphatic, optionally substituted aryl,
heterocycle, aryloxy, carboxy, or, are taken together to form an optionally substituted
heterocycle or optionally substituted heteroaryl;
Rg represents H, optionally substituted aliphatic, optionally substituted aryl, alkoxy, carboxy,
amino, heterocycle, aryloxy, and optionally substituted therewith a targeting agent;
Ry represents -CH,-, -CH(CH3)-, -CH(Ph)-, -C(CH;)(COOH)- or CH(CH(CH3)2)-; and

the bond between R7 and the quaternary amine is hydrolyzable.
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2 N-NEND OHOO O OHO Hu HoHEc N ~~~ mobo, H 0% 0 N/ NO and jj \ /
N~O NH2 109 8. The conpound of claimb5, wherein R6 is selected fromthe
group consisting of: o 0/ 000O000O0= 0 ~n/ O-NOOO~0 O~\ 1 II
0OGJ OO\ 00 NSo I el 00 Zj~ON JQ H f HB3I~O OSSSf /nms O

OO
6. The compound of claim 5, wherein R-Ring A-R; is selected from the group

consisting of:

T G o T

O HO HOCH, O
f rO fg rO .
HS . . H,N . . H(O)C O
I :: H,N I i I : H(O)C ! i : i

. HOOC g g O/Eji
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7.

Hl o-N ONCS \ OO/ \ ONCSHOOH OOHO HOOH O
N Z--- /0HOO0O C 0500 Cc foHOHC frYOH 0O 0 o
NC NONONO 3 fff \V/ Offf O 0 F~~-OHC O and
110 9. A conpound of the fornula:

The compound of claim 5, wherein R4-N-Rs is selected from the group consisting
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RR Zi RB AzZ4 ZZ R~ N RT ZRs R4 RST wherein, Ring Ais benzo; Z,
Z2, Z3 and Z4 are independently are S or 0; R and R2 independently are H,
optionally substituted aliphatic, optionally substituted aryl, hydroxyl,

hal ogen, al koxy, heterocycle, cyano, am no, or, are taken together to form
an optionally substituted cycloaliphatic or optionally substituted aryl; R3
represents H. ®h¢ canpdind cfiwksmi %, wheckimRi phsateced famdthemrogneadnsigtisgibSt i t ut ed
aryl; R4 and R5 independently are H, optionally substituted aliphatic,

optionakly substituted aryl, het erocycl e, aryloxy, carboxy, or,
t oget hem i

form an |on bstitute heterocycl i ona
substitute et.erar ep esents H ogpti nalll stituted ali 2 i c,

optional | y° substlt ted al kg#y o CaEFbox het er Scycl g—/ar yl oxy,
and optionally slBstituted therevvlth a targeting au nt R7 represem{s -CH2-,

- CH( CH3}-.__ - CH(Ph) -C(CHI) ( - or CH(CH(CH3)?2)- T repreggents a
targeti g apgent; a; he bond en R7 afd the quatiernary, e is

hydr ol yzabFe,—~111" 10)_The conmpoun of cIa m ere%S\!ﬁA -RZ is

sel ected fromthe grouf cpngi stidigooh~ J\TZ |/ I\ o\

HO OH / HO 2 HO HOCHZ HSHZNH(O)C
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HZN HOC HooCHOOC N VI V1 VO V1 VI / / OOand OO 112 11. The
conpound of claim9, wherein RA-N-R5 is selected fromthe group consisting
of: SOHn 0 </ ~-NUOHOHOOOO Hp_,,-,,",,HNH" ~n N~ N0 H
0~1 0 NO"\"~"--~- NCand """ /O NH2 O 113 12. The conpound of claim

9, wherein R6 is selected fromthe group consisting of.
A compound of the formula:

wherein,
Ring A is benzo;
2y Z,, Z5 and Z4 are independently are S or O,
R; and R; independently are H, optionally substituted aliphatic, optionally substituted aryl,
hydroxyl, halogen, alkoxy, heterocycle, cyano, amino, or, are taken together to form an
optionally substituted cycloaliphatic or optionally substituted aryl;
R; represents H, optionally substituted aliphatic, and optionally substituted aryl;
R4 and Rs independently are H, optionally substituted aliphatic, optionally substituted aryl,
heterocycle, aryloxy, carboxy, or, are taken together to form an optionally substituted
heterocycle or optionally substituted heteroaryl;
R¢ represents H, optionally substituted aliphatic, optionally substituted aryl, alkoxy, carboxy,
amino, heterocycle, aryloxy, and optionally substituted therewith a targeting agent;
R~ represents -CH,-, -CH(CH3)-, -CH(Ph)-, -C(CH3)(COOHR)- or CH(CH(CH3)2)-;
T represents a targeting agent; and

the bond between R, and the quaternary amine is hydrolyzable.
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OOCTNTO\N /NNTSS ONOTONJI-NT SSSSO ONXOGTOTOT / O \4
OO\ NTO NTO_\ FONTOTNTOS OONTS<NTNNT OTSOT N
OTOp _/ NT NTT \ OOTO O OO

10. The compound of claim 9, wherein R|-Ring A-R; is selected from the group

consisting of:

T Gy Ko e X

HO” : i f‘ HOCHng :‘ :: HS
HS l . H,N ] ! H(O)C ]
I :—_ H,N I : I i H(O)C I i I "rrl-

HooC
g .
HOOC O 0
Jo0 Qo
o —

<Zﬁ O\E;( °©i e @J
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OT and O 114 13. The conpound of claim9, wherein the targeting agent is
sel ected fromthe group consisting of vitam ns, peptides, proteins,
| i posonmes, bone-seeking agents, and cartil age- seeking agents. 14. The
conpound of claim 13, wherein the vitamn is folate or vitamn C. 15. The
conpound of claim 13, wherein the peptide is an RG-containing peptide
sel ected frdm Tlhﬂeccgmpmmd@di nkis O wherin RAIR s is §E@DEK]romvthe groaptcongisting
flbrone tin, somatostatin-receptor agonists and somatostatin-receptor
ant agofi'sts. 16. The conpound of claim 13, wherein the proteinis a
tunor - speci fic nonoclonal antibody or fragment thereof. 17. The conpound of
claim 13, mherel t he bope-/se k| agent IS seIected fromthe group

acjid

consi st osph

c onethylph phoni ¢ aci d,
phosphate polyphosp at and ype 8. The
conpoun Ia|n117 re|n t bo -S ent EDT [:z;}P
ABDTMP, BAD OIFX- BP, A}sg% (‘d Iendronat ,

4- am nobut yl phosphonic a | hydroxyethane 1,1- d|ph09@Hon|c aci d,
anlnonethyleneblsphosphonlc aci d, phytlc acid, and

N, N- bi s nethyl hosphono) - 4- am n - n20|c aci 49. A co ound f the
forml a: EgﬁtfﬁBH n apresent group; Y
represents top-| - ( )-. -CH(Ph) (C}B)Z) . Z,

and Z2 independently Sor 0; an

h’x
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n=0to 1. 115 20. The conpound of claim 19, wherein, X represents C or
l; Y represents -CH2-, -CH(CH3)-, -CH(Ph)-, -C(CH3)(COOH)- or CH(CH(CH3)?2)-
Zi and Z2 are each 0; and n=0. 21. The conpound of claim19, wherein, X
represents C or |I; Z and Z2 are each 0; and n=1. 22. A nethod of
purifying a conpound according to any one of claims 17, conprising: (a)
-adding -a d@w&%mﬂlmmd@fphﬁmi%@hsmﬂcbmpbgmd fiom the godupt Gopsistivgelt ei n sai d
solution conprises at least 0.1% by (v/v) of an acid; (b) adding the
solution of (a) conprising said conpound to a chrongtography systen and
(c) isolsat said und. 23. The net Qf cl aim|22 wherein said
chromat ggr aphly systéemis |HPLC. . a co sition according to
any one of imsrl to | o7t he srehof: of—8" nedi dam@nt for the
treatment & aonditi n agsociated with\PlI - % kinase activity.. 25. The use
of a conposition according to any one of clains 1 to 17 in tﬁig\fanufacture
2

of a nedicanent for the tregnent of inflammtory di sease. . . The use

according to cl ajm=24 wherei|lp said conpgsition fur onpri sgs one or
nor e addgtional apeut i ents. § 0 N N——T
0 o0—T

/U\ o—T

O O
0 0
N—T
N—T

%——< :%——Q T

0 g g_—t>r__d/ é——“>>__C/T

© o—T 0 and 8]
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27. The use according to claim26, wherein the one or nore additional
therapeutic agent is selected fromthe group consisting of alkylating
agents, antinetabolites, 116 asparagi nase, vincristine, vinblastine,
ant hracyclines, mcrotubul e disrupting agents, taxol, herceptin,

gencti t abi ne, and etoposides. 28. The use of a conposition according to any
one of cl ai nk3. The gompoinn eftedaimmy vdfesain thedangbting agsut sarkented firom thaguwipng

apoptosis.... 29. .The use of a ¢ osition accordi,ng to _an ne.of clainms 1
Lo 17 1oRSiRGng Eviterliny Bratess TySialth Hasremtes Aoperrein fasnBeti eribe
chenosegsking Mgdnts.of tunmor cells. . 30. The use of a conposition according
to any one of clains 1 to 17 in the manufacture of a nedicanent for the
enhancenent bf Thhsompaumskedrdaim 13, wherein thgrvdlamireis| felate or3ditanin €. use of a

e canent 1 o 1RReoR ARt AR, Mol bt s R R MR C° 06 5

a conposddctedtraas e gowcdmisdny oPRGDR] c(RGEDIKD, VitdoBeckih, fibrdnb&in, manuf act ur e of
a medi canent for the inhibition of angi ogenic processes associated with non
cancer #imasesiatin-receptor agpaistygad spmatosighpdedepiosAntgagesldi ng to any one of

clains 1 to 17+ fact . I t t of
pancreatiti 51]651’%@ C&"ﬂ o‘ﬁﬂ;{fel&o%flﬁgi I(L:%%rr%lgisﬁuﬁhgﬁ)gegg@@? gitt%lég{'%}egﬁlf r%(%g)tc%?lglcl ains |
to 17 ismtibbey onfurhae theirefof a nedi canent for the treatnment of ulcers. 35.

The use of a conposition according to any one of clainms 1 to 17 in the

manuf act ur e bt Tae se@pewndbofclaisy 13 nderain therhone-sepkingmagent is selgpledfromibe The use

of a co it I . of . £l ai: i manuf act ure
of & melP R seiinB e PhBbtoh e ISR Uil siildnd o prbile bR, R

conposi phaphag polyghogphhe, anyhydnexyapatitt-dindinglpdligpepfidésd the manufacture of a
medi cament for inproving performace of a stent. 38. The use of a conposition

accor di ng t ol&irijie samperidolalam 17, teherem the hope-seqking agsat WD BYIPaDRdMIcanent
for the,hiAAFBSADOMBESP, BFabE AT URH), SRARRSAAL Hifidronate,

4-aminobutylphosphonic acid, 1-hydroxyethane-1,1-diphosphonic acid,
aminomethylenebisphosphonic acid, phytic acid, and N,N-bis(methylphosphono)-4-amino-
benzoic acid.

19. A compound of the formula:

Z1
S:C:N—Q—(CH?_)"%
ZE“—Y

X

wherein,
X represents a halo group;
Y represents -CH,-, -CH(CH3)-, -CH(Ph)-, -C(CH3)(COOH)- or CH(CH(CH3)2)-;
Z, and Z; independently are S or O; and

n=0101.
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39. The use of a conposition according to any one of clainms | to 17 in the
manuf acture of a nedi canent for the treatnent of conditions associated with
a mutant PTEN. 40. The use of a conposition according to any one of clains
Ito 17 in the manufacture of a medicanent for the treatnent of
hypertensign. 41. The use of a conposition according to any one of clains 1
to 17 in tR#E Thesrmpeundobclgimddnedi canent for the disruption of |eukocyte
function.. 417,42 The use of a conposition according to any one of clains 1
to 17 in the ndEnufacture of a nedicanment for suppressing differentiation of

pr ogen} 3. The use of a conposition according to any one of
cl ai ns%feﬁé“ﬁ‘?glbmﬁe manuf acture of a nedi canent for the inhibition of

PhospRAL L o oSOl et 32ty 2 - 68 of i CRITRL 1) 118
Z, and Z, are each O; and
n=0.

21. The compound of claim 19,

wherein,

X represents Cl or [;
Z1 and Z, are each O; and
n=1,

22. A method of purifying a compound according to any one of claims 17,

comprising:
- {a)  addinga composition comprising said tompound to 2 sohrtion, wherein
said solution comprises at least 0.1% by (v/v) of an acid;
b adding the solution of (a) comprising said compound to a
chromatography system; and
(©) isolating said compound.

23. The method of claim 22 wherein said chromatography system is HPLC.

24. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the treatment of a condition associated with PI-3 kinase
activity..

25. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the treatment of inflammatory disease. .

26. The use according to claim 24 wherein said composition further comprises one or
more additional therapeutic agents.

27. The use according to claim 26, wherein the one or more additional therapeutic

agent is selected from the group consisting of alkylating agents, antimetabolites,
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asparaginase, vincristine, vinblastine, anthracyclines, microtubule disrupting agents, taxol,
herceptin, gemcitabine, and etoposides.

28. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for inducing apoptosis. .

29. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the enhancement of chemosensitivity of tumor cells. .

30. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the enhancement of the radiosensitivity of tumor cells..

31. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the inhibition of tumor induced angiogenesis..

32. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the inhibition of angiogenic processes associated with non
cancer diseases..

33. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the treatment of pancreatitis.

34, The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the treatment of ulcers.

35. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the treatment of gastric cancer.

36. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the treatment of liver cancer..

37. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for improving performace of a stent.

38. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the treatment of age related macular degeneration..

39. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the treatment of conditions associated with a mutant PTEN,

40. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the treatment of hypertension.

41. The use of a composition according to any one of claims 1 to 17 in the

manufacture of a medicament for the disruption of leukocyte function..
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42. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for suppressing differentiation of progenitor cells.

43. The use of a composition according to any one of claims 1 to 17 in the
manufacture of a medicament for the inhibition of phosphatidylinositol 3-kinase in a whole

cell of a mammal.
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