WO 2004/ 089925 PCT/ US2004/ 010399 PI -3 KI NASE | NH Bl TOR PRODRUGS BACKGROUND
OF THE INVENTION. 1. Field of the Invention [0001] The present invention
relates to prodrugs of Pl-Kinase inhibitors and nethods of using these
i nhi bi t or swa2oo0das9easi pti on of Related Art [0002] PI-3 kipgaagsedbfizd | ar ge
fam ly of lipid kinases that phosphorylate phosphatidylinositol in the D3
p05| tion to generate an t ant second nessenger, phosphatidylinositol
-phosphate. Menbers ot HINASEINHIBLLQRPROVBUGS, i vi ded into 3 cl asses
based on sequence honol ogy and the product formed by enzyme catal ysis. The.

class | PI-3 kinases areg iﬁtﬁ? 110 kd catal ytic subunit
and an 85 kd regul atory sug uni H@%@Wﬁ?@%‘es are involved in

i nport ction events downstream of cytokines, integrins,
growt h o@éﬁgﬁy@?ﬁrﬁ%norecept ors, which suggests that control of this i

pat hway[ﬂﬁﬁﬂ The aresend irivaptomt rglates tmp@'pmf PE-Kigrsé mbibitors ad0 @8holnbfiusingi on of

cl ass ltthe ﬁ‘ﬂo se i nduces apoptosis, blocks tunor induced angi ogenesis in
vivo, and increases the radi osensitivity of certain tunors. LY294002

(2- (4- nbr Peseriptigh pf Belatededwt| - 4H 1- benzopyr an- 4-one) (Conpound 1) is a well

(o pos B0 E13 MBReAEd Pl rafil PBRho el RS oMo i ulBphieTar = 1

ant i - cathe®s paemndn tozgememts mﬁnﬁoﬂ%ﬁﬁd aresseager phebphatidylinbsitbl Byphidsghateack of
aqueou S nd QOr .. nnacgoki neti cs. Nbreover Y294002 has no
tiss ueﬁg[ﬁ%‘g?rf ?fctl]e #%‘ngl eefkglml %ﬁtﬁgé"gﬁf? S ItB?:‘Fﬁ ﬁ%ﬁ%ﬁ?"@%@?@t’ has been
denonstthap@dud ﬁ)rimed bﬁmzjme caﬁtyailsdl‘hemﬁs I ]Pi-:ahnm &re chiapased 6f mubtﬂnes@e factors,
LY29400 uld i stered i.nt erval s t hus has

5 pot Dt Sibutd? anf ¥ b YepuGngion s, b (Hlra Aipossia up R oy | emat ng
t 0 undeigdpoitt Sighd] ensdhit k@i 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. LY294002 (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 demaonstrated to possess anfi-cancer properties.

{Compound 1)

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



[ 0004] There continues to be a need for class | PI-3 kinase inhibitors with
| nproved pharmacoi dneti ¢ and pharmacodynam c properties. The present
invention fulfills these needs and provides other rel ated advant ages.

SUMVARY CﬁwéggmhgggyT!CN 10005] The present invention !ﬁcﬁﬁkﬁ%ﬁﬂo
on

pr o- conpounds conprising a quaternary nitrogen, wherein one gf t he
quat er naidyhaflbdeh dgRonsiratet yobedayidBirhetatmlickddh baimalyy Bedhytsofshedt fsmiry] bond

yi el ds und .of the fornula: Zi AR 72 R. R4 wherein, RL and R2
/e periEIE e Beed B b et S fieat Biriald rdninss BpePGRiA fa/so
subst i tiuhibil PI-3Ndtases iy dormey tells itrkdbg edading hdaaapsir R sdleafftetke, cyano, amino, or,

are taken ether, to forman_optiaonally substituted cycloaliphatic or
opt i onaﬁ%f)gl‘h SPRHuES e neegfor Péﬁc}ggéﬂ%sﬂnhmﬁ“aﬁ prasdst i t ut ed

al i phat pifarmARRineid 4n@ PRIt cSIyRSHicpripRfied Mk preddifl invBkicH eI IR tHeSsieRgNGRNt | y are
H, optionally substituted aliphatic, optionhally substituted aryl,

het er ocBreYides offpey redated advantgsly | or, are taken together to form an optionally
substituted heterocycle or optionally substituted heteroaryl. [0006] The

pro-conpound may be of thegUMMARROF TREWSVEROR89925 PCT/ US2004/ 010399 RZ
Za ARB ZZRRN\N ' L-R6 R 4 R5 wherein,

[0005] The present invention is related to pro-compounds comprising a quaternary nitrogen,
wherein one bond of the quaternary nitrogen is hydrolyzable and after hydrolysis of said bond

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:



Ring Ais benzo; Z1 and Z2 independently are S or 0; R and R2 independently
are H, optionally substituted aliphatic, optionally substituted aryl,

hydr oxyl , hal ogen, al koxy, heterocycle, cyan, am no, or, are taken together
to form an QRtj substituted cycloaliphatic or opti stituted
aryl; R3 ré%??@gﬁ?%h%, optionally substituted aliphatic, Qﬁh§%$@ﬁ§ﬁglly
substituted aryl; R4 and Rs i|:(12dependez1'tly are H, optionally substituted

al i phatic, optionally substituted arjyl, Egterocycl e, aryloxy, carboxy, or,
are taken together to forman @ al ubstituted heterocycle or
optionally substituted heteroa R6 drpresents H, optionally substituted
aliphatic, optionally substitutgd . H{_ogl car boxy, am no,

het erocycl e, aryloxy, and optignally %h;?‘x t t§d therewith a targeting
agent; and L represent a |inkr group. PheRsargeting agent may be a vitanin,
pepti de, protein, |iposonme, bone-seeking agent or cartil age-seeking agent

[ 0007] TWergiesent invention is also related to internedi ate conpounds of

t he formnul a: ﬁ:CﬁéﬁZ&CHZ) "- Z2 X wherein, -3 WD 2004/ 089925

PCT/ US2004/ 01039%° represents a halo group, preferably d or I; Y
represents - CHZ, and ErinGbizhdently @d(FIr)0;, - C(CH3) (COOH)- or CH(CH(CH3)2)-; Z1
and Z2 independently are S.or. O .and.n=Cxo 1.. [0008] The present invention
is also relate 1ta8d#ﬁ51dﬁ%6§dwlyta#eﬁ’pqug ] ﬁﬂl?faﬂ%% a&‘Bi‘at‘t"h@"t%ngﬁ?&ﬂF”t a
condi ti on associ airgthydrbiyl Balogerk iakay ha@iocydlé, YyanoNirhRG] 6] &6 Yakelhk HRabE,

age-rel ated macul ar
g to form an optionally substituted cyeloaliphatic or optionaily substituted aryl;

( R; represents H, optionally substituted aliphatic, and optionally 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 reptesent a linker group. _ 7
The targeting agen_t may be a vitamin, peptide, protein, liposoine, bone-seeking agent or -
cartilage-seeking agent

[0007]) The present invention is also related to intermediate compounds of the formula:

- z
( s:c=N—©-(CH2)n-—{ 1
Z

T\
X

wherein,




degeneration, conditions associates with a nutant PTEN, hypertension,
pancreatitis, ulcers, cancer; disrupting |eukocyte function; inducing
apoptosi s; enhancing the chenosensitivity of tunor cells; enhancing the
radi osensi twigizboé/e8y2s unor cel l's; inhibiting tunor i ”ducepcﬁggioﬁ’ﬁﬁﬁ‘ﬁ§i S;

i nhi bi ti ng angi ogeni c processes associated with non-cancer di seases

i mprovi ng per f & iepusearisoF hato gl’@ﬂbmeferﬂbihﬁboﬂ ng phosphati dyl i nositol 3-kinase

in a whole cel in need
t hereof an efflgc ‘Evgen%armrdt]jﬁt é‘ﬁ@ﬁ)ﬂ g‘ﬁﬂ{yéé?s %Cﬁ(eﬁ%jzibrrpounds
of the pr esentﬂ.aﬂﬂhﬁim@p.end'dnﬁypnecﬂm’@mmdmds may be adm nistered to the
patient by sl %W—dto\{' fusion. 10009] The present invention is also rel ated
to a method for suppressing differentiation of progenitor cells conprising

cont act |[m1ysp'msggenenmvmbh & aliotrblatad teathé ewtdfie ;ﬁmﬂipomfds dor BONGROBAE bON
conprisin . pro-co t he esent inventj. 0101 The present =
Cnvent ; Bondid a8 e g‘gp kg %IYF%’P APRHARTY Se?’r?e 'T g@&ﬁﬁ?&ﬁﬁfjs of the

pr esent de@uﬁaﬁdnomﬂtﬂmﬁ hssbéiglesaiih H GutahEPTRIO, Weﬂ%ﬁ@e@m Qildekd, on

conpri si ng at | east. 0. 1% v/yé éﬁd The sol ytion cogEr|S|n the

pr o- confesfe disertipglepne, BY?EPS‘ PRGNS SPRtess pRRAnHYE theshenosersitidly|ofi e t he

pro- comm@eus%lm@a@g@ﬁ of i DRAMY NS dn%ﬁm&r e &51:0%5@196 the

chem cal structure of EDTMP, DOTMP, ,ABDTMP, BAD, X-BP_ and 1 0012]
Fi gure Mhalidgsnsiogeinpivpessss sstociated witbaonransst disgaes) | imysHang pargEnieg otyent s.

[ 0013] Eﬂeﬂt%ﬁmﬁmgfbﬁwﬁ) ﬁtﬁrlﬁ@ﬁt&ﬁﬁha&e@@&%@!&cfﬂ%f ?’bdﬁ%ﬂ% ijghosphonate in a
bone targeting agent Figure 4 shows the alkylation reaction to

modi fy a ﬁwﬁeﬁmm Jeatrﬁnt ereqiieg sfipaiiye agewnt of 2 popositiopicgupdsing thhiows a

s SR i SRS S o B

LY294002ysanJW7@JMI s. The colums i ndi cate phagocytic i ndex or percentage

nunbor YRR i ehiin BRBERSD akE BRARRA B BRIHE IR S 0% e o
of phagemgtiiior ol cempsibhenn¥actfg Pidgetiterdells with an effective phagbof/d i zed at | east |

SRBC. Tgomposmon 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 comprising 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.



error bars represent standard deviation of nean. [0017] Figure 7 shows the
W and ELS Chronat ograns of Conpound 1126 (A036-33). [0018] Figure 8 shows
the Positive Mass Spectrum of Conpound 1126 (A036-33). [0019] Figure 9 shows

t hat Avp3 t@icdRbasedds 3 ki nase inhibitors abrogated the #F?ﬁis @r%%on of
EDC- CBF1 endothelial cells on Matrigel. DETAILED DESCRI P 8 % Bef ore

the pr esi@fts] digmpotisivs’s tprichibiion oﬁphhgwmmsbmnmm@nﬂ J7it deilslThacaluahs cl osed
and des: at th ter nal o sed herein is
for the ]%%IF Q%gl%agg?yﬁaélsdtgglg ery&?% % ?G@EP%SF V&??f %WS%‘rr@g&Jﬁa i s not
inte ndeobliagncbﬁc inden B thequunber o sRBAs(slivep fd bidod icellsd Sound per 100 J7Vheells and
speC|f|c nd the d I ng, the sinqular forns "a, ", "an" and

“Fher 1 ri e ey SRR e U el et ia Llpry g 288
ot hervm S@mr[gﬁaae];}esainsm@mwwdﬁmh@fa@ﬁ i cation, where publications are

ons | their _entireties are

ref erence he dj scl osur publi ca

her eby |[H&7|] %%Jégm ﬁt’?ee‘?graﬁ@i«gam%ﬁf@%ﬁwaw H204A036@8)- to nore
fully degers] msh‘bﬁv@&&mlﬁvbm@ésp&@uﬂi\/ﬁfe&ﬁwﬁ1126/@((135@3) pertains. 1.
Deflnltlons 0022] The term"bra as used herein refers to a group

cont ai ni @81 Figrre® shews shap 4y ﬁ%@ﬁ%ﬁtﬁdﬁléﬁ%ﬂawléﬁws pbragded-thp gioe f@ﬁ’éﬂﬁl &t t he

group combh@ohF1 RRGilialEMIE o WPRg nat e branches from the main chain.
Preferred branched groups herein contain froml to 12 backbone atons.

Exanpl es of branched groups include, but are not limted to, isobutyl,
t-butyl, isopropyl -mzmz@l@%@i '&I@%H( CHZCHB) CHZCHS

a

ackbonejesdhed/st mhﬂfeamaerbdaed ﬂﬁﬁ&@%ﬁmﬁm@y fise@ thedelifls ﬁfr%ﬁop@gﬁse Bﬂ@esbﬂbni‘g di rect
line. Prefersed unbranched ps herein contain from1l to 12 backbone |

at ors. | PR ORRGEep e85 aien o g BT 08 pist ot 35 BRELa™ or

"cycl o" ﬁsﬂ&ﬁ%@ﬁ%ﬁdiﬁe%ﬁ%ﬁe@aaﬁﬁ B SRIA bR “h eFar-SnlionR” SR plul@Vi Ng one
or nore closed rings, whether unsaturated or saturated, possessing rings of

from 3 tusterents ulesscie pruteyt slearly dicisteapilem™jses to 7 backbone at oms.
[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 thé 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)CH2CH,, -CH,CH(CH;CH3)CH,CHj3, -CH,CH,C{CH3),CHj,
-CH;CH,>C(CHs3); 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.




[0025] The term "l ower"” as used herein refers to a group with 1 to 6
backbone atons. [0026] The term "saturated"” as used herein refers to a group
where all avail abl e val ence bonds of the backbone atons are attached to

ot her at ons WORSp#/essest at i ve exanpl es of saturated groups pcipRghdd gi,@i S?ut are
not I« m tred «t @, DUt W ; cycl ohexyl | peridine and the |ike. [0027 he term
" unsat url8624'The term <evrlind pieorclp 2 ases hemelaalgn@mpnmbmamnrb@wo agrmpavai | abl e

val ence %[%@Is % at ons.
Repr esenltagl\gl1 veéoéﬁﬁ%ﬁ%%s of- unsat ur at edPtt roﬁ%@ | M&%}gﬁﬁ%ﬁggs&)?g%n trcj'I imted
to, Giﬂ@l@@fhnwomphﬁmablﬁﬁyrﬂbeﬂ@ommhe like. [0028] The term

"al i phaty §=‘3d e n unbranched d or cyclic
hydrocar[Bon grOJ 1%P ASQIS&P egé@ﬂ%af %twg'ﬂ’w{%gﬁosﬁu E(gélea‘?éns and whi ch nmay
be satu r{aﬁx&]i Toe term r‘fmwied’t mil,sedahﬁremkaferh td sSgromd where aihhvatlabﬁheleﬁuelbm:hlotfp hati c

further des phat .oy ch comprise o en sul fur
or phos ﬁ‘h%]?ac? ongf‘lé’ fﬁ;s % {a@gﬂ% ‘%FFea‘%’PS rsseegﬁﬁ%ﬁ?m@re\é %? ﬁ’éurﬁtﬁéj ?fr bon

bac kboneincl{ldbo&ﬂ]are'ﬂmehmetédnd,' Butplregclchitxydpiptsidtheasd gienikeef ers to an unsaturated
i 4n+2 del ocal i ze el ectrons, which may

cyclic rbon, avi ng n( pi

Lo AT 556 B elietee 3 R T e 15 S SrOSRHEE 4 Lepioe SV3aPB e
aromat i Gva%sw}id oy\mmjﬁeﬁm&m@n@mﬂhi i (ﬂGﬂ«ﬂtaﬁieﬂ 0 6t8EH A6thd) ReprefenMiive NOI €

car bons of the hydr ocar bon backbone. | es of aro%roups i ncl ude, .

but are Famples Qfﬁwaé%ra% STQyRBiRgiude, ﬁaﬁﬁ% Wﬂmﬂteﬁ e riyfaCH: 2, PBSYYh di nyl |

(i s)oxa%leaaggltﬁeh&el | ke. [0030] The term "substituted" as used herein

refers to g@t havi ng one or nore hydrogens or other atons renmoved from
£ tgh

a qar borl0¢38] |“éhnli1e1tl 185 #prhcEsirirefeaio 4 anbrgchpd, Rrangbedps cygdicoup
Preferr &HQ%&A%:H% &£ R V8P Rinfle Al S Bisthiel, %&%ﬂ&h&ﬂaw&%&ﬁl&t&' of€, nost

preferably one t Hree 'substituents. An atomwth two substituents is |
denot ed wisatrated,but whish iscies arematie. Give tarmialiphstie furtheeincludes aliphadicigravent s i s |

denot ed N N d

bt _ar o "aath {iPipe oIR8 RS chik o BB thor B iEfle SRS & HERL b LTS

al kynyl ,th@h};drqca@b#bm*bonmalo aryI oxy, carbonyl, acryl, cyano, amino, nitro,
POSPNal Gy | B UGB RS e R 5001 Bl B8 SRS I

al kyl car Xy, arylcar bon yIoxy, oxycaroony yI'oxy mﬁ’onyl oxy,
al kyl cartaoiny kn+Pdejdcaried o) elemohqwﬁc&rxb@mﬁlsubmmtém&ammwted The term

al kyl am noca i.al kyl am nocarhb al kyl 1 hi ocar bon | am no,
ami él no, arqlﬂq 4 gilrﬂ%gmcﬂldes argmatlrg groups, Wl?l&‘}/ compnse X nittrogen atom rcp){acmg ong

more carbons of the hydrocarbon backbone. Exampies of aromatic groups include, but are not

limited to, phenyl, naphthyl, thienyl, firanyl, 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 suitable 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, alkynyl, aryl, alkoxy,
halo, aryloxy, carbonyl, acryl, cyano, amino, nitro, phosphate-containing groups, sulfur-
containing groups, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycari:onyloxy, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,

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

-6-



| WD 2004/089925 PCTI US2004/ 010399 al kylthio, arylthio, thiocarboxylate,
al kyl sul finyl, trifluoronethyl, azido, heterocyclyl, alkylaryl, heteroaryl,
sem car bazi do, thiosem carbazi do, naleimdo, oximno, imdate, cycloalkyl,

cycl oal | cyl waxr bodmsbg2sdi al kyl anvno, aryl cycl oal kyl, arylc
aryl al l-eyl-cax bonyl ., ...arylcycl oal kyl carbonyl, aryl phosphl %}E/:FWJWOIO?’”

aryl al kwﬂ@'ltblspﬂwllﬂy% thlacqbwlatﬁo@lkklﬂlﬁhﬁsmlﬂumpmethyhmﬂgﬂm&;ﬂwﬁy] alkylaryl,

| al k I Iy | . l.
ool al KRR ecarbaR, XA RBINRY vl Bl 0ot g
subst i twy¢10alky1tdnlalmhdiaﬂ{ywﬁﬂc} afﬁfha/c]:oeﬂ{m, anyteathoayl] ztry]a&gﬂcaﬂmnylsed her ein refers

to a group_ t 0es_npot ,have .any etoor
subst | t&{}@gc{éﬁt:yg?%onﬁ ebl‘ﬁg #%{WE’EPW&YPQ@TW%G@Eﬁ X one or in
(I:? onbi natar;@pht oﬁlﬂfoﬁYBaIWhﬂ@Iﬂhbqﬁciﬂﬁ;hrﬂbycMMﬁﬂiﬁﬂhGﬁiyl fﬁ{sﬂﬁﬁ@ﬁdx}@ft}k}pml itlﬂdg { oup.
epresentative e u ncl ude,. but are not limted to,
net hyl , a@@%’ﬁ °a1kﬁf(glg‘%'e!§ com @%H%HV?“? ﬁg‘ifﬂkﬁﬂm‘?‘?m‘?’% sec- butyl ,

tert- buqm;l. TE$ dhm “wil@ituted @b bfd @6itin refef ALt tha? dsasiot have@hy aemsy! and
the like. 0033 The term_ "al kenyl " as used herein alone or in conbination

refers tg@uas pashrdiberetoror sehiieA diredfor unsat urated al i phatic group contai ni ng

at | eas t[Oﬁ?;QﬁTﬁé‘treﬁﬁ RalkA" BORkell RLtBIn@1dRe afdm c\ﬁﬁ'bﬁﬁn&?ﬁéfe?é?t%wbrﬁich&mf stabl e poi nt
al ong the chain epresent ative exanpl es of ‘hgj/q]kygroups i nclude, but are
e

not i nivplrgnehed, mﬁkﬂhp 7o gErvg- Bensesamtativ exala@le gepuphisclufgdut #90341 The
t er m " alk; nlﬂﬁked t@%néiﬁflur hy edjngpﬁ' ROoR, d-ButFIORDARAL 4L y?ftéif ﬁutgp o@ylor anched

unbr a hat 1 ¢ group contai ni ng at onhe
car bon- dm%dwzldﬁimb,ll@x@@md, msglhtefrmyﬂ@n@ﬂwl&@ any stable point along the

cha| n ke re not

lim tedwﬁm3 yﬁ%lll"}dﬁe opyny@e%&%%gﬁ%{ﬁm %ﬁ@%fxr&ﬂgx@ ﬁﬁana%gcgnyl and the
li ke. (@ﬁ‘&ﬁr}chﬂ;emsmmﬁd aliphiatic groupemthiting allcasmmmerbon—carhomdmbilmdon refers
t b t ut ed t t t |1
L0 2 U oo SR o QR R Sleile B Els SRR SR ONAL | Y

Formafioc or n-ar f'c groups Pitive
exanpl esnohidegyuy bregoblipied tnpdthaﬁg], Ebmid Z&pentawl dedenylt and theohkephenyl , benzyl,

naphthyl 5 | 1 di, I ne, styryl. henet hyl , phenyl ene,
benzenet {3 f?&% gfyq ? ){‘S‘fddﬁﬁ%']‘ a ?’iﬁeeortlléfg?%hlg?t@f}%é}gmé‘ga Brsag%:eﬁé}: ein al one or
i N conbiufibrhhdhed, nafturated aliphatiagsip contdidifg!least one carbon-carbon triple bond which

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
(\ cyelic groups. Representative examples of aryl groups include, but are not limited to, phenyl,

. benzyl, naphthyl, benzylidine, xylyl, styrene, styryl, phenethyl, phenylene, benzenetriyt 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-



al kynyl group bound through a single termnal ether |inkage. Exanples of

al koxy groups include, but are not limted to, nethoxy, ethoxy, n-propoxy,
| SOo- propoxy, n-butoxy, 2-butoxy, tert- butoxy, n-pentoxy, 2-pentoxy,

3- pent oxy, waoRaRte neopent oxy, n-hexoxy, 2-hexoxy, Zeart ?Qﬁ 089925
PCT1682004101839)S E%xo 3- et hyl pent oxy, tl uoronet hoxy " 4@3%%& hoxy,
tri f | uoPEPEY:HbRgthyRRIETY ﬁ]ﬁ?rﬁﬁ’z@gmxﬂGF@?FWWMQWTO%@%{Y: SHOEmSHKHoX Yy .

[ 0037] Ifaglo;cgﬁém }@rmdqgimmgﬁeﬂw herein alone or in conbination refers to

an ary oun hrough a'single term nal ether |inkage. [00381 The
term” héﬂ%é %h ' 1@&* agusedrigrain alage Qrdie gorplination refeis teabaryl srowdhehdiat i on
refers fou Eﬁlg J‘t%nﬁlﬁﬁleﬂﬁpﬁﬂ{ag@e “d", bromne "Br", iodine "I", and
astatine " epresentative exarrpl es of halo groups i ncl ude, but are not

li m t ed[088] "Elhﬂieméwéqmm”H@hdb’?@ﬁ%&b’éﬂm@bﬁemmwmaoema:nmbmamefmm i ke.
[0039] FRgsd oM itk 6 €l ASmiReR NI 1S OPLARLE ARt REGLSnbflyA OF OUP that
i ncl udes one or’ enent ?ﬁ'u arbon-or hydrogen.
Repr es eaxwtplasenf (h;da rgpiups umhdhéau*eare nefrionifzd to,ichiblasdetamidos bremeacei@inido, M t ed t o,
t hose gr QU g ‘ﬁﬁ Eun het eroat ons including, but not limted to,
mtroge oexa;”b1 FiY and phosphorus. [0040] The term "heterocycle" as
used he [(IBB&] Tief 161‘115 “]ieneraf * @yedd e cotpbingioh adfads iga grote that mﬁhdkﬁmne or more

Represent at i e heteroc es | cI ude, .but a n imted to,
ittt T R R S S T
pyrrol i dichaseut @z}éﬁlbplhxhiﬂédrte,,thdsm iR thatcontali IemeRsHadiad intiading,ohat linlik@i ndol e,

I m dazol e,  triazol e, r%é b furan, benzofuran, dibenzofuran, thiophene,
t hi azol o, nﬁ@ﬁ%f’ﬁ?@?{ﬂ #AosPR9GF-e, benzot hi ophene qui nol i ne,

i SOqUI NEJUBEThe @ﬁﬁm&eecyeepm&s@@uéra.ﬂ,reféﬁrtaamﬁ%ﬁﬂyeaﬁgﬂﬁgamdteidaeni i ke.

[ 00411 The teen "carbonyl" or "carboxy" as used herein alone or_in
conbi naﬁplafﬁsepem grappleg o bﬂeewq%&clweh%wﬁeommmﬁgn@wem .e bond.
ngrlelse d i, ﬁgglﬁ%m@ lﬁaiazlﬂkod&mewpmauﬁﬁeb Oﬂle@l%a{o&%uﬁe include, but are

car boxythlmanhcd@e(md@e 1so¢ralplfowﬂ@ple mfdeget(azole, ﬁlraamea@é‘ilran,. cﬁbmeﬁn(an, .
| m dos) iGpRER, az%&htf%bﬂﬁéole%@ﬁ!z %c!i'z%lé b&&omig Jﬁtﬁmtaqgaag %gﬁey' as used
in ¢o oup’

herein a ination refers’to a g epresen
azapine, naphthopyran furanobenzopyranone and the like.

[0041] The term “carbonyl” or “carboxy” as used herein alone or in combination refers to a
group that contains a carbon-oxygen double bond. Representative examples of groups which
contain a carbonyl 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 “acryl” as used herein alone or in combination refers to a group represented by
CH=C(Q)C(O)O- where Q is an aliphatic or aromatic group.

[0043] The term “cyano,” “cyanate,” or “cyanide” as used herein alone or in combination refers
1o 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 nitrogen atom. Representative examples of amino groups include, but are not limited




CH2=C(Q C(O O where Qis an ali phatic or aromatic group. [0043] The term
"cyano," "cyanate," or "cyanide" as used herein alone or in conbination
refers to a carbon-nitrogren double bond. Representative exanpl es of cyano
groups i ncl w@eodiigborare not Ilimted to, isocyanate, iso nat e and the
i ke.. [.0Q441.The term "am no" as used herein alone or i nt"%ﬁ@"ﬁé{ﬁ‘@ﬁ refers
to a groopaliyaiiao, nﬁaflhylanmo, drglakabo)diaryidtieg elkyRtyddhinKelitytSeivhflnu, exanpl es
of am no s.incl ud t are mted -8 i WD 2004/089925

PCTI USZO‘?‘.Sgl E‘%@'@“’l‘f E‘PR’?)r 'é.rF?idﬁé‘m?%Fy‘%yl am no, aryl ani no, diaryl anino,

al kyl ar yjoe4s) mae t@hk‘yh@phdieﬂgﬁtﬂﬁilng@;‘oup’aﬁsylsﬁtﬁﬁéﬂﬁﬂy&f&m&@groﬁﬁédiﬁdlﬂﬁé at ureido

and the |ike. [004 The t.erm "npho ate-contaj ning group”.as used herein
refers ti§ho%y B%Hf ﬁ'iomlﬂéna’flale 5@? AR sHNBYER &s [elgde, P a50% i di zed

state. RahiRSE %aépihbfﬁc aeﬁaaﬁh@@hmitcdcm Shofhte @ﬁt&s,rﬁhbsphllﬂl&@nteﬁ ghésgmnsdﬂ osphoric

aci ds, phosphlnlc aci.ds osphat e esters, phosphi nidenes, phosphinos,
phosphi rhosphinyealnsp Ylidﬁéﬁekhﬂsﬁ}?ééﬁﬁﬁ%l nQsHRhOSIRSRY 1S, MB‘WHWP%,
phosphorﬁﬂyﬂhbgg&e&dtheqhgsphorosos and the like. [00461 The term

sul fur-‘contai ning group" as used herein refers to a group containing a
sul fur BPhThrigmd SERESeRvaing, sl esused berginacters de 2 grosp gontaipingiaselfnt o,

sul 1 hydr&f&g Re%i‘gs%rﬁzgﬂé Bf%%é% ﬁm‘?ﬁd@ Bitlald JO¥ hithitetd] § Lﬁﬁl?’ﬂl,%’iél §1ﬁ’fé}($s3?u1ﬁ1¥&sos

t hi oxos e term "optionaf ptionaf as used
herein méfthSIwaﬁos Eh@@kb@i@@u@mbyandébﬂchkebed event or circunstance rmay or

may not I “ d event
oi r o S The B8 sl A FREAL2 0 e Bl RS, HARKESREELUN BeoBl | 2
r@s e ¢dverttor cinainisianeaingy mtmagembt atduy,laid fmtalhs déskaptiontiecled ek jdstagcas Lwheway or may
not- . be su tltut ed an thé;lt § descri | nclggies bot.h tfgn ubstituted

al kyl and’ qVWIorc % rcguﬁsgn SEREE ) EFI cflﬁes % Zf’é]exaﬁﬂe’t Bt fective
anmount , "“opﬁ@ﬂlljasﬂ)dumta:drandymmmethrmhaamﬁwnﬁhy @heut be smbsntmﬁdmmsthiti on as
provi de re| ufficie f the_ conpou roduct or

P onmos; (biFRipop Ges Ptk SorubfiBd RG] ancralelsnte R SRR T T e wi 1)
vary depfenss] The @fmtBfectivahthb@itl’ Whef 050 M mthrerpt ALUICImRUNd; Fadasy é1 on used, its
node of admmni,stration %nd the like. Thus, it_is not always POSSI ble to

speci fy QFPesiten aspegvidedherein, megws suifiq g ameint ofihe SHRPQIBA; BRpdic

cotnposition 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 sp écify 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 staied 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 2

quaternary amine yields a compound of the formula:

9-



effective anount may be determ ned by one of ordinary skill in the art
informed by the instant disclosure using only routine experinentation.
[ 0049] The term"suitabl e" as used herein refers to a group that is
conpatible ‘Fg sC conpounds, products, or conpositi @gg RSeekbfYdeded
her ei n for ated purpose. Suitability for the stated purpose may be
det er m ned by one of ordinary i i nthe art using only routine
experinmentation. [0050] The ter bl e" as used herein refers to
whet her the group is capabl e of t0 hydrolysis (i.e., splitting of
the nol ecule or group into tw @ gw npl ecul es or group). 2.
Conmpounds [ 00511 The present invg OMrd&s a conpound, which upon
cl eavage of one bond of a quatgrnary am ng yields a conpound of the
formula: -9 WO 2004/ 089925 PCTHUS2004/ 010399 R3 N~RS ROA----Z2 Zi R R4
(Conpound 2) wherein, Ring Ais benzo; ZI and Z2 independently are S or O;
Rl and R2 independently are H, opgdumh&ﬁ substituted aliphatic, optionally
substituted aryl, hydroxyl, hal ogen, al Koxy, heterocycle, cyano, am no, or,
are taken together to forman optionally substituted cycloaliphatic or
opt i onalhyremubstituted aryl; R3 represents H, optionally substituted
al i phati c, andg%%tg{o ?@y substituted aryl; and R4 and R5 independently are
H, optionally d aliphatic, optionally substituted aryl,
het er ocycl e, anMZé,m@péﬂmmymels or® e taken together to form an opti onal |y
substituted he er or, optional | sb i tut er oa Preferably,
cl eavage of on ‘?‘398“‘%?&@&’ @Fﬂﬁ "élﬁ}hl @t}fgﬁegglllﬂl?é B‘?XBP Syred 1) .
[0((352] The pr eseratryllnwmyl BillogdnS AkSIYONEEES R, SRAPQIEh, Of, aiélﬁkécn%gﬁﬂieﬁ

to form an optionally substituted cycloaliphatic or optionally substituted aryl;

Rj 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.
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-



R2 Zi R83 AZ21 /I L-Ra RR4 RS i (Conmpound 3) wherein, -10 WO
20041089925 PCTI US20041010399 Ring A is benzo; Z1 and Z2 independently are
S or 0; RL and R2 independently are H, optionally substituted aliphatic,
optionall yﬁHQ&E}o'J&Eﬁd aryl, hydroxyl, hal ogen, alkoxy,, 55‘94?1995’ cyano,
am no, or, aré taken together to forman optionally substitute

cycl oal i phati c Rang Apt¢bamagl | y substituted aryl; R3 represents H, optionally
substituted ali ha%_lzc and.optionally substituted aryl; R4 and RS

i ndependent |y 0 &%72 BERSEIRHY 8P t ut ed al i phatic, optionally
substituted amRyland Reindemeyaitly arellydptisyallyGabsianad, aliphaticasiohalyanbdtiaget her to
forman optionall Iﬁgﬁsti’gﬁ.ed h ter%g cle or aE(}E\'gionally sragstitu ed
heteroaryl ; and R LERPRSEHOS M 2 5GH CyGIe, UYL FTPHPRT AP Fasrhiopgher
optionally substifoyé@tarbdpfionalBl skBstituted GRIoARMMMIc Sdpiienaliyetmsiagedcdr®; aryl oxy,
and optionally substituted therewith a_ targeting agent; and L represents a

li nker group. [Redersssents Hs opfiopally subgtituted alinhatis end extispelbrrubsisuted 5Lt he present

| nvention are HIQAER, HRABRAGHS W8] phibnalRsuiliRted iR aticSoptioh AR bkhiaM t he
group consi sti rfg' of the foll ow ng: (%,-hll 2004/ 089925 PCT/ US2004/ 010399 HO
\ HO COH aryl, heterocycle, aryloxy, carboxy, or, are taken together to form an optionally

substituted heterocycle or optionally substituted heteroaryl; and

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.
[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:

Vs

-11-




HO/ HOCH2 HO HOCHZ HS HS HZN HOC/ H2 NHOC\ I \ I VI \ I \ HOOC
HOOC\ AV IV 1V f COO Cj) VI p\ and O\-O[0054] In a preferred
enbodi ment, Conpounds 2-3 of the present invention are those conpounds

wher ei n, RiwkyReusdssers€el ected fromthe group consisting ogéﬂrngol | owi ng:
-12 WD 2004/ 089925 PCT/ US2004/010399 FN OH O N O N Eq P43 U o
HY SOH r\ LGS ! N~-NF aFF | HOl~O //ONNO- N NOVO

and [ 0055 Conmpounds 2-3 of the present inventi on are
Womﬁow@iﬂf t he
HO
OH

%?,Ffﬁvfﬂg
g o o O 4Q
TS
g o U U o

Co gl AL 5

[0054] In a preferred embodiment, Compounds 2-3 of the present invention are those
compounds wherein, R4-N-Rs is selected from the group consisting of the following:

-12-



-13 WD 2004/ 089925 PCTI US2004/010399 ¢/ 0O0O0i Fay ™ o o''" o O
0"-f--\o O\ GI, OOONCS Oell JA HFCH \ | ~O0O0 OO (. \ I
Il NdoH\ I ON jf //° O NCS/O/ NHO \'I O. O-\ O\ J H OH f

0
0 HO om  Ow sdoliddezs~ ~1( 022 0 A 5 ~\i0~/~i\i0\ OH QdrfrSdosidbd OH N
C N-NT

S A b e
e e e L
e R G b

O e | i
A O S e e

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

N
O /
’\//y

I\ll

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

-13-




50J-NOO OO 0O02004H0C and FO/ Sf 0 0 -14 WD 2004/ 089925
PCT/ 1352004/ 010399 a. Linker [0056] In another enbodi nent, Conpound 3 of
the present invention are those conpounds wherein, the linker group is

hydr ol yzabl o J§godobszker group of the prodrug may be cleg ds?uuoﬂﬁgs\y”at' o
cl eavage or preferably by hydrolysis under physi ol ogi cal con tions

i ncludin not ted to, ;aqueous conditions in I|V|ng ani, m, to
yield Co ou d 2. Theg"ejL ol ysi s t he Ilnﬁer A
ns

%

physi ol ogi c r f erlab ,jr m_ab nut eg hal f to
about 48 hour Irfe b° FNdrB %rs [ 00 %ﬁ&jﬁkrnr hydrolv"able as
used hereain refers to whether the group is capable of or prane to
hydrolysrs itting of nDIecuIe or group intot or nore new
nDIecuIes ue to th i nser of a r-troledule) at a rate
of about 1 nlnut aP P/?Eﬂbo 4& ouw‘half- Lifle. 005 ] TWE linker group
may be any gro t hat may %e’hydrolyzed or 8nX tlcall9 cl ®avéd yield
Compound 2. In preferreg enbodi,ment, the Ilnker group, i S=g gt mul a: Z
R6 wherein, Z3 ndepenc ~t|y ar 0 and R7E+€ s§ - CH2-,
- CH( CH3) - PP oou I 0058
representatlve exa Ie of t e hydrol sis of the | r eg=Oup qof t fle prodrug
to yield

O—N

O e ﬁ<r©1”’\“< .
0

( @0’% i_@(Nf ‘_Qj‘ 0! E_g MO—:;

O, HUL ;—h'rvfto-:; b_)’j o )4
h h, O %o/\fr“&%
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Compound 2 is presented in (Schenme 1), wherein Z3 and Z4 independently are
each O Hydrolysis or enzymatic cleavage of the R6 ester yields a
hem am nal that collapses with |liberation of the R7 al dehyde, thereby

generati ng conprising a free tertiary amne. _Both R6 and R7 can
be sel ect ed%g‘}ag#@g”gi fferent rates of conversion back t8CTHE20H#EPertiary

am ne. For exganpkfieri NCreasing substitution at R6 or R7, or a conbination
thereof, may I ncrease_ the stabi Iité t owar ds hydrol ysis. Furthernore,

el ect r onlIfSeIHaeasthergrSmsat, Semprendeofies mespnt imestian sedhaspeompamils i ty. | n
addi ti onyh@ehn@e BAEeY Rfip & hy%lﬁa}pﬁ? 'Ir‘]ﬂzl lﬁlfcblcﬁ&ﬂ) e irBaru2 iy bl ORAeabgct Or S

that may be vary the stability of the quaternary amne may be found in N
Bodor, Jewymalic deavagaatipesiprably Obidrolysip undeg physicddgibcar@litipgs ingIdirgdut @b f t

Drugs. 1 j | : | 4 0399
Salts ash]gg%ﬁoﬁn u%{nﬁtgrs%cg%qés‘ﬁ Hﬁgggﬂd @Isérg% ?%B?@ggg "a ﬁ%?ﬁ%ﬁ@# o

Phar mac etht lickdr gBep ender physiciegical cowliti@s isgBefepblyIdntddnt { ménutoidElife o of whi ch
are incor&%@ﬁo%rgﬁf_ﬁ%en by reference. SCHEME 1 Rx Z+ Rz O I R R Hydolyis
| zzR 1Y THSTST ZzZR o-H + HO x Ra R6 R RS heni ami nal carboxylic
acid spontaneoHsdedysersion 1 Rx ZzZ, RRL, O | / | rRs + HR R R4 al dehyde

Conpound IO%SﬂrThe g&nq%a(drolyzable” 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 groups
due to the net insertion of a water molecule) at a rate of about 1 minute half-life to 48 hour half-
life. '

[0058] The linker group may be any group that may be hydrolyzed or enzymatically cleaved to
yield Compound 2. In a preferred embodiment, the linker group is of the formula:

_ Z,
Rf“‘“z.rz(
Rﬁ

wherein,

Z5 and Z, independently are S or G; and

R7 represents ~-CHz-, -CH(CH3)-, -CH(Ph)-, ~-C{CH3)(COOH)- or CH(CH(CH3)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 R ester yields a hemiaminal that collapses with
liberation of the Ry aldehyde, thereby generating Compound 2 comprising a free tertiary amine.
Both Rg 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 Rg moiety
decreases the stability. In addition to the varying of Rg or Ry disclosed herein, additional factors
that may be vary the stability of the quaternary amine may be found in N. Bodor, Journal of
Medicinal Chemistry 1980, vol 23 #5 pp 469-480 "Soft Drugs. 1. Labile Quaternary Ammonium

-15-




c. Targeting Agent [0060] In another enbodi nent, conpounds of the present
i nvention are those conpounds wherein, R6 further conprises one or nore
targeting agents (T) covalently attached thereto. Targeting agents all ow
t he prodrug resent invention to be delivered selectively to
specific tygggag?agg |'s, tissues, organs or extracellulaf Eh@&%%é#@%ﬁ As
di scuss Esad, n .M TR Foul IFF( %?“gﬁ ; S L oor
bioavaiﬁ%ﬂ????@?A%apidﬁﬁg%ég§V?Eﬁ?§nd si%éi)e écts %@gﬁéggéﬁggég%%gund is
not ti ssuw88E6qphRE623THercenignts of which arefincgtpoyatefideigimby tefarencei nmit t he
| ocation of the drug to that of the area of treatnent or at |east prevent it
fromreaching the tissues where if can cause side effects, and to ensure
that at any particular tine ef f ectP¥BEMBUt not excessive, anmounts of the
drug are used. The use of targeting agents may allow the prodrugs of the
pr esent i nvention®t o bf concentrated thg site of treatnment rather than
evenly distributedi\Fhrgu hgggﬁtW@m@ﬁt' S 1y or,.to be netabolized
prematurely or excreteg e qubckly. H seings deki veoe {0 the site of
treatment, the Iigker N8y e enzymatigal |y &aéaved or hydrolyzed as
descri bed above to yield Conpound 2. Moreover; the use of targeting agents
may |im't the dosage required to be adnmi"f{®red in SFHEF*o achi eve an
effective concentration of the drug at -16 |~ WO 2004/ 059925
PCTI US2004/ 010399 the site of %&@@&g@ﬂ%hnthe use of targeting agents may
al so allow for nore infrequent dosage or ven al ternative methods of
admnistration in order to achieve an effective concentration of the drug
at the site of treatnent. [0061] The %argefi ng agent are preferentially
attached to the conpounds of the prese " tion via @ coval ent bond
whi ch may be fornmed by nethods includi zt ot Minite® to, a
nucl eophilic or electrophilic group of/the geting agent that is
covalently reacted with an electrophi'lic or‘nucleophil% Jroup
(respectively) on the linker. [0062] Incgﬁﬂmaﬂbodinentadiyghe present
i nvention, Conpounds 2-3 of the present invention are 'fBse conpounds
wherein, Rb-T is selected fromthe group consisting of the followng: C -17
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 inventioﬁ to be delivered selectively to
specific types of cells, tissues, organs or extracellular structures. As discussed above, treatment
with Compound 1 (1.¥294002) suffers from poor bioavailability, 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 treatinent rather than evenly distributed
thronghout 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-




WO 2004/ 089925 PCT[ US2004/010399 ~ S OT hN.Il EON'NT -<¢ 5SS OOT 220
>NNT OO\ / NOT1-4 0T \--/<00-TOTO NTFiiAH-T pONTO
OONTNNT QTN _TSOT Op NTNTTT OO0 OO0 OTand 0 [0063]

Targeting @&?ﬂ{ﬂﬁdg%ui ch may be reacted with the prodrugs pbrihGaBiessent

I nvention but are not limted to, carbohydrates, vitamns,
pept i dethe sjte of teiatisent.Mhelueosf tatgeling agentd may a;ld@ﬂlo“nibcinereanﬁequdm dokdgposones,

|1 pids, e\pe?l% er?zgﬁevkelnrl] GHGE acﬁni%iggatgo%rlﬁ 611(1% 6 ad egviél A S8 &‘Ef@tcgncentratlon of the
drug at the site of treatment.
[0061] The targeting ag‘;nt are preferentially attached to the compounds of the present invention
via a covalent bond which may be formed by methods including, buf not limited to, a
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, Re-T is selected from the group consisting of the following:
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WO 2004/ 089925 PCTI US2004/ 010399 The targeting agent nay al so be a nol ecul e
whi ch is bound by a receptor in a desired tissue and optionally transported
into a cell by a receptor-nedi ated process. Representative exanples of such

targeting %%gnts i ncl ude, but are not limted to, diaze EQ o omgind to
Milss etz

peri pher al epi ne receptors (PBRs) present in glia S 1'n the

br ai n. present ative exanples of such diazepinef are discussed in G

Tr apani , |. Bi gate Chem 2003—¥< 3p830- 839 "Peri phera
Benzodi e Receptor |Li gand- del j ugat-e or Potential Selective
Drug Deli ot-0 Brai wror s, tﬁe fos whi &hdre i ncor por ated by

reference. [0064] Representative vitam at may be used as targeting
agents include, but are notglimted to, folate, vitamn B1g or vitamn C
The term "fol ate” enconpasgges folic acid derivat j with apacity to bind

with fol ate-recg Reppesent ati ve sexanp at es may be used
as target+og—4
acid, ptéropoly 3

cl ude,Cbuﬂ‘areino i m ofNic adtd Tfolinic
as tetrahydropterins, dihydroﬁolates, tetrahydrofolates and their deaza and

m c acid, and fol*ate recept M ndi ng pteridines such
di deaza anal ogs. sui tablie fol ates are fol ate_anal ogs i ncl udi ng, but
not linrited eri t hopt er g7 Poet hotd exat e), Nj 0- et hyl fol at e,
2-deani§é‘ﬁ& ‘ g ddaza afarbgs séch gg_légeazanethopterin or
3- deazaret hopt eri n) —7
acid

0
(dichloronetgptrexate)' hods of Qnj ugati ng nolecules to f Ia%es t hat
. .

are suitapl g/for cgval ent p—cQnpounds  gf nt "i nvention
ar€ disclpsed in ¥'S. Patent 6, 239, .5, 820,{847, 5, 648, 488,

5,108, 921, 5, 382, and 5,416,016 the contents of which gre incorporated
herein by referencg—Mthods of conjugating nolecules to vitamn Cthat are

suitable for covalent attachment fo conpound of _the %resent i nvention are

dislosed in S. Manfv+digi J.; Med. em —Pp559- 86242602 the contents
i i erein By Peferdhce. [0065] {Representative

. 1t ed as targeting agents include,
but arenot limted , an RGD-cont ai ni ng pepti de se ected/iﬂ3f1the group .
Nant agdmi$t s.

consi st §ng of _ RGDs K), vitromectin, fjbrohecti
somat osgat 'n-Fecept oni sts onat ost at Kfce Ol
Mol ecul és that bindsto e avb3iint inrrec-wtor and/act as antagoni sts may

be used at targeting agefs as described in U S. Patent
6, 426, 353B, WD 2002/ 40p05A2, and U. S t ent P%thpatio

2002/ 0061885
N C—T

0]

, N—T .

-
T
: -O/
o= ‘

[0063] Targeting 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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200210065291, 2002/ 0072500, U.S. 2002/0072518; W Arap et al. Science vol
279, nunber 16, 1998, pp 377-380; RJ Kok et al. Biojonjugate Chem 2002, vol
13, ppl28-135; DA Sipkins et al. Nature Medicine vol 4, nunber 5, 1998
pp623- 626; ?ﬁoﬁg&% et al. Cancer Research 2003, vol -19 WD 2004/ 089925
PCTI US2004/ 63, pp5838-5843; and JD Hood et al . SEFENSH04/81039996
pp2404- %@Zar%étﬁg afORhRP bR, B amue%@e%&h gega?éc%,%@ﬁ{aede rdtishilag4 ence-
Represent at | teins t ma Used hg agents 1 nclude, but
are not optietially transportesriniorowll &y a@mepﬁoag:n@ﬁt@p:toh@sébefpressmstﬁweaasmaples of

L <SR e TR AL 1P BOEN Rl f |FONRRL: i RSLAE pefiRpSent al ! ve

bone- seeki ng “ag arge% I'ng agen sfnclude, but are

n(ﬁt I |h mb'emdtdiaaepnﬁhwptmm‘@’B&S) mhﬁsph(ghal&eﬁmnd;ebbram Represtinyliyroaspplendfc Qaﬁl d,
ept | dosBREHEoRT Srares O Qe A 1 BstigtiCod 2Bt R £8 0  [onza

et al. "Fa{;geltaeﬂelﬁnmmpﬁie|Rfee¢paklmgnmwpﬂa&hlcbamgaﬂeofowswﬂharSelSﬁBﬁtDiug\/uscI e

Cells with a neti c Regonance I nopartj.cle_Contrast Agent”
G rcul atqegﬁe"yﬂl\}%%“\%%% %é‘mtﬁlﬂfﬁg %ﬂﬂc E’f‘é"é%byde fFEOCSui tabl e targeting
agent s I[Mpﬁepra@maﬁwmmmsﬁhﬁ n&?djztﬂelﬁ@éﬁl o8 Sar Stz Bger® in€lhidS $86aré BBLmitkt@M | A,

I gD or IgE, or fragnments, or derlvatlves t her eof , |nclud| Fab, F(ab')2, Fd,

and si né‘l’ éOIaf@h‘é?aﬁn%ﬁtzl%BM . dihe s Bolete” sneqyapasses doligacidsisgivayes Witk unct i onal
ant i bodizgs, afal) lﬂﬂ\wﬂ@?dia\f@&cé elrsef@éfpfeseﬁmeaﬁmﬁl&obfmws BRi AayHdeed ghal
po

ant i body, clonal antib ni t urified antibody, or mxtures
t her eof taxpsting aésmﬁ iggipde, b\aﬁrfw mtélmltes % éﬂwgclépf@kmp iagify gﬁmpbolaglamq asith epi t ope

SEGHERGRe re@&ftérylﬁﬂmﬁé‘ﬁéﬁﬁl L Buch 3Get i dr%%ﬁsdlwd&o%'la?& Qﬁ- dfdRbIRE | C

ant i body. The ant’i bodi es “be direct ed agai nst a varie anti genic

det er ni mahthsirideasp god ﬁée@he@éﬂﬁs@@ei witede {plates arefolpteanalags wﬁ@uﬂp@ﬂmﬁ lity and
ot her ¢ | 1S g Sy_ s, toxins,

drugs %Tgte lttkl&er&g’?‘%’;ﬁé’gl ca gt | vg&r}%{e gﬁ es" 5(gnta:aegzerdlgal;%lﬂs{&srgc| ated with

tunors thydrosgiokite, deard sodhice suchraa)‘t doezampthoptbiicer 3-geargndthopiein, mel e, but are
R e L
gl obul e camjtigagiap solqoniestoafbiates diatiare avitablpdiont cof REGApitaghreat tatcempaends bf the menbr ane
T 9% M o BISRISY 2N 4 SRBRCL By B S, P "
I epr esersiG3s38E, apd 5 HIG0RS 16 Saténdd Gl die intorpsratet hedelitts), referincd ridetheds

of conjugating molecules to vitamin C that are suitable for covalent attachmé;nt fo compound of

the present invention are dislosed in S. Manftdini 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, o(RGDIK), 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, 6,426,3538B,

WO 2002/40505A2, and U.S. Patent Publications 2002/0055499, 2002!6061885,

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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limted to, those tunor associ ated antigens described in Zal cberg and
McKenzie, J. din. Oncology, Vol. 3; pp. 876-82 (1985), WO O1/68709A1, and
U.S. Patent Publication US2004/0009122A1, the contents of which are

i ncorporated herein by reference. 10067] Ot her suitable t&’ﬁ%&' gents

I ncl ude gl QeGS0 ?QF%ct ose, mannose, nmannose 6- phosphat% (e g.,

i nsul i n6305y388 15138 ARITD Hadwk: b Scikhde&hbl zsﬂsr babhaet; ﬂie&:oﬁfen@xsm}sm% (e.g.
TGH(3, EG-, insulin-lik row h factor, t he I|ke YEE( GalNACAH) . sub. 3
or  der iRrQinoyated hesepp By 184 I?P%W@ﬁamm%ﬂwhﬂ“ﬁ@i FEYEFBBSERTRL al buni n,

t exaphy Fhdlude; B ab@o R#RDB %aéoﬁééﬂr]ﬁ%é%@&é&@ﬁe@ﬁ A%h ABL@hbOpeAAGNYT I N,
anti bodi es, anti body fragnments , SI ngI e-chain anti body vari abl e
eof gﬁ?ﬁewnaﬁue beryred

regi on (2eupeiynal ﬁ%ﬂﬁ}ﬁ’gféﬁf#%lenhﬁh s frabwey
targeti 40A08 %%,ﬁém ﬁﬁamo@aﬁm%srohﬂ{o O@ﬁkat}éeghsgﬁﬁﬁica" drug to bones.

Bone targ ents | ncI ude DUt TVP DOTIVP and
ABEDTMP mmmmthya:hQSPMmgémda@espmtew@ph@snhem mﬂdlydroztyaa@ﬁtega@mm 882, 142,

254535 ORI SOOI BRI 1

met hod iLaodayeliahd Talgeied AmtlprbhfwraltledDmg D¢livarydo&’}a$qutag SmioethiMuscle Gdllewithian Fi gur e
3 d L kyl at h ' ' .4 ) he. R h
an appr S RiecesBhaney o o SolE P et G o Bl T e

nucl eophpb284e-2847¢l ectrophilic (respectively) group of the |inker noiety.

urt her | uplin r in n ‘
5. ppl 209 9451 bR GmE B ERE Br R RO Ty T,

Furt her Igiq; @AI Iér Ighcordalgvbitt bﬁmﬁ)ﬁlﬁﬁk tHereyf, adoRidiePabEEDh [Pt singl E- | nt .

O S huiEagiboban diboha bisv it pohotes, biadhone oot e Uit gt ™ *
Tetr aheqth@ ity 8125 be i%ﬁoc}&ﬁl mo@p poKtioral 4dtiboa R hifkhify purified Sififbodg or

5, 955,453, the contents of are _incorporated by reference. [0069] The
tar get i HEXHEE Hherqenyhist egibits seléﬁ%@lf Pipding epreifisiy in adesired sRiRRG OLASequEr W

rel ease qefiRAMSGrdm. SI'hE%nﬁH?)HleE by SRIBOH BEltheRE arddb8aPTRS SMMibolRY BT boN: The
targeting agent may be a bone  Seeking (osteotropic) noiety attached to the
conmpoun ds’emd agimsisy ‘éﬂ@éﬁytﬂfilﬁigéh@ ﬁaﬁmnwtmclaéma thogg asgecasiedwith WRW¥S, at t ached to
the quath%'idg%gatﬁm&%ad fa@é Eé&te@ia bh?uslaé gﬁ%&neb §: fad but are

not limt an  ort ho aC| er acl’ condi ti ong t he
pr ot ei napdbthg blologlcally active molecules Antlgens assoclated w1th tumors for which annbodles

T
i

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 (PSA), prostate specific membrane antigen (PSMA),
PS (phosphatidyl serine), and receptors including, but not limited to, the IL-2, EGF, VEGF and
transferrin receptors. Other representative antigens associated with tumors include, but are not
limited to, those tumeor associated antigens described in Zalcberg and McKenzie, J. Clin.
Oncology, Vol. 3; pp. 876-82 (1985), WO 01/68709A1, and U.S. Patent Publication
1S2004/0009122A1, 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, o-2 macroglobulins, asialoglycoprotein, albumin, texaphyrin,
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am de linkage is readily cleaved freeing the native am no group of the am de
functionality as described in WO 94/00143 the contents of which are
i ncorporated by reference. During osteoclastic bone resorption, which

i nvol ves an acidi c nedi ated mechanism the attachnent tethering the prodrug

to bone maWVOrEMARSed rel easi ng the conpounds of the pFELERPHRIEt i on.
[00701 fhe Eﬁ;&-inn, £htAG6HBS, aktfRdy BRG] (LS 10 ! may be a
mdl ecul% t E](g:.?{a I'nds  with not c_ﬁyr eceptéoqézg.r’ Ptﬁ@?%‘ﬁéls?gﬁgﬁ?&nbgd%pﬁggba key role
i n t he lagoe(soBewnsirdn, @ny vitan aadanysaergimevar i ous hemat opoi eti ¢ | i neages.
As dis ' : : l.gand-i nduced
not ch gpg%iﬁ?’hg‘“ g%ﬂg%%%{t/gll%akf%% ﬂﬂ%g%ﬁéﬁ%%%ersn@%?@gﬁﬁ%%@% e%n]%chgel | s and
suggesttargetigagenthwhide.riubarg oot lowmiteddo RO TMB DOTMP, lapd pRERTD)EN odiich aé nul ti pl e

el ol fbed ¥4y s| AR koI D030988 455085 19KhaA08 Bha TRY 0DBSa ApL LRI de T Y
or calciumions i n hydroxyapati'té, the major constituent’o one. The
conpounwehidf art ireotpotatadt Hetam Lyarefapmct. DQENMR dnd EDEFMonanbetdiodsid tethi finker 21 WO
2004/ 089925 . PCT/ US2004/ 01039 i . t he,.b her than.b : h
ol 1 utoiay by o g Bt nb B Yoo deiRin R Rk S RS L onever
t he bongdtigrfielitog chgeistry stdealik Yigarlsechdra b R groujdsn bavdmn@piopgsee. A bone

targeti agent of the..nventjon is attracted o the bonge tissue, of .the

by ectoetp PR TSPt RHeRTorits e B ookl RERCSIRP R (BRI Mon- bone
ti ssuesgodd theliikenGoldeA Frth@deRilE SN had ol Gehishs ard groddd i melshehi veri ng
the conposition_to bone environment. In other words, the bone targeting
agent p1r98?=e‘%5am1329%7rﬂ%§0¢ tﬁe Efmtféﬂstqu@epé a5 Preraeraled Ry feterencs) Hudhegdetails af finity

(e.9., dFihd MAtdtiod chddb@ly ardprdvRR8 in Brof. GPYE-Iat Sdceept EAL-1099, deo®r at | east
25¢fold greater affinity) than the bone targeti n% Pagent bi nds_to non-bone

ti ssue. (BrmedisshimagarRaperters Dagehidnsapental pp3p-Honds- Peemdine 3475836 ] meani ng
that th@.denem! pjoaeis, Bgs-306 Htndtadd Eokdal1oY¥0, B8 kS A5eA 41 7oMm; hpne sand expel | ed
fromthe body.siéoo’?Z]’ The bone targeting agent mafy remai n bound to bone

t i ssue Hatgnt HosL 955,458 dhe contanisonf va¥ichiargiacotperatgll by veferaecequat er nary prodrug to
be hydr del i | ' cells
(e.qg., [B%éﬁi%ﬁg;a&%&%ﬁ%&%’ﬁngﬁa y ¥§géeggan%éﬁ§ %I?g%a r;éﬁrgggdé%ﬁ%g%sta%@)r‘%%i&% bound to bone
f or abozservbir sitafor (e apmpouiits wf the prkagrd invabibon T tdegpting agentabayihie abodays) to

bout 1 . , - d ,
arter AR CiEofsi AR iR BB comBOR oEfp p B BV R0 LOVEL
t t | dgvaielinker techainmithe duotemelryt amiho Feathples afaowtid 2led: wkegingluddout 7
dg;g? Id:goﬁ?e&4 ec%y; or,. abq(])mt '2d1 hq]@/se)ut(? ast)8ut G;i{imnatﬂ?lh?}gte. g;nésgbgﬂt 90
days. ahﬁl #F ngtim a)}g,1ané)ﬂ1hgsc8g-,[am1 e ge. Under acidic conditions the protéms= -

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 to deliver the prodrugs to bones may be a molecule that binds
with notch receptors. Notch signaling plays a key role in the development and differentiation of
various hematopoietic lineages. As discussed in Jundt ez 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 ir 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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150 days). For exanple, a bone targeted prodrug can remain bound to the bone
for 30 days, during which tine the drug is released. After about 45 days

t he bone targeting agent would be released fromthe bone and eventually
excr et ed. {w)zz 8% pRe targeting agent for use in the invention can be

sel ected ba on binding kinetics to bone tissue. Candi §&T&SHYHRI8% get i ng

agent s GaRorl®r &h6@) @ Herl tRanviohk %u@i’as@ﬁfcﬁﬁiﬂeﬁbé?@ ipfhE bﬂéﬁe\é HedrthedRy drSSUe
(e.qg., hydrox apatite) .in, for ex nple, a multi-we fornat . ndldate bone

targeti g3l blg Ty e @Jér‘i’o’é%t%?@éf iflgglly pelertively bafgig taskang GiswRA penee and
timng Qir E”‘?‘fﬁ‘l‘ Qfl}h@fn hﬁﬂhﬁcté?ﬂﬂﬁmtb%ﬁgﬁéshé‘anﬁ‘&% feot %fe? ﬁl{?@ng@ééy I'n

this resp one targetl ng agent preferab s ex m t he body

via the il h@neyigh a hfgherrdfinipHathasnebong tigpues, mgiraglemﬁ belnd forbteptaindengii efct ed from
the groyg, ;C)tﬁ féeh%amgfmeacoPA%BﬁH&% o erR/ Q’ﬁrﬁﬁtcﬁier @o@sstﬂ honate, a

hydr oxyDbi's , an a enep oni c acl an acidic
pept i d e targoting bgavepreferably binds tadpon tisie Wlhieat |1¢w@qf01cbgrea$almfﬁmty (g.gomtleasti®r e t han

Xt b t - t
can be SBBASHSHEIEk hERE A o R e B AR ST R DS LB BB S o <
on et p B Io a0 Bﬁaﬂft,o nbwbomﬂmuﬂ: C[':aabase targetinig et raversivby I:mdsp:b msﬁmmwﬁ?antlﬁg\h F
suita n rge en e | e inventi e ene
di ani ne%ﬁ?ﬁ‘ % I}el%lm%{“’ %ﬂl Wi%‘ﬁ%‘ﬁ??&%‘?&% o&;ea]af ﬁ?‘#émﬁ -rgioé%l st ?/uct ure
of whi chog7g] !Fﬁbongﬁlrémng@@cﬂ% ﬁ&?%&wf’&éﬁw&aﬂﬁéh&w&&% sufﬂhiehhpdriadﬁfﬁlblée 1,

currently FDA_ appr oved adr s.the radi gactive 1538m Iex for
del i ver ithfloy BefwaqnazEp %nﬁmg’@@ ey @h@%ﬁlagﬁwﬁaﬁg%

pal 11 at icom é e EDEMR rhatrodr cemhpm@mttﬁganhghg&ﬁ%%ﬂﬁnfbwd B ivesdde Mout IiCI d
dups, I's therefore a_tetraphosphonate. nds such as 153Sm EDTMP

are sel é‘é!( {evgalahoyt 3days, ﬁ@ﬂ’tﬁﬁaﬁ@ﬁ’éﬂWr@yﬁ)ﬁ?rﬂ?%‘t hb’%ﬂf }5‘?%8@1?? 33p&gas nor mal
DONe i 1 i 363 fyfor BRSE 4b00As) AncewtBSHARARIK {DESRU S EorT B BDAle GrobgOVer Of

calcium i1s very high in thé netastatic region. %J' 153Sm EDTMP reportedly

i s rapi &4pbdy. ﬂ”hkbwemﬁgwgtﬂﬁéﬁ G@k@h@t@ﬁ@ﬁ%@ﬂ%@bﬂ%‘t?é&ﬁ&ﬁé powhd dases and
| d | h
cleare %J R BAR, e Eﬁ{{e e§t1 ggﬁﬁ% ﬂ:%[nt {’/]ﬂt?gs (eltg %bcgf@ﬁﬁ%&?ﬁnohﬁﬁio %seﬁr 3kt

accunul ate in the's eporte et ed excretion 1is
ahnost d@@r@d}e], Eonvixainple, Sbénsiargetad predruadan rnmsmrbaumdm thelbome fist30alaysal .

Het er oC Y 6 4 be due to
t he radi é'im v}f\h]g}}tllmfgﬁiatl rﬁ(;&? r%%gr#q F%Qfasbg %%hﬁ eOchgfL,ﬁn&t %8%{% abgt I ¢ bone
et ast asﬂe}asé”chﬁmmgle&on@amifdventmlbmmﬂe‘&driﬁms,bgbomtaaﬁmg pgent forpseindel | s, Anot her
Cl I ni Cal l Ilt&lo%e(éllllj{)e se?ec%dtbare%%[nlbrl] it St GS tO%OHB S'\S/II.IDG. aﬂ&dz& gone(iargeusi}gr ucture Of

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.

( Tn 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 phoéphonates, 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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which is set forth in Figure 1, nowin Phase Ill clinical trials (terned
STR, skeletal targeted radiation) as the radioactive 166Ho conpl ex desi gned
to deliver | arge doses of radiation selectively to the bone marrow for the
treatment of mul e myeloma. It should be noted that the radioactive
166Ho- DOTMPYEd 03% 2Pocalizes in the skel etal system andPF PRSIt e

near by  fugthen FighleQV\cudtndin FDALppovEd@uallahe ¥ s thyQiRaRIve 8P & cotablé frhe

153Sm ED%"?YP yste t he ho pho ate that does not_|ocalize in the bone is
cl eared ¥RV BHY?rrP‘#@ S%{?t oppReRgases for paingaliation EDTMP Sige| et al upt ake

i's about &ﬁpﬁoaaeﬁﬁu&on&@;%faﬁ: PhBSpHoRic 6l 8EbuP9 3Rd isHGetbRS: ttOGAbiphAdaON 1 N

areas of the skel etonis:wth tunor infiltration is illustrated in Figure 7 of
Bayout h epmpgunds sych p§,c|Sm-EREYIP arg selectinely jopalizsyl in haye pideretpmpiseareEent he bone

targeti ngraQehtmah fort iR kmmm@%h& 1RE gﬁ' E@'b\é phesSRbaRdic r%ﬁb@jer ReSiciRRen

denonstrated to successfully tar ge; y-active cules to bone
ti ssue. Boery highdnfieanciestaticuegien. dhe ﬁwﬂwwwemlm oapédize takent by the

pol yam “&B{éﬁyﬁﬁﬁf?%o%la@ﬁé £hhe n%éﬁ&ﬁséé dﬁ@BI&’Boﬁnﬁ%lﬁéﬂﬁmrﬁ% go&fo Wglr e of whi ch

is set for ure 1, Fact one formation)
s u ccessf ednippundethat doetdnqt ncctuhmlattamgm sknlgtonfre};tottedlg psompillyfeacieted santlexdrbionbones

S 1 a1 § ke Bl ol Rb LR Pson BB PR, HERen 1 21 H0r exarmpl
bi sphosp{16983). d&e pehapalihmtm is ﬂmngmgabmhet@ﬂahmmmoﬁeng:mmm thesaseapessf ul | y

del i t to b t 6, 258 2000
ot o oy RE SRR iy i o S EEB sfl ppag g (2000
bone- seefdlinAmgrNElmielY asdsl Hoay-eingktide bysiear i DUTMP ghethemitad siaahe ahd

t hg[’ ;ggﬁ‘t‘q"f&g{?ﬂa t a&gﬁe’g‘ﬁeioﬁlﬂvﬁ’ﬁ‘ %@%ﬁﬁgﬁﬁzatﬂg é{yrg}zﬁa%%eéﬁf‘?é t%ﬁ%%nosphonat e

and an @biNbdbé the rERREve 'ﬁ!ﬁfboﬁﬁal&ﬂ&l@eﬂ@o &8 | d§§e§ Bﬁfaﬂi’aﬁoxpf which is
set forth in Figure 1, has been generate (see, W ngen et al.
J. Cancefelogively ot poneyagiow fonthe rogment ph pwitiple IFYPI‘?W dt shﬁ%é& gpted thahige

al kyl at | R@iRGQBIHEDTANS Q&ﬁblfe)t Bczhli}eé faShe d&&l%{aﬁé%ﬂeﬂrhnﬁ"u&météﬁhé Aafst (DNA),
and thus, there is no requirenent for cleavage bg%ween t he bi sphosphonate

(i.e., bememegewivhichhpusesyhemaliznantanysiona cells. Adertby etSyn-EPHRMP system, the
bISphOS osar cona
modol et e Y AR bNoGASHh HATRRN ek inGhed £8Gnd fabul 8L bo@PLE 0P R
antif 0I agamerh therskdpghlamtake 1saajaen1t 20rte abut F&% af ﬁneumeqtedr@se tsaé thedepalitaginn fny
attac hedarga% of the skeleton with tumor infiltration is illustrated in Figure 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) successfully resulted in the targeting of the growth factors to the bones
of rats (see, for example, International Patent Application WO 94/00145). Similarly, bone
targeting agents have been coupled to proteins. For example bisphosphonates that were
conjugated to human serum albumin successfully delivered the protein to bone i vitro
(Biotechnol. Prog., 16, 258 (2000)) and in vive (Biotechnol. Prog., 16, 1116 (2000)). The utility

of bone-seeking agents extends beyond delivery of proteins to bone and includes, for instance,
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bi sphosphonat es, desi gnated MIX-BP and shown in Figure 1 (see, for exanple,
Sturtz et al., Eur. J. Med. Chem, 27, 825 (1992); Sturtz et al., Eur. J.
Med. Chem, 28, 899 (1993); and Husain et al., J. Nucl. Med., 37,105
(1996)). Usi | abel ed MIX-BP, it was determ ned _that around 15% of
the inject egfuél%ﬂ:s&gms\%a%? | ocalized in the skeleton after 4 RGUFESAHOHWHhout 61%
of the dose being excreted (Hosain, supra). MIX-BP further denonstrated five
tines greealherapaytic BRifeeles. dceonirigaty comphiringtbanctspekings tiwhpwherase Aidgne | n

ani nal gﬂg%étﬁaggfgeﬁtr K0S M BRADG e cﬁéﬁﬁﬁ%ﬁﬁ&%t‘ %E{c%&t et %&ﬁ?ﬂ ]g%;h(ﬁ%rlaﬁas bekd" | ar

wor k ha scri bed using the conjugate car ffuorescein
group wi generateddsrgciariedmiple Bfingeplebalat/eCatirersRescGRmiQuabl., I 1 2OP (1986))sIngkis  forth

o o Bl thd A8planBlionol LRl BLuREBor S5F) L cha T Ma 09 11

pl i ar macthkiened weuisanmenbfoo diestage battveanrthe bigghosghonate (e bordseeking hgent) and

bonet arget i agent. th h.an.ester d which is ttsceptibba to hydrol ysis
e o e e RRE b T SR p SR S byt el o B

| ocal i Zegktéo_ﬁarédim Ihodal&uﬁﬂ%miex lﬁ_ﬁﬁkhel?ﬁriﬁ of smdies ﬁalivgagsal peehas l_i?siﬁg{(t_ﬁé CF )
enerated via genergl .hydr is o ester |inka uj i saki, supra).
([:]0075] I‘i‘%’-“éﬂ@? e@ﬂ%&%ﬁ@ﬁ%&ﬁ@‘%ﬁ@%{%@@ﬁ@v%bﬁgg@ggﬁe a peptidg, such
as ( Asp)ispHasbhohdebs)jiékignafee MICK-BP ang Bho@ih FilRrS PGEE Ra@x8hple Muwt stGpprot ei n
osteonectin, which is_found in _abundance in bone and dentin, has a strong
af fi ni t yEure) et Ghgmp2h B2 (10RY) SuEGat eyt J. MeiCherm 46-839 61998 8y si ca Act a,

53, 129236hA08 N, -7 ARMSMeREPA, h@ﬁglbb@ﬁ gl BbA RTKIBS, iPRh RierRifds are
|de<al candi dates for bone targe |n9 agents. Indeed, (A u)to, when attached
qc

t o (bi ot i that arenpd d 8% the) iy epted dose thag acalized thﬁke@é%ﬂﬁﬁrﬁhﬂ‘gfsﬂ?fhﬁw&b%t ite

describ | e@ﬁ.l(}ﬁg ; IRCAR ; 1997),
gand I nt e‘rﬁggét %?\g ﬁ%’g}{&gnt App%?’(%&??ﬂr%d '{1/% 98/ 3%#%%&ﬁﬁagggflﬁe%%§%e :

bi ol ogi caticangkfactivitsecogipared avith rethaitegete alone vraninead yedels ef gavplagied ed t o I( Asp) 6
14 ; . _ _

Rosear ontH bRt (6 10, 55 Slar oy lon pe WichBig Aing BB CRIRNIEBE0L C1 1

zzn ) accept @ﬂbolaye?rréscbig?emgmriﬂtqnéar?mﬂai higphggtnh@oxage tvzgmtchﬁmcalmud:fnmgmet on.

o ek ) RSl Q2P ARG SR

ost eopor €E giodp tsypucbaomt hadsr (okpantijae pletrmatokineticsund dlodistribBdoe, aadis M ner al

Resear oh (SURB o Hstobd S oeb M o e Sl Ll bt LS TR, ot P

to bone
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);e, 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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met abol i zed during the bone resorption process nedi ated by osteocl asts.
Therefore, the acidic peptide Iigand provides not only a neans of
recruiting conpounds to bone, but also provides a nechanismof slowy

rel easi ng S‘Pfggﬂﬁ@ﬂ@ to bone cells and surrounding tlssu%Th{gg@%mggher

exanples o get| ng agents include, but are not to am no- and
hydr ox ywiidhiy lin pirestable half-liferftr tie pbespititighgatiof e ub&ﬂﬁ@xlmew&hmh@yl c acids

i ncl ud t d 4- b t h honi c. aci d.

el S SerRie A BB R bitn drioaiectin R A SO B b hon ¢
aci ﬂ; mbmaiiﬁh?amumh ofiSstqpyictic-1§Hé aneadibg (RiEu 50 eﬁl@g&wﬁgwﬁgsﬁmm c acids
SucC as S(ne S no-pnenzol Cc Cl an .

nitril (‘WF?"(’ EKGIC %Mﬂ@nf‘é%g@ gégg% e believedihaidg ﬁ Hiplsdether R BPRE 1B one

t ar get iniatAgedt duridf the mﬂ@m¢ﬁbﬂr&¢§@madlat£@9]3&eoaraﬁé gheRkote, thd@idione

target| ng. aqent I s an am nonet hyl enephosphoni c acid g
'am nomEPtp igaRbPra¥iapoHt enlaemanﬁ%f TRREVIHS SOTRRORTARIA BN Bt 280 PFQNides 2an

NCH2 PORld i & ¥F slowd)E18astdd@omPhiis & 1P ca@%n@a&muﬁmg tifdhe three
met hyl m@%hosphonl c acid groups attached, and may be further substituted

wi t h ot[Bi6] Otfesricaaampleprf bpnedargetivg wtﬁm@ﬂﬁwwépmg@mm amet ehd may i ncl ude

Ex I f
Chese. ARy RAGRRIAGICE: A0y Spliaiifis, Bl ONFafbisHisth it Apsiiditt, “09TF.° °
corrpoura&bdﬂénathmu:gﬁonatb demifabutyfphiosphinig urid, Rhydr@QEtand-1,1idiphesphiosiconed t hat
t hese bo:ae tdatr get lﬁgggéfoﬂlg&c 3t°1be£h0n§12i}?egt5‘? hg“%hhﬁ aﬁds can be attached

through one on that installs an
addl ti anmhomeﬂt}ﬂmﬂtmmonmcmls sudhGk I\Iebix’mm(lhﬁhylﬁﬁﬁmno}m-abmuchmmcaﬂd atch a

B R N e TR T L

Tetraheﬁmmmfﬁ@r&ww 13010 (1999) ) The phosphorous oxygen can al so be

al kyl at 4, where the ou n_hav for exanple, a

pendant[&&ﬁ ﬁ’(?%er%ﬁbgb 63‘5'585“515% mﬁ;‘}g/i‘?l[fﬁ@ﬁ'ﬁwﬁ%" @Tﬁ? for ligation

to, fOr“alﬁﬁl%ﬂﬁﬂﬁlen@moéiﬂlbm‘éaéidﬂls%t aé&&peﬁndmmnﬁmsahmmcqu hdlay, coul d be
utilized in the invention incl ud‘ggegut are not limted g&l es simlar

to t hatWherR/be $ing SERUPDRS ongstvos g ﬁl%ﬂyﬂmﬁﬁwsﬂ@%@fzﬂe@oqpﬁ a@? im%t al .,

Bi omedigtne iRk BibstitRRR With@iifer chdiiSal nbiciie$ w@ﬂﬁ@ﬁe gnmg
Sevi ck-Miraci a, Eds., Proc. -25 WO 2004/089925 PCTI 820 10399
may include one or more phosphonic acid groups and one or more amino groups. Examples of

—n

these aminomethylenephosphonic acids include but are not limited fo 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 pbosphorous 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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SPIE, Vol. 3600, 99-106 (July, 1999), or as shown for other phosphonic acids
further described in, for exanple, U S. Patent 5,6 177,064, U.S. Patent

5, 955, 453, de Lorrbaert et al., JMed. Chem, 37,498-511 (1994), and lyer et
al ., Tetrah ol gzﬁte 30(51), 7141- 7144 (1989) Al ternati velé’ for
cheni cal eAIPER EDTMP can be, for exanple, modifi &GTASHIARLE%: e

ABDTNP by gﬁn%labéo@t wzmo@{m@nm@j ok RSP HR 0%15 ﬁo%ﬁo%racg%%%egg%ﬁm for

exanpl e, Figure efnat i onal Patent PiCat | on The
ani | i ne #ndonexample, Beh Pateat 1.411,@64t .St Batent 51966,45% dafpimbacrbet abid Med. (e, DOVITP

coul ¢ bess i k7 (o ek oS AU SRR THONTA 4B 4000, The term

phosphonéte and &m nonet enep honat e Fe’meant to
enconp asAJtd:rhEVpllyoﬁp blemiical amddi;:atldlh BDﬁThﬁ’sqah be, for axeingle,, neudified to generate

o oty RBSSHNILobh P RS i BB o

ﬁ\t t he bih&lnmﬁbmpatpﬂﬂl fq:fph'ZaﬁanWOthﬁ@OMS()Oﬂle aﬁilmé hlﬂmﬁﬁ)sr thelﬁmalaﬁle tbl'foﬁmﬁ,(ibtnd the
t

o oot Frg gl whge B pO b B o Ao e o Beer 1 on.

Fur t her N@OEY] The r@¥ Chtaspitnate, ghogiham, i:ﬂranﬁlﬂﬂrﬁdﬂtyﬂﬂnbﬁo@ﬁhdnﬁt@eﬁl@ﬁﬁeanﬁyem for
t he bi nding of the, bone targetl ng gent to the hydroxYapatlte i n fhe
PAPHRE

i nvent i ofRcoTpAte ths phosphenig ack ARfrAcHis st gingmedylqugghosphaisscids.on
cont ai ni g eEt'%l)b Qé“\f‘vell & Qﬁtshlfbghﬁﬁﬁ%able@%rs%drﬁéﬂrﬁ'@tof ERPrbéRofoRiBAse ©

protonatlon of ﬁ arous acids therein. Therefore, the phosphonic
aci d, phesids H’éﬁ?‘?’i’@ Astd eibiologicalpH plovb e klped: bthe o acidie pld arpvad giedane. and
utilized ﬁ%@ﬁﬁ:ﬂ

am norret %yl e?ephgggﬂﬁr%%éebh%w e not Qgtﬁﬁ?‘???ﬁ% y prgl%t?%}bgd mto %tsti{cal |y
hydr ol yzadireplacsd with a@ﬁmtﬁ@rpﬁwﬁpmwhmb@gaef protopdyr calegm isisa nmegmt zed in
the in v drugs of the
phosphor%é{sﬁ- seglgg%lpgfﬁﬁnggn%@s&&%é&g?tﬁ [ ze E?F%%E#ﬁig 0q}he acidity of

t he conpHswivien prepehatiomand aidmmlsj:m::qobﬁhe tmpmitlan nmﬁa:lmng tlmdxmmtagetmg agsnt [ 0080]
The targetl?nrq% ;['nlt, v”@é’wmﬁ%egfog%g ks |v thag‘n{) ther %hflltlelfl&g t?lropertles

of the I'ssue argetl ng agents
i ncl ude, p}buphoﬁibacmmhobphmbaddlmd ampmhyetmraaeﬁlhqthombacﬂeteedﬁwaimﬁhmhl ized in

t unor tisusd tot anced abi | i retention)
as descr‘in%é‘% BQSPE %’q‘fg P‘&P"hg‘ ,“?1?”%%]/ v@ﬂ]g “%he EPR
ef f ect Ip’arlmﬁﬂ?@lﬁfﬁfddl Elbldgfbﬁﬂ)aﬁﬁhﬁlmﬁle chief3RY the \Whospderus-Baded afidGany 41ed | bd

V.ol 84, the cogtentssmﬁaﬂmhl ch ar? iencorporat_ed by

Rel 0 27
Fof E?Zﬁclée f%@?ﬁé?thﬂéﬁwe'gélﬁ? %ﬁtﬁ@ ne (i efing > prodrugs of th
N- (2- hy dgi¥pHarRphsedRiR fmay h@@baﬁu{zba’M)maa challoMb ¥didityDéth@EtntposiEibAlS -

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"; Journal 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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-26 WO 2004/ 059925 PCT/ US2004/ 010399 [0081] The targeting agent may al so
conprise an RGD noiety. As discussed in Curnis et al., Cancer Research,
64(2): 565-571 (2004), RGD noieties target RGD fusion proteins to

vascul ature b% interacting with interacts with cell adhesion receptors,
i ncl udi ng aff ‘H‘(P%"&?S n. 3. Synt hesis a. Main Ring SysteRqIAE00M/01¢3e9

conpound | A(02
(Conpoungocﬁ g%%a star ?Eﬂtn{h q“’%@%‘%ﬁﬁf E%npoungéé%&%dﬁgg agbt ai ned
conmer ci ﬁlrangprﬁesearslyt@ﬂ@sﬁﬁiéﬂd@(ﬂh%D m@tlestmﬁsmﬁbéuﬂompmmsdescrl bed in

us. P f h d h
by 1 ef or SHEuB Y infaing il i P Bl St PEBTABBERSE  nc

conmpounds. ®yntHesis present invention using Conpound 2 as a starting product.
b. Preparation ﬁﬁ Iﬁ?gﬁ%’t{ves of Main Ring System [00831 The main ring

system of Conp B may be derivatives of the main ring system of
LY2 94002[dm]nnmuaﬂ1paz)nds Bethe yedsent éxsventfontnty baRinithdsized using L¥RP4002 Conpound 3 nay

be prepared as sclosed in, U 703, 075, the contents of
o ch o B monrd, i A ertg Rt D208 G omerund 1) mat e ShtaetcoPRROAD Grad n
ring der bﬁﬂiebiﬁ@ﬁasﬂfasch?@ﬂﬁ@&n{nﬁqrﬂi%ﬂﬁcﬂﬁed in DY, PHiehi NS, 943, bie thigai n ring
system of Conpound,3 nay al so _be prepared bé§USI ng Cok}JErCI al'l y avail abl e

conpoundSontee by, a‘%‘&?f’rﬂ?fﬁtefilllﬁ‘ie’cﬂéﬁ rpfgrencs, Hae pk of Ligthpagt may also

acet ophepaResize fhe caﬁﬁd%a@éfta@pl%enpﬁﬁén\flaﬁ LRSCOhpdRA RN hish&idg &k 00841 The
am ne der’ivatives of mpound ¥ repared by the displ acerrent of the

t hi oal kyl grohpPrQPaBtﬁ'ﬂ]ﬂf@eIWEﬁﬂérﬂ B@ﬂmﬁmg&ﬁten’angl ng from room tenperature
to forci fips3chRhdih ARSsRICFConHéeh®OPRH Benagtd d&@ﬁﬁl‘v&gofttﬂe theiB Eing sysRBY
prifrary or secondary hi'trogen- containing nucleophile may react th give

al t er nat PRY2M0ek(Comparnd Lit Perieptives of the mash Brpyysiea ofi Gagnposed Jigekibe (i ncl udi ng
di fferen H%E@&%éclb@ed%ﬁ% Q%&enti[r@gs ?M'U??qgéc%n% §'d Qslfn ?ﬁéﬂ’%ré&aﬁgs%es of

such erivatives of Conpoun are’ descri her ei n.
d. Pr epabmetqumcg,ffmabt Bﬂesﬂiﬁﬁleﬁ]mmn@@wﬁb@aoﬂbwo%@@mﬁmy) be used to

formth eDgH@E&l@éSer i dndi? 10 b'ﬁﬂe?n o Cc;ntfb%und 3 may also be prepared by using

commercially available compounds including, but not limited to, substituted 2-hydroxy-

acetopheﬁones.

¢. Preparation of Derivatives of Mo;‘phol'i_n_e Ring
[0084] The amine derivatives of Compound 3 may be prepared by the displacement of the
thioalkyl group in Example 1 under condifions 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 nseful in the

preparation of the compounds of the present invention are available from commercial sources. In
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present invention. The quaternized conmpounds of the present invention are
preferably formed using halo esters. In one preferred enbodi nent, the
guat er ni zed conpounds of the present invention are formed using

chl or onet hy umer ous chl orl omet hyl esters useful_in the

pr epar atlonw(iiioﬁjrg%g%gr\rlpounds of the present invention ar e"dﬂlﬁz?“éﬁ’ﬂ‘?*’%rom
commer Ci addisLIEIemmettil estets M@B@@ﬁﬂﬁ&@&i&‘é dReribdd33 W03/004023) wadaptian,
chIoroneto esters %gg%éa&égg ed as descrjbed in WO 02/ 42265, WD

94/ 23724804 Y SPatens Nop 4%1146‘8%2 703, fhzcopterts of Binck 2812 768, the
cont ent siRbrpbiatedhertir |ncorporated herein. e. Quaternization [0086] The
prodrugs of the(gmgsent |nvent|on may be prepared by quatem zing the
tertiary am ne or Conpound 2 with a hal onet hyl ester, for
exanpl e, (86 dﬁﬁcﬂrbd}ﬁ dﬂﬂhd-:ﬁfédéﬁd 1ﬁvc41tmﬁ1ﬁ‘1§y Eéﬁ@%@a% quikéRtigh t}é%ﬁw&ﬁm
conpounds are generally not reversible under condltlons However, the
quat er napP{Counpayad i @s Compewd 257 halomeihdd estrn for srample 28 desgribadin Fapmplafl e as
di scusseghPiifie S ROBREM et Shpoldir IR ehni 28 t he
tertiary amn eéﬁ%b ound 1 orﬁéo ouﬁﬁﬁ%ﬂggg&gg%ﬁng|a I'I'y avail abl e or
may be pranditionsi f&@fﬂv@e@éﬂpﬁ@aawwomh@nﬂxaﬁﬁbbwsthwﬁm ardreailyr s 10087] The
prodrugs t ng the
Certi ary ol AEISh SERked MO0 AR <BE b iaP b REA FroulnBRERIEY 09 |

| east tmmnmumﬁCumpahﬂgnmﬁbsmomﬁﬁkmbnmkmmmmﬂyabﬂﬂdayrmmyhepmmmmdawnthet|c

| i nker t uatern|2|ng the tertiary amne and is al so
capabl e '%%ﬁ53§§§5?33§P3 attached to a targeting nolecule or may al ready
be attached aoLanmargetlng nol ecul e. [0088] Linkers are preferably

oMY Sefhaghy Ak G AR RN o e Hhd W et e RS e by, 2

typlcalImnmbnfChmpmﬁﬂgendbn@mmmﬁzﬁﬁhahm&ﬁammmh&mﬁnhhﬁywoﬁnthemlgmgs of 14 to

i nkers. e fibReg be B of rintBh i BREis cipRleGR B Aiphe B BEPEE al | phat i
group Whingithe aid Bpiso @aableyof Beig tovalehidl attaahal tw/@(ﬁrgétiﬁgﬁm@ecﬁk dr Wiy aBtadyat ed

b f Ih h | I db O-, -OCO-, -CONH
CarbOnS. Shachliiol Ihthag SRl 072l 1Y TPl 2ced by Q{0 A UG -0,

[0088] Linkers are preferably comprised of an atom such as oxygen or sulfur, a unit such as -
NH-, -CHz-, -C(0)-, -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 i'ange 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 optionally substituted, and wherein one or two saturated
carbons of the chain are optionally replaced by -C{0O)-, -C(0)C(O)-, -CONH-, -CONHNH-,

(' -C(0)0-, -0C(0)-, -NHCO;-, -O-, -NHCONH-, ~-OC(O)NH-, -NHNH-, -NHCO-, -8-, -SO-,

' -805-, -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 funct_ional group is a halomethyl ester including, but not
limited to, chioromethylester and iodomethyl ester. The second fimctional 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 targsting groups are isothiocyanate,
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-C(OO0, -0C(O-, -NHCO2-, -0-, -NHCONH, -OC(O NH, -NHNH, -NHCO, -5-,
-SO, -502-, -NH, -S2NH, 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 but not
limted t o WQHPHAEY hyl ester and i odonethyl ester. The ?é@ggﬁ@’q (ﬁ’”tional
q agent .

group of the I|inker used, to caqval ently attach, a targetl n
10090] ¥rleecetamidrgn AR Mﬁ?e%ﬁfdkﬂﬁp htegfingde, Mh PGyl cgleh Y or a
nucl eopbishifife, PP azidElcafb ¥yl @hd 2610 O il R drbdT]) @i dr@fiagoval ently
attaching tar g,e?g’lrll)g groups .are. i sqthiocy an<311‘i3'5eijq -28%%00&1089925

PCT/ US2 6@miepaaiiyothi %W&@é%l%ﬁww’é}ﬁﬁaﬂ@e %ﬁﬁf?é@%?”é‘?ylﬂfﬁhl opht hal i ni de,
N- hydr oxysiee|flisnita, ﬁﬁlbﬁfazm@%&ﬁﬁéa(d ok Ozﬂ@gh%ﬁm&ea saﬁéJlé)OXW (and

acid chlorides thereof), amno, acyl sem ca azi
t hi osenfeaeiivisandieties VA6 h?rﬁ‘lmw&%" ntlyatiadking theipresiageyf the@aesent

am noal Mﬁr@wf mg Qe lha&aer&&sm%g 3;1%95 glg ﬁé:ﬂ{d?%%?%ﬁ%’ﬁﬁnﬁ@@%faﬁ% our ea.

QO her sult reactive noieties or cova
at t achi piglotides, henziovidass, sI0CHmdr3Q&ht i nvention to targeting agents i ncI ude

di sul fi |t ' orldes

benzi m da : sﬂe-@ggatgﬁlgy‘){j@@@&?%@%i iﬁ?e %np@popgg?@g& e%!ﬂﬁ’do fihct i onal
group Malréetdgmndwﬂknwﬁﬁuhtﬁamalammahd gillhefoniedtand by itasigedpiibiitamgdods ofi t h whi ch
t he cov

0 formed.and by.its su t iR
i o1 oot Diafobisal RUPe s colbeah el rofe gl Py iE SBbr JLiie et R pdit intage. 11
t he Efar g@tmﬁ;@a@g@jﬁi ﬂﬁ:scnanal@fompma@ ;aetéaen\&eﬁiﬂmgda‘dham}(g'rmabfg?ﬁumﬂiay bet »
reac |ve c S..0 0. aci ds, in e po epti de
bagk bonakiag h Heipg B PERLAE A HPBES Soit IR sdan EiRuPs e DR P CgRBB S “hpar | ¢
acid angspﬂﬂh’elfa&maﬁd%ﬁaﬂné 864 fhites, uleemamga@pgbmy@iﬁeHs;dhessmerdn%bdues the
aromatic grou s .0 tyr05|ne and histidine, and the sulfhydryl groups of

cyst ei n&opeQidyetine mydystidineggnddhs qulfhy %?%ﬁgciﬁ@?é?&l@ﬁs by a targeting
agent s EUbe]aéar@oﬁPhM@g&hbﬂﬁeé%ﬁ@KQ?E?ar@g aéé%t £déﬁﬁ$ 590%@{1&@15&%@ amond

functional groups by neans of a sol ubl e carbodiimde reaction. _Am nho side

groups pe=aded ‘é@h pying seqord Smchiepabgrevns Wrayeses eiaseluble arhodiimidsrerciens anat e,

i socyan ghﬁ d S quFhs, t; eto
the prodr ugssq%%“%} tp%rsg%tgﬂﬁy ﬁ?@ﬂﬂ% g'gon tenat | ?&gﬁoﬁ%&glﬁ S&B’r oﬁegs on
t he t ar gehalatdazingeaconddyistional gioups toeffert lipkagede tlng$>rodmgs of the present

invention. Alternatively, amino side groups on the targeting agent may be linked to the prodmgs

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. Sulfliydryl groups on targeting agent
molecules may be reacted with maleimides or with haloalkyl targeting agent reactive groups

( such as iodoacetamide. Free sufhydryl 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 sulthydryl 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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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 Vi sheagmisum deri vatives. Sul f hydryl groups o t' agent
nmol ecul es may .be reapted with mal ei mdes or wi th hal oal k%lctrﬁfgg@éto}‘ﬁg agent

react i vendgé OfWSK éans UOAL, @m as@acmuarma@&rboﬁy&ete%mewﬂﬁwm&m mijigeabl e for
such reactlons milﬁgf}) aﬁ% from t he disul fide bonds of protejn

i munogFYEREvER] ogid Yres hish mepy dhgncbg reagisf ieffbgr ity smgne reagtivakage t o
free su {;{ohswfo%mga Q&ﬂﬁb%ﬁﬁr@ﬂa?x? drafind, RénicAtbaAdd Ve WYsehliéAbBide e Of

i mrunoglobul ins  does not interfere with the antigen binding site of the
i mmunog mm tnginethe sagespenting hidrmeonca srmicngenzone s sl atsrucashezais linkagésng

conpl engH F%M rotein, an
al ter natl ve S%Iggl?%%l?n nggyaélgblebne}(égﬁd S H t ﬁeﬁégé)oaﬁﬁéo %%ﬁ%&;rggs%nt i nventi on
via t hep;@wmlf@@tma@zmchssQaIbOh!ﬂranbsaamiwwsmhmcles nkage with the

e -2 WPUEH FoRuESE he e rEI 008D el IS R ch Bl o " "

88, 695. pilysrecharides withobbihy deassity Sorgeior rddation aﬁthamhyd:toxiybesyl mbsg suchadséxct i vel y

OX|d|zedto r h . t.he e reacted gith r with am ne
reacti v&® Pﬁ?%lfﬂ% ?&lﬁﬁﬁ?ﬁg %gge%n\#ﬁ"%'gg at\‘/ﬁef PHF ﬁee@cnse t&’fgﬁ‘?ﬂ% de or
t hi osenagaitsaaaiaihing £H2-Cisvdiol, Hroipa 5- m@nlgrede:yﬂhﬂmme e paiddhuzgs bfide azone,

sem car bazo e or. thi.o ar bazone | . se nmet ho may al so be
enpl oyed 1"?‘(5 9sp F\”]{b?wlgmgﬁstﬂﬂ?ﬁﬁ%c%ﬁ?&f ﬁli“isgqy‘??‘g@tﬁ‘i’so‘ﬁh@b cﬁ‘%’ﬂfﬂn&b‘r%‘?‘@ &E‘E eoﬁs
t ar(g et ﬂﬂly%ﬁﬁioﬁylﬁﬂﬁﬂﬁ&és 168y Aedberdised ©9inR B phetrySaf eliginvel@on 1. 00941 An

e

al tternatj ve t| ng gent reactive noiety useful for |inkage. to

car bohy @Patue 0% %t@@ﬁg}qrﬁqggu 1‘1”%‘1&%‘%@%@9@% kP GOUB X dat i on
is the @i myd'rﬁ?aehwés EHcRI4BEby RekehhedS el 4., beemmy i, 32828 (1972).

(di hydr oxybor

eny t hi our ea derlvatlves ﬁgI’OUp is reactive with

t ar get i M§OXAEH émﬁ oligisreas PNy targetingagents may gpt berlmk teghepussepEpmEgtincy cl i ¢
borat e @gl SkhioPidné i\%ﬂfoﬁyl%ffrom@absmttﬂmtlst&% %ﬁ%gﬁ%{ﬁ Xg%%%% ygaccharides

and gl ycoproteins which contain th rou derivatives
may al sgonjegaipddel ispbidcyanatededvivone bDfI’ﬁf‘»iS formiegan @}ylapgne derigatiigof eosi des,

ri bonuc ,gglg Fi a epphlPsgscontains a 1, 2-cis-diol
group Igfe%h ﬁ%ﬁo %és)%ﬁf%#%w?a%} g]f“ Eegﬁ‘b B?geﬁ er g, et al.
Bi oche m[wsymnthemgﬂmz&gmw@%nkem& ;herpmﬁmas o6 this iheentign & aDNgtact aelhet i ng
agents Ry, DOt DRl JakEA of Barbdif aRESEERY e RERALUIS ddbmployed. Hwang and
Wase, Biochim. Biophys. Acta, 512, 54-71 (1978), disclose the use of the diazonium derivative
of the bifunctional EDTA 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

il

( 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 o covalently quaternize the tertiary amine of

Compound 1 or Compound 2 and are of the formula:
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this fashion as the 3' hydroxyl group is absent. The latter targeting agents
may, however, be conjugated to isothiocyanate derivatives of prodrugs by
first formng an allylam ne derivative of the deoxyribonucl eotide as

di scl osed by Engel hardt, et al., EPO 97,373. (00951 When the targeting agent
to be Iinke%’ovﬁ“?‘ﬁos?%g prodrugs of this invention is an iHFE@PZ"@‘E%F’?” ei t her
pol ) peptide reactive or carbohydrate reactive Leties may be enpl oyed.
Hwang and Wase, ' Bi ochim__Bi ophy, ta, 512, 54171 (1978), disclose the use
of the di azoni um derivaT 5 TR, EDTA chel at or of Sundber g,
et al., J. Med. Chem, 17, 1304 944), to | abelz—erythrocytes and platelets
with indium111. The di hydroxyboryl group is reacti vé\ wth a variety of
bacteria, viruses and m croorgani snms, see Zittle, Ad\clgn. Enzym , 12 493
(1951) and Burnett, et al., Biochem Biophys. Res. mm, 96, 157-62 (1980).
[ 00961 Preferred linkers that nmay pampasd4X 0 coval ently quaternize the
tertiary amne of Conpound 1 or Conpound 2 and are of the fornmula: -30 I WO
2004/ 089924.;,PCT/ US2004/ 010399  Zi S=C=N (CHAe Z2 X (Conpound 4) wherei-n, X
represents a halo group; Y represents -CH2-, -CH(CH3)-, -CH(Ph)-,

- C( CH3) (000H) - XorepErfnGH l@BE@Np; 73 and Z2 i ndependently are S or 0; and n=0
to 4. [0097] | @6} me I§ 4 S ' (,Qn are

t hose corrpoundsrY %/ﬁ%?@?%@zx ?E%?@%@&g&ﬁgﬂgoge rgﬂslg%{dyew
-CH(CH3) -, - CH@rkahd Z, in@¢rEhBnt19 @y er @ran®H( CH(CH3) 2)-; Z1 and Z2

i ndependent |y artlr=e0%;4 and

{0097] In one embodiment, Compound 4 of the present invention are those compounds wherein,
\ X represents Cl or I;
Y represents ~CHy-, -CH(CHs)-, -CH(Ph)-, -C(CH3)(COOH)- or CH(CH(CH3)2)-;
Z; and Z; independently are O; and
n=0,
[0098] In another embodiment, Compound 4 of the present invention are those compounds
wherein,
X represents Clor I
Y ref)resents -CHj-, -CH(CHz)-, -CH(Ph)-, -C(CH3)(COOH)- or CH(CH(CH3)2)-;
- Zy and Z, independently are O; and |
n=1. ‘
[0099] Cormpound 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 inventton may be isolated using standard purification
methods. The hydrolyzable bond of the compounds of the present may be prone to hydrolysis

during the pﬁriﬁcation of the compounds.
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n=0. [0098] In another enbodi nent, Conpound 4 of the present invention are
t hose conpounds wherein, X represents d or |; Y represents - CH2-,
-CH(CH3)-, -CH(Ph)-, -C(CH3)(000H)- or CH(CH(CH3)2)- ZI and Z2
mdependent Q. and n=1.  [0099] Conpound 4 pr ovides linkers with both
an al kyl hy%%?m@%sboxyl i ¢ backbone which provides fl é’ﬂmrszrwlqsw t he

cl eavage th \ [ nkers . npound 4
may be prdgﬁgerhﬁpa‘m&lﬁ‘}egﬁrérneﬂgﬁé g"%%dzt% Eht‘)’?g§%tuartl g'lep‘gr(r uets® atgodescrl bed
in Exanpbgnﬁmv@noﬁummpmsugaddmg[ﬂﬁhk@sﬁipom tcosohdiondempfisibga lgased Brtacidnvent i on
may be igolate i st and ur f|c he hydrol yzabl e bond
of the c@%ﬁg‘ﬁﬁ"g’é"%@%@ COHE 3‘@5 d{lprr%lp%‘gl %ﬁ%pl}% H@&PS‘iﬁifﬁ%g during the

puri fi cathrenatorapiycprefombby HEEC. - 31 WO 2004/ 089925 PCTI US2004/ 010399 [0101]
The present |nv%ntr on is also directed to nethods of purifying the conpounds
of the pres F§8nt i on conpri sing adding the conpounds to a sol ution
conpri si mmt’rﬂe@&ﬁm@ of tHipplesist inveution) miytheedisdib deEenihéithe eqtapOhydehlysis v

corrpound hen rifie erfo hr refe bI y HPLC. h.
Testing {8 VR g @@g% uftﬁaﬁardécg}é%ﬁ S HFtier a%ﬁﬁ?’?réy%‘ iz e 1o
det erm ngoaﬂag eﬁ]ﬁiséﬂ 1olcleayhe @bydiichs af a ilnbifonitdnR| YRAWBeibandtARbitde products
of hydrolysis by perform ng HPLC anal ysis_ of the rodrugD exposed to

cl eavageCEERYRgs;of s raesent IYFRESY BAY by meastrsd byrpsthpfuinglyding, bubpetilimited tht ¢ he

conpoundgodfing fig mﬁ%m&s@ﬂgbmmxwﬁwﬁ@m&ﬂm@mmﬁ itge! udi ng, but
not limted to bl'ocki ng phagocytosis in macrop haagqo line J774 cells as

e cell
descri bebroloalcmwﬁry@fﬂw coppeundsiod the gresent inyertiopinay aljo hepecapwpdhbP® of t he
present %ée@@{.},%{é a5WYs %&ch&%d BF%J@ ety 8'43@30{@%&1%5@9 Jaﬁﬁﬂ%f as

desg cri be Bat ent Fuc ]
Screen 2002 Oct. pp441- 450 VI Silveria et alJ Blomol 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 "pharmaceutically acceptable salt" refers to those salt forms
which would be apparent to the pharmaceutical chemist, i.e., those which are substantially non-
toxicrand which provide the desired phannacdkinetic propefties, palatability, absorption,
distribution, metabolism or excretion. Cther factors, more practical in nature, which are also
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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Screen, 2002 Cct. pp441-450; VI Silveria et al J. Bionol. Screen, 2002, Dec.
7(6), 507-514; BE Drees Conbinatorial Chem stry and Hi ghthroughput
Screening 2003, vol 6, 321-330, the contents of which are incorporated by
reference. J“h | Lsdo 0103] The conpounds of the present invention are useful
in various PHAFMHGBUTI cal |y acceptable salt forms. The F&TfHS2004/010399
"pharmaceutically acceptable salt” refers to those salt forns which would
be apparasis, fingaricheidplobrenssulioni¢ acid, mefhanesulfonic acd, etitaherislfahic ebid agalic acid,

subst ant. al | - ' he d Kj | C
properti ee?myc g‘#a%‘% '?aﬁl ?%%sor %‘th%ﬁ& ‘%‘1%%1 ?%’%Jﬁﬂn%ggt%oﬁgag% ﬁl&gt%

excreti qrrhosp@atme,rbofsamst ﬁartsaiesrmﬁr:éespmmnatesabenznat&&h&tbﬂ:,ates,fsahdylﬂerseamﬂ the)bke

i mportant .in th ction. ar.e co of terials.,,.ease

cryot ai 131aPs st of srgerd PSR ol aRi et Ao PR Rl or ¢ ne
resul ti rtguﬁuhcknstfﬁnmommsent ly, phar maceuti cal conpositions may be

prepar e or their har eut| cept abl e
Do be | ol ormFeile e b st Brediners) SeeBist bR ieflonite 8670,

Phar mac Qﬁéthaﬁﬁéﬂlﬁbnﬁqeﬁrsbmna tﬁﬁdo'&'&cafc abm@awmem&;@ﬂféﬁ@cm RAREBding Nvention
which are suitable f in the t hods and conpositions of the present

i nvent i JRCTE REATRIERS: I“tﬁgalﬁ&%é’ aceytica i aseeptable salts eiths erpmpoynds afthepressnt ot v of

or gani ¢ aRGliibAN Y88 tRmaE Wilh afkblE hef sBMﬁHs@Gﬁﬁncﬁﬂtﬂsﬁlhﬂleand hhmﬁoaxmﬁ& hane
sul fonic acid, hydrogen bronjde, nethanesulfonic acid, sulfuric acid, acetic

aci d, treafth a@t%%@e ASCCalCEIE) and iR EURHUTA CQTEANIeRsessels ¢ dipsiabexsdqmpine, |
t ol ueneqﬁb&t% %&mgiﬂef&g\a&l&chs sucﬁ'a!ﬁa%’idlﬁe ﬁging,an@{;hg@%éc acid, lactic

acid, malic”aci paroi ¢ aci d, fanilic acid, 2-acetoxybenzoic -32 WO

2004/ 0899Es] ﬂ@whmmnﬂmg@ptahbusdts af mﬁawsentanmhon w@eﬁwﬁmm@ﬂ b¥ acid,
met hanesy, hxf/e%ﬂbﬁﬂ %ﬁérﬂcalﬁﬁe%@ﬁ%eﬁwaﬁ% %e%aﬁ{érggreg ygfe%in the ﬁéeeJanﬁSP c aC' d
er epta

and i nclude various ot arnmaceuti c |'ts, suc
ni t r at esacid m‘linsmhhmmsmctamemesl; wihaat axatse Qf the desirad ealt-fosmingiimuiganss orben z oat es

ascor bat £es sal i tes such as quaternary anmoni um
ions are %anﬁ &t ?a %él%laf'“‘sSu;f}aneS’orl‘(?enIt S%I Ie?t%%acglgﬁ? Sble counterions for

ani oni c [mm@}tlm gsnera{l Gné)ﬁjunﬁnaismf Maksedfulm minpbhmis@ﬁﬂpcpmdﬂ ifentidrearpr esent

t hyd I | [ f d.salt d
L1111 uoriieBied O eielRadt] OBl e FFrBARES ot o P4 Bt oF ror o

pr ef er r eduntbfioradd tHeisalks, dqiaﬁhﬁg&emb reaothnhiy, E@@Mﬁb,l x&eeamlss addetilie conpounds

of the pémﬁteatrzatﬁlereamMﬂ}ewmummmaybeammofClm&Imwm Futthermore

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 fr.i)r a pharmaceutically acceptable
counterion to form the salts described above. Procedures for exchanging counterions are

( desctibed 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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i nvention may be formed with alkali metals such as sodium potassium and
lithium alkaline earth nmetals such as cal cium and magnesi unt organi ¢ bases
such as dicycl ohexyl am ne, tributylamne, and pyridine; and anmino acids
such as ar gnga 8@(@ ne and the like. ( [0106] The pharnaceuti cal Ig/
acceptabl e salts of the present invention can be synt hesP£EPSpp4/010395
conventi d by reacting
t he free&%gése‘a%ggg?%gllle W t qu[c(a)@e gt%ﬁ‘{nilaj!tlér/adgﬁ %ﬁ%ﬁ%&ﬁ&ﬁ&aﬂ‘{&hg‘gﬂ&gkcess of the
desi r ed stshilizers, antimivephial ageyds butfas, colorinmageotsaftavdriog ageatsegdinvants, aditteabl e

sol vent Q% sol vent conbi nation. [0107] In general, the counterions of the
salts of1 ‘he conpounds of the present invention are determ ned by the

react ants used Foemalativhesi zed t he corrpounds There maybe a m xture of
counteri f th I cta For, exanpl e, where Nal
i s added‘?{bg] 8?’33?5?(} %gto %%nggglg%gteﬁgﬁq? “&gﬁ%‘f’ r}ttgblet A lgéengé?n xture of Cl
and | cdointeddn b otisventiarat ﬂnemnmerr emn@hatahletzrayid b@sﬂem ofaammmshmonrl gi nal

counterion to be exchanged.h a n etic ag d is present in
the el udH CORHE CERisH %‘}a??)’f%pl S ‘g%flbfll‘; “?TE%%Q&BWQ%@E“{% T f f er ent
count er IlMcanTé}ﬂwﬁ@églfdrﬁéxﬁﬁﬁeﬁ&fg&gaﬂﬁmi@iﬁ ety ﬁﬁﬁﬂ@,&ﬁlt femofliritartomgr) i cal |y

acceptabl e _ counteriqn,to for t he, sal es bove Prqocedures for
exchangl""f‘lﬁ“”&(ﬁi= BrSOHioL fragac s’@? Ilﬁé?jogsﬁr‘%ﬁnﬁ Bidong g% 2/ 042276 and

S. D J agolude Qi b@ bt Ealedi0)] BStbiePMgar, ﬁ:ﬁbrodrﬁ%lﬂié&iéllﬂbé&nﬁﬁhétm@lﬂ%@l&ﬁﬁm I n
Vitro studies." Journal_of Phar ma&eutlcal Smences 80(2): 128- 131 (1991),

the contheiPBatprndpnraitelhubricanisingle buldremrat dprited {o. magasspist deargte steaticy | ¢ y
[ €3S0NS ol MM BcaY G o SRkl Rt RSP ko LT Ct ur s

herlei n and’ t he aracterization of conmpounds i s based e |dent|f|ed

quar t emateschead soshipm garckhghseliate. |V¥5‘?’¢11[&)ﬂ£9’$f inglyde,hubare pet lmwé'ﬁ@,. ssdiu@l iyl
e“COWPa%ﬁl?a?eRaTéﬁPe‘mﬁéﬂé%teﬁ%Mé ¢ 3 diHas el TREW inGRIRPUNdS of the present

i nvention he conpadsitions of present 1 nvention nmay further -33 WD
2004/ 0846128] Pamp¢sBRms af the o8O nwgmmnw abnde @quldﬁ@rmmnmd@mmg,dm oy

accept abl trite&lﬂ)q g% e nl{s‘kgd,r 0%18?1? grglgs? 5, § ﬁﬁmgﬁcgnﬂ?xo s H}ﬂl}?s S Pk 281

antim crobia oriny agen avori ng agent s, adjuvants,
and t he colpdsiionsmay-alsorbé fitninolated as a dry product for constitution with water or other

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 sjfrup, 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 formmlated 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 bein a
form including, but not limited to, a solution, suspension, or emuision that may be administered
as a dry powder or in the form of an aerosol using a propellant, such as dichlorodiflucromethane

or trichloroflucromethane. Compositions of the present invention may also be formulated
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[ 0109] Conpositions of the present invention nmay be in the formof tablets
or lozenges formulated in a conventional manner. For exanple, tablets and
capsules for oral admnistration nay contain conventional excipients

i ncl udi ng, Qg 0s0dksm ted to, binding agents, fillers | cant s
di sintegrants and wetting agents. Binding agents incl udeP(L‘ﬁj?ftSmﬁf’@“ﬁdBt

i m t ed daQedefid] Ytmulaf sﬁ@'a@ﬁdo@s origﬁ&'ursdﬁls ve&é}&ﬂﬁ%&h@ butH&tiinA@g Of
starch and pol yvi nyl pyrrolldone |l ers include, but are not limted to,

| act ose,0.SIRFENS, oin1sH PW&Saﬂ’qsteﬁén‘?ﬁ@lateéPbéfér el peBEEPERS. cal ci um phosphat e,
and sor l{hiﬁ't) Co Ppglﬁ&'@'afﬁle;p%laﬁi%en@dﬂ Bl oS ﬁdu'ig[tédeﬁr RenggNesi um
stearate, stear acid pol yet yl ene g yCco ilica.

Di si nt egdministralioncinggding vt netlanitedito, by iriectidn pogontimtans mﬂlssqraFgmmémmn&;fgm um
starch gl.ygol | o ' odi um

| auryl q@%at@%e“nvﬁs E\érglgonf%gﬁﬁhﬁm{sg@“ﬁgaccoéhéﬂ%%%tlggﬁ%% %%éoqgv\ehﬁd ssr\own in
the art .anfl ﬁﬂajzeq,ntﬁ) lﬁcpm:ulaitmmngntsfmtﬂhrhngpbmnhnutm/termspmdmg,wtmmgpmd i qui d
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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 iransporting compounds across the stratim
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 attributable to inappropriate PI-3 kinase signaling activity have been disclosed in the art,
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transdermal fornul ati ons conprising aqueous or nonaqueous vehicl es

i ncl uding, but not limted to, creans,. ointnents, |otions, pastes,

nmedi cat ed pl aster, patch, or nenbrane. [0112] Conpositions of the present

i nvention formul ated for parenteral admnistration including,
but not |Ii W%g‘l"?}ﬁ?ﬁ%y i njection or continuous infusion. BEFPRIUOIEPS f or
injectio ' f1. SSPRAS LS SR 0Eng @ .§t@ns in oily
or aqueo?})s1~ %Eﬁﬂgﬁ%?tj&e{él%b%%@légﬁt ai nﬁP %m?’gﬁ’on aggh%'g"lpﬁ’?}ﬁ ljg'lt'%g, but not
limted 06482,628 bHd1§,27%:t186i6166730¢,U.8.4003021 6388y 812§030j862KH; The conposition

may al so j ' ‘ for .reconst.ituti sui tabl e
vehi cl e P%ﬁ%@%ﬁ%jgﬁ?%ﬁdqﬁgtg 1 M tset%eO {Og],:en%tog?ﬂl ¢ ?repW?O%oer%-?P&e%}% &t | [0113]
Conposi t {01®6] Tie prksentinestion alsoeneompassesaayetisddsor dphardcimgpiiatelthtals a depot

preparation i C be adm ni stered by i antatron pr. by intramuscul ar
i nj ect i OWO#FW@%{ES%%WS‘%@WB&WMW@ %“Fﬁi ﬁﬁef’g‘bﬁh@%% ric or
hydr ophobffgtig@iasint bba ¢odspoand &ffithd friesht inferdibn. acceptable oil, for exanple),

i on exchange resins, .or as aringly solubl e derivatives (as a ,sparjngly
sol ubl & L17) Thegrreseytsagm derpeaie SR prenbRnaingthe FRESIORSINERE i on” nay
al so be fLpiorebiptephpasin@admiBRESNEN REaM R h@D thercblf & thdRREMAByY BfF@ERE at i on can
conprise |liposones which penetrate the cells of interest or the stratum
cor neum a“&?ﬂ&“ﬂﬁ%‘é"%"ﬂ‘ﬂd? ?E‘@Fqﬂt%ﬁﬁ‘t"ﬁﬂe, resulting in delivery of the

cont ent s i gt T4 predeRARAMRor NS PerlchifpH8lslamdid 16r @Rl cng tht RPRARRARRIVAYEH aS
those described in U .S Patent No.” 5,077,211 of Yarosh, U.S. Patent No.

4, 621, 028k cellspmprigiRe admigisteripg tolg mBlienvin veed thewsof 4 tiBpperdrally effectiieizi ni ak et
al . can POPAS bk Dhsv&fiichhe i nvention intended to target skin
con@itio%go%}gﬁﬁ%%&g%%ﬁni st ei')edéﬂgelyoré%l during, or after exposure of the skin
of the nHARR] Thepresent inventiopealsasencompassry aonsthbatfprighiiing demordndvsed sui t abl e

formul at | OF . ' ' lepi I L.m |l ar to
|1 posoms e BieRAt GHEHEe MRAR, 1o YRR Secl aftrodeR kRGN TRIELN O
f or ns of ambind bf aceneihéof the prefent inerdiospor t i ng conpounds across the stratum

comeum reat nent, .[0115] .The present inv .00, al sSo_enc asses a net hod

of 't oat PIRULTR A vat e asc PP » el o S Rng e e R R 5 i
Ki nase: agdsbotatbd/witl hen-Eined didenres conmmisingiatiminisatingeo apatentl need thmeehsi ve, or 1
constitutively. active. The esent invention also epconpasses a method for \
treating eﬁﬁ?‘i{’ﬁm‘?fgemv‘?ﬂ%lﬁg‘gsa&&?ﬁ?% (tﬁheé’a‘??f?’?ﬁ’%‘fe&??%g to a patient in need

t her eof mi1pijeTIaRREentGRtdn}ion also encompasses a method for treatment of cancer comprising

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 “simultaneous" 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 adminisiration 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 mulitiplying
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effective anmount of a conpound of the present invention. Such di seases and
adverse health effects attributable to inappropriate PlI-3 kinase signaling
activity have been disclosed in the art, -35 WD 2004/ 089925

PCT/ US2004/ QDnegedmer exanple U. S 2002/0150954A1 US 5 5@@85@%0105@

6, 518, 277B1; U.S. 6,403,588; U S. 6,482,623; U S. 6,518, 277; , 667, 300;
u. S 2003‘63211)31&91;1‘31-&1@vﬁthzmaeﬂlfs%ﬂﬁﬁtoreltllzc&emmaﬁtB(zwﬂuanglcd]lcﬁaﬂﬁn&mB 075 t he

Covent 1 CHORPES ree e 08 CRRABlE et U hER iy e R SE B e
cel | deajrbeesgepf ¢ctlulagsigaiiimnsdtiation whidhregulatdipsdlifentioe adll dohetimed atdow

t her apeuti cal l g effect I ve amount of a conpound of the present invention.
[0117] T‘ﬁ’@ &X¢18i nvention al so enconpasses a nethod for enhancing the

chenosengii4 f]‘Clﬁs‘éesfo cotupdiits et xh@ mﬁm hsSdyRffioxaé fefis Sichide i foRowtinpat i ent in
need thereof a therap tlcal Ig fective anount of a conmpound Qf the
present HrRameiagents T’B’T féﬂ?n= niipesh mpsiards, shvichwRp d8Walves net hod

for enhafjey Bgirdnbies, rnﬁ?ds@&@ziﬁh& wdz&ﬂesptnacﬂ FHYHardC El1brine RN Ejro'fdﬂﬁ%p%ﬁ!rﬁid@' St ering
to a patient in need thereof a thera eutlcally effective anpunt of

conpoundCytoxen®), Hesfaraide, melpkatan, eJporambucilo pirghremay, ée@hxlenermelﬁtmnen al so
encomasﬁ@ﬁﬁﬁnéﬁBé}%gpﬁo%mlh@%Qﬂfahrﬂan{% he, ldlﬂ%%i bﬁl ErB LHFpri sing

adm ni steri pat1 ent in need er eo era eut | ca ect lve
amount otﬁmazcdm@mamoirabmlms (prchdmgt Witlmnéhmrtmn fodie 204 atrtheonpﬁtsegmwdinnvent i on

\?\Altsg o0 RS Z:ﬁﬁ%ﬁaangi%g?% dd8fosid *&Eé?ﬁlh%fﬁq i S@&ﬁfiﬁ&h@e‘}ﬁt‘% R ngraéifsoc' at ed

ases conprising a 'l need
th e r eof foxutitieeaymrbincab-meroaptopwriney @ thoogyamte, cﬁludaablmmaptdtte; pezttdfsmnp&, esent

in entlon 01211 Th n ention.als asses.,a f or

treat rren‘fndt#‘ Eﬁ’&”&?r“ %I%{)p ?‘gll&nsgan&)gl md iR t%?s @ ref{ ’pvé?caéﬁ([ahll Yhereof a
t her ape udntibiatitsy mﬂ’yﬁﬁﬂ;ﬂmﬁw&lﬂﬁﬂaﬁd epfpodophgﬂqﬂoxins) ﬂﬁblafttilne, Vixogisidie) wndasmat i on.
[0122] Teco be, adm ni.stered, si nul.t aneou metro ally with
o mer) o AR o o Ry R e Y Eabis ™ A PR hor iy
The ter nqpécsitﬂulfsamaﬁ: allghvmiasrefwirhmpnﬁﬂhyﬁinwﬁx dsngodiiRydin, nifbafisintd)at t he
ot her anti-cancer treatnent and the conpound of the present invention

adni ni‘stkasedesipasp;mterfgronygrederaly gﬁ‘é‘P‘étﬁ’F“P‘%ﬁe rediteriposid e preferably 12

[0125] Other proliferative cytotoxic agents are navelbene, CPT-11, anastrazole, letrazole,

capecltabme, reloxafine, cyclophosphamide, ifosamide, and droloxafine.
[0126] M1crotubule 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 {INSC 83265),
vinblastine sulfate (NSC 49842), vincristine sulfate (NSC 67574), natural and synthetic
epothifones 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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hours, yet nore preferably 6 hours, and nost preferably 3 hours or |ess, of
each other. The term "netronom cally" as used herein neans the

adm ni stration of the conpounds at tinmes different fromthe chenotherapy
and at certain frequency relative to repeat adm nistratj [ or .t he
cherot her aPY P8Rt . [0123] The chenot her apy treatnen?eﬁ%§ﬂ@gﬁ%?%se

adm ni sg1pg)iNture B3 B26BY T Wi 69T) M1, BioY, I(CRH! 29730859 i Ran@d (1096Y31 nat i on
thereof.,C%;otoxic %8§£%i prevent cancer cells frommltiplying -36 1 WO
2004/ 08995 S-hpr g7 {<H $399 by: (1) interfering with the cell's ability
to repl jogzet) ea NGBl atelytotdXl cR silak cpl@GIHRIIGBLN M anBRePlaSRd énzimfis;lahe cancer
cells. Cytostatic agents act via nodulating, interfering or inhibiting the
pr oc es st@Boigmesese iondIreRshazing; Jpite¥ariraneplaitmetropekiatian eomarlees sRHIas f er ati on

and songt| Hﬁﬁmﬁicak&maﬁﬁ,o&&lb@eﬁ?ésglgﬁg glgaitq?ies();%ﬁm hFSRSaBhomRmROuUnds t hat

maybe used as cytotoxic agents | 21 ow ng: ~al kylating agents
(i ncl udthergpentic ngrnis lepeavioring tegadur; aridthaegynpaieticizrewdh fackarky| eni m ne derivati ves,

al kyl s ol b a L uUrAac -.@r met hi ne,
eyl opristtfl i g Ee sl RAC GG o AR I, nORARHEY St e

pi pobr ofiminding systhtid asakegsie | Gatphre-cthinylesieadiol] diethylsilbgstrok fEisostamvineie, busul f an,
carnustine. | omusti r Cl dacarbazi.n and _t zol.om de;

ant i net%{B%HoP%rsHﬁ 8?%@%&%?’%@&%&8%%’6’6 1 POpIqnaie; tée%t?ﬁ t8 T %Sl?rgﬁgér% 1%’goni sts,

pyri m dnethylpedsibcdose, mptiyl-testosterahe gredaisel ors eivsinvéondddorotrasizerienhi bi t or s) :

met hotrexate, 5-fluorouraci] .. floxuridi.ne, t arabi ne, 6-nercapt apuri ne,
6t ht oA B BRE eiieish e bRt st R BR ey, FE R R

nat ur al fhpseideabemalesk, bbledex. deri vati ves (for exanpl e, vinca al kal oi ds,

ant’i tunpr i biotics, enzynmes, | hoki nes and epi.podophyl ] ot oxi ns):

o1 hbl aciBi28d OhbrgyPriefi teenis e R LreREhion i Ay R AU DPIAR HOU8nor ubi oi n,
doxor ubirgiother YBGFURNBitdls, shéhfds Abki-GBGF @tiBodies 48 @mbll feRluled ok bd ZREFM | S
comercially available as T.axol (r)), mthramycin, deoxyco-formycin,

i t ony GATH.SU6008 arg afa inehidek At ahtioftsh Somr @FisrkBrY AbeRe wized toposi de, and

t eni posdyfignle EBER HNibRR S ERB B0 (RliatieyEh1e WhdiBy Alsd @RMIS 4 tmbBNE| bene,
CPT-11, anastrazole, |etrazole, capecitabine,” reloxafine, cyclophospham de,

i f osam aibedy{P2§immenemeie for tedyF o ihihiersaf f ecting agents interfere
Wi th cejgl 3 Aisdiuit@ik for39asPnGyidetatic ARAME ChibdbRS (Bautamide, Astra Zeneca)

which renders androgen-dependent carcinomas non-proliferative. Yet another example of a

cytostatic agent is the antiestro gen Tamoxifen® which inhibits the proliferation or growth of
estrogen dependent breast cancer. Inhibitors of the transduction of cellular proliferative signals
are cytostatic agents. Representative examples include epidérmal growth factor inhibitors, Her-2
inhibitors, MEK-1 kinase inhibitors, MAPK kinase inhibitors, PI3 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
metastatic bladder cancer), breast, colon (including colorectal cancer), kiduey, liver, lung
(including srnall and non-smali cell ung 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 leukemia, acute
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for their cytotoxic activity. Mcrotubul e affecting agents useful in the

I nvention include, but are not limted to, allocolchicine (NSC 406042),

hal i chondrin B (NSC 609395), colchicine (NSC 757), colchicine derivatives
(e.g., NSC 33410% dolastatin 10 (NSC 376128), maytansine (NSC 153858),
rhizoxin (NSO WYY  paclitaxel (Taxol (r), NSC 125973) PCTASaN4/10399
derivatives (e.g., derivatives (e.g., NSC 608832), thiocolchicine NSC
361792) , lymphacytic leylkcanis. fuie howhebagin) cukemianBicgl immhosg! T-gelblymbanas9842) |

vi ncri stgrna ;Ill'?ﬂh - AL 3 hEuts ' S

i ncl udi nﬁé&i%@kz‘i ot 9?1%!\‘?&}@%7%@2%3 ni Igﬁl’gdaﬁgéehp%}tﬁﬁ%}g%g& E?%W@%%ﬂer mol i de
(see  SeanyiButkett§ lyapbymsdiemiatopoiciy in@EO myekid inmasd incloding eoveladohmopicMAP4, and

the lik . X chibed j ul i i (1997) J.
Cor 1 sor ™Y FRBs3diins SRR ot BOCLRABINREE sl bRy

94: 1056 0edlGhi tunidrhbfthelcenfrabod petphemd nerRas sydam Ashdig3dGocyMneo| aou -37 | WO
20041089925 | US2004/ 01,0 1997) Nature 387:268-272;. Vasquez (1997)

Mol . Bi o‘f?‘”"&gi%.’“’sg.%@?’%’- @%‘#@%&%ﬁ%éﬁﬂ°{ﬁﬁéﬁo§w§? SHETRENEBE 1. 59807- 29812.
[0127] Aftsesategink ahhtelomyescanchmb,cinil Osiageiebia;ud bthesmeptdaghiths okehnems, an
antineopl astic enzyne; a., topoi sonerase. i nhibitqr; procarbazine;

m t ox ant?&?%@%?’ﬁ?’%ﬁﬂﬁnb%ﬁa&%ﬁt&wgﬂﬂa’53%?@?@@%‘35‘?1‘1@'%‘” @rEnddt i n and

car bopl abatdcarbin®h@gi cal response nodifiers; growth inhibitors; antihornonal
t herapeuti c _agents; |eucovorin; tegafur; and haematopoietic growh factors.
(01281 G9tEA Mt ere_%@ﬁb Seipyntioniy U e aqsleraiaor mitastalic e of ifi ted to,
hor nonesyiafae:, ifreaiidlsancéd probutechtes YoH-GR41 &1 Rl a8k, colorectal cancer, and

17. al pha. -ethinyl estradiol, diethylstilbestrol, testosterone, prednisone, f
| uoky mesHeRsHRBSETdr onpst anol one propi onate, testol actone, negestrol acetat e,

met hy| pr@gid) 5oL Bt ARLMCh i@ ShAtRERN SmeRb £ /R E%&ﬁr@%u%réidﬁéﬁ&hﬁ%ﬂﬁn.e’

bl orotriani Sene, hydroxyprogesterone, am noglutethi'mde, estranustine,

medr oxy pdotjaseringdn a pattnb indiced thareoba thawpeufically pifeeteve amovpinifacampoyngiofdex.
[0129] ; af i . ' i | £ bt &4

met al | 0%%%?‘"&%&‘2&:;“%1% ctﬁ%?gge i an@(ogt ee.?gl%@%ﬁ%ﬁ%?%ﬁ%ﬁ%héda(gg%%’t I - VEGF
ant i bodiielkibitiouo£Fed kinase Iy pheventpandreaiidis.ZD6474 and SU6668 are al so-i ncl uded.

Anti - Her ) bodi es. I W suyjtabl e EGFR
I nhi bit o'ra 13?‘2 %ﬁ%@é%%ﬁ%%%@? %‘ﬁtl%lg‘ii ?’g F ?%d%‘é‘%gﬁ Nt gpﬁgﬁéi are I'ncl one
administering to a patient in need thereof a therapeutically effective amount of a compound of -
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
et al., Digestive Disease Week Abstracts and Itinerary Planner, Vol. 2003, Abstract No. M921
(2003) and Rokutan et al., Digestive Disease Week Abstracts and Ttinerary Planmer, 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 L 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 ef al.,
Arteriosclerosis Thrombosis and Vascular Biology, 23(11): 2015-2020 (2003), inhibition of PI-3
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ant i body C225 i mmunospecific for the EGFR, and sit inhibitors. [0130] Al so
suitable for use as an cytostatic agent is Casodex(r) (bicalutamde, Astra
Zeneca) which renders androgen-dependent carci nonas non-proliferative. Yet
anot her exawzl f cytpstatic agent is the antiestrogen Tanoxifen(r)

whi ch i nhi bl tsﬁ?‘ﬁ[@g%ﬁol iferation or growh of estrogen &EBEISIOHPIPPeast
cancer. |nhibitors of the transduction of cellular proliferative signals

are cyt dénase mey prgemt Sie "seginhe damegathet aceormanicesient plaperat pyegesindhe gr owt h
factor ighbRidiQk e invinHh ia'shnt NEST | LB R MAPK ki nase
o b ¢ G ﬁ%ﬁ?%ﬁnq]r’?, Sre. A Rﬁeﬁhggggh e b or s,
[0131] Aolubilitysinyhestent ¢asting malyiy InpuoYe agueqis/seromeribilify, voinmrevapeseion

i nventi lnc) 40k : e e follow ng: carcinoma including
t hat of qﬁtﬁgﬁ}b%eg er d{%?ﬁ%eﬁb%aﬁgc%%gpfg%emﬁgnd net astati ¢ bl adder cancer),
br east, [0186dAh¢ presshtidiengion also exmimphsseemmethpd fok ivcating agb-ralsted maeder (i ncl udi ng

smal|l a non-.snmal-.l |1 | ung.cancer and | ung. adengocargi poma)... avary,
o ost at CreRpRERE NVRE et Rab R0 oot R EEN G R LA ROMBhGRV) X
pancr easffeitivelamdim@f e xaapiund of {he pessan inventivmr A5 BiReB3ed it Refiing Feiamargtl®mach,

gal |l bl Iy GEI VI L.d,.and skin (includin S s.cell

car ci no 8‘?’ %‘?@?lbﬁ%([&?ﬁﬁ’{%&%}oggﬁss%ﬁﬁ%fﬂ“ﬁﬁ Fﬁsﬁcé%%wﬂﬁ%i% | eukeni a,
acut e - IBmPEIndo OFkhOBILAD inPerkioh D2 AbADAIIBOG, inhiﬁﬂ@?@ﬂgiég'eﬁ‘aedﬁUkem a, acute

| ynphobl ast i ﬁ"hl eukem a, B-cell I%r{r’phoma, %EFI | I'ynmphoma, . Hodgki ns

| ynphomd 9337 Ahepratsrt HEenion alie ArcomPasses 2 Rgthp %Fﬁﬁ@g&ﬁ?ﬂ@?%ﬁ‘?%?@%ynphom,
and Bur k@fbiSstértid e pRienh B 1REPROHEL d BerhpurEit SlyQkresine laiotnd dfaQaBoidGrudi ng
acute and chronic _nyel ogenous, | eukem as Wg%el odysptastic si/ndrdme, nyel oi d

| edkeni dbe RGPS deyliscrssed i Macat and Fatis Hyperiengion ditPal 252k per i pher al

nervous (st eiRikiAG] SHIBAiARE RS ¥ERER the IBRELPREAIAUSBeenEbliGIFRE MEAhhat

schwannonmas; tunmors of nesenchyral origin including fibrosarcoms,

r habdompesaseaciandavithdyygedwsiossar conm; and ot her tunors incl udi ng mel-anona,

xenoder ' gﬂg@;‘e ! ' L ' ok Li gul ar

cancer, ana? i t réa‘tljta %H(E:l‘é?&éﬁ%% %fsrrgg&fo%%%%?%g?ggog , ?ﬁ?r‘gé}( t egenlil%t\k/dg nogi on is used

t 0 tr eatpregenitir eelist swh oy myelpilgregenitorcails coaprising addingloh affomtive apavrdoéat i c

g?ggg[ ' ggélgtz&rn%to?th%%%%gﬂt ’in@ﬂ&énsfg%lrclgeﬁi%r lcelksyﬂg d&ER"n L&le% SE,t al cancer, ang
Experimental Hematology, 32(1): 36-44 (2004), inhibition of the PI-3 kinase pathway suppresses

myeloid progenitor ecll.
{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),
1Y294002 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 10q23 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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[0133] The present invention also enconpasses a nethod for treating
pancreatitis conprising admnistering to a patient in need thereof a
therapeutically effective amount of a compound of the present invention. As
di scussed in Gukovsky et al., Gastroenterol ogy, 126(2):554-66 (2004),

i nhi bition 3Y9 ﬂ°4’§89R¥%ase may prevent pancreatitis. [0132CTR004{0p138h¢

I nvention al so enconpasses a nethod for treating ulcers conprising

admi ni sterind tAAmEAon i 3 need t hereof a therapeutically effective
anmount  qi14) Compesitichseff thelpidseftiRaAtidn hiye ddnifistertd a3y Barneciathdifg bal SO
encorrpassels a nmethod for ttf%]ﬁat [ %gg%ft ric caﬂcer, uch as stgqQmach cancer,
conpr i sifbiHed 19 TR PRGNS 3 > PAnsHerg ity erteloh frgnsmgesalie ut i cal |y

ef f ect i igpigHI AL irhhlaBort QTR adthintsh B, 8S@MbiraAMRAthiredT: PAStethiscussed in
Bacon et al., D gestive D sease ek stracts and _Iltinerary_ Planner, Vol.

2003, Adminigratingincipges butisnedimiled tp. Fteensss, dtiraartoriabiigieaperiipacabl sease ek
Abst r actsgn abHedids! i ﬁéﬁﬁ%uﬂ,%ﬁepalYﬁh?n%aegﬂi?glgé Tﬁ@&hﬁ@'ﬁfﬁoh@of BoprebeaP03) . PI-3

kinase is involved I n the adhesion o “cobact e‘rg |ori to gastric cells.
Fur t her rfwvrestiorQmakilsebe adminisigred imtie form «fan duplaRewhigh eliovessdovoralesheed thdOncol ogy,

130(1): 8-14 .. Lndl -3 Kkinase inhibitor, such as
LY294002°,§m#%S§%(‘(%§8g§,)?%Il‘tpgaigslg\gtﬁ%élﬂla@?ﬂ%ﬁémggent for gastric carcinoma. [01351
The present bnvBesagon al so enconpasses a net hod of inproving the performance

of a st L4E1) ' I: f | . unt of a
e ompoundTap) BB B AL SR o oRBbAMRHREA fosksE il by FrflD I,

car di ovasththenatseefithe coaditiirsmumpstedtedth lvogth of timb that activite is desivddesmighs

Thr onbosi s Va | ar-,.Bi_ol. 3 . 2015-.20 20 iLnhi-bition of
R R o Sl S T AL S
danage tgeadralahwvevpg does emplepdd fot ainttrimnin treatmes sylicully kfedn tleaapeud dH0df t he
present invention_inpn the stent_or  pol r matri x, t hereof | mprqQve

sol ubi | PgXE 1R ﬁt”ﬂ'&295&1@‘%&3%3’2%‘%?Pﬁ%ﬁﬁ‘b‘l’%@é‘g&élﬁ%ﬂ{?& WOl ety 46 ty, or
| npr ove Mgkt @hse il Joﬂ%n?eﬂ’_d& ﬁdﬂliﬂiwléd@hﬁ'sh&gﬁ%%; 84 thfitib1B Bodek €Nt

pl acenent. [0136] The present .invention al so _encgnpasses a nethod for

pr es
treat i ngdmitstered ahaparopdety intervals doyesrampleias v, Hves) fous ppmprgispbfosespendask eri ng to

a pati enmitifle¥8&E ohbieiealsiRdlhfipReyt i cal ly effective amount of a conpound
of the present invention. As discussed in Retina, February 18, 2004,

i nhi bi t i[BH3bA weder offactbismeaydeaddel thesamppundy of the pieesnt twewtiondeidd with AVMD. The
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
l

addition, the use of targeting agents may allow the necessary dosage to be relatively low. Certain
compounds of the present invention may be administered at relatively high dosages due to
factors including, buti not limited to, low toxicity, high clearance, low rates of cleavage of the

L' tertiary amine. As a result, the dosage of a2 compound of the present invéntion may be from about

" 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 pgfkg, 25 pg/ke, 50 pg/ke, 75 ng/kg, 100 pg/kg,
125 ugikg, 150 pgrkg, 175 ng/kg, 200 pgfkg, 225 uglkg, 250 ngkg, 275 nglkg, 300 pgke,
325 ug/ke, 350 pgrkg, 375 ugke, 400 pglkg, 425 pnglkg, 450 pg/kg, 475 ngkg, 500 pglke,
525 pgfkg, 550 pglke, 575 pyke, 600 ug/ke, 625 pg/ke, 650 ke, 675 pgke, 700 pg/ke,
725 pglkg, 750 pekg, 775 uglke, 800 nglkg, 825 ugke, 850 nglke, 875 ng/kg, 900 pg/ke,
925 pg'kg, 950 pglke, 975 pgke, 1 mg/ke, 5 mglke, 10 mg/kg, 15 mglkg, 20 mg/kg, 25 mg/kg,
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conmpounds of the present invention may treat AVD by inhibiting angi ogenesis.
[0137] The present invention al so enconpasses a nethod for treating
hypertensi on conprising admnistering to a patient i n need thereof a
therapeutically effective amount of a compound of t he 8r esent invention.
As di scusse¥f0i2 |ﬁ4r\‘l§1"%zﬁcott and Wfts, Hyperten5| on, 43( 1)P VH52094010399004) |

i nhibiti Pl - 3k| e low extracel l Iar concentrations
of Me tﬁgtmg%ﬁ?ré XS{'ﬁg}?@’p@ 68@%%%@ ngo myK&ent i on
al so encwmmg&g a rret hod for _suppressing differentiation of pr ogeni t or
cells, as elold r.cells i,sing. adding an effective
anmount 4&] TE%{%%F]WV Pﬁ?@ﬁﬁpqcﬁﬁgﬁ r;%ﬁbﬁ’éhepff"ﬁ%‘@‘ﬁg gr-lipdings . As

di scussegdahfled€W s et al ., Experl ment al Hemat ol ogy, 32(1): 36-44 (2004),

i nhibition of the PI-3 kinase pathway suppresses nyeloid progenitor cell.
[0139] The present invention also gq‘gco afses a nethod for treating liver
cancer conprising admnistering t ent in need thereof a
therapeutically effective anouepsfation 60NP2se2 of the present invention. As
di scussed in Leng et al., Hepat oFogy 38(4) Suppl 1: 401A (2003), LY294002
i nhi bi t J0RASPANIIGE Yakripld GIL YI04G0 wesppspiarea /atddedingtiorSehdhe2 Basad ki HizpeocBure Whi ch

enconpa EEEDE HOUHBY o O 1 Bh A SR T4 S5EPHERACEPIRh S mut ant - PTEN

conpri siif@rReitd byslefidndd The ddpRadnanbf thethimethyil BRus of thaichdafoaRath &2l | y
effectlve anpunt of a _conpound of the present Invention. PTEN is a tunor

suppr esdaby gees b@&?ﬁ%éesgﬂbed@ﬁ?vwadﬁén%g@@ { Hgterpeyslin Chep B0 f i ed

I npatien 1@1%&9&%%@%@&&@& HE80 )'d@has\ﬁgé‘y@itza@nofmjeﬁiﬁ nal  of
guestl ative Der mat ol Eg 1356- 1359 (2003 nut ant PTEN"has
ced Phgivl ketgnes guqhrpsil wthtcn@oaé{smﬁé@ wih c@momﬁ@lt slagomaiibe e anikn
I nhi bi toy i SR by
reduci ng tﬁﬁ&fet #ggﬁ% i§o t§ YPre%zﬁ] T@Eﬂg&g @y %Oliqu 3@%(5%@@ ibdiEES
PCT/ [ J SZoouthe ¢0B9glic acid Ab'mnfas ptrfamed nsu[lmam]oc@@mﬂfsmhe@ rsRffotiomet pk.ds ent

| nvent | Qe ENEheAdsh BRL PR Lol 8By HERRE b SIS ercihe MOt 1M ted to,

orally ren I ngua rans transnucosal l y,
SCHEME 2
Q

C)
OH SN THE Mell, THF 1, Base SCH, 0 N/\
2TMEC) Qum'n 2.c8, morphoting ’ K/O

3, NaH, CH,I Q
12 LY294002
k {Compound 1)
Example 2

Preparation of Quaternary Analogs of LY294002

[0146] Following the procedure of Scheme 3 the tertiary amine of LY294002 was quateﬁ:ized
using iodomethane or benzyl chiorides under forcing conditions to yield compounds A052-10
and Compound 13B. Example 56 describes the synthesis of methyl quaternary prodrug A052-
10. Example 57 describes the synthesis of a phthalimido quaternary prodrug A052-08.
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topically, via inhalation, via buccal adm nistration, or conbinations
thereof. Parenteral admnistration includes, but is not limted to,

i ntravenous, intraarterial, intraperitoneal, subcutaneous, intranuscul ar,

i ntrat hecal raartlcular The conp05|t|ons of the present invention

an
may al so bewéﬁ?ﬂgﬂ sg%zgr ed in the formof an inplant, whicRCAUSEUOLBHy

rel ease of the conpositions as well as a slow control | ed i-.v. infusion. b.
Dosage [ExhéBle 58 defveibeyptbelsyntiskis yf 2pdrarathioxebairpiibhtetfaryt A@44cTRITIOLORJ[02EIIUI I ed
for use e varies wth the nature of th ition being treated,

t he |enj#ﬂm%?‘%?%éﬂFﬁﬁf?ﬁB????PvmﬁgqB%?F?@ ““EW%E9%PQ9age and the condition
of the patient, and is ultimately determ ned by the attendant physician. In
general , hovvever, doses enpl oyed f%% t human treatnent typically are in
the range of 0.001 ng/kg to about [ kg per day. The dose may be about
1 jig/kg to about 100 g/ kgoper day. The desirgd dose nmay be conveniently
adm nistered in a singl e ddse, or as_nultiphke #loses adm nistered at
appropriate intervals, @ eka e 4 ,Rsfour or nore subdoses per
day. Miltiple doses of esired, or geil he [0143] A nunber of
factors may lead to the %onpdﬁ:gs of the pré@ent yention being

adm ni stered at a.w de range of dosages. Wien given in conbination with

ot her therapeutics, the ,15 gge of the conpcfﬁgﬁ @T’ Fhe present invention
may be given at relatlvely ower dosages. In adaltlon the use of targeting
agents may all ow the necessary dos%ﬁg to be relatively low Certain
conpounds of the present invention 911’ adm ni stered at relatively high

dosages due to factors ingldidifbn df'¢hld?oine HgyﬂE&t@ﬁ to, lowtoxicity, high
cle@rance | ow rates of cleavage of the terfiary amne. As a result, the

dosage qbi4y Wlﬁteﬁﬂ%&a&&%ﬁfﬁreﬁaﬁ‘d%ﬁdvﬂﬁg 8 phRedirOMBsailtdlin 1 ng/ kg to

about 100 ng/k e of a conpound of the present inventjon may be at
iy doSRuRH SR CRETBuL AT PP BrE - PRSI FugPRAe 20 S KUMOSB b Ko,
75 g/ kg,asb%rﬁi&ﬁga of dichPorShkilantAtht@! T8 nhit®r W 4Sooo R h ﬂ{%&wa%ggatgéﬂfcg 250

g9/ kg, 275 g 300 gg/kg, 325 / kg, 350 g/Kkg, 375 k 400 g/ kg, 425
g/ kg, 459«1131;{1%@%9@1; e (4 ey gvth%gemmw dezggen@sﬁata WM WEg/ kg, 600

R

975 gg/ keps iﬂm@/m@m@lwemyght 1 emﬁw wasBrapgfekel to 2Geprpiany fupel wgh egre - 41
. dichloromethane and washed with saturated sodium chloride solution. The organics were dried

over sodium sulfate and the solvent removed fo 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:

Q Table 1
STRUCTURE REF.NQ, RET TIME * SM RET
TIME **
0 A029-42 3.612 2.329
O_-cl
0
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WO 2004/ 089925 PCTI US2004/ 010399 30 ng/ kg, 35 nog/ kg, 40 ngy/ kg, 45 ng/kg, 50
ng/ kg, 60 ng/ kg, 70 ng/ kg, 80 ng/kg, 90 ng/ kg, or 100 ngy/kg. [0144] The
present invention has nultiple aspects, illustrated by the foll ow ng
non-limti n% 36‘8”8 es. Exanmple | Preparation of LY294002 [01451 A 10 g
sanpl e of L Y26 s pr epar ed according to Schene 2 ba®€®@/USHI/MB399r ocedur e
descri ke V-Lahuo et—at—3—Bt+et- 269 TLL —S24+{(3+994—+Ne contents
of whi gh a$§N ! Henﬁ"u JFhe di sp?acem%nt 36%5’7,[ hel t hi onmet hyl
group (@ i by am nes has been descri bed previously
(Banti g em 181679 (1981), |the contepts of which

or por at ed by reference) as has the

are ing cyclization gf nethyl } phenyl
ket oned such as 11 with carbon disylfide \ith conconitdnt al kyl afi on of the
thi ol dnron Viahos et at and BanijT gjso-&F [al . ) .3.926 epar dt 1 ongadl net hyl
ket oneq (e.( Il in a one-step re¢action] fromthe carlboxylic afid (10) was
per f or fed us the rocedure deschi bed i Rubottomet |lat, J. {g. Chem,
48: 1550 (1983 . s-.gi whilch arelincorporatedijby reference. SCHEME2
000 |oHCHB /7 / oH 1l ME I / OH|1. Bas¢ N2. C5\ I \| | 10 11 B LV2940D2
( Conpouynd 1) Exanpl e ZOPreparatl onjof Quaternary Anal odgs of LY294002 [0146]
Fol | owmg—tte ] Sctheme 3 1¢ T i 2 was
quat er rfi zed et hanrélor | r forcing| conditions
to yielld co nds A052510 and Cor 6 descri bes the
synthesgis o thyI quat er.nary prog e 57 descfibes the
synt hegrs—of—aphtiratTmdoguater 14 ~427h
. Sot™~° Ol
( X
A029-72 UD UD
\O*VOMO\/C!
: 0
A029-80 uD UD
0
Q | A029-82 UD UD
/H\N O -cl
H
A029-86 UD UD
Ci 0
(. ~ MO\/CI
- 0 O
>L j\ A040-46 3.906 2.901
07 N
H
U
0




WO 2004/ 089925 PCTI US2004/ 010399 Exanpl e 58 descri bes the synthesis of a
paracar boxy benzyl quaternaryA044-78. [0199][0215] describes the synthesis
of a para-scn-benzyl quaternary prodrug A044-80. SCHEME 3 0 R6-X 9'0 I AQ
R6'\ X Ph 00 Ph O OO A052-10 R= CH, LY294002 138 R= Benzyl Exanple 3
Pr epar at i orWORISEBMRD et hyl Esters j0147] Chl oronet hyl i PEEFPPAHHUPEE were
prepared follow ng the procedure described in Tsujihara, Synth Commun, 24,
767, 1994.§gef®y, t he appropri atjeA@asbhdxyl | cuaci d V\qs divtuted{in a 50/50
ol

m xt urje of chl gr onrt hape/ er. {The m qture was cooljed in an |ce-water
bat h gnd odr@m bi€aryjonaté (4 eduiv) arld n-tetrabutyl ammoni ufm hydrogen
sul fatle (0. 05 equiv) s added. After sttirring for 5imn, chlofonethyl
chlorqsul fate (1.1 equiv) was adddd. The{solution wag stirred Vi gorously
over ni GTHPLJ-BES tektiot emyVasing Uankteetisr£d t0 a separatory funnel wth nore
di chl oronet hane and, washed, with saturated sodi um ch] oride solution. The

or gani ¢& HEd{eMarpieptiondias ofdbesterips tarpavlic andusipeeUY sietrstion: r enoved to provi de

the prq@siClndebbgbERh&io 13dk WS a0ARAG 8 hé RRliAtod &y M and in some cases by
1H NVR spectroscopy. By this general procedure the follow ng representative
chl oronmet hyl esters were prepared fromthe correspondi ng carboxylic acids:
Tabl e | STRUCTURE REF. NO. RET TI w=mgleRET  TIME x*  0O( A029-42 3.612 2.329

Conversion of LY294002 to Quaternary Prodrug

[0148] 1Y294002 (Compound 1) was dissolved in acetonitrile and then each of the chloromethyl
esters (1-1.5 equiv) from Example 3 was added along with 1-2 equivalents of sodium iodide. At
( ~ room temperature, the reaction proceeded only slowly with the chloromethylesters to give very

| small amounts of the quaternized amine product along with the precipitation of sodium chloride.
At 65°C, the reaction proceeded to completion usually in in 4 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 ' mg)
0 K - 494.6 2718 | M+=494 | A041-49 | 4006 | 93%
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~ O-Cl O -43 WD 2004/ 089925 PCTI US2004/ 010399 SCN O A029-44 4.273 3.327
Ccl A029-58 3.820 2.833 c~cl O O-~Cl A029-60 4.077 2.956 | / OO
A029-62 UD UD \O O _ VG O A029-72 UDUD BOUO,C O \\\ A029-80 UD UD

O-~Cl O 0 A029-82 UD UD AN ON. cl O A029-86 UD UD C ~~0 0O s ONO)
A040- 46 3. 908 B0 1/ (( PCT/US2004/010399
o 4725 2.661 M+=472 A023-23 145 S0%
1) (f’,\
O N
SR
NCS 5134.6 3.019 M+=513 | A036-48B 1941 97%
L
v ] N
@ I\’/\é
470.6 2.724 M+= 470 AD31-11 . 190.4 98.6%
L] Cﬁ
(o] N -
<Rd
484.6 2926 M+ =484 A031-14 204.8 98.5%
00
O I m <
o N
5
436.5 2.800 M+436 A028-81 31 90%
o O;L\
LA
0 N
<R
o] 451.5 2.082 M+ =451 A029-92
2] Oi(LHJ\
el |
[} N
5
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1 O ~Cl

due to |

of LY294002
in acetonitrile and then each of the chl oronethyl

O -44 WD 2004/ 089925 PCT/ US2004/ 010399
ovIll( O HPLCGMs retention tine using UV detection;
time of the starting carboxylic acid using UV detection;
ng %\‘4 absor bance and no ionization by M5 Exanple 4 Conversion

0 W48 Nhary Prodrug [01481 LY294002 ( ConpouPdi/ibzenasiostissol ved
esters (1-1.5 equiv) from

ack

| O A040-58 UD UD i
** HPLC-MS retention
UD= undet ect abl e

N Yo oci

Exanpl e B was—adgied alpny-Wt3tod- 7 #2001 VRt | Woscsad [ BB D OPT Ug7s;, AL room
tenperat ure el 1 eactli_on pyoceeded only sIowIL/ with the ch|oronethylesters
to give yer “amount s of the quatprnized) amine product along with the
precipitptio igm chl oride.] At 6pC, reacti pn progeeded to
conpl etipn : NrCin 4 hours. | The reactionf when cpnpletp (as judged by
anal ysi s| by I\/S) was filtered; concentrated pnd thep purified on feverse
phase HPLC. The fractions Wwere cpllectled and | yophil}zed tp give the
desired products as Tlhuffy | pemdef se7aEXjompke® propaoefl @ans pursfwed|in this
manner afe ShQWA. i n e table belpw (th er ani pns arpe not di gpl ayed
but i ncljde 'gg%di de, acptate ﬁr hres t hereof); Table P .
STRUCTURE S V\@EF NO VI ELD(| PURI TIY RET jmg) o0 $194.6 PR.718 M+F494
A041-49 400 © 00 0

( 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 iﬁto 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 estér (Compound €} was produced in solution, Compound C was isolated by

stripping off the solvent and dissolving in a water immiscible 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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| (00 -45 WD 2004/ 089925 PCT/ US2004/ 010399 of 472.5 2.661 M+=472 A023-23
145 90% 00 / 1 o NCS 5134.6 3.019 M+=513 A036-48B 194.1 97% 0 0 91Y 470.6
2.724 M+= 470 A031-11. 190.4 98.6% 0 O ~I O O 484.6 2.926 M+=484 A031-14
204.8 98.5% 5 436.5 2.800 Mr436 A028-81 31 90% o0 O N o 451.5 2. 082 Mr=451
A029-92 0 W0 20049899256 \\D 20041089925 PCT/ | | S2004/ 01039FCHURNA3%% o> 204
Mr=380 A040-70' 264.0 97% 0 0 422 2.735 Mr=422 A045-09 102.3 93.7% O N 6
Exanpl e 5 SCHEME 4

0

0
oH
o ¢
SCN
SCN 5

A
0

o
SCN c
Oy -OH OO
HN SCN
| £ F

SCN

Og O

SCN

Example 6
Quaternization of 1.Y294402 with Halomethyl Linkers

[0151] Halomethyl esters, including those of Example 5, were use to quaternize L Y294002 using
conditions similar to the methodology in Example 4. Representative prodrugs comprising a

linker with a free functional group include the following:

P
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Hal onet hyl Ester Linkers [0149] Based on the results of Exanple 3 and
Exanpl e 4, hal onethyl ester linkers were prepared (Schenme 4 and chart).
Conmpound B was prepared from Conpound A (comrercially avail able) as
described in Exanple 3. This conmpound was converted into the nore reactive
i odomet hyl weswensspBonpound C) by a Finkl estein reacti oFGYVHIUIENA ng in
acetone or 2-butanone and then dissolving 2-5 equival ents of sodium i odi de
wher eupon t he-sodi um chl oride precipitated and the i orret hyl ester
(Conpmmd C) was produced in solution. Conpound C i gol ated @yﬁtri ppi ng
SO %ﬁﬁrsuc as
met hyl ene chloride and extracting with watep. to pve the pesidual sodium
i odi de. [0150] Compound E was prepared fdlom Coypourid D (commrercial ly
avai | abl e) Conpounds F and G were gre inoa mannef} sinmlar to the
production of Conpounds B and C, res ively. -47 \50”2%341089925
PCTI US2004/ 010399 SCHEME 4 OO OH NSCNySCN'B A O SCNC O OH O OH

I
O O-C HZN 5 SCN S SCN/ D E O Q/ G SCNI Ex le 5,
{ K/ P Compound 1104

Molecular Weight =672.74
[M]+= 813
=5 0
N/
0]
( 0 0 o o

LG G, 1,

Lo
O Compound 1105 O Compound 1106

Molecular Weight =626.48 . Molecular Weight =601.66
[M]+= 499 . [M}+= 542
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Quat erni zati on of LY294402 with Hal onet hyl Linkers 101511 Hal onet hyl esters,
I ncl udi ng those of Exanple 5, were use to quatem ze LY294002 usi ng
conditions simlar to the nmethodol ogy in Exanple 4. Representative prodrugs
conprising a linker with a free functional group incl u?ﬁ @Q‘io Lﬁoﬁ;wi ng: -48
WO 2004/ 089@2B04A8T28S52004/ 010399 ON OON I I O O1 LA 8 O
Compound 1104 \ Mbl ecul ar V\é' ght =672.74 [M+= 613 N( OO\ 1 0 O\ rOI

Il V1 rO0 O N+~ O N~~ 0 \ Corrpound 1105 \ | Conpound 1106 Mol ecul ar
Wi ght =626. 48 Mbl ecul ar Bi g =6p1.66 [M += 499 LMI= $427- 28" WO

2004/ 089925 PCT/ US2004/ 9 Bp-Fl OO 00O B O Lol

0O O
0 0
O F
L BN ’\ o
S i T o
K/o
Compound 1107 Compound 1108

, ' | Weight =515.
Molecular Weight =599.53 ["cﬁ f:'j'gg eight =515.57

[M]+= 486

( | | o
qa o O W\ﬁ

O !fo io‘ /\l 0
07N O K/ /"\O-

o)
O c und 1108 Compound 1110
: ompout ,
Molecular Welght =531.57 Molecutar Weight =553.62
[M]+= 472 [Mf+= 494

[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 Wwith a 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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Ol~ FppNO O/ ~/If FO \ | Conpound 1107 \ Conpound 1108 Mbl ecul ar
Wei ght =599. 53 Mol ecul ar Weight =515.57 [M+= 486 [M+= 456 O / OOa I\

|l pYI\_ OOr,"Lo- ~00 0 ~ O\ °~ ~O / \ Conpound 1109 Conpound 1110 00
Mol ecul ar Wei ght =531.57 Ml ecul ar Wi ght =553.62 [M+= 472 I M+= 494

[ 0152) ConpWOrrdod10883Swas prepared by m xi ng Conpound 110RCHUSHOFHGFuUNd C in
acetonitrile.where both are sol yble and .t rod ound 5

preci pi %%%“@Qd%df‘wé‘%t? %Veta}ﬁgséy scglgf °’6‘8??“8&?§ﬁ’8‘P?‘§1L‘5\C/@é??3§’D”&HOPﬂd éﬁgr?ﬁlfl anount
of acet than digdolved ir01 -9 il shitesl alilotidd dnyl hpaiédeat 680 B+8holidsO Fhd thivawd | r med by
LCMVE) . anpl e Preparation of, Prodrygs [ Conpound 1111 ]. Conpound
1111 m&ﬁ%&@égﬁwﬂﬁf‘ﬁ ABPE %‘g&?ﬂ%ﬁd%zwg‘g@c@g BT WH"’P&‘%?

treat _ed%d&ﬁtykbmaaﬁ glabdyf Yellowaakd: Uotpaidd 11 0 EaplreFedtfed'=S adyificdl had difidriasas bl own
off with argon and -50 W) 2004/089925 PCT/ US2004/ 010399 anew under vacuum
to gi veWEh YATRRSITORTI CPnEHps RCkYCBrY conRpatRarusiPeRiicansatmRle B 19Plhs  t hen
di ssol vagkolv&gkgaxemmaftoFwecﬁwdoneéﬂoﬁaihg&eﬁwes&e@bﬁgoﬁ{d G3& for 3-8 hours. The
thionyl chloride was blown off with argon and then dried under high vacuum
to give Conpound 1111 in

SCHEME 5

Compound 1111 Compound 1112

( [0154] A sample of Compound 1111 was dissolved in acetonitrile and treated with at least 5
equivalents of different alcobols 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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good yields as a glassy yellow solid. Conmpound 1111 can be reacted as a

typi cal

acid chloride

w th various nitrogen-containing and

hydr oxyl - cont ai ni ng nucl eophiles for exanple by sinply dissolving in

nmet hanol
~() n-
Conmpound 1111 Conpound 1112 [0154] A
in acetonitrile and treated with at

0 0.

to

2004089925 0 0

ive the correspondi ng net hyl

ester Conpound 1112. SCHEME 5 O O

Conpound 1110 Conpound 1113rC3/Us20o4/010399
f Conmpound 1111 was di ssol ved
equi val ents of different

aml
TEHEY 5

al cohol BTN sepafcaf Biesfoanes. Af tier R&ENaOU] MRE ™ FaRmbntien Thes € | ansk yaed py
HPLC- M5} and showed good conver §i on >90% of Coppoumigut4111 {o the
COrr esppnmdir Ny &eEs S ShOWN gnNAofeal afr GegasZEd T Thghabi € B - 3ig VWO |
2004108p925 PATl USPO0O#1010399 |Table 3 Structure of Ester|Formed Ref No MW
Ret ent i on 0 Lnytes)" Q O A04pH-92-1 518.5%5 2.849 518 0 00 O
gay AD46~8 2> 492 0 OO/N O D A046-92-3 476.51 2.640 476 r
000
) on Y A046-92-2 | 492.55 2.788 492
LA
0" N
O k/o
( o OYD\ A046-923 | 47651 7640 776
(L™=
o7 N
<
o 0 A046-92-4 | 52850 2.970 528
T
A046-92-5 522.62 3.197 522
(
0 on A046-92-6 524.55 2.490 524
O | (70
o bli/ 0/
S
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~ O O A046-92-4 528.59 2.970 528 0 0 O 0 A046-92-5 522.62 3.197 522 '0 D,
O N o 2-6 524.55 2.490 524 7)'% _'y'', A046-9 0 Q3 O -52 WO 2004/ 089925
PCT/ US2004/ 010399 0 A046-92-7 466.52 2.632 466 1r o o-\ ~I 0O On A046-92-8
480.54 2.787 480 O O OO N 214nm Exanple 8 ( Preparation of Protein

Conj ugat e W@é‘i’%@”%l ng Conpound 1111 [0155] Proteins B&Y LU ed in

| ar gel y—ag so on (pH 7 AkstPN0s gekETouf T EEzt 0 —gar bgggite puf fer)
usi ng' & fold exicess of Conpoupd 1111 rel atjive to the am no
groups {or @ou‘p’\to be nodified. The acid chloride Conpoupd 1111
can beli nt rgdueed® '?‘n a m xed |organi c- [ aqueolis sol ution (such at 5p/50

wat er/ @ 3 50/ 50 water/ THF) [or stirred in netthylene chloride in
a two- | actlon system at| room tepperature for 1-24|hours.

Pr ot ei m-conj uqates can be ourlfied by dialysis or ultrafilltration and used
directl ot4ef2%5 ki {ranstErin proteéfh (S gma) in
50 MM s

Example 8
( Preparation of Protein Conjugate Prodrugs Using Compound 1111

[0155] Proteins are ‘conj ugated in I'argely aqueous solution (pH 7-9) (phosphate buffer to
carbonate buffer) 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- agneous 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.use_d directly.

[0156]) A 500 ul alitiuot of 5 mg/ml tfansferrin 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 DMSO. 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 séparate protein from small moiecules. 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 allowed to stand at room
temperature 39 hours at which time the pro‘te,in mix was again extracted with acetonitrile 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 transferriﬁ. These resulis

demonsirated the attachment of an electrophilic lihker-beaﬁng prodrug to a representative
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buffer was m xed with 100 up of 30 MM A024-79 (100 nol ar equival ents), which
was prepared according to Exanple 12, in DVMSO After 1 hour and 20 m nutes
of reacting at room tenperature a 50 up sanple was renoved and passed

t hrough a Sw%gﬁxs 10 (700 nol ecul ar weight cutoff) columm to separate
protein froms 139%51 ecul es. An al i quot of the purifiedPCrarspesgaioesh protein

eluent was.then extracted with acetonitrile an et ect.apbl e Conpound 1
was obs@PR‘?E‘tfnﬁamE@ﬁ ?&%%W%PWF%@S%HT%&QP%@%&& %P?feéﬂﬁ&tw was al | owed to
stand afohpRiY 1§ RigIelcaied fRondthe paiisuRler ¥esda chhdiBodshe protein nix was again
extracted with acetonitrile and this tine 15% of the maxi mumt heoreti cal
anmount of Conpound | was detected. _These results indicate a nolar ratio of

15 nol es of prodrug were attached %’@m Pe of transferrin. These results

denonstrated the mﬁﬁmﬁﬂﬁﬁﬂ{eﬁn&buﬂﬁPﬁddr@%ﬁéiﬁgcbﬂpkﬂdbﬂafi ng prodrug to a
representative -53 WO 2004/ 089925 PCTI US2004/ 010399 protein and

denonst j0a578 dTht bédtide wer glyase s (RGDS) wnd prégaresdironuweing désirousRip3tdadmds e | nhi bi t or

(conpo rel.eased. fromthe protein ynder a us copdi tions, Exanple

o br oo blOBT o RRBEbiR bR we Adrher GomaAtH BT PO PPRRRe

Eﬁxpotc} %%rraacwdlmmmnﬁmnt nd Rﬂiﬁiﬁ Dvis tﬁ%ﬂ@l@df&??lt&ﬁ?&ﬂt?&e@ip%ﬁ&_\Eiﬂlan_tlj_ﬁr d
couplin ptide .chemi stry using all natural_ anino acids. e

resin- M&“ﬁ@ﬁ? F%@@f%gﬁp@g%ﬁﬂgjh%t{eﬁte Guftpproepatic qoifl ipigears B, 1- 24 hours,

Fi ] ter egpgdle ChApheI1N2885hAde M IScHEME GRNBkah bR TERbDkERSeatlup! | de and t hen

treated wth triftluoroacetic acid to cleave the conjugate Conpound 1126
fromtﬁgel?aé%ﬁoﬁofmdé)ul-aanpl e 55 describes a scaled up preparation of
Conpound 1111. -54 WD 2004/089925 PCT/ US2004/010399 SCHEME 6 0 Oo o 1, 00
Cofrpound 1111 OH
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1) resin bound peptide NNO OH HzNr NHONO Ox 2) TFA O 3) Lyophilize
and prep HPLC on reverse phase OH HNNNOH tiZNHHNO Hfo O 0 o N~, |
Compound 1126 Exanple 10 Preparation of Prodrugs with Fol ate Targeting
Agent s Usi ngvéovamossess 1111 [ 01581 Conmpound 1111 has an %J(ﬁ'ﬁfsr? %idﬁi C group
that may be reacted with nucl eophilic am no groups under m 3@ bR ¢
organi ¢ or aqueous conditions (i. %Cgm'g%m bi carbonate buffer from20 nMto
500 M) to forma nonreversible t | i nk. Suitabl e nucleophilic am no
groups are presepf og the targeting bionolecule folate. Folate nolecules A
and C were conj ugdjt ed nmpound 1111 via an amno group in DVF by m xing
in roughly e prapordi o in the presence of the base triethylam ne or
di i sopropyl ¢ I v]@ t® yi®l d compounds B and D (Scheme 7). -55 WO

2004/ 089925 PCT/ Us200W/ 0IP399 SCHEME7 H2ZNW NI N O O/ \NHZ ~/ ~H NH H-NN

N\ | HoH Lo

Compound 1111

OH
1) resin bound peptide /‘ﬁt 0 "
N

2) TFA 0 o
g

3) Lyophilize and prep HPLG on reverse phase
OH
U T
RN HN H’\(ﬂ; i o
0 o]
Q

Compound 1126

Nr*o
Lo

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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0 AO Conpound 1111 VOO HZNN/NN _OCNO~1 \ H' YN'N\ / NNHCHH
N+ OOHO/ I\ B/ HNNNOO YYHOO 1~\ OGHHNNNCNO YOO DHNHN
0 H Compound 1111 H2ZN\ N Nom T/ ~I I NOH' HENNO OHH,/\ NW/NH2 C
H -56 WD 2004/ 089925 PCTI US2004/ 010399 Exanple 11 Preparation of Prodrugs
wi th Anti bo®XP 2084/¢f8835ng Agents Using Conpound 1111 [O15FCTESAP4OHE91111 is
conj ugat ed to nonocl onal anti bodies in aqueous pH 7 to 9 and then separated
by ultrafiltration or other stand hods of separating protein
conjugates fromsmall nol ecul es. e conjugated perforned can be prepared
according to Exanple 8. Exanple 12

H NN Ny /7 ONH
i | LH_Q%O ONNH 2
N AN
H N N OH

Compound 1111
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Preparation of Prodrugs Using N hydroxysuccinimde Esters [0160] An ester

| ess reactive than Conpound 1111 was prepared by producing the

N- hydr oxysucci ni m de active ester of Compound 1113 (Schenme 8). A 100 ny
sanpl e of Cbnﬁfund 1113 (A024-67) was dissolved in 1 m of dry THE al ong
with 53 ng SO N WSoxysucci ni mide (2 equival ents). Wt RCIUS0040tP3%9 45 up
aliquot of 1 M dicycl ohexycarbodiimde in nmethylene chloride (2

equi val ents) was added all at onceEx%?,[gﬁ 3 mnutes a heavy white
precipitate formed indicating the coupling reaction was occurring. After

al | owi ng t hBrepagationgf Predrygs Wltheﬁmlvsdh’a?amﬁnaégwayﬁmsﬂqmpumalgl |tered and
the solvent renoved ~fromthe filtrate to yield 172 ng of_ crude active ester
product [45% Compeynd M| &ifogiugatediodponeelgnal epiindias in aquoots pol Bied addiiong a
retenti ' ] ' ; T nd for
{hi o peak e todhigafonls BicF Sudtihdin ks O Rtalgite PSR niueis o sl
Conpoundnalgcniys.Rdfe conjggatgdparionned qap be piepussil aesording o &rampldni stry as descri bed
above for Conpound 1111, A024-79 was used to conjugate targeting proteins
as described in Exanple 8 and Usedﬁkg? fjzpugate to a polynmer is described
in Exanple 74. -57 WO 2004/089925 PCT/US2004/ 010399 Exanple 13 Preparation
of Prodrugs Usi ng Resppistign of RomlragsUshng Wdiydoeryanceinimidedisters el ect rophilic
group that may be reacted with nucleophilic am no groups under mldly basic
or gani c 18160k desgigslessgreftive thaa Compeumddd i was preesspdiriedicngther from 20 mMto

500 MV N QydrOfyRhidhOH-QYBFethidt &F ddMRUAE 71 13 (Qkhméts?].t&%cﬁmg wehephi | ic amno

groups are present on targeting bionol ecules such as peptides, proteins and

smal | néfosngiedst Y3 4APG6 A disselyedipd mslod HryaBHE plongvvith d2mgwdN-ves (A and C
of (SC he 'ﬁ?dr&ysu&qﬁfn?&ee@teaﬁibm&twmlsﬁﬁin%fa Q%Qﬁquot of 1M

dicyclohexycarbodiimide in methylene chioride (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 filtrate 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 l roo o~NS;D
: o7 N — 0" N
(' ]\/DO ‘ _ @ ©
Compound 1 }13 Ref. No. A024-79

[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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products include Conpounds B and D. 58 WD 2004/ 089925 PCT/ US2004/ 010399
SCHEME 9 H2ZN\ /N N r NHZ H NN' N\ /NHg H\ IH Conpound 1105 S N HZN /N

N~ (/1 NHHO HOOo "NNNHOHO pl I/ BON HZNN /NN~ - \ | S

H N NN N- - : N N/ DH O ON Conmpound 1105 H2ZN\ /NN~ T I H

HNNNN Sg%ﬁl(ﬁ{@@fNHz cH P al PCT/US2004/010399
Example 13

Preparation of Prodrugs Using Compound 1105

[0162] Compound 1105 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 targeting biomolecnles such as peptides, proteins and small molecules bearing amine
groups such as vitamin derivatives (A and C of Scheme 7). Representative examples of such

products include Compounds B and D.
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Exanpl e 14 Preparation of Derivatives of Mrpholine Ring [01631 The

t hi omet hyl conpound of Schenme 1 was prepared as described in Exanple 1. This
conpound was heated in an appropriate solvent with or without a catalytic
amount of acetic acid -59 Il 1 WD 2004/089925 PCTI US2004/010399 and with
an excess oMY@ ¥W&PI%5eophilic anine compound until nost ACTFE0MEIEMHet hyl
conpound was consuned. The m x subj ected to preparative reverse
phase LC-MS to isolate the desir HF@&%HM i ne anal og. Conpounds prepared in
this mannﬁr ar sh,@wn in Table 4 along wth their conditions of

preparati on; rizati paand i sgl atyon~sRpwn in Table 5. The NVMR data
for the conpgu und |§ sh n abye NBO WO 2004/ 089925 PCT/ US2004/ 010399
Tabl e 4 St Hictyfe i—Yieldapgno) Yield (9% 1153 352.42 32.6
24.8 | ox 115 4835546303 x 0 9~ 1J 1155 335.4 24.7 19.8 / OJ

N O 1156 307.3 5.0 4. 4A OH 61.2 53.4

Compound 1105

(_ \QI A —@4 ﬁ

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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O No o 1158 321.4 30 25.0 H O 1159 295 62 56.4 /OHON-611 WO
2004/ 089925 PCT/ US2004/ 010399 1160 293.4 24.4 22.3 gc O 1161 295.3 71 64.5

O NH O 1162 337.4 6.7 23.5 }'~I I~ N' ° 6 1163' 337.4 57.7 45.9 9 1164
335.4 41.0 32.8 ~ NL~ O- 1165 265.31 17.2 17.2 O N- 0 1166 319.29 2.4 3.0
ON--/F ' .. WQ2084/089p25, PCT/US2004/010399

and with an excess of the nucleophilic amine compound until most of the thiomethy! compound
was consumed. The mix was then subjected to preparative reverse phase LC-MS to isolate the
desired morpholine analog. Compounds prepared in this manner are shown in Table 4 along
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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-62 WD 2004/ 089925 PCT/ US2004/ 010399 Table 5 Conpound Lot No. Sol vent

Heat (CO)/ Time(mn) Cat Retention Yield Yield No. (prep Tine (mn) (nmy) (%
Material) 1153 A037-36 n-BuCOH 115/350 no 3.407 32.6 24.8 1154 A036-08

n- BuCH 110/ ﬁé ra 3.156 54.6 30.3 1155 A037-19-3 n-BuOH 110 / 24. no 3.649
24.7 19.9 Wiy T BuOH 110/ 48 no 2.764 61.2 53 PETUSIPMONGS7- 15

n- BuCH 110/ 24 no 3.837 100 87 1158 A037-29 n-BuCH 110/4 no 2.753 30 25
1159 A037-31 n-BuOH 110 / 20 no 2.793bl62 56.4 1160 A037- 48 Et OH 65/ 220 yes

3. 666 14—4—2-221—}——1—%6%%3" 40—+ OH-65——48-yes—3-Q12—7 5——1162-A037- 69
Lol uend 6512077 410 g8 BBE™I* 163 ARV oA ROl 18070504 7b 57, 7
45.9 27- 99B n- BuOH 1%%/ 180 no 35847 41 B2.8326165] A041249
n- Bu s 3.247 17.]2 17.2 1166 P041-25 n- BuOH 110/ 240| yes
3.427 11.1 8 2004/ 089924 PCT/ US2004/ 0L0399 Table 6 1153 H
NNR(CDLIS): 5 1.60 3 (b's, 2H),| 3.772-3.399 [t, 4H), 3|506-3.533 ({, 4H),
5.474 .bbou(sm TH), 5. 4388- 8. 20 (UsadlH 0 = 739Fz) 11154 H
NIVR( CDX {644 (m 4H)| 5.491 (s, 1H), 7.370-7|541 (m 711
8.173- 8. 7.76Hz) 1155 H NVR(CDC1B): 5 1.16p-1.187 (d, BH),
2.567-2.6 580-3.640 (|m 4H) 5.496 (s, 1H), 7/389- 7.591(m 7H),
( Z - ZC L)
8.164- & - 3354 24.7 19.8
(
-1156 3073 5.0 4.4
61.2 534
1157 3054 100 (est) 87.7 (est))
1158 ‘ 3214 30 250
C
1159 295 62 56.4
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1157 H NVR(CDCI 3): S 1.573-1.698 (m 6H), 3.344-3.370 (t, 4H), 5.543 (s,
IH), 7.37-7.562 (m 7H), 8.163- 8.186 (d, 1H, J = 7.8Hz) 1158 H NWVR(CDC13):
S 1.498-1.547 (m 7H), 1.873-1.997 (m 3H), 2.600-3.200 (b, 1H), 3.140-3.160
(m 1H), 3.316-3.323 (m 1H), 3.737-3.831 (m 213),4.011-4.037 (m 1H),
5.624 (s, 1MjO20p4/8889257 582 (m 7H), 8.163-8.187 (d, 1H, PYHAUS20@/0899159 H

NVR(CDCI3): S 1.5-2.3 (b s, 2H), 3.015 (s, 3H), 3.400-3.426 (t, 2H),
3.674-3 2H), 5.412 (460 1Hy, 7.288747.325 (t XM, 7| 404-223489 (|m
6H), 8.pP66 1H| J = 7.75Hz) 1160 'H NWVR(CDC)3): 6| 1.077-1.178 (t,
6H), 3. 1), 5.447 (s, 1H), 7.367-7.546 (m| 7H), 8.180-| 8.204
(d, 1H, 161 H NVR(CPpCl 3): S 3.3261-3.358 (t,|2H), g 3.358 (s,
3H), ) ’H), g 5.099 (b s, 1H), g 5.427 (s IH, g
7.373-7 . 172-8.195|(d, 1H, J = 7. 74 Hz) 1163 H NVR(CDJI 3): 5
3.035 ( 3. 48811¢d, 2Hi), g B5806-3.|888 (M 4H), g €.5961- 4| 980
(t, 1H) {), g 7.3854{7.489 (m4H),{ g 7.555-7.586 (m3H),| g
8.180.8 8.05 Hz) 1164 H NVR(CDCI3): 5.1.931-2.103 (m #4H), ¢
3.133-3 ¢ 3.273-3.296 (m 111), ¢ 3.368-3.394 (m 1H),| g |
3.990-3 5.403 (s, 1H), g 7.374-7.556 (m 7H), g 8.191-8. 215 '
(d, 11L anple 15 [IPLC Analysisl [01641 HPLC anal ysi s was
per f orn | CMS- 2010 _and enployed a flowratelof 3 m/nmijn and
a start on of1650, The B Bbfvent mas Ffnear|y ra¥ed to 95%
concent i nutes, held|at 95%until |6.0 m nutejs, then linearly
r anped at 6.5 mndtes, where it| remains until the end of
the run Unl ess otherwise noted Jthis is the nmethod used in
the(‘ exa s a-slow gradi ent nmethod for polar| conpounds it hat
enptoys 3 mMmn and{a starting B |concentrat| on of.0%-where
it is t—r-Ap-e—he B;ﬁ! vert—i-s—HRearby Franped—+6-10%
concent i nutes, ~ then Iinear'ﬁy ranped 10 95% at 5.0 m nutes,
where i .0 minutes,| and then linearly ranped to 5% at| 6.5
m nut es & T ins until the end of the rjun at 7.5 mnutes. In
additio nassfdtf.gﬁti on the LC detection consjisted of 3 channels; UV
absorbaphce dt 254 nm UV absorbange at 214 nm |and evaporijative |ight
scatter Al'ltech ELSD 2000). The

1164 3354 41.0 32.8

1165 265.31 17.2 172

C
1166 319.29 24 3.0
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-64 WO 2004/ 089925 PCT/ US2004/ 010399 evaporative light scattering detector
was run at 50Cwith a nitrogen flowof 1.5 liters per mnute. The CDL
(chem cal desolvation Iine) and bl ock tenperatures of the Shimdzu LCVG-
2010 were b {eascaNd the nitrogen nebulizer gas flow i n.
Positive ang&&nzeﬂgg&g?}g mass spectra were detected from 56)\6?@5%’818%#82. The
colum was a YMC Conbi Screen ODS- A abﬁ'é R particle size, 50 mmlong with a
4.6 mm1.D. Mbile phase A was made_using HPLC grade B&J) water with 0.1 %

(v/v) H
0. 1% (Vv
m nut es
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J774 nma
J774 ce

crophages, which is a class | PI-3 ki nase-dependent pathway. Briefly,
lls are treated wth LY294002 at concentrations of 10, 1 and 0.1 pM

along with an appropriate DVMSO -65 L WO 2004/089925 PCT/ US2004/ 010399

contr ol
bl ood c
m nut es
cells a
concent

for |h in DMBMwi th 10% FCS and then sensitized sRBCs (sheep red
el | SYORR4/089e¢ed at a target to effector ratio eqtaVUROHBHA 1 or
at 37C. Cells were exposed to hypotonic shock to renove red bIood

nd phagocyt05|s was det er m negpipyg measur ement of  henogl obi n
tiran i tes _As shown in Fiqgure 1__1Y294002.

signifi
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Example 15

HPLC Analysis

—+

5506 @rHR @é@bl?r@Q i, 4802 155 Y. 186 dm,ﬁgl gB. mg -8.20h(d s Holf=f 88 Hzwa s
% e

[aY

IO

[0164] HPLC analysis was performed on a Shimadzu LCMS-2010 and employed a flow rate of 3
mi/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 rernains 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 absorbance at 214 nm, and evaporative light scattering (Alltech ELSD 2000). The
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dose dependent manner. Exanple 18 Preparation O Bone Targeting G oup
A030-84 [0168] A solution of 500 ng 4-[ (N-BOC) am noethyl]aniline (Al drich)
in 10 m di oxane was treated with parafornal dehye (400 nol % 270 ng) and
tri met hyl phosgpive O nol% 1.12 g). The mxture was

overni ght. Then ‘#gsrggﬁgar aformal dehyde (270 ng) and -66 V\%@%’%ﬁ?‘%@b@%c

PCT/ US2004/ 010399 . tri net I@hos hite s\é 12 g) were added apd it was heated
at 95C of¥APRTRYR ey sqafiert ToF B85 B at WA S wight wifross of dy HSTSRSF or of orm (20
nL) and washedhwicon @ME@H@QI@QSA 1) Gl Db mpe Bt bf thadtindal-e LR i) .

The organics were dri r sodi um sul fate and the sal vent and excess

d o
tri met hy EpHoesapeth 39%(5?0 ‘?/W&'Og%’t nepylizer; gas Slos wasid- b minEosiive sl aeggive. 723 g

of a cl egfaspbotra WiBe dRERIBREE 50 {0 2000 nf/2. TS AR W0 YAZCiCRRMIK L apgIDer
A030- 74 was confirmed by electrospray }{PLC-M showing a retention tinme of

tR = 2. 9AQ Schnensrticlarsize, phsn long wih afy6;min bilg hage @ wesmade[wingdPLCGr ound
for the S 8B f of
R et metionlo o Hh APLC el RAD

br onot r i aestdnittilsiwithb1 %E9E) HOWRaddedo ThigFystefihgvesal natention tivas oSk.5¢ uoeIdSOover ni ght .
Met hanol ) hen
concent rﬁr}nge 'Hé{_l %\?olv&%%lda %%a}dm?m%%wéﬂg aQEéIY%? rﬁt‘?ﬁ]ﬂ ?ghééo’ﬁ@ee@?a%?the title
conpoundam&s&ldmif@atmgiHlSQOO-elmpiM@slrSﬂaQ)ts@dh&re]’dnmceeﬂamtﬁrd on time using this
gradient was found to be tR = 0.85 mnutes and the mass spec for the
desired product [M-COH16N206P2] foup Qan?]%) tpe expected mz 309 [M H] -
operating in the negative node. This duct was aSSI gned reference nunber
A030-84. 1 NH2 ~P.OV NI / &YPr&p&raﬁ@\Hl’LﬂjOl HN ~/ Ilome F A030-74

TVMEBr  OH NNp- OH
' {0165] Gradient Preparatwe HPLC was performed on a Shimadzu system composed of two LC-

8A pumps connected to a SIL-10A. autosampler and eluting over a reverse phase column (YMC,
cat CCAQSOSO520WT; ODS-AQ CombiPrep, 20 mm X 50 mm) and then passing through an
MRA variable volume splitter; the smaller stream was then made up to 3 ml/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 Shimadzu 2010 Mass detector;
the larger stream from the MRA splitter then flowed to a Gilson 215 Hquid 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 Prodrugs

[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
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HNIT / Il OH z O A030-84 Exanple 19 Synthesis of Conmpound A014-52 NCS
A01452 [0170] To 1.0 g of 4-carboxyphenyl isothiocyanate was added

di chl oronet hane (15 nmL) and distilled water (15 nL). The flask was cool ed
in an ice-water bath and sodi um bi carbonate (4.0 equiv)

n-t et r abut YYQMMHAE hydrogen sul fate (0.05 equiv) were ﬁﬁ%&?“‘ﬂﬁ‘?&% 10 min
-67 WD 2004/ 089925 PCT/ 1JS2004/ 010399 chl oronethyl chlorosulfate (1.2

equi v) W@ﬁrcﬁ(ﬂemmMM%&MO%‘F@@%@&M&E&%BQRB@H%Jhﬂeﬂ’é@tal%b@ b1s) R
transferred to a separator¥1 funnel with the aid of dichloronmethane (10 ni).

The | ay@fdedabp taradt EpAfeaioBria vaval frel W9 Igfan? Cminetics a“d\ﬂsﬁe@elﬁ"f%e ewoeRdde ed sodi um
chlori d%yﬁ&&ug}]ﬁocﬂmmgwﬁ%md c%raﬁdﬂﬁdg‘égyt%{sle\;; dg%ﬁfénﬁme& i hRb&rdndh té;e Citle

sol vent Fenov rovid a tan so resence

conmpoun diemaslobmetpw@mown the g9l bfﬁatt?SnAP ghommtin Gigurs . Yi2R4 S!Eﬂﬁﬁpnthd uct (4.2

cont i 1 o eby PR RSisREPAR a0 il ok Gl e THRRUIBRRG ] o )

7.30 (dthazinle J704 &ligysipy carpheaBed to, rapitly. M&aﬂpbgaﬁmewhmﬁsh@cwlpoﬁhﬂméund
A014- 48 AO 44 N of | or onret hyl
ester (preepp Segtdnﬁtmﬁ%]iﬂhﬂrzggie%%}ne% OaAu “)&%Tg g%s g{eﬁgmﬁgget one was

t r eat ed awivity isgeed ploilag chlﬁpéu'hdz 1mwa9fr)sstam 5tm cofpkntidtion wd\aas:anam rred

over ni ght e.sojutio s.filtered, the solvent .repov and, t he residue
was také’FP’%ﬁb‘E?th taRep e ?V%ﬂmawecoeﬁmmf pregias oqetiys &agl fEdEd THE t h 10%

(W V) seghttlsatbit (ke eddwithho preRitebaivh ¥i cosPRinkiM IQBP%%@QbEag()éﬁm%&ex and

water (10 nml éiE‘lé’l'he organics were dried over sodium sulfate and the soI vent
was rembVEl atn@paﬂ%ef thedepmer qfghagocyosis epsrrige avpreselt pipot mbitiedds}nase)

( of 140 whereas compound 1126 with an aqueous pH=7 incubation time of 2, 5, and 10 hours

showed PGI of 88,78, and 37 respectively. This example demonsirates that initially prodrug
1126 has little to no PI-3 kinase inhibition activity and over time is converted to bioactive drug
that does show significant PI-3 kinase inhibition. Another experiment showed that a 20 uM
concentration of compound 1126 in an exposure-limited setting (20 minute exposure to test
solution then removal of test solution) 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 corﬁpound 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 1¢ uM, 3 uM, 1 uM, and 0 uM for a 20 minute
incubation time followed by removal of the compound and then 2 hours incubation for
phagocytosis to ocour gave PGIs 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 A030-84

[0168] A sclution 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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the title conmpound was indicated by a shift in retention tinme in of the

| odonmet hyl ester product (4.4 mn) versus starting chloronethyl ester (4.2
m n). The conpound was al so confirmed by proton NVR spectroscopy: 'H
(CDC13) 8: 8.04 (d, 2H, J 8.8 Hz), 7.29 (d, 2H, J 8.1 Hz), 6.15 (s, 2H). t
Exanpl e 21 Y¥Q 004889935 of Conpound A014-76 A014 48 NOS AOEW’V%ZUPW?:’ZY A
solution of 387 ng of the chloronethyl ester (prepared via the procedure
describedmﬁmﬂﬂﬁ@ﬂﬂmﬁzlzghwﬁem&maahmﬁanshenmaﬁ95%bn&nﬂgnm.mngmdsunmnodlde

(1.2 equiv d € S0 n 68, WD. 2004/ 0899 [ US2004/,010399
hont eq- Te° sttt etibehmllh o) SPe HRrE b srar OGVIPdA () B

r esi duemmﬁatéﬂﬂe I THerorgatiocs hﬂemdaﬁﬂbhmemﬁé%uﬂlté andihe sslodds bhdékcds washed
with 10% sodlumsulflte

10 5% w/ b b 10 mL) |
ot Bttty iosstite Hah oA iAol PP Tiqnt B TP PR IS e atea B Toe e |

sol vent piesnct SMMY e &t Jﬁwm@n@ahetm&mmwwﬁﬁdnﬂmm aée% e of the
title corﬁBound was i ndi cat ed b¥ a shift inretention the |odometréé ester

pr oduct HPECAMEshowipg p shantion fime of irg” &R monwmepsind g massefdo7 myz PMidihh andé@G np| e 22

th ~. A013-24 R OCJI I (OCH3) 2
o5 ST PRl ey TG0l 0 o

p- ni t r oBAZlyA salutioryofRF0 mg of; a‘g)gaﬂgi@'ﬁ ppEred eheve IVHonb dickloremthing was 00 sL

d h hi t

(207 oy Bet P ReE0eth It BRRA(ER0 R LIPS, thecllin A8 b R 2 e v e
via rot Mejhamla(b@)m&b iwesadged aﬁzﬁm sc(l]hticmr‘msaﬁmq 150mim and tiees cavibabiatahh t he

sol utio nro%% lvﬁ %‘Zn‘é‘%@e SPTHE glteg&cé 891:&1 fhe compound was confirmed by

( electrospray LC-MS. The retention time using this gradient was found to be tg = 0.85 minutes
h and the mass spec for the desired product [M=CoH;sN,04P,] found at the expected m/z 309 [M-

H] ™ operating in the negative mode. This product was assigned reference number A030-84.
| 2 om
oo N
o - —pOMe
Y LI
/ AO3D-T4
T™MSBr .

P,OH

\_P:OH
ll OH

A030-84

( Example 19 ,
Synthesis of Compound A014-52 |

C&f‘\

AQ14-52 NS

[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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chloride (2 x 10 nL) and water (2 x 10 nlL). The organics were dried over
sodiumsul fate and the solvent renoved to provide a brown oil. This was
purified via LC to provide the desired naterial. The presence of the title
conpound was confirnmed by electrospray LCMS A, tR= 1.8 min.

[ MEC27H5 3N P2PM4{08225 796 (M#4), 818 (MNa'). Exanple 23 {’ngﬁio!*r’é%lp%ﬂof
Conpound A022-32 P(OH)2002 'LN N ONI ~NN A022-32 WOH) 2 ~IOH)z O
[0174] Anlsaittiydehlabsilige: @2 apivpivad memnaspﬁmm stitred Gigyotisty éﬁmﬁgﬁr ed in

Aols 24 L dichl o d_with | si | 72
e %rrsdwaass'eﬁﬁafr%m J3E $ i bhhironsess derldcim

over Ni glképanifed hil e omm Wére kel mmythﬁtdd%aﬁm%ﬁlomﬁé (waﬁL)aq‘ﬁe&gaﬁek i t was
stirred an addltlocﬁ 3. days, Methanol (500 nlL) was Fed a d t he sol ution

stirr ed Werafitied gy sp BWSP#@% a%ﬁhSF?lY%‘éf%"Ed tom%edl i%ga a0 U5 06 o | .
Addi tio %ré@éncggftﬂé‘ﬂ@é cdiﬁﬁﬁmwa@ﬁlaﬁa@dByQMﬂw}etéauon Wﬁb ﬁibmeesprsadct @=d and

dried. This was purified via LC to provide 2.7 ng o desired material .

The pr e@ém@rsm st@xﬁeg @ﬂb@@f@@ﬁﬁ&%@%’&h@@mwwew@;w@p wééppegmc- MB A tR
= 1.5 m %@ 0175] Th
nitro group |s reduce éﬁéémn@%%%?m@?gﬂ%tm @é Lrpl e ! ©

stirring with 5% palladiumon carbon catalyst in nethanol under an
at nosphere of pure hydrogen. The Fkanpled0is then filtered (talcing care to

prevent air exposure to theg g@l%o &@0@%85%%%2(3 vent evaporated give the

am ne. Exanple 24 Synthesis oun N~ R(OH) z

I/\OJ\O\
AD14-48 NCS

( ' A01476

[0171] A solution of 250 mg of the chloromethyl ester (prepared via the procedure described in
AQ14-52) 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 sedium
sulfate and the solvent was removed to provide 137 mg of a light green solid. The presence of
the title compound was indicated by & shift in retention time in of the iodomethy] ester product
(4.4 min) versus starting chloromethyl ester (4.2 min). The compound was also confirmed by
proton NMR spectroscopy: 'H (CDCl3) 8: 8.04 (d, 2H, J 8.8 Hz), 7.29 (d, 2H, J 8.1 Biz), 6.15 (s,

7H).

Example 21
Synthesis of Compound A014-76

~0
Ad14-43 NCB

AtH4-75

[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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IN A02256 OP(OH)2 [0176] A m xture of phosphorus acid (1.26 g), 6 M

hydrochloric acid (19.5 nL), and p- xylenediamne (1.0 g) was heated to

100C. To this was added 37% (wt/w) aqueous formal dehyde (1.15 nlL) and the
The m xture was filtered and the

m xture vvas&;]‘;i rrﬁqc;9 f 100C overni ght.

wat er removet BYPEP4AY y evaporation at 80C to provide 2. FETEBPMAIRAT ¢ e
solid. Jh ) A ' ound was confi d. b F ospray

1o N8 usT OB Bt U5 ftdsd o SORRN RenctBE SR Bl h IR i B}

Exanpl e @thlGynicthes: @0 ofL)Chnpohridn AQ4 §ashad with 10%qer/ ) sodiGhifife(10 A01DE5%2 o
[0177] sal ution.of, 92 BOC- 1. 4-di am pnobutane in 10, 0L dioxane was

| reat ed DB biRhenale Rl Tt aaet G Al b pendiymB Aoshite 5505 0T e
m )o(lt UL e Mﬂlate&htﬁ theeolvarit 332@86&10%&1@) MEi2ODK 108 8O0 fan REITHL lDE%hﬂl@ébh&éLﬁSEé?nf itleover ;ﬂ ght
and the sol vent renpve rolary. evaporation at 75C. rofQrm (10 nlL) was
ded anPEERL BT L GO L HEE R oS RO EHr s LRotiRLEht BRRBS x 1 )
and wat egarfidg dhidBmethid) sstef 082 BFgani cs were dried over sodiumsulfate and the
solvent renoved to provide 1.55 g of an oil. The presence of the title

conpound was confirnmed by el ectros aﬁlpié} M5, tR=2.4 mn. M
[ MECL5H34N208P2] ml z 455( M\a) . Exaﬁ%‘ia 2.5ynt hesi s of Conpound A026- 92

71oHk A02&92 ~(OH)2 0 [O0178ynthesilobCompoddid £63-20 of the phosphonate
(prepared in A018-12) in 18 niL

7 T
lL(OCHa}z j’(OCHa)z

G
e N

( . A01B-24 fOCHs  OCHs)
o s}

[0173] A solution of 64 mg of 2-p-nitrobenzyl-1,4,7,10-tetraazacyclododecane (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 sodium
chloride (2 x 10 mL) and water (2 x 10 mL). The organics were dried over sodium sulfate and
the soivent 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 slectrospray LC-MS A; tg = 1.8
min. MS [M=Cy;Hs3Ns0,4P5] m/z 796 (MH"), 818 (MNa").

1
\

Example 23
( Synthesis of Compound A022-32

%OH)E }(OH)Z

o

O,N r" N

Abz2-32 fjork g(OH)z
o

[0174] A solution of the 33 mg of the phosphonated macrocycle (prepared in AG18-24) in 700
uL dichloromethane was treated with bromotrimethylsilane (72 mg). The mixture was stirred
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di chl oronet hane was treated with bronotrinethylsilane (2.2 g). The sol ution
was stirred overnight and nethanol (10 nlL) was added and the m xture
stirred for 2 hr. The volatiles were renoved to provide 1.22 g of a yeIIow

oil. The presen f the title conmpound was confirnmed by ay LC M5

usi ng met ho&"’é“g‘i"ﬁgmo 4 min. M5 [ MECBHL8N206P2] niz 2753’}?/?}#;?%%@% e 27

Synt hesi s of Conpound A03044 -),UQXx "N .I( 3(0CH3)2 (OCHah A030-74 'l O
[0178qerzﬂglﬁahmtﬁemmon§br5ﬁ6h-hﬂ;ﬁ1§dsﬁléﬁé(86ﬁgammmwd amiat stheedian 10 nL

(O35S MRG0 bl B0 G R RRN o BB s BlthPnosP 1
par aL or deld:ﬂtay\g&c fenkredry) gmermlbmmﬂha(dcﬁﬂﬂﬁﬁﬁltmdﬂﬁnéllprécipmliedm?mﬁdﬁﬂ and it
was heate ern i on, Wwas_ coo aken up, in

chl or of OWHll ??’(93 gﬁi sﬂjé‘l i B4 @fit”a&éfeérr%' %}ﬁrggﬁf&e dﬂ%‘l"“’??ﬁ‘ ‘W% and
wat er ( Zﬁhd’ﬂrksenylﬂ' twtﬂﬁ%@omrvﬁas cOfifiradd BY lectbRiay MCSMIST At =a¥minlgIss ol vent

and excess trinet hylghosghl te removed via rpotary ~evaporation at 80C to

provi de M‘?@w s 0iaP 4 s Wﬂﬁéomgg)'@ejof the title conmpound was -71 WO

2004/ 059265 PEEE/W Q1038% usﬁ%@ﬂnﬁ&@%eﬁ%d%ﬁﬁ&fcﬂ\%’fo@%x 1é/§1mﬁ 2.9
mn. M5 [ MrClsH32N2 2 mz 467 (MET le 28 ynt hesi s

of Conpodffadraiigtzon smcqr-bqn tabysy in wﬂammb@@emahgqsp of?msﬂqmmnsﬁhmtl on of 870
f the g
0 m)&}g%?s %ﬁl&réd%mng%fe% oF QO b A s R o ﬁl%??f%l&%&‘ﬂl&tﬂe sqlv

br onotri F'ane e solution was overnig t Met hanol
(10 ni) msorawdewemunme sol ution was stirred 15 m n and then concentrated
to provide 1.12 g of an orange oil. The

. Example 24
( ‘ Synthesis of Compound A022-56

9
HoN rF‘(OH)Z
N.

A022.58 OJ'(OH)z

[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 mIL) 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 tifle compound was confirmed by electrospray LC-MS using method B; ig =
1.8 min. MS [M=C1oH3N,06P3] m/z 325 (MH").

( Example 25
Synthesis of Compound A018-12

Jﬁ(UCHa):
WH\/\\/\
I t
ﬁ"(UCHa)z
AQ18-12 o
[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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presence of the title conmpound was confirned by el ectrospray LC MS using
nmethod B, tR =0.85 mn. M5 [ M=COHL6N2O6P2J nfz found for 309 [MH Exanple
29 Synthesis of Conpound A035-66 O OH OyN O A035-66 [0181] A 2.0 ¢
portion of 4-am nonethyl benzoic acid (A drich) was dissolved in 20 nL of
wat er cont ai'tl HY¥H%BHF g of solid NaOH A 3.18 g portion SQCTBHFEMRHIN | de
(Aldrich) was added and the mx allowed stir overnight. The m x was

adj ust ed ovemight=idlthe s)haentrame{rﬂnllbyadﬁmdvmrﬂfon%?S“@LChibroIcN:ﬂ-(G:D mijkesresul ting

whi t | filtered and d 2.9 97 duct
vais. char A0SR g B EOCHATPRROLHER sh e i oo R a0 et e i1
Is ont hobsam]gmeasrgﬁﬁﬁ witezgried-over s\ﬁﬂiuﬂﬂﬁ&‘ét@&&ﬂt% sdi¢eht R edH ok Gﬁ&@l 55xampl e 30
VAL esis O

of A35- 68 s%i%@%‘}c\‘?(ﬁiﬁgﬁsg‘ﬂiﬁlﬂﬁo‘-‘aﬁo Fgon edm@c%ﬁ&g@%lkofz@ portion

hydr oxys ugs ive (ﬂngrm&m)SS@I\dea hen treated all at once with 6 nl, of 1 M
di cycl ohexyl ca od|| (Aldrich) in dichloronmethane with stirring. Af ter

two days the vvhlte precipitate (d| cIoh Eyl urea) was filtered off and the
filtrate rotoevaporated under vacuu ? eld 2.8146 g of white solid

characterized by LCVS (retengy,ﬁneﬁgm&ﬂaﬁdmogg@gs and desired M+H
observed at 349 nfz). Exanple 31
HaN j(OH)z

AD28.52 E(DH)z
0

( [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=CsH,sN>0¢P5] mfz 275(M-H").

Example 27
Syiithesis of Conipound A030=14

%Mtﬁ’\@\ j’(ocHslz

Aca0.74 ﬁ(oc"a)z

k [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 frimethylphosphite (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 sodivm chloride (20 mL) and water (20 mL). The organics were
dried over sodium 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

71-



Synt hesi s of Conpound A035-14 O \ N~/NH2 H/ H 101 A035-14 [0183] A 500
ng portion of A035-6 was dissolved in 5 nL of dry THE and treated with 1.002
m. (10 equi val ents) of ethyl enediam ne (EDA) and allowed to stir for 2
hours. The solution was then decanted fromthe fornmed solid. The sol vent
and excess PORWH®BHen renoved fromthe decanted sol ut PER/USH004/016399

r ot oevaporati on under vacuumto give 0.8728 g of white solid; the product
was chareufisrediydldsirosped-C-M; dnt RSmini VB [NM=Ca8LMNOulbuvadad @BENr488 M-H
observed%ﬁ& 4)294 mz). -73 WD 2004/ 089925 PCT/ US2004/ 010399 Exanple 32

Synt hesi ot "Conpound A032-24 O N(oHz)2 A032-24 F(OCH3)2 0 10184] A
solution of 872 ng of the am ne (prepared in A035-14) in 10 nL di oxane was
treated w th parafornmal dehyde (53%xapple8d tri net hyl phosphite (2.21 g). The

m xture was heat ed at 100059ﬁﬂ%e%gp§0lﬁpﬂmhr§qgé_ﬁe sol vent renoved by rotary

evaporation at 80C to give a“br 0 oroform (25 nL) was added and
the solution was washed with water (15 nlg. The organics were dried over
sodi um sul fate and the sol vent re'i’ﬁ)g(ﬁﬁ}zovi de 241 ng of a yellow
sem -solid. This was purified via LC 1 %rovide 58.8 ng of desired nmaterial.
The presence of the title conpountfas E@fzi rmed by el ectrospray LG M5, tR
= 2.6 min. M [MC21H37N309P21 mz 538 (ME*), 560 (MNa+). Exanple 33
Synt hesi s of Compound A032-40

[0180} A solution of 870 mg of the A030-74 in 10 mL dichloromethane was treated with

bromotrimethylsilane (1.97 g). The solution was stirred overnight. Methano! (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; tg = 0.85
min. MS [M=CgH,gN>06P2] m/z found for 309 [M-H]".

Example 29
Synthesis of Compound A035-66

A035-66

[0181) A 2.0 g portion of 4-aminomethyl benzoic acid (Aldrich) was dissolved in20 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 minutes and desired M-H mass ion
observed at 250 mv/z).
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HziJ (~ry HRIOHh |~ tIVN~~NJ A032-00r b H z [01851 A solution of 54.6
ng of phosphonate (prepared in A032-24) in | nL dichloronethane was treated
with bronotrinethylsilane (156 ng). The m xture was stirred overnight.

Et hanol (O.SQ,ghglgnd water (3 drops) were added and it was stirred 1 hr and
then the vol APPEY%EPe renoved and the material dried uREBUSHaAGUEs® Thi s
was taken up in water (1 nlL) and |yophilized to provide 59 ng of a tan
solid. The presence of the title coppayésyas confirned by el ectrospray
LC-MS using nethod B; tR=0.4 min MTTMC2H21IN307P23 niz 380 (MH), 382
(MH'), 404 (MNa) -74 WO 208Artggoe ompoupdd135/6010399 Exanpl e 34

Synt hesi s of Conpound A026-60 0. Y N OH, 6 A02660 [0186] A026-60 prepared
via the procedure of Kantoci, D., Kenike, K.Q Wechter, W J. Syn.
Comun. , 1996, 26(10), 2037.: A m xture of met hyl am ne (20.0 g),

di et hyl phosphite (70.7 g) and triethylagt 29.3 g) was stirred
under argon at reflux (150 fQ renoved via rotary
evaporation at 70C, and thepam xi again  heated at reflux overnight.
The solution was diluted mﬁt‘Ig orof orm ahd washed with 1 M sodi um

hydroxi de (3 x 100 nL) and satlurat ed gags-@m chloride (3 x 150 nlL). The
organics were dried over soditum sulfate and the solvent renoved to provide
74.0 g of alight yellowoil. i 10.0 g of this naterial was subjected to

silica gm0l oIR8 WeaRaisssvdidn 14, of def THF 2RmE WAhe).coesane:

met hanol ~as eluent. This provided 6.08 of a clear oil. The presence of the
title cBydssusmeciiimide (aldricRegd bipn draed %lgaéﬁp%ﬁywmmoﬁw = 3.4 mn M
[ M=C17 H3t?ciM@c'»ﬂ%chl@dr!;odiimide (Aldrich) in dichloromethane with stirring. -After two days the white

precipitate (dicyclohexylurea) was filtered off and the filtrate 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

7 0O
+ ﬂ“”“”z
H H
OT]/N
0O

A035-14

( [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).
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408(4H), 430 (MNa), 471 (MNa-CH3CN ). Exanple 35 Synthesis of Conpound
A030-54 rcy NHC% A030-54 10187] A030-54 (conmpound is known, CAS #
80475-00-9), prepared via the procedure of Kantoci, D., Kenike, J. K,
Wechter, W J. Syn. Conmun., 1996, 26(10), 2037.: A solution of 4.52 g of

t he phosphoWR280/88818y| ari ne (prepared via A026-60) in mEERARHPUE ) was
treated with 10% pal | adi um on carbon (200 ng) and subjected to an at nosphere
of hydrogen overnight. The pal | adikxsmpdgFon was filtered to provide 2.98 g

of a light yellow oil. The gﬁggq,gcg{n L hd4_84 conpound was confirnmed by
el ectrospray LC-MS using ms*t%é)l A tR = 1‘?@“&%& M5 [ M=CLOH25NO6P2] i z

318(M#4). -75 WD 2004/ 089925&(@\582004/010399 Exanpl e 36 Synt hesi s of
Conmpound A039-16 0 OH zH-~ ﬁ*@ﬁ?w &@4381 A039-16: A 500 ng sanple
of 4-chl oronet hyl benzoic acid (Al dri Wwas~@H ssolved in 8 nL of THE and
treated all at once wth 5 equival ents of ethﬁ(cl) enedi am ne (Al drich) (983

ds

uL). After 24 hours the sol veAt**nas stri ppedlUnifler hi gh vacuum and the
white solid (93% was characterized by LCVS (retention time 0.4 mnutes and

desi 1 ed fotddy gl(@%ogb&azblﬁg,f 812 115%%5 fHeZinindRERECinH03FYH) REF AL Aot PARGA038- 24
, Withq paraformaldehyde ((535 mg) and trimethylphosphite (2.21 g). The mixture was heated at
100°C overnight and then the solvent removed by rotary evaporation at 80°C to give a brown
solid. Chloroform (25 mL} was added and the solution was washed with water (15 mL). The
organics were dried over sodium sulfate and the solvent removed 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 é{ectrospray LC-MS; tr = 2.6 min. MS [M=Cy;H37N300P,]

m/z 538 (MH"), 560 (MNa").

Example 33
Synthesis of Compound A032-40

! HaN " ?(01-1)2
) 2 " N\.«/\N

o
A032-40 E(OH)a

[0185] A solution of 54.6 mg of phosphonate (prepared in A03 2-24} in 1 mL dichloromethane
was treated with bromotrimethylsilane (156 mg). The mixture was stirred overnight. Ethanol (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)5H;;N207P,] m/z 380 (M-H"), 382 (MH"), 404
(MNa").
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A03113.24 F(OH)2 O [0189] A m xture of 679 ngef the am ne acid (pregaed via
A439-1 b), 37% (wm/w) aqueous_ formal dehyde (1.04 nL), phosphorus acid
(1.15 g), and concentrated (12.1 M hydrochloric acid (2.3 nL) in dioxane
(10 ) vvaswzii [}‘{:{@g%%t 100C overni ght. The sol vent was renoved via rotary
evapor ati on d the m xture was centrifuged and t RETASRid/oz®Car ded.
To the liquid was added nore forml dehyde solution (1.04 nL), phosphorus
acid (1.15 g), concentrated hydrocj.jhgﬁﬂg_g@m d (2 m) and dioxane (10 nL) and
it was again was stirred overnight at 100C. The solvent was renoved via
rotary evaporation at 75C t3/HShes fLompopnd 02469 This was purified via LC
to provide 276 ng of a brown solid. The,presence of the title conpound was
confirmed by electrospray LC M5 usi, kef,hod A, tR= 0.6 min. M

[ MEC13H23N201I P3] mz 475 (M H), (4077,\, &'). -76 WD 2004/ 089925 -

PCT/ US2004/ 010399 Exanpl e 38 Synt hesf s®™df Conpound A038-50 H I N~10* ~
1P(CCH,)z H2c- v "~ "' 0[0190] A m re of 6.0 g Fnoc-Lys-OH (Advanced
ChenTech) in methanol (25 nL) and wat€r (25 nlL) was treated with 37%
(wt/wt) aqueous fornal dehyde (6. 06 fetsfe and di et hyl phosphite (8.96 g). The
m xture was stirred at 80C.for 2 hr, cooled, and extracted with

di chl or r86ihaoes-§0lpreparciiba thik prodedur6f Kanjoci, DK anilgaNike sSWaetter, Washipal wi t h

sat ur at d sodi |ed ver nesjumsul fate for 30 mn,
and the @6%%&%%8@@%8%’8&%&0 -bgzyNgpethylpr iﬁ 8en oil. The

pr esenc&eﬂhﬁ’lphﬁ@hﬁé (t7be & APRRNEIOHASFosRIRE | zgmegjmbysﬁkapﬂnﬂeﬁa@g@/atke@u% usi ng

met hod A mn. MS | M:CZ7H38N2010PZ] mz 613 (& "), 636 (M\a'.

Exanpl o(lsg° Cs),ﬁftﬁrﬁgsﬁ@a@ﬁ WeBTEBN AIVIABEY GErpaRtienyt 70°C, and the mixture Was again
¢ 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 solvent 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—CanlNOGPg] m/z

408(MH"), 430 (MNa*) 471 (MNa-CH;CNY.

Example 35
Synthesis of Compound A030-54

E(OEt)z

t NHCHy

( A030-54

[0187] A030-54 (compound is known, CAS # 80475-00-9), prepared via the procedure of
Kantoci, D:, Kenike, J. K., Wechter, W. J. 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=C\oH2sNOgP;] m/z 318(MH").
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HO2C v "N 038-86 R(OH), A038-90 101 [0191] A solution of 23.9 ny
phosphonat ed Fnoc-Lys-OH (prepared via A038-50) in dichloronmethane (1 n)
was treated with bronotrinmethylsilane (60 ng). The m xture was stirred
overnight. The presence of the title conpound was confirned by el ectrospray
LC- M5 usi ng Wﬂé‘ﬁ’ﬁ@ﬁmﬁ, tR = 3.4 min. M [ MC23H30N2010P2) PCR/ESBEHI0IN | | .
-77 WD 2004/ 089925 PCT/ US2004/ 010399 Exanple 40 Synt hesis of Conpound
A038-76 HN.LOV (OH)2 0 HOz v v ' NEx 8366 P(OH)z AO03&76 A03640 [01921 A
solution of 112.9 ng phosphopat ed, Fnoc-Lys- OH %grepared via A038-50) in 6 M
hydrochloric acid (3 nL) wasSgtthesist) Compegnd A939-364ays. water (9 nl) was
added and after 2 nore days the m xture was ccsantrifuged and the liquid
decanted. The solid was dried under vacuumtaj provide 86.8 ng of an
off-white solid. The presence of the title~serpeywnd was confirmed by

el ectrospray LC- M5 using nethgd A t%o in. M5 [ M C23H30N2010P2] m z
555 (M H). Exanple 41 Synthesis_gf” A038-90 HN ~O ?(0)2 HCac v v
"N A038.66 f(OH), A038-76 O

A039-16

[0188] A039-16: A 500 mg sample of 4-chloromethylbenzoic acid (Aldrich) was dissolved in 8
mL of THF and treated all at once with 5 equivalents of ethylenediamine {Aldrich) (983 uL).
After 24 hours the solvent was stripped under high vacuum and the white solid (93%) was
characterized by LCMS (retention time 0.4 minutes and desired M+H observed at 195 m/z).

Example 37
Synthesis of Compound A038-24

9
Ho; P, 1
rj@\/(\/\ j o
L

H
AU3B-24 oﬁ(o )2

[0189) A mixture of 679 mg of the amine acid (prepared via A039-16), 37% (wi/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; tg = 0.6 min. MS [M=C3HN>01(P3] m/z 475 (M-H ),

477 (MHN,

76~



A038-90 [0193] A solution of 500 ng Fnoc-Lys-OH (Advanced Cheniech) in

di oxane (5 nL) was treated with 37% (wt/wt) aqueous fornal dehyde (303 L),
phosphorus acid (333 ng), and concentrated (12.1 M hydrochloric acid (674
L). The m xture was stirred at 90C overnight, the solvent was renoved via
rotary evapSftPYMORS 75C. The presence of the title conPEEAS26M810380NT i r med
by el ectrospray LC-Ms using nethod B; tR =5.4 mn. M5 [ M=C23H30N20) 0P23
mz 555 (M W). -78 WO 2004/ 089%mnpdT38)S2004/ 010399 . Exanple 42

Synt hesi s of Conpound A042-d.8 kB 1L, A solution of 1.29 g of the
Boc- protected am no acid (pér}%paéregékagoegu%&sgﬁ%k%%& 66) in 15 m,

tetrahydrofuran was treated with xysuccininde (623 ng) and 1.0 M 1, 3-
di cycl ohexyl car bodi i m de in dichl ane (5.4 nL). The m xture was
stirred overnight and a white precipitate was filtered and t he supernat ant
concentrated to provide 1.89 g of whi t
conpound was i ndi cated by presenc a
Synt hesi s of Conmpound A042- 26
solution of 2.1 g tris-(2-am noethyl)am ﬁmbp 20 nL tetrahydrofaran was
added drop wise a solution of 1.5 of tthe activated ester (prepared via
A042-18) in 20 nL tetrahydrof Iran over a period of 40 mnutes. The m xture
was stifores Queitide@nt oSS L0 (AdvaRERUHRIHTRL it RethaN@ $25 ﬁzL* kR veflerand

concentrated via rotary evaporation to praovide 2.10 of a t¥le | ow 0il. The
pr esenc@> mL) was treated with 37% (wt/wt) aqueous formaldehyde (6.06 mL)gand 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 chioride (50 ml), dried

over magnesium sulfate for 30 min, and the solvent removed to provide 10.17 g of a light green

sol i dThe presence of the title
o gnal at 3.3 min. Exanple 43
/fJdtiz O A042-2Z6 NH2 [0195] To a

oil. The presence of the title compound was confirmed by electrospray LC-MS using method A;
tr = 3.3 min. MS [M=Cp;H3gN;010P2] m/z 613 (MH), 636 (MNa").

Example 39
Synthesis of Compound A038-66

AD38-56 fleH

AD3B-90
[0191] A solution of 23.9 mg phosphonated Fmoc-Lys-OH (prepared via A038-50) in
dichloromethane (1 L) was treated w1th bromotrimethylsilane (60 mg). The mixture was stirred
overnight. The presence of the title compound was confirmed by electrospray LC-MS using
method A; tg = 3.4 min. MS [M=Cz:H30N2010P2) m/z 555 (M-H ).
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of the title conmpound was confirned by el ectrospray LC-MS using nethod A tR
=1.4 mn. M5 |[M=CLl9H33N503] mz 380 (ME), 402 (MNa+). Exanple 44 Synthesis
of Conpound A042-32 | NN&P(OCTU)s O A04242 /N.P(CCHa), (OCH3h 0 -79 WO
2004/ 089925 %ﬁg‘#§ Qﬁéé010399 [01961 A solution of 2.08 g am ne (prepared
vi a A042-26) I'oxane (20 nL) was treated with paraf or fEFERYUDIPN 50 g)
and di net hyl phosphite (6.85 g). The mixture was stirred at 90C overni ght
and the sol vent renoved via rotary-cEgmypless on at 70C. Di chl or onet hane (50

m.) was added and it was was aturated_ sodiumchloride (25 nL) and
water (25 mL). The organics &E&% HFF&% g@ﬁﬁ9%1sulfate and the sol vent

renmoved. The residue was purified vi to provide 123.8 ng of a yellow
oil. The presence of the title conp confirmed by electrospray LC M5
using nethod D, tR =2.2 nm M [ M=C31 015P41 niz 868 (M#4). Exanple 45

Synt hesi s of Conmpound A042-70 HO HzNsq HO ? C' N~ ~ N~r(OH) 2 A042-70
~~(OH)z oP(OCHh [01971 A solution ofgya4l.1 ,Of the phosphorated di am ne
(prepared via A042-32) in 1 nL dlgpILQyQpﬁg ane was treated with 194 nyg of
bronotrimethylsilane. After 5 hr, methanol {(1 nl) was added, the nixture
was stirred for 1 hr, and the sol vefifewas rEfived to provide 113.9 ng of a
ate solid. The presence of the tit!I®*€onmpound was confirned by el ectrospray

LC- M5 usi ng
[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

o 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=Cz3H3pN>010P2] m/z
555 (M-H).

Example 41
Synthesis of Compound A038-90

CHJ\L/D\/\ E o
AD38-58 ﬁ’{GH)Z
AD3B-TE o

AQ38-20

TN

[0193] A. solution of 500 mg Fmoc-Lys-OH (Advanced ChemTech) in dioxane (5 mL) was
treated with 37% (wt/wt) aqueous formaldehyde (303 plL), phosphorus acid (333 mg), and
concentrated (12.1 M) hydrochloric acid (674 pL). The mixture was stirred at 90°C overnight,
the solvent was removed via rotary evaporaﬁon at 75°C. The presence of the title compound was
confirmed by electrosp;ay LC-MS using method B; tg = 5.4 min. MS [M=C53H30N2010P2] m/z
555 (M-H").
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method B; tR = 1.0 mn. M5 [MCL3H37N5013P4) nmlz 328 [(M+2H 2)24)), 656
(MH). The conmpound was al so anal yzed by proton NWVR spectroscopy: 'H
(cbcl3) s 7.77 (d, 211, J 8.1 Hz), 7.43 (d, 2H, J 8.2 Hz), 4.1-3.3 (m
33H). Exanpl e 3%00 0@é@ﬂ,tshesi s of Compound A026-94 OH O ~Z. POH H3C SOH H
Pl SCH O [OXv y:\ ution of 750 nmg of the phosphonate @EETA[Sa00a41039%
A030-54) in 24 nlL dichl oronet hane V\@S tre%ed with bronotrinmethylsilane
(2.89 g). The solution was stirred - T 4804/ 089925 PCTI US2004/ 010399
overni ght. Methanol (10 nl) wsgnthekikosd Conghouhe A992-w8i on stirred for 2 hr and
the solvent renmoved to provide a yellow oil which was Lyophilized,
resulting in 364 ng of a white salig. The presence of the title conpound
was confirmed by electrospray LCG usi math d B tR=0.6 mn M

[ MFC2ZHONGGP2] m z 204 (M H7. Exanpl g.,47 “Syn %s of Conmpound A042-96 O <
HO- P\ O [0199] A042-96 (tert-butyl phosphit%)s~A solution of 4.10 g
phosphorus acid in 100 nL tetrahydrofuran was treated with

2- net hyl - 2- . (7 1.0 lution.,of 1, 3z .

i oyl ne URAEREort a2 SR pende bR airo ARiURhm ) shars ssIghAS SR ¢ ng
i nl f gl’ ][nalt ilﬂﬁllﬁf%h’ﬂlgdlhﬂirirﬁviﬂﬂdaﬁd Vﬁﬂhﬂ-ﬂgﬂtﬁﬂsﬂccﬂﬂ&di(&g% ME?M @it land t hr,‘
solid filtered a e 50l vent . renoye rovi de. 6. . of a yel]ow oil.
The presefits ﬁgtfex?]ﬁ%r%‘i’mﬁl S %ﬂlﬁe%ﬂ? (&-gmlﬁrﬁ?fdnwwﬂ ; Edf’ﬁ%‘%'ﬁbﬁ ﬁ"\év\?m ng

f r agnent s wivs pretipliieiaditdrédEa) iR GhperB @ adtidbt dehit Bed to b2Rride 169 2 G #hid) 2+] .

solidThe presence of the title compound was indicated by presence of a UV signal at 3.3 min.

Example 43
Synthesis of Compound A042-26

M\““@wr“ww

AD42:-28

N

NH,

[6195} 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 L.C-MS using method A; tg = 1.4 min, MS
[M=C;9H13N;505] m/z 380 (MH"), 402 (MNa").

Example 44
Synthesis of Compound A042-32

>L0j\ o]
H i 8
Ny POCHa)
e]

NVE(OOH;,)Z
fioCHe):
c

A042-32



Exanpl e 48 Synthesis of Conpound A042-98 O P O Nt OP=0O O [0200] A

m xture of ethanol am ne (858 ng), parafornal dehyde (1.05 9),

tert-butyl phosphite (prepared via A042-96, 6.82 g) in benzene (100 nlL) was
heated at 9 t, resulting ina liquid atop a thick oil. The liquid
was decant egga%%dc};%%gntrat ed via rotary evaporation, resﬁFT"Uﬁij’M’P‘tﬂ”&n oi |

t hat was subjected to silica gel colum chronat ography usi ng 10% net hanol in

i?l %GV\O f@ﬁ%p&%&ﬁlﬁoﬂflﬂ @r&aﬁﬁéw&i ?slem-%)q?aioﬁaquaﬁﬂgw@a&ateﬁ?ﬂ{ eagI gl I

ng obt resen of .t title oun onfirnmed by
el ect rosBF‘&ﬁ’ @d%éfgﬁ&fw q Ei{oﬁ?hﬁe B g hb GWE‘ ’62] mz 496
(MNa'). rhﬁanﬁ%e’i&s%ﬁt&smswafwmmﬁmgoraﬁ&%tWC @*bm&@ieﬂ:aﬂé'(som)i%@% 34
[ 0201] In or to prepare_4-isothi gcyanat ophenyl acetic acid 3 m (13.5

mol es, 2ddsdgud favee MR Pd b SPHEIeReReblosida & ) apdovagerdss ’EPL&ﬁqhﬁophenyl
acetic agj %Anf:@w@é dﬁ@@b@e’i);odﬁ:ﬁ\'sﬁi‘fdt&ﬂﬂd tﬁé‘%lv?em?l%mgvéﬂ‘ Tﬁé‘ﬁ)ﬁ@iﬁé’ﬂﬁs REHRE $iaum

carbonate (4 equival ents) suspended he suspensi on was

stirred ﬂ-@rtoP@Vmerl%é@%(tfar)@BWtﬂén%ﬁ@Sm@ Ofﬁielttﬁé/@@mb‘?ﬁﬂé wes genfirmed hgat i ng i n
an silic abyut ugh a one
i nch celgﬁtc%éshrg t“f*ﬁ?%’%}“%ﬁ,t‘ggg%%é gﬂﬁt@gg* %S@Srlﬂu | ect g% |g' g round

bottom fl ask and the sol vent renoved under reduced pressure. 10202] The
sanpl e was stored in a vacuum dessi E&mple#8r two hours then dissolved in

acet one- Synthesis of Compound A042-70
HO-,
HaN Ho” iﬁ f
(- : n\/\,g‘\/NvP(lo
AD42-70 VE(OH)z
o=P({CH)

[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. After 5 hr, methanol (1 mL)
was added, the mixture was stirred for 1 hr, and the solvent was removed to provide 113.9 mg of
a tan solid. The presence of the title compound was confirmed by electrospray LC-MS using
method B; 1z = 1.0 min. MS [M=C; 3H37N5013P4] m/z 328 [(M+2H/2*1)], 656 (MH"). The
compound was also analyzed by proton NMR spectroscopy: 'H (CDCly) 8: 7.77 (d 2H,78.1
Hz), 7.43 (4, 2H, J 8.2 Hz), 4.1-3.3 (m, 33H).

, Example 46
S . Synthesis of Compound A026-94

OH
Ox IlD _OH
HCL _OH

P
H | "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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water m xture, frozen and |ypholized to give 1.65 g of a blackish solid. The
conpound was identified by a shift in retention tinme in the LCVS
chromatogramto 3.32 m nutes. Exanple 50 Synthesis of Conpound A040-~2 SCN

Il / O A040- In order to prepare 4-1sothiocyanat gphenyl acetic acid
chl or orret hyl es%ogﬁra&%z.swo g of 4- |socyanatophenyl aceti chférﬂff\é‘{oi’.‘"im?ﬂml es)

was dissolved in 5.0 mMl nethylene chloride in a glass wvial,, to which was
added 0. Oovégight. Metharml G0ak)wasadvmirnd thelvpbitiog stired it 2lirem teasbyetfiremefedr - 82

WO 200 2 A I - 0. i 866
S0dt urm bi BN el oA P o AR rplipe by S0 AGH A IENRE, BG-GB0 O
sol uti on ofdie titlei compdunidwarconfimmed iy lelebosptay LMSulsing meltodtByar ©0\6dnini MSur e was

added 0. 52C I r%ﬂ}a% chioro sulfate (ACRCS Chemical - 1.2

equi val er@%%’g?}gééﬁfﬁze OF 4" hours with the tenperature gradually coming
to roomtenperature. The organic |layer was separated in a separatory
funnel, washed with 10 m sat urat ed Bmapde 4%hd dri ed over anhydrous sodium

sul fate. The solvent was re ed und vacu ive 0.703 g of a crude
oil. The product was ident {Tﬁly@@eﬁﬂs}"f{%gm?%%{’%ﬁof new peak in the LCVB
with a retention tine of 4.268 mnutes and f{he di sappearance of the peak
corresponding to starting material. Exawpl—%l Synt hesi s of Conpound A040- 26
OO/ NS O~~ ON A040-20 [02@¢4p—p1 order to prepare the

4-i sot hi ocyanat o phenyl acetic acid qua y salt derivative of Conpound

1101, Conmpound 1101 (.300g, 1.0 mmol e) and. 582 g godium i odide (4
equi valents) were dissolved in 4.0 mM dry acetonitrile in a one dramyvial.

The 4-i sofpiusy A0AD36 YRR IpRRETileS A solution of 4.10 g phosphoris acid in 100 mL
{ tetrabydrofuran was treated with 2-methyl-2-propanol (7.41 g). A 1.0 M solution of 1,3-
dicyclohexylcarbodiimide in dichloromethane (100.0 m1) was added, resulting in formation of a
white solid. The mixture was stirred overnight and the solid filtered and the solvent rernoved to
provide 6.82 g of a yellow oil. The presence of the title compound was confirmed by GC-MS.
The following fragments were found: 57 [(CHs);C'], 83 [I—IP(OII){'], 123 [(HO),;PC(CH:);"].

Example 48
Synthesis of Compound A042-98

O
oo
O

,F’\:O (

7<° O
[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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acid chloronmethyl ester (conpound A040-22) in 2.0 mM dry acetonitrile was
added with stirring. The m xture was heated on a silicone oil bath at 65 C
for five hours, nonitoring the progress of the reaction by LCMS. Wien nost
of the Conmpound 1101 starting material was consuned the reaction mxture
was purified Y49 #HY+P%&%Far ative LCVS retention tinme of 3. 01Powwsb@singd
=513. A vyield of 194.1 ng of 94% pure product was obtai ned and identified

by LCMS. GRiRS ugd } e i tﬁ@gﬁ'ng
targeting agendt{g&%%dg\géelgg%?b‘égl by t%gﬁlegg ﬁ%désﬂtélﬂ?dggﬁ%@g%h%én% e eéxarrpl es
utili zi ng ceoppmdivs eadBmed by elepizaspray 6P using gusthed Ap trod B dgein. M3 WO

2004/ 089925 anpl e 52 Synthesis of Conpound A044-52 -~O
A044- 52 ? W’ggg{é@@g%ﬁyg are N-benzyl - N-nmet hyl carbanoyl chl oronet hyl
ester, 0.300 ng(324 ulL, d=0.942) benzyhnet hyl am ne and 640 uL dii sopropyl
ethyl amine (1.5 equivalents) were &xampled8d in 2.0 nl dry nethyl ene
chloride and cooled in an ice ; WKFH&J i;,on was cooled, 330 uL
chl oronet hyl chl orof onnat e (1.S E%g%? va er#dsa?diéﬁzg%g m dry nethyl ene
chloride was added and stirred for gr@ﬁlual |y allowi ng the solution
to come to roomtenperature. The ye v i was placed in a separatory
funnel and washed with 2 x 10 ml 1N 1 xn10 m water and 2 x 10 M 1 N
sodi um bi carbonat e. The organi cSCllyer™~®&s dried over sodium sulfate and
concentrated under reduced pressure. A@f@_ﬂ)l oronet hyl carbamate was obt ai ned
as 0.95 g of a yellow oil and identified in the LCM5 as a uv active
conponent with a retention tine O |320 m nutes 02061 In order to prepare

the N- bed03M] Imerderthpreparadtisatdipeyrnateiheny] aesticands 13 sdi(13.Smmodsrdound 1101,

0.5 g of gﬁgp . } i Q@ I t e

di ssol ved I'n eggygg rt#] 3@%3@%%%%#9??513 #ﬁ%gggn%?slés&g? afu.:I h#tﬁgﬂ-%}e?ﬁ% ,

N- met hyl cAldbginicmpt 3.73 kel of aninpslcdvg polassiver catbanated deduivalenthlsusprinded io 20 tdedry pl aced

on an oil X i T i i.fi and

our 1 od AT PhEtustteia WEE Rk Tbe 157 HiyecR A0S kol locl 8 Do) P R0

a solid aasitpgédan’Gilebno batlt 4 85° C.cthemelingon wasoeolell al fi3dedrthough eong inkk = 485
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 lyphdﬁzed 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 0

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 ml methylene chloride in a glass

vial,, to which was added 0.044g of tetra-n-buty! ammonium hydrogen sulfate (phase transfer
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and 90% purity. -84 WD 2004/089925 PCTI US2004/ 010399 Exanple 53 Synthesis
of Conpound A044-62 ~ N 90~- | O OCH2 A044-62 [0207] In order to prepare
N-benzyl , N-net hyl carbamoyl nethyl quarternary salt of Conpound 1157, 22 ny
Conpound 1157, 20 n%zsodl um i odide (2.0 equivalents) and 30.7 N-benzyl - N-
met hyl car boRAINY%88r omet hyl ester (2.0 equival ents) wePEVESRMPOINFI500 UL
dry acetonltrlle in a glass vial, and heated in an oil bath at 65 C
overnig htc.atalliis& mnmdqmalm andi. ﬂ66 g Bceldiun/bmarbﬁm (4&quivaiamt‘s)fd1ssdlvb@1inpﬁr@mﬁr ative

Ir_gvgnt Fof\f HE Oglt ﬁilg‘%m mq}[% ee‘%ﬂ}l%’l%g ’étg% ptﬁ ?O?d i Oundeﬂéélh :

Synt hesi . iﬁo g@i‘mﬁhhtumhth%(bdldloﬂ&ulfﬁ)teQ&CROS Ehéaﬁicﬁli-\&z eqlhvﬂlaﬂs) aﬂﬂ)d!ﬂfél&'oré[ 0208] In
order to

epare, the benz eth uarter of Conpound
1101, 20 Offe vh tE‘F. 3811’8%{1% gra ‘FﬁEIXPé‘P{S’H&‘E"B %E}H’@djfﬁ%gfﬁ%" {?Eefﬁﬁ'ﬁzw al cohol
13 n ﬁ OTm seprfrraiedrﬁltam?ba@m?ry mﬂieﬂrwmdlﬂﬂﬂogiél%&ﬁxiAtétﬂirMeﬁﬁ&lhﬁéd&ﬁlm eﬂinh@dx@uéa n an ice
at 0 the coql e sol utli on was a u PYLI ne | e
f or mat i orfopmsulipp he splyent fyas a?l%ov\ﬁﬁ P‘Pﬁ%ﬁ"%“‘ﬁléw #ive Ot gésf’éﬂﬂw ¢ w@ﬁk&
cont i nueGyrgduct WATBIRBED PiHe TEmAVEH 6 B peald Bhd™ CIOMS Wik zme%ﬂﬁm‘}ﬁz!n@ afﬂ%ws
added to the m xture that was then washed with | x 10 .5 MHC,1 x 10

m  wat er migutes and theydigappeprancg of thgipeak corresponding to starting matenal

Example 51
Synthesis of Compound A040-26

( O

O

o o
AQ40-26

[0204] In order to prepare the 4-isothiocyanato phenyl acetic acid quarternary 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 chloromethy! ester (compound A040-22) in 2.0 ml dry acetonitrile was added with stitring.
"~ 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 consumed 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 micleophile-bearing targeting agents as described by the methods

disclosed in the examples utilizing compound 1105 to prepare useful targeted prodrugs.
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-85 WD 20041089925 PCT/ 11S2004/ 010399 bi carbonate solution. The organic

| ayer was dried over sodiumsulfate and the solvent renoved under reduced
pressure. The benzyl-1-chloroethyl formate was identified as a uv active
conponent with a retention tinme of 3.933 mnutes. [0209] To 100 Conmpound
1101 and 100VOYO4ER993520 equi val ents) dissolved in 1.0 ni P&TWSZ%E’?Q??I"I trile
was added 107 ng (1.5 equivalents) of the benzyl-Il-chloroethyl fornmate. The
m xture was heated at 65 C overni gixampla82 LCVS i ndi cated the presence of

starting material so an aqggﬁﬂ | >£qui val ent's) of
benzyl - | - chl or oet hyr format mé%ﬂgﬁéég%gﬁ%d%éggsﬁeating conti nued anot her 24

hours. The LCVS identified a product whig¢ch could be separated fromstarting
material w th slow gradi ent chrogat aphy. The desired conpound was
i solated wusing preparative LCVGjito gIve 37 -/(8.7 % theoretical yield)

of a compound with a rete 1 s 4.690 Mmnutes, M=+ 488 in 98.6%
purity. Exanple 55 Synthes onpound 1126 [02101 In order to prepare
chl oronet hyl -t - but yl succi natg, M-butyl succinate (Aldrich), 2.0 g,

t hat was di ssolved in 8.0 ml et hyl e@gqjﬂ ori de was added to a gl ass vi al
containing 4.0 g potassiumcagbonate™nd 0.24 g tetra n-butyl ammoni um

hydr ogen sulfate in 8.0 n er Wt tdorring in an ice bath. After 15
m nutes, 1.3 nL chl oronet hyl “chl orosulfate (Acros) was added to the

met hyl ene chloride | ayer and the reaction m xture. was stilted with the

t enper af020s§] Blogdsh 46 pregars Ngehsy-No@BthyEARRMA IR rom iRyl @EIgA 101300 hi(¥4 ulas
separ at ed. and vvashe&g ith 1 x éo g{]’l water _and.,1 x 10 m_ saturated brine
sol ut | ofi-0- SR by mely iR i S0 gL SVerremhrl g d d nivalsn® V& and the
sol g_e Nt dikRWRY 5.0 8l fy heHHeRSHRIE Shd Sooled ifl a®fce BatRAWBer Bk kO YadaS

obt ai ned and__ assigned | ot nunber AQ47-71. [021% The 3 g of AQ47-71 from

above weqokedgPi0ad shlgomsihgehlproigrmate B haguivelepls) e m} drymagiyipneghlonidy g of
Conmpoung,dfidy #dsidediod 2‘1&%9&'?%%&!&% Rittwifthe sS18RnRb c¥hb b Bbin'térhfiGathel 16

hours. The reaction mx (including precipitate) was partitioned between

wat er abee Yallpwyplatien waf tlrded én asmparatonefinedl ayd wasbed with 2ixdld mbANHChd
gt vo o S WASER 2k {0l MRl Gl R TR Bl L B er IR s or e
i n the sulfate and concentrated under reduced pressure. The chloromethy} 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
Of 3.520 minutes
[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 sodinm iodide {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 %
W 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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freezer for two days. The yellow precipitate that formed was then filtered
and washed with 3 nL of acetonitrile and dried to give 2.8435 g of >95%
purity product assigned | ot A046-67A, retention tine 2.719 m nutes, [M+] of
494 mz. Al @%928@0% peoduct was dissolved in 10 nL of -86- | WO 2004/059925
PCTI US2004/ 010 thi onyl chloride and heated to 65C for BCHY§2084/019p8
excess thionyl chloride was renoved under vacuum and the yellow oil dried
under high vacuumto yield 1.9906g oOExdniyde 58%id chloride (Conpound 1111) as
a yellow crunchy solid. This goljd. used dir y i n subsequent

reactions. [0212] In order toyc'léibf*s\g’@pﬂglpﬂﬂ 6‘8%%%&1101 acid chloride and

de- FMOCed RGDS peptide, 1.26 g acid chl ori de of Conpound 1111 and 5.6 ¢

de- FMOC renoved RCDS peptide (bothadrie n v dessi cat or over
bottom fl ask wunder Argon

yridineTin 28 m nethyl ene chloride
hg acid chloride. The m xture was
' ‘ﬁﬁ?ﬁ The sol ution was drained through

ashed mLég' x 10 mM  methyl ene chloride and
the sol vent drained. To the r® was added 2500 uL anisole followed by 20
m of a 50/50 TFA/ net hyl ene ori de éﬁhgg'on. The resin was allowed to
stand in the TFA solution for>three hour i th occasional shaking. The TFA
solution was drained away fromthe resin. The resin was washed with 10 m

met hy| enejoafyohiotf: Wl RS eAAIRLAGH %%Qn&ﬁ!@né[fﬁqu%%% &ﬁ'of&ﬁl S

1
sol ution was placed into four vials t%at were blown dry with Ar oﬁ gas. Each

vial was 1¥datZaefompornd k1i5H29 g snsiumpedide £2.0 aepivedanis) apd HvnmeEN-denzyhNAr gon

gas.{ The } L Fl@mg) i f i i runs
usi ng pr e%g‘?gtt.{%\}/bg n%@iledﬁg%&%%gﬂggﬁe{%\dg% e co"rﬁ%?neg ruflj F\g{ﬁul} gﬁ%&%&?gg‘?% ng of
96% pur e peglosiutal , prkheptyd dulan ot bafiodaS3Q ovevnight. Ibe p:@d@qﬁwaaitfénﬁiﬁﬁdaria)tCMSGS

m nut es, = . t . and mass
spect um f%@r{uﬁlﬁg&é %%%%@éﬂ&@%%%gi r?gl i alﬁﬁ(lg'%%e%%cupgg@%w Figure 7 .

t he x- axi somposand itk a retention titref 340 timtes; M i=sA8Band P86 pudfy. chr omat ogram i s
mlli-absorbance units for the U detector at 254 nmand for the bottom
chromatogramis mllivolts detected %r&ﬂ]@&pvaporati ve light scattering

detector. In Figure 8 the x-axis is e ‘mass-to-charge ratio (mz) and the
y-axis is Synthesis of Compound A044-28

=
O

' O o | j;/i .

( O AD44-28

[0208] In order to prepare the benzyl formoyl-1-ethyl quarternary salt of Compounci 1101, 200

gas. To the solids was added
and the m xture shaken to di
pl aced on an orbital shaker f
a fritted plastic syringe and

uL 1- chloroethyl chloroformate was added to 100 ul benzyl alcohol in 2.0 mi dry methylene
chioride 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 ml of methlene chloride was added to the mixture
that was then washed with 1 x 10 ml 0.5 M HC), 1 x 10 ml water and 1 x 10 m! 0.5 N sodium
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the intensity of the mass ion count. -87 WO 2004/089925 PCT/ US20041010399
SCHEME 10 OO0 110 HO O CIAO 0 A047-71 0 ° Conpound 1101 Nal, Acetonitrile,
heat OO0 0O\ ~0 TFA OOH \ | A046-67SM Chhloorrid Ce, Heat \ | A046-67A
id 0 OO0 0 d W‘%—g ymer TFA (resin cleayoge) \ Prep HPLC A046-67B CH
HT-N ON~H N HHNHOHOOO 0 0Y--,- O 0-OAFCT/US2004/010399

bicarbonate solution. The organic layer was dried over sodium sulfate and the solvent removed

under reduced pressure. The benzyl-1-chloroethyl formate was identified as a uv active

component with a retention time of 3.933 minutes.

[0209] To 100 mg Compound 1101 and 100 mg Nal (20 equivalents} dissolved in 1.0 m!} dry

acetonitrile was added 107 mg (1.5 equivalents) of the benzyl-1-chloroethyl formate. The

mixture was heated at 65° C overnight. The LCMS indicated the presence of starting material so

an additional 107 mg (1.5 equivalents ) of benzyl-1-chloroether formate was added and the

heating continued another 24 hours. The LCMS identified a product which could be separated

from starting material with slow gradient chromatography. The desired compound was isolated

using preparative LCMS to give 13.7 mg (8.7 % theoretical yield) of a compound with a

retention time of 4.690 minutes, M= + 488 in 98.6% purity.

Example 55
Synthesis of Compound 1126 i

[0210] In order to prepare chloromethyl-t-butylsuccinate, mono i-butyl succinate (Aldrich), 2.0

. g, that was dissolved in 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 hydrogen 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 chloridé 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 m! 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.

(" '[0211] The 3 g of A047-71 from above were dissolved in 36 mL of acetoniirile 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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O Conpound 1126 -88 WD 2004/ 089925 PCT/ US20041010399 Exanple 56 Synthesis
of Conpound A052-10 O O N A052-10 [02131 In order to preparation the

pht hal i m donet hyl quartemary salt of Conpound 1101, a mixture of 100 ng
Compound 1101 and 100 ng sodiumiodide (2.0 equivalents) were dissolved in
3.0 M dry ¥@eWA082Ie. To the mi xture was added 128 ny RET/US2004/010399

chl oronet hyl phthalimde (Al driech) and the vial was heated in an oil bath at

55 C for tfienyl cidayde andiheatpd BEINT fondhoind ETHe dkbsl thidiyl EldfRleasasaeiomwdnedl Wi th a
retention tine

AO52- 08 Ve tscyela o) AN Pl NE OB ekl 0SB AF T PO TR o

pht hal i MiCamRiuby 11 Y as & el stnsohy bolidl Tﬁe@ﬂmﬁ&é@érecﬂylﬂ@ukgdq&@tof 100 ny
Compound 1101 and 100 ng sodium i odide (2.0 equivalents) were dissolved in
3.0 mM df$f°BR%tonitrile. To the mixture was added 128 ngy of

chl or omeggpyk td?@érlnsrwﬁmeacﬁsic&msounulmdn él@@cﬂ?&‘rﬁieeaﬁd H@Fﬁﬁ)@h‘d'R@BS Beptde, 55 C for
four days product was identified by new peak vmth Rf— 3.984,

M= 467. 126@ m@cblwdr oBGouppound i Usdd4 @i@EM@C E;@&ﬁ?ﬁ RGBS reptirier{bath
Compound ;A\Qd g Bessichtor over Phosphorous pentoxide) were mixed in a 50 ml round bottom ﬂask

under Argon gas. To the solids was added 270 uL dry pyridine in 28 ml methylene chloride and
the mixture shaken to dissolve the acid chloride. The mixture was placed on an orbital shaker for
one hour. The solution was drained through a fritted plastic syringe and washed with 2 x 10 ml
methylene chloride and the solvent drained. To the resin was added 500 uL anisole followed by
20 ml of a 50/50 TFA/ methylene chloride solution. The resin was allowed to stand in the TFA
solution 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 golution 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 a036-33) with ‘a
retention titme of 1,768 riidutes, M+ = 8353 and [M+H]/2 at 427 m/z. The LC-MS chrotmiatogram
and mass spectum for this compqunﬁ 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 detecied 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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i I OHS'OIl N ~O Z~tl A044-78 [0215] In order to prepare the

4- Car boxybenzyl quartemary salt of Conpound 1101, 300 ng Conpound 1101, 400
ng sodi um i odi de and 500 ng of chloronethyl benzoic acid were mxed in a

gl ass vi al anqvé?aﬂﬁgggg in 4.0 mnmM dry acetonitrile. The reaction was heated
on an oil bath a and nonitored for two weeks by LOVBCTMo@E@héhs ON
was filtered through a fitted plas%b%E%ﬁgidnge that had been fitted with an
additional 2 mcron filter. The desired conpound was isolated using
preparative LCMC and had a retention time of 3.7}y minutes, M- = 442, A
yield of 27.7 of 96% purity was obtained. Th carboxu$c cid group of
conpound A044-78_i cooyerpted_to a reactive ction with

N- hydr oxysuce¢ioni mde Bs %ﬁgéribed by the r8thod in Ex {2611 to prepare
the NHS active ester Orb) ‘conversion to the aci gogh¥pride as described by
the nethod in Exanple 56. Either of these reactive groups are then reacted
with the nucleophilic am ne or al cohol oups of targeting agents using

nmet hods described in the previous Exanples to give targeted prodrug

conj ugates. Exanpl e 59 SyntrEoyncti ound A044-80 ONKO 1 ON -~~~ O
A044-80 -90 WO 2004/ 089925 PCTI US2004/ P 3QStoniri2 @&l | n order to prepare the
4- | socyanat obenzyl quarternary sal¥ of Conpound 1101, a m xture of 300 ng
Compound 1101, 450 ng sodi un iodide (3.0 equivalents) and 490 ng (3.0
equi val ents) of 4-chl oronethyl Yenzenei socyanate was dissolved in 4.0 m dry
acetonitrile and o O

o O

B

) ///
O Thionyl
AQ46-67SM Chlotide, Heat AD46-87A

e
S
Nhé\j RGDS-Polymer TFA (resin cleavage)
Lo

A) HPLC
A046-678B
' OH
( Yo Xt
N
o © ©
O
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heated oil in an oil bath at 65 C for 2 days. The LCMS indicated the
reaction had gone to conpletion because of the absence of starting materi al
(Conpound 1101). The product was identified as a new peak with a retention
time of 4. 57%HLilgsus MF = 439. Conmpound A044-80 is reacted with

nucl eophi lic groups of various targeting agents to producePCHPBAMAIBIN: urea
| i nkages to the targeting agents by the nethods of Exanples utilizing
conmpound 1105 and A040- 26. Exanpl e BGmpBy3d hesi s of Conmpound A044-4 O 00

A044-4 [02171 In order to pr, . t i val yl quartemary salt of
Compound 1101, 100 ng pival é?ﬁ?%egqsgfﬁgép?l?ché%‘gal ents) was added

dropwi se to a m xture of 100 ng Conpougd 1101 and 100 ng sodi umiodide (2.0
equivalents) in 2.0 m dry acetonitrilf. The m xture was heated on an oil
bath at 65 C for 2 hours. The solg e filtered using a fritted plastic
syringe fitted with a 2 mcron f hF conmpound was identified and

i sol ated using preparative LCVS. btfoww'SoN d with a retention time of
2.735 mnutes, Mr = 422 was obtaingd with /;%Ld of 102.3 ng of 93.7%
purity. -91 WD 2004/089925 PCTI U32003%/ 01039 anpl e 61 Synthesis of
Compound A040-70 OO O ~ O N+ H AP49-4g0 102181 In order to prepare
t he acet oxynethyl quarternary salt™~0f Conpound 1101, 1.0 g.

[0213] 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
(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.

. Example 57
Synthesis of Compmlmd A052-08

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
vial 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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Compound 1101 was dissolved in 10 mM dry acetonitrile in a glass vial; and
1.0 g brononethyl acetate (2.0 equivalents) was added and allowed to stir
at roomtenperature overnight. LCM5S indicated presence of starting
material, so_the reaction was heated at 65 Cin an oil bath for 8 hours.
The ot her | V@M% MPe decanted fromthe solid and the sBFT/US2R48ME with a
small anount of cold acetonitrile. The solid was dried in a vacuum
dessi cator overnight. The product Fxemnpledé®tified as 264 ng of a white solid
with a retention tine of 2. ] ¥ whi ch was 97% pure. This
conpound was found to have 3gﬁ?ﬂ%§§ %&gﬁgﬁnggﬁ%£f§ity; a 32.5 mllinolar
solution of this conpound in phosphate buffergd saline was prepared, by
dissolving 27 nmg in 1.865 nL of o osphat e bufjifered saline with a resulting
pH of around 4. A 50 uL aliquot off i @- i@+ (whi ch contains 1.625
uMbl es of Conmpound 1101 as a G jected in the tail vein of a
nude nouse with no observabl § gcts illustrating the | ack. of
e +i’n~j\|ecti on of 1.04 uMl es of Conpound
ut lof three mce. Additionally, 250

toxicity for the prodrug fo

1101 caused i medi ate death

uL of this 32.5 nM sol ution 40-70 was admi nistered to a nude
nouse by oral gavage. After and 30 m nutes 40 uL of nouse blood was
obt ai ned and anal yzed by LC af t e¥044z£& act i on usi ng acetonitrile) to
denonstrate that comnbi ned bl ood | evels of prodrug A040-70 and conpound 1

were 1.8 7, and 4.80 .m nol.ar _at the respective ti olhts. This
rosal ¢ qlRladt o dvse SRR e Pl hndy BRCE oot Tig T 0
prodrug Coampéund.110h&0¢ higandice isdilid and$500 higrofsbldrdmetidil Baabicianyg vidie mixednpound

st bett iele viab SR emRsatin i st Rirfy T Alan v R o AL d t hen
washi ng gs-tdandarhéfitofsddor ek WL CMRETIOBIIbE thashiltasd thtdhgh b \etted piitic d

possessing. a chloride jon exchanged faor the bropjde jop. -92 20041089925
PCTI EI S28E#20PeEyg begndiffed vathes asfitignr! migron tera%w?% WRPEEh ¥ 2hear i ng

pC:)Od rug dfs@llrateF 8&%@3&5&&@@1@&@ lati®hid 4 dbtenBon NRLEE P hidkute AW =HRALA Yield
ounds | '
P 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 acici chioride as
describéd by tﬁé meﬂ;od in ﬁkample 56. Bither of these reactive groups are then reacted with the
nucleophilic amine or alcohol groups of targeting agents using methods described in the previous

Examples 1o give targeted prodrug conjugates.

Example 59
C Synthesis of Compound A044-80
(o} N==0

Saa®
O
O A044-80
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~(~ A0285 O (0219] A 78 ng portion of conmpound I was dissolved in 2 nL of
acetonitrile along with 76 ng of Nal and treated all at once with 144 ng of
chl oronet hyl ester A029-62 and stirred at 65C for 5 hours. The reaction was
purified by reverse phase LCGMS to give 72 ng (51 %yield) of yellow solid
A027- 85 withwgzp%f"é??g?on time of 2.30 minutes and char act BETHEW4#10:Avi ng a
mass spectrum show ng Mb56 as expected for C30H38N®. A snall sanple was

i nt r oducEa16]nhordeptqupriizg e Bfdepmatobengiquartdrmfnyl sklo wEdorhyoundi ME, evextutei me
wher eupo subst L.ak,pontd . [ to compound 1
W th an S0k S PR 450 88 sBhen bR HS BELURIGRY SR 4RAREE 5% 5

2004/ 0898@bvakni) biSREHdbtt3DIgnzelSscyandte Rallissolbled irGH Omt diyNicBtoni@lile add + HZN |

{3: Halj A elgtedc_o:iltig so Sbdm Fts B B Eéys%%&mg indicated ths reaction %ﬁgon_e%_' oH 000
completion because of the absence of starting material (Compound 1101). The product was
identified as a new peak with a retention time of 4.577 minutes, M+ = 439. Compound A044-80
is reacted with nucleophilic groups of varions targeting agents to produce carbamate or urea
linkages to the targeting agents by the methods of Examples utilizing compound 1105 and A040-

26.

Example 60
Synthesis of Compound A044-4

l o}
S

' O A044-4

[0217] In order to prepare the pivaloylmethy! quarternary salt of Compound 1161, 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 acetonifrile. 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.

91-



HH NNiNO-.CH/ONi/ HL rP17H ON ON"~\,P: 11 O o0 A046-89P Exanple
63 Preparation of a bone targeted prodrug of Conpound 1. 102201 A 20 uL
portion of 75 mvblar A042-70 (1.5 uMoles) in water was added to a vial

contai ning 500 mwvbl ar phosphate buffer (11 vials at 11 different pHs ranging
from3.0 to BOFNPEIBS5 unit increnents). After mixing eaBRTUSHN4ANAEN hen
treated with 50 uL of 60 uMolar Conpound 1111 in acetonitrile (3.0 uMl es=
2 equivalents relative to am no groljmamplel®ane targeting agent) and m xed by
shaking. After one hour a 3 yL ali.qg of eac i,al was injected on HPLC
and the UV peak area deterni#@HSF%7$§§%WWqWﬁ§AHE¥Q@iaI and desired product
and by product of aqueous hydrolyibs, Conmpound 1101. Only the sanples at pH
of 6, 6.5 7, 7.5 and 8 were found]jto have %ignificant anounts of desired

bone targeted pro drug A046-89R(retention tj 2.50 mnutes; [M+] found
for 1075 mz CA2H59N6OL9P4) \ 8 0D also found). This exanple
denonstrates that the optinmumpH ~ Si s -bone targeted prodrug
under these <condition is pH=7.J0 ve about’ 42% of theoretical yield
of the desired bone targeted -94 WO 2004/ 089925 PCT/ US2004/ 010399 prodrug
of conpound 1 possessing 4 p honi ¢ acirgroups. After 24 hours analysis

of this sane solution standi or that tinme at pH=7.0 indicated that the
targeted prodrug had convertet-Compl¥8tAP back to conpound 1
denonstratrating reversibility under physiologically relevant conditions.

SR ARG e R T L YN
wer e i No@kripbedi 1101 was dissolved in 10 ml dry acetonitrile in a glass vial; and 1.0 g bromomethyl

( | acetate (2.0 equivalents) was added and allowed to stir at room temperature overnight. LCMS
indicated presence of starting material, so the reaction was heated at 65° C in an oil bath for 8
hours. The mothér liguors 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 a white solid with a reteﬁtion tHime of 2.204 minntes, 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 bl;ffered 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

L 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 vive. The chloride salt is obtained by dissolving this compound
A040-70 in 2 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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subcut aneously in the right flank with 5 mllion tunor cells (human
non-small cell lung cancer cells: H1299) on day 0. After 14 days of
allowing the tunors to grow the animals were divided into 3 groups of 5
ani mal s each, One group received vehicle control alone. One group received
twi ce- per-davotzﬁ?‘ﬁ"%@%?n injections (i.v) of 50 uL vol ume BETES2044/50899i nol ar
sol ution of Conpound i 1126 in phosphate buffered saline corresponding to 25
nmg/ kg/ day dosing |evel of the acti vesanfddgponent of the prodrug (i.e.
conpound 1)._The | ast rogrp reﬁ:%iv d twce (ﬁer-da tail vein_injections
(PV) of 50 BreParatigR.of & polyosyethyienedisnring prrdsug Gt Hoplosiswatenotabibty |
phosphate buffered saline cogresponding to 5 ng/kg/day dosing | evel of the
active component of the }\odf\u,g\éwng\l/b{\ The tunors were measured
every three days using ca ip°ers t0 deiesMi né the tumor vol unme and the

ani mal s wei ghts were recorded V\/nea the animals were sacrificed on day 27.

The results are shown in T&hMEHE and,l0di cate strong tunmor vol une reduction

versus control fol both dose levgls at the first datapoint only 3 days

after treatnment (Day 17) and continuing. though tg the end of the study:
Tabl e 7 Tunor Vol unme Reductio %TgrmFQ'V\OT u\rr)éLg‘ﬁe\d’uE‘ti on* Usi ng Conpound
1126 at Using Conpound 112 / /[ kg/ day 5ng/kg/day F Day 0 - Day 17
35% 29% Day 20 66% 50% 8% 44% ABR$ 27 68% 35% * Conpar ed to the
vehicle only control anim [0222,}0 The twi ce per day doses were wel |

tol erated over the two weel adm ni stration period. The efficacy results
above were al so acconpanied by a |l ack of statistically significant
difference -95 WD 2004/089925 PCT/ US2004/ 010399 in the ani mal body weights
bet g/ee n (01 RE maipoxsion @f cemepund ¢ wapdissoleed imd mL efracetpuitriiptlong with 36 mgener al
TeasT e QNP Red I biloc AE AR of ciird AYRLEA AR5 Ui Ao 9EIRRAD ©

| ack of toxi :
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 L.C-MS over tirne 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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Example 65 In Vivo Efficacy of Conpound 1126 Agai nst Brain Cancer [0223] An
ani mal study was run as described in Exanpl e above except using a human
brain cancer cell line (UB7M5 and with treatnment starting on day 7 such
that the first tunpr volunme neasurenent occurred on day 10. The results of
Conpound 1126 “HHMHE%ni s cancer cell line are shown in PaBfES2@4@mdsy

i ndi cated effectiveness and a desirable lack of toxicity: Table 8 O o Tunor
vol une Reduct i ong Ushng npound 1126 at 25ng/kg/day In US7TMG xegograft

nodel Day O Da 10 . Day 14 52.6% Day 17 38.5% Daya}_'l_.z 7
*Conpared t «ghi cl & onlly control animals Exanple 66 hN v targeted Pl
3 ki nase | 3 a g jhe tube formati onO of E CBF1 quﬁﬁ'rel—u al
cells on Q2

Tube formation reprlg me ext @nt the

formati on of{angCoger®sislin vivo., In this rrpIHe was ds Iﬁf’ned to
what degree Pl 3 kinage i phibi tor§i"(i nclPudi nt¥t ar get ed nase i nhibitor
pr odr ugs) gl i nhibi t™tube formation. Mtrigel was pl ated Foo"fLZ wel |

pl ate wel | solidified in 37C for 2 hours. 1 x 105 EDC CBFgloﬁndot hel i al
cells were (IP top of tihe Natrigekw in the presence of
PBS, RADfV (cyclitT %&'[g?’gt e control |peptide), ?cycl ic positive
control peptide), RADS (linear negat]/i ve control peptide), conmpound 1, or
Conmpound 1126 at 20 M concentration|overnight. Pictures were then taken
using a mcroscope. Well forned tubes can be visualized in the PBS control

wells (top left panel of Figure). There was not nuch diff&r,ewele in the
RCDf V-, RADf V-, or RCDS- containingywells conpared w th P“OH

C AT oA B
lI/oH
CO e (g
0 N“’\ =
L_o
O A046-89P

” "'OH
Example 63

Preparation of a bone targeted prodrug of Compound 1.

-

[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 to 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 prodmg A046-89P (retention time
2.50 minutes; [M+] found for 1075 m/z C42H59N6019P4) [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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-96 WO 2004/ 089925 PCTI US2004/ 010399 PBS control. Tube formati on was
significantly less in Conpound 1101- and Conpound 1126- containing wells.
Exanpl e 67 Targeted Pl 3 kinase inhibitors induced p53 transcriptional
activity in UBECs 0225) This experinment tested the effect of Pl 3 kinase
i nhibitors ( B P and the targeted prodrug version GICTESAMSOME . -

Co d 11 t ' ' J uci,f jvity. . Th .
tr ansf et a0y o utiiiad TR45bioRR droRachik s aBulE AMBEH IR pPe R i e 10
noni t or p&te sbludios arndig fonthatGhimpatpht:7D ibdichal thatakdiamered prodm iedatotmeried t han

two fold hi r. Luciferase ciivity than the .control  and the t et ed
version o "g’g%f%hﬁ % "?‘EB?%BIS?I#WE fra%e\ée&sgﬂﬁtyﬁ@fl?rg}uyg ogﬁc@y r(a?#agﬁ‘"hduci ng

t he p53 |¢omtiftienaase activity (to alnost 3 fold). This induction of p53
functi on was denonstrated to be abrogated by the p53 inhibitor, pifithrin

al pha at 20 uM concentration. Co-tr nsflﬁcééon of catalytic active Akt al so
I nhi bited the p53 function induced 1 conpounds. This result shows
that the p53 trEivs Bifi¢ae of Copewhdyl 28 W attsiHGee ShialliduItiQing CaecelOoWnst r eam
of Akt in the whole signaling cascade and the targeted prodrug Conpound 1126
gave an ejodzi]ddsle nndtnice ofid-6fwepksdinage weighihp eround 30 grefe derbringsulsfdnpound 1.

Exanpl e 68, Purificatjon .of nd,.1126 [ 0226] Reaction.m xture A044-84
(535 o) SbeterieR hefeR feue YRR Ppen 5y S o o St

| nmredi at eéemslzl}ﬂfzsmaomda@ma{m‘ei msdaghbmbmlgrtﬁ@hmomoggﬁv the l@ﬁinﬁlssu@eiwaikrﬁﬁd 4 1% b
cont ai ni n, part hy vol une acetonitrile, .part vol yme water,. a y
vol une. ackid %gfatl?sd’.flngé’é“%!& eaah'aQ%i%Dupsfsqemeﬂe;%}ﬂ@agorﬁw deRe e govnghived
preparati w@cecﬁwgwfaﬂ%mgmﬁm {i.v] BES(OMIRo1AmE bR miESoBEsblutiatof Cotnd&bm4)
with 0.1 %acetic acid added, and the_ punp B el uant was B&J acetonitrile

(015-4) V260 phosphelultered saineporaeponding fof 35 ag/kg/dar doging layshef heaetiYoos B, t hen
linearly éoﬁizaaﬁg{gtbpm%%dﬁl '.@.rcon?mﬂadnﬂ).nrﬁeqas@gfohgﬁlaceiwpméetﬁee@wtan_rveﬁped to
95% B at 4.25 m nuteS and held there until 5.2 m nutes, then linearly
ranped bagiectiasig of 68 ptivalymeoh ¢ Sririlieglysolytion obfmnpund 1 B inphesphaie The
total pu m . kol ' ' was

acconpl i gﬁlef%ké\%g? e toﬁgsﬂ%{ljltﬁ%%@%&ﬁ%&%ﬁ%&ﬁg@%@%Iﬁe 03%?@0?1% . Using

t hi s gr adiredrng (congoprduEhe Wmots e inepsyeed epery three days using calipers to determine

the tumor volume and the animals weights were recorded when the animals were sacrificed on

day 27. The results are shown in Table 7 and indicate strong 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 0 - -
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 resulis above were also accompanied by a lack of statistically significant difference

-95-



spectral peaks at 853 (mlz=1) and 427 (mz=2) eluted at 3.37 m nutes.
Fractions were collected during the preparative chromatography runs when
the signal detected at the ELSD exceeded 10 -97- i WD 2004/ 089925

PCT/ 1382004/8@0%9? ny. Fractions containing product were diluted with a
two-fol d excess BB er (by volune) and frozen in a | yoPBIIB28491839vessel

using a dry ice-acetone th i diately after collection. After

| yophi.| i ?h%? awmaﬁ%ﬂ?y é”eégﬁszfé?g’ﬁ‘%?ﬁmﬁﬁ&ﬁ?‘ﬁ&}/%mﬁa? the tEp PRt RrYDs Ad 1126
as a Whi genefdl tehyore Sfrosd toridity indigited the/tafpletcd PIodwashae Bidaiinbid. lackivf Soxlgnpl e
denonstrates that with careful pH control the labile prodrug Conpound 1126
can be isolated in high purity usi-: _eqigﬁys based, reverse phase

separation methods. Exanple 69 Prep&at® of SCN-reactive Prodrug

Conpount |7\ O / @h Vivd Effichcyrdd ConigoAad/l 26085 aikst BihiubiCdce8 Copound 1105
fg~ O-NLIQ O A013-94 OO\ NN\ O5i NN / ONAO017-55 0 O LDO TFA O
N* O AOQ223[/An animal siudy was run as described in Example above except using a human brain

cancer cell line (U87MG) and with treatment starting on day 7 such that the first tumor volume

measurement occurred on day 10. The resulis of Compound 1126 against this cancer cell line are

shown in Table 8 and indicated effectiveness and a desirable lack of toxicity:

Table 8
% Tumor Volume Reduction®*
Using Compound 1126 at -
. 25myg/kyg/day
(, - In US87MG xenograft model
Day O -
Day 10 . 20.2%
Day 14 52.6%
Day 17 38.5%
Day 21 35.2%

*Compared to the vehicle only control animals

Example 66

Alpha v targeted PI 3 kinase inhibitors abrogated the tube formation of EDC-CB¥1
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

L 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 Matrigel layer in the presence of PBS, RADIV (cyclic negative control peptide), RGDIV
(cyelic positive conirol peptide), RADS (linear negative conirol peptide), compound 1, or
Compound 1126 at 20 °M concentration overnight, Pictures were then taken using a microscope.
Well formed tubes can be visualized in the PBS control wells (top left panel of Figure). There
was not much difference in the RGDfV-, RADfV-, or RGDS- containing wells compared with
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O\ N11 O\ H/ p OSI I OOO-./ ON-1 O A027-15 A010177--59 1 \/
[0227] A 184 ny portion of A014-48 prepared by the nethod of Exanple 20 was
di ssolved with 154 ng of Conpound 1 in 12 nlL of acetonitrile and stirred at
roomtenperature. After 16 hours 98 WD 2004/089925 PCTI US2004/ 010399

LC- M5 i ndi caY@a0%48%925 65% conversion to the desired quat RHPPIPIEB? an
addition 45 ng of the iodo conpound was added and after an additional 22
hour's t heBEeagtol Orubb dstiganewhosi GOfidmily RETTh CohPOwsDL 1a0- Al dmmenad 1¥8- ng of

i odo conpound was,_added and allowed to stir and additional 24 hours. The
sol i ds WEYHARRBWe/Bnt ri fuged and wash with acetonitrile to give 282.6 ny
(45%yield) of the desired product in high purity characterized by a
retention tine of 2.89 mnutes andEsdmpi8y t he deS|red M+ of 499 for

CZ8H23N2058 0 1105. 2281 U) on andi n t hanol
conpound 110 gg@?ggg&fﬂgﬁﬁfwf?‘ﬁm#gf%&ﬁ%c ‘““’L’Jﬁ&ﬂ% 94 with a
retentio 2 78 ex f or. 27/N206S.
Thi's ill Ebg%%ée’iﬂnre‘m ke S %‘?‘3"?%@%&%‘%“5? H@@ﬂﬂ‘ﬁt@"‘ﬂ%‘lﬁad 1}%5# %| cohol
tot gi vgpﬂ)dﬁ:@ﬁfbﬁfmtoé O@mpputgbll Cﬁlﬂpdl:fldtl t25) loh lﬁieﬁﬁducb&iaﬂjsﬂﬁtﬁferﬁahdﬂtvﬁy?/anat e

i nterne s_al so. r.ea arjous am nes in yl ene

chl ori de F‘l fﬁfé‘?q V%“‘Eeﬁ'éasﬁ’r“é@é?? ‘E%PSCPB?%]P J?/é?]gﬁ‘ia ORAREPN secondary
am nes t&ansﬁxh RnUC&apdina d Y6 hourseh nficed vi2 ﬂaﬁﬁmfdl@m drMRifrafft M nut es
show ng t he dpe{sflr e%ﬁp ofl( 44m mﬁ%ﬁgr 035H368N307S) AO% r571(1;etent|on

tinme 2. 430%%511&@@1@%\9\?1@@&%%@5@ yesionat compgynst 1 (Gopinoppd B8 hadeserys) :  and

A027-15 sétfeealﬁmylo@naahbﬁgﬂ?ep%a B BEERHPRONS ﬂamgtmefomsnﬁﬁﬂd&éﬁo%fp@ltS miz for
C38H48N3Q11P2S. "These exanpl es denpbnstrate reaction’in ield of the

|sokh| ocﬁ@ﬁﬁqnewrd@@mﬁr%dﬂﬁbaa‘am&ddﬁtb@rm’i?p;nlabltqnwﬁ%lsﬁ%hegt BMi ve the
desired Lifkedsps, %U&&ﬁfecuam A Aic 2RivE ATPANENINRSA fhd ?B#R&cﬁ&ﬁﬁ&&%

trifluoroacetic acid which surprisi nglﬁil‘y gave the cyclic conpound AQ17- 59

during t Hescwmpeendss Thgs weawlt shywe that the pdt transeiniiep igdueeddnt R13 kinapaphibitayy is
downstream of Akt in the whole signaling cascade and the targeted prodmg Compound 1126

gave an enhanced induction of p53 versus the untargeted drug, Compound 1.

Example 68
Purxﬁcatlon of Compound 1126

[0226] Reaction mixture A044-84 (2.33 g) was welghed out into separate 0.33 g samples and
dissolved immediately before preparative chromatography in 800 pl of a solution confaining 1
part by volume acetonitrile, 1 part by volume water, and 1% by volume acetic acid. 400 pl of this
solution was injected for each preparative chromatography run. The pump A eluant was B&)
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
speciral peaks at 853 (m/z=1) and 427 (mn/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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m nutes showi ng the desired M+ of 570 mz for C31H28N306S). 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 1 over a 17 hour period

fol | oned by WE2MB/089%aNnpl e 70 Acute Toxicity of Conpound qcvgﬁmolqag? get ed
Prodrug [0230] . Intravenously adm ni stered Conpound 1 was determ ned to have
a 100% Pt Bpstions coptatiing PepclotTisre diluid Tuita frosplbaeest of HEEhPE oIS ce at a

dose | evehydifin 4 BopBifik@ionGoEBNE a dkl 26 acdibRRASSiitdhea iR thipdual ARsaND! e
56, when_injected intravenously at 37% hi gher dose |evel (22 no/ kg) in
t hree nuleptilization pysRed4othhegr paiofpjotehpd A 3G meef Compennd 1986 avawhiieauBh. This

99 VD 20044800201 PEEsUSRADAAIOD s oAAAIDH G ASERES AR aldh phIERG
fornul ati on api |t3t/}Pof the prodru s_areld t_he_%llm_ni shed toxici tpy of the

pr odr ugs thsflabile predmedCompamié hpdtecan be isplater syhigh PG psing aquEcushagid TerrE0

A037-94 i gde preparation of the internediate A046-67SM such as
descri beaﬁa?’g%k%ﬁ%{)ﬁ&%go 1126 in Exanple 56 a side product was observed. This
material was purified by LCMS to give a single conpound, A037-94,

consi stent by proton NVR with the pEsgmmle@®structure and giving a retention
time of 3.00 mnutes and ap SREH ST ] expected (M-H] + of 338
mz (very |ow abundance) an n%re prom n%?‘?wn%gs H+41(ACN)] at 379 niz.
This exanple denonstrates the isolation of a no anead og of conpound
1-suitable for additiona at | O%- anple 72

| i A
. N . N — o
) :?"Q ') ri’ © T
Q © N*’E O ° @ AD27-15
ADT7-59

[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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Use of Prodrug to Deliver Conmpound 1 in Mce [0232] Mce were injected with
a mllion non-small cell lung cancer cells (H1299) subcutaneously and

al l owed to grow about 7 days until the tunor nass was approximtely 10 to
15 Mmby 7 to 9 mmin dinensions. Aninmals were injected with the targeted
pro drug, HREMMABY3926, either i.v. (50 uL) or i.p. (50PGH/YSIAP4/C1082. 6

mvbl ar sql ufji.ans of wnd. 1126 i hosphate buffered saline. After 60

m nut es gﬁg%%‘rﬁc#@ragg@;@ﬁ ?9“8?81056%& H?—?“F‘EWW SompAEH G2 A a‘%ﬁ"é’eﬁ%‘? pi eces
o:‘ | t hfe tﬁlﬁﬂlb&o %@i@uﬂcﬁﬁﬁd ﬁd&ﬂaﬁl’uﬂeﬁhfmaﬂiogﬂfzmhﬁu@ﬂieﬂﬂacﬁﬁﬁ hailflg&mewso wto all owOI
all of the prqdrug tq,convert to compound 1 the tumpr sanpl es re extracte
with acéf”&ﬂ{ef‘?l} §oeA1t ’%ﬁﬂ‘#géﬂg&% I‘Hi;’ CE%PW@diW?ﬁF‘Q‘%ﬁdéﬁngFlllPéYedttﬂéuﬁcent ration
of extraghdabfil ePHReY Tde dolids Kerd theh Sufifieed bii®RahOMRPABOIIRAS zideR8Yed from
Compound 1126) was 1577, nanonol ar_in_the -100 WD 2004/ 089925

PCT/ US200%8 &2 d) of heslesiprdguweduct igrhighpurity qharapigrizedibysryetsppriimeaf2.8% nonol ar

in the tyMBhtePi@GRSwihOheldBrel M of 499 (HOEIENINIOES afdAPIuEd BOVBARINBL €S the
delivery of Conpound to tunor tissue using a targeted prodrug. Exanple 73

Rever si billP3y of Prodrugs to form Conpound 1 [0233] Prodrug Conpounds were
di ssol vedgd ool 3 (1 - ) oiwand then
i uted AP EROF g fl mobEhbI fompthy B PIoNers Bty ik etiBh S 4@ L0
and al | owenipound AX13+9¢ wath atolentiondirpeeiR Brminutehend theeidpeciot bEnefi5dt fon of t he
conpounds. R g . J | quot s
over 11 me e BAGRS T M AT bopc AN 86 SRR A Brooih el 607 B
of pr odr wiyeandrbemateicomugation & thndiskesf drug (conpound 1). Conpound 1126 was
found to f-11i . Qf out 1. hour H= 7. nd. a half-1ife of about
64 hours [sz\égllﬁe G&é{oc}f%grr%ggﬁlg%%a%ﬁo%%w Soagér?cf@%%edh%\'}]gvgoﬁ%%}?{nr‘sl e of about
10 hour s nadthyeds éhldrideafoptigrataictihe pieaencd @lribthyirming) inpliding s&onGaymaineskoA040- 70
was found,to have,a half-1,f f_ about 1 ours at pH=7.4. T npl es
Gononst 1 B AR ERE R AP 7178 (Bt e £ah P PughoRise fisiipte M oft8™) “and
t hE' dis al@m wrmsﬁ3 ?ﬂswm; mndshl@et_ éllﬁioﬂ Eifrig lzplld migpenddningihé J_ilesfrlﬁd)mﬂifl gi®n
oY P B Db O bl AUV el o 2 Y hinis S e abeirea ¥t ™

816 m/z for C38H48N3011P28S. These examples demonstrate reaction in good yield of the

isothiocyanate prodrug with a diverse group of nucleophiles to give the desired linked products.
The AQ17-55 compound was frther 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 Ievel 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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Synt hesi s of Tunor Localizing Conjugate [0234] The electrophilic

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 alc I% am no, and thiol groups.

N- ( 2- hyr oxypPSPSAYREER | acryl ami de (HPMA) having nol ecul RICTAS2HM4016899 2000
to 100,000 is reacted wth excess conpound 1111 in a nonprotic organic

sol vent sgaipRSlefiidhitistes e itploved demalatibredbila yeithe brodaipsiand thadipinksansce of
triethyl anjneﬂagr diisog¥8%¥let€il am ne and then separated by size

excl usi onfRRL RS BPINRY RM4Leéntri fugation, or precipitation in another
sol vent such as nethanol or ether. The polynmer thus precipitated or
separated is substantially free of IExhinpteh i s used as a tunor |ocalizing
conjugate that rel eases active c ou 1 overtime in the vicinity of the
tumor resulting in antitunor angnn%’ﬁ{’]g%?{ﬁ?%érﬁ c effects. Likew se

pol yglutam c acids can be converted to.poly- nucl eophi | i ¢ bearing groups by
reaction of the carboxylic acids with gxcess diamnes using -101- 1 WO
2004/ 089925 PCT/ US2004/ 010399 carRoditwi de—cqypl i ng fol  owed by size

excl usi on chromat ography or reve @ HPLC npurification to obtain

pol y- nucl eophilic versions of pa&lyg ¢ acids. These pol yners can then
be reacted directly with excess pqgrti dds ofN corpounds 1111 or 1105 or
A036-48B or A024-79 in an aprotig organicl§82¥ nt such as net hyl ene
chloride or tetrahydrofuran in tHe pyesensce triethyl amne or

di i sopropyl ethyl am ne and then ar at ed by size exclusion chromatography,
ul tracentrifugation, or precipitakiFon i pgragger sol vent such as net hanol or
et her. The poly- conjugated polyner thus precipitated or separated is

subs&anti I free of | ow nol ecul ar i ght residual prodrug_.a is used as
S Do | Q2R TG ey AR Of B PrEe G Ao BYE e A TEPod o CRBIoIHE | 1
the vi ci niiby iwExdnkifle §6/4518e frodut WadGoserved MhistrhiiRial ¥BSp@iHdd H3N1U-NMBeH ke a
effects. -102 Cains 1. A pro-conpound or.conpound conprising a_quaternary
ni t r ogen, SitgerImouBh AU3 Bl ronsistendy proleeNMGgy Vit the prpesed; seuehi@ad gv8BlRe and
after hyde@hysH BnObr $G HinBRE 8hd/d RbHSpSrumQARIMB theUxpdddsl (MAUEMWloR338 m/z

(very low abundance) and more prominent mass [M+H+41(ACN)] at 379 m/z. This example

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 mm in dimensions. Animals were injected with the targeted prodrg,
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
to 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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R2 Zi RB Zz NRS | R R4 wherein, ZI and Z2 independently are S or 0; Rl
and R2 independently are H, optionally substituted aliphatic, optionally
substituted aryl, hydroxyl, hal ogen, al koxy, heterocycle, cyano, am no, or,
are taken togeiobpesesds form an optionally substituted cyecoalse@batiios or
optional Iy substituted aryl; R3 represents H optionally substituted

al i phat i gmoAgieke® Rir RN ¥, lngeo‘ﬁﬁﬁﬁﬁdiﬂk?ﬂn%ﬂoiarﬁﬂﬂe tﬁﬁr?f&@e@ﬂh&@@pendem ly are

H, optionally substitut aliphatic, optionally substituted aryl

het er ocyiBiegtiong issxgmple &%@Wa’teﬁhe defivery ofiGomnonwb] EPMPBLSHS MR opt i onal | y
substlt%%?‘ ﬁfo&#u%cyd e or optlonally substituted heteroaryl. 103 2. A
conpound rmul a: Il 1 z4 R7fT ONZ 3 3R6-T CO6 C wherein, Z3
and Z4 independently are S or 0; R6 represents H, optionally substituted
aliphatic, optionally substituted &®Maplesl3coxy, . carboxy, am no,

het erocyci e, aryl oxy, me&mﬂdgnﬁmmg@ﬁﬂ?}%mﬁoaﬁawth a targeting
agent; R7 represents -CH2- ) (COCH) - or

CH( CH( CI'!@:%)] Prodlug Compounds were dissolved in water or in DMSO (if not freely soluble in water)
and then diluted at least 10-fold into 50 mM phosphate buffer at pH= 7.4 or pH=4.8 and allowed
to stand at room temperature. The final concentration of the compounds in aqueous environment
ranged from 50 to 500 uMolar. Aliquots over time were taken and analyzed by LC-MS to
determine both disappearance of prodrug and confirm appearance of drug (compound 1).
Compound 1126 was found to have a half-lifs of about 1 hour at pH=7.5 and a half-life of about

{ 64 hours at pH=4.8. Compound 1110 was found to have a half-life of about 10 hours at pH=7.4
and greater than 120 hours at pH= 4.8. Compound A040-70 was found to have a half-life of -
about 10 hours at pH=7.4. These examples demonstrate that chemically the prodrugs converted
to drug (compound 1) and the disappearance of the prodrug is very pH dependant with
conversion taking place much faster at physiological pH and subsiantially 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

- s

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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represents a targeting agent; and the bond between R7 and the quaternary
amne is hydrolysable. 104 3. The conpound of claim2 wherein R6 is

sel ect ed fromthe group consisting of: 010-T, / of Qi o0~.0 0 O NCS cl 0
H 3 CH S o) O S~-5000Q\\~f OH\ I DN1O HO CH \
\ 0/ \ Ncs 6?#‘”“699%04 00 OHON /00 ~I I{ k77/d—?W%"°°W%"CI 2

FA/10- Ocitﬁo%nmée couﬁlg%l&bed’rbygfz/e%Ihélm{\qnoo_'m;tg érfaghw\or révgse bﬂﬂ?é HQLE ©

purification to obtain poly-nucleophilic versions of polyglutamic acids. These polymers can then
be reacted directly with excess portions of compounds 1111 or 1105 or A036-48B or A024-79 in
an aprotic organic solvent such as methylene chloride or tetrahydrofuran in the presensce of
triethyl amine or diisopropylethyl amine and then separated by size exclusion chromatography,
ultracentrifigation, or precipitation in another solvent such as methanol or ether. The poly-
conjugated polymer thus precipitated or separated is substantiaily free of low molecular weight
residual prodrug 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,
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333333 //T/ ON~O\N / 0OOO0O OOOCHC \ / and O O 4. The conpound
according to claim2, wherein R6-T is selected fromthe group consisting
of: 105 {"'~/1SIS OTO0J~~"NTEO\ / NN NTN O-TFf O\ / - - NSSN O
N~NOT N 4 #+ O-T NN O ENT O~ /0-T A NTO\VN/ -TOONTOT NNT -
KO-T NT\ / NAINT OTOPpP\/ NT NT/TPT 00O0O-Tand 0O 5 A
conpound of the formnula:

Claims
1. A pro-compound or compound comprising a quaternary nitrogen, wherein one

bond of the quaternary nitrogen is hydrolyzable and after hydrolysis of said bond yields a

compound of the formula:

wherein,
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;

Ri represents H, optionally substituted a]iphatié, and optionally substituted aryl; and

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.
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OH ~NHN”» ~~HOHNLNNII NNOH zHNOHOOCHO O-01~1 00 N 106
6. A conpound ‘according to clains 1-4 for use as an active therapeutic
substance. 7. A conpound according to claimb5 for use as an active

t herapeuti c substance. 8. Use of a conpound according to any one of clains
1-4 for the manufacture of a medicanent for: (i) treating a patient
suffering froma condition associated with PI-3 kinase activity; (ii)
treating inflamatory di seases, optionally wherein the nmedi canent conprises
one or nore additional therapeutic agents, and optionally wherein the one or
nore additional therapeutic agents may be selected fromthe group

consi sting of 4l Kysosonpd ghdafermulmt i met abol i t es, aspar agi nase,
vincristine, vinblastime, anthracyclines, mcrotubul e disrupting agents,
taxol, herceptin, gengitabine, and etoposides; (iii) inducing apoptosis in
a patient; (i 3i.ng the chenosensitivity of tunor cells in a patient;
(v) enhanci adi osepsitivity of tunmotz cells in a patient; (vi)

i nhibiting duced ngiogene;is‘Lgéééfiiifnt; (vii) inhibiting

angi ogeni c C tat ed h nag ncer diseases in a patient;
(viii) treating Qtiti N/ﬁFﬁEZ§nt; R6—T

O

wherein,

Z3 and Z4 independently are S or O;

R represents H, optionally substituted aliphatic, optionally substituted aryl, alkoxy,
carboxy, amino, heterocycle, aryloxy, and optionally substituted therewith a targeting
agent;

Ry represents -~CHy-, -<CH(CH3)-, -CH(Ph)-, -C(CH3)(COOH)~ or CH(CH(CH3)2)-; T
represents a targeting agent; and the bond between R; and the quaternary amine is

hydrolysable.
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(ix) treating ulcers in a patient; (x) treating gastric cancer in a patient;
(xi) treating liver cancer in a patient; (xii) inproving performance of a
stent in a patient; (xiii) treating age-related macul ar degeneration in a
patient; (xiv) treating conditions associates with a nutant PTEN in a
patient; (xv) treating hypertension in a patient; (xvi) disrupting

| eukocyte function in a patient; (xvii) suppressing differentiation of
progeni tor ceIIs in a patient; (xviii) inhibiting phosphatidylinositol
3-kinase in a @Qﬂagﬂ?#, j ; r anent is
for adm ni st rat| on Hpoglfld ) n ulsl?rglﬁ.@{d lggalfﬁ%d 0 éﬁéc r?%]ggmgﬁglé ording to
claim5 forfuse in the manuf acture of a nedicanent for: 107 (i) treating a
patient suffering froma condition associated wth PI-3 ki nase activity;

(i) treati nfla tory_di sease tlonally h di canent
conpri ses Wﬁgmégg %nal thergﬁgg ic onal |y wherein
t he one or nDre iti h éﬁﬁjﬁh&y be seb ted fromthe

group cons;;iiig of Ikylatlng agents antinmetabolite aspar agi nase,

vincristin nbl a cyclln S nlcr tub j srupting agents,
taxol, herce | 0%33; g_“gf
a patient; (iv) hanC|nchﬁb cﬁeﬁnsen5|b y of

uci ng apoptosis in

cel in a patient;
(v) enhancing th radlosenS|U\n@y of tunmor cells in a p-leﬁb; (vi)
i nhi biting {unmpr ducedrang SIS atient b Jo=l/Nhi bi ti ng
angi ogeni ¢ %Taéegg oCi -ggﬁtét:p - s inga patient;
(viii) treating pancteatitis in a atlent ’ij
0—N
N T A

4. The compound according to claim 2, wherein Rg-T is selected from the group

consisting of:
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(ix) treating ulcers in a patient; (x) treating gastric cancer in a patient;
(xi) treating liver cancer in a patient; (xii) inproving performance of a
stent in a patient; (xiii) treating age-related macul ar degeneration in a
patient; (xiv) treating conditions associates with a nutant PTEN in a
patient; (xv) treating hypertension in a patient; (xvi) disrupting

| eukocyte function in a patient; (xvii) suppressing differentiation of
progenitor cells in a patient; (xviii) inhibiting phosphatidylinositol
3-kinase in a whol,e cell of a mammal, Soptlonally wherein the nedi canent is
for admnlﬁ-kﬁjij sIo fu5| . 10 A nmethod of purifying a
conpound accaq En@—@—a conprising: (a) adding a
conposi tion conpr|3|ng sal co nd to a solutlon wherein said solution
conprises at least 0.1%by (v/v) of an_acid; |l (b) addi ng the solution of (a)
conpri sing jsaid pou to a %BQ, ystem optionally HPLC, and
(c) isolat i%n‘g’ sco?‘rpou"n_dT The od according to claim10, wherein

t he chronmat ogr aphy syste/rjr\ws HPLC/ 108 :

e T
avy O, Py

O T ul
e e FO

5. A compound of the formula:

OH
NH 0
it
' o OH O

=
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6. A compound according to claims 1-4 for use as an active therapeutic
substance.

7. A compound according to claim 5 for use as an active therapeutic substance.

8. Use of a compound according to any one of claims 1-4 for the manufacture of
a medicament for:

(i) treating a patient suffering from a condition associated with PI-3 kinase

activity;

(ii) treating inflammatory diseases, optionally wherein the medicament comprises

one or more additional therapeutic agents, and optionally wherein the one or more

additional therapeutic agents may be selected from the group consisting of

alkylating agents, antimetabolites, asparaginase, vincristine, vinblastine,

anthracyclines, microtubule disrupting agents, taxol, herceptin, gemcitabine, and

etoposides;
(iil) inducing apoptosis in a patient;

(iv) enhancing the chemosensitivity of tumor cells in a patient;
(v) enhancing the radiosensitivity of tumor cells in a patient;
(vi) inhibiting tumor induced angiogenesis in a patient;

(vii) inhibiting angiogenic processes associated with non-cancer diseases in a
patient;

(viii) treating pancreatitis in a patient;

(ix) treating ulcers in a patient;

(x) treating gastric cancer in a patient;

(xi) treating liver cancer in a patient;

(xii) improving performance of a stent in a patient;

(xiii) treating age-related macular degeneration in a patient;

(xiv) treating condifions associates with a mutant PTEN in a patient;
(xv) treating hypertension in a patient;

(xvi) disrupting leukocyte function in a patient;

(xvii) suppressing differentiation of progenitor cells in a patient;

(xviii) inhibiting phosphatidylinositol 3-kinase in a whole cell of a mammal,
optionally wherein the medicament is for administration by slow LV, infusion.

9. Use of a compound according to claim 5 for use in the manufacture of a

medicament for:
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(1) treating a patient suffering from a condition associated with PI-3 kinase
activity;

(i1) treating inflammatory diseases, optionally wherein the medicament comprises
one or more additional therapeutic agents, and optionally wherein the one or more
additional therapeutic agents may be selected from the group consisting of
alkylating agents, antimetabolites, asparaginase, vincristine, vinblastine,
anthracyclines, microtubule disrupting agents, taxol, herceptin, gemcitabine, and
etoposides;

(iii) inducing apoptosis in a patient;

(iv) enhancing the chemosensitivity of tumor cells in a patient;

(v) enhancing the radiosensitivity of tumor cells in a patient;

(vi) inhibiting tumor induced angiogenesis in a patient;

(vii) inhibiting angiogenic processes associated with non-cancer diseases in a
patient;

(viii) treating pancreatitis in a patient;

(ix) treating ulcers in a patient;

(x) treating gastric cancer ih a patient;

(xi) treating liver cancer in a patient;

(xii) improving performance of a stent in a patient;

(xiii) treating age-related macular degeneration in a patient;

(xiv) treating conditions associates with a mutant PTEN in a patient;
(xv) treating hypertension in a patient;

(xvi) disrupting leukocyte function in a patient;

(xvii) suppressing differentiation of progenitor cells in a patient;

(xviii) inhibiting phosphatidylinositol 3-kinase in a whole cell of a mammal,
optionally wherein the medicament is for administration by slow 1.V. infusion.

10. A method of purifying a compound according to any one of claims 1-5

comprising:

HPLC.

(a) adding a composition comprising said compound to a solution,
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, optionally HPLC; and

(c) isolating said compound.

11. The method according to claim 10, wherein the chromatography system is
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