WD 20041110364 PCT/ US2004/ 016948 THI OTUNGSTATE ANALOGUES AND USES THEREOF
1. Field The present invention relates generally to tetrathiotungstate
derivatives, 5 nmethods of making novel tetrathiotungstate derivatives,

phar maceuti cal conpositions of novel tetrathiotungstate derivatives,

met hods of wsirdogifasse! tetrathiotungstate derivatives pogushesomeguti ca
conpositions of tetrathiotungstate derivatives to treat or prevent diseases
associated with aberrant vascul ari zation, copper netabolism disorders,

neur odegenerative di . SoL it st forns of
cancer are derived fHgHK ﬁ@ﬁsﬁmgﬁ @Pwﬁmaﬁ Acad. Sci .
1991, 617: 367-382, which have proven resistant in the clinic to t herapi es
such as the use of nonocl onal antibodi es_and i munot oxi ns. Anti -angi ogenic
therapy 15 for the treatment of cankter VH&ddevel oped from the recognition
that solid tumdr e bReH i cARA OGRS ESicfallyio %trathméia%nwml f or mat i on)
for sustained growt (Fol kman, Ann. Surg. 409- 416; Fol kman, Mol .
Med. 1995, hictods oPmaking pOVdFtﬂmaﬁmtun@aeabnanamsephalﬁeaseutfpabmmpo;lgg&s 36( 2):

109- 118; Han han 53- 364 f

anti - angi ogg %Ve ﬁgﬁfi'b%/ung#ag ivﬁ% ‘é‘)dﬁafg usb%’ho"}zﬂbteg%&ﬁ{?ﬁ‘ﬁ}g%/%{)ed (M 11 auer
et at, Canceerivitives &ﬂ%an@e&m&omatnowwhmu@gstm derividtiogtts att 1998,
35:1- 10 Benj am n et al., J.. din, Invest. 1999, 103: 159- 165 Mer aj ver et
at, Proceedi®hBEVent disprses assodigiedavish Abesranhyascularizafien. SeRRTEBlek bgltm Cancer 1998,
Abst r act #Bdislardegsaﬂé{ﬁ&dég&%r&ﬂr):dnsbfheisrhﬁdBbésﬁ?(?e of angi ogenesis, internal
cell layers of sofi d tunors are inadequately nourished. Further

angi oger@si s 25 (i.e., aberrant vascul arization) has been inpli cated in
nuner ous ot her diseases (e.qg., cul ar, neovascul ar di sease, nacul ar
degeneration, rheumatoid arthri tl(}S eMe recently, angi ogenesis

i nhi bi tion has b®fyat ﬁbtrheeltdanc@@fel’dth&écﬁﬁlomﬁsélm t&diotbC(SBodldl@GélellmsNﬁnd wei ght
| oss in aninmal npdels, which suggests anti-angjogenic therapy nay be useful

i n preventi dfebPcobed: 67 BRI APRhigh haye Proves pRIstaREi the linie o thepbies 002, 30 _
99, : 10730 1940k thdRBLF ARhédISHa antibaAiRond!ihifidBod RS AMALank RLAE frefipg! 0OCNEST S

except under specialized circunstances (e.g., wound repaif, proliferation
of the ilAt eforthe tréatinent of fancer was developed from the recognition that solid tumors

require angiogenesis (i.e., new blood vessel formation) for sustained growth
(Folkman, Ann. Surg. 1972, 175: 409-416; Folkman, Mol. Med. 1995, 1(2): 120-122,
Folkman, Breast Cancer Res. Treat. 1995, 36(2): 109-118; Hanahan et al., Cell 1996,
86(3): 353-364). Efficacy of anti-angiogenic therapy in animal models has been

20  demonstrated (Millauer et al., Cancer Res. 1996, 56:1615-1620; Borgstrom et al.,
Prostrate 1998, 35:1-10; Benjamin et al., J. Clin. Invest. 1999, 103: 159-165;
Merajver et al., Proceedings of Special AACR Conference on Angiogenesis and
Cancer 1998, Abstract #B-11, January 22-24). In the absence of angiogenesis,
internal cell layers of solid tumors are inadequately nourished. Further, angiogenesis

25 (i.e., aberrant vascularization) has been implicated in numerous other diseases (e.g.,
ocular neovascular disease, macular degeneration, rheumatoid arthritis, etc.). More
recently, angiogenesis inhibition has been directly correlated with adipose tissue loss
and weight loss in animal models, which suggests anti-angiogenic therapy may be
useful in prevention of obesity (Rupnick ef al., Proc. Natl. Acad. Sci. 2002,

30 99,:10730-10735).

Contrastingly, normal tissue does not require angiogenesis except under

specialized circumstances (e.g., wound repair, proliferation of the internal lining of
the uterus during the menstrual cycle, etc.). Accordingly, a requirement for

angiogenesis is a significant difference between tumor cells and normal tissue.
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the uterus during the nenstrual cycle, etc.). Accordingly, a requirenent for
angi ogenesis is a significant difference between tunor cells and nor mal
tissue. 1 WO 2004/110364 PCT/ US2004/ 016948 Inportantly, the dependency of
tumor cells on angi ogenesis, when conpared to normal cells, is

quantit ati We2p041183er than differences in cell replicaP¢HHSHAHOIEUE] deat h,
bet ween normal tissue and tunor tissue, which are often exploited in cancer
t herapy. 5 Angi ogenesis requires copper, as has been shown by nunerous

st udi es ( Pamiportaity, e depeddency. of Rahdt@klls didhiogdmedis WBerlddmpdra@j ¢ et at, Natl.
Cancer Inst. 1982, 69: 1183-1188; Zlche et al h Cancer Inst 1982
69: 475- 482normg] cells, itquanfitafively greater tha diffpepages "6(:?!\'61 epheationzgd celhy t enpt s at

preventing @i PAGE&SicPmaNtkseMafuhsifbue, WhRWabe éfendRpiFied fPYRLE Dy reduci ng
in vivo anobunt$ of copper have been reported in 10 the art (Bremet al.

Neur osur gertherap®0, 26:391-396; Bremet al., Am J. Pathol. 1990, 137(5)

112111421 YOS i n B rea NRUESSL SE . ohBDBER) qun i 0hes BlREE

approaches i ncor ors and low coO
recently, «Braew&n RPadibl J988)t137 hZ3- il’iﬂjalajut\qnpl,lmat. |szmcé><ldnstP[9WZLl899/ 20374 have

ot oot i ve. i MAFridBEATRest altul ChnceyTis? 198 881 Pl B tioodBds "edtni ch r equi o

angi ogenesi Bes. 198626{d): tis9158)0 Attwlmmgfévemmg%glagaieﬁgaﬂ@ﬁér&et&@cﬂper may al so
have a direct role  i1n tunor cell growh and survival. H gh copper |evels

exi st in bofrAwa apimal medeln By reducing froriva amonnts of copres havediaes regorted any
differe S cel t206) n. Oncol .

1984, 1 @%&g?{%@)& Eelg%?lﬁfetie%%o ?%1”%%6 ﬁgﬁlﬁaéﬁﬁeen% shown to
down-r egul a1990; tBé(Se)xméslsmb;nYQshxdlhlEtMBAésrmIglerydg95 B3A(2Di 287+2%)t’fbcrssl ocation
to the nucleus .in.the inf r ast ancer L ne SUM.149 (Pan et
at, Cancer 2PPEEches Mgmog:geci 'ngngqﬁ’g e{a daﬁwlfgp%??feésm MeiF By ol ved in
medi ating tE@wer ezczzel1me$1thha4aslppaealohrmsPctrﬂ}mmmﬁveaaxIeashbwﬂ thabtHeuror cel | s
by tetrathionol ybdate suggests a direct effect of copper chelation on tunor

survival . 2eopperchelatoriy(g. Rishiomebbduelay harifsctve ‘t“é{ela mhdiseaseifégat e
conmpoungs, %@mmmr &%tﬁfmghrg&]ﬁ}e%g{ogtnegge required to fully explore the
o

pot enti al coppe ators rn I ng and/ or preventing angi ogenesi s
and in tunor cellh addiadm mlthc/mdsuwh ofi anvgidgene¢ses, capipler iy algs havesa dieepwlnds may be
effective i gtttmrl(():’r%teh rg]g)wtlall surv1valS ?—flshegop%gr evells ex1sq in both the plasma and in
tumor tissue from patients with many different solid cancers (Chakravarty et al., J
Cancer Res. Clin. Oncol. 1984, 108: 312-315). Recently, tetrathiomolybdate has been
20  shown to down-regulate the expression of NF-kB as well as inhibit its translocafion to
the nucleus in the inflammatory breast cancer cell line SUM 149 (Pan et al., Cancer
Res. 2002, 62: 4854-4859). The NF-xB system may be involved in mediating tumor
cell survival and thus its down-regulation in tumor cells by tetrathiomolybdate
suggests a direct effect of copper chelation on tumor survival.
25 Accordingly, novel compounds such as tetrathiotungstate compounds, which
are copper chelators, are required to fully explore the potential of copper chelators in
treating and/or preventing angiogenesis and in tumor cell viability. Such novel
tetrathiotungstate compounds may be effective in treating various diseases associated
with angiogenesis such as cancer and obesity along with copper metabolism disorders
30 neurodegenerative disorders, obesity as well as treating diseases where the NF-xB

pathway is dysregulated such as inflammatory disorders.



Wi t h angi ogenesi s such as cancer and obesity along with copper netabolism
di sorders 30 neurodegenerative disorders, obesity as well as treating

di seases where the NF-uB pathway is dysregul ated such as inflamrmatory

di sorders. 2 WD 20041110364 PCT/ US2004/ 016948 3. Summary The present

i nventi on $4x3084/118364t hi s and ot her needs by provi di ng nBGEUS2004/016948

tetrat hiotungstate derivatives, nethods of maki ng novel tetrathiotungstate
derivatives, pharmaceutical conpositions of novel tetrathiotungstate
derivatives, methods of using 5 3novelgupidrgt hi otungstate derivatives to
treat di seases associated with aberrant vascul ari zation, copper netabolism
di sorders, neur dhepEsE} MvERtONFatisies thisandpther gprds by proyidingseyedds of usi ng

phar meceut ingiakn GARRAK. §faRVA! mRLIAMAIMIBILAL CunidRREXAL WSS, treat or

prevent di seases assocl ate aberrant “vascul ari zatfon, copper
met abol i smplarsmceldical, compasitoisgd neyel tétnathiatinsgstatiedesivativee gnethodsrof NFingB 10

dysregqgulation...ln.a fir spect, .the. present inventipn proyi des a conpound
of str uét ur“givel t?tgplr‘r?ﬂl%ﬁs%lt“j &r&agﬁg to E‘?—t 5855 IS N!EH%"D“*‘% R~ m15 or a
_soljvat e;j hyvldsoalﬁaﬁéﬂfonl\bdppélldgetlhmkmgﬁsm, ﬂ%tﬁb(lidlgetl;lerﬂﬁl,e ﬂﬁbxddf@%ndR_ and 57 arle

i ndependent |y hydrogen, al kyl, substitufed alkyl, aryl . substituted aryl,
aryl al kyl , °SEvyand medgdselusigahprmacsuticabapositiopyfitetrathiangsielf oal kyl

cycl ohet er oRli¥atves t%%%drtp%ﬁﬁ't fiseatRhgbeinra kil abertak SaRa K atichubst i tut ed
heteroaryl, 20 heteroarylal kyl, substituted heteroarylal kyl, heteroal kyl or
subst i t ut edopyer exchblisp disordéndneRBdegeneiatidedicordemtdbgsityatNigeB, al kyl ,
substituted al kyl, aryl, substituted aryl, arylalkyl, substituted

aryl al Kyl , dé’%?ﬁ%ﬂo?yl ., substituted cycloal kyl, cycl oheteroal kyl,
substituted cychphfiseaspadtkine predéit aiveatiot provid®sd dotpoesld SRRy ! |

het eroaryl al kyl , 25 substituted heteroaryl al kyl, heteroal kyl or substituted
het er oal kylforéﬂulqa@é absent when N is part of an aromatic ring; optionally,
R and R2 taken together are al kyldiyl, substituted al kyl diyl,

R R?
RZ-N+-R* Y? RO6-N+-R®
RS R7
)

15 orasolvate, hydrate or N-oxide thereof wherein:

R',R%, R, R® R® and R’ are independently hydrogen, alkyl, substituted alkyl, aryl,

substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl,

cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl, substituted heteroaryl,
20  heteroarylalkyl, substituted heteroarylalkyl, heteroalkyl or substituted heteroalkyl;

R* and R® are independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl,
substituted cycloheteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl,

25  substituted heteroarylalkyl, heteroalkyl or substituted heteroalkyl or are absent when

N is part of an aromatic ring;

optionally, R' and R? taken together are alkyldiyl, substituted alkyldiyl,
heteroalkyldiyl or substituted heteroalkyldiyl;
30



het er oal kyl diyl or substituted heteroal kyldiyl; 30 3 WD 2004/ 110364

PCT/ US2004/ 016948 optionally, R5 and R6 taken together are al kyldiyl,
substituted al kyldiyl, heteroal kyldiyl or substituted heteroal kyl di yl;
optionally, R and R2 taken together, R2 and R3 taken together and R2 and R4
taken 5 ivogewwersewe al kyl diyl, substituted al kyldiyl Pcﬁ(é]tsé‘}”éfﬁlﬁ%ﬁﬂ diyl or
substituted heteroal kyldiyl; optionally, R5 and R6 taken together, R6 and
R7 taken together R6 and Rs taken together are al kyldiyl, substit ut ed
al kyl di ylI , %P@ﬂﬂdaR%ﬂdd?xytlak@rmmgreta}(yeﬂﬂl&lbm@@ﬂ@&myldl yl: optionally, R3

and R7 tak stituted al kyldiyl, heteroal kyl diyl
o opst |t I agAd °'%&€t@tg?/i‘eq§§%‘kﬁ§% 2 is (Ws4)-2, (WeS12)-2, (W@S9) 2,
(Ws7)-2, (W S8)-2' (V\28| |) 2, (WS6) -2 or (WS 3) 2. In a second
aspect, the e P o rovi I, m [ C Qsi.tions of
conpounds d¥HP ?@e % @2‘[ #ﬂget?fﬁﬁﬁﬁg&?qkéﬁf &'ﬁ‘b %Hgi%ﬂ? Reral Iy
conpri s& onegeier mraﬂcmypmdﬁndafamwtﬁy Hét&ﬁﬁlkylﬂlyl Bﬁ’ﬂxbat'itﬁfedor sol vates 20

t hereof and a pharnmaceutically accept abl e diluent, carrier, exci pi ent and

adj uvant . hFFF@a&IWM‘M'e of diluent, carrier, excipient and adjuvant will
depend upon, anong other factors, the desired node of admnistration. In a
third aspect, the present i nvention pI’OVI des nethods for treating or
preventing QMIQMB'QR m&ﬁtalmndegahmk&rmdﬂenal@ewgbwemm antl Ridakenl ari zat i on,

N K dyar JORRT RO ARl LR FGoRkOMOYE SRR S noTo 4

patientign mmllqmlyluch treatnent or prevention a therapeutically effective
anount of a conpound and/or pharnaceutical conposition of the invention. In
a fourth aspect, the current invention provides pharmaceutical conpositions

30 for tr e%tphﬂﬁhll?rR%‘&@’Q&k&ﬁ%é@tl&?ﬁr’%@ﬂ:ﬂ&yﬂb&@ﬁtﬂ%ﬂ%ll&ﬁﬁyla(?t erized by
aberrant vascul ari zation, copper netabolism di sorders neurodegeneratl ve

di sorders, hsteeasilkyjdiylror NbStl(Bied%stP@glkb'bhylmdl n a patient in need of such
treatnent or prevention.

15 Y7Zis (WSa)% (W2S12)2, (WaSe)?, (W2S7)?2, (W2Ss) ™2, (WaS1)2, (W1Se)? or
(W2S13)2.

In a second aspect, the present invention provides pharmaceutical
compositions of compounds of the invention. The pharmaceutical compositions
generally comprise one or more compounds of the invention, hydrates or solvates

20  thereof and a pharmaceutically acceptable diluent, carrier, excipient and adjuvant.
The choice of diluent, carrier, excipient and adjuvant will depend upon, among other
factors, the desired mode of administration.

In a third aspect, the present invention provides methods for treating or
preventing diseases or disorders characterized by aberrant vascularization, copper

25  metabolism disorders, neurodegenerative disorders, obesity or NF-xB dysregulation.
The methods generally involve administering to a patient in need of such treatment or
prevention a therapeutically effective amount of a compound and/or pharmaceutical
composition of the invention.

In a fourth aspect, the current invention provides pharmaceutical compositions

30 for treating or preventing diseases or disorders characterized by aberrant
vascularization, copper metabolism disorders neurodegenerative disorders, obesity or

NF-«B dysregulation in a patient in need of such treatment or prevention.



4 WD 2004/110364 PCT/11S2004/ 016948 4. Brief Description of the Draw ngs
Figure | illustrates inhibition of angi ogenesis by ammoni um
tetrathiotungstate in Matrigel (r) plug assay. 5 5. Detail ed Description
5.1 Definitions "Conpounds"” refers to conpounds enconpassed by structural
formul a (1Wo206/1dozsel osed herein and includes any speci RCRUROMIIEAMSs wi t hi n
that generic fornmula whose structure is disclosed herein. Conpounds may be
identified either by chem cal structure and/or chem cal nanme. \Wen the

chem cal structure and chenycalyidtdEecrigtion’of ird Prawidgghem cal structure is
determ native of the identity™o —conpound. npounds may contain one or

nore chiral cEigues killystmtesinkibiion of argineenasisdy mmotiwne fiesrathiotypgstaikinst  as

st er eoi SOMey G, @@ 5 gﬁgbl e-bond isoners (i.e., geonetric isoners),
enanti omers or g?ill a Fgrseso rers. Accordingly, the chemical structures depicted

herei n enconpass all possible enantioners and stereoisoners of the
iIIustra%ed conpounds including the stereoisonerically pure form(e.g.,
geonetrital |y pure, enantione 1caIﬁﬁggﬁiﬁgﬁﬂﬂgﬂ%stereonericaIIy pure) and
enantionmeric and 20 stereoisoneric mxtures. Enantioneric and stereoisoneric
m xtures can be resolved into their conponent enantioners or stereoisoners
usi ng separdali oRefmitionsques or chiral synthesis techniques well known to
the skilled artisan. Conpounds may also exist in several tautoneric forns

i ncluding the enol form the keto formand m xtures thereof Accordingly,
t he chem cal st riGompourglsd egfers tecbnpoupdsrencoropasyed by sahitturmd einolagI)25 t aut oneri c

forms of , the illustrated.c ounds. . ounds al.so.include dsotopically

| abel ed{ocpn‘gﬁ%ﬁagﬁe{ﬁ‘é‘raggwg“r%? a%ﬁpgc'%%p%%wﬁmngf%ﬁ%e%@ fferent from
the atonm cwhES Strecity Adiscieball hyreinO Wothpbiinds AtdybR iddRGEEP bittfer B chémtitApes t hat
may be incorporated into the conmpounds of the invention include, but are

not |im tedstfugtureggd/or ghemigalmame Whegthe chamicalstmgyread chemiggbuams may exi st
i n unsol vat I . 3 1y S ' drated forns
and as N ox‘%’gfel{fgt nChgglﬁégfgthc@%gS%eﬁ%lr gt{l‘g ,ffﬂ%(r)lpéletllttgég{%g?ér)r@g%n "N-oxi des are
wi t hi n t he Gouprind$ mayeontaie 9ee10r more ehiral oenters @xd/oradowbledwpduardls may exi st in

!B ok e BRI S b OB BT REE O™
isomers), enantiomers or diastereomers. Accordingly, the chemical structures
depicted herein encompass all possible enantiomers and stereoisomers of the
illustrated compounds including the stereoisomerically pure form (e.g., geometrically
pure, enantiomerically pure or diastereomerically pure) and enantiomeric and

20  stereoisomeric mixtures. Enantiomeric and stereoisomeric mixtures can be resolved
into their component enantiomers or stereoisomers using separation techniques or
chiral synthesis techniques well known to the skilled artisan. Compounds may also
exist in several tautomeric forms including the enol form, the keto form and mixtures
thereof. Accordingly, the chemical structures depicted herein encompass all possible

25  tautomeric forms of the illustrated compounds. Compounds also include isotopically
labeled compounds where one or more atoms have an atomic mass different from the
atomic mass conventionally found in nature. Examples of isotopes that may be
incorporated into the compounds of the invention include, but are not limited to, 2y,
*H, B3¢, ¢, N, '*0, '70 and *S. Compounds may exist in unsolvated forms as well

30 assolvated forms, including hydrated forms and as N-oxides. In general, the
hydrated, solvated forms and N-oxides are within the scope of the present invention.
Certain compounds may exist in multiple crystalline or amorphous forms. In general,

all physical forms are equivalent for the uses contemplated herein. Further, it should



5 WD 2004/ 110364 PCT/ US2004/ 016948 be understood, when partial structures
of the conpounds are illustrated, that brackets indicate the point of
attachnment of the partial structure to the rest of the nolecule. "A kyl" by
itself or as part of another substituent, refers to a saturated or 5

unsat ur at equB g straight-chain or cyclic nonoval pafgsoesysesasbon
radi cal derived by the renoval of one hydrogen atom from a single carbon

atom of a parent al kane, al kene or al kyne. Typical al kyl groups include,

but are 10t pd R herTBHIMY ket SLIWB: HBUAR 5% 130K e, BB ot Py

propyl s such as propa opr opan- -1 -en- yI
prop- | - en- 2ingdicate }ﬂtem@uﬁoéattdchmlent(cﬁ Itlieyﬁa)'t;al itmco.grc tcnbe nqst of thaﬂio{ephlp

cycl oprop-2-en-1-yl, prop-l-yn-1-yl, prop-2-yn-1-yl, etc.; butyls such as
but an-1-yl, butan-2-yl, 2-nethyl-propan-1-yl, 2- nethyl propan -yl

cycl obutan-1 -yl ,«A Eﬁ”byﬁ§b1tor)é|spaﬂ?UFaﬂotlﬁFs&sthhentzreEB?H&Ws'aR&QF)dJ)r en-1-yl,
but-2-en-1-yl, but-2-en-2-yl, buta-1, 3-dien-1-yl, buta-1, 3-dien-2-yl,

cycl obut$ | - unsaurajed, braeglwﬂdﬁr@tghr-c@m er gyrlic mopqvglsnt kydrocarhonspdial y |
but - 1- yn- 1- Xénveg)‘#’ caI ov%l Xf o ing'dﬁ%kn gto?ﬁrl?d)jm ka l%tcﬁﬁgg qurl:)gn éllkh?)a.lrénlfe The term

"al kyl" is speci y I nten I NC gro degree or
| evel of saslkanes albene or akikyne. gFypigab alkphgroups énchidashus eteynos limited tog axethyh- car bon

bonds, hayi b b b d havi
one of mor e“tE PSRy n%eagﬁ%ﬁvﬂﬂﬁwggﬁﬁ%%Bﬁga%?%” LOORZ T es of
singl e, doudjcepadpdnlFylPrép- Ianaylbp;apqadnbppl QSen- zg specific |evel of

saturation is intended, the expressions " ¥ " " and "al kynyl "
are usel) Peysioprepnl-gn-1zk caph@pwopg?r%byb@rﬁprli-xréé y,mrem?wntloy ercCavthn at ons,

nore pref er&l%g%blltﬁ&ibfl@n]zgylc?m l- °95§13§?5 Pwﬁtﬁ‘ﬁ?l fromlto 6

carbon ato tse Y3ubst i t uent,
refers to acywhbutaniled, b\ib-rlaamehgkdbutst-maﬁghﬂfmbthylpprop lsbpell i buthdegn-11yRdi cal

derived by ydr ogen,. at Ie carbon atom of a
parent al ka ‘B% GN%DICS'IHE‘ 911 )g’r%\ﬁapgg fgid ?‘frﬁ.'l'?l Pﬁlot linited to,

met hanyl ; eéyawwi 1-em%@ai9ylb5utau¢3:dlaﬁ~1m,mamyh 1y*1, butmrgapaer yl (isopropyl),
cycl opri){jaan | -y etc.; but an | s such as butan- 30 but an- 2-yl

(sec-bu I)b“té lﬁbl bfkllewplab‘bgﬁ €yl (isobutyl), 2- rret hyI propan- 2-yl
(t-butyl), cycl ofltan damh 1s%é€c]1ﬁcaﬁ9%tér1|a€d toiliQude éhg;%rh\élvmg%yhéﬁgéf or as

part of another substituéent ers"to an unsatur
or level of saturation, i.e., groups having exclusively single carbon-carbon bonds,

groups having one or more double carbon-carbon bonds, groups having one or more
triple carbon-carbon bonds and groups having mixtures of single, double and triple
20  carbon-carbon bonds. Where a specific level of saturation is intended, the expressions

1”“

“alkanyl,” “alkenyl,” and “alkynyl” are used. Preferably, an alkyl group comprises
from 1 to 20 carbon atoms, more preferably, from 1 to 10 carbon atoms, most

preferably, from 1 to 6 carbon atoms.

25 “Alkanyl” by itself or as part of another substituent, refers to a saturated
branched, straight-chain or cyclic alkyl radical derived by the removal of one
hydrogen atom from a single carbon atom of a parent alkane. Typical alkanyl groups
include, but are not limited to, methanyl; ethanyl; propanyls such as propan-1-yl,
propan-2-yl (isopropyl), cyclopropan-1-yl, etc.; butanyls such as butan-1-yl,

30  butan-2-yl (sec-butyl), 2-methyl-propan-1-yl (isobutyl), 2-methyl-propan-2-yl
(t-butyl), cyclobutan-1-yl, efc.; and the like.

“Alkenyl” by itself or as part of another substituent, refers to an unsaturated

branched, straight-chain or cyclic alkyl radical having at least one carbon-carbon

6



branched, straight-chain or cyclic alkyl radical having at |east one
carbon-carbon 6 WD 2004/ 110364 PCT/ US2004/ 016948 doubl e bond derived by the
renmoval of one hydrogen atom froma single carbon atom of a parent alkene.
The group may be in either the cis or trans conformation about the double
bond(s). Wwobmahiaskenyl groups include, but are not | PRIUSPHBIO henyl ;
propenyls such as prop-l-en-1l-yl, prop-Il-en-2-yl, prop 2-en-1-yl (alkyl), 5
prop-2-en-2-yl,cycl oprop-1-en-1- yI cycl oprop-2-en-1-yl; butenyls such as

but -1 - en- 149uble bond derized by the rcmomomnehydmgerl at@n-ﬁpnya sinplgtcarbor Atom. yl,

but - 2- en- 1- e yI

cycl obut - | -%npﬁcg%ake%gygﬁgg%l‘p Fpgtbgfi'}élﬁlep%gg % » ’zﬁ{%?’&w&%qﬁoé%get c.; and
the like. llﬁublé\bkntm;bl ‘Typigali dllcealyf g:ﬁupsaﬁclmrlbut@fe rmnhtﬂfted tes ethehyli uent , ref ers
to an unsaturat granched tralg L Qaln or cg lic IkyI radi cal havi ng
at | east orPé°P€3 B SHFDES PERBAL- -1 13 REOR; i Zhbr AT ORS Ere 'f)'lflr(é‘ ¥hnoval of one
hydrogen at iJ’eﬁUZlﬁ eRPHoP- F&{-IP% c@«&l@ﬁ?op-Qfenal Flabﬁeﬁyls'iédé}{'aﬁ? Typi cal al kynyl
groups inclu but are not limted'to, propynyl s such as

pr op- 1- yn- bnyi-enﬂrxdpbwwwcyw-m@md promhpyr\;ml sbuka@n-lasl bg-Doep-14yLyn- 1- yI ,
but -1 -yn- 3wlzeﬁlity13b 1 h:dfdn-1 §4, but lafgleﬁli?lldgﬁ%but d}f.x rﬂ,' vl® by itself or

as part of anot stltuent efs to turate unsat ur at ed,
branched, syclabwHterchal, nyaiobmg/-d:,liil-dlerdl-vhbemandlghdrllhc,ar bon group derived by
the removal of one hydrogen atom from each of two different carbon atons of
a 20 parent al kane, al kene or al kyne, or by the renoval of two hydrogen

atons fypom a Si“Hﬂdyﬂle%&lil@élf &t R'Paflof anditrr SubstimbitaRfors Rl mamsaterated! kyne. The
two nopnoval ent radi ca centers or each val enCéﬁof t he di val ent radi cal

cent er can braschedy girpightehain of pxclis alkyl weicaldiaying aklgast apgeasbonreasbang|  al kyl di vl
roups i ncl | g VL |.gi ch as
0 e, bl REPO R Ll Sk oS o

et han-1, 1- et han-| , 1=diyl,
propyl di yl of spmhntaék)mpoﬁmc&l alkydiy\groupsimghude, ut aredioy limited top athyayl2- di yl |

[ onet 1 aryteSnsip SR S BGRE T 3k b b SRR P 78 1 5 i

cycl oprigp- lbue -y, 12leb\¥Jlryn :c-yc;lbﬁpwﬁ -1 2yl fdde. Jand-th e, CycCl oprop-2-en-1, | - di yl,
pr op- I-yn 1,3-diyl, etc.; butyldiyls such as, butan-1,1-diyl,
but an- 1, 2-di yl, but an- 1, 3- diyl, butan-1,4-diyl, butan-2,2-diyl, 30

2- met hyl - proDa”"Alg&I&'lyb nt?ﬂf‘@rt thﬁB%r%xb&xﬁéx%'mfe‘?%%‘ fﬁfrﬁéhdlr 1-diyl;

cycl obutan-1, 2 cyc obut an- 3 diyl -1 -en-
but-1-en-1 ugsa(mryqegi, branched straight- chain or cyclic divalent hydrocarbon group derived by

the removal of one hydrogen atom from each of two different carbon atoms of a

20 parent alkane, alkene or alkyne, or by the removal of two hydrogen atoms from a
single carbon atom of a parent alkane, alkene or alkyne. The two monovalent radical
centers or each valency of the divalent radical center can form bonds with the same or
different atoms. Typical alkyldiyl groups include, but are not limited to methandiyl,
ethyldiyls such as ethan-1,1-diyl, ethan-1,2-diyl, ethen-1,1-diyl, ethen-1,2-diyl;

25  propyldiyls such as propan-1,1-diyl, propan-1,2-diyl, propan-2,2-diyl,
propan-1,3-diyl, cyclopropan-1,1-diyl, cyclopropan-1,2-diyl, prop-1-en-1,1-diyl,
prop-1-en-1,2-diyl, prop-2-en-1,2-diyl, prop-1-en-1,3-diyl, cycloprop-1-en-1,2-diyl,
cycloprop-2-en-1,2-diyl, cycloprop-2-en-1,1-diyl, prop-1-yn-1,3-diyl, etc.; butyldiyls
such as, butan-1,1-diyl, butan-1,2-diyl, butan-1,3-diyl, butan-1,4-diyl, butan-2,2-diyl,

30  2-methyl-propan-1,1-diyl, 2-methyl-propan-1,2-diyl, cyclobutan-1,1-diyl;
cyclobutan-1,2-diyl, cyclobutan-1,3-diyl, but-1-en-1,1-diyl, but-1-en-1,2-diyl,
but-1-en-1,3-diyl, but-1-en-1,4-diyl, 2-methyl-prop-1-en-1,1-diyl,
2-methanylidene-propan-1,1-diyl, buta-1,3-dien-1,1-diyl, buta-1,3-dien-1,2-diyl,
buta-1,3-dien-1,3-diyl, buta-1,3-dien-1,4-diyl, cyclobut-1-en-1,2-diyl,
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but-1-en-1,3-diyl, but-l-en-1,4-diyl, 2-nethyl-prop-Il-en-I,1-diyl,

2- met hanyl i dene-propan-1, 1-diyl, buta-1,3-dien-1,1-diyl,

buta-1, 3-dien-1,2-diyl, buta-1,3-dien-1,3-diyl, buta-1,3-dien-1,4-diyl,
cyclobut-I-en-1,2-diyl, 7 WD 2004/ 110364 PCT/ US2004/ 016948

cycl obut - | -WQ2004310364/1 , cycl obut-2-en-1, 2-di yl, cycl obutPeTiijS200dioed248l, 2- di yl ,
cyclobuta-1,3-dien-1,3-diyl, but-1-yn-1,3-diyl, but-1-yn-1,4-diyl,
buta-1,3-diyn-1,4-diyl, etc.; and the |ike. Were specific | evels of
saturation i N I r n | 4 enyl di yl and/ or
al kynyl di y|°§'|5§b‘ﬁsle%’??§%€¥l ’}é&é’gfﬁgﬁﬁg&‘% %?‘Jc?ml A1 ?g’\é ! 2%?(: ~ 20)

al kyl di yl , ayclobutpileH-diemh)3ydiyl( Bilt-lcyrQ) 3- chqlrlktyit{ll-)ml-l, 4-|dl)d,t IOr eferably, (C -C6)

| kyldiyl. P d tur gt .k whi ch th
"ol cal  certiy Loag L e e B it PRSI SN GE (ot hancy

ethan-1, 2- dhﬁéhdefdﬁﬁlbaaﬁh):nclﬂﬁﬁﬁﬁdanﬂld@i dlmhyldnprﬁﬂma)kynylmyu @uséd. 4- di yl
(butano) andthellkega so referred to as yl eno, defined infra). 10

" Al kyl erfo ' Bisferablyethe alleyldiy &B%i’fptlsﬁﬁl %m&'hﬂ?lygmvre&&wy, (Fefews to a

straight-c t nt radi cal
centers de%@%ygw dﬁé%}ab%@amégamgﬂgl h%?%gghm%gurrnﬁﬁ]%ﬁggch of the two

term nal caailmlylld&tlgmpaﬁlwlschmmcabtmms parcthe teamloahearbanskepe or al kyne.

Typi cal K ro I u are no mted t met hano;

etyl enos sdﬁ?{ﬁ%{@ )g{rﬂgtﬁglol)’ee?% d’é’r {ﬁ)‘r%o) 51?086%/}[8 dégp(pmﬁ%rhogas pr opano,

pr op[ 1] eno, bupinoR#kliyl hutiney)and HeikE (130 1eferred  ds alkylenbedilimes B)as  but ano,

but[I]eno, but[2]eno, butall, 3]dieno, but[l]yno, but[2]yno, but[l, 3]diyno,
etc.; afd the Iike. Were specific levels of saturation are intended, the

nonencl ature al« a f e aI kyl eno
group is (C - CZO)EA' Hgg_eno b§ﬁﬁ%&%%%o%dgmgfgibﬁyué?%fe%t%)aes'h'%%}bleelﬁgﬁ1 nost

pr ef er abl y alkyBliylgapupbdeirigawo tctmﬂlraéf!@ntp\eld:bnaraélcsltqeaicgrﬁcnchhbmthsat ur at ed aI kano

groups, et hang nd t | ik "Acvl "

Moot or - Jempilpr Bt tyaitai Aom AL RRAd e Wh AT G Same 8 - (O a0, 25
wher e R30 istraiglidéageparent bikyhe, alkyd cﬁalkiyné Tyyal alkelers gufyincludé,but aryl al kyl,
het eroal kyl , heteroaryl, heteroarylal kyl as defined herein. Representative

exanpl 9  jaenaldimited 4, “%Fr‘lémﬂoftthbil?f}?ﬁ f@& a6 gthang, gheno, gthypg; propylenos

tCKd |Oihe)éy| GREPAPHbpano PrEP[AS Yk oFaE 1Yafestb, 6B | Jynd &BZ Bitylef3 G &ar bonyl  and
butano, but[1]eno, but[2]eno, buta[1,3]dieno, but[1]yno, but[2]yno, but[1,3]diyno,

etc.; and the like. Where specific levels of saturation are intended, the nomenclature
alkano, alkeno and/or alkyno is used. Preferably, the alkyleno group is (C,-Cy)

20  alkyleno, more preferably, (C,-C,g) alkyleno, most preferably, (C;-Cs) alkyleno.
Preferred are straight-chain saturated alkano groups, e.g., methano, ethano, propano,

butano, and the like.

“Acyl” by itself or as part of another substituent, refers to a radical -C(O)R*’,
25  where R*® is hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl,
heteroalkyl, heteroaryl, heteroarylalkyl as defined herein. Representative examples
include, but are not limited to formyl, acetyl, cyclohexylcarbonyl,

cyclohexylmethylcarbonyl, benzoyl, benzylcarbonyl and the like.

30 “Acylamino” by itself or as part of another substituent, refers to a radical
-NR*'C(O)R*, where R*' and R* are each independently hydrogen, alkyl, cycloalkyl,
cycloheteroalkyl, aryl, arylalkyl, heteroalkyl, heteroaryl, heteroarylalkyl, as defined

herein. Representative examples include, but are not limited to, formylamino,



30 "Acylam no" by itself or as part of another substituent, refers to a
radi cal -NR31C(O) R32, where R31 and R32 are each i ndependently hydrogen,
al kyl, cycl oal kyl, cycl oheteroal kyl, aryl, arylal kyl, heteroal kyl,

het eroaryl, heteroarylal kyl, as defined herein. Representatlve exanples

i ncl ude, bwb2emaises |imited to, formylanino, S WO 2002CTF3¢4/016948

PCT/ US2004/ 016945 acetyl am no, cycl ohexyl carbonyl am no,

cycl ohexyl net hyl - car bonyl am no,  benzoyl am no, benzyl carbonyl am no and the
like. "Al kesetylapinot eyslohexylcassonylerting tyclehskimethyirsarbpnylemino, refers to a

radi cal Cﬁaﬁ%laéuﬂpg&ﬁxtatlﬁﬁgﬁﬁgggé eqiReal kyl or cycloal kyl group as

defined herein’ epr ese exanples I'nclude, but are not linmted to,
nmet hoxy, ethoxy, propoxy, butoxy, cyclohexyloxy and the liKke.

" Al koxvcar bonyl J,, .. by ,i.t sel f. or as art u st| ue sefers to a
radical 10 - C(C#Jé%’i an'EF{é- ﬁfﬁmps t{}ﬁgﬂ‘%& gfﬁfgrs QN‘VII‘ pIg}lltself or as
part of sanqmBeR¥ t&psasertwaﬂilkylroetm@autyp ﬁﬂauﬁﬁ@@\y{ﬁiee Rbreird MRpRdsertattiedr ocar bon
radi cal derived by the renoval one drogen atomfroma single carbon

at om of a ssaTaes la?lB‘FﬁaPP'cﬂ? P?fd‘"%‘SFét“érWetWPﬁ hOXyaPrPPOXy: BWEEY:i ncl ude, but 15

are not g¥ @Q ggxygkgﬂpﬁkgerlved from aceant hryl ene, acenapht hyl ene,
acephenanth ant hracene, azul ene, benzene, chrysene, coronene,

quoranthene fl uorene, hexacene, hexaphene hexal ene, as-i ndacene,

s-1 ndacene, i“dgggo%#ic%%ﬂﬁvbxpée%‘&% Errt‘gg] 3t ?&ﬁa”ﬁme@ ;q‘é%?% difgit &l ene.

oval ene, penta- acene ene ene, peryl ene,
phenal gpe, @@gﬂﬂﬁ&hhaﬂR”1pmgﬁmﬁaiﬂkﬁeadene pyrene, 20 pyranthrene

rubi cene, triphenyl ene, trinaphthalene and the like. Preferably, an aryl
group conprises from6 to 20 carbon atons, nore preferably, from6 to 12

carbon  atoms. Akl ) ifor Qé’z%drtto?%h&hélfsuﬁs'im%f trefefs 188 RloRBVaIGHDSt i t uent,

refers to an acycrli c "al kyl radi cal whi ¢h one of the hydrogen atom;
bonded t o aropwtibbydracasbn radigdlslatived by the wmevalalf ooe hydsegenatdofromom i s

replaced with an.ar u ut are not
inited to g taph X@ﬁﬁﬁen%%m%ﬁé it wéél"ﬁym’?“e #&Fgrl"hé)ﬁ ‘L‘&g‘ﬁ%‘p’) t hyl met hyl |
2- naphtiiy| atehmhlimited ol groﬁpsrmphéd]&bmtabanmryleney hcenaphpiitlérebenzyl |
2- napht hophenyl et han-1 - and the |ike. e specific K noi eties are
R T U UM MR T R T o A
used. Pref @afhe, he@idene, hexaphene, hexalene, as-indacene, s-indacene, indane, indene,

naphthalene, octacene, octaphene, octalene, ovalene, penta-2,4-diene, pentacene,

pentalene, pentaphene, perylene, phenalene, phenanthrene, picene, pleiadene, pyrene,

20  pyranthrene, rubicene, triphenylene, trinaphthalene and the like. Preferably, an aryl
group comprises from 6 to 20 carbon atoms, more preferably, from 6 to 12 carbon

atoms.

“Arylalkyl” by itself or as part of another substituent, refers to an acyclic alkyl
25  radical in which one of the hydrogen atoms bonded to a carbon atom, typically a
terminal or sp® carbon atom, is replaced with an aryl group. Typical arylalkyl groups
include, but are not limited to, benzyl, 2-phenylethan-1-yl, 2-phenylethen-1-yl,
naphthylmethyl, 2-naphthylethan-1-yl, 2-naphthylethen-1-yl, naphthobenzyl,
2-naphthophenylethan-1-yl and the like. Where specific alkyl moieties are intended,
30 the nomenclature arylalkanyl, arylalkenyl and/or arylalkynyl is used. Preferably, an
arylalkyl group is (Cs-C1o) arylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of
the arylalkyl group is (C,-C,o) and the aryl moiety is (Cs-Czg), more preferably, an
arylalkyl group is (C¢-Cyo) arylalkyl, e.g., the alkanyl, alkenyl or alkynyl moiety of
the arylalkyl group is (C,-Cs) and the aryl moiety is (C¢-C2).
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arylal kyl group is (C6-C30) arylalkyl, e.g., the al kanyl, al kenyl or alkynyl
noi ety of the arylalkyl group is (CI-Cl0) and the aryl noiety is (C6-C20),
nore preferably, an arylal kyl group is (C6-C20) arylalkyl, e.g., the

al kanyl, al kenyl or al kynyl noiety of the arylalkyl group is (G -Cs) and
the aryl niY@RP4IH3ECE- C12). 9 WD 2004/ 110364 PCT/ US2002CTS2008/016948
"Cycloal kyl" by itself or as part of another substituent, refers to a
saturated or unsaturated cyclic alkyl radical. Were a specific | evel of
saturation is intended, the nonenclature "cycloal kanyl" or "cycl oal kenyl "

I's used. Typi cal cycl oaI Kyl groups 5 include, but are not |imted to,
groups derived fEydoalldl bpi %me'isPé‘f‘/éf%ﬁ?éﬂ@mt&%ir@{féﬁ@@rﬁéw%%qfohexane and

the like. t lkyl, nore
pr ef er abl y‘f%@%@ y%hf/:c ﬁ?? aP l &ngag %;rm;r%a ﬁt&%@n 'tsqa,tﬁﬁgrd%s part of
anot her suhmmemletnte “cy@bﬂk&yl”oora‘c)idboaﬂmwlr‘ at wseld. oTymcaiachoaﬂk)d@rcmpsl i c al kyl
radi cal h, ane or carbon . ato ass ted hydrogen
at ons) 6§r e Wﬂ‘gﬁpg‘f{&éﬁﬂtf"}'églma(géod‘pé\ﬁrhve{{ﬁrgg‘ Y.{ pES’P g&%‘?ﬁ“ het er oat om
Typi cal h6t®blﬁpém dyelohe:mna@@d thB gike.aPraferabay, ﬁfé(@hloamyl %a‘d@p ishol-Cage not
limted to, etc. \Wiere a specific level of saturation is

i nt ended, t%@‘oalhb‘n@ﬁlﬂp&?f&\’a@l% ﬁ@ﬂcq:ﬂﬁ&"éﬁl@él kanyl " or "cycl oheteroal kenyl" is
used. Typical 15 cycloheteroal kyl groups include, but are not linited to,
groups derived from epoxi des, azirines, thiiranes, irnidazolidine,

nor phol i ne, pi péﬁamm&iﬂqi bydseriéor apymazbanpﬁﬁh%lbstltpwtrqursjﬁone qui nucl i di ne
and th I ke, tero t I e Het e | kanvl ,

Het eroglldkylS ﬁuﬁt & d'ktﬁ%{c %cnga éirl%m4 Whlﬁoé‘r%}se ve‘:’s&%t?on atoms aPélof anot her

subst i t uentany aebeibted ﬁyc&bgeﬂ atom@lal@muépen@nug feplacecawky it samalokmlffétemt and
al kyl eno gr.oups, respectlvel one _ or Pfgf t he car bon at ons

(and any ad€isqaigneqTyRjeal Begwa@[rﬁﬁgjepgc%thggeqlgon F‘tﬁﬂ’éﬁé e PYt areiitaced wit h

the same onigiidiftene™ 0SS at WHefe LHpeLRS levddoTissidiation RliRleARIOMEC Jr oups
whi ch can be incl’'uded in’these groups include, but are not 25 linmited to,

-0-, -5-, -romgnclatug“SyclohetrenlkanyKirerSrdnheteraalieryl” isvskdl., Tymieal NR37R38,

“PR'-, P(0 ) he |ike,
wher e RES &éahetﬁg%c’%gﬁcﬁ%@ %ﬁfr eanﬁg)[ "ﬂﬂ Qrzgo u%d‘ﬂ: pg%&(}gfﬁ?’le?&ﬂdé&r ogen,

al kyl, subsizirined, edirareb, Kinidazelidihe, nouginling, pipechzime ypiperating, pliraydlidirepbst i t ut ed
aryIaIkyI bstituted cycloal kyl, cycl oheteroal kyl,

substi t ut ed’%?lf&g‘ll‘agg’@ruﬁl&fw dthhiks oai kyl, substituted

“Heteroalkyl, Heteroalkanyl, Heteroalkenyl, Heteroalkanyl, Heteroalkyldiyl

20  and Heteroalkyleno” by themselves or as part of another substituent, refer to alkyl,

alkanyl, alkenyl, alkynyl, alkyldiyl and alkyleno groups, respectively, in which one or
more of the carbon atoms (and any associated hydrogen atoms) are each
independently replaced with the same or different heteroatomic groups. Typical
heteroatomic groups which can be included in these groups include, but are not

25 limited to, -O-, -S-, -0-O-, -§-S-, -0-5-, -NR¥R*-, =N-N=, -N=N-, -N=N-NR*R*,
-PR¥., -P(0),-, -POR*-, -O-P(0);-, -SO-, -SO;-, -SnR*'R*%- and the like, where R**,
R, R, R*® R*, R, R* and R* are independently hydrogen, alkyl, substituted
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroalkyl, substituted

30 heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl or substituted
heteroarylalkyl.

“Heteroaryl” by itself or as part of another substituent, refers to a monovalent

heteroaromatic radical derived by the removal of one hydrogen atom from a single

10



30 heteroal kyl, heteroaryl, substituted heteroaryl, heteroarylal kyl or
substituted heteroarylalkyl. "Heteroaryl" by itself or as part of another
substituent, refers to a nonoval ent heteroaromatic radical derived by the
removal of one hydrogen atomfroma single 10 WO 2004/110364

PCT/ US2004/WQ 8®4/8103¢k om of a parent heteroaromatic ri ngPSYAIS20o/0iby43i cal

het eroaryl groups include, but are not limted to, groups derived from
acridine, arsindole, carbazole, (3-carboline, chromane, chronene,

ci nnol i ne, aig# 8fa pdrétit HeteRafomatid %g @J(s@em | TNHidaBhetérBat9] krdfps mbmd@ b ne
i sobenzof uran, isochromene, isoin , 1 soindoline, |sogU|no i ne,

i sot hi azol @re nos bizated te gromlatpmrtvyd framragridios asingdels, earbagelez taarbobine,i i d| ne,
phenant hri dj henant hr ol i henaz al . terldlne puri ne,
pyran, pyr: gﬁoﬂ’?@g & r"?‘fn&lcémoﬁ{?? ﬁ% |'Wé @ %zg'l 5‘%} }"ﬁe pyrrol e,

pKr r gl I Zi lnﬁnddliﬁineai’(?liehMuran,qwcﬁtbhieﬂa,1sdihdlolwisb121ddilﬁ1,ﬁ guqlﬁ@oquel Ee | tﬁt razol e,
t hi adi azol e, thiazole triaz nt heng, and the |ike.

Pref er aBl y,‘sotﬂHéZOIlFefs@?‘?ﬁ Papgntmgm%“ﬁ?l °§§°%Op%ﬁlﬂg}°ed heteroaryl, nore
preferably fhemnpidke ﬁfﬁﬂhﬁlﬁr‘éﬂn&ﬁh&faﬁﬂé hthal2bigE, PhérRiine, PRIRY, Patay] Oroups are
t hose derived fron1th|op ene, pyrrole benzothlophene béhzofuran, indole,

pyridi ne, @urasei meEazolenpyridesing, pysding ysimdice, pyrele; pisrolizingt quinsaelineal kyl " by
itself or t yclic al kyl
radi cal 1 n SRR afizo AR, ABing RS S i Bt Inb B IR O
typicall y anizete;rxmmﬂene,ranﬂ}ﬂﬁ:ldar lb’mferatblgaMe haerbapl groaglisVitdnin 520het er oar yl
group. ere |f|c I m)'e les a |nt the.n ncl.ature
heterod:()\c %eteﬁ‘@f é‘ﬁﬂr Frlgélﬁffﬁ 5139 g?‘S‘FEﬂanlk \%‘T meds ysed. In
preferred Eh@iéﬂﬁikﬂ@f&uﬁs ar‘éhlﬂ)se Berver SRy thRlpkste, ST brzothifphdle, TEMbeEr ed
het er oaryl al kyl , .. the al kanyl, alkenyl or 20 al kynyl noiety of the

het er oar yl é’pwlfurms lrldoiqa PYdinR aEwolingy imidezore pxazolerepd pyEZiEEy s a

5-20- nenbered heteroaryl, nore preferably, 6-20 nenbered heteroaryl al kyl,
e.g., the alkanyl, alkenyl or al kynyl noiety of the heteroarylal kyl is 1-8
menbered and t héHcthm@d&l@[ yby it:eiltéiryas pat of dheth2r substiheengdefeestteranar yl . 25

eror e 1ss” aRvtk s AR i o of I Byrebtn AomE Finde Lo BbetinRy o UM

conj ugat ed tygicall§la@éridigud oﬁ&ﬁg'fcﬁﬁbn ﬁl@ﬂﬁsﬁéﬂiﬂeh)ﬁﬂh@ﬂet&d&ﬁyl\@r&dy nWhéte definition
of "parent aromatic ring system are fused ring systens in which one or

more of t hepecificdkyd moigtics argtintendeflthg pemenclature heteroarylalkanyl,
heteroarylalkenyl and/or heterorylalkynyl is used. In preferred embodiments, the

heteroarylalkyl group is a 6-30 membered heteroarylalkyl, e.g., the alkanyl, alkenyl or
20  alkynyl moiety of the heteroarylalkyl is 1-10 membered and the heteroaryl moiety is a

5-20-membered heteroaryl, more preferably, 6-20 membered heteroarylalkyl, e.g., the

alkanyl, alkenyl or alkynyl moiety of the heteroarylalkyl is 1-8 membered and the

heteroaryl moiety is a 5-12-membered heteroaryl.

25 “Parent Aromatic Ring System” by itself or as part of another substituent,
refers to an unsaturated cyclic or polycyclic ring system having a conjugated =
electron system. Specifically included within the definition of “parent aromatic ring
system” are fused ring systems in which one or more of the rings are aromatic and one

or more of the rings are saturated or unsaturated, such as, for example, fluorene,

30 indane, indene, phenalene, etc. Typical parent aromatic ring systems include, but are
not limited to, aceanthrylene, acenaphthylene, acephenanthrylene, anthracene,
azulene, benzene, chrysene, coronene, fluoranthene, fluorene, hexacene, hexaphene,

hexalene, as-indacene, s-indacene, indane, indene, naphthalene, octacene, octaphene,

11



or nore of the rings are saturated or unsaturated, such as, for exanple,
fluorene, 30 indane, indene, phenal ene, etc. Typical parent aromatic ring
systens include, but are not limted to, aceanthryl ene, acenaphthyl ene,
acephenant hryl ene, anthracene, azul ene, benzene, chrysene, coronene,

f 1 uor ant herf¥0 2§04iiBe&he, hexacene, hexaphene, hexal ene, PETAUSAIHOLSH4S,

s-i ndacene, indane, indene, naphthal ene, octacene, octaphene, 11 WO

2004/ 110364 PCT/ US2004/ 016948 oct al ene, 'oval ene, penta-2, 4-di ene,

pent acene, ReEna] WaRne, PERh2NEER, m&zt&aaualemsaﬁmeﬁe Etw?lent hr ene,
pi cene, pleladene pyrene, pyrantﬂrene rubi cene tri henylene

t ri napht halpbaralensphepanthrenes picsne; pigiadene, penss BErRhiens.culicens, Syst ent by it sel f
or as part tﬁﬁheﬂ?lgﬁch?ﬁn ﬁtg?lﬁﬁéinﬂ‘?ﬁkthl%erefers to a parent aromatic ring system

in which one or’nore ca atons (and any associ ated hydrogen atons) are
i ndependently replaced with the same or different heteroatom Typical

heteroatom; to l:‘ I the cr n _at ons,, i ncl e, bu are not limted to, N,
P, O, S Si, etc? Patedl (’/\Xﬁ?‘?ﬁdortaﬁgug%? fon of 10 "parent

het er oar orr&tlbsnurenggef&ysd £paEéntarommaio iag systedgirSwhitieoke drimabicabowne or nore of
the rings are aromatic and one or nore of  the rlngs re saturated or
unsat ur at ecitoms fand anyassqciatedydrpgematoms)aare, ipderendently Zepipcsd avith e s ur an,

chromane, GRUARIChetbRHBE T uaﬂtttermomg%r}&ﬁt%%e @atson aTarHt fRlud@@uent
het erocaromati c ring systens |nc ude, but are not limted to, arsindole,

car bazol e, ap&mﬂllmﬂed e N, EhO obsebieerc. oﬂm@ﬁeaile/ m@iudndovltmretheﬂsﬁmnpn ah, imdazol e,
ndazolie, 1.000) G MSkASIn G440 Bscd SORSHEBLW iy bROGRARRE

i roi ndol'e, i 80N e, I soqurnoltne, 1§ i’ Soxazo napht'hyri di ne,
oxadi azol ethe iagszed a‘?omﬁl&fanﬂlode aanoq&twﬂarrtdgs mdlsaarat@tmmamltmeh,l sieh phenazi ne,

pht hal azi ne, eridi urlne raz pyrazol e, ri dazine,
pyridi ne, fP{W)‘? g arﬁwl 1@"20‘1&8%?31‘3}‘% an € h{ﬂ“ﬁ’élf’cﬂhir eneq’t!i‘%l&l i ne,

qui nol i zi n%doqiﬂé %mlaﬁenstc *l‘ﬁituEélégﬂeﬁb hetefbActh A7 A systemb fchige! tut atehi ophene,
triazol e, xanthene, and "Phar maceuti cal conposition" refers to at

| east one mohtmﬂedjtooarsm@e,lcmbemlé,@marmhde athmhmnmcbwmqneamngohag,cept abl e

" Pnar n3eut e PR AR e ngary o Bp b L Seert Tyn DRG0t ¢ ne
i nvention, jsdele, R@ﬁtﬂ@l&&?ﬁotﬁdiﬁ;lﬁ@ﬁkd’tﬁdzdl’é} donEW, Aghtaridae] oxddiarolef the
parent oxazole, perimidine, phenanthridine, phenanthroline, phenazine, phthalazine,
pteridine, purine, pyran, pyrazine, pyrazole, pyridazine, pyridine, pyrimidine, pyrrole,
pyrrolizine, quinazoline, quinoline, quinolizine, quinoxaline, tetrazole, thiadiazole,

20 thiazole, thiophene, triazole, xanthene, and the like.

“Pharmaceutical composition” refers to at least one compound of the invention
and a pharmaceutically acceptable vehicle, with which the compound is administered
to a patient.

25

“Pharmaceutically acceptable salt” refers to a salt of a compound of the
invention, which possesses the desired pharmacological activity of the parent
compound. Such salts include: (1) acid addition salts, formed with inorganic acids
such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric

30 acid, and the like; or formed with organic acids such as acetic acid, propionic acid,
hexanoic acid, cyclopentanepropionic acid, glycolic .acid, pyruvic acid, lactic acid,
malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric

acid, benzoic acid, 3-(4-hydroxybenzoyl) benzoic acid, cinnamic acid, mandelic acid,

12



conpound. Such salts include: (1) acid addition salts, fornmed with inorganic
acids such as hydrochloric acid, hydrobromc acid, sulfuric acid, nitric
aci d, phosphoric 30 acid, and the like; or formed with organic acids such as
acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid,
glycolic ic acid, lactic acid, nalonic aci decT3u2004NILI®4BCI d,

mal i c aCIg&b%dF@¥%%£CId funarlc acid, tartaric acid, citric acid, benzoic
acid, 3-(4- hydroxybenzoyl) benzoi c aC|d cinnam c acid, mandelic acid, 12

WO 200411103 Q eC'O[tl U%zaoo 1694]%9 rrei:gcz'? 3’?‘?8 3 e}m d,, et hanesul fonic acid,
1, 2- et hane-T7" 844 3 i35 iR displigme aclls 4 penzenesul f oni ¢
acid, 4- chlpnyaa@«yzaamuﬂfémmd aiéhzénesuﬁoxﬁaﬁchﬂ haémeswzémhl@orﬁmcﬁh

4-t ol uenesu] fonj ¢ aci , .canmphor sul fo& ¢ acid

4- et hyl bi ciyeaphihglepesy OrjE 0, fpliepesy P65/ campboraulfopic adithept oni ¢ acid, 5
3- pheny! pr opjneil bicyelofh.2. krwaté?.xha&%okgn@&mﬂ gliBidptgM/adit y1 aceti ¢ acid,
llauryl sulfuric” acid, gluconic acid 3 utam c aci-d, hydroxyna ht hoi ¢ aci d,
sal i cyl il aephenylpropamicacid imethylacstin eid ettiary butydacetie adid, kleurybiul 4 salts

f or med when I epl aced by
2 ot al 1 orperefiebit fideaRicRbARtkosRantittic 2 SlcyBERRE Helgt i P2

al um num i (mucoﬁrc aeﬂpmlﬁ thatnbes on(2) balarfomfegavhen abaaéncspmhn preseatit hﬁmal am ne, 10

di et hanol am ne, trl et hanol.an ne, t hyl gl uc ndthellke
" Phar maceutRaEeat F‘S}“%’é‘&%t)‘trﬁlﬂP@d\P&ﬁ”&?t °r|’é$eta§a&gf‘8w{ﬁ 1A 2 %lﬂ]eﬁﬂ‘élht

exci pi ent ;gf o?ﬁﬁ Bluffinuit Ioh SttoBRlifates WIRQH desaffc HaE@sdcﬂ‘é@&hth;‘i‘anhﬁe
admini stered.” 15 "Patient" includes humans. The terms "human" and "patient"

are useld idwteanoleanieg tkthanplamine) N-metheglypaming andhe like.event i on" refers to a
reduction in risk of acquiring a disease or disorder (i. e., causing at

| east one of the clinical synptons of the disease 20 not to develop in a
pati ent that rray‘Pbarnﬁmosgti_a‘cOenmblqmrehdleﬁpdmdoadilﬂidhe adjuvexetsexcipidnt does not
yet experience or of. the disease). ."Prodrug'refers to a
derivative Bfage HWG@"’%{??“ F{’gg’t“?ﬁfﬂi‘eeﬂm“?‘@%‘se? ‘Pé‘ﬁ@flor mati on within the
body to rel ease the active drug. Prodrugs are frequently, 25 although not
necessarily, pharnacolo ically inactive until converted to the parent drug.

A hydrobdyl ~cont dPatient] ingludes huanse Theteres {auman; and Cpatientinpwsed t o a sul fonate,

ester or C%@‘%ﬂ%&gaﬁ gg,gﬂg, whi ch may be hydr oI yzed in vivo to provide the
hydr oxyl coO . An_ am no containing drug nmay be converted, for exanple,

to a

“Preventing” or “prevention” refers to a reduction in risk of acquiring a
disease or disorder (i.e., causing at least one of the clinical symptoms of the disease
20 not to develop in a patient that may be exposed to or predisposed to the disease but

does not yet experience or display symptoms of the disease).

“Prodrug” refers to a derivative of a drug molecule that requires a

transformation within the body to release the active drug. Prodrugs are frequently,

25  although not necessarily, pharmacologically inactive until converted to the 'parent
drug. A hydroxyl containing drug may be converted to, for example, to a sulfonate,
ester or carbonate prodrug, which may be hydrolyzed in vivo to provide the hydroxyl
compound. An amino containing drug may be converted, for example, to a
carbamate, amide, enamine, imine, N-phosphonyl, N-phosphoryl or N-sulfenyl

30  prodrug, which may be hydrolyzed in vivo to provide the amino compound. A
carboxylic acid drug may be converted to an ester (including silyl esters and
thioesters), amide or hydrazide prodrug, which be hydrolyzed in vivo to provide the
carboxylic acid compound. Prodrugs for drugs which functional groups different than

those listed above are well known to the skilled artisan.
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carbamat e, am de, enam ne, imnc, N phosphonyl, N phosphoryl or N-sulfenyl
30 prodrug, which may be hydrolyzed in vivo to provide the am no conpound. A
carboxylic acid drug nmay be converted to an ester (including silyl esters
and thioesters), am de or hydrazi de prodrug, which be hydrolyzed in vivo to
provi de t havo 20a4/l0364l i ¢ aci d conpound. Prodrugs for druB€TAuR2004016948Ct i onal
groups different than those |isted above are well known to the skilled
artisan. 13 WD 2004/ 110364 PCT/ US2004/ 016948 "Pronoi ety" refers to a form
of protecting group that when used to nask a functional group within a drug
nol ecul e converts the drug into a prodrug. Typically, the promoiety will be
attached to the ‘@rangpiety ’érdﬁcmda(asﬁonhbﬁproﬁac@g:gremﬂadt Wwhenarsey amaska 5 or

non- enzymat in Vi "Prote t|n roup” refers to roupi ng of

e ome t har heretor il & dme ilecic (Bt Fryg o §ptite Tl o
nmasks, redueproffoiddy RVNEBS StatRAGD ithel drug a& bériigs) that BeldIQREd bPEymatiExanpl es of
protecting groups can be found in Geen et al., 10 "Protective Goups in

Or gani ¢ Thedfingprepzymatipymeays ingping. ed. 1991) and Harrison et at, “Conpendi um
of Synthetic Organic Methods", Vols. 1-8 (John Wl ey and Sons 1971-1996).
Representative am no protecting groups include, but are not Iim'ted to,
fornyl, acetyl, Mt_im_lgm'étqﬂ:rs tregroyping dletorys thatywleniattaghied (6 £82Z" )

tert- butox carbo th | silyl

27111 ot by | SRIEE TR tcnaL B i olFBLiEails dtudes BGFeenssreacivity of fed ¢ty
groups, all mhaiomlag&wmmmp&sfor pmteeﬁxyg gﬁﬁﬂawh@wm@mfeeﬁ eFRC')

nitro- verat é)yl oxycar bonyl and Represent ati ve hydroxy

prot ect | ?}Gﬁig’eqﬂqﬁd‘éor%c%‘ﬂﬁf (IW‘ﬁﬁytg e‘i d991)t‘1¥8§'@mﬁ?§reéalt’he hydr oxy
group is EI"ECFU?.‘{ pe tyI et hers as
wel | as al ky Mﬁlaotf%gytlt?gth %%‘yran e?ﬁgsfétﬁtrl a k'?rT k‘et hers and 20
allyl et herl§71"139@)3ﬂ{epmsema‘twpefrmmprobctmggmpmchld\nrbut Iarecmehtmnteqht;r e hydrogen
atons are |ndepen t. re e he ) J e Ik ferent substituent(s).
Tyot car subSRRIVERVE Fiorp b SEl nebsialeiimt Ces) W o0, -0 - oo

-OR 0, - SR6@s- buﬁaxycaﬂﬁmyt (\1303R&hmeﬂ@lsﬂ&RBﬁMS”ﬁEQnmc(EMsnly%hnemﬁﬁNy] -NO, - NQO2,
=N2 S(O) 2CH -S§02R60 O, - 0OS5( O 2R60, -P(O)(0)2

-P(C»(da‘aO)Qéif %), tribybe %m‘)*teén%‘umul@(%bimwwme - ¢ 0) OR60,

- (O NR6R6 19 ﬂ%r@ﬁmethyloxycarbonyl (“FMOC"), nitro-veratryloxycarbonyl (“NVOC”) and
the like. Representative hydroxy protecting groups include, but are not limited to,
those where the hydroxy group is either acylated or alkylated such as benzyl, and
trityl ethers as well as alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl ethers and

20  allyl ethers.

“Substituted” refers to a group in which one or more hydrogen atoms are
independently replaced with the same or different substituent(s). Typical substituents
include, but are not limited to, -M, -R®, -0", =0, -OR®, -SR®, -S", =S, -NR*R®!

25 =NR¥, -CF;, -CN, -OCN, -SCN, -NO, -NO,, =N, -N3, -S(0),0', -S(0),0H,
-S(0).R, -08(0,)0', -0S(0):R®, -P(0)(0"):, -P(OXOR®)(0),
-OP(0)(OR®)(OR®"), -C(O)R?, -C(S)R, -C(O)OR®, -C(O)NR®R®',-C(0)0,
-C(S)ORY, -NR¥C(O)NR¥R®, -NR®’C(S)NR¥R®!, -NRZZC(NR®)NR®R®' and
-C(NR®)NR®R®! where M is independently a halogen; R®, R®', R% and R® are

30 independently hydrogen, alkyl, substituted alkyl, alkoxy, substituted alkoxy,
cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl,
aryl, substituted aryl, heteroaryl or substituted heteroaryl, or optionally R® and R®'
together with the nitrogen atom to which they are bonded form a cycloheteroalkyl or

substituted cycloheteroalkyl ring; and R* and R® are independently hydrogen, alkyl,
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-C(S) ORb0, -NR62C(O) NR60R61 - NR62C( S) NR6OR61, - NR62C( NR63) NR60OR61 and

- C(NR62) NR6OR61 where Mis independently a hal ogen; R60, R61, R62 and Rfi 3
are 30 independently hydrogen, al kyl, substituted al kyl, al koxy,
substituted al koxy, cycloal kyl, substituted cycl oal kyl, cycl oheteroal kyl,
substi t ut edve ymkotiséser oal kyl, aryl, substituted aryl, RETAESUMA/YI6948r
substituted heteroaryl, or optionally R60 and R61 together with the
nitrogen atomto which they are bonded form a cycl oheteroal kyl or

substi t ut ecsubstithtedhatkgly argl, Icydloalkyl,gsubamieec)&hmkﬁtﬁEy@lobetemdlkpead:etinuteyl hydr ogen,

al kyl, 14 WO 20041 64 P 6948 |t ed al aryl,

cycl oal kyl | cygéggtfro%%ylggy& %‘?&’y{ g‘?} ‘tré}?‘b‘z ff*jﬁetgrﬁﬁﬁ' i Yt ed

cycl oheter QﬁJnBuAuy K yid RS l«%%tﬂei WitR @hefiﬁ&'dgcn Beireb @it they asWasddd! foined

het eroaryl, or optionally 4 and R65 t get her with the nitrogen atomto

whi ch t hey aeyslobelsmabiyt erSHbstlépte%fcmgtp . Fopfeeabhs substitusats
cycl ohetserqghh(yé MI R@p _Brgj6 ?kgp Iﬁs%ugstﬁsq@ntW| oF @‘N %ISI— R60, O,

- OR60, -SR6
=N2, -N3, --SCU) N0, Naasem)m--::‘(@)@& OO0, @6@)@@"2?(0)(90@)(@60)(0 )

RS20 8{*&%@@2@@%@»@@3&%@ T ORa PSR- 5Oy Vsre0 %R%%aa,
- CF% RGSN, - 6°1€>6(‘Q): NrgRggngG?mﬁ(‘ Ghore préﬂ?é@)'(mﬁﬁ)""(@@t idR?, 10 -
o0 ok e A RO R s}t@)@i?ed?ogo%{f’%)%(éﬁem gy =
C(O)RGR) @Q@)@G@ O)O%@)-QO)NWEC% g?fggrﬁgz MBI 6¢as.diq§ktned above.

"Treating' or trea ment di’sease’ or refers, 'in ohe 15
enbodi nent ,-SRE, RTROs -€Fs.nEN %Odr&(@é’éo e@P(d))GHR(ﬂKORfI) €ORPr est i ng or

reduci ng th Wl Wt of the,di segse or st eone of the clinical
synpt ons thg:r(% ﬁ anol%":ﬁc R 5‘3?@9 ‘f}eia ®or "treatment" refers
to aneliorating at |east one phy5| cal paraneter, Whl ch may not be

d| scernible by the patient. In yet angther enbodi nent,, "treati ng" or
"treat ment" ref els_Eeg.qshL@aanmgo Hé’@ﬁ%é’éé‘%?deﬂ{%ﬁ?’dwm 20 eit her

PRYST Cafs ' enfioinen 3 Al AP los orti SR Dbl afre IRl RhcicRlS! of o0 cal 1.

(e.g., I zat1 on o physi ca pararrete et anot her
enbodi nment ,dewlopment ngthe deseasetor etdtease«td ofﬁlm‘msatqyrmmmyihngot)hén onset of the
di sease or disord "Ther a eu,tlrcﬁ_ tive rreans t he anpunt of

a conpound R r’em W\%’éntr B8 n? n& 6%86%??‘%%%%“11?8 (f"ieng a di sease,
i's suffici ghlysitdl pefafretet, véichmay not be discernible by the patient. In yet another

embodiment, “treating” or “treatment” refers to inhibiting the disease or disorder,
20  either physically, (e.g., stabilization of a discernible symptom), physiologically, (e.g.,
stabilization of a physical parameter), or both. In yet another embodiment, “treating”

or “treatment” refers to delaying the onset of the disease or disorder.

“Therapeutically effective amount” means the .amount of a compound that,
25  when administered to a patient for treating a disease, is sufficient to effect such
treatment for the disease. The “therapeutically effective amount” will vary depending
on the compound, the disease and its severity and the age, weight, etc., of the patient

to be treated.

30 Reference will now be made in detail to preferred embodiments of the
invention. While the invention will be described in conjunction with the preferred
embodiments, it will be understood that it is not intended to limit the invention to

those preferred embodiments. To the contrary, it is intended to cover alternatives,
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treatnment for the disease. The "therapeutically effective anmount” will vary
depending on the conpound, the disease and its severity and the age,

wei ght, etc., of the patient to be treated. 30 Reference will now be nade
in detail to preferred enbodinents of the invention. Wile the invention
will be de¥0?0¢t108¢4 conj unction with the preferred enBEOURN4E16948t will be
understood that it is not intended to limt the invention to those
preferred enbodi nents. To the contrary, it is intended to cover

alternatives, 4 A 4 / 894 i.f ' and
equivalentsﬁgg&ﬁgﬁﬁ%éggﬁéﬁﬁﬁégsﬁﬁﬁ%ﬁ#ﬁﬁﬁgéégﬁgﬁ?ﬁgﬁgﬂggé%%§%kg?ﬁg i nvention
as defined yertive asgefered byt tied appersied BlaiinsConpounds of Structural Fornmula (11

In a first ggbod'nent (}h? onpo S oﬁ e invention include conmpound of 5
structural fér acs uckyraLron R6-N+-R8 R3 R~ (1) or a solvate
or hydrate or N-Jaxifilst dntb@dRdnt, Wedodipdundslof tHednvetion ieludeGompéindbfar e

i ndependent |y hydrogen, alkyl, 10 substituted al kyl, aryl, substituted aryl,
aryl al ky?, stmseraldomde dry) al kyl, cycloal kyl, substituted cycl oal kyl ,

cycl ohet eroal kyl , substituted cygioheteroal kys, heteroaryl, substituted
heteroaryl, heteroarylal kyl, sybstituted heterogrylal kyl, heteroal kyl or
substituted heteroal kyl; 15 RR aﬂﬂ‘&@ ¥r eRi7 efendent |y hydrogen, al kyl,
substituted alkyl, aryl, substiRited aryl, RFylalkyl, substituted
aryl al kyl, cycl oal kyl, substituted cycloal kyl, cycl oheteroal kyl,
substituted cycl ohet eroal kyl, heteroaKPI, substituted heteroaryl,

het er oar yl aLQ’Joiva?eu&%é/hltal’éto?%gﬁhfe\[hlgge%lvﬁ%rlé%l , heteroal kyl or substituted

het er oal kyl “or™ are absent art "of an aromatic ring; 20
optionally, R and R2 taken together are al kyldiyl, substituted al kyl diyl,

heteroal kyl diyl or S%,Sf{i,tl{q,tlqu@% lr{ng'le 1kl%a|egein></ilet{tly hydrogen, alkyl,

10 substituted alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl,
substituted cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl,
substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl, heteroalkyl or
substituted heteroalkyl;

15 R* and R® are independently hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl,
cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl, substituted heteroaryl,
heteroarylalkyl, substituted heteroarylalkyl, heteroalkyl or substituted heteroalkyl or
are absent when N is part of an aromatic ring;

20

optionally, R! and R? taken together are alkyldiyl, substituted alkyldiyl,
heteroalkyldiyl or substituted heteroalkyldiyl;

optionally, R® and R® taken together are alkyldiyl, substituted alkyldiyl,
25 heteroalkyldiyl or substituted heteroalkyldiyl;

optionally, R' and R? taken together, R? and R? taken together and R?
and R* taken together are alkyldiyl, substituted alkyldiyl, heteroalkyldiyl or
substituted heteroalkyldiyl;

30
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optionally, R5 and R6 taken together are al kyldiyl, substituted al kyl diyl,

25 heteroal kyl diyl or substituted heteroal kyldiyl; optionally, R and R2
taken together, R2 and R3 taken together and R2 and R4 taken together are
al kyl diyl, substituted al kyldiyl, heteroal kyldiyl or substituted

het er oal ky, %glzg(hm@,g“ 16 WO 2004/ 110364 PCT/ US2004101694&cToys200areadoks/, R5 and
R6 t aken toget R6 and R7 taken together and R6 and R8 taken together are
al kyl di yl, substltuted al kyl diyl, heteroal kyldiyl or substituted

heteroalkyldiyl n 7 ken er. ar bdi yl ,
substituted al kyI di ypf’w ﬁ?’el?oaélf%%y?%g F‘e’getthgrsgb“ﬁd? {a{gﬂ“ﬁé‘ft@?‘%ﬁ yI diyl: and
Y-2 is (\\S4ndR? tdkéd Bygether {ro\RES )i, subsidiBed alRyldiy}\hSejoakkyldiy®ssll) - 2, S6) 2 or
(wesl 3) 2. nbodi nent, Y is (Ws4)-2 and all of R, R2, R3,
R4, R5, %,sg??flhgiifgheﬁ%rﬁlg%‘yﬁot hydrogen. In other enbodiments, Y is (WB4) - 2
and all of R, R2, R3, R4, R5, R6, R7 and R8 are not alkyl. In still other
enbodi nent s, Rt R5 RZ- N+- R4 R6-N+-R6 R3 R7 15 Preferab:q% 1kY s (Ws4)' 2.
g

In sone 5errbod| nent s, oataoqaléasﬁ 39148 takertpgether arealkyldiylrgbstiutedelk i) | | n
ot her pgen, al kanyl or substituted
al kanyl Pre ergl{ﬁdlyl%r&ulf@ ﬁdlgyﬁ{l/drogen met hyl or ethyl. 20 In
still other enbodinents, R and R2 are al kanyl. Preferably, RlL and R2 are

met hyl or ethyl. In §{tzi iIS l(W%E)h,e(W%?BQ,d(mEBh,S 2@3)'2[ avzagss@}rawzsn)%fbst i tuted

al kanyl , al kenyl
(W2Se)? or (W,S13)™.

10
In some embodiment, Y is (WS4)'2 and all of R', Rz, R}, R4, RS, RS R’ and R®
are not hydrogen. In other embodiments, Y is (WSs)Zand all of R', R%, R?, RY, R,
RS, R and R? are not alkyl.
In still other embodiments,
R R®
RE-N+-R* = RE-N+-R?
R? K7
15
Preferably, Y is (WS4)™.
In some embodiments, at least one of R', R% R® and R? is not alkyl. In other
embodiments, R', R* and R* are hydrogen, alkanyl or substituted alkanyl. Preferably,
R', R? and R* are hydrogen, methyl or ethyl.
20 In still other embodiments, R' and R? are alkanyl. Preferably, R' and R? are

methyl or ethyl.

In still other embodiments, R' is alkanyl, substituted alkanyl, alkenyl,
substituted alkenyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl
or substituted cycloalkyl. Preferably, R' and R taken together are alkyleno,

25  substituted alkyleno, heteroalkyleno or substituted heteroalkyleno. More preferably,
R' and R? taken together are alkyleno or heteroalkyleno.

In still other embodiments, R' and R? taken together, R? and R® taken together
and R? and R* taken together are alkyleno, substituted alkyleno, heteroalkyleno or
substituted heteroalkyleno. Preferably, R' and R? taken together, R? and R? taken

30 together and R? and R* taken together are alkyleno. Preferably, R'(R)(R*)(R*)N has
the structure:
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substituted al kenyl, aryl, substituted aryl, arylalkyl, substituted
aryl al kyl, cycloal kyl or substituted cycloal kyl. Preferably, Rl and R2
taken toget her are al kyl eno, 25 substituted al kyl eno, heteroal kyl eno or
substituted heteroal kyl eno. Mire preferably, R and R2 taken together are
al kyl eno owobhedsaiedss kyl eno. In still other enbodi nent s,PaR/US200d/0R248 aken
together, R2 and R3 taken together and R2 and R4 taken together are

al kyl eno, substituted al kyl eno, heteroal kyl eno or substituted

het er oal kyl eno. Preferably, R a R2 tgken together, R2 and R3 taken 30

together and R2 and R4 taken tog re al kyl eno. Preferably,
R1(R2) (R3) (R4)N has the structupe: 2004/ 110364 PCT/ US2004/ 016948 (ce)
In still other enbodi nents, R3 a H en_together are al kyl eno,

substituted al kyleno, heteroal kyl eno or substituted heteroal kyl eno.

Preferably, R3 mngliBthet abodimbReGt a8 RAtReddokdther e SlkylRRs, 8ukatdted eno. 5 In
still other enbodi nents and R4 are hydrogen, alkanyl or substituted

R, R
al kany| anéalkitgne,dietgraellylens op sybistityted etsrorlkylend,| Risfapably. & \and R taken | ky | |
cycl oal kyl 1 ,QQKg t her are al kyl eno, substituted al kyl eno,
heteroalkyﬁgﬁgggﬁgggﬁgﬁg?ute &ﬂﬁgggﬁoalkxleno. Preferably, R, R2 and R4 are
met hyl Hr et hyl Ingstitl oit@r embeditghts, R'sRbandi R areltydadgden) alkanlykemrspbstitated/| |

aryl al kyl , cl.oa | ar n 7 taken together. are 10. al kyleng or

he%/er oakaF% .“‘?4 %llérag%’f’)%b%ﬁe‘%kyh eﬂﬁl’ ﬁrg'g aﬁ@?lh)at Cyc?ibag‘tykﬁ‘%/ ﬂ{aﬂ@ R3 is

al kyl, subgf ke fgdethtrard alkglehs; Bibstitubadyalkylendyetdriatkyl oo srisabstimhtédy! . I n still
ot her enbodi nents, RIng RS?R(IR@N ig - l+'~0H- |+~ OQ-1+"'--~O-N1I| +
| +~~O~i O- hetprpalkylgpo.j Preferably, iR, Rpand R-aremthyheg ethyband Ris alkyl n sti |1 ot her
embodi ment gypsffufdRalkil alkeh 3| aﬁ’l‘al@l,‘d tloRk {6t RRERPR BB Rogeted 7€) (R3) (RN
is 18 WD 20041110364 PCT US20041016948

10  alkyleno or heteroalkyleno. Preferably, R', R2 and R? are methyl or ethyl and R} is
alkyl, substituted alkyl, alkenyl, aryl, arylalkyl or cycloalkyl.
In still other embodiments, R'(R)(R})R*)N is

| | | 0 PR
__Nl+_/\OH , _Nl+—\/o\ , "'N|+_/\OJJ\ , —NI+ OH .
|

A< NN Nf@,

_N+_/ —N | ‘*
I TN o

or —N:+—/q

15 In still other embodiments, R'(ROR})RHN is

|
—N|+—/\OH

In still other embodiments, R'RH)R(RHN is

o
o

1



In still other enbodinments, Rl, R2 and R4 are nethyl or ethyl and R3 and R7
taken together are al kyl eno or heteroal kyl eno. Preferably, R (R2)(R3)(R4)N

has the structure: OO0 ~N 01 1 ~00OHLJIl , -+N ~f+ 02 1 N+ ' -Nt+
021 I -NI -N1 I+ or In still other enbodinents, R, R2 and R4 are

hydr ogen arwio EB4ii®3stubstituted al kyl, cycloal kyl or suBST/USRO&BIL6PASt er oar v
or R3 and R7 taken together are alkyleno. In still another enbodi nent, R

and R2 are al kanyl and R3 and R4 are al kyl, substituted alkyl, aryl,

aryl al kyl or al k Pref er.abl Ry2 r I et hyl,7 and R3 10
and R4 are al kylhﬁﬂlgt?eren} e%‘“%?f‘i\éy'ﬁ RarycfiR r;ﬁhﬁ\y e@( lagﬁlg e&/n% In still
ot her enboditdkentagethBt {r&alk§iend oRdetdoalkyleribd Pfdﬁerﬁﬁl@4RéR€l)35?)(FP§N hhiSRO04/ 016948
O N N HOY/ NH2 Hz+ N+ or RO I+ 1/ wherein RO is a mxture of

strai ght cha™%Pfkanyl groups whi ch have at |east eight

Q |
I - | /

0] )
| OH
N+ |
/—\N+—/\o/\/o\/\NC/ /| r\1+—
L _J : _"1"_ ,
|
|
|
—N|+—/\o/\/ O\/\N:+— , A N:"— :
—N+—
)
O,
| S | |
—N+t—"Dg" O T N— s —N+ |
82 | | X"‘i*“ ’
NI+ | —NI+ I
l \/_Nl"'_ ) | \/\N.,._

°r _ﬂk\/\/—ﬂl*—

In still other embodiments, R, R* and R* are hydrogen and R? is substituted
alkyl, cycloalkyl or substituted heteroaryl or R? and R’ taken together are alkyleno. In
still another embodiment, R' and R? are alkanyl and R® and R? are alkyl, substituted
alkyl, aryl, arylalkyl or alkyleno. Preferably, R' and R? are methy] or ethyl and R®

10  and R* are alkyl, substituted alkyl, aryl, arylalkyl or alkyleno.

In still other embodiments, R'(RH)(R*)RY)N are
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carbon atons and not nore than ei ghteen carbon atons. In still other

enbodi nents, R, R2 and R4 are hydrogen and R3 is substituted 5 al kyl,
substituted heteroaryl, cycloal kyl or alkyleno. Preferably, R (R2)(R3)(R4)N
has the structure: NH3+ NH3+ HO,, OH 1 > OH +H3N SAN or +H3N NH3+ In still
ot her enbowomeetisgssk andJt2 taken together are al kyl erRGT/62b831016%48 ed

al kyl eno, heteroal kyl eno or substituted heteroal kyl eno, R3 is al kyl or
substituted alkyl 10 and R4 is hydrogen or is absent. Preferably,

R (RZ)(R3)N or R (RZ)(R3)(R4)N has the structupg: SO—I +JNOH or or 5.3
Synt hesi s of Conmpounds 15 The conpounds descri bedyt HREY e obt ai ned vi a
conventional synthetic nethods |I\I)(|str ed i n Schenes | 432 2. Starting
materi al s usef% ;or preparHB escri fednherei n™and i nt er nedi at es
t hereof are co cially avallable or Nan/be prgpayed by wel | - known
synthetic nethods. Substituted anmoniumsalts (e.§., ammoni ym hydr oxi de and

anmoni um hal i des) may be either purchased from 20Np|gm"rerci al sources or may
be readily synthesized using well-known synthetic 0 WD 2004/ 110364
PCT/ US2004/ 016948 nethods (Harri son et at, "Conpendi um of Synthetic O ganic

Met hods", VoI s 1 |82+ (John Wl ey a Song=\1971- 1996) "Bei |l stei n Handbook
2D

of Organic t =3 of Orﬁ =stry, Frankfurt,
Ger many; Fei ag' @fSy th s@ums 1-17,
Wley Int ers Tro 5 "Corrpr ehensi ve Organl nt hesi s, "

Per ganon Press, 1991 "Theil heimer's Synthetic Methods of Organic
Cheni stry, "whéplinRRR almi4fure §@st@Rdt chhBPalkanlyBgretips whidtivave aeRadPepani C

Chem stry," Wley Interscience, 1991; Larock "Conprehensive O ganic
Tr ansf or matcREHEE atomgend petiners thansighiegp garbemalomst e, " Encycl opedi a of

In still other embodiments, R!, R? and R* are hydrogen and R’ is substituted
5  alkyl, substituted heteroaryl, cycloalkyl or alkyleno. Preferably, R'®HR}(R*)N has
the structure:
NHg+

Iz Vad
HO /R
, \/E/OH , +H3N /N

In still other embodiments, R' and R? taken together are alkyleno, substituted

alkyleno, heteroalkyleno or substituted heteroalkyleno, R* is alkyl or substituted alkyl
10 and R*is hydrogen or is absent. Preferably, R'®R*)(R*)N or R'(R)R*)RHN has the

structure:

| | I/\OH

e I (\N/\ /N+ \NOH +HN
S _J l L j
s N+ , &
/ or

0)

5.3 Synthesis of Compounds

15 The compounds described herein may be obtained via conventional synthetic
methods illustrated in Schemes 1 and 2. Starting materials useful for preparing
compounds described herein and intermediates thereof are commercially available or
can be prepared by well-known synthetic methods. Substituted ammonium salts (e.g.,
ammonium hydroxide and ammonium halides) may be either purchased from

20 commercial sources or may be readily synthesized using well-known synthetic
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Reagents for Organic Synthesis,"” John Wley & Sons, 1995). O her nethods for
10 synthesis of the conpounds described herein and/or starting naterials are
either described in the art or will be readily apparent to the skilled
artisan. Accordingly, the nethods presented in Schenes | and 2 herein are

i | | ustrati weo 20a4/hu0B64t han conprehensive. Schene | Rt t PCTUSIA{/HEIR R2 R3
RA OH + (NH3)2Ws4 R2-N+-R4 W4 R3 2 1 2 3 15 As shown above, in Schene 1,
addi tion of a quaternary ammoni um hydroxide to thiotungstate in the

presence of r Al | . i Q0] bs roduct is

driven by r'ggrr@{’/(gsl (Hgﬁ% ggle{'f?i’l gggﬁ%ﬁﬁmﬂlﬁéggﬁ eictqﬁgtﬂg%ss?\r,%lg' lfgl otungstate

derivati ve. (J@uhWinley andBonk, 1 il-1996); ABealstein HanidbeokR f QRganic RAenfistry{’NH3) 2\\54

R2- N+- R4 R3. 4 3 20 .sho oV in heme 2, .addition of a

quat er nar ﬁﬂ%ﬁﬂ%ﬂ&qu@égﬁc C@?ﬁ“&%ﬁ%&?ﬁ‘%&ﬁm{‘ﬁgﬁ Py & ceﬁ?)afge'étéet onitrile

|l eads to cato'rga%a@mﬂ@ﬁs,(’wmhéshnmwne@IntexrsaémtTio'staw.yen by formation of
e

ammoni um hal i to praovide the desired thiotungstate derivative. 21 WO
20041110364 ‘(ooprelsnsipe Preepsynthesis,s RergrmonBressod 2 t Fhgilbeimessungst at e

derivati vesg i& Mo R TFPREMID CHRMHNLR PlemaY R48i KA Sdrendo1 "RiuRE, Prepared from

conpounds 3 by treating wth one equivalent of a di fterent amroni um
count er i on. “ABlyahced Qrgara¢ Chemistoyl’ dVitey [etrrseiencedl 991; Larock “Comprehensive

Organic Transformations,” VCH Publishers, 1989; Paquette, “Encyclopedia of
Reagents for Organic Synthesis,” John Wiley & Sons, 1995). Other methods for

10 synthesis of the compounds described herein and/or starting materials are either
described in the art or will be readily apparent to the skilled artisan. Accordingly, the

methods presented in Schemes 1 and 2 herein are illustrative rather than

comprehensive.
Scheme 1
R R
2_N+-p4 - Water )

R*-N+-R* OH + (NH;,WS, ——-« R-N+-R) WS,

R3 R3

2

1 2 3

15 As shown above, in Scheme 1, addition of a quaternary ammonium hydroxide

to thiotungstate in the presence of water leads to cation exchange (equilibrium to

product is driven by removal of volatile ammonia) to provide the desired thiotungstate

denivative.
Scheme 2
R? . R1
2 4! 4 Acetonitrile )

R-N*-R X'+ (NH;),WS, ———  [RZ-N+RY WS,

RS R

2

4 2 ' 3

20 As shown above, in Scheme 2, addition of a quaternary ammonium halide to

thiotungstate in the presence of acetonitrile leads to cation exchange (equilibrium to
product is driven by formation of ammonium halide) to provide the desired

thiotungstate derivative.
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to produce a statistical m xture of products. 5 Further, those of skill in
the art will appreciate that conventional nethods conprising treating
tungstate with an anmoni um salt and hydrogen sul fi de maybe wused to

synt hesi ze many of the conpounds described herein. 5.4 Assays 10 Those of
skill in twe2se411086%| appreciate that the in vitro and RGT/US2008/0a694Ry S

useful for nmeasuring the activity of the conpounds described herein are
illustrative rather than conprehensive. 5.4.1 Assay for Endothelial Cell

M gration 15 For ' cell m grat.i . |l s are coated with type
| collagen (50 géﬁﬂ%‘H%b&%gﬁaﬁ%mﬂﬁ)@&ﬁétgﬁ uéés::o %‘Qg‘én‘“"s‘% ndi"lgon per

transwel | , tchwenerions ateatififergnt ntaydierpreplated dtonBcontpourddss3 by aewing With onee assenbl ed

in a 24-well pl at ng. chenpattractant (e.g., FG-- j.§ added to the

bot t om chanty8 ‘Vé}Ff‘Eiz??? g‘t@ﬁ’\‘/&ﬁ“ﬁ’f‘?ﬁ‘“ﬁ\‘°°(‘;}‘."§“°‘?TL§‘WSair%ﬁCt‘%B)BPhjﬁeieéP“gegl |'s such as
human unbi | it&g,lodly&iargtaeiQQI hﬂtﬁﬁlofgﬁhh@s,zo ("HUVEC'), which have been

det ached from nonol ayer culture using trypsin, are diluted to a final

concentrati on of Futhstitthasgof slall insthepart yill pppsesiateibpt eanventipnal metliods. 2 L of

this cell s | kS o aRdeok (Wa{CYETol sl 5{1@3% .

I nhi bitors léglﬁgﬁ%%%lg%&ntﬁ%[%'& Ptkﬁgl atli}pper g{%l lomﬁ&gﬁgﬁlﬁgﬁ@éé d the

m grati on i sisaltb symhesize mapy o€ thedompounds teseribed hareimunm di fi ed at nosphere at
37C. The transwells are renoved 25 fromthe plate stained using D ffQuik(r).
Cells which did not mgrate are renoved fromthe upper chamber by scraping
with a cott gy swaksaggd t he nenbranes are detached, nmounted on slides, and
count ed under a hrgh-power fiel d.é400x). to determ ne the nunber of cells
mi grat ed0 30 5. 4Thosgjohpkillinthe apaql gprseciaty that the ymw(rg @andyit viva #ssaysonpounds
and/ or conpQsid : ' ' | The
20111ty of " SRy pBEReRAnd B8 48 R e Binppids esbARAan ARARGGENYe "3 human
prostatic cathaitmorainprbehsvet o i nvade t hrough a reconstituted basenment
menbrane (Matrigel (r)) 22 WD 20041110364 PCT/ US2004/016948 in an assay

1

known as a Matrigel (r) invasion assay (Kleinman et al., Biochem stry 1986,
25: 312- 3185470 Asdayqdbr Bhdothélidl Cell Migpdtionr 1992, 52:378-383). Matrigel (r) is
a reconstituted _basenent nmenbrane contal hing type |V collagen, |am nin,
hepar an 15 For endothelial cell migration, transwells are coated with type I collagen (50

pg/mL) by adding 200 pL of the collagen solution per transwell, then incubating
overnight at 37 °C. The transwells are assembled in a 24-well plate and a
chemoattractant (e.g., FGF-2) is added to the bottom chamber in a total volume of 0.8
mL media. Endothelial cells such as human umbilical vein endothelial cells

20 (“HUVEC”), which have been detached from monolayer culture using trypsin, are
diluted to a final concentration of about 10° cells/mL with serum-free media and 0.2
mL of this cell suspension is added to the upper chamber of each transwell. Inhibitors
are added to both the upper and lower chambers, and the migration is allowed to
proceed for 5 hrs in a humidified atmosphere at 37°C. The transwells are removed

25  from the plate stained using DiffQuik®. Cells which did not migrate are removed
from the upper chamber by scraping with a cotton swab and the membranes are
detached, mounted on slides, and counted under a high-power field (400x) to

determine the number of cells migrated.

30 5.4.2 Biological Assay of Anti-Invasive Activity

Compounds and/or compositions are tested for their anti-invasive capacity.
The ability of cells such as endothelial cells or tumor cells (e.g., PC-3 human prostatic

carcinoma) cells to invade through a reconstituted basement membrane (Matrigel®)
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sul fate proteogl ycans such as perlecan, which bind to and | ocalize bFGF,
vitronectin 5 as well as transformng growh factor-a (TG-O, uroki nase-type
pl asm nogen activator (uPA), tissue plasm nogen activator (t PA) and the
serpin known as plasm nogen activator inhibitor type 1 (PAl- SCharrbers
et al., Cawe®.20R840364995, 55:1578-1585). Results obtai r‘ﬂ!H/US?"Q“WF@ %ssay for
conpounds which target extracellular receptors or enzynes are typically
predictive of the efficacy of these conpounds in vivo (Rabbani 10 et al.,

1995, Int. Qeéag RhowiBas Mﬁ%@ mvmﬁzﬁwfmﬁﬁp&w %@M&J tissue

culture |nserts nvasi ve ce are definé as cel which are able to
traverse thi86gl: 8he3 MitPlarlgee!(al )Inar:(dc(lm’p'elwas%l’cﬁ 33)aMatrige}® iz dhonat e
menbrane an t r T Lls —(Costar)

cont ai ni ng %8&3@% 3%% enFm aﬁgeng %ﬂngg}#ﬁ(@? 89@} e’) aIgir}le\,\?'o%a[red with 15

Mat ri gel (r)smfélalphab@rlmnywcmeeparech), whwhb(rid thasd loedize BFGH| @donattist eri | e PBS

to a flnal concentration of 9 n_ 860 L of diluted Matrigel(r). per

i nsert),3 ants YlkAs&@n§ ﬂ“"i‘ﬂ%gr"m fagtos (AGHA, rekinasgitypeplasminogen AeiMaloEs are
dried overnj | d by addi ng
100 L of é‘ﬁ%“éﬁ"r‘fﬁg‘@ﬁ? ?‘E“.VS?’?@W a"&a'g %"l%"tr?b’g'rbg EEE%% The DVEM
is renoved aqtiutoeahlhntOMsmt(HA/I latﬁlhambclent elnd?a@c.sles.zlo95rt550l‘578)|\v5&ﬂ)10 %

FBS/ ant i bi o %I C dd' ?h each wel | gf F’h 24-vvetll late ) that it
Surr ounds. R0 s B Ghis sty fol tingynd whigf et ASrassu rltiRomnear

anti bi oti cSerfz:06d dre typwanya pﬁdmmé it efagRsy of thest ddmipoundiin @iy (RailHagiunds to be

tested are added to i nsi de_of the transwell ("upper chanber”). The
cells Ui cﬁaérb"%o[”be( @@??’e@p 38843l psi ni zed and resuspended in

DMEM ant i bi oti csq F?(g;ilegl el tibGe LARrERaRE Tnvabive B8Istat at a
final concentrat |u8fr119'§?ys 00 gel l%%rrf ﬁ ée?f% \8\%13 umgaof t he upper

chanber is a(tpm%wbldhmabl&oo t_rave'fmh@gsleﬂlbll\@ﬂngﬁl@taed ipper a$pent dfacubated in a
hum d 5% CQ2,at qos her f or our.s ubatlon he eIIs are fixed
and st ai nedp%%"aﬁ’%“ W@RW‘E ra?g?%eeeﬁgéhﬁ{ ;torﬁ')‘)f d“?‘ﬂ%‘aﬁépp’é Frber is then
scraped US'@BS 3@@&&@&@%&6@%&%&@%&&& SME]Ixﬁ b&‘é's(zé) aré@éat@d\%tﬁe| | s which
did not 30 1 nvade t hrough the nenbrane nmbranes are detached fromthe

t ransweld uMamel%GCoRalemto(erBes@ﬂretﬂewhlﬁlbbmtbe@n duted ingtesila BBty analount (r) and
The cell o sppseudu e siiymbaFh Br ShPdr FBERBIha ot abd ety ffher S0 &
functi on of weélnfvflaizdaveligie.cnhe ﬁ&mmnes%emmmaﬁgmmoﬁgwﬁ?&ml 016948
cabinet, then rehydrated by adding 100 pL of DMEM containing antibiotics for 1
hour on a shaker table. The DMEM is removed from each insert by aspiration and 0.8
20 mL of DMEM/10 % FBS/antibiotics is added to each well of the 24-well plate such
that it surrounds the outside of the transwell (“lower chamber’’). Fresh DMEM/
antibiotics (100puL), human Glu-plasminogen (5 pg/mL), and any compounds to be
tested are added to the top, inside of the transwell (“upper chamber”). The cells
which are to be tested are trypsinized and resuspended in DMEM/antibiotics, then
25  added to the top chamber of the transwell at a final concentration of 800,000 cells/mL.
The final volume of the upper chamber is adjusted to 200 pL. The assembled plate is
then incubated in a humid 5% CO, atmosphere for 72 hours. After incubation, the
cells are fixed and stained using DiffQuik® (Giemsa stain) and the upper chamber is
then scraped using a cotton swab to remove the Matrigel® and any cells which did not
30 invade through the membrane. The membranes are detached from the transwell using
an X-acto® blade, mounted on slides using Permount® and cover-slips, then counted
under a high-powered (400x) field. An average of the cells invaded is determined

from 5-10 fields counted and plotted as a function of inhibitor concentration.
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5.4.3 Tube- Formation Assays of Anti-Augi ogenic Activity Conpounds may be
tested for anti-angiogenic activity in one of two different assay systens
in vitro. 5 Endothelial cells, for exanple, human unbilical vein endotheli al
cells ("IlUVEC') or human m crovascul ar endothelial cells ("HWEC') which
can be pr &pRRWI1IWB640bt ai ned comercially, are mi xed at PRTASAW&AL6P48t | on of 2
x 105 cells/m. wth fibrinogen (5nmg/nL in phosphate buffered saline ("PBS")
ina l:1 (v/v) ratio. Thronbin is added (5 units/nL final concentration)
and the mxture is imediately 10 transferred to a 24-well plate (0.5 nL per
well). The fibrin gel is allowed to formand then VEGF and bFGF are added

to the wel | s43ecDibeaFormatipnAssaysvllAntioNngiogenid Aetivity al ong with the test
conmpound. The cells arg%ll ncubated at 37C.in 5% CO2 for 4 _day Cflg at. which tine

the cells in ead may bolgste @réﬁﬁaﬁg‘%&e&"faf’téﬂtydg 0Bt PhRYC HiiErated,
el ongat ed \Ahgs,{y el #pihes, el ongated with one branch, or elongated with 2
or nore 15 branches Results are expressed as the average of 5 different

wel I's fot each Tnsathshtlicalls, for esemplefpywnanambitigal vein ¢ndothehalicgs pr esence of
angi ogeni c (ﬁgf\kﬂé? Er anﬁ'{émﬁ:rq?f r@ncﬁ)'tﬁeﬂ‘?lrceﬁ?gm@Eég x{/lﬁl’:%ﬂﬂg' fferentiated

tubes (e.g. assay IS recognize e art to be
predi ctive pepaeto ddo(mnneamally, aregiisgbatiachnaehfritonof 2ix10°véllstmi M n et al .

ST T T RN I R Sy
Mat ri gel (r) Thrombiidipeddedl(s ahus/mﬂ ﬁnslaiohcenl?htycﬁﬂ) ahd thd Bkture id Ghmddatel18) .

Endothellal cells ﬁlx 104 cel | are transferred onto I\/atrlgel(r)-
coat ed wensteged %Z‘hwellplﬂfe(oédphm welD); The fibrn gel is dlowed teformang oy s

| nhi bi tor S @bk VEGRShEBFBY: aAfMidbd RNthéveli (Emratslag/n&aﬁﬁambﬁ&ne&owe .
endothelial cells or at various tine 25 points Thereafter. Tube formation

can al so bealeng with thedebt ngnmud n§heeeds egemUbatgd aX7AC irf 8%t Sosdidaysas bFGF or

VEG-, differenti mJIa in ent |nat|ons
t hereof Thi ¥ 22@% Slgﬁﬁl og%lnagg "gﬂ(a"flglgﬂsﬁtfwgs eﬁﬁ%é S(Efl ar type of
basenent naﬁﬁga&ﬂawﬂmdlhmdiesjelohgdttcﬁﬂvntlc&ld ranchpsrelonghteé “htmmrr n@dre mat ri x

which mgrating and 30 differepti tlng en elial cells mght be expectéd
to first Sge B rResplts a1g grRressee "ea‘f?éﬁgFPE?é&?ﬁ%éfﬁ(i% Siﬁl?d in Matrigel (r)

(and in basgpettiral&iby c%ﬂﬁy%uﬁd‘ "P}thldd)ly,QH ther‘i'é%Eﬁ&loY hhGo dHebRors RelNigof may
al so be stinmulatory for endothéeli al tube formation which makes this

nodel conpl wmeineithgr rounded or fqrmrundlf&edntlaﬁq@ hubge(eegsiOwor 1 branch). This assay
' is recognized in the art to be predictive of angiogenic (or anti-angiogenic) efficacy in
vivo (Min et al., Cancer Res. 1996, 56. 2428-2433).
20 In an alternate assay, endothelial cell tube formation is observed when
endothelial cells are cultured on Matrigel® (Schnaper et al., J. Cell. Physiol. 1995,
165:107-118). Endothelial cells (1 x10* cells/well) are transferred onto Matrigel®-

coated 24-well plates and tube formation is quantitated after 48 hours. Inhibitors are
tested by addition at either the same time as the endothelial cells or at various time
25  points thereafter. Tube formation can also be stimulated by adding angiogenic growth
factors such as bFGF or VEGF, differentiation stimulating agents (e.g., PMA) or
combinations thereof.
This assay models angiogenesis by presenting a particular type of basement
membrane to the endothelial cells, namely the layer of matrix, which migrating and
30 differentiating endothelial cells might be expected to first encounter. In addition, the
matrix components found in Matrigel® (and in basement membranes in situ) or
proteolytic products thereof may also be stimillatory for endothelial cell tube
formation which makes this model complementary to the fibrin gel angiogenesis

model previously described (Blood et al., Biochim. Biophys. Acta 1990, 1032:89-118;
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nodel previously described (Blood et al., Biochim Biophys. Acta 1990,

1032: 89-118; 24 WD 2004/110364 PCT/ US2004/ 016948 COdedra et al., Pharnac.
Ther. 1991, 49:111-124). The conpounds inhibit endothelial cell tube
formation in both assays, which suggests that the conpounds will also have
anti - angi og2004/810364vi ty. 5 5.4.4 Assays for |nhibitionpofruzedebesati on The
ability of the conpounds to inhibit the proliferation of endothelial cells
may be determined in a 96-well format. Type | collagen (gelatin) is used to
coat the WeddedraQk af FhaPhal %érp1&91}4@?9{1%2_4‘).”1"#’%6&&%19&fenmhéuai or 30

m nutes at room tenperature). After washing the plate x w PBS), 3-6,000
cel | s are plcall &dbefermatien in bith zssaysavhioneggests thattthe¢oripounds widkalse a8¢ C/ 5% C02)
i n Endot hel i_a). G. h jum (EGM Conetics) or ML99 medi a contai ni ng

0. 1- 2% FBS. a’f’{‘fgng}g |né°4a¥ﬁgﬁ%iny unattached cells are renoved at the end of 4
hours and fresh nedia containing bFG- (1-10 ng/m) or VEGF (1-10 ng/nmL) is
added to _each wel . s to be tested are added last and the plate is
al | oned o ixtdb y Proliferation|g s 15 MIS (Pronega) is added

to each well andTak hsIngbrits: doﬂ%bﬁs@o fnh i the prolifefationd BEenddBRARIRANSE at 490nm
which is proportional to the cell nunmber, is then neasured to determne the

di f f er ences may bgrdgtermiaed:in £96-well fosmat. Tome F eallagen (gslatimds usrdde ceas theai ni ng
t est conpou - o ] red adherent
tumor cell S@%ﬂﬁgﬁ%\ﬁ/é@té @bll Fgléﬁr‘ﬁr%@é%e@lo@hﬂlp?@ﬁafﬁr?ﬁpﬁﬁqt%r#rg%&mmr cells
(e.g., 3, 00@eraperatre)) OAftevaldshing tie pdta{3xdv/BBH), 3+d,@00811¢ are pldteiper oxRr ni ght .

Serum free nediuymis then _ added l.l.s __and, the_cel re synchroni zed
For ‘24 b, ‘RalatRde At P torens? 2hia% CBpr Rl oiveh 3 1o

stimul ate pr(EGM;@l@ktile\)/#orm@pwﬁscoh@inh@ 0. E3%FBSAFhe thétfia sfiiemyl N some of the
wells. After 24 hrs, Sis added to the plate and the assay devel oped and

read as desappiashedgsly are ramayediaf the epdefifoparsoy freslymadia sopfaing bRGH oyed to
luate th ' i t lif ti
S T S

of other cel tdnor’ cell's except that (
not be used ateadded hastl aatl ¢hegplatevishallowed toanaubhte €37 1G/5%E0D A far24ed8 ldence of anti -

DO el b L GG 8] PR R BETT A S 1O

Tunor TA

absorbance at 490nm, which is proportional to the cell number, is then measured to
determine the differences in proliferation between control wells and those containing
test compounds. A similar assay system can be set up with cultured adherent tumor
cells. However, collagen may be omitted in this format. Tumor cells (e.g., 3,000-

20  10,000/well) are plated and allowed to attach overnight. Serum free medium is then
added to the wells and the cells are synchronized for 24 hrs. Medium containing 10%
FBS is then added to each well to stimulate proliferation. Compounds to be tested are
included in some of the wells. After 24 hrs, MTS is added to the plate and the assay
developed and read as described above. A similar methodology may also be

25  employed to evaluate the effects of the compounds of the invention on the
proliferation of other cell types including tumor cells except that VEGF and bFGF
would not be used to stimulate growth of the cells. If there is evidence of anti-
proliferative activity, induction of apoptosis may be measured using TumorTACS
(Genzyme). |

30
5.4.5 Assays of Cytotoxicity

The cytotoxic effects of compounds described herein may be determined for

various cell types including tumor cells, endothelial cells, fibroblasts and

macrophages.
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5.4.5 Assays of Cytotoxicity The cytotoxic effects of conpounds descri bed
herein may be determ ned for various cell types including tunor cells,
endot helial cells, fibroblasts and nacrophages. 25 WO 2004/ 110364

PCT/ US2004/ 016948 A typical assay involves plating cells at a density of
5-10, 000 celdno4sa036ael | in a 96-wel |l plate. Conpounds aPEI/Usposw/HId®d at a
variety of concentrations and allowed to incubate with the cells for 24
hours. The cells are washed 3X with nmedia. For cytotoxicity assays

(rmeasuring cell lLysis)y R - I Ol | Lol . 55.4.6
Cor neal Angi ogenésés/‘?’t‘% aé%” "[Fﬁo(rly %?E@g%é\?isﬁtsi n?%?égig{?fp?ééﬁtnﬁ P ?rd‘g%ﬁlcal to

t hat descri eb-lesll platep Eompetindatare tHen added at.a viarietyoff cork®MXbatioBs anil/allod€d.

Briefly, female Fischer, rats -140,.gns) are a heti zed and pellets (5
) comr i sedouRUREIUR et kA% Rt Hilcoln e oHeReAg LB gt 10D be t est ed
are i npl ant egtotdxiditylabsdys (ks riritell TRES, o Frohbif 960K aleSytdtoRicity Ritigied.r om the

| i mbus. Neovascul ari zation is assessed at 5 and 7 days after inplantation.

On day 7,5 aninmals are anesthetized and infused with a dye such as coll oi dal
carbon to stain the vessels. The aninmals are then euthani zed, the corneas

fixed with fof paldiinedAGelddbndsRNGdG f! attened and phot ographed to assess
the degree 15 of - Neovessels may be quantitated by

i magi ng t he t ot alThe peotasiol uged &s eseantialisnigerticalrto thatgéspribgd byoVielperet aladsel s.

descr i bed byt ioaliveth (996 36N 679, B Hephi® riEe SUSRGIMREIBE ¥, 02 o ¢
Matrigel (1) dnestigtizeddd pelleté Gohl) adrapraed EH Flroit 8FGRI(15(RiMYat the | nC. |,

Bedford, MA) is m xed with heparin é).e. g., 50 g/m), FG-2 (e.qg., 400 ng/m)
and t he Bonprempeunds thke tegted arg implanted o trysingisionyypage ifdhe epenea .St ut ed with

tunmor cells | | | LE is asd& VB 1 r ) xture is injected
subcut aneous@ f{oﬁ%@@%ﬂ%@ﬂi&g&&ia&?ﬁ&b%n%ugﬁ e %58382@%% E{Hee{sg near the
abdom nal 2S5mpladtatiore, Opda&f Eraaimajs e angsthetized asd pdusedvithe. dyéleachiasj ect ed
Matrigel (r) fqrng a,pal pahl soljd.gel.. Injection site re chosen such,
that each arflifacamBr ybean thsseseels, JUE apimelsiar Benigpfarized, B Comess;
heparin), a Medith\femaliAlidlthddoittal Rattbned dfphotographePRIdsstks MBdegee

15  of neovascularization. Neovessels may be quantitated by imaging the total vessel area

or length or simply by counting vessels.

5.4.7 Matrigel® Plug Assay

This assay is performed essentially as described by Passaniti et al., Lab Invest.

20 1992, 67:519-528. Ice-cold Matrigel® (e.g., 500 uL) (Collaborative Biomedical
Products, Inc., Bedford, MA) is mixed with heparin (e.g., 50 pg/ml), FGF-2 (e.g., 400
ng/ml) and the compound to be tested. In some assays, bFGF may be substituted with
tumor cells as the angiogenic stimulus. The Matrigel® mixture is injected
subcutaneously into 4-8 week-old athymic nude mice at sites near the abdominal

25  midline, preferably 3 injections per mouse. The injected Matrigel® forms a palpable
solid gel. Injection sites are chosen such that each a.nirhal receives a positive control
plug (such as FGF-2 + heparin), a negative control plug (e.g., buffer + heparin) and a
plug that includes the compound being tested for its effect on angiogenesis (e.g., FGF-
2 + heparin + compound). All treatments are preferably run in triplicate. Animals are

30 sacrificed by cervical dislocation at about 7 days post injection or another time that
may be optimal for observing angiogenesis. The mouse skin is detached along the

abdominal midline, and the Matrigel® plugs are recovered and scanned immediately
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pl ug that includes the conpound being tested for its effect on angi ogenesis
(e.g., FG~ 2 + heparin + conpound). All treatnents are preferably run in
triplicate. Animals are 30 sacrificed by cervical dislocation at about 7
days post injection or another time that may be optimal for observing

angi ogenesiw0 200ag1030use skin is detached al ong the abd®graskooadbisne, and
the Matrigel (r) plugs are recovered and scanned i medi ately 26 WO

2004/ 110364 PCT/ US2004/ 016948 at high resolution. Plugs are then di spersed

in water angdhighGesohitiof. RlugSdie tiunalispegld in watlgiBg imelibated /3)7°¢C evethightar e

Lo the. man Heoalateh GUo)leyels e stmencd o B« SHNI49 (4 cRBIGI 4T o an

i ndi rect nmegsy Jedc&trdﬁ\g% 0N R AR likstru@idnS CTRe M&maepﬁmn @k phigged in the
sanple. 5 In addition, or alternatively, aninmals nay be |nJecFe§ prior to
sacrifice vintindigecpmeaspte of gngipganesinasdt wilagss the Pesynt@égtoarimﬂ»g semplegh nol ecul ar
wei ght %eXtﬁl%Hth%WPéﬁé?ndtﬁ/el Mg?ﬁvﬁﬁg%\ﬁ& Wgaae,nﬁ%g\ﬁtﬁ%q%l of

fluorescence 1nt | spersed term ne uorinmetrically
serves as d)uffeaewferabt& Pasgnmgmnarglmnghmolb@lqylwht Semmltmymmls h rrAb

anti - CD31 at e] et % dot hel i cel S|on cu
"PECAM ) e p BugoBete o TR tarst 67 fRPere e R v essel
density i ngeidminet lﬂgsnméméalﬁy dehies ks @Jﬂeésu@aifbagibgvns.qmrrbé Flag.

anei oeenesi s assay _This assay isS EFr ornmed essentjally as descrlbed by
Nguyen et awith mab agti<RALENH! ay plpgsist-endothelial goll adheaign nwlegulerprcont ai ni ng

ei ther angi R0l B o fifm hésPBkel GGt fioR kit BN Bésity S Pl aced
onto thngCAM 0 r?rﬁ&t Il{i ﬁF E n%’rygea tﬁelaﬁ&fi% %}seéreve(ﬁﬁ -9 days
aft er i npl antheplegs. of the sanpl e. Angiogenesis is quantitated by

determ ning the percentage of squares in the nesh which contain bl ood

vessels. 20 5.4.9 In \/vo Assessrrent Angl ogeneS| S Inh| bition and Anti - Tunor
Ef fects UsS.48 tClack\elioriogtan he $GAM)ial pois a6yl s | n this assay,

tunmor cells for exa LL Lemns | ung carci noma
or the rat prostf*dS¥ |1fpqrﬁq{ge%stsgﬁ@ﬂyasﬁeécqhegga & rigel (r) and then
25 i nj epd edMichévasdule Reb.a9k4 0473 -400 Us mefidoh@Mi Meaxtgﬁdgemcﬂct&escri bed in
section 4.4.7 above. A nmass of _tunmor cells and _a _powerful angi ogeni c
response c thgE) Qriumerceds plys inhibitors is placed onto the CAM of an 8-day old chic

embryo and the CAM observed for 3-9 days after implantation of the sample.
Angiogenesis is quantitated by determining the percentage of squares in the mesh

which contain blood vessels.
20

5.4.9 In Vivo Assessment Angiogenesis Inhibition and Anti-Tumor Effects

Using the Matrigel® Plug Assay with Tumor Cells
In this assay, tumor cells, for example, 1-5 x 10° cells of the 3LL Lewis lung

carcinoma or the rat prostate cell line MatLyLu, are mixed with Matrigel® and then
25 injected into the flank of a mouse following the protocol described in section 4.4.7

above. A mass of tumor cells and a powerful angiogenic response can be observed in

the plugs after about 5 to 7 days. The anti-tumor and anti-angiogenic action of a

compound in an actual tumor environment can be evaluated by including it in the

plug. Measurement is then made of tumor weight, Hb levels or fluorescence levels
30  (of a dextran-fluorophore conjugate injected prior to sacrifice). To measure Hb or

fluorescence, the plugs are first homogenized with a tissue homogenizer.
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the plugs after about 5 to 7 days. The anti-tunor and anti-angi ogeni c action
of a conpound in an actual tunor environnent can be eval uated by including
it inthe plug. Measurenent is then nmade of tunmor weight, Ho | evels or
fluorescence levels 30 (of a dextran-fluorophore conjugate injected prior to
sacrifice)wobosmemsaire Ro or fluorescence, the plugs ®RCFUGSRIEOISADgeni zed
wth a tissue honogeni zer. 27 WD 2004/ 110364 PCT/ US2004/ 016948 5.4.10
Xenozraft Mddel of Subcutaneous Tunor Growth Nude mice are inoculated with
VDA- MB- 231 %glh (humgn, br.e cioo and Matrigel (r) (1 x 10(' cells
in 0.2nm) s e igReous MRS F animals. The tunors are
staged to 200 nd then treatnmept, Wt es onpound 5 is initiated.
Turmor vol unes mu‘%ﬂ?lﬁ? ?fgamé{}@fe? %W%%hﬁe@%@m% ﬁfﬁa? CRIEOMECrifi ced
after 2 weekfd Mitripél@a ReI0f cellbfi 0 R EbcatafecdM§ irsthe righefigikad tend paraffin

enbedded. Hi stol ogi cal sections of the,tunors are anal yzed by H and E,

anti - CD3 1, aniggplsghe tpmp are giagedipd@) mmappd then reaMERt itlhalestGMPPURE! | | i nes
el udi g bighnifgta | hibhdrRR1unies B cbaifWRe@Romet A Be himfRIRD. A549, HCTLLG,
HT29 may al so be used to test the anti-tunmor dctivity of the conpounds
descri bed hsceficediafier2 weekislofitreatmante The Bimprsldre emsedr wéighedoandparaffinet ast asi s

The conpounds S0, be 1ested r.inhibitign of l.ate t as ] S using an
15 experi neﬂ?%ﬁgg%{ﬂet ”P%?ﬁcgfﬁ?ﬁtboé’ls OF%%W%M&"’“%VZ.%& bﬁr}gg‘d ﬁlgatnl%é]i@ad Sci . USA
1993, 90 5RR47,TANHL., ah&CO6BehaReigasi s i nvol ves the steps of attachnment and
extravasation of tunor cells, local invasion, seeding, proliferation and

angi ogenesi s. HUDM®Er HinRf tahdrell ¢iéCihé10dRg BiRtInbBlihftéd B)PC-820WRReRed Wi th a
reporter gene, preferablé%/ the green fluorescent protein (G-P) gene, but as

an al t ethat S5O VBt A2 05 A0, KA b T I Hrmaydsahepab s ter ity fcol

acet yl - { r anghhASFin CEMpaunltd s BErelin 3ffilar flafinerl NOCUl Ated i nto nude

m ce. This approach permts utilization of elther of these markers
(fluorescence detection of GFP or histochem cal colorinetric detection of
enzymatic activity) to followthe fate of these cells. Cells are injected,
pref erabl y, 5.4.1Y. Xenogruft ModaldfMetastagient i fi ed after about 14 days,

e —————

particularly in the lungs but al so in.25 regional |ynph nodes, fenurs and
brain. This m mie comacwids aisyale e sied fora fge P IR RS oeas t ases | n
human prpst @herihamfGhetastRls ntodR M r6wle§PerulS PPEEREH MbaBEA US4 1993, 90

5021-5025). Late metastasis involves the steps of attachment and extravasation of

tumor cells, local invasion, seeding, proliferation and angiogenesis. Human prostatic
carcinoma cells (PC-3) transfected with a reporter gene, preferably the green
fluorescent protein (GFP) gene, but as an alternative with a gene encoding the

20  enzymes chloramphenicol acetyl-transferase (CAT), luciferase or LacZ, are
inoculated into nude mice. This approach permits utilization of either of these
markers (fluorescence detection of GFP or histochemical colorimetric detection of
enzymatic activity) to follow the fate of these cells. Cells are injected, preferably, i.v.,
and metastases identified after about 14 days, particularly in the lungs but also in |

25 regional lymph nodes, femurs and brain. This mimics the organ tropism of naturally
occurring metastases in human prostate cancer. For example, GFP-expressing PC-3
cells (1 x 10% cells per mouse) are injected i.v. into the tail veins of nude (nuw/nu) mice.
Animals are treated with a test composition at 100pg/animal/day given q.d. IP. Single
metastatic cells and foci are visualized and quantitated by fluorescence microscopy or

30  light microscopic histochemistry or by grinding the tissue and quantitative

colorimetric assay of the detectable label.
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cells (I x 106 cells per nouse) are injected i.v. into the tail veins of
nude (nu/nu) mce. Aninmals are treated with a test conposition at

100pg/ ani mal / day given g.d. IP. Single netastatic cells and foci are
visual i zed and quantitated by fluorescence microscopy or 30 |ight

m cr oscopi ovbr@aoiBem stry or by grinding the tissue anegcquspioinHrbisye
colorinetric assay of the detectable [abel. 28 WO 2004/110364

PCT/ US2004/ 016948 5.4.12 Inhibition of Spontaneous Metastasis In Vivo by
HPRG and Functlori . [ ast canc;er system
(Xing et at, nhibitjen.g A gneous DRciasias C oy oM T URCHINA ot br east
cancer cells. Turm,rmgﬁ{,.{ss for exarrpl e about 5 106 suspended in 0.1 nmL PBS,
are inoculated into the mammary fat pads of fermale Fisher rats. At the tine

of inocul ation, thnatdmemiﬁhreeﬁmptsyﬁqemi(xﬁm ai.glnt.inferaer $996,

I ntraperi tor@a‘!? Y, I ssol ved
in PBS (e.g 8422&;@%18&%@@%1{1%% tfr@a% caﬁt ere @%?g@s‘égﬂ} %xﬁﬂ%lgﬁl%glﬁl punp to
achi eve & reloé suspexrdadm(bf mimBB a:bmq:phlegp’ddai;a thcﬂuartmraty fanpadalof femadei ve vehicle
Sacr 1 ceq duabi AU g o plon R By -LomaicTb A AR act as s may

al so be usedmip@nfdantthipb@tohdadly t&mms&ﬂsteﬁ%ﬁf o ted Treroahfpoquese nodel s woul d

utilize the human tunor cell |ines  descr supr a, ! ected through the

tail vein ofdisolyedin iR 200 M atock), st?fllié&éterféamwéce&rle MRmMPde 28 days

af ter tumor a%ﬁﬂibeéfé%kﬂ ale Absti 4 rﬁééggf/ ay! %ﬂﬁol%%ﬂ@P&&vE %hlclt-:gl%%r esence of
nmet ast ases. 13 3LL Lew s Lune crnoma: Primary Tunor Thi s tunor
| i ne ar ode spbanctonnechisle goitrol peRitle insthe miniipuspa Aofimaly@rd sacmfi¢ed ahaboR0 C57BL/ 6

nouse (Cance(% Rg 1955, 15: 39. See, also Malave et at, J. Nat'!. Canc.

Inst. 1979 3-88). It is propagated by passage in C57BL/6 m ce by

subcut aneous In@hléraﬁddels oaeibehmehtalsrhadstasik Ml boged & evafhaielhé 6 x DBA/ 2 F,

mce or in allogeneic C3H m si x aninmals per grou;lo for
subcut aneousP{PPYAsts dpteribesd her%l@nTht‘éP mOH%1§ &’ﬂﬁ‘éd’&lhé‘? the hymap fungreel laes.  Tunor

may be i npl %F&ﬂe@%r SO R1 AEARe taﬂ%l‘rﬂo%'nﬁﬁ‘e ﬁ%u% %‘gﬁncgm fig@gment or

i ntramuscul ar nted or subcutaneous [ ant an 1 nocul um of
suspendeld ¢ ehllcs al@fsatatﬁggd 28 d4ys after twporasl I1¢®ulatlrolemd1tbclt lungs evaluated for

the presence of metastases.

5.4.13 3LL Lewis Lung Carcinoma: Primary Tumer Growth

This tumor line arose spontaneously in 1951 as carcinoma of the lung in a

20 C57BL/6 mouse (Cancer Res. 1955, 15:39. See, also Malave et al., J. Nat’l. Canc.
Inst. 1979, 62:83-88). It is propagated by passage in C57BL/6 mice by subcutaneous
inoculation and is tested in semiallogeneic C57BL/6 x DBA/2 F, mice or in
allogeneic C3H mice. Typically six animals per group for subcutaneously implant, or
ten for intramuscular implant are used. Tumor may be implanted by subcutaneous

25  inoculation as a 2-4 mm fragment or intramuscularly implanted or subcutaneous
implanted as an inoculum of suspended cells of about 0.5-2 x 10%-cells. Treatment
begins 24 hours after implant or is delayed until a tumor of specified size (usually
approximately 400 mg) can be palpated. The test compound is administered i.p. daily
for 11 days ,

30 Animals are followed by weighing, palpation, and measurement of tumor size.
Typical tumor weight in untreated control recipients on day 12 after intramuscular
inoculation is 500-2500 mg. Typical median survival time is 18-28 days. A positive
control compound, for example, cyclophosphamide at 20 mg/kg/injection per day on

days 1-11 is used. Results computed include mean animal weight, tumor size, tumor
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begins 24 hours after inplant or is delayed until a tunor of specified size
(usually approximtely 400 ng) can be pal pated. The test conpound is

adm nistered i.p. daily for I | days 30 Animals are foll owed by wei ghing,
pal pati on, and nmeasurenent of tunor size. Typical tunor weight in untreated
control rewopo@nescon day 12 after intranmuscul ar i nocBGYU30040369800- 2500
nmg. Typical nedian survival tine is 18-28 days. A positive control
conpound, for exanple, cyclophospham de at 20 ng/ kg/injection per day on
days 1- 11 weight &ll suReedl tife. Forpotifiesied thefapélric apvityathenest covp@ition t unor si ze,
t unor %@04/ 110364 PCT/ US2004/ 016948 wei ght and survival tine. For
confi rrred 3 Protattepd indwoimpltiylost 3385-est conposition should be tested in
two nulti-dose assays. 5.4.14 3LL Lewis Lung Carcinoma: Primary Growth and
Spont aneous 5 Met astaS| S I\/bdel Thi s rmdel has been utilized by a nunber of
i nvest i gat orsl4( 3kk Le pamEarcinomazdrimary (nowth and Spantang at'|. Canc.

Inst. 6%:1257- f et al., Rec. Resul ts Canc Res. 1980, 75:20-28;
| sakov gt al ., Efreg%sgggsﬂlﬁkgéas. 1982, 2:12-32; Talmadge et al., J. Nat'l.
Canc. Inst. 198Ihjs691d917lﬁsBB&Lutiﬂizbcgbl)rdmﬁﬁbeabf invé&itigatdrs (Sed)Earrexdtiglé, 10

Subcut anboeronk e Pkt Ko 6 Caredrd Boas hib cPratneaer ohee: RS | umor

produces melLaX 259980, BrRLA: BAkbWlaY, IDasidioMbH 1982, Wiil&’»?qqﬁmid' ges of the
tunmor, the primar t'unor exerts anti-netastatic effects and rrust first be

exci sed befﬂbr-éNgtﬁd%m@ffMtt 982 i W $t980i Hilgandetar/( Bod &bnar 19 heil ly et al.

Ln e B0 o6 Mo 38 CHTRLIG R, S THDROSELY YRGS 0 e pr b
{/ r yEs: n. %?Hwﬁae@svmﬁb?fkcﬂlat d)rrl’E!Sa-guotﬂad Rﬁlﬁaﬁtpﬁtn ﬁusﬂfmnamqircmlusq@enged in PBS(.)
(by t 1y pan sy mrearialy B Rogs ol femlines o 18 e, Beppmtars ' '108)
20 Fegi on cigheRarn bRl cHeL Bl AT N SRR el AT ror o appear
after 3-4 mptastatiaphase (mpbalo’&;ﬂ{)rqt altUrited States PBtenbNps3, 630 58ay of t unor
cvery oo days. Siais-H SERHEghsrte SRURN AN Selid UMy BuBERIIEC Y nd Dot
week. In alﬂﬁﬁdﬁ&fssue witha solutxon of 0 3% trypsin. Cells are washed 3 times with PBS (pH

7.4) and suspended in PBS. Viability of the 3LL cells prepared in this way is
generally about 95-99% (by trypan blue dye exclusion). Viable tumor cells (3 x 10° -
5 x 10°%) suspended in 0.05 ml PBS are injected subcutaneously, either in the dorsal

20 region or into one hind foot pad of C57BL/6 mice. Visible tumors appear after 3-4
days after dorsal sc injection of 10%cells. The day of tumor appearance and the
diameters of established tumors are measured by caliper every two days.

The treatment is given as one or tw6 doses of compound, per week. In another
embodiment, the compound is delivered by osmotic minipump.

25 In experiments involving tumor excision of dorsal tumors, when tumors reach
about 1500 mm? in size, mice are randomized into two groups: (1) primary tumor is
completely excised; or (2) sham surgery is performed and the tumor is left intact.
Although tumors from 500-3000 mm® inhibit growth of metastases, 1500 mm? is the
largest size primary tumor that can be safely resected with high survival and without

30 local regrowth. After 21 days, all mice are sacrificed and autopsied.

Lungs are removed and weighed. Lungs are fixed in Bouin’s solution and the
number of visible metastases is recorded. The diameters of the metastases are also
measured using a binocular stereoscope equipped with a micrometer-containing

ocular under 8X magnification. On the basis of the recorded diameters, it is possible
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enbodi nent, the conpound is delivered by osnotic mnipunp. 25 In experinents
I nvol vi ng tunor excision of dorsal tunors, when tunors reach about 1500 mM®8
in size, mce are random zed into two groups: (1) primary tunor is

conpl etely excised; or (2) shamsurgery is performed and the tunor is left

I ntact. Amdmogivosg4nors from 500- 3000 mmB i nhi bit gr owpdr/o§200R618%8aSES,
1500 mB is the largest size primary tunor that can be safely resected with
hi gh survival and wi thout 30 |local regrowth. After 21 days, all mce are

sacrificed an ut opsi ed. Lun are r.enpv and i ghed, Lungs are fixed in
Bouin's sol 'ﬁtcglﬁﬁlatgggﬂ ‘f‘ﬁ‘éme ﬂﬂ?‘?géP’eﬁ?ﬁtaW'rsTf‘b&ge%‘?eatS?g‘ggqu‘gmr corded. The

di anet er s OgethdigsesPéradigd R nah QuAbsof vISRASMERStades istBultiphédWEME afeast €1 €0SCOpE
equi pped with a mcroneter-containing, ocular under 8X magnification. On the

basi s of thelyeeefmesstases e Birther deferpine metastaic grovab, itie PRoRbIF 1010364 _
PCT/ US2004/ L6848 ncoksbritfin Ot Biderrd [Heo mguaﬁ (PhakBPEbLTBL A3 @fth Med © determ ne
the total volune of " netastases per |uhg, the nmean nunber of visible

met ast askes 1997084:2179328¢ dTdydayh éollowang tumot ammutafonn2t pgofises. To furt her

det erm ne tastatic.grawh, it . i ossi.ble to . neasure incqrporgtion of
1551 dUr d i niteredsKyEidfeds tophulates iny B peritongins s ifegt-eatg (it wisdy

89: 217- 228) tymbfPestlddBmice). | KRErR9 nliHMRice 3NN X of 2BLdYr@f ,
fl uorodeoxyuridine is inoculated into the peritoneuns of tunor-bearing (and,

i f used, t(ododeaxguedinedd Oneclay latetf lungs 2Bd spieens are remowedoangi weighed agil a of

1251 dUrd (i 0dodemsx idine). .One d Later. | un nd spleens are renpbved
and wei ghedéegﬁeg og %Qédr lélgo‘ﬁ%ra lﬁ%}sdﬁ%éurf‘ﬁgsg?gp%$a§?ﬁ%%Oaulnger'rreasur ed using a
gamma cpunt er. 1A nlice witle footpat hurheref valees tiirhdre keach whvawn 81101 sn dameter,about 8- 10
mmin dianeter, mice are random zed jnto two groups: (1(e Iﬁgs Wi th tunors
are anput at Bife afqrandonizedantosyo grype GHsswsbturg’rsrﬁrs?nawa_ 9Pl ce are |eft
intact as neRanPRMRE & knddRints;f #)infiCe 58 A iRlast as ORRHp RAEOAnRr- @ tunor-free
l eg in a tunor-bearing nouse has no known effect on subsequent netastasis,
ruling out bregrg édntrolsi {Amputation efrpctymiefealeg in ¢ twr-beargng mousgdeagno M ce are
killed 10- V. af t . S 2 ar I .as escri bed
above. 5.5 o%?%g%fgﬁtpﬁ%ﬁ?%@@éﬁ&%géa?ﬁtg%ﬁﬁﬁn%foﬂxgﬁfsglg ue?%?%?) cf)#ﬁrr%sﬁ%&?l s)tregalnd/ or a
phar maceut i eraurgeniyphidd drokille@ 0041 h dawaifter ammtation] Metastded are avqhtedeast |,

f I h fferi f i
preferably &scn%rgggbovséy ering froma disease

5.5  Therapeutic Uses

A compound of structural formula (I) and/or a pharmaceutical composition
20 thereofis administered to a patient, preferably a human, suffering from a disease
characterized by aberrant vascularization. Aberrant vascularization includes
abnormal neovascularization such as the formation of new blood vessels, larger blood
vessels, more branched blood vessels and any other mechanism, which leads to an
increased blood carrying capacity to a diseased tissue or site. The compounds and
25  pharmaceutical compositions thereof may be used to treat and/or prevent aberrant
vascularization.

Preferably, diseases characterized by aberrant vascularization include, but are
not limited to, cancer (e.g., any vascularized tumor, preferably, a solid tumor,
including but not limited to, carcinomas of the lung, breast, ovary, stomach, pancreas,

30 larynx, esophagus, testes, liver, parotid, bilary tract, colon, rectum, cervix, uterus,
endometrium, kidney, bladder, prostrate, thyroid, squamous cell carcinomas,
adenocarcinomas, small cell carcinomas, melanomas, gliomas, neuroblastomas,
sarcomas (e.g., angiosarcomas, chondrosarcomas)), arthritis, diabetes, arteriosclerosis,

arteriovenous, malformations, corneal graft neovascularization, delayed wound
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characterized by aberrant vascul arization. Aberrant vascul arization includes
abnormal neovascul ari zati on such as the formati on of new bl ood vessels,

| arger bl ood vessels, nore branched bl ood vessels and any ot her mechani sm
which eads to an increased blood carrying capacity to a diseased tissue or
site. The omopmummisesand 25 phar nmaceutical conpositions toensefsnmwyssbe used
to treat and/or prevent aberrant vascul arization. Preferably, diseases
characteri zed by aberrant vascul arization include, but are not limted to,
cancer (e g Ya ul 1 d tunor r ef er.abl sol i i ncl udi ng
but ot 1 1 it EERE FebC oby e iRl ofitusheych, Salpuoed Bme,

pancr eas 3Behaghilicoints elithagtosd aﬁlﬁﬁi&ﬂ@'ﬁer’trbﬁlﬁé scaps hedviasbuld?iglaueyma,r act, col on,
rectum cervi X, .uterus, _endonetriu i dney,, bl adder, prostrate, thyroi d,
squanous ceRPNUnigIFacHiTess swa&/éharmewn@n@ena%quu@m reggleatalonms,

me| anonas, @bf@m RD SSRGS, trachhE VB I Sdfbsion&LAS AT CONES,
chondrosarcoma )) ritrs, diabetes, arteriosclerosis, arteriovenous,

mal f or mafi onsovamlmaﬁongpmtlmgma@cwmmozb! foflwirngesturgeey] inwbition 88 WO

2004/ 110364 | I opys pat.h e related
macul ar deggﬁle aty’ ﬁgg&%{dgﬁ%ﬁ?fl%oﬁ&dc um:g,q) ﬁﬁe%%oa%ﬂfiﬁf%pgbﬁln Xl,mor eumat oi d
arthritis, hi;tlﬁﬁ[stdhdlbh’tbmlﬁlﬂaﬁ sDnsaaes/mmatedZe@)eabemra vasdnmizmarwﬁwlact ures,

Csi er \ieber Syntr gvf ‘“'8 Si s, %\{Fg ulQqma, retrolental fi | asi a,

pterygi um & Rssiegabyfrcated and/prprave nistesfien o %°mRPé'E}ﬁ3 glotura

neovascul ar irgafulaqmy an%"r \A?hzlrhﬁcéi‘m%ﬂ%Sﬁﬁosﬁﬁfﬂﬁér%ﬁﬁaﬂdé @b @MnBeuIRUr 9Ty,

I nhibition of hair macul ar degeneration (including both wet and dry
type), rlﬁeuriﬂaeoﬁr@twlamdﬁhﬁtnil%mdﬁdhm eoarthritis. Diseases characterized by
aberrant vascul a [ pr event ed by
adm nistration o rgt?eg’on%glgg%‘@?hﬁpﬁﬁ@ @%ﬁ?ﬁ%é&r{éﬁeﬁlﬁ%ﬁ d? 4

phar maceut i cahpasmqnahermfmmytumdemﬁstem(ttamtemnpxefe,rabiﬁa tihaen kﬁffdﬂgener ation
andrheunatgrldathrltls rther aco ({j éf {f raI f.or ()
Bnd/ or & phaPRAEr oS PG F A BEISETE e SrdWi FICS SRS &
patient, preatfadbyp I@‘,@wm,a(ﬁ“ﬁg‘eerl ng from a di sease associated with
copper rret abol i sm d| sorders q%qf Wl son's disease) to treat and/or

prevent 18uch a dbuldfusther, ESOISPW stryctsal fommulahandier agthasmaagetiqat al  f or nul a
(1) and/or | e Lni.skered to a
batient, pr g BE&E[BWEE&%A&RJJ bea &pﬁs;tg{e& R patShER eIy 2 fuRdiied rsdt

and/or prevent obesity. The compounds of structural formula (I) may be also used to

reduce levels of inflammatory cytokines (e.g., TNF-a, TNF-B, IL-8, efc.) and
plasminogen activator inhibitor, which may be associated with angiogenesis and

20  obesity (Loskutoff et al., Ann. N.Y. Acad. Sci., 2000, 902:272-281; Pan et al., Cancer
Res., 2002, 62:4854-4859; Hanada et al., Cytokine Growth Factor Rev. 2002,
13:413-421; Chen et al., Science 2002, 296:1634-5; Miyake et al., J. Neuropathol.
Exp. Neurol. 59:18-28; Koch et al., Science 1992, 258:1798-801; Osawa et al., Infect.
Immun. 2002, 70.6294-6301; Bajou et al., Nat. Med. 1998, 4:923-8).

25 Still further, a compound of structural formula (I) and/or a pharmaceutical
composition thereof may be administered to a patient, preferably a human, suffering
from a neurodegenerative disorder, to treat and/or prevent the neurodegenerative
disorder. Elevated levels of copper have been reported in the art to mediate the
pathobiology of various neurodegenerative disorders including Alzheimer’s disease,

30 amyotrophic lateral sclerosis (ALS) and prion disease (Llanos ef al., DNA Cell Biol.
2002, 2/: 259-270; Carri et al., Funct. Neurol 2001, 16:181-188; Perry et al., CNS
Drugs 2002, 16:339-352; Kowalik-Jankowska et al., Environ Health Perspect, 2002,
5. 869-870; Maynard et al., J. Biol. Chem. 2002, 277, 44670-44676; Gnjec et al.,
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and/ or prevent obesity. The conpounds of structural formula (1) may be al so
used to reduce levels of inflanmatory cytokines (e.g., TNF-a, TNF-43, |L-8,
etc.) and plasm nogen activator inhibitor, which may be associated with
angi ogenesi s and 20 obesity (Loskutoff et al., Ann. N. Y. Acad. Sci., 2000,
902: 272- 28wp Mewn1ed64 at, Cancer Res., 2002, 62: 4854- 483 T1/b2n@dacoet at ,
Cytokine G owh Factor Rev. 2002, 13:413-421; Chen et al., Science 2002,
296: 1634-5; Myake et al., J. Neuropathol. Exp. Neurol. 59:18-28; Koch et

al ., Sci encg,oh08iésci 2002 11%9(@3’ gg';usa@?d’l’aB‘?&m Qles 1Bufl rﬁmtﬁ 1|75r-rf8'5l BréWh 2,
70: 6294-6301; Bajou et al. 8). Still further, a

conpound of Brgtr Rest leélzof)bﬁlﬁf\}ﬁé 1(73)BFQW€1/ Bipciampﬁarr Mél}ﬁ’p%,aio 7429pbsi ti on
thereof may be agf ﬂttﬁérelrn:}gcérg %e P'tﬁe%ven%ﬁf gz)roﬂa?!oéfnd"oﬂ s SUffering

from a neurodegenerati ve di sor treat pr event t he
neur odegenefoarhula €) anid/sox pimnnaceEIuaWadrﬂ;cbsitmn elieseaﬂi'naydnp dmiristered tween 1 epor ted

in the art to nedi th at hobi gl o f varlo eurod enerat
di sor der |?1"(':‘F'Efd?rﬁ§ a‘jﬂl gﬁ"ﬁ%}v 't"str?ﬁg %‘gé C?' gl é?té‘ﬂ ygg I er osi s

(ALS) and plrhé?ﬁ193§P@)§Fegﬁiale@'?ﬁ§arlﬂﬁatﬁh1of%£ﬁltdw?ésﬁense 2002, 21: 259-270;
Carri et al!., Funct. "Neurol 2001, 16:181-188; Perry et al., CNS Drugs 2002,

16: 339- 352; KoweHurther) arﬂedamlcmbedmwnts EmmpomndMImWoPehmemupcaQOOZ 5:

869-870; nar d,.et 77, 44670-44676; Gnjec et

o O o STt Brestatt b BisterohiEe et s BB A R 308 1. os:
Strausak etpraventatiBé fesureszainst N drious’@ifehsesDp disdrilersbBaractBfifidby abEiEz&it n Res.

Bul | . 2001 55:165-173; Brown, Biochem Soc. Trans 2002 30 742-745). Still

furt her 10 j nvasewasization: sOmmet H‘eiah%llsi“h@‘éqﬁi‘?r&H‘eu@d%ﬁ%ﬁ\‘&ld'@ﬁfd%fﬁ roBesiyo8l * fornul a

(1) and/ or Q@&}BF& ered to a 5
patient, era ﬁ@lﬁﬁurﬁgzir‘]ccf) #Bﬁf@gggsg{sﬁa ar aHfI‘ulg.lglrzP {/ dysregul at ed
acti vi ty ofphahhaemau&nqrosdixoﬁs thgmb&heﬁlbe uskd wﬂmprevbnnbn bf\érieatisease@ry
response. Fyrther, .in certain enbodinments, a cqQ nd and/ or

fek Sheare

phar maceut | GsArder 3pd eonenpeniydraating anofher (eg. ARyeR 1S5256.8% i ent ,

preferably, ABhAHEPO whilé tréatinpcB¥@F)L at i ve neasure agai nst various diseases or
di sorders characterized by aberrant 10 vascul arization, copper netabolism

di sor del5s, neurodegenerat i ve disorders, obesity or NF-KB dysregulation.

Accor di ngl Y5 6 COMRQY ﬁltﬁfPﬁ Eigded Sdm Wiig (1) and/or pharmaceutical
conpositions th vention of one disease or

di sorder and corldiarcbmpbxiryis bf staictung] Fanmilh € agdforgpharrpacewtioat compositioson’ s
di sease or thereof may be advantageously used in human medicine. As previously described in
Section 4.5, supra, compounds of structural Formula (I) and/or pharmaceutical
20 compositions thereof are useful for the treatment and/or prevention of various
diseases or disorders characterized by aberrant vascularization, copper metabolism -
disorders, neurodegenerative disorders, obesity or NF-kB dysregulation.
When used to treat and/or prevent the above disease or disorders, compounds
of structural Formula (I) and/or pharmaceutical compositions may be administered or
25  applied singly, or in combination with other agents. The compounds of structural
Formula (I) and/or pharmaceutical compositions thereof may also be administered or
applied singly, in combination with other pharmaceutically active agents (e.g., other
anti-cancer agents, other anti-angiogenic agents, other chelators such as zinc,
penicillamine, efc. and other anti-obesity agents), including other compounds of
30 structural Formula (I) and/or pharmaceutical compositions thereof.

Methods of treatment and prophylaxis by administration to a patient of a

therapeutically effective amount of a compound of structural Formula (I) and/or
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Al zheiner's while treating cancer). 15 5.6 Therapeutic/ Prophyl actic

Adm ni stration The conpounds of structural Formula (1) and/or pharmaceuti cal
conpositions thereof may be advantageously used in human nedicine. As
previously described in Section 4.5, supra, conpounds of structural Formula
(1) and/ orwpbasmmseut i cal 20 conpositions thereof are BEEUSPOOHBI6948he
treatnent and/or prevention of various diseases or disorders characterized
by aberrant vascul ari zati on, copper netabolism disorders, neurodegenerative
di sorders, obesiiy. or NF- dysregul ation..,\Wen ed..to treat and/ or prevent
the above &?’%@ggge&{lgrgl c&m&%lﬁg? ,ere(?g‘rirrﬁgﬂoﬁ?s?dhgﬁemﬂtﬁ%@ ﬂ?rglmali’g’l’er?ﬁl a (1) and/or
phar maceut iapivhal aneone pedférablysa Mamnabamidiiosnpefepabdy] adlumanS applied singly, or in
conbi nati on vvitﬂ_ ot her agents. ng coggund f structural Formula (1)

and/ or phar macedt'f BEent SABBRYNds ghdrup g &%‘}dé% FMAGREASt er ed or

appl i ed si n@posifichs SRFES ML pRIFeribly AdRinRefediayTeRWohipalinds oCt | ve agent s
(e.g., other "anti-cancer agents, other anti-angi ogenic agents, other

chel at ors stre¢turabFormyda (I) rphanmaseutisal cempositigng therepdmayralsobshbesi ty agents),
i ncl udi ng ¢ I . phar maceut i cal
conpositi o%tgn\?r%setglggp?u%g%gjd?ﬁg?ﬂ{nﬁ gbglgéfjrgogtex%%%ﬂly g%§1§+g§?§$1g§ adm ni stration
t o a pati enhjectfonaby sHsemptipe throwghl dpithdial @ahuceeutareousliniogs (a.gc@mbound of
structural Formul a é‘i)l and/.or 33 WO io 3/110364 PCT/ US2004/ 016948

phar maceut iwosw%&i ¢ ingiting) opises 4r % Bipitraton@AndeYSiemiE BlPent may be
an ani mal ,vifRueddivelyasystemy arekndWiRle. , @iapsiition i Bp&tomeb,y, a human. The
present conpounds of "‘structural Formul a I1)) and/ or. phar maceuti cal

conposi k0 orBicropatiglss, migfosapsules.<ppwyiey, esghthaf cap be uipdde admipisterige conpounds of 5
structural | : |t eof may al so
be adm ni Sc{é@?gwaﬁoyf(sg%?@rgf er “&%@ﬁf"gﬁ{’d“?‘gﬁeﬁ‘ g@?@@béeéitg&rrgpée%g@%y I nfusi on or
bol us i nj ed¢thads,of bgmmnlmtion inolude,fbubarg hotdpmiteddd,iintradermatyinoemtstngus | i ni ngs

(e.g., oral. nmucosa, .rectal and intestinal cosa,,etc. ). ..Adm nistration can
e Syst am nEPeGRGH. iRy BbgutoRs By el sRRaL Sfalespingal o
encapsul at ijfanadil,lihtPRERBRS, intkdVapinsll @RRAdringl, Rtally] 13/ iIARAMIH 61&0?&@4[3@ ul es,

etc.) that can be used to adm nister a conpound of structural Formula (1)
and/ or IShamadisnlatly tnthe ganspose.teves, o $kén. e preferred mode of administration is

left to the discretion of the practitioner and will depend in-part upon the site of the

medical condition. In most instances, administration will result in the release of the
compounds of structural Formula (I} and/or pharmaceutical compositions thereof into
the bloodstream.

20 In specific embodiments, it may be desirable to administer one or more
compounds of structural Formula (I) and/or pharmaceutical composition thereof
locally to the area in need of treatment. This may be achieved, for example, and not
by way of limitation, by local infusion during surgery, topical application, e.g., in
conjunction with a wound dressing after surgery, by injection, by means of a catheter,

25 by means of a suppository, or by means of an implant, said implant being of a porous,
non-porous, or gelatinous material, including membranes, such as sialastic
membranes, or fibers. In one embodiment, administration can be by direct injection at
the site (or former site) of aberrant vascularization (e.g., cancer or arthritis).

In certain embodiments, it may be desirable to introduce one or more

30  compounds of structural Formula (I) and/or pharmaceutical compositions thereof into
the central nervous system by any suitable route, including intraventricular,
intrathecal and epidural injection. Intraventricular injection may be facilitated by an
intraventricular catheter, for example, attached to a reservoir, such as an Ommaya

reservoir.
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Met hods of administration include, but are not limted to, intradernal,

I ntramuscul ar, intraperitoneal, intravenous, subcutaneous, intranasal,
epidural, oral, sublingual, intranasal, intracerebral, intravaginal,
transdermal, rectally, by inhalation, or topically, 15 particularly to the

ears, nose skin. The preferred node of adm nigtyadloeivibeas | eft to
t he d| scremo?r‘@z]f :{gﬁe practitioner and will depend in-part upon the site of
the nedical condition. In nbst instances, adm nistration will result in the

rel ease of the conpounds of structural Forrmula (1) and/or pharnmaceuti cal
conpositions t he%e@irnponmbofsthxetubdmomnx @pd/a2 Phamasqeicall dotnpesibionli mrents, it

may be desirgble to adm nister . structural Fornul a
(1) and/ or ﬁﬁ %&aé’tf?ﬁorcgﬁladm%?& ytt%élf’é‘g’fg% @ﬂ%oﬁ {F8 Tthe area in need
of treat mentadmidistfatibRBy BhaRG6h, A8fpoldidlof SetiithiForMiR (NQind/opy Way of

limtation, by |ocal infusion dur i ng surgery, topical appli catlon e.g., in

conj unct i on PhRmCeutifRl Aempasiten thergobmaybe eonvepenily dslivered octhe g b M? neans of a
catheter s %uﬂ%{:{@adfﬁergrtt d@vé&o%ﬂ)I L?Ye a‘MetQ’X BE indtr n@?lﬂlrgl sai d

I mpl ant belng 0 , nhon-p atlnous |nclud|ng
nmenbr anes, s.mdnbesa:anlsuealtmmomammfsnbaMbw bodmgfprd]xetlmt (erg..one enbodl nment ,

o e SRR e B e R bR 1) ©

enbodi ment s,didxidd6H¥n ethdeﬁmmbIg@s)hﬁylbehééaduaau@ﬂ@rﬁpouﬂm@fsmcﬁﬁmrpounds of
structural Fornmula ( s and/ or pharmaceutical conpositions thereof into the

central ner \,F@!E“lg@ mhaangcesma! easRositigns teerepfrtireqdy fgfhe hieﬂtgavent ricul ar,
h | d | b
intrathegal and apj.gdiy 1@4%6@1‘3&2 Br Inhﬂ{axr @?er 1 %v?éé 4 J‘+s%8 rt% e

facilitated by an |n ular ca oF ex: Athed to a
reservoir, sawompasndof s(amamhFomm%(d)/mdfor p%n%uﬁwﬁeiéﬁ%meﬂ’dﬁg 81004/ 016948

A corrpound of struct For and har maceut i cal osition

t hereof may KVEE Y K@cgbrﬁsﬁlaé?e@ ff&f@%éﬁ? u"ts BABLO Tee ‘bﬁ/b}“ﬁﬂg‘g'gt i on. For

adm ni st r at ifyRdbyinsiddRtHtdifd}, wRick RIAP Gieh Be fthaRl by eePatibntE DPTWedcdstke and/ or
phar maceuti cal conposition thereof may be conveniently delivered to the |ung

by a 5 nunbesogyelidnpwaintie age A papylar ptatiasn isithe r@ultralq\@@@D@a(mBPIhhm er
"M "), Wh | boi |
( )15 '?ig_ra,%hkﬂa@ms%%%?ﬁ%% Sﬁ{l%r%{a}l% é‘th% Hdtf € kgw boiling

propel | ant, oro ane r| ch or of lousr omet hane,
di chl or ot et reafihpies captulasraad cartridpoesiof gelatin for use in an inhaler or insufflator may be

formulated containing a powder mix of a compound of structural Formula (I) and a
suitable powder base such as lactose or starch for these systems.
Another type of device that may be used to deliver a compound of structural
20  Formula (I) and/or pharmaceutical composition thereof to the lung is a liquid spray
device supplied, for example, by Aradigm Corporation, Hayward, CA. Liquid spray
systems use extremely small nozzle holes to aerosolize liquid drug formulations that
may then be directly inhaled into the lung.
In one embodiment, a nebulizer is used to deliver a compound of structural
25 Formula (I) and/or pharmaceutical composition thereof to the lung. Nebulizers create
aerosols from liquid drug formulations by using, for example, ultrasonic energy to
form fine particles that may be readily inhaled (see e.g., Verschoyle et al., British J.
Cancer, 1999, 80, Suppl. 2, 96). Examples of nebulizers include devices supplied by
Sheffield Pharmaceuticals, Inc (See, Armer et al., United States Patent No. 5,954,047;
30  vander Linden et al., United States Patent No. 5,950,619; van der Linden et al.,
United States Patent No. 5,970,974), and Batelle Pulmonary Therapeutics, Columbus,
OH.
In another embodiment, an electrohydrodynamic (“EHD”’) aerosol device is

used to deliver a compound of structural Formula (I) and/or pharmaceutical
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di oxi de or any other suitable gas) may be used to deliver conpounds of
structural Fornula (1) and/or pharnmaceutical conpositions thereof directly
to the lung. 10 Alternatively, a Dry Powder Inhaler ("DPlI") device nay be
used to adm nister a conmpound of structural Formula (1) and/or

phar maceutwoabosiiesgeof to the lung. DPI  devices typi caldyusier/odsongchani sm
such as a burst of gas to create a cloud of dry powder inside a container,

whi ch. may then be inhal ed by the patient. DPlI devices are also well known

in the art Cxﬁp&f{ 'tﬁér?df% HED bél6so ?Héxhée@'u %ﬁca‘?@ﬁehé POP1 ™) 15

system whi or t elivery of nore t an one t rapeutlc dose. For
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nozzl e holes to aerosolize 3 drug ornulatlons that may then be

directly i devitesandymaye pff@lelntln clivencampoundsio dhietung tham othebprimgraryi s used to

del i ver ructural 25 Formula (1) and/or pharnaceuti cal
conpositi oagﬂﬁg}' 8\"8{05& he lung. Nebulizers create aerosols fromliquid

drug fornul ati ohssohi¢ embmmenfspmeemapmh&s oftstrsctatad Fomudad) gyd/éro form fine
particles that e readily inh e choyle et at, British
J. Canferph W“%I'S’g °°‘SB?)‘HF°“5§‘°“?92 qﬁéﬁﬁr@%m&f"eﬁ’é I PARHIA Ac| ude devi ces
suppl i ed bl’lgosggﬁf(%éfgtﬂlﬁhqg’@@%iéhée%bﬁﬁﬁ 'i‘§33( PRGt o] TR “1$80s8tnes ini t €d States

Pat ent No. van der Linden et ., Uniteéd States Patent No.
5, 950, 619; thedthethpy of Infiebtinussisease and Hancer]’ I&mz@srd@mm Ridler Bd®9)70, 974), and

Batell e P | umbus t nb d t,
ol ot r ohy -0y e Yak PR 6s Tropef e oy MibeulR BETRRRRLH 1™ Compound of
st ruct ur al pffedtious Blséds): afd\Qémer, DhogereBepdsteirald I3dleVdsf) D4ds 163 Gbrk,

PCT/ US2004/ 016948 ngosition thereof to the lung. EHD aerosol devices use
electrﬂéalpéﬁ§¥ erosolize liquid drug solutions or suspensions (see

e.g., Noakes et hPJtherUHletﬁﬂleﬁEathgt?omfﬁth shi@etufdl ﬁ‘ﬁ%m'ﬁ?&) and/die

el ectrochem cal properties of formul ation may b
pharmaceutical compositions thereof can be delivered via sustamed release systems,

preferably oral sustained release systems. In one embodiment, a pump may be used
(See, Langer, supra, Sefton, 1987, CRC Crit. Ref. Biomed Eng. 14:201; Saudek et al.,

20 1989, N. Engl. J Med. 321:574).

In yet other embodiments, polymeric materials can be used (see “Medical

Applications of Controlled Release,” Langer and Wise (eds.), CRC Pres., Boca Raton,
Florida (1974); “Controlled Drug Bioavailability,” Drug Product Design and
Performance, Smolen and Ball (eds.), Wiley, New York (1984); Langer et al., 1983, J

25  Macromol. Sci. Rev. Macromol Chem. 23:61; see also Levy et al., 1988, Science 228:
190; During et al., 1989, Ann. Neurol. 25:351; Howard et al., 1989, J. Neurosurg.
71:105). In still other embodiments, polymeric materials are used for oral sustained
release delivery. Preferred polymers include sodium carboxymethylcellulose,
hydroxypropylcellulose, hydroxypropylmethylcellulose and hydroxyethylcellulose

30  (most preferred, hydroxypropyl methylcellulose). Other preferred cellulose ethers
have been described (Alderman, Int. J. Pharm. Tech. & Prod. Mfr., 1984, 5(3) 1-9).
Factors affecting drug release are well known to the skilled artisan and have been
described in the art (Bamba et al., Int. J. Pharm., 1979, 2, 307).
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|rrportant paranmeters to optim ze when delivering a conpound of structural
Formula 5 (1) and/or pharmaceutical conposition thereof to the lung with an
EHD aer osol device and such optimzation is routinely perfornmed by one of
skill in the art. EHD aerosol devices may nore efficiently deliver

conpounds tv&bidg?/ﬂobﬂlg than ot her pul monary delivery tepbfokngi/@sasl N sone
enbodi nent s e conpounds of structural Fornmula (I) and/or 10

pharmaceutical conpositions thereof can be delivered in a vesicle, in

particular a See, .Lan 99 Sci e 152 153 Treat el
at, in "Li posorreglg) ?thfmt{"% G@RQWEBY epric- ﬁ?ag?tpr%}’ua%at%gssceaéls 3RO ger
Lopez- Ber estsaitainaiw@lebsccidatinitedion) Prefdﬂeﬂ%oatmgma‘(a’raks, in¢glpde &ﬂﬁma@&lmw%) see

generally " s in.the Therapy o Infe us Di sease and Cancer,
Lopez- Ber es Pﬁoﬁ%lﬁ;%nﬁ%@i‘ty (P H-contio L‘Ed re yers Vigh g sloyser. 365 ( 1989) ).

In ot her &FRRticht rate BT s6/RITREUIES AN &t &a&%&l{, 2l tf@rcBraiicancRy/ or

pharnaceutl I conposi tions théreof can be dellvered via sustai ned rel ease
systens, S prpefymeaﬁtr;ﬁyt mdﬁgrméb&ﬂwmeﬁélee@m@m@nﬁedﬂeh:am)endsnbodl ment, a

punp may be d f Ref . Bi oned
Eng. 14:201; p%@e etggﬁei?m hﬁgg@ﬁmf&ggma%s@ 3Pymb‘]\9§%ée§gl§%§ b “'n yet ot her
enbodi lranEjs,prelpsdrymtrcﬂle&Bélﬁsa)aljs can be used (see "Medi cal Appl I cati olns 01(‘j
Controll ed Rel ea nd Wse res., Boca Raton, Florida
(1974); "Control i‘bﬁ‘lﬁtﬁﬁ%Bﬁ%ngsa‘Pﬁ“P"iQ‘P3°l“)ef¥%’étewafﬁ.}@?d &n and

ber { Of MaNC e cudiTRbRI MY hdRMibra R vamal LRIy Y9I IPHabASSb00, Langer et al
1983, J 25 Macromol. Sci. Rev. Macromol Ch :61; see also Levy et al.

1985, Sdilend6:695408). dn et athariembodiments, ORAH snmn devieasrast usedgorasal: Howar d et

at, 1989, J sus'\ﬁgécgr%ga& dellV]fy%liQ\; %es (J['H &ﬁ&r' | lt gg,tslgﬁgfd%%dlbaqe ?\12 pol ymer i

naterlals are u oral’sustaine I'Ver Sterred pol ymer s
I ncl ude sodi3BasFa0;rheyiedstey bk dlitited States PattﬁdN@.)Gler(’)mQy) ceI | ul ose,

hydr oxypr opyl net h I.eI ul ose.and hydroxyet hyl cel | ul ose 30 st preferred,
hydr oxypr opyl e h’?‘GF@Q@)“e“@ K%‘?“trﬁﬁ@}"éf\/‘?%y&tﬂm can be elae% have been
descri bed /fjlrcgﬁ’rhﬂ?ﬂf the Blrget 9f th@léai'hﬁbun-ﬁ@ Ern}/or‘%hﬁrn%eutkﬁlrcomp%%ﬁém oﬁfn@) 1-9).

Factors affecting drug réelease are well known to the skilled artisan and
have bedd drevsotion, duks requiring (H\Il)ta(TB}imaf e systemir dose (See, PigarGrodsonging, 2, 307).

36 VO 2004/ Lfvféﬁ% Eﬂ{c%@%ggf’bg&t?o%%g Release,” supra, vol. 2, pp. 115-138 (1984).
Other controlled-release systems discussed in Langer, 1990, Science 249:1527-1533

may also be used.

20 5.7 Pharmaceutical Compositions

The present pharmaceutical compositions contain a therapeutically effective
amount of one or more compounds of structural Formula (I), preferably in purified
form, together with a suitable amount of a pharmaceutically acceptable vehicle, so as
to provide the form for proper administration to a patient. When administered to a

25  patient, the compounds of structural Formula (I) and pharmaceutically acceptablé
vehicles are preferably sterile. Water is a preferred vehicle when the compound of
structural Formula (I) is administered intravenously. Saline solutions and aqueous
dextrose and glycerol solutions can also be employed as liquid vehicles, particularly
for injectable solutions. Suitable pharmaceutical vehicles also include excipients such

30 as starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, siliéa gel, sodium
stearate, glycerol monostearate, talc, sodium chloride, dried skim milk, glycerol,
propylene, glycol, water, ethanol and the like. The present pharmaceutical

compositions, if desired, can also contain minor amounts of wetting or emulsifying
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In still other enbodi ment, enteric-coated preparations can be used for oral
sustained release admnistration. Preferred coating materials include
polymers with a pH dependent solubility (i.e., pHcontrolled rel ease),
polynmers with a slow or pH dependent rate of swelling, dissolution or

er osi on (iwe@a2004t1i038s+ control | ed rel ease), 5 pol yners t hZCTAS048WP48ded by
enzynes (i.e., enzyne-controlled rel ease) and polyners that formfirm

| ayers that are destroyed by an increase in pressure (i.

pressur e- c@aliufiét, Rerfer €dohaa) or phsislogical salifeeuffef I seRitib ma%aﬁxhinc del i very
syst ens are used for oral sustained release adm nistration (Verma et al.
Drug Dev. [fofeulateryaggnts sugnas suspendingasiabilizang andjor dispersiggjagents niWBen nent s,
OROSTm os ivery devi ces
(Theeunes areear: feiamicbultanianBiuphcthay AFRAMCEIRGRARERREL 1LY O fod
St at es Pat @hamnfdoeutigal@omp8dedns fomingaviechdusatmanistatibmohagreptienally include a

control l.ed-re eas yst.em.can be ced. i pr.oxi mt f the t et of the
corrpounas é??ai E‘H FRELE Jignacgine tgﬁffSQF’{‘. gﬁ“’é‘r‘c ?f;fg‘e "i%‘:?'f’ﬂv ﬁ'ﬁr% > thus
requiring odilgradithtaateisapplied eithes sepasitayiormiked Ggehecin witdlosagedaiton, in

" Medi cal Appllcatlons of Controlled Rel ease,” supra, vol. 2, pp. 115-138
(1984).  Odofexampla a5 lynbilized ea‘g@rgwﬁfehfgceoﬁ%a?é@@dnarheu%@elﬂy 1990, Sci ence
249: 1527- 132%ed JORMirkt aeh Q@a&éﬂ@bul@& s§ch%ttﬂ?@(c ﬁltxty@ﬁﬁl% tions:The
present pharmaceuti cal conpositions contain a t er peut cally effective
anount of egent.oWhanthe comppundrod stradturst Fammular(Blis ﬁlmmuteecd(lﬂ;olpﬁptoa;‘mrabl y in
purifi for et.h rnaceutlcally

accept :}@I e® tﬂ%%fpg segof%égxarqu &@\ﬁ“dliﬁflﬂréggg? ?‘W‘%‘%‘P%&BE adm nistration to
a patient. pMiifiacatioal grale Wagd of Sulide. 2Wh9ﬂtﬂe%8ﬁ1pmhﬁ%f@@ﬁmﬁmnﬂ&nﬂfa (®tructural
Forrmul a (1) and pharnmaceutjcally acceptabl e veh| cles are IDref erably
sterile. m@rnmlgteesd.vaataoe@r\ﬂ@moele@fmah w3t frgRisetipiorsalinegap bgt ur al
Formul a (| i ons and agueous
dextrose akdJ g yggp% &Eﬁfgﬁ%‘%“ﬁﬁs‘“%ﬁw*‘% r$é"a&£ﬂ§1§/e tglg | i quid vehicles,
particularly fBer trmﬁmmoadlaénmmmlommsnet@mslaambmqthwﬂlabmrto@le vehi cl es

al so in¢lude excipients. such 30 _as | ucose, | ose lcer ose,

gel ati H% nare atrefi(%,%e,us?qgl(ﬁﬁ?ﬁgﬁglla on. Sé"lcf‘ Repielayts M§§8Pﬂﬂﬁy @‘P“’a{‘r -1 gl ycer ol
nonost ear akg, talc, sodiumchloride, dried skimmil k, glycerol, propylene,
gl ycol, water, et hanol and the |ike. The present phar maceut | cal

conposi tions, i Phaymageutiepl C%W%I%f%@mléf’lﬁefﬁfﬁéﬁ bairght fosmenf tahlats, i ng or

emul si fyi NSzenges, aqueous or oily suspensions, granules, powders, emulsions, capsules,

syrups, or elixirs, for example. Orally administered pharmaceutical compositions

20  may contain one or more optionally agents, for example, sweetening agents such as
fructose, aspartame or saccharin; flavoring agents such as peppermint, oil of
wintergreen, or cherry coloring agents and preserving agents, to provide a
pharmaceutically palatable preparation. Moreover, where in tablet or pill form, the
pharmaceutical compositions may be coated to delay disintegration and absorption in

25 the gastrointestinal tract, thereby providing a sustained action over an extended period
of time. Selectively permeable membranes surrounding an osmotically active driving
compound are also suitable for orally administered compounds of structural Formula
(I). In these later platforms, fluid from the environment surrounding the capsule is
imbibed by the driving compound, which swells to displace the agent or agent

30  composition through an aperture. These delivery platforms can provide an essentially
zero order delivery profile as opposed to the spiked profiles of immediate release
formulations. A time delay material such as glycerol monostearate or glycerol

stearate may also be used. Oral compositions can include standard vehicles such as
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37 WD 2004/110364 PCT/ US2004/ 016948 solution, Ringer's solution, or

physi ol ogi cal saline buffer. The solution may contain fornulatory agents
such as suspending, stabilizing and/ or dispersing agents. When necessary,

t he pharnmaceutical conpositions nmay al so include a solubilizing agent.

Phar maceut i¥aRoamM3eki ti ons for intravenous adm ni strat ipgn/usag4oppisonal |y

i nclude a 5 | ocal anesthetic such as lignocaine to ease pain at the site of
the injection. Generally, thei ngredi ents are supplied either separately or
m xed t oget a I hilized powder or
water free Ig%{r?ggfrq et ésg?&agﬁg}érgre Ste zﬁe 64 grglglw h%rg%’t gﬁdﬁl}érsgsuch as an

anpoul e or mmhﬂum«zanbmhte;ata Egcmdbhlctpsaretpréfyrablfy of pharmaceutigslrgradeV\hen t he
conmpound of str cturftqulf%nula i.s adm nistered by infusion, it 10 can be

di spensed, for Qéﬂ‘ﬁ keparatio sﬁ?ﬂ‘sﬁs T EPPIG SYSBERSIANS: s aad j | o

phar maceut i filtiofd, seitabWtaftiers) Exdiibnts 6r dilBRS irchide GaERQEmsE, of structural
Formula (1) 1is adni ni st er ed by injection, an anp oul.e of sterile water for

i nj ecti on cilkyeneglyeole tere Juopyers\alvsel), B%Yat“ﬁ’éqnetgbﬁoﬁslﬁ@g epRlyethylenrtay be ni xed

prior to a twggg) rants
appropri at gé[%’%bﬁ\%a%g?ﬂseﬂt&%&m?yﬁ.perrreat J—l‘g?@&ﬁlg gglgﬁaﬁmé formul ati on.

Such penet raatndts asno@a@at(bmwebg(abmom nM to himut §0.0 mNPhate.nAdditionatly) conposi ti ons
fo I the f f t .
L N T W i

for exanpl emay¥eaddddyd. adm ni st ered pharmaceutical conpositions 20 may contain
one or nore optlonally gents, for exanple, sweetening agents such as
fruct os¥ aspar FarRucsal aéﬁ’(‘:‘l!ﬂ%tlpﬁ the phapnasenEcahersmrositions may ke disfem®i nt , oi |

of w nter %ﬁaﬁ)’kt @Jze %«Fr&yf u@Jtéd\ﬂc@%H&&;aan&FeserV' ng agents, to pr ovi de

a phar ITB.CEUtIC atabl e preparation. Nbreover, where in tablet or pill
form the phar m&dmg@mwtnposwﬁablﬁormywwnmgaand)llqiedl sprayli si nt egrati on

and absor pt | ' tr0|nt . er ing a
sust ai ned adcf’ 1%%“8%6 3‘?{0 %Vﬁ%f’édv 'ﬁZ’P' gy "}ﬁ 2} ﬁ%mp%ﬁe%‘f&\llcgﬁuﬁp per neabl e
menbr anes SRornmeM D iwig aﬁ)jhaﬁﬁmﬁtidhﬂj/ hc}beﬁtﬁlblb\{faudél Pichgablgangpound are al so

suitable for orally adm nistered conpounds of structural Forrmula (1). In

t hese |kt erPhﬁ!“éﬁcf"ﬁ'rcﬁ%Y aqeeRipkle yehigle tsr?eh%‘rfﬂ/ﬁ“{"’bhsr@?ﬂ OEWF%MQ‘R:}’ §%e capsule is
i mbi bed by hhe Grd Y fMebrGARRAY ThtioddtyCih ns1qn§}> totfﬁt@r@lgent or agent
30 conposi tion through an aperture. T ese Ivery pl at ornms can provide an

essent i al | yaerosol properties of the solution or suspension of compounds of the invention.
Preferably, this material is liquid such as an alcohol, glycol, polyglycol or a fatty acid.
Other methods of formulating liquid drug solutions or suspension suitable for use in
20  aerosol devices are known to those of skill in the art (see, e.g., Biesalski, United
States Patent No. 5,112,598; Biesalski, United States Patent No. 5,556,611).
A compound of structural Formula (I) may also be formulated in rectal or
vaginal pharmaceutical compositions such as suppositories or retention enemas, e.g.,
containing conventional suppository bases such as cocoa butter or other glycerides.
25 In addition to the formulations described previously, a compound of structural
Formula (I) may also be formulated as a depot preparation. Such long acting
formulations may be administered by implantation (for example subcutaneously or
intramuscularly) or by intramuscular injection. Thus, for example, a compound of
structural Formula (I) may be formulated with suitable polymeric or hydrophobic
30 materials (for example, as an emulsion in an acceptable oil) or ion exchange resins, or
as sparingly soluble derivatives, for example, as a sparingly soluble salt.
When a compound of structural Formula (J) is acidic, it may be included in
any of the above-described formulations as the free acid, a pharmaceutically

acceptable salt, a solvate or hydrate. Pharmaceutically acceptable salts substantially
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zero order delivery profile as opposed to the spiked profiles of imediate
release fornulations. Atine delay nmaterial such as glycerol nonostearate
or glycerol stearate may al so be used. Oral conpositions can include
standard vehicl es such as 39 WD 2004/ 110364 PCT/ US2004/ 016948 mannit ol

| act ose, s{@hefni6s8pnesi um stearate, sodi um sacchari ne,pa@id200403648 MEGNESI UM
carbonate, etc. Such vehicles are preferably of pharnmaceutical grade. For
oral liquid preparations such as, for exanple, suspensions, elixirs and

solutions, sujtable carri.er exGi pients or diluents i.ngl ude ter, saline,
5l kyl emeg! i e EatfA o ledes iRy B dpmired iy oS mildegfyol fefie. o7

pol yet hyl enebe rgbr¢ solubledi bgueods £dldtHes protit bd)Véntsthacthd corrdspbidnsigecicieen pH 4
and pH 6 (e.g., acetate, citrate, ascorbate at between about 5.0 mMMto
about 50.0 etc. Additionally, flavoring agents, preservatives, coloring
agents, bile salts, acylcamtines and the Iike my be added. 10 For buccal

adm ni stration, the pharmaceutical conpositions may take the form of
tabl ets, 3 o0z®8geslhexapeuticdases at ed i n conventional manner. Liquid drug

formul ati ons suit I | j Lquid spray,. devices and
EHD aer osol devi c‘iélg‘l’ﬁﬁ“l?‘dt°§%ﬁ‘€\§1‘%‘rf oﬂﬁ@%ﬂ&é‘ﬁéﬁ@%&gé&ﬁgﬂ%ﬁ chgP%Xt{o&r al Formul a
(1) with a plhereofaedilizéneelllybe asdaicpam beunt effedtive to dchizhe ttihtgnddd .
pharmaceutical ly accegt abl e vehicle is g liquid su P as al cohol, water,

pol yet hyl eneForgiss/0dreaer Preysat qipeasss O disprdsrs chgsagt yabesiat her material nay

be added t o @lk\iriZafi6h, AP RlabMAPESIIES nBhroldena vl diRds aiiSPENSi On of

conpounds of the invention. Preferably, this material is liquid such as an
al cohol , 1Q)| yehsbity tho rgmpapmds ofstruetufab Forynuda(dand/oDphasmapantind ¢ompbsifiensiul at i ng

liquid drug sol ution I...suspensi.on. sujtable for e in 20 aerosol devices
are known ¢ ot aearsepied BEARE i he Bk ReaBictdife sl *°' U571 o™ St at es
Patent No. 5, 112, Hi@mobhtsfalcetpouddufiseattizhiciioemulql)ahdt wild be offedive til1) . A
conmpound of structural, Forpula (1) may al.so he formulated in rectal or

vagi nal pharﬁﬁseﬁw%ﬂf a@aﬂ'ﬁstar @l%?ﬁ%%r ogae#% sﬂméﬁrﬁfli“@@ dgpend@ndif i on
enemes, €. g. paturé 8hae diRbAkr SAURNERDA APlan BE BRI AQY by RARGR iy as cocoa
butter or other glycerides. 25 In addition to the fornul ations descri bed
previ ousldy, techniqueokmnavroh the artyes prewbusly-desprithed. [ 3dditeon, & Go beinfwivonul at ed as

" SepCt P O Tl bERRRRTH RR B SR So BB . o 7o by
amount of a compound of structural Formula (T) administered will, of course, be
dependent on, among other factors, the subject being treated, the weight of the
subject, the severity of the affliction, the manner of administration and the judgment

20  of the prescribing physician.
For example, the dosage may be delivered in a pharmaceutical composition by
a single administration, by multiple applications or controlled release. In one
embodiment, the compounds of structural Formula (1) are delivered by oral sustained
release administration. Preferably, in this embodiment, the compounds of structural
25  Formula (I) are administered twice per day (more preferably, once per day). Dosing
may be repeated intermittently, may be provided alone or in combination with other
drugs and may continue as long as required for effective treatment of the disease state
or disorder.
Suitable dosage ranges for oral administration depend on potency, but are
30 generally between about 0.001 mg to about 200 mg of a compound of structural
Formula (I) per kilogram body weight. Dosage ranges may be readily determined by
methods known to the artisan of ordinary skill the art.
Suitable dosage ranges for intravenous (i.v.) administration are about 0.01 mg

to about 100 mg per kilogram body weight. Suitable dosage ranges for intranasal
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I ntranmuscul arly) or by intranuscular injection. Thus, for exanple, a
conpound of structural Fornmula (1) may be fornulated with suitable

pol ymeric or hydrophobic 30 materials (for exanple, as an emulsion in an
acceptable oil) or ion exchange resins, or as sparingly soluble

derivati veswo too#1@3anpl e, as a sparingly soluble salt. Yyewsmogewpgund of
structural Fornula (I) is acidic, it nmay be included in any of the
above-descri bed formul ations as the free acid, a pharnaceutically

acceptable s sol vat e t|c | |y, accent able salts
subst anti al P@"E&tr%&?%ﬁgﬁﬂag@e?gx'ge%@g%ﬁ?‘ga ! gﬁf@“’ggt ivity of
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depend on t hgmal@baelSare sybtBRs HewRId&bwANn Geadi ti on and can be determ ned by
standard clinical 15 tecﬁ, ues known in the art, as previously described.
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applications or cont l ed rel ease. 1n one nbodi nent, the conpounds of
struct uiél Ppabrtast Yasqularizatiete copper mdtabghsmrcmor@ans paumdegeneratiens e
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demonstrated to be effective and safe using animal model systems.
Preferably, a therapeutically effective dose of a compound of structural
Formula (I) described herein will provide therapeutic benefit without causing
20 substantial toxicity. Toxicity of compounds of structural Formula (I) may be
determined using standard pharmaceutical procedures and may be readily ascertained
by the skilled artisan. The dose ratio between toxic and therapeutic effect is the
therapeutic index. A compound of structural Formula (I) will preferably exhibit
particularly high therapeutic indices in treating disease and disorders. The dosage of a
25  compound of structural Formula (I) described herein will preferably be within a range

of circulating concentrations that include an effective dose with little or no toxicity.

- 59  Combination Therapy
In certain embodiments of the present invention, the compounds of structural

30 Formula (I) and/or pharmaceutical compositions thereof can be used in combination
therapy with at least one other therapeutic agent or with radiation therapy. The
compound of structural Formula (I) and/or pharmaceutical composition thereof and
the other therapeutic agent can act additively or, more preferably, synergistically. In

some embodiments, a compound of structural Formula (I) and/or pharmaceutical
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25 Formula (I) are adm nistered twice per day (nore preferably, once per
day). Dosing may be repeated intermttently, may be provided alone or in
conbination with other drugs and nay continue as long as required for
effective treatnment of the disease state or disorder. Suitable dosage
ranges forwarab4/amsni strati on depend on potency, but arEr/US004paenasal |y

bet ween about 0.001 ng to about 200 ng of a conpound of structural Formula
(I') per kilogram body wei ght. Dosage ranges nmay be readily determ ned by
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preferred fﬁnoxbuml iﬂogumﬁneplcsmane am@ncbn@ease@mnedmﬂags((egs characterized 15
by aberrant vascul ari z t| on,, g‘ﬁer et abol | s di sorders, urodegenerat ive

di sorders aRl™3PaRYING, *ﬂgﬂn"d’é‘?’rﬁ Priling¢Lc.dmatyes QF‘%QI““I& ng'& lesinenpy al so be

denonst r at edintRstine, posiat, té’rﬁp@s"kﬂa 85’%:fuﬁorH§du'i‘Qlaﬁ’r{Hnﬂﬁ$1n NRAGHbRY ST €.
Preferably, a therapeutlca fecti ve” dose of a compound of structural

For mul a 1§ 1) bigemyein,eithringeia; liﬁltwrlwm 6+ brspacagineee, apetferpe alpbaeplatinum t hout
causi ng 200(?0%) ﬁ%?o'ﬁtcbl%&)le&&x('e%' )Q-plz-ili%hfb;{ryop%tln?gtm?,%?g&nf?én ?t ructural

Formula (1)
hydroxyurea procarbazine, hormones and antagonists (e.g., prednisone,

hydroxyprogesterone caproate, medroxyprogesterone acetate, megestrol acetate,
diethylstilbestrol, ethinyl estradiol, tamoxifen, testosterone propionate,

20 fluoxymesterone, flutamide, leuprolide, efc.), anti-angiogenesis agents or inhibitors
(e.g., angiostatin, retinoic acids and paclitaxel, estradiol derivatives,
thiazolopyrimidine derivatives, etc.), apoptosis-inducing agents (e.g., antisense
nucleotides that block oncogenes which inhibit apoptosis, tumor suppressors, TRAIL,
TRAIL polypeptide, Fas-associated factor 1, interleukin-1p-converting enzyme,

25  phosphotyrosine inhibitors, RXR retinoid receptor agonists, carbostyril derivatives,

etc.), chelators (penicillamine, zinc, trientine, efc.) and other anti-obesity agents.

5.10 Therapeutic Kits
Therapeutic kits comprising the compounds of structural Formula (I) and/or

30 pharmaceutical compositions thereof are also provided herein. The therapeutic kits
may also contain other compounds (e.g., chemotherapeutic agents, natural products,
hormones or antagonists, anti-angiogenesis agents or inhibitors, apoptosis-inducing

agents or chelators) and/or pharmaceutical compositions thereof.
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determ ned usi ng standard pharmaceuti cal procedures and nmay be readily
ascertained by the skilled artisan. The dose rati o between toxic and
therapeutic effect is the therapeutic index. A conpound of structural
Formula (1) will preferably exhibit particularly high therapeutic indices
in treati ngodoewa®ss and di sorders. The dosage of a 25 cromus2ne/00d94st ruct ur al

Formula (1) described herein will preferably be within a range of
circulating concentrati ons that include an effective dose with I ittle or no
toxicity. 5.9 on Therapy.ln certain e pr esent

i nvention, the ﬁ‘élk %‘F’a%ﬁ”rvﬁ@tsmggq congﬁwfz‘gplﬁgb %Pq‘(“Fﬁ H’ﬁﬁ&?’B? off maceut i cal

conposi ti Oﬂﬁudtli}@FMIfrluﬁé(D ah@/ot!Pleeimhdtutltinisitions theRRef Wil otvithoudt | east one
ot her therag_@utl c agent or with radiation therapy. The conmpound of

structural © f?ﬁm&nemﬁ (esthciyther compeyRds aaf/or PhArmagsiisal Gompesitings eof and  t he
other ther g ﬁby&n?mme &1‘2'{‘%8%}1@9&'%:‘ 48 é’onﬁ{?nexﬁ‘)@?e &5@1

synergi stica sone e Iments, a corpound o0 uct uké{‘? Formula (1)
and/ or pharkitamelutie ammmlnd\ﬁfﬂﬁﬁnhﬂmﬁﬁﬂaﬁwmhmeﬂc&l conposi tion

t hereof is adm curgentl h the ni s atlo of . anot her
ther apeut | EOBBNON (T Rarageait B i b PaiencuERE Ao B iEPelbt Sonpost ti on
as the corpudtompound (piefetibil, a thentdthetapleltic apenia dathiatpoductphar maceut i cal
conpositi on In other enbodinments, a phar rraceutl cal conposition of

struct ur al NEERIRGIORantagon|st agntiwpgiageness agsnioriphibitr, an apoptesisrinducig
admi ni st r at a@opi c&&?&rpsﬁa éﬂmf& '1&, g@ ngﬁ{éafswc ﬂgllltgrgﬂhé the

conpounds o structura arnmaceut | conposi tions

t her eoflOc arklthmydsepcb-cqmpimcmon aaoh@nmpblmlapyy b infa sopdrate dlsohermnﬂammapeut ic
agents (e. latl n (e.g., nitrogen nustards (e.g.,

cycl ophosp%&f’ﬁtaé f"f’%??%?‘rfipa&lﬁ‘étchl or et hani ne, nel phal en, chloranbucil, 10
hexanet hyl mel anthesonigonéritepfthe kit hiaybe wvfd@mm@fe ot éndldle hqtﬁ&lﬁélhﬁ@{%?
nitrosoureas, triazines) antineta olltes ., folic acid anal ogs,

pyri m di ne p&rﬂw%@@euf@us solptiqyy mers pieferablys wﬁ@lﬁaew%s sdytionsiThe ar abi nosi de,
etc.), pur 'c&ﬁ St G&e(kﬁ (rﬁlay:also%rp? éﬂ%@élﬂﬁ’wﬁlbﬁ Rﬁgﬂ@b&ﬁeng@{hﬁ@“ atin,

etc.), nat uraf pro ucts ’g., vinbiastine, "vincristine, etoposide,
terti pdSi dé‘guidab,y adddmmfnultabbnmbneuﬂs; which ardpraﬁarahiyprqv;deﬂfm maoglemy ci n,
mthrnycin gn n C, L-asparaginase, interferon alpha), platinum
coor di nat i Gi B%r?ﬁ t@'%rs (e.g., cis-platinum carboplatin, etc.),

m toxantrone, MN&dddayisr 6Ra thefapewriclatahdiebe ahaimtegte@beaﬂdskaaétﬁaoni sts (e.g.,
predni sone, syringe, or any other means of enclosing a solid or liquid. Usually, when there is
more than one component, the kit will contain a second vial or other container, which
20  allows for separate dosing. The kit may also contain another container for a
pharmaceutically acceptable liquid.

Preferably, a therapeutic kit will contain apparatus (e.g., one or more needles,
syringes, eye droppers, pipette, efc.), which enables administration of the components
of the kit.

25
6. Examples

The invention is further defined by reference to the following examples, which
describe in detail, preparation of compounds of the invention and methods for
assaying for biological activity. It will be apparent to those skilled in the art that

30 many modifications, both to materials and methods, may be practiced without

departing from the scope of the invention.

44



hydr oxypr ogest er one caproate, medroxyprogesterone acetate, negestrol
acetate, diethylstilbestrol, ethinyl estradiol, tanoxifen, testosterone
propi onate, 20 fluoxynmesterone, flutam de, |euprolide, etc.),

anti-angi ogenesi s agents or inhibitors (e.g., angiostatin, retinoic acids
and pacl it woetop4/g836tadi ol derivatives, thiazolopyri m dPCEUSkN4/016848 VesS,
etc.), apoptosis-inducing agents (e.g., antisense nucleotides that block
oncogenes which inhibit apoptosis, tunor suppressors, TRAIL, TRAIL

pol ypepti de, ,Fasgassaciajed factor, 1. i ntderleuking-1(i-.converting enzyme, 25
phosphot yr ofilne llg’ﬁ%"l'o'f’ ar PSR- U LIS S r bost yri |
derivatives, etDerivativeel ators (penicillamne, zinc, trientine, etc.) and
ot her anti-obesijy agents. 5.10 'LB[ raioezéi c. Kits Therapeuti¢ kits
conprising the c ferarpimepniymhydroxide &2 ¢q,). 3s 2 p9mmerpially-avateblthar maceut i cal

conposi ti oNgqieBRy BREioRWasAl &L 1B aRYofREh RRAtRIoRngHa® (i B&.ﬁ SRFAMibrHzedi TS MRy
al so contain other conmpounds (e chenot her apeutic agents, natural

product s?  Watenwasadded U@H@ﬁ@mﬁoﬁg mategink Wasalisgplygd nBlas solutipanvas ptaced nhi bi t or s,

apopt osi s-i nduci.n agent s _qr chel at or nd/ o I | gal conpositions
t her eof . 430?/\?)‘0558ﬂ?%f?é%'fngﬁﬂaﬁgfb{fﬁ‘l%l%g’ﬁ% qulﬁg?hgaégg‘tébc CLfof %ay have a
singl e cont Réurhd iMaiweaker GAB tepldaed AsiRededtd fialithiRh constde volual. Faemul a (1)

and/ or pharmaceutical conpositions thereof with or w thout other conponents
(e.g., ot hefeagtipniaiyiaswasidemillowed inekeperateda dryaesssad the resdting yelleWof ) or nay
have di sti ngj; @ér#,}g liFed oS llﬁ—ﬁ AR : : peutic 5 kits
I ncl ude a cgérlrlggﬁ%g 0 sltléregctourall orrru&gg%q 585)%% 8?bgﬂepi?g?%ageutical

conposi 10 oncdllected by fiimtikmgedhddowithuisepropancloanididrealy] ethenianéh thehelried
co-admnistration of a second conmpound refera a che erapeutic
agent, a nal éﬁlgBly B%IHBV,& ggﬂ?%? MSnacgim é%icﬁﬁf%'ing{l%/prﬁsegﬁ? PLYYSi ogenesi s
agent or inhibitor, an apoptosis-inducing agent or a chelator) or a
pharmaceutical conposition thereof. The conponents of the 10 kit may be
pre- conpl ex®d orExample p&pueralProgs for; Synthesis of Tetrathiotunpstate cont aj ner
prior to adm ni shraldees t0 @ patient. The conponents of the kit may be
provided in one ©r nore liquid solutions, preferably, an aqueous sol ution,
mor e pr &§ er abl y Thaqsttenary emampneoukalide (21¢q.)as a sthd wag adied teasispafsionhe kit may

Iso b | ded i.d i : into 15 liquids b
adai o on' of SkiTaie QS A S FRRHENS B pL R Complal ! anot her

tetrathiotungstate) and the resulting mixture was stirred at room temperature under

nitrogen for 18 hours. If this procedure resulted in a precipitate, the solid was
collected by filtration, washed with isopropanol and diethyl ether and was

20  recrystallized from deionized water and isopropanol. The yellow crystals were
collected by filtration, washed with isopropanol and diethyl ether and dried under
high vacuum for 24 hours in a vacuum desiccator in the presence of P,Os. If the
solution remained clear, the solvent was removed in vacuo, the residue was taken up
in dichloromethane, washed three times with water, once with brine, dried (Na;SO,),

25  and the solution was concentrated. The resulting ol or solid was dried under high

vacuum for 24 hours in a vacuum desiccator in the presence of P;O:s.

6.3  Example 3: General Procedure for Synthesis of Tetrathiotungstate

Derivatives
30 The quaternary ammonium halide (2 eq.) as a solution in deionized water (10
mL per mmol of tetrathiotungstate) was added to a suspension of ammonium
tetrathiotungstate (1 eq.) in dry acetonitrile (20 mL per mmol of tetrathiotungstafte)

and the resulting mixture was stirred at room temperature for 18 hours. If this
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di stinct container. The container of a therapeutic kit may be a vial, test
tube, flask, bottle, syringe, or any other neans of enclosing a solid or
liquid. Usually, when there is nore than one conponent, the kit wll
contain a second vial or other container, which 20 allows for separate
dosi ng. Thwdkiob4/mezss4al so contai n anot her contai ner for pcT/pswosmenstically
acceptable liquid. Preferably, a therapeutic kit wll contain apparatus
(e.g., one or nore needles, syringes, eye droppers, pipette, etc.), which

enabl es adm nistrati .0f the.conmponents of i1t..25 6. appl es The

vent s on PSS feiie 7 » piedisgr s S cplecdbuisy mastsT i ecc wh ch

descri be i Wwattglispropafisl@nd didttyDether aiah@odiivdin@ér HigtevdcivA T6d ZWhoard met hods

for assaying for biol o?| cal activi tgP It will be apparent to those skilled
2

in the art it hyacuwp deserpioninihe presence AP:Qsodfhe solyfiangemained glsar, thet hods, nmay be
practiced Wit : ' kJAV: Lonr.d44 WO
2004/ 11036\2&&%%%%%%%%8%%&&% B BE‘EW ée)@?_é:)éo&%%grraga T .

Synt hesBs ofsultieg sclidhwastrenrystaltized fiomn deionizedoratdiand ipoptopamay the gettowni um

Lo, amroni ufioRaLesHR R S et i Db anf SO Snbntindlos Soded

until all WdHed sfdlet KighRicRumabr 2loutl i aGkMAEh debitCatePinlthé preseesofP,@5€d on a
rotary evaporator under vacuum (ca. 5-10 torr) with the bath at 20 C for one

hour and the water was replaced as needed to nmaintain a constant volune. The
reaction "‘F)ﬁt“rﬁxﬁﬂﬁ@e%h‘f@traﬂhﬁ%&ﬁ@ tﬂé’(@lﬂﬁfn@ie to dryness and the resulting
yellow solid was recry : ed water and isopropanol. The
solid was 10 coThiecempbuby was ptepared from avasdra vettathiotengstapdid8imgand di et hyl
et her, and.then drje pder high vacuum for a0urs in cuum desi ccat or
in the pregé‘%gmlﬂd) :15%‘5% /g&?w%% P%ouﬁ.s‘wgé%?éﬁog?%lyéﬁ‘m%ea@gfmgynt hesi s of
Tetrat hi ot g19g6 i) acBErdingasd théprockdurd BEELHMIIE 1 NAllivh afferaed 151 Mg(6499) (2 eq.) as
a solid was _added to a suspension |

of the title compound as bright yellow crystals: IR (KBr, cm-1) 3402, 459; '"H NMR

(300 MHz, DMSO-d6)6 5.21 (t, J = 4.8 Hz, 2H), 3.88-3.81 (m, 4H), 3.46-3.43 (m,

15  4H), 3.14 (s, 18H); °C NMR (75 MHz, DMSO-d6) 866.8 (2C), 55.2 (2C), 53.1 (6C);
ES MS m/z (choline)’ 104.3; UV (H,0) 393.5 nm (g = 16730). Anal. Calcd for
C10H2sN20,S:W: C, 23.08; H, 5.42; N, 5.38; S, 24.65. Found: C, 23.17; H, 5.28; N,

5.43; S, 24.87.

20 6.5 Example 5: Tetrathiotungstate, bis(triethylmethyl ammonium)

This compound was prepared from ammonium tetrathiotungstate (164 mg,

0.471 mmol) and a 20% by weight aqueous solution of triethylmethylammonium
hydroxide (627 mg, 0.941 mmol) according to the procedure of Example 1, which
provided 147 mg (61%) of the title compound as bright yellow crystals: IR (KBr,

25  cm-1) 460; 'H NMR (300 MHz, DMSO-d6) 8 3.29 (g, J = 6.9 Hz, 12H), 2.91 (s, 6H),
1.21 (t,J = 6.9 Hz, 18H); °C NMR (75 MHz, DMSO-d6) & 55.0 (6C), 46.0 (2C), 7.5
(6C); ES MS m/z (triethylmethyl ammonium)* 116.4; UV (H,0) 393.5 nm (g =
16730). Anal. Calcd for Ci4H3N2S4W: C, 30.88; H, 6.66; N, 5.14; S, 23.55. Found:
C, 30.87; H, 6.33; N, 5.18; S, 23.77.

30

6.6 Example 6: Tetrathiotungstate, bis(triethylphenyl ammonium)

This compound was prepared from ammonium tetrathiotungstate (155 mg,

0.444 mmol) and a 10% by weight aqueous solution of triethylphenylammonium
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of ammonium tetrathi otungstate (1 eq.) in dry acetonitrile (5 nL per mmol of
tetrathiotungstate) and the resulting m xture was stirred at room
tenperature under nitrogen for 18 hours. |If this procedure resulted in a
precipitate, the solid was collected by filtration, washed w th isopropanol
and di et hyweetob#riozsad was 20 recrystallized from dei oni eertiusmbgoicand

i sopropanol. The yellow crystals were collected by filtration, washed with
i sopropanol and diethyl ether and dried under high vacuumfor 24 hours in a
vacuun1desiccatqr in the presence of P205. If the solution renalned cl ear,

the sol vent hydexigetolAs O 9\7’&8@1‘&“""9%“&‘89%@"%@ of Fxamplgd, whi¢

di chl or onet BaRfied 108 M3Y69%T SNE tifiESonYhoulld &y yaloGEc R dried
(Na2sO™4) , g ang the gg ut?on vvells C(;T?lij(?entratr%(!j'lt The rrzést{l}Fltl (Klggll or solid

was dried upuel)4h%;gH NMRA300MEr, DMSOJE) &7.52 (& Sk 4 b 4ié)s7ﬁda7tii7r(m,n t he

et at bt ot ufECAdS For i P 9HL 145 s L Beclill AW UYRIHET Ge”(2 eq.) as

a sol utign pMSEiae)s 1A paher3odl@c), nhomzc%s@cﬁ%s@@ v)wé@ﬁEst e) was
added to a suspension of ammonium “tetrathiotungstate in dry
acet oni t ri | MY A6 (triethyiphenylpmneiuneX 1 28. mltb‘t/l(lﬂg%)tl’éﬁé)nméa“fdlﬁ&ﬂ@) rAgmlil ti ng

20041 110364 HATIRZIRRIS R 46 110 el d LSare LitS Founds, Gzt By o, ¢ e

solid was celiBeqigzk:lgy198itration, washed with water, isopropanol and
di et hyl ether, and then dried under hi gh vacuum for 24 hours in a vacuum
desiccator in the presence of P205 If the solution remained clear, the

vacuo. o &7 CERfolt ot Teoraldd b e M AR 0O LT and

i sopropanol, t heTlgaebdmpmmdw&s ptepared fiomcanevlortiym ftéttathiatungstate (163 el wi t h

i sopr opanol I her. and. .t hen un vacu mfor 24 hours
in g vgcuum ggg i)t%‘)f/i r‘ﬁa &@H’HH@ 1qslf<{e|_{§glsmgg? %(%:&M)'agc% Ing to

Tetrat hi ot upRprctedure BF Eﬁﬁﬂﬂékﬂﬂﬂncﬂﬁrﬁf&b&lmm M ERRRMpPREnd 450M ammoni um
tetrathiotungstate (158 ny, . 454 nmmol ) and_a 50% by wei ght aqueous

sol uti on of bughdlyeltpev Wslﬂ'@xmd@ﬂimm- rg38; HM(WZ&BMM@ 8.88t he
prosedune ol FXABH dhy 196 R A CRL P s P54 ok OB B corPoune
DVBO- d6) 6 SMEez, OMSAd6Ys 855Hz(2c2) H 448485128 814C)u74R2C), 31 4628); £3 M9
m/z (1,4-dimethylpyridinium)* 108.3; UV (H,0) 393.5 nm (e = 16030). Anal. Calcd
for C14HyoN,S4W: C, 31.82; H, 3.81; N, 5.30; S, 24.27. Found: C, 31.67; H, 3.77; N,
5.32; S, 24.13.
20
6.8  Example 8: Tetrathiotungstate, bis(1,1-dimethylpyrrolidinium
This compound was prepared from ammonium tetrathiotungstate (300 mg,
0.861 mmol) and 1,1-dimethylpyrrolidinium iodide (400 mg, 1.76 mmol) according to
the procedure of Example 3, which provided 223 mg (51%) of the title compound as
25  bright yellow crystals: IR (KBr, cm-1) 455; "H NMR (300 MHz, DMSO-d6)
.8 3.53-3.47 (m, 8H), 3.13 (s, 12H), 2.14-2.08 (m, 8H); *C NMR (75 MHz,
DMSO0-d6) & 64.8 (4C), 51.0 (4C), 21.5 (4C); ES MS m/z
(1,1-dimethylpyrrolidinium)* 100.3; UV (H;0) 393.5 nm (e = 16950). Anal. Calcd for
C1;H2sN,S.W: C, 28.12; H, 5.51; N, 5.47; S, 25.03. Found: C, 27.90; H, 5.47; N,
30 5.56; S, 25.01.
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15 4H), 3.14 (s, 18H); 13C NWR (75 MHz, DMSO d6) 866.8 (2C), 55.2 (20), 53.1
(6C0; ES MsS nmz (choline)+ 104.3; W (H20) 393.5 nm (s = 16730). Anal.
Calcd for G oH25N202S4W C, 23.08; H, 5.42; N, 5.38; S, 24.65. Found: C,
23.17; H 5.28; N, 5.43; S, 24.87. 20 6.5 Exanple 5: Tetrathi otunest at e,

bi s(tri et hwombdiybicanmoni un) Thi s conpound was prepar edr€T/US200470169IB UM
tetrathiotungstate (164 ng, 0.471 nmmol) and a 20% by wei ght aqueous

sol ution of triethyl metnylanmoni um hydrOX| de (627 ng, 0.941 mol ) according

to the procedyr Nl e of the title
conmpound as g13 égrﬁ“@ﬂ'ixs Leteatilotungstate. b e ANImOE H NVR (300 Mz,
DVBO-d6) S 3. 29 Tk ¢ ﬁn@ww re b&frorﬂ a&imhﬁm éﬁhﬂnonhggﬂate((tlm 6 9 Hz,

18H); "C NMVR (75 M-z, DI\/BOdG 55.0 (6C (20), 13 ES M5 nf z
(tri et hyl med-#{8 mmehhand ahgnyltamethyl- alwvorqma;ﬂcs@s(lﬁm (0c963 mme 30) Anal.

S0.67: 1 GRSyanRio ¥prdeedoid of Brarbieg: hich Povided 13 96'?‘%?0‘ st ate.
bi s(tri ei hydoripennd ascmiphthyellopw cTystais dR{%By reoh- l/yat§9p NMR: (B00OrMHz,anmoni um

Sol uti on_ of DFES peééﬁlpfm”?a Fudt Be-heS BooRDs 4 dh 18BN a4 B0 04s
which prov He PSSR D BRGSO PR S RO o

crystals: IIRS(nKB(tnmemmph)nﬂﬁﬁmmhlhth\de?aU&’ (:12) 32\BAMA6 = 1863’0)93n41d, J= 8.4
Hz, 4H), 7.71- M&g 6H) , 3.91}&q J= 7.1 Hz, 12H), 1.06 %t, J= 7.1 Hz,
18H); 13C r\ﬂnﬂmfpsc NS W iS03689: B, 4831 Ny 479, 2194pFoindy §, 36880Ho (20),
122.6 (4P . 5231\34(9@(% 21928 (6C); ES M5 niz (triethylphenyl anmmonium'’

178. 4; W (H20 ’393)5 run (¢ = 15600). Anal. Calcd for C24HAON2S4W C,
4311H 03N41981918 Found: C, 42.99; H 5.73; N, 4.25; S,

19.3 L. 10 e, w JeLra h|ot nes ate b's 1. 4-di met hyl uvri di ni um
Thi s conpouﬁh[?w&é‘ Hﬁ’é 5‘? -[ . E LR RS tungstate (163 nmg, O0.467

nol ) and 1, 4- dlm&ydmundd%wpmwﬁmanﬁrﬁﬂmmmtﬁm%@smlm mgcording to
t he procedure of EXx nE provi ded 143 {58% of the title
conpound as0-491 mmol) an acetylcholine chloride (179 mg, 0.987 mmol) according to the

15  procedure of Example 2, which provided 163 mg (55%) of the title compound as
bright yellow crystals: IR (KBr, cm-1) 1749, 1729, 473, 456; 'H NMR (300 MHz,
DMSO0-d6) & 4.47-4.41 (m, 4H), 3.72-3.69 (m, 4H), 3.16 (s, 18H), 2.07 (s, 6H); '*C
NMR (75 MHz, DMSO-d6) § 169.9 (2C), 63.8 (2C), 57.9 (2C), 53.0 (6C), 20.7 (2C);
ES MS m/z (acetylcholine)” 146.4; UV (H,0) 393.5 nm (¢ = 15400). Anal. Calcd for

20 C1H»N2048,W: C,27.82; H, 5.34; N, 4.63; §, 21.22. Found: C,27.62; H, 5.12; N,
4.68; S, 20.71.

6.11 Example 11: Tetrathiotungstate, bis[alkyldimethyl(phenylmethyl)
ammonium]

25 This compound was prepared from ammonium tetrathiotungstate (320 mg,
0.920 mmol) and benzalkonium chloride (664 mg, 1.84 mmol) according to the
procedure of Example 2, which afforded 651 mg (74%) of the title compound as a
thick, red oil: IR (film, cm-1) 466; 'H NMR (300 MHz, DMSO-d6) & 7.59-7.48 (m,
10H), 4.56 (s, 4H), 3.31-3.23 (m, 4H), 2.97 (s, 12H), 1.84-1.72 (m, 4H), 1.32-1.22 (m,

30 40H), 0.88-0.82 (m, 6H); ES MS m/z [dodecyldimethyl(phenylmethyl) ammonium]*
304.7, [tetradecyldimethyl(phenylmethyl) ammonium]* 332.7; UV (DMSO) 399.0 nm
(e = 10400).
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bright yellow crystals: IR (KBr, cm1) 458; 'H NWR (300 Mz, DMSO d6) 8 8. 88
15 (d, J=6.4 Hz, 4H), 7.96 (d, J= 6.4 Hz, 4H), 4.32 (s, 6H), 2.60 (s, 6H);
13C NWR (75 Mz, DMBO-d6) 6 158.1 (2C), 144.8 (4C), 128.0 (4C, 47.1 (20,
21.4 (20); ES M5 nilz (1, 4-dinethylpyridinium' 108.3; W (H20) 393.5 rim(c
= 16030) . xveedoos/f3adead for CLAH2ON2SAW C, 31.82; H, 3.Bdrudtoof0180s S,
24.27. Found: C, 31.67; H, 3.77; N, 5.32;5,24.13. 20 6.8 Exanple 8:

Tetrat hi ot unest ate, bi s(l 1-di met hyl nvrrolidini um This conpound was
prepared fr a J . 0.861 mmol ) and

1, 1-di net hy‘?g%/ Fﬁg%“*d’l"ﬁ% I el O ™ol ) according to the
procedure of Exarhi ®nﬁa,oumhwehpr|apﬂbd fierd aﬁ‘ﬂﬂmm {etrathfoturgpistatd (@99 mig) € conpound

2 2 Sl i o e i, i

DMSO-d6) S cd%u&‘b@ixarﬁﬂleQ (vﬂgh ’affgﬁeélfﬂﬁ% 62@? d\fﬁxmﬁ’e compound as
(1, 1-di methyl pyrrolidiniu 5rim(e = 16950). Anal.

Cal cd fo¥ mgbmdmmwalcmm&z:mH17§3511719N555 PHNMISQM Found: C,

o o Beamp USRI BRI Loty SR en BN Lo o i o

conpound Wagqp1 $pAr48ny, BAM 13D ) 4Bt ‘rﬁeNMm(wm;zabMééﬁz §972.3 0. 479 mol )
and phenyl trinet hyi - anmoni um chl ori de (166 68 mmol) ~according to the

procedur e o@CEﬁé R€),27. MRCH1328r(6C), dé@@.@)ﬁgrg(%@b% 962Cx; RV (H0)e 5 conpound
as bright vy I r_yﬁ_ﬁa)of IR (KBr, cm1) 459; '"H NWVR (300 MHz, DWVMSO-d6) S
7.99 (d, J= 7.68-7.55 (m 6H), 3.64 (s, 18H); 13CNI\/R(75 MHz,
DVSO- d6jg S 147. 3 (2C), 130.1 (40), 130.0 (2C), 120.5 (4C), 56.4 (60 ; ES M5
m z (trimethyl phenyl anmoni um + 136 2; UV (H20) 394.0 inn (e = 15630) Anal .
Cal cd for ChbHpJiemply 13 Tetratiiotungstate, pentane-1.5-bis(trimethylanu
36.88; H 10 4. Qrmdon Eﬁ{a@ t otunastate
bi s(acetyl choli z%'ﬁ dﬁﬁlpéséu%%vr‘{paﬁ%reéa}ﬁ%o%repare r%%oi%!r%o{g% (ﬁ%ah
t et r at hi ot uh¢2 mmel) @ad N, Mrgentarfeti @ énabis(tiiinetiythrmmomatinrh dddide) 9 Sahg,@x448e (179 ny,
0.987 mml) a Ordlé‘lgE t he
oB accordifig othe procedure of Example 3, which afforded 109 mg (54%) of the
15 title compound as a bright yellow powder: IR (KBr, cm-1) 456; '"H NMR (300 MHz,
D,0) 6 3.34-3.26 (m, 4H), 3.07 (s, 18H), 1.89-1.77 (m, 4H), 1.45-1.34 (m, 2H); UV
(H0) 394.0 nm (g = 15950). Anal. Calcd for C;;H,sN,S4W: C, 26.40; H, 5.64; N,

5.60; S, 25.63. Found: C, 26.60; H, 5.26; N, 5.75; S, 24.64.

20 6.14 Example 14: Tetrathiotungstate, butane-1,4-bis(trimethylammonium)
This compound was prepared from ammonium tetrathiotungstate (200 mg,

0.574 mmol) and N,N-tetramethylenebis(trimethylammonium iodide) (271 mg, 0.632

mmol) according to the procedure of Example 3 and afforded 185 mg (66%) of the
title compound as a bright yellow powder: IR (KBr, cm-1) 456; '"H NMR (300 MHz,

25 D;0) 6 3.45-3.35 (m, 4H), 3.11 (s, 18H), 1.92-1.82 (m, 4H); UV (H20) 394.0 nm (g =
15990). Anal. Calcd for CoHN,S4W: C, 24.69; H, 5.39; N, 5.76; S, 26.37. Found:
C,24.77; H, 5.35; N, 5.85; S, 25.80.

6.15 Example 15: Tetrathiotungstate, propane-1,3-bis(trimethylammonium)

30 This compound was prepared from ammonium tetrathiotungstate (201 mg,
0.578 mmol) and N,N-trimethylenebis(trimethylammonium iodide) (263 mg, 0.635
mmol) according to the procedure of Example 3, and afforded 192 mg (70%) of the
title compound as a bright yellow powder: IR (KBr, cm-1) 456; UV (H,0) 393.5 nm
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15 procedure of Exanple 2, which provided 163 ng (55% of the title conmpound
as bright yellow crystals: 1R (KBr, cm 1) 1749, 1729, 473, 456; 'H NWVR (300
MHz, DWVMBSO-d6) S 4.47-4.41 (m 4H), 3.72-3.69 (m 4H), 3.16 (s, 18H), 2.07
(s, 614); 13C NWR (75 MHz, DMSO-d6) S 169.9 (2C), 63.8 (20, 57.9 (20,
53.0 (6C), wazots/(1258%; ES M5 nmfz (acetyl choline)+ 146. 4pCTivs200d20§94893. 5 am
(e = 15400). Anal. Calcd for 20 Cl4H32N204S4W C, 27.82; H, 5.34; N, 4.63;
S, 21.22. Found: C, 27.62; H, 5.12; N, 4.68; S, 20.71. 6.11 Exanple 11:
Tet r at hi ot unast at bi sl al kyl di net hyl ( phenyl et hy  amoni und_ 25 This
corpound wal PIOEH AR Bl lertRbRstl (kbbb N aSP80 ;0. 920 mol)
and benzal kpgitdmcchb 94 o5 a8 618, s, 8%, Nl ) according to the procedure of
Exanpl e 2, which afforded 651 ng {(74% of the title conpound as a thick,
red oil: IR(film cm1l) 466; 'H NWR (300 Mz, DMSO-d6) S 7.59-7.48 (m
'10';)21 1%'226({@63%&3%%{ s Zathbotngttatd. eivichebisfrigeilambionsuny ~2 (M 4H)

[ dodecyl sli met hy| Thibestxpouwad ek prepared fobidmmoniidd tefrathiotungstate (200 mg,

[tetradecyl di net hyl (phenyl met.hyl) ammonium + 332.7; W (DVSO 399.0 nm (e =
10400). 48 9@73zmawﬂhafé§8wlaﬂeﬁff(¥mmbﬂmw io 513)2(2@%6-@231@01)

Tetrat hi ot UpRstdaigo t6EdL oF FRAMPR 3T dffoRIERQAY N thg 8524 pbEMRa TS from
anmonium tetrathiotungstate (299 ng, 0.860 mmol) and suberyl di choli ne

di i odi de (5¢@npoynd @s 8ightyellow peveder:dR(KBr.oom-he45% yc@h) 895 nxaml e 2,

L L SR Mt N S
4.48-4.4@ (po.s#i 4.7A; k36316820189, 4H), 3.17 (s, 18H), 2.35 (t, J= 7.4 Hz,
411), 1.59-1.48 (m 4H), 1.32-1.26 (m 411); 13C NVR (75 MHz, DVBO-d6) S
172.3 (20, 63.7 (20, 57.7 (20, 52.8 (6C), 33.2 (20, 28.0 (20, 23.9
20); W (H (S s ;9! !ﬂ g Egﬁ%‘ﬂ 1y gﬁﬂig!gt tate,
éen% ane- 1(5%%?75(?’??'&8!% Teeaadoiliad bilnine hénlethy Lithiy mug(ransmﬁi 3m
t et r at hi ot ungst afléas ¢dimifibuntd was Prefred froml amnaondum tetrathiotungstate (295 mg,

N pent anehigy el oA 2Ly AP 9985k 98T g, 378 o)

15 according to the procedure of Example 3, but with the addition of 6 mL of deionized

water, and afforded 317 mg (51%) of the title compound as an orange solid: IR (KBr,
cm-1) 455; 'H NMR (300 MHz, DMSO-d6) 6 8.83 (br s, 4H), 7.57-7.52 (m, 4H),
7.48-7.40 (m, 6H), 7.36-7.23 (m, 10H), 4.22 (s, 4H), 3.21-3.15 (m, 4H), 3.03-2.95 (m,
4H); *C NMR (75 MHz, DMSO0-d6)  137.4 (2C), 132.5 (2C), 130.0 (4C), 128.9

20 (20C), 128.72 (8C), 128.68 (4C), 126.8 (2C), 50.6 (2C), 48.1 (2C), 31.8 (2C); ESMS
m/z [N-benzyl-2-phenylethyl ammonium]” 212.4; UV (DMSO) 399.5 nm (& = 16270).

6.18 Example 18: Tetrathiotungstate, bis(1-ethyl-3-methyl-1H-imidazolium
This compound was prepared from tetrathiotungstate, bis(ammonium) (0.400

25 g, 1.15 mmol) and 1-ethyl-3-methyl-1H-imidazolium chloride (0.354 g, 2.41 mmol)
according to the procedure of Example 3 giving the title compound (0.217 g, 35%) as
a bright yellow solid: IR (KBr pellet, cm™) 3438, 3068, 1569, 1560, 1169, 450; 'H
NMR (300 MHz, DMSO-dg) 5 9.22 (s, 1 H), 7.78 (s, 1 H), 7.70 (s, 1 H), 4.21 (q, 2 H,
J=173Hz),3.31 (s,3 H), 1.42 (t, 3 H, ] = 7.3 Hz);'’C NMR (75 MHz, DMSO-d¢) §

30 136.4,123.4,121.8,44.0,35.6, 15.1; MS m/z (C¢H; \N2)* 111.3; UV (H;0) 394 nm (¢
=15,891); Anal. calcd for C12H2NyWS4: C, 26.97; H, 4.15; N, 10.48; S, 24.00.
Found: C, 26.91, H, 3.92, N, 10.55; S, 23.67.
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mol ) according to the procedure of Exanple 3, which afforded 109 ng (54%
of the 15 title conpound as a bright yell ow powder: IR (KBr, cm1l) 456; 1H
NVR (300 MHz, D20) S 3.34-3.26 (m 4H), 3.07 (s, 1811), 1.89-1.77 (m 411),
1.45-1.34 (m 211); W (H20) 394.0 nm (s = 15950). Anal. Calcd for

C, 1H28N2SAWO 1004/P83640; H, 5.64; N, 5.60; S, 25.63. FOURAT/US20086166@8; H,
5.26; N, 5.75; S, 24.64. 20 6.14 Exanple 14: Tetrathi otunestate,

but ane- 1, 4-bi s(tri net hyl anmoni un) This conpound was prepared from amoni um
tetrathi ot t 74 | .
N,Ntetranetgg%;sll @?\‘g%'ﬁ)ge( r hq ém mngobi;b lfrime Ny 32 nmol )
accordi ng to th&hjsrcompouridewasfprépasadiftoen tetrathidtumpbtate dsis{athffonign)(6299 of the

e B s i oSt ) (%

H20) 394. Qofy ; 69; H,
(5 39) 9 Qor ﬁ@nS(ISISgnmgf?%&%&in nFAﬁbélﬁe ptgéédﬁféd(f@kmgp@}ﬂ?t@%ma%%Gné%ZS 0 6 15

Exanpl e 515 tltlm@ma@lmdde Atz et 74t %) asmhmameellmwsom sl @‘i&rmeﬂyu, anmb.%ﬂ%n) 30 This
conpound r 0) . 578 mmol
inohrepee i ¥ ! B MO B BRI B0 B ¥R o) ™
acc;)r di ng tH, 3. bﬁ(spt!bﬁgz BIMR (X MHE, DMSO-dp) @ laﬁKfépt:{Dim 1283415;%8 1,88% 121‘20t he
tit t

503, & nm "9 ey Bisam? (G olent pen bG8k sst < s 0 Tt ki@ | Gai b for

C9H24N254Wcz§( zﬁézvﬁﬁc b 25-H 327N, 2593, 26942%&5 C, s\, 488, R2. 94, H, 5.01;
N, 6.01; S, 26 16" EXanpl'e’15: Tetrathi ot unestate,’

et hyl erldbi §(6c5t BR%8%| ammoni unm) 5 This conpound was prepared from anmoni um
tetrathi otungstate (200 ng, 0.573 mmol) and et hyl enebi s(tri nmet hyl ammoni um
i odide) (249 ng, 0.623 mmol) according to the procedure of Exanple 3, and
af forded 17%20ny Ekfinjde 20t Tetratliotuhgstate bix(d+hydraxyiminbmedivl-lymethgly powder: | R
(KBr, cm1) 459; H20 393.5 nm (e = 15720). Anal. Calcd for C8H22N2S4W
C, 20.96; H, 4811&\2&8111 S, 27.98. Found: C, 10 20.88; H, 4.71; N, 6.21;

S, 27.39. 6.17 Eliﬁ'%’@inﬁoﬂn?l wﬁ%éﬁe@fﬂi&!&&m&ﬁgst&b%%ﬂmmm %OQb@nW et hyl

ammoni um)  This conpound prepared from amoni umtetrathi ot ungstate (295
my, 0.1848 gxPH74 mdammﬂlmaldwmwegmblpaﬁm@rh%m thpomely (422 ng, 1.70

ol ) according to the procedure of Example 3 to give the title compound (0.198 g, 59%) as

a bright yellow solid: IR (KBr pellet, cm™) 3077, 1508, 1005, 455; '"H NMR (300
MHz, DMSO-dg) 5 9.04 (d, 1 H, J= 5.9 Hz), 8.68 (s, 1 H), 8.55 (app t, 1 H), 8.37 (d, 1
H, J=8.0 Hz), 8.07 (app t, 1 H), 4.39 (s, 3 H); ’C NMR (75 MHz, DMSO-dg) 6

20 147.3,146.7, 144.8, 141.7,127.1, 124.7, 46.1; MS m/z (C7HsN;0)* 137.2; UV (H,0)
394 nm (¢ = 15380); Anal. calcd for C,4sHsN4O,WS4: C, 28.67; H, 3.09; N, 9.55; S,
21.87. Found: C, 28.51, H, 2.87, N, 9.63; S, 21.55.

6.21 Example 21: Tetrathiotungstate, bis(acetyl-B-methylcholine)
25 This compound was prepared from tetrathiotungstate, bis(ammonium) (0.200

g, 0.574 mmol) and acetyl-p-methylcholine chloride (0.235 g, 1.20 mmol) according
to the procedure of Example 3 giving the title compound (0.115 g, 32%) as a bright
yellow solid: IR (KBr pellet, cm™) 3452, 3008, 1735, 1252, 454; '"H NMR (300 MHz,
DMSO0-dg) § 5.27 (m, 1 H), 3.58-3.74 (m, 2 H), 3.13 (5, 9 H), 2.06 (s, 3 H), 1.24 (d, 3

30 H,J=6.3Hz); "C NMR (75 MHz, DMSO-dg) § 169.5, 67.6, 65.2, 53.2, 21.1,18.5;
MS m/z (CsH sNO,)" 160.3; UV (H,0) 394 nm (s = 15831); Anal. calcd for
CisH36N204S4W: C, 30.38; H, 5.74; N, 4.43; S, 20.28. Found: C, 30.10, H, 5.62, N,
4.47;8S, 20.47.
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15 according to the procedure of Exanple 3, but with the addition of 6 nL of
dei oni zed water, and afforded 317 ng (51% of the title conpound as an
orange solid: IR (KBr, c¢m1) 455; 1H NWR (300 MHz, DMSO-d6) S 8.83 (br s,
4H), 7.57-7.52 (m 4H), 7.48-7.40 (m 6H), 7.36-7.23 (m 10H), 4.22 (s,
4H), 3.21- wasogmp3edH), 3.03-2.95 (m 4H); 13C NWVR ( 75pdties2000vE63486) 8
137.4 (20), 132.5 (20, 130.0 (40, 128.9 20 (20, 128.72 (8C), 128.68 (40,
126.8 (20), 50.6 (20, 48.1 (2C), 31.8 (20); ES M5 nmz

[ N-benzyl - 2- phenyl et hyl amoni un]® 212.4; W (DVMBO) 399.5 nm (c = 16270).

6. 18 Exanple 18: Tetrathiotungstate, bis(1l-ethyl-3-nethyl-lHimdazolium

Thi's COWDOUGIQZW@Exﬂilﬂ@meﬁtfﬁtﬁiﬁ’tﬂ#’bfag[@ eéibylolRdlimep, bi s(ammonium (0.400 25
g, 1.15 mml) and 1-ethyl-3-net I m dazoliumchloride (0.354 g, 2.41
mmol )  accor di nglhishcampoupgd Ué%ﬂﬁ?%e%ﬁom%ﬂ@“@sﬁ’?% pis(ammenivm) (&AW npound
0.217 g, 3 | 38, 3068,
(1569 1gao§ 133’??8@@‘5%%&@@8?%% dh &rﬁegbgﬁf%g g i > é’?)@f%'%é7 78 (s, 1
Hy, 7.705 (sto tie pdpceddret Example 3Hp giv@ﬂlcﬂitgcbmppu@(gﬂl(lg, 6o} s atirighe (t, 3 H o J

356,15 1, KoR ol enebl oloo3, riéone a0 45k R e

calcd for CDMS&&J,&}W7 (fa, 425 39@8 3&0(14 4LB) 3090 (401848, .7 54.2 )02)66 (dound: C,
26.91, H, 3,92 10. 55; 0_WD 2004/ 110364 PCT/ US2004/ 016948

6.19 Exanpl B 1&%&%%@& é«t)é”b?s‘(%é%«?i Y BhARRbAMRT Thi s
conmpound wa t | ( 0 g,
0.574 mmol )Basﬁg)eggﬁggﬁdr@@ P%%“??ﬁ?ﬁ%%ﬁ ?e’?‘( QFHSDQ ﬂ?g &Xé(gjo aqueous
sol uti ol 1CJ1% .8yt ¥.86,08,0t.Gfi; ngt%the procedure of Exanpl e 1 to provide
giving the 5 title conpound (0.246 g, 70 % as a bright yellowsolid: IR
(KBr pellet, cm) 3446, 2999, 1456, 458; 'H NWR (300 MHz, DWVMSO d6) S

7.53-7.55 (403 1CEﬂd)nSplé123'>6r ﬁatm%tu lérfe-1 misuiﬁmdnﬂﬁn MR (75 MHz,
DVSO- d6) S 132 m z (G, oH, 6Nf

150. 3; LJV (Hzo)T*memPv%Was %P%%@f@mmfaﬂﬂowsw bis{arrmon M QAR C,

25,281 115 M Yoot 0098, 15 ko B 526 451 S

bi s( 2- hidr opdy9. &62rmmi)hy¢ordlingm' thy procednrd ofi Enamp)e 3Ttoi givectherpitiei campuared pr epar ed
from tetrathiaLungstal e, v (AP MR (B2 S let, cm) 3002, 1435, 1025, 451;

'H NMR (300 MHz, DMSO-ds) 5 7.89 (bs, 6 H), 3.09 (s, 4 H); >°C NMR (75 MHz,

DMSO0-dg) § 36.8;, UV (H,0) 394 nm (¢ = 13291), Anal. calcd for C;H;oN,S4W: C,

6.42; H, 2.69; N, 7.49; S, 34.27. Found: C, 6.58, H, 2.43, N, 7.49; S, 32.98.

20
6.24 Example 24: Moisture Stability of Tetrathiotungstate Salts

Salts of tetrathiotungstate were placed in an acrylic chamber at room
temperature with 95% relative humidity for two weeks. The samples were analyzed
for purity according to the previously reported method with the exception that the

25  absorbance was monitored at 493nm and the niolar absorptivity was 15710 M'cm'!
(McDonald et. al., Inorg. Chim. Acta 1983, 72, 205-210). The results are reported
below in Table 1

Table 1
Name %
[degradatio

Tetrathiotungstate, -0.12
bis(triethylphenyl ammonium)
Tetrathiotungstate, -0.46
bis(ammonium)

Tetrathiotungstate, -0.46
bis(trimethylphenylammonium)
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15 g,

0.574 mol ) and 2-pyri di neal doxi me nmet hochl oride (0.198 g,

1.15 nmol )

according to the procedure of Exanple 3 to give the title conmpound (0.198 g,

59% as

a bright yellow solid: IR (KBr pellet, cm) 3077, 1508, 1005, 455;
"H NVR (300 MHiz, DVMSO-d6) 8 9.04 (d, I H J=5.9 Hz), 8.68 (s, 1 H), 8.55
1 Wo208yQ@36¢d, 1 H J= 8.0 Hz), 8.07 (app t, Ilp¢d/usosaBedss, 3 H);

(app t,

13C NMR (75 Mz, DMBSO- d6) S 20 147.3, 146.7, 144.8, 141.7, 127.1, 124.7,

46.1; M m
for Cl4H SN

z (C71-19N20)°

AQN\ANCA - ”H‘) r~—1 I I f) fa¥al JI

137.2; LTV (H20)

394 nm (c 15380); Anal. calcd

H 2.87, N,
bi s(acetyl -

tetrathiotu

acet yl - p- nepis(acetilohdling) chl ori de (0. 235 ¢
procedure _ofTetEvtlaaunh state, Bis(éhotiné)ng tizDe C
yel | ow sol i FetrdtifofuliEatd) Bis( Rethyl $o2,
'C\%A_Izl-lj ?'Vg? RhyB14:i Yda(:&nu ) H), 58 3. 74
65. 2. 53. 2, |TopiotpResiate, sha Tt ER op+

9‘%‘?‘“‘33%5 ‘1 55, 6 21 Exé?rf‘d

RIS{PENZ) G HLY {a R OT aYeaale

ggtsztﬂat)@ng%atg( amoni un} (02200

ethylpyaginium) —~ a1+

9.55; S, 21.87. Found: C, 28.51,
21: Tetrat hi ot unest at e,

und was prepared from

g, 0.574 mmol ) and

1.20 nmol ) according to the
onpound (0.115 g, 32% as a bri ght
3008, 1735, 1252, 454;'H NWR (300
(m 2 H, 313(s 9 H), 2.06 (s,
(75 MHz, DWMBO-d6) S 169.5, 67.6,
160.3; LTV (H20) 394 nm (s

=15831); Ana® SHRO4SANLIC, 30.38; H 5.74; N, 4.43; S,
20. 28. FounE‘etra@not:mgsl@e,bH(acstyGQ N, 43.47, S, 20.47. 51 WO 2004/ 110364
PCT/ US2004/ {met9kBoling) 22 Exanpl e 22: Tetrat hi otungstate, (succinylcholine)
Thi s conpoujTetratkistupgstne bisdl, i+ om Jet 0a04hi gt ungst ate, bi s(amonium (0.400 g,
1.15 mol ) Q@inetsisedonyi l'ine c:lnl oride di hydrate (0.456 g, 1.15 mmol)
accordi ng e hibiiRgdttd GBI © o agipglre |3 to give the title conpound (0.414
g, 60% as g.ft IRﬂ?KBr pellet, cm)
3005, 1732, ? T 300 MHz, | DVMBO-d6) S 4.47 (m 4 H),
3.68-3. 72 (j—a—= =d4—2 Hz), 2.66 (m 4 H); t3C NWVR (75
MHz, DNVBO- g athigty ‘5@ °5 239.@1"5 N (H20) 394 nm (e = 15513); Anal..
calcd for ] ~H_ 5 Q2: N, 4.65; S, 21.29. Found: 10 C
27.84, H, . 8.23 Bxanple 23: Tetrathiotunestate,
(et hyl ene- 1 onpound jwas prepared from
t et r at hi ot Umgﬁ{t}ﬁbﬁn slmté;q)admﬂ@l gm] (£3.800 ] g, 0.862 mmol ), anmoni um chl ori de
(0.092 g, 1b,§@nmyimmaqmg{)hyl eng¢di am ne |(57.6

Tetrathiotungstate, butane-1,4- 5.7*

bis(trimethylammonium)

Tetrathiotungstate,

(succinylcholine) 23.3*

Tetrathiotungstate,

suberyldicholine 18.4*

Tetrathiomolybdate, bis 56t+5

(ammonium)

Tetrathiomolybdate, bis (choline)] 36° + 2

*partially soluble

10

*average of 2 data points

6.25 Example 25: Copper-binding Ability

of Tetrathiotungstate salts

The copper-binding ability of tetrathiotungstate salts was determined

according to the ability of tetrathiotungstate salts to inhibit cysteine autooxidation as

reported in Table 2 below.

Table 2

Inhibition of Cysteine Autooxidation (100uM Cys, 100uM coumarin-3-carboxylic

acid, 100uM CuSQy)

inhibitor inhibitor % inhibition
concentration
trientine 50uM 39.71%
Tetrathiotungstate, 50uM 95.94%
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15 1|,

conpound (0.257 g, 80 %9 as .a bright yellow solid:
"H NWVR (300 MHz, DMSO-d6) S 7.89 (bs,
i 3C NVR (75 Mz, DWsO-db) 5 36.8; LTV (H20) 394 nm (e = 13291);
6.42; H, 2.69; N, 7.49; S, 32CIUS20401A348 C, 6. 58,

3002, 1435,
4 H;

cal cd for wakh@hiSN C,

1025, 451;

IR (KBr p

0.862 mml ) according to the procedure of Exanple 3 to give the title

ellet,

6 H,

cn)
3.09 (s,
Anal .

H 2.43, N, 7.49; S, 32.98. 20 6.24 Exanple 24: Moisture Stability of
Tetrathi otunestate Salts Salts of tetrathiotungstate were placed in an

acrylic ch

Timmbni@)™m tenperatyre wth 95%

el at1ve hum di

weeks. ghm%%%_ nBetate, anal yzed TOL ROl iTyzg,cgrmng To The
reporte t i on that the absor, e was
493nm and t?n%ﬁeﬁ?bﬂgbn59§?§§@?~ S5t egégﬁnaiﬁ‘
Chico. Actg %%jén% WQS 2 10}n 'he rg(éWt S are regqr}i;d be
Tabl e 1 Narremethylghenylammomum) .l ot ingstat o012 Pd%e i ot
amoni um et ﬁgf’ﬁtil‘%ﬂ% feate, -0.46] i s(g ni unj etrathi otungs
i s(trimeth [DiyReneyt HRROBBMAY | 2004/ 110364 PCT/. 1U8368%10169
et r at hi ot undgstrathiotungstate, i s(bena (tiri mef®Manmohi um) Tetrat hi
i s(ace | chqglbisfacptyéahplind)i ot un state¢. bis choling 3.09086%at hi d
bi s( 1- et hyl|-TetrathioBungstate, bis(thbling) dazol i s0gMTet r at hi otopsasmt at e,

Tetrathiotungstate, bis(1-ethyl-3- 50uM

methyl-1H-imidazolium) 91.16%

Tetrathiotungstate, bis(1,4- 50uM

dimethylpyridinium) 89.98%

Tetrathiotungstate, bis(acetyl-f§- 50uM

methylcholine) 90.40%

Tetrathiotungstate, bis(1,4- 50uM

dimethylpyridinium) 89.66%

Tetrathiotungstate, bis(2- 50uM

hydroxyiminomethyl-1-methyl-

pyridinium) 91.15%

Tetrathiotungstate, pentane-1,5- S50pM

bis(trimethylammonium) 90.69%

Tetrathiotungstate, bis(choline) 50uM 91.99%

Tetrathiomolybdate, 50uM

bis(ammonium) 94.24%

Tetrathiotungstate, 50puM

ethylenebis(trimethylammonium) 89.60%

Tetrathiotungstate, propane-1,3- 50uM

bis(trimethylammonium) 92.95%

Tetrathiotungstate, butane-1,4- 50puM

bis(trimethylammonium) 91.75%

trientine 10uM 4.27%

Tetrathiomolybdate, 10pM

bis(ammonium) 87.71%

Tetrathiotungstate, 10uM

ethylenebis(trimethylammonium) 84.66%

Tetrathiotungstate, propane-1,3- 10uM

bis(trimethylammonium) 85.53%

Tetrathiotungstate, butane-1,4- 10pM

bis(trimethylammonium) 87.32%

trientine 10puM 17.72%

Tetrathiomolybdate, 10pM

bis(ammonium) 76.69%

Tetrathiotungstate, 10uM

(succinylcholine) 81.38%

Tetrathiotungstate, 10uM

suberyldicholine 77.83%

trientine 1uM 0.00%

ty for two
previ ously
noni t ored at
et. al., Inorg.
low in Table 1
h 1 hen |
tate, -0.46
48
ot ungst at e,
t ungst at e,
bis(1,4- 2.0

2.4
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imeth 1 yridinium Tetrathiotungstate, bis(acetyl-(3- 4.2 eth |Icholine)
Tetrat hi otungstate, bis(l,1- 0.04 inmeth 1 olidinium Tetrathiotungstate,
bis(2- 5.6 ydroxyimnonethyl- | -nmethyl dinium Tetrathi otungstate,
ne-1,5- 19.8* is(trineth | nmmonium Tetrathiotungstate, 8.6* th

| enebi s t rworeda/ikmearoni um Tetr at hi ot ungst at e, pr opane-PCTEIS2003/08948
Is(trimeth | amonium etrathiotungstate, butane-1,4- 5.7* is trineth

| anmoni um)  Tetrat hi otungstate, succin | choline) 23.3* etrathiotungstate,

pent a

uber | di chglTefigthibgotybdaw] I at hi onol ybdatlgM bis b6 5 anmmoni un

retrat hi onglyjspgahéniuly s (choline 36 2 *partially gghgl e tgqverage of 2
dat a poi nt §T8u4Rio GRle€ 257 Copper-bif M0 AD[TiIty of Tetratjhi otunestate
salts 5 Thdi&x@&ﬂ LR {nd |ng abi I|t3 of t rat hi a‘tung%ga&.g sal tis was

det er mi ned Téfttﬂ?u g&at tte olUIIILyU etrat-hiotungstate—sdlts to inhibit
cystei ne al sob " ] on as reported int | e 2| belo 7 Izble 4 10 Inhibition
of Cysteine "\ﬁfwk,? U on— 10O0M-Oys—100M-—ecourar-R—3—carbexyHi ¢ acid, 100
CuSCa

10

15

6.25 Example 25: Inhibition of Angiogenesis in Matrigel® Plug Assay b

Ammonium Tetrathiotungstate

Ammonium tetrathiotungstate was assayed in the matrigel® plug assay as
described in Section 5.4.7, supra. Two positive controls were used with positive
control 1 measured five days after implantation when treatment began and negative
control 2 measured five days after implantation when treatment ended. Two negative
controls were used with negative control 1 measured five days after implantation
when treatment began and negative control 2 measured five days after implantation
when treatment ended. As can be seen in Figure 1, treatment with ammonium

tetrathiotungstate resulted in about 34% inhibition using this assay.

Finally, it should be noted that there are alternative ways of implementing the
present invention. Accordingly, the present embodiments are to be considered as
illustrative and not restrictive, and the invention is not to be limited to the details
given herein, but may be modified within the scope and equivalents of the appended
claims. All publications and patents cited herein are incorporated by reference in their

entirety.
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inhibitor inhibitor %inhibition | concentration trientine 50 M 39.71%
Tetrat hi otungstate, 50 95.94% 53 WD 20041110364 PCT/ US2004/ 016948 bis
anmoni um Tetrat hi otungstate, 50M bis trieth I hen |I anmonium 91. 32%
Tetrat hi otungstate, 50M bis trimeth 1 hen | anmonium 91.53%

Tetrat hi otungstate, 5011M bis(benz Itrinmeth | ammoni um 94. 62%

Tetrat hi otungstate, 50M bis acet Icholine 90.36% Tetrathiotungstate,

bi s(choline) 50[LM 92.54% Tetrathi otungstate, bis(1l-ethyl-3- 50M

met hyl -1 Hi m dazoliun) 91.16% Tetrathiotungstate, bis(1l,4- 50Mdineth 1

I di nium 89.98% Tetrathi otungstate, bis(acetyl-(1- 50Mneth |choline 90.40%
Tetrat hi otungstate, bis(1,4- 50Mdineth 1 idinium 89.66%

Tetrat hi otungstate, bis(2- 5011M hydroxyi mi nonmethyl- | -nmethyl dinium
91.15% Tetrathi otungstate, pentane€CLAIMSOM bis trinmeth | nmmoni um 90. 69%
Tetrat hi otungstate, bis(choline) 50 M 91.99% Tetrathioni ol ybdate, 50M bis

ammont Ui s éfkited 1s:

1. A compound of structural formula (I):
R RS
RZ—I{J"-R4 v2 RG—I{J"-RB
R3 R’
@
or a solvate or hydrate or N-oxide thereof wherein:

R!, R% R3, R®, R® and R are independently hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl,
cycloheteroalkyl, substituted cycloheteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl,
substituted heteroarylalkyl, heteroalkyl or substituted heteroalkyl;

R* and R® are independently hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted
cycloheteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl, substituted heteroarylalkyl,
heteroalkyl or substituted heteroalkyl or are absent when N is part of an aromatic ring;

optionally, R' and R? taken together are alkyldiyl, substituted alkyldiyl, heteroalkyldiyl or
substituted heteroalkyldiyl;

optionally, R® and R° taken together are alkyldiyl, substituted alkyldiyl, heteroalkyldiyl or
substituted heteroalkyldiyl;

optionally, R! and R? taken together, R? and R taken together and R? and R* taken
together are alkyldiyl, substituted alkyldiyl, heteroalkyldiyl or substituted heteroalkyldiyl;

optionally, R® and R® taken together, R® and R taken together and R® and R® taken
together are alkyldiyl, substituted alkyldiyl, heteroalkyldiyl or substituted heteroalkyldiyl;

optionally, R® and R’ taken together are alkyldiyl, substituted alkyldiyl, heteroalkyldiy! or
substituted heteroalkyldiyl; and

Y2 is (WSa)2, (WaS12)2, (W2Se)2, (W2S7)2, (W2Se)?, (W2S11)2, (W2Ss)? or

(W2S13)™2.
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Tetrat hi otungstate, 50M eth lenebis trinmeth | ammoni um 89. 60%

Tetrat hi otungstate, propane-1,3- 50Mbis trineth | ammoni um 92. 95%

Tetrat hi otungstate, butane-1,4- 5011M bis trineth | mmoni um 91. 75%
trientine 10 M 4.27% Tetrat hi onol ybdate, 10M bis anmoni um 87. 71%

Tetrat hi otungstate, 10M eth lenebis trinmeth | ammoni um 84. 66%

Tetrat hi otungstate, propane-1,3- 10Mbis trineth | amonium 85.53%

Tetrat hi otungstate, butane-1,4- 10Mbis trineth | anmonium 87.32% trientine
10 17.72% Tetrathi onol ybdate, 10M bis amoni um 76. 69% Tetr at hi ot ungst at e,
10M succin lIcholine 81.38% Tetrathiotungstate, 10gM suberyl dicholine
77.83% trientine 1 MO0.00% 54 WO 2004/ 110364 PCT/ US2004/ 016948

Tetrat hi onol ybdate, | M bis amoni um 68. 48% Tetrat hi otungstate, 1M succin
| chol i ne 66.206% Thetsmphindtofidsinal, evhedeM YSubEvsgrchol i ne 67. 74% 6. 25 Exanpl e
25 Inhibition of Angiogenesis in Matrigel (r) Plug Assay by

3. The compound of Claim 1, wherein
R? RS
RE-N*-R = RO-N*RS
R R

4. The compound of Claim 3, wherein Y2 is (WS,)™.

5. The compound of any one of Claims 1-4, wherein at least one of R', R*, R* and R*
is not alkyl.
6. The compound of any one of Claims 1-4, wherein at least one of R!, Rz, R3, RY,

R’ R® R and R® is not alkyl.

7. The compound of any one of Claims 1-4, wherein Rl, R? and R* are hydrogen,

alkanyl or substituted alkanyl.

8. The compound of any one of Claims 1-4, wherein R', R* and R* are hydrogen,
methyl or ethyl.
9. The compound of any one of Claims 1-4, wherein R' and R? are alkanyl.

10.  The compound of any one of Claims 1-4, wherein R' and R are methyl or ethyl.

11.  The compound of any one of Claims 1-4, wherein R is alkanyl, substituted
alkanyl, alkenyl, substituted alkenyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl,
cycloalkyl or substituted cycloalkyl.

12.  The compound of any one of Claims 1-4, wherein R' and R? taken together are

alkyleno, substituted alkyleno, heteroalkyleno or substituted heteroalkyleno.
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Ammoni um Tet r at hi ot ungst ate Ammoni um tetrat hi ot ungstate was assayed in the
matrigel (r) plug assay as 5 described in Section 5.4.7, supra. Two positive
controls were used with positive control | measured five days after

i npl antati on when treatnent began and negative control 2 neasured five days
after inplantation when treatnent ended. Two negative controls were used
with negative control 1 neasured five days after inplantation when

treat ment began and negative control 2 neasured five days after inplantation
10 when treatnent ended. As can be seen in Figure 1, treatnment w th ammoni um
tetrathi otungstate resulted in about 34% i nhibition using this assay.
Finally, it should be noted that there are alternative ways of inplenenting
the present invention. Accordingly, the present enbodlnents are to be

consi dered da$. 15 Thekompaatdi ofanponk ofoflaimeslt-4 jvtteiraie R' andiRT tuken togethti e i s not

to be Ii ntted &o t etalls gi ven herein, but may be nodified within the
scope Mgt?tﬂr Seféﬁﬁg @ t he appended clains. Al publications and patents
cited herein are incorporated by reference in their entirety. 55 CLAIM

What is O aijped Ithe cémpcﬂnﬁlqma AY DAk &f Clﬁﬁﬁsulch Uiedreih R AHA R? tkdn togedRer, RRI - N - R4
Y'2 Rs-NRB, R3 R7 (1) "or,a solvate or ydrate or N-oxide thereof wherein:

R, R2,angR’ tgisn tepsthenandR andR | takrapegrtlararealkyjenco gihstitusgdialkylenoubst i t ut ed
al kyl , }%t%‘&alléyl%n%bosrtsh{)s?%\ﬁgdﬁ‘té(rjoflle((glle% al kyl, substituted aryl al kyl,

cycloal cycloheteroalkyl substituted
cycl ohet eroal kyl, heteroaryl, substituted heteroaryl, heteroarylalkgl
substi t ut ed I5et eﬂmamympbmmquahgbme ofClkints 164, whﬁmthtllahdaR ke e togadhkety R; R4 and

R8 are | gpendent |y hydrp kyl , substityted al kyl, aryl, substituted
aryl 31 togegt?bétf RuSR nefpgayer a@;ﬁé‘fﬁ%‘t%w . substituted cycl oal kyl,
cycloheteroalkyl substituted cycloheteroal kyl, heteroaryl, substituted

heteroaryl, %eterﬂ%rgtlptmofaﬁytagétt@t@% RetpEQaRs Al e inal kyl or

substitut ed héteroal are” absen IS par n arona IC ring;
structure:

AN

17.  The compound of any one of Claims 1-4, wherein R and R taken together are

alkyleno, substituted alkyleno, heteroalkyleno or substituted heteroalkyleno.

18.  The compound of any one of Claims 1-4, wherein R® and R’ taken together are

alkyleno or heteroalkyleno.

19.  The compound of any one of Claims 1-4, wherein R', R* and R* are hydrogen,
alkanyl or substituted alkanyl and R? is substituted alkyl, aryl, arylalkyl, cycloalkyl or R* and R’

taken together are alkyleno, substituted alkyleno, heteroalkyleno or substituted heteroalkyleno.

20.  The compound of any one of Claims 1-4, wherein R', R* and R* are methyl or
ethyl and R? is substituted alkyl, aryl, arylalkyl, cycloalkyl or R* and R taken together are

alkyleno or heteroalkyleno.

21.  The compound of any one of Claims 1-4, wherein R!, R* and R* are methyl or

ethyl and R® is substituted alkyl, aryl, arylalkyl or cycloalkyl.
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optionally, RI and R2 taken together are al kyldiyl, substituted al kyldiyl,
het eroal kyl diyl or substituted heteroal kyl di yl; optionally, R5 and R6 taken
together are al kyldiyl, substituted al kyl diyl, heteroalkyldiyl or
substituted heteroal kyldiyl; optionally, Rl and R2 taken together, R2 and R3
taken together and R2 and R4 taken together are alkyldiyl, substituted

al kyl diyl, heteroal kyldiyl or substituted heteroal kyldiyl; optionally, R5
and R6 taken together, R6 and R7 taken together and R6 and R8 taken together
are al kyldiyl, substituted al kyldiyl, heteroal kyldiyl or substituted

het eroal kyl diyl; optionally, R3 and R7 taken together are al kyldiyl,
substituted al kyldiyl, heteroal kyldiyl or substituted heteroal kyl diyl; and
y-2 is (Ws4)-2, (WSl12)-2, (WSs9)-2, (W S7)-2, (WeS8)-2, (wesl ))-2,

(WS6) -2 or 22(V\23]43)2018p015ﬂ of anyl bee SRUTm@Rd4 eﬁheﬂlﬁt{r‘rch)(R\Mmt)mmSyhez is
(W5,)-2. 3. The conmpound of Cdaiml, wherein R RS RzZ- R1 =R6-N-R
R3 R7 SHUClfe conpound of Claim3, wherein y-2 is (W4)- 2 5 The conpound
of any one of Clains 1-4, wherein at least one of R, R2, R3 and R4 is not

al kyl. 6. The conpound of any one of Clalns 1-4 mhereln at |l east one of R,
R2, R3, R4, H5, R? and R8 is not kyI 7 The conwoun of any one of
daims 1- 4, ei n QY 4 are—Ny ab kanyN* ssti t ut ed

al kanyl . 8. The conpound of|any one of ClalnB 1- 4, wher éi n R, R and R4 are
hydrogen, nethyl or ethyl. 9. The conpound of any one of Clalns 1-4,

wherein R and R2_are alkan¥l. 10. The conpound of ny ppne of Clains 1-4,
wherein R and.R? s net_xh b by _-OLL. The\co of any one of
Clains 1-4, er R i s al'kanyl substituted al an al kenyl ,
substituted al'kenyl, aryl, éubstltuted aryl, arylaf kyl, substituted
aryl al kyl ,

23.  The compound of any one of Claims 1-4, wherein R'(R)(R*)(R*)N has the

structure:

|
—N*—" " OH

24.  The compound of any one of Claims 1-4, wherein R'(R*}(R*)(R*)N has the

structure:

>

_N+

J

25.  The compound of any one of Claims 1-4, wherein R!, R? and R* are methyl or

ethyl and R? and R” taken together are alkyleno or heteroalkyleno.

26.  The compound of any one of Claims 1-4, wherein R'(R*)(R*)(R*)N has the

structure:

59



cycl oal kyl or substituted cycloal kyl. 12. The conpound of any one of C ains
1-4, wherein R and R2 taken together are al kyleno, substituted al kyl eno,
het er oal kyl eno or substituted heteroal kyl eno. 57 13. The conpound of any one
of Clainms 1-4, wherein R and R2 taken together are al kyleno or

het er oal kyl eno. 14. The conpound of any one of Cains 1-4, wherein Rl and R2
taken together, R2 and R3 taken together and R2 and R4 taken together are
al kyl eno, substituted al kyl eno, heteroal kyl eno or substituted

het er oal kyl eno. 15. The conpound of any one of Cains 1-4, wherein R and R2
taken together, R2 and R3 taken together and R2 and R4 taken together are
al kyl eno. 16. The conpound of any one of Cains 1-4, wherein R (R2)(R3)(R4)N
has the structure: (CNQ 17. The conpound of any one of Cainms 1-4,
wherein R3 and R7 taken together are alkylenoy subs@OHuted al kyl eno,

het er oal kyl eno or\ﬁubstituted het er oal kyl eno. & Theg compound of any one of
Clains 1-4, wherein R3 and R7 tgken.t pgether die +Or
heteroalkyleno./jftN e dﬁﬁﬁ%ﬁﬁ%\ﬁgﬂ\ one ofqd Inms 1-4| wherein R, R2
and R4 are hydroger{\y al kanyl or suggrituied al kagyl and R3 i.s substituted
al kyl, aryl, arylalkyl, cycloal kyl 6r R3 and R7 aken together are

al kyl eno, substituted al kyl eno, heteroal kyl eno or substituted

het er oal kyl eno. 20. The conpound of any one of d ai 1-4, wherein R, R2
and R4 are methyl or ethyl and R3 is substituyted alkyl, aryl, arylalkyl,
cycloal kyl or R3 and R7 taken together are aNk or heteroal kyl eno. 21.
The conpound of any .o /4§@u®nbjé¢%tyhereVH R +-Ft4,are nmet hyl or
ethyl and R3 is sufjstituted al kyl, aryl, aryl al kyfl or cydl oal kyl. 58 22. The
conpound of any one of Clains 1-4, wherein R (REN'R3) (R4) N has the

structure: Q3 -N'" OH-OHN, NN+ - | +~or i+ |
PPN b~
—N* S N*— , T )
I 02 I | _L|+_
I PR e |
N ’ I S
|
or —l|\l+ r|\1+_
| W|

27.  The compound of any one of Claims 1-4, wherein R', R? and R* are hydrogen and
R? is substituted alkyl, cycloalkyl or substituted heteroaryl or R* and R” taken together are
alkyleno.

28.  The compound of any one of Claims 1-4, wherein R and R? are alkanyl and R®

and R* are hydrogen, alkyl, substituted alkyl, aryl, arylalkyl or alkyleno.

29.  The compound of any one of Claims 1-4, wherein R' and R? are methyl or ethyl

and R and R* are hydrogen, alkyl, substituted alkyl, aryl, arylalkyl or alkyleno.
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23. The conpound of any one of Clainms 1-4, wherein R (R2)(R3)(R4)N has the
structure: -N+f 'OH 24. The conpound of any one of Cains 1-4, wherein

R (RZ) (R3) (R4)N has the structure: -N - 25. The conpound of any one of
Clains 1-4, wherein R, R2 and R4 are nmethyl or ethyl and R3 and R7 taken
toget her are al kyl eno or heteroal kyl eno. 26. The conmpound of any one of
Clains 1-4, wherein R (R2)(R3)(R4)N has the structure: 59 OH N: . ' | +
-tN- -N 2 -NNN i+ N N+ N+ or -N+ N 27. The conmpound of any one of
Clainms 1-4, wherein R, R2 and R4 are hydrogen and R3 is substituted al kyl,
cycl oal kyl or substituted heteroaryl or R3 and R7 taken together are

al kyl eno. 28. The conpound of any one of Clains 1-4, wherein Rl and R2 are
al kanyl and R3 and R4 are hydrogen, alkyl, substituted al kyl, aryl,

aryl al kyl or3oal kyllheromp&shd JFhaeay onepiCiaithsot-4,antyerain & ' )@ ERHd! Hasthe wherein R
and R2 are nethyl or ethyl and R3 and R4 are hydrogen, al kyl, substituted
al kyl , S#U6fure:aryl al kyl or al kyl eno. 60 30. The conpound of any one of O ains
1-4, wherein R (R2)(R3)(R4)N has the structure: OO0 1'--~HN-'"~  ~~N

O O\/\+H N/\\

N \ /
e
NH,
\/

0. O

. 9.
wherein R” is n-CgH /7, n-CsHy9, n-CioHz1, n-C11Has, n-CioHas, n-Ci3Hyg, n-Ci4Hyg, n-
CisHsy, n-Cy6Hss, n-Ci7Hss, or n-CgHjs.

31.  The compound of any one of Claims 1-4, wherein R', R? and R* are hydrogen and

R’ is substituted alkyl, substituted heteroaryl, cycloalkyl or alkyleno.

32.  The compound of any one of Claims 1-4, wherein RI(RZ)(R3 )(R4)N has the

structure:
NHa+ NH3+
HO OH
[\ / 0\
, OH , +H3N S/N or  +H3N NHz+ .
33.  The compound of any one of Claims 1-4, wherein R' and R? taken together are

alkyleno, substituted alkyleno, heteroalkyleno or substituted heteroalkyleno, R* is alkyl or
substituted alkyl and R* is hydrogen or is absent.

34.  The compound of any one of Claims 1-4, wherein R'RHERN or
RIRHR*)RYN has the structure:
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HO NH2 or RO ~ wherein RO is n-C8H17, n-C9Hi 9, n-C oH21l, n-Cl1H23,

n- CL2H25, n-Cl13H27, n-Cl4H29, n- CisH31, n-Cl6H33, n-Cl71-135, or n-Cl8H37.
31. The conpound of any one of Clainms 1-4, wherein R, R2 and R4 are
hydrogen and R3 is substituted al kyl, substituted heteroaryl, cycloal kyl or
al kyl eno. 32. The conpound of any one of Clainms 1-4, wherein R (R2)(R3)(R4)N
has the structure: NH3+ NH3+ a HO /OH OH +H3N /SIN or +H3N NH3+ 33. The
conmpound of any one of Clains 1-4, wherein Rl and R2 taken together are

al kyl eno, substituted al kyl eno, heteroal kyl eno or substituted

het er oal kyl eno, R3 is alkyl or substituted alkyl and R4 is hydrogen or is
absent. 34. The conpound of any one of Cains 1-4, wherein RL(R2)(R3)N or

R (R2) (R3) (R4)N has the structure: 61 OH HN iNH ~N* N+JNCH + N, ~J or CQJ

. A pharnaceuti cal conposition conprising the conpound M one of
Clainms |- 34 an& a pharmaceutically acceptable diluent, plent or
adj uvant . 36. er apeut | Yy~effectj of the ound of any one
of Claims 1-3 r use % IIe treat f cancer at|{ent in need of
such treatnent\\ . A theN§'eut|caIIy ctive anDunt o O he conpound of
any one of d ai 1-34 dnd a t herapeutically effective anount of another

anti-cancer agent or cancer agent for concurrent, separate, or sequenti al
use in the treatnent of cancer in a patient in need of such treatnent. 38.
A therapeutically effective anbunt of the compound of any one of Clains 1-34

35. A pharmaceutical composition comprising the compound of any one of Claims 1-

34 and a pharmaceutically acceptable diluent, excipient or adjuvant.

36. A therapeutically effective amount of the compound of any one of Claims 1-34

for use in the treatment of cancer in a patient in need of such treatment.

37. A therapeutically effective amount of the compound of any one of Claims 1-34
and a therapeutically effective amount of another anti-cancer agent or cancer agent for
concurrent, separate, or sequential use in the treatment of cancer in a patient in need of such

treatment.

38. A therapeutically effective amount of the compound of any one of Claims 1-34
and a therapeutically effective amount of zinc for concurrent, separate, or sequential use in the

treatment of cancer in a patient in need of such treatment.

39.  The therapeutically effective amount of any one of Claims 36-38, wherein the
cancer is breast cancer, renal cancer, brain cancer colon cancer, prostrate cancer,

chondrosarcoma or angiosarcoma.

40. A therapeutically effective amount of the compound of any one of Claims 1-34
for use in the treatment of wet type macular degeneration or rheumatoid arthritis in a patient in

need of such treatment.

41. A therapeutically effective amount of the compound of any one of Claims 1-34

for use in the treatment of aberrant vascularization in a patient in need of such treatment.
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and a therapeutically effective amount of zinc for concurrent, separate, or
sequential use in the treatnent of cancer in a patient in need of such
treatment. 39. The therapeutically effective anount of any one of Cains
36-38, wherein the cancer is breast cancer, renal cancer, brain cancer

col on cancer, prostrate cancer, chondrosarconma or angi osarcoma. 40. A
therapeutically effective anount of the conpound of any one of Clains 1-34
for use in the treatnment of wet type macul ar degenerati on or rheunatoid
arthritis in a patient in need of such treatnment. 41. A therapeutically
effective amount of the conpound of any one of Clains 1-34 for use in the
treatnent of aberrant vascularization in a patient in need of such
treatnment. 62 42. A therapeutically effective anmount of the conpound of any
one of d ai rfig. 1- 3vthefapeutigaldy f:ﬁﬁeomﬁeam@@apﬁﬁmcompowt@fwymppéﬂaures/1313§ ina
patientc.in n t [ y. effective anount of
t he confﬁousr?dﬁﬁ}et%ﬁtyn?egﬁe o’ﬁ‘cg% ’5‘}?5‘ rlelvegf na 5t1§132r£nq‘éh f% Chtre%g mgnt of obesity
in a patient in need of such treatnent. 44. A therapeutically effective
amount of t h8. conphengenicakynyffaiee amotitaf the cdbmpdunddfhng ohbef pans 14l | y
effective anount of ano%her anti-obesity gI_ent for concurrent, separate, or
sequent PaYse s gnejtreatmeat p @%fﬁ%ﬁ‘tal?ﬁle%%‘ﬁ‘%ﬁ iSHChtrestmeningt i n need of such
treatment. 45. A therapeutically effective amount of the conpound of any one
of Cainms 1-434 fAP&eFaB@utléﬁH’y bﬂ?e&@@aﬁqb@ﬁtomtcoﬁfpom ?%ﬁ@%f éldie1dysease in
a patient in need of such treatnment. 46. The therapeufically effectlve
anmount anf actherhpeuticallywifisetévenmavat ﬂ%ﬁ!‘pﬁﬁegéh@b‘@tt}’ 9gent fhir ser@uerents seNapatsoner '

di sease, ter C r05| n 7. Use of a

t her apeeﬂueémﬁf‘ v° wgérﬁ?%enﬁ#o% %‘F Yor @ ﬂ%“e“téfpneeg 4 S““?‘e‘ ﬁﬁm%" e of dains 1-34
in the manuf acture of a nmedicanment for the treatnment of cancer in a patient
in need of sidch A thempemivhlly éBectilbamusiet oftheosipourd/ofidngroat of Chémsreducanent
is for se with a therapeuti caIIy ef fective anmoynt .of anagt her anti-cancer
agent . fgothepseinfhgtreptmentof nevrodegsnsrative qisraseip i Ratist in need gfspch tecatmpnty
therapeutically effective anount of zinc. 50. The use of any one of C ains
47-49, wher ejgh t e GRARNUtIETyRER A aﬁﬁﬂﬁ%ﬁcmlﬁ{w& whegti fHe: ne@o@éé’én&%ﬂ@@r

col on cancer, prostrate cancér, chondrosarcoma or angi osarconma. 51. Use of a
t her apedlsqasmllsIAlzl@fm@cstdlmseanmumromﬁc lateeal sdeosig ot pén dissasene of C ai ns

47.  Use of a therapeutically effective amount of the compound of any one of Claims
1-34 in the manufacture of a medicament for the treatment of cancer in a patient in need of such

treatment.

48.  The use of Claim 47 wherein the medicament is for use with a therapeutically

effective amount of another anti-cancer agent.

49.  The use of Claim 47 wherein the medicament is for use with a therapeutically

effective amount of zinc.

50. The use of any one of Claims 47-49, wherein the cancer is breast cancer, renal

cancer, brain cancer colon cancer, prostrate cancer, chondrosarcoma or angiosarcoma.

51.  Use of a therapeutically effective amount of the compound of any one of Claims
1-34 in the manufacture of a medicament for the treatment of wet type macular degeneration or

rheumatoid arthritis in a patient in need of such treatment.
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1-34 in the manufacture of a nedicanent for the treatnent of wet type
macul ar degeneration or rheumatoid arthritis in a patient in need of such
treatment. 63 52. Use of a therapeutically effective anount of the conpound
of any one of Clains 1-34 in the manufacture of a nedi canent for the
treatnment of aberrant vascularization in a patient in need of such
treatnent. 53. Use of a therapeutically effective amunt of the conpound of
any one of Claims 1-34 in the manufacture of a nmedi canent for the treatnent
of excess copper levels in a patient in need of such treatnent. 54. Use of
a therapeutically effective amount of the conpound of any one of C ains
1-34 in the manufacture of a nedicanent for the treatnent of obesity in a
patient in need of such treatnment. 55. The use of C aim 54 wherein the

medi canent 38 forUsagéametape@manﬁfQ@wpuamaumtwf theef Gostonne obaryane obflaamst her
anti - Oble§4 \.nythéjl %%R&faeé oélgsme ca n%th ?{h%R eat e%{j‘oil rfltev%gc atizdl q(?nuf?lta of the
conpound™ 0 one o T RS TR ac ure of a nedi cament for

t he trqﬁhaﬁﬁﬁnaﬁcm@mmaﬁﬁgﬁaﬁfat|ve dlsease in a patient in need of such
treatnment. 57. The use of claimb56, wherein the neurodegenerative disease IS

Al zhei ner' s __di sease nyotro ateral sclerosis or |on di se.
The use of ady oheesfa Hhetapga Bys eCtWﬁé‘F‘@P?f%fél?eocoﬂéﬂoi“%ﬁ‘]P woalewiﬁ%&rns 59. A

kit fori g thOmbiGaltliRat r&‘?ﬁ@dl&ineﬁ@ﬁ? ﬁ{e’tregf?ﬁgﬁf btséx'agss cepﬁerq%ts‘E}h BPhticht in
t herapeutically effective amount of the conpound any one of alnms 1-34

60. Thenekd of sych ekatinen9, further conprising in sald container or in a
separate container a therapeutically effective anmount of anot her
isin sai d

ant I -cancer gen t her

Sont ot aar €0, S9°Nse b ikGelfidan rore Bdne ¥ DTS RTBE N AR RISRES | ¢
zinc. 6W36i thd: hﬁntkfh&tu&fofaﬁlyecﬁ)d’aﬁ\eﬁf okt tRoatniet 6ﬂobewﬂ>ernel phtiehtEin GaEC & sutts

br east cancer, r enal cancer, brai n cancer col on cancer, pl’ ostrate cancer,

chondr d&ateesta or angi osarcoma. 63. A kit for use in the treatment of wet
type macul ar degeneration or rheumatoid arthritis, conprising in a

(c:;logf ﬁ:; ”‘ir 32 ssher agitd 6atihim 54 Whttelnhie A Fheffis Fo?‘ﬁs&@ﬁl?gwaﬂéﬁnéhﬂy one of

effective amount of another anti-obesity agent.

56.  Use of a therapeutically effective amount of the compound of any one of Claims
1-34 in the manufacture of a medicament for the treatment of neurodegenerative disease in a

patient in need of such treatment.

57.  The use of claim 56, wherein the neurodegenerative disease is Alzheimer’s

disease, amyotrophic lateral sclerosis or prion disease.
58.  The use of any one of claims 47-57, wherein said patient is a human.

59. A kit for use in the treatment of cancer, comprising in a container a

therapeutically effective amount of the compound of any one of Claims 1-34.

60.  The kit of claim 59, further comprising in said container or in a separate container

a therapeutically effective amount of another anti-cancer agent.

61.  The kit of claim 59, further comprising in said container or in a separate container

a therapeutically effective amount of zinc.
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64. A kit for use in the treatnent of aberrant vascul arization conprising in
a container a therapeutically effective anount of the conpound of any one
of Clainms 1-34. 65. A kit for use in the treatnment of excess copper |evels
conprising in a container a therapeutically effective anbunt of the
conpound of any one of Clains 1-34. 66. A kit for use in the treatnent of
obesity conprising in a container a therapeutically effective anount of the
conpound of any one of Clains 1-34. 67. The kit of claim 66, further
conprising in said container or in a separate container a therapeutically
effective anmount of another anti-obesity agent. 68. A kit for use in the
treatnent of a neurodegenerative disease conprising in a container a
therapeutically effective amount of the conpound of any one of Cains 1-34.
69. The kit 63f clIThe kit®8anyrerdiGlaimsé9rtduwbetemehecarcenie brtiastaaseer, renal

Al zhei ner' s . di sease angotro hic | ateral s%lerosis or prion di sease. 65
cancer, braln cancer éolon ancer, rostrate cancer, chon rosarcoma or angiosarcoma.

63.  Akit for use in the treatment of wet type macular degeneration or rheumatoid
arthritis, comprising in a container a therapeutically effective amount of the compound of any

one of Claims 1-34.

64.  Akit for use in the treatment of aberrant vascularization comprising in a container

a therapeutically effective amount of the compound of any one of Claims 1-34.

65.  Akit for use in the treatment of excess copper levels comprising in a container a

therapeutically effective amount of the compound of any one of Claims 1-34.

66. A kit for use in the treatment of obesity comprising in a container a

therapeutically effective amount of the compound of any one of Claims 1-34.

67.  The kit of claim 66, further comprising in said container or in a separate container

a therapeutically effective amount of another anti-obesity agent.

68. A kit for use in the treatment of a neurodegenerative disease comprising in a

container a therapeutically effective amount of the compound of any one of Claims 1-34.

69.  The kit of claim 68, wherein the neurodegenerative disease is Alzheimer’s

disease, amyotrophic lateral sclerosis or prion disease.
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