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Napht hal am de Derivatives having Antiproliferative
Activity Technical Field 5 The present invention
generally relates to naphthal am de derivatives, and
associ ated conpositions, having antiproliferative
activity towards targeted cells and to nethods for _
their use as therapeutic agents. Al publications

cited herein are incorporated by, 1Q reference in, .
{ néjapbRhAlami der Dariyativas halang ARG BnqLiferative
is a cell division process Eﬂ%?&i. a series of cel
cycle events in which the nucleus of a cell 15 divides
to formtwo new nucl ei, each of which contains a

conpl ete copy of the parental chronosones. The two

nuclei ultimtely becomeabrdcedn®déedd and constitute

ol | cyllE cvBHESort 2gnSensipRy PaPCoraLf)y rélafls o

cell cy essential for ly
pr e@pishiadami He ouddr 1t idied,si end cyebechaited orcanpesitions,

mai_ nt enance of n iLntegrity. [.1]. 0
departife ?Q%ﬂ%i@%&&ﬁgﬁgaﬁ%lﬁl ﬁggad%&?%r%eﬁgﬁ?%ted cells
Ln%habkﬁihytﬁ??erfafeﬂhdiftuSHmaﬁ hihemapeahieragentsi s

nown that cellu]ar coordination is inposed,.in 25

part, bpidt (RRTIRHRIS FALRiayR ian a8 chetRPmERted bY
conlcrehrenwhi ¢ eRsur eerthitety ffor @At purpesest is
either interrupted or executed erroneously, the
subsequent phase of the cell cycle is not initiated.
During S phase, the genonephskggbudd is mainly 30

nmoni tored by the DNA replication checkpoint .. _The .

t ask. oﬁiFﬁéiﬁeéﬁiéaEPég_éﬁ%%%%%?n@r?%?%§)%ﬂgéﬂ¥lng 8 series

Itﬂg%ﬂnplt:%%ifc@%lé epkbgaki ofn anghith reseordidikudel éFi ng cell
divides to form two new nuclei, each of which contains a
complete copy of the parental chromosomes. The two nuclei
ultimately become disconnected and constitute mother and
daughter nuclei.

Coordinated execution of «cell cycle events 1is
essential for orderly progression through the division
cycle and for the maintenance of genome integrity [1].
Any gross departure from this coordination leads to

. genomic instability associated with many human cancers.

It is known that cellular coordination is imposed, in
part, by stress response pathways known as checkpoint
controls which ensure that, if a certain event is either
interrupted or executed erroneously, the subsequent phase
of the cell cycle is not initiated.

During S phase, the genome integrity is mainly
monitored by the DNA replication checkpoint [2]. The task
of the replication checkpoint is to sense incomplete DNA
replication and to respond by delaying the mitotic

 programme [7]. The Replication Checkpoint also helps



programe [7]. The Replication Checkpoint also hel ps

1 maintain stalled replication forks in a state that
permts themto resume DNA synthesis (3]. In yeast,
Mecl (homol ogous to human ATM ATR ki nases) and Rad53
(homol ogous to human Chk2 ki nase) proteins are- 5
critical effectors of the replication checkpoi nt. Like
i n yeast, phosphoi nositide 3-k

ase rel at ed ki nases .
(PIRAYE AT PAnES & SPALERELRR ACTES it of cdly~ tha- IR Permits
(ﬁﬂ@ﬁ&@dﬁrr%%hﬁbe@kAaé ntPPSL s afd] stress response
regul ators during S ase i.n manmal i an celb%g$;#% X
Al t hough™ REEaga rl‘@ﬁﬁ]t c RIRHH WK gS k, kinases)
del fyq "RI@S3 S (hSmbESHOMNSELd Ohﬁﬂﬁhl QﬁklZOfklbﬂa@@KS,pﬂdtélns are
nol ecul ar nmechani sns” underlying this mtotic restraint

Shawer Peerlr @itgeckery of tasf FﬁEalC%t%‘ht‘F?/e?’fP% ‘bedptke in

denposty at geodhiad 1 i e YeaRin£®d | seayobd rHJ.trﬁ%le% (PIKKs)
during 15 phase by repressing the accumul ation

t heABhaghsssiaprepiAnHELRFditex a2t oAt oran%PéT&dcé%TM ~Rad3-
[ 4] o FAOSRES d Eﬁﬁnﬁghﬁt%ﬂﬁagk§e9§ k@&ﬁéﬁg@tk@@uiiﬁbrs during $

mtotic progra targeted cells can be used to
i niphage igemamnmeydpa gelé8t and/ or apoptosis

1¢{ Pr ogr argygg, genggﬁftﬁgh £ §@Egtﬁﬁ?n5ﬁeeﬂﬁopﬁtu§§dk%%wn to

therapeutlc a or trea Ing conditions associated
W tdhElEh:e maltgeued tel | sespensml teel kspRigatienerklocks, the

Ch%g Ipakg asgSSIQﬁﬁg%aglﬁgp%hW%tthEBEEQX'féstralnt

stress can abnormalitie
I\/Utlm“onbeen mmae;tlveéb/l siZb ﬁeéque@t | Recendey tHemhas been

SRSy, S5 ryBoRR b BB s pisopts auring
150at hwpnasar eayof reprsenbng i vhet magentlsittibat chusbe anaphase
9enot XIS iy (R8P 1eR SRt 29802, B RRET 43S

Agents that are capable of interrupting the mitotic
programme of targeted cells can be used to initiate cell
cycle arrest and/or apoptosis (programmed cell death).

20 Such agents may be used as therapeutic agents for treating
conditions associated with the targeted cells.

Normal cells have several checkpoint pathways
designed to cope with genotoxic stress that can lead to
chromosomal abnormalities. Mutations in cancer cells

25 frequently render them ineffective in oxder. to provide
them with proliferative advantage. Cells defective in
these pathways are often sensitive to agents that cause
genotoxic stress. Such agents may be used as
antiproliferation agents to abrogate, inhibit or prevent

30 cell proliferation of cancer cells.
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antiproliferation agents to abrogate, inhibit or

prevent 30 cell proliferation of cancer cells. 2

Summary According to a first aspect of the invention,
there is provided a pharnmaceutical conposition

conprising a therapeutically effective anmount of a
conpound of general 5 formula (1): R R RR3 X Z

X' Ra Ro R5 R7T RO R6 R8 I and t he

phar maceuti cal |y acceptabl e &Y i ndi vi dual 10

i somer s AgBErai NG UESS Offirsaesispddier €0f then iadBhkliohe there
with one or nore pharnmaceutically acceptabple ..
carlSi ePEOVHABTei d Bhazpacgifigal aFngﬂghﬁﬁﬁﬂkﬂﬁquq}Slng a
Of +HerapeisibhPly PefidcRBvé Sapphh®Nat andohpotiflie6Eedenecral
fromthe group consisting of optionally substituted

c1 fergrgel (Ibptionally substituted C2-6 al kenyl,
optionally substituted C2_ 6 alkynyl, optionally
substituted C1_6 al koxy, optionally substituted C1 6

t hi oal kyl, optionally subsgjtuted C5-10 20 aryl,

optionally substituted C6_11 Rryl, optionally
substituted C1_6 al kyl am no, optY alhg substituted

Cl1_6

R1g

Rg

(I)

and the pharmaceutically acceptable salts, individual

isomers and mixtures of isomers therecf, in admixture with
one or more pharmaceutically acceptable carriers,

wherein

X, ¥' and X'’ are independently O or S;

Z is N or PB;

Ry is optional and is =selected from the group
consisting of optionally substituted Ci.g alkyl, optionally
substituted C,.y alkenyl, optionally substituted Cy¢
alkynyl, optionally substituted C,.¢ alkoxy, optionally
substituted C;—s thicalkyl, optiocnally substituted Cs-ig
aryl, optionally substituted C;s-;; alkylaryl, optionally
substituted C;-s alkylamino, optionally substituted Cj
alkylcarbonyl, optionally substituted Ci-6



al kyl carbonyl, optionally substituted C1_6 3

al kyl sul fonam no, optionally substituted (Cl-

C6) al kyl sul finyl, optionally substituted Cl-6

al kyl car bonyl am no, optionally substituted hetero(4-
Cl10) aryl, hydroxyl, hal ogen, cyano, nitro, am no,
fornyl, 5 and thiol; RlL, R2, R4, R5, R6, R7, R6, Ry,

and ar.e |nde endently _.selected fromthe grqup
@ﬁéﬁ%fwaﬁy Pogon.  SRTORALY  subciiHUSHER 0 (Ca-
al kyd) 2a1@plilsanat hyl subst | tdgite.dmazl@ al kenghbstituted Ciu6

optional |y substituted C2 al kyn tlonall
subdtithagdorglenigog ko?@tlﬂtﬁ% naI Iss‘r1 ShBSEEEHt eqhetero (Cq-

Cl &} &t EJkM%droﬁ%ﬂ'0H§lbdé§Ub§§bﬁ@Ieﬂl@@ﬂloa@ﬁﬁby formyl,
opt i onal Yy substituted C6_11 al kylaryl, optionally
Ssulkdid ti®d’c1 6 al kyl amino, optional |y substituted

Cl 6 al I@fyll cay bagy! Rsom.;',oﬁ?l 8%, RUPSdrd Lﬁlﬁdag-_ﬁ)dependently
al kyl sul fonam no, opti onal substituted 15 (C1- C6)
aI k%ﬂ]sqﬂqﬂ%)ﬂromoﬁbﬁoﬁapll? §96§%$Hﬁ?%d°@lhledmgenf optionally

kéﬂl:S?J RoRXlA R, Qoalﬁwi' 0Bgk { ynSLbs t b indet RRILQ(CAl keny1,

Cl0)aryl, hydroxyl, hal ogen, i/ano nitro, am no,
f orepfiionagdy tsmbéltltahqdu Gtis cal kgnghy dwtwlldbmk@tltuted

1ObOQg Zoaﬁ%% dlngoé@prOVI ndsﬂﬁ@@%%g@ thQ: ﬁ$alkyl

|nven 1 oONn, a net re UCi ng t
pr o:miﬂem@tlularn @ibfa'-lmmegiet@nducedirylcowptﬂgnﬁélﬁx@msftg-tuted

DR o Byl e] LSRNl S GOIROA, gty anine,
i nvagritiicova gy @R)&jatpme‘dor neds i nalikyloasbonplyi veptionally
B8 L T AT R
15nmed{aGiae). aﬂkylmﬂfam‘gmdl mentogthienadiyound iasbé’oitum as Cig
an alkylcarbonylamino, optionally substituted hetero (Cy4-

Cip}aryl, hydroxyl, halogen, cyano, nitro, amino, formyl,

and thiol; and
—-—- indicates an optione-;ll double bond.

20 According to a second aspect of the invention, there
is provided a method of reducing the proliferation of a
targeted «cell, comprising exposing the cell to an
effective amount of a compound of formula (I).

The method of the second aspect of the invention may

25 be performed in vitro or in vivo.

According to a third aspect of the invention, there
is provided the a compound of formula (I) for use in
medicine. In one embodiment the compound is for use as an
antiproliferative agent. The third aspect of the invention

30 may also provide a compound of formula {I} for use in
inducing apoptosis in a targeted cell. '

In one embodiment, the targeted cell may be a

eukaryotic cell such as a cancerous cell or a fungal cell.



antiproliferative agent. The third aspect of the

i nvention 30 may al so provide a conpound of formnula
(I') for use in inducing apoptosis in a targeted cell
In one enbodi nent, the targeted cell nay be a
‘eukaryotic cell such as a cancerous cell or-a funga
cell. 4 According to a fourth aspect of the

i nvention, there is provided use f ound
f or mil a R990EHRGY o T St kiR, there
redysi pgoti@elr aldd ebatI@ncomf:oanaarcgetedm@u i(T)@ in the
patient _in need thereof. 5 In gne enhodj nent, the

patmem facturenofmll mefieangati ERF REJUHEE HifeRro}iferation

oneg £ o Fitled 1RE1P2hi 8Npat Bertt G GRIedPhb@BbE .
According to a fifth aspect of the invention, there

s provi (jQ§ene?ﬁBedbmeF%dLﬁﬁqK;HQEéeBFoIFFer%IlWﬁWWﬁl The

a 1 2t pdgeted, ¢l b hmanpatient in need thereof, the
od conprising admnnistering to the patient an

effect|v¥9 Qifo eRbOgEmENE o nplat kR e o Aifu Pa CEPFeT | Rabhent -

embodi Mgl q AdiggPatd e&“ £iB¥h bss§§é£ ehENGht’ GMvetANGR! - there
The cancer may be in formof solid tunors or 15

Ieukewpagvme@oadm@hpd @i xedugispecthef pradiferation of a
1d nV@Q}_%@ﬂad t Q?i ihS apr?X{:.{j@ﬁit a;kity hStdWr 2 the method

phar mateut i c conp03|t as deflne in the first
aspeetprimichd nsdmictisbasingr tex pblsqa ngpatientgetand @dfective

h it t her duce proliferation
Té?%QSEQEESO%EPPRd Qi@%%%%P ¢§ a seventh aspect
of t he i]rvewne osmbadiareamt,i $her Mtdedtamplyahmcmlﬁﬁea:ahg from

OMRASLL OEOTBLL SLNG 8, BRCLAPEHLT BLLY o8 (834 hY funors o

15 leukemlas
According to a sixth aspect of the invention, there
is provided a kit comprising a pharmaceutical composition
as defined in the first aspect, and instructions for
exposing a targeted cell to the composition to thereby

20 reduce proliferation of the targeted cell.
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(Ir) : 50 ONO (Il) 10 and the pharmaceutically
acceptable salts, individual isonmers and m xtures of
i somers thereof, in adm xture with one or nore
pharmaceutical ly acceptable carriers. In an eighth
aspect of the invention there is 15 provided a
screeni ng net hod, the nethod conprising: (a)

providing a cell which overexpresses %?gﬁ? such t hat
the oveCSOEPLREi R BagsBentl ARREY of i P& Hgvention, there

prald f @ratiieedof a theasfldedti)ca8XPesnps$8iéh CaldmdrAsing a
candi date conpound; and_(c) determ ni ng whether said
cardisd@Peutd rpddid effegrt¥gi ameunt hetr ad ¢oMPEH AN ofhd ormula
projjifyeration of the cell. 6 Definitions &

Abbrevi ati ons The follow ng words and terns (and where
appropriate granmatical variants thereof) used herein
shall have the neaning indicated: 5 The phrase

"reducing the proliferation of a targeted cell™

refers to a reduction in the rate of proliferation

and/or a reduction in the anount of _proliferation.

Thus, for exanple, the rate of di vi sion may be
reduced and/or the total anount cell division my

be reduced. 10 The term "proliferation" includes any
process (preferably any asexual process) whereby the
targeted cell gives risg to o or gyore further

cells. Thus, proliferati ] t he generation of

new cell s by

(IT)

and the pharmaceutically acceptable salts, individual
isomers and mixtures of isomers thereof, in admixtﬁre with
one or more pharmaceutically acceptable carriers.

In an eighth aspect of the invention there is
provided a screening method, the method comprising: (a)
providing a cell which overexpresses Cdc20 such that the
overexpression causes a reduction in the proliferation of
the cell (b) exposing said cell to a candidate compound;
and {c} determining whether said <candidate compound

alleviates the reduction in the proliferation of the cell.



processes such as cell division, binary fission and 15
sporul ation etc. The termproliferation also includes
the growh of cellular structures such as funga
hyphae where nuclear division is not necessarily
lirnked to cell division. The term"targeted cell"”
refers to a cell where a 20 reduction inits

proliferation is desifed.. One or re. targeted cells

may be present. Th9§?1?+ﬁﬁ%9%ﬁ€n§ggfylﬁ 5GFSti on of

tar ge:]e‘i’h_f‘eaﬂoi-lo'ﬂﬁlgt eufdﬁd'saﬁirid)rtcdﬂéffser adnd/ entegent dp@Sopriate
used herein _pertains to.a conpoun jch treats

pr JrFeRddicad  VEr iR tFW%%e.?S%&AQ%ﬁB%%dS&ﬂ%ghhﬁge the

usefdiniiny th@itheakrent of a proliferative condition).
Antiproliferative Lo ounds di scl osed herei n have
appl i catfihen BhFasse ingntther REgidderaddgns &t fe targeted

Pr eSeM i{é’féﬂé of, f 4 LRBhct PERViEHesnantiAaNcsr e8I feration
Antiproliferative conpounds 30 disclosed herein have
appidm oh FROPERION t iRg thRe OSREN CTofPEP ¥ififfiFd1o8nd Thus,
so ¢he B%ﬁﬁﬁfé, | RyRNt 9pe f Wt heL1 Pr eMivd8sonamidy UpBgalreduced
agents. e term”anticancer agent" as used herein,
perardry the Zotedpauauniheircetleddivigieanamay Pp. seduged.
conpoundyy, ./ Wj I Sy fiHe aRsbhe tr MRy of

locancer)fjrh'Fhe a%fgl?- cﬁ%grllflgfrfagét may fgﬁlse tshroﬁg% or%pemcess
or (mrefamatiianianys asexknelugiragesput whoreby nihediargeted cell
the requl ation of cell _praqlif j on L nhi,pR & Lon
of %Hﬁ%%ge%ég?s (f%e %P?or%%tigﬁﬁ%% ngg}gﬁ%%d Bk Thus,
vessed lS)feraltd onnhibelndes ofthemepasenstsorf t e spewadcotls by
a tunmor fromits.origin) he ,.inhi bi ti on, | NVas]

(t REEEPread O#uF&WDP%CGFF%&in?6Vlﬁé?%hb8$}é%f (Né%ﬁéﬁ%n and

155t r¢ysdtifies)ionOktiche hemukranpebliferation also includes the

&3]

growth of cellular structures such as fungal hyphaé where
nuclear division is not necessarily linked to cell
division. |
The term “targeted cell” refers to a cell where a
20 reduction in its proliferation 1is desired. One or more
targeted cells may be present. Thus, there may be a
population of targeted cells.
The term "antiproliferative agent" as used herein
pertains to a compound which treats a proliferative
25 condition (i.e., a compound which is wuseful in the
treatment of a proliferative'condition). Antiproliferative
compounds disclosed herein have application in the
treatment of cancer, and so the present invention further
provides anticancer agents. Antiproliferative compounds
30 disclosed herein have application in inhibiting the growth
of a fungus, and so the present invention further provides
antifungal agents.
The term "anticancer agent" as used herein, pertains

to a compound which treats a cancer (i.e., a compound

7



apoptosis. 10 The term "bioavailability" refers to the
ability of a conpound to be absorbed by the body
after adm nistration. For instance, a first conpound
has greater bioavailability than a second conpound
if, when both are adm nistered subcutaneously in
equal anpbunts, the first conpound is 15 absorbed into
the blood to a greater extent than th

second .
corfotfly. tanesedphsincthe SFERIPEREL P%n-a, cancer). The anti-

" prodhd&r abE¥ect CARYI HARe CHFAIJH e6aéi ve i d8échanisms,
and "proliferative disease," are used interchangeab

|
her Bl udidDer PuFn naf 261BAtadwdiRed tBF Lﬁf’c‘-lﬂwltartdqned°¥ cell

cel b td B sd¥liidher ati g ofinraxaesshve of abngiegkneshiks (the
whi'ch i s undesired, such neoplastic or

as
Shy pEPRaisiare. RoweY wHRkIRE | YESARYY ror e \ifhibition  of
Exappl S5 0f; ST phid L5t ye 6endl i @i | PEbNASLsbWri@ng, the

not Timted to, pre-malignant and malignant cellul ar _

25 privihitdan i of, invepdabpngtia ABYead niofedty®or cells into
Ml A SI@Hor RO PLARIRL | WA GRBTEY S orl CWHRM dmoiilon  of
i nfections. nfections may, for exanple, be caused by

f ungporirosigr.ot octi sta. The term"carrier" as used

herein d@ﬂot " - €a t 0f {

10or ['iqui i%%:g?, b:igiapgggtgﬁg?y{é%ca%é%?g{?% arrgelt’ Zarhlﬁall.tq( of a
Thectrgramnd famdes "gbarrBddinyy "thacbode afteriadyipistration.
nucl.eat ed,. spor ehear.in raani [ d ' ‘s
cnl BB T et S S RE i obE Bl ALEe BYaaglaniicy
8 riisdrs, aanseomshr conpouidanif es waknf urgtih | ackudedministered
are__not d tp Asper As | | us
fla

RSeS| o SR At BT A5 Bkt 1o
1sCanshstarigicabiata, the blood to a greater extent than the
second compound.

The terms "cell proliferation”, "proliferative
condition”™, "proliferative disorder," and "proliferative
disease,”™ are used interchangeably herein and pertain to

20 an unwanted or uncontrolled cellular proliferation of
excessive or abnormal cells which is undesired, such as,
neoplastic or hyperplastic growth, whether in vitro oxr in
vivo. Examples of proliferative conditions include, but
are not limited to, pre-malignant and malignant cellular

25 proliferation, including but not limited to, malignant
neoplasms, tumors, cancers, leukemias, and infections.
Infections may, for example, be caused by fungi or
protoctista.

The term "carrier" as used herein denotes a

30 pharmaceutically acceptable solid or 1liguid filler,
diluent or encapsulating material.

The terms "fungus", or "fungi" include a wvariety of
nucleated, sporebearing organisms which are devoid of

chlorophyll. Examples include yeésts, mildews, molds,

8



Candi da guilliernondii, Candida krusei, Candida 5

| usi tani ae, Candi da parapsilosis, Candida tropicalis,
Crypt ococcus neof ormans, |ssatchenkia orientalis,
Cocci di oi des, Paracocci di oi des, Hi st opl asma,

Bl ast omyces, and Neurospora crassa. The fungi my

i ncl ude fungi of the genus Candida (e.g., C

al bicans, C. tropicalis,
b gloslsépclude, but are

| uditSkifira N, Mg hiQams .C, Ef@ﬁﬂ?l ‘% n

9l At Bmd Go dﬂgﬁéfﬁﬁﬂﬁsﬁ)fmﬂﬁﬂ@ mﬁs@.ﬂiﬁgﬁllﬂg@ flavus,
agent" as used herein, pertains to.a conpaund which

t r dperpiddas coswilensns CGARAIPACIAdddSany cSApddda glabrata,

\Ah'c%dl%acapaglﬁl@ieﬁﬁ&ﬁdul Nng tuRgighati CkPliseil5  Candida
fungicidal acfivity. The tern1"|nh|b|t|n§ he gromﬁh

S5of lasiegdse i ndangdsla bRAFAPFAdirstEei c fangitddpdicalis,

actd g%cocv;ug' St ahtesfoeaéﬁyl ty 'I‘ééé*@&%arﬁﬂ)é decrgasmtalis,
int rate or anount of gromﬁh of a fungal col ony

Furtpcstistiiod dast i \Banpapegiddordefmnifiedord agpaa f‘%}ﬁgﬁ%’mYCGSr
mai AU éﬁ%§apE§%%§5 Shig Qﬁng&ahh&ngnEngglgﬁhé§ of the

t hé Surroundrng areas Fungistatic activity may be
r esydrtusof Camidiibliat | da- of  t h€- fuﬁé@#cam%prd@uctﬁﬁﬂ?lcallsr c.

10pr%%5%1e%ﬁosgggl%'d§55§§5hY%ey ge”EEQééy énq§&¥&¥§ermond11,

rradi ion o ungus or’ fungal
coHanﬁdbﬁahangaadfGngdablﬂnienﬂyﬂ} .colony or a

decrease,in . the, a fun of al :
col ony. e G m 4 a%ﬁf%nﬁgalgggﬁFV|t% g#%% 1§%§HQ, pertains
i nhidid ids@npddred gvmiwtrh tofesgr sf lﬁvgwl( exqpditfiongi endt iimcludes

P4 "L WAL 09 P LGRS BRT ARt R AR o
150f ﬁ&ﬁgﬁaﬂaQQSabolvieprpduce et c. The term
POt OCt St ShOh RO PLEL (L ol e BB inctudes
both fungistatic and fungicidal activity. Fungistatic
activity includes any decrease in the rate or amount of
growth of a fungal colony. Fungistatic activity may be
20 manifested by a fungus maintaining its present size or
failing to colonize the surrounding areas. Fungistatic
activity may be a result of inhibition of the fungal
reproductive processes. Fungicidal activity generally
includes, for example, irradication of a fungus or fungal
25 colony, killing a fungus or fungal colony or a decrease in
the mass or size of a fungus or fungal colony.

The term "antifungal activity”" includes inhibiting
the growth of a fungus (e.g., fungistatic activity),
killing at least a portion of the fungus (e.g., fungicidal

30 activity), limiting the ability of the fungus to
reproduce, etc.

The term “protoctista” (or Protista) refers to a
number of largely unrelated organisms which are grouped

together for convenience. The protoctists are largely

9



toget her for conveni ence. The protoctists are largely

9 unicellular, although many are col oni al, and sone
mul ticellular. There are plantlike, animal-1like
("protozoa"), and fungus-like protoctists. Protozoa

i ncl udes anoebae and nore conplex fornms such as 5
foram ni fera, heliozoans, and radiol arians. Various
protoctista cause,_ parasitic infections in animls, in
par 1ttt Fret 03B R oM™ Y ec B 6ns ‘i:‘?£‘?rti'oael.' and
amopki €icadysartery, €hagas disease, pshaepinrg, Si Ckitgigsal-1ike
(Trypanosom asis), nmalaria Toxopl asnosi

I, ,
Schi'stsdaiacasils — 18ndnd SRS L6 c 2BTOHLCHLREP her 5PTOzZ02

ref g dded heafderPe Pr @bl N M¥re JEBBmPSeAPPIRRHnsat Esuch  as
The termnot only includes the S. cerevisjae, Cdc20

Sy eafer PPqUiREa - but hPhEPHRRRS hondPEyoug3dpPoREI RS and Various
genesod LAl 0LUaRi SPR-AEI&: t eifecl3oAMEr EXPTASEILEL,  in
results in a reduction in the survival or .
pr avdiftekcatliagn BFothzozel COMPRE SINkRGEANS aé%:él‘é@@f amoebic
yea%&s Ce Mhyy, LAIDr i Seyt B8asd Ol | OWsAgeBYRLEOLT A ckness
sequence: 20 tatcaaaaga gcaagtatta caaagaagac o
t aat ey spadesdshga nybaaygfexoplgengeaat Schistosomiasis
ageogt gttctgtac tttctattgc gtccccaaca
lotaag%?cga%gmt%éct atcttc cgattggtcc agaaaccaag
gt aaagttiade20gaamatsegl deamdpagaferaayet dhet Cfaddarraggin or
25 aactccaa te tt a c c C
tt1354S 482 %%g%toggégg% Re23AGG Chof %?@Léri t{r?cludes the S.

caag acaattgggg caccacc
aat eagacigd agat Cd¢2 @ atyeattt toapegaet gaat t tigadudes homologous .

30ome

t
gt tE5K it

tt §ga°

tactcttetc

30 D 8% e ogERer o PrEehitfs

where

their

1Racaieidip ds@gonaegaleaadal i agedwgaaigit gt ghgcaatvisal or

proliferation of the cell.

The 8.

following nucleotide sequence:

cerevisiae Cdc20 yeast seguence may comprise the

20
tatcaaaaga gcaagtatta caaagaagac taatgccaga aagctctaga
gataagggaa atgcagcaat tagcggtaac cgttctgtac tttetattge
gtccccaaca aagctaaaca tactatctte cgattggtecc agaaaccaag
gtaaagtttc taaaaattcg ctaaagagat caagttcact gaacattaga
25 aactccaaac gtcccagttt acaagcctet gecaattcta tttattcaag
acctaagatt acaattgggg caccaccgtt aataagacga gattcttcat
ttttcaaaga tgaatttgac gctaaaaaag acaaagcaac gttttcggca
tactcttectc gttcatatcc aacaattgga tcetgagageg tagtttccca
aacatcttta tcgcaaccga caacatctag agaagttgat gagcaattta
30 cagtagctge ggatagatat attccaattc tacagggagc ttcgcazaac
aaggtcgatc ctgaaacctt acacgaggca ttacctecge caaacgegtc
gccaatttca cacttaaggg cccagactaa gattgtctte aaacaaaatg
tagctgaagc gtgtgggtta gatatgaata aaagaatact acaatacatg
ccggaaccac caaaatgcectc ttceccttgaga caaaaaaget atatcatgaa
35 gaaaagaaca ‘cattatagtt atcagcagga acaaaaaatt cctgatttaa
ttaaattaag gaaaatcaat accaatccgg aaagaattct tgatgcacct
ggtttecaag acgactttta tttaaacttg ttaagttggt ccaaaaaaaa
tgtcttaget atagcactag acactgcatt atatctgtgg aatgccacca
ctggggatgt ttcecctgtta acggattteg aaaacaccac aatatgcagce
40 gttacgtggt ctgatgatga ttgtcatatec tctatggeta aagaggatgyg
gaacaccgaa atttgggacg ttgagaccat gtcattaatt agaactatga
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30 cagtagctgc ggatagatat attccaattc tacagggagc
tt cgcaaaac aaggtcgatc ctgaaacctt acacgaggca
ttacctccgc caaacgcgtc gccaatttca cacttaaggg
cccagactaa gattgtcttc aaacaaaatg tagctgaagc
gt gt gggtta gat at gaat a aaagaat act acaatacatg
ggggaaccac caaaa: ?C:C ttccttgaga caaaaaagct at at cat gaa
gaaaagaacCa cattata tt atcagca acaaagaatt
cct@ﬁﬂftcfaf‘?@é’ttttéésﬂ:ﬂﬁﬁggﬁaaﬁﬁ? %J‘é‘?g%cca acc‘%ggtt agatactttg
aaafedqt@cagyaogeategtaggt Fg%%%?a%\tcgaﬁatat atg atgtcaggat
t t teRRRIAAFAL adFtOsat cERaaga5993C29 thg.;ag?aggc gaagtctgeg
at dffedetagFtac adegaagtoacat 898EEYCLH gt ctgg tggtaatgat
Sct RR;FATHTAA cEORGLEagae gghrFEReRaRmacHTddSHat @@é@&tcca&
40 gpagRgcHt @cHacsactd t LgRRadeact t AYHAtYt ccatattcege
aageRRRLAIG Ctgadgsct§hadat t 86992 g aca catccatttt
gt ckaqarnagtagadcesrgataco daveaHEEIe dffpaficddje ccggatccea
at cggitgagataigt dtteggttoagat S6€823TTER agkd acc aatggtggta
10y sy atogaey: Aag g agagatt gt haageaacIR Yt cCIERpltcagag aatgcaatct
c aaaiogigdmtagt t ftatgpaacat gggebberapdcatitpdagddgt @dfdgatact
gt t tafagproracaagagtgagcygat tiehaeati g c At LIYY AFGt adagecacatt
5 aggarAgfida bgapueggha t accagaacg tccttgectc
aattttccaa gaagacgcat actgctgctg taaaagcact
agct t gt atattc . a t ctct a
15 gooh At Lag e nyading (LS e Caga
t C ACPERBRIKGARGAGENEIUL S TASE RN IL.SSDHSRNOGKHSK
00t MSEKRIISINIRNSKR G TONBARSEYSREK ITICHPPAA BBDAAF HEPRRRAKKDKA
10 1SR EERAPTAGSBAVV 0T SHEQRERRRFAPEQFITABBYEHP ILQGASONKVDP
aat greet P P FAGPT SALBAQTK BV ERENUKE AMEADMIERAYQYMPEPPKCSSLROK
2 t JSRORGHT IRGYOOEDET P DL TRLREENENEE RIAAARGFODDF Y LNLLSWSKKNVLA
t t Cct KEEt ALY IWNR TEOUS UL URRENBCHE IVTHEDPOCHTE SRYEDGNTEIWDVETMS
09 agoenet S LEYRIGSLBRLDOL L A76 SREGET QIO DA G BOH EYSEREEH TGEVCGLS
MPEGGHIENAACSRNRE VI D ACRTHL P B STHNBRNQRXYSKC PY SPNI LASGGGQT
NSLiRSS N NS RPEE DACAS! YSRRIK OB HIARRGERRIDSSF X DEFARIMIQSLE

2 KO MEONSKLOK
TFSAYSSRSYPTI GSESVVSQT SLSQPTTSREVDEQFTVAADRYI Pl LQGASQN
KVDP

Examples of homologs include:
e Human CDC20 (pS5CDC/hCDC20) (Cell division cycle 20,
seven WD repeat protein that is essential for cell
30 division, interacts with and activates the mitotically
phosphorylated form of the anaphase promoting complex,
involved in mitotic spindle checkpoint activatibn);
e Human FLJ37927 (Protein containing four WD domains {WD-
40 repeats), has moderate similarity to human CDC20,
35 which interacts with and activates the mitotically
phosphorylated form of the anaphase promoting complex
and is essential for cell division);
e Human FZR1 (Fizzy-related protein 1, an activator that
binds to the anaphase promoting complex (APC) and

40 promotes its cyclin ubiquitination activity):;

i1



ETLHEALPPPNASPI SHLRAQTKI VFKQNVAEACGLDMNKRI LQYMPEPPKCSS
LRQK 20

SYI MKKRTHYSYQQEQKI PDLI KLRKI NTNPERI L DAPGFQDDFYLNLL SWSKK
NVLA

| ALDTALYLWNATTGDVSLLTDFENTTI CSVTWSDDDCH SMAKEDGNTE! WDV
ETMS

LIRTNRSGLGNRIGSLSMLDTLIATGSRSGEIC]NDVRIKQHIVSTMAEHTGEV-
CEssS Mouse Cdc20 (Protein with very strong similarity to cell

YKSDGLQ SR WL VBHT AT ST TTAAKALSER TSRS fo
DKHI HFekS| EEaRyEsh NECSQUESL BWBCEHTS TREGVIRKEIOVAREORARME  the

QSLF l . .h s incl ude:
Humnm%%%h%@%egﬁxdﬁ%g?gn cycl e 20,
ssevenr¥d refpezd grellei ndihididrs egseat i zb, f eevesl |WD 3Gepeat
di vi si on lnterﬁcts wi th and a.ct'va%es the mtotically
phospREPT PR edthor m BF 1 HeeShatfas & B ottt hg CORPTER,  may
i nvol ¥aflct Dol 1@t iKe STMdLa opheEk phenhidet iv adpioile) ;

Human FLJ37927 (Protein containing four WD donains |

(W 4ormepfays), Kals2fpdepatRrRFFin afibef t 6Shurggpired for

Cwoant%??/ﬁ@%ggr%ﬂ q;&grsltygt;h and activates the

mtotica phosphor yl at ed rmof the anaphase
10pr oobudgingnpleasxt aOmHl S (essesin abff athece®ld (WD-40) repeat

i Vi si : £z = o el !
St vERB Y ERTE G 5 (e kRASRRe LCphanarthy Bes, msn
conpl ¥ tREGnaith sed brmaings cople¥CKAPC) and targets them

ubi quitination activity); 11 Muse Cdc20 (Protein
Wit h §8Fy§§?¥%‘?®tjs?'fﬁ"l arity to cell division cycle 20

(raf ©dc2ddn WOAGH denSsagial (30 &?r (cQ6kd Kb B PR ssion
may function 1n the formation oP he mtotic spindle,

13cont avaassl x WD40); 5 rat Cdc20 (Cell division cycle

ceit “BroRLFEn <HaFarinEbEeR | PPensivy RaEraRnatSy fipree wo
m t ot demapnsdl @n-400EBEpEays], ( Gdoizth aapr ohedimtdatprotein-
s reggg{ggnffgteractions, has high similarity to a region of
S. cerevisiae Cdc20p, which is an activator of anaphase

20 promoting complex required for chromosome segregation

and microtubule function at mitosis):

¢ Drosophila Melanogaster: Cdc20 homolog is known as Fizzy

Within the term Cdc20 we also include fragments and

25 wvariants of the 8., cerevisiae Cdc20 and fragments and

variants the aforementioned homologs of &§. cerevisiae
Cdc20.

Such homologs, fragments and variants (including

fragments and variants of said homologs) possess

30 qualitative biological activity in common with S,

cerevisiae Cdc20. Hence, their overexpression results in a

reduction of the survival or proliferation of the cell. As

will be appreciated from the discdussion herein a reduction

12




anteroposterior polarity); 10 buddi ng yeast CDHI
(protein of the WO (WD-40) repeat famly that binds
to substrates (CLB2, CLB3, CDC5, HSL1) of the
anaphase pronoting conplex (APC) and targets them for
degradation).; Fission Yeast Gene nane (slpi) (Cdc20
honmol og in fission 15 yeast); Candida al bi cans CDC20

(Proteln containin th WD- 4
Wi £h 1A nBRPSER S0t GERLE prgtel nEPRy SR IS’ Dhggtéasured

hi g ééﬂﬂd;ﬁfdﬂdneﬁ:@:.éaﬂ.@?' qeesl fol. Beimpliesifiryuzdc 20n, Hence,
C IS an acti vat or

req*Eﬁ’ré@t‘Fﬁlf‘l%réﬁo%r@”sag%?@ggﬁg 200£n8n%r P‘gﬁ}g ) variant

funﬁééé@sﬁs Nt OB 8341 vl ©5OPbY 1 & IVeh apD@aSY ein Gfb@c%n with
honol o known as Fizzy Wthin the term Cdc20

Sl SReER| Lhe prayientaf ahdCe3s \PHETEFPESSF i e sgid putative

cergymhsigge Cde20 é’rﬁfgrren,t S apgkiafd antdard he be  assayed
af or enentl oned hom)I ogs of S. cerevisiae Cdc20. Such

honspesgfsrophalgmetedcahdYvari ants (including fragments
and varlﬂ,fgs £@bmSak £ Aol 09S rcRR38ESE0 3D GWRI1chdl i ¥8id or

bi ol ogi cal activity in comon with S. cerevisiae
Cd cpol yidmtciale thelecwher Bhpk esorafesesul ganghitgient or is a

10r ed#gﬁ%@ﬂ:lfgr}\{ hﬁfes“l%é“ ¥& il-oie 19{ 'é@éf’d ' Qéh@fpé%eptlde (or

apprecl ate romthe di sdussion
herleomokog edugiant) .12 The t hérzgmenth opogeessesmyqudabitative

exgbﬂg?fo?.calnea%%‘irvqgg 3Re %B{nﬂggo&ggﬁt éfﬂ&ﬂg l yTlgéefréﬁﬁent may

termine 1f a putative
honinéd o@einferdagmam t/hevérulaﬁtlengblaségség guabitarigively may

o 90 SRLRGEL L i BBl HA-RGCID A hemical
15 synthesis.

The term “variant” as used herein refers to
substantially similar sequences. Generally, nucleic acid
sequence variants encode a polypeptide which possesses
qualitative biological activity in common with Cdc20.

20 Generally, polypeptide sequence variants also possess
gualitative biological activity in common with Cdc20.
Further, these polypeptide sequence variants may have at
least 25%, 230%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, B85%, 90%, 95%, 96%, 97%, 98% or 99%% sequence

25 identity to Cdc20 (or to one of its homeologs}) or to a
fragment thereof.

As used herein “seqguence identity” refers to the
residues in two sequences that are the same when aligned
for maximum correspondence over a specified window of

30 comparison by means of computer programs known in the art
such as GAP provided in the GCG program package (Program
Manual for the Wisconsin Package, Version 8, August 1996,

Genetics Computer Group, 575 Science .Drive, Madison,

13



honol og / fragnent / variant can be assayed
spectrophotonetrically. The term"fragnent” refers to
a nucleic acid or polypeptide nolecule that encodes a
constituent or is a 1.0 constituent of the
full-length Cdc20 gene/ pol ypeptide (or honol og
thereof). The fragnent possesses qualitative

bIO|D ical, activity_ jin co n,wth Cdc2Q. The fra nt

it onth 5y Dr TRl bhde s Eagno 3P WERED c.o.,
al t ET9TRG ) ,V et i dﬁﬂ@)}l@bbﬁ&fSﬂﬂoD}’gﬁom,Ot4h!6F—4BBanS
for exampl e chemn cal 15 synt hesis..  The term

nt
as used Ty ref BRSAn %ﬁﬁﬁ%ﬂl%ﬁ%lﬁﬁ?%ﬁég &nalogues,

S € ISIEESh Ew%é&r}l yramatdieer atd dus&SRJuensin Wal tlanteference
sesses qual tatlve

encode a po pepti de which

%i ofdgft Rt sé%ﬂmfmey meR S0 AmBA LWPERTEHE JBh1gh 18 & derivative
Cengf abhy20PqhiyeenbiAE SRS gY HHAMUST )| Sth RIS S@SFivative
qual itative biological activity in_comon w th Cdc20.

Furw&nrﬂ-q%s%dwwbptdq}@tsl@aueﬁ@@%rwgﬁ% Ry ORgy ST more
at haast 28%430% 8%  40¥ut45%n50% eBOYae 65%etains
70%  75% 80% 85% 90% 95% 96% 97% Yo or 99%
seqiértiea s gl dantihey sapecatobogbrak @qfﬂéfl&fy 2Ss cae20.

110Dl 0G8)e Ok by i AR hehROhe Afc4PeduBgESLALtion” as
sequence identity" refers to the residues in tw -
sequest diendiat rafenshéosansLhRéhturignedr replagsiighfmot one
Corérﬁf‘tp&ngg ef@fle{m@?ﬁ@ﬁcélﬁir&ﬂ %{@%8{ §9m11ar ;{.‘ropertles
conpari son conputer prograns known in the
artwi‘@mrh as @mwpaﬂtu@@l i phabte GCorpmagyanmspavkage of a

rgﬁ I\/Bnugenetél’xcagbﬁo @S@gélséﬁbg@fég%go%gsgﬁgﬂ% charged

15Dr|am,ncwaaicis@ng1un3mw seoindi HELUWBALE37 khe (Needlagrgn,charged

S. Bamlarpéj \é\'égéc spar%lc acid (Asp) would be a conservative

amino acid substitution.

The variants, fragments and homologs can be located

and isolated wusing standard techniques in molecular
20 biology, without undue trial and experimentation.

The degree of homology between two nucleic acid
seguerices may be determined by means of computer programs
known in the art such as GAP provided in the GCG program
package (Program Manual for the Wisconsin Package, Version

25 8, August 1996, Genetics Computer Group, 575 Science
Drive, Madison, Wisconsin, USA 53711) (Needlemzn, S.B. and
Wunsch, C.D., (1970), Journal o¢f Moclecular Biology, 48,
443-453). Using GAP with the following settings for DNA
sequence comparison: GAP creation penalty of 5.0 and GAP

30 extension penalty of 0.3.

Nucleic acid molecules may be aligned to each
other using the Pileup alignment software, available as

part of the GCG program package, using, for instance, the

14



(1970), Journal of Mol ecul ar Biology, 48, 443-453).
Further, a variant pol ypeptide may include anal ogues,
wherein the term "anal ogue” as used herein with
reference 5 to a pol ypeptide nmeans a pol ypepti de
which is a derivative of Cdc20 (including a honol og
t hereof), which derivative conprises addi ti on,

del et i on, substltutlon of one am.no ac

SUPRAE {HRSpohefti (PR oEEPRS BB AtYal 1 ched 9P

saqauﬁﬂp@@@bqab g@tnygty as Cdc20. 10 The term
‘conservative amno acid substitution" d her ei.n

refers i€ sHBERPt ut | ST ﬁﬂﬁblaegﬁBﬂFaOf on %ﬁﬁ?ﬁ?lcally
aci g fQft 130t hHRyura %&C*ﬁué{mﬁdbéjtmdaaﬂ.ypreﬁf@rdtu@& amount”
within a pol ypeptide chain (primary qgence of

pr A%& nysedoinbxarARgeatNy RFtint lﬁr?qe) FEFHL Eﬂaﬁﬁe&‘mount

15 g poppgi i@l deCivd ((Pdak, f%ﬁneﬂ.ﬁ%r&ﬂ:&l | @L‘d :t)revent a
charged am no acid aspartic acid (Asp)

-cor@@w Vi SearneRCFERSLBTI 1 LR ORD ‘Fﬁ@WéFl é‘ntcl,"'te‘“‘-""ble
qgﬂ@?%ﬁé n¢ hgpol 005, G th&Gel 068E&6k . anthe SEkaEE can be
usi ng stan

ard technlques in nmol ecul ar 20 bi ol ogy,
wi tdehecheddubyt ri B0T aREaERRer | neifMEGIn. IARkegEgrYe Gmtigen

10N ORL Y b@@m§ﬁgréﬁ@s UGlrebet 36s d anSBAYENCRS AB¥uBSect will

det’er m ned ans o conputer prograns known in"the

ar tdepagid asmmmm oibfetti's tsHeeCaBdpheglaly Jaekagéure and
(Pf%&gu pal o L aliseqns! rad(?fck@ﬂ@ YeeshBBuRScs  or

netics npute 575 Science
Drlamnbﬂvmtusmn ofN sbenspaptiiSA SSIQ@G@ NEed exgivinigigation.

B OVBYY. 46, *9a 30053 oothl nd b el i LR 1 bffgt gfective

15setdmags f on %an&equetmeemnpathsoeffeaﬁmeeamwmt for a
penal ty of 5, nd GAP 30 ex{ensiqgn of ,.0. 3. :
Mﬂﬁ%ﬁ%&iﬂﬂ%ﬁ“%%@%ﬂ}es Ry beggligﬁgaeﬁgﬁéé%h by 3 routine

experimentation and is within the judgement of the

L8]

clinician.
As used herein, the term "pharmaceutically acceptable
20 salt" refers to those salts which retain the biological
effectiveness and properties of the active compound of the
antimicrobial composition, which are not otherwise
undesirable. B thorough discussion of pharmaceutically
acceptable salts is available in  Remington's
25 Pharmaceutical Sciences (Mack Pub. Co., N.J. 1991).

As used herein the term "treatment”, refers to any
and all uses which remedy a disease state or symptoms,
prevent the establishment of disease, or otherwise
prevent, hinder, retard, or reverse the progression of

30 disease or other undesirable symptoms in any way
whatsoever.

By a "candidate compound" we include can be any
molecule or combination of more than one molecule.

Examples of "candidate compounds" may include synthetic
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other using the Pileup alignnment software, avail able
as part of the GCG program package, using, for
i nstance, the 14 default settings of gap creation
penalty of 5 and gap w dth penalty of 0.3. The terns
"effective anmount”, "therapeutically effective
anount” and "pharmaceutically effective anobunt” 5 are
used i nterchangeably herein anoljéoe,rt in to an apount
dt

of &MBhér afedECElegeMIE S r et LAY or GAWOWIES,  chemical

pr evepbiRat 165t f edagh SeasE Hr @slids OMas Orwd L exde bi hatural
a detectable therapeutic or preventative effect, The

ef f BEPIRGRS beSughetat tRIFy etdaERanplber chehfeales that can

mar ker § qeht2fibaeisify! exnel Sscrik@spraci gt efAesiiMh include
anmount for a subject will depend upon the subject's

3i zerahginealand, pertifh ufEagReNtext BRPLéASEhe nUCIelc acids
congdhki Oeaiaaguclti@oéi APe W 839t rateePi NBhbSPhOTipids and

therapeuticS selected for admniStration. "Thus, it'is
not otiserul Lipid pasiriyakavefact Iof fRctinpd ergednogpbodpment  a
advang VeV, BChbeChbVE-AODL for a given
si tuat F%#jlgan %%mp et ersm;.n%gd by (r:outi ne .
~ experi mehs at iwgedand hegewnt hi Bhe he jamyendgemprisheg”  means

| - n.. - \ . . n o 1
16 capfispfaitSy BE Y Hebedsdfing’ E1Q10 PERHQERAY of the
r et mbndt Hcdmpoliedingdl sidlectaisvefesspaigkpr apdr t 'egmpfises”,

the, active_compound af the. antinlcraopi npes. t i
i BR7Er ESFERIRTHEN gAY, VT4 he R TSR, P IER! e ene,
di scompositdén phamadsitnigéalkl mayacoeplabl exchltisvaly of X or

eI s SRIOhERS aodBe [ORLTERH RS0 oo

15treat mens " useef aésein, atke aptmal"abuses, WincChheereditext of

a dggﬁgggtﬁﬁéﬁégé” %%nptggﬁponents of the formulations,

typically means +/- 5 or 10% of the stated walue, more

typically +/- 4% of the stated value, more typically +/-

3% of the stated value, more typically, +/- 2% of the

20 stated value, even more typically +/- 1% of the stated

value, and even more typically +/- 0.5% of the stated
value.

Throughout this disclosure, certain embodiments may

be disclosed in a range format. It should be understood

25 that the description in range format is merely for

convenience and brevity and should not be construed as an

inflexible limitation on the scope of the discleosed
ranges.

As used herein, the term "alkyl group" includes

30 within its meaning monovalent (“alkyl”} and divalent

{*alkylene”)} straight chain or branched chain saturated

aliphatic groups having from 1 to 10 carbon atoms, eg, 1,

2, 3, 4, 5, 6, 7, 8, 89, or 10 carbon atoms. For example,

the term alkyl includes, but is not limited to, methyl,

16



prevent the establishnent of disease, or otherw se

prevent, hinder, retard, or reverse the progression of

30 di sease or other undesirable synptons in any way

what soever. By a "candi date conpound” we include can

be any nolecule or conbination of nore than one

nmol ecul e. Exanpl es of "candi date conpounds” nay

i ncl ude synthetic_ 15 snal | l ecul e en%s hem ca
conpiitrs, IcRERPYAr ISRRFRAL onsTOUR s a F?ugﬁgre6§°butyl'

as yek-®msyiat Ugall, Produal fetBYChrasy Bl an} 1 edin@tBlpropyl,
O her nol ecules that can be identifjed using the

screeisyof iRePerbeht i BRXYhe| doBeBhBIRRM Ny ahgrethylpentyl,
peps Lo {yBEMALS, PertteSpentigl £ C2agidEneiilbutyl, 3,3-

ol i gonucleoti-dés, carbohydrates hosphol i pi ds_and

ot héimetiplbwerivat | e~ 'ﬁ‘eﬁhﬁ%‘g%ﬂed enbodiT HgRfthylbutyl,
| i by ag yo Of r GRIRMRISLIRY De sciieenedy r AfetisAGAphAI, N 2-

the term™conprirsing” nmeans 10 "including, but_ not
neceslpipdnt wlol eByethyipentybns hePtile dowgthylbexyl, 2,2-

Ilcogﬂﬁéﬁ%len .Ch a§,5£&%1’;lﬁﬂlp lllcon@,ril-S(?ﬁHethylpentyl,
have correspondirigl y Vvari ed meani ngs. Thus, for
exahptedimethodmsadivili on " conpili 3r-adgnebhydnendonsi st 1,4~
XC ' f or may i;nel yd 1,1, 2-
10§ddé#ﬁ%%§*%ceglntﬂéﬁents. 151As%'§sgﬁﬁﬁ§$e %@P‘{’ﬁe’ term e
" aboutdethyiiiylcont ekt 3ot rimeigditatatli, on§-wéthylheptyl, 1-

conponent.s qf .the formulaljons pi +/- 5
or niﬁ%%%ih‘?ﬁ%ey Lot QCEY IEL\'/ apg}éyfhoc%eecj} ]%/'y B ?l?allt vy +? Pé&% of
t he st at®tk viaditre, "alitenytly pymaid"y Hnclu@Bgsofwitthd nstidisedneaning

val ue re typigal,l L~ 2% of. the. 20, stated,val,ue "
vl i ca ﬁ}k\f@/‘nyil% of 2fde s{;%\ oRaY E,aala!{r%fylene )

val u
1evest right ypical | yoranch@d5% ehathe stassidurataddie. aliphatic

hydrocarbon groups having from 2 to 10 carbon atoms, eg,
2, 3, 4, 5, 6, 7, 8, 9, or 10 carbon atoms and having at
least one double bond, of either E, Z, cis or trans
stereochemistry where applicable, anywhere in the alkyl
20 chain. Examples of alkenyl groups include but are not
limited to ethenyl, vinyl, allyl, l-methylvinydl, 1-
propenyl, 2-propenyl, 2-methyl-i-propenyl, 2-methyl-1-

propenyl, l-butenyl, 2~-butenyl, 3-butentyl, 1,3~
butadienyl, l-pentenyl, 2-pententyl, 3-pentenyl, 4—
25 pentenyl, 1, 3-pentadienyl, 2, 4-pentadienyl, 1,4~

pentadienyl, 3-methyl-2-butenyl, l-hexenyl, 2-hexenyl, 3-
hexenyl, 1,3-hexadienyl, 1,4-hexadienyl, 2-methylpentenyl,
1-heptenyl, 2-heptentyl, 3-heptenyl, l-octenyl, l-nonenyl,
l1-decenyl, and the like.

30 The term "alkynyl group" as used herein includes
within its meaning monovalent (“alkynyl”) and divalent
{“alkynylene”) straight or branched chain unsaturated
aliphatic hydrocarbon groups having from 2 to 10 carbon

atoms and having at least one triple bond anywhere in the
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Thr oughout this disclosure, certain enbodi nrents may
be disclosed in a range format. It should be
understood 25 that the description in range format is
merely for conveni ence and brevity and should not be
construed as an inflexible Iimtation on the scope of
t he disclosed ranges. As used herein, the term "al kyl
group includes 30 withinits ani_ng nonoval ent

HIGROT, il v DL AR AN HTERPG IR Bt ave

br aahepihald) St LERYSet , aiﬂ@f@smylgr wﬂﬁ:ﬂy&wmg i—ftﬁfﬁynyl

1 to 10 carbon atons

or ¥HPQ§QM%GR"§PﬁﬁﬁylFor%%%ﬁﬁﬁwé“l‘PHEy?ﬁ}n1aﬂR??ntYnYl 1-

| ng{didgs but mb%h?%eﬁt%ﬂiﬁd t%—h’é%‘tp}db 162~%1ﬁéb‘&yny1 1-
1- pr opyl [ sopr opy uty | sobut¥
t eraciKl,; 2appEynyl o- HTWY}J;/ priRAYnyl, and the like.

1, 1-di meghy! .HPthalﬁ %ﬁwlor'%QQQBhfg’sJﬁ¥Y$s “halide” or

4- nethylpenty , 1-nmet ent 2- et hyl pentyl, )

3 iyl “pemsy | used2- hﬁﬁé@ﬁylﬁ@ﬁ?FS 3tg st uorine, chlorine,
utyly, s i met hyl butyl, 1, 3-dinethyl butyl,

1 f?h%%d %?%Bgr 1,1, 2- trlnethylpropyl, 2- _

et hyI per‘itkgd t%ﬂtet f‘%’ll‘piem ylas hepeg| hereppt hpfRERyte straight

fhc? HEWFLIQ per ;{Er{éhe% Za:gl t)ﬁi: WS:. Examples include

1 3mﬂﬂn3ﬂhyl¢ﬁhﬁ@yh A-drdPoxly metieybpepoyy, tert-butoxy, and
1 %13 trlnethylbutyl 1,1,2- trimethyl butyl,
thylbutyl 5-met hyl heptyl, 1- nethyl heptyl,
octyl Tm@nﬁbxmdeopt;oﬁBMIyhsub$tetuﬂ&&§taarndeﬂlhanﬂin means
nongval.ent

0L PSS L L1 PR B OB s cutea,

or d}fanﬁlhgd dwi nsupseitabéed aliitphat owe hyebrrocam@m groups
groups having . from2 to éo car bon 3,
, gd ePengleng,lyor s e€5F fa ag#ér{ﬁawagré( eRyLe abiyny1,
thicalkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl,
halo, carboxyl, haloalkyl, haloalkynyl, hydroxyl, alkoxy,
thioalkoxy, alkenyloxy, haloalkoxy, haloalkenyloxy, nitro,

amino, nitreoalkyl, nitroalkenyl, nitroalkynyl,
nitroheterocyclyl, alkylamino, dialkylamino, alkenylamine,
alkynylamino, acyl, alkenoyl, alkynoyl, acylamino,
diacylamino, acyloxy, alkylsulfonyloxy, heterocycloxy,

heterocycloamino, haloheterocycloalkyl, alkylsulfenyl,
alkylcarbonyloxy, alkylthio, acylthio, phosphorus-
cootaining groups such as phosphono and phosphinyl, aryl,
heteroaryl, alkylaryl, alkylheterocaryl, cyano, cyanate,
isocyanate, -C(O)NH(alkyl), and -C(O)N(alkyl)z.

The term "hydroxyl" means -OH.

The term "thiol" means -SH.

The term "cyano" means -CN.

The term "nitro" means —NOs.

The term "amino” means -NHs;.
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| east one doubl e bond, of either E, Z, cis or trans
stereochem stry where applicable, anywhere in the
al kyl 20 chain. Exanples of al kenyl groups include but

are not |imted to ethenyl, vinyl, allyl,

1- et hyl vinyl, 1- propenyl, 2-propenyl, :
2-nethy|-|-propeny| 2-nmet hyl -1 - propenyl 1 butenyl
2- but en but ent enyl

|, 1, 3-, but adi
2- pent eﬁ'{lﬁ egmp‘éhgéma C&“Z?%e‘ﬁteéﬂ% eln means ah atom of

1, %ngentaq@meﬁyl : o{éhérpeﬂmmll egytbonl, ‘bor paijidadigany| , Examples
3-net hyl - 2- but enyl, 1-hexenyl, 2-hexenyl, 3- hexenyl

1, 3nﬁé%§8|5nypf ,antBadi enyl, 2-net hyl pent enyl

1- hept epyk, t?eﬂ}@pt-@ﬂiaélkﬁr'he@beayb thr ogherillkyl group, as
1-nonenyl, 1-decenyl, and the |ike, 30 The term

5+ adefApRdgr #ReVve as Higdadhet ei REMARYds oW tHHPTther group
”e%@kﬁgh@@“¥ﬁﬁfaﬂo("éﬁéﬁﬁbé ) iAdty &k valkeRlikyl, -S-alkenyl,

("al kynyl'ene™) straight or branched chain unsaturated
al iaplat-Scahygnptar bon groups having from2 to 10

carbon raLoqR ANGaRIYNGeRE L CRS aoﬂl%nbrvla@leﬁtbﬁBﬂo- bi~ or
anywhere in the 17 carbon chain. ngles of alk nyI

gr(tapsyp&@bud%rmtl&r ehydpecarhrn egodgtéehy Bl | £i%e’ to ten
E%?%%ﬁylr%ﬁﬁbg£¥ﬁga’géﬁ?§%¥9¥|f;firﬁﬁgﬁﬂs 1981N@¥|phenyl
rretalmyil pephybyl . Ihhepryhygrouzp hegn yeptionally & ywpstituted
S YoM s dSevlonsl s ke pplpes asite cor
ysad:yller@duprsefmcﬁud@ fdllmllfné}alcialldtmlne hetmr@mlﬂmlar@dkoxyf
i G T T g e A
15Examnh@&am@clwd@1 qath@sy;neﬂhdﬁyphﬁngﬂopdxyﬁphthyl, and 2-
' SORTREXY:, LeLhrRULEXY, AN ehTsldeRe:

The term “alkaryl” refers to an aryl group in which
the aromatic ring is substituted with alkyls as defined
above.

20 The term "carbonyl" means —-C=0.

The term "alkylcarbonyl" refers to an alkyl as
defined above bonded to a carbonyl as defined above.

The term "alkylamino™ refers to an alkyl as defined
above bonded to an amino as defined above.

25 The term "alkylsulfoamino" refers to a -50:- group
bonded to an alkyl as defined above and an amino as
defined above.

The term "alkylisulfinyl" refers to a -50- group
bonded to an alkyl as defined above and an amino as

30 defined above.

The term "alkylcarbonylamino" refers to a carbonyl as
defined above bonded to an alkyl as defined above and an

amino as defined above.
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The term ; "optionally substituted" as used herein

nmeans the group to which this termrefers may be
unsubstituted, 15 or nmay be substituted with one or

nore groups independently selected from al kyl,
al kenyl , al kynyl, thioal kyl, cycloal kyl,
ﬁyflo?Lkenyl het erocycl oal kyl, hal o, carboxyl,

al oa | kyn { X Y, X [ FEPLY
al kenyl oxy, hﬁ rgal e¥erog¥?oal )Iéeny'?%)é)?g, ﬁﬁf??% qg;l to an
ammhl nmbd.eaykylhavmg r oakkepy| mane r bsltl%yﬁytom& Exemplary
ni trohet er og cl Ia al k
Al HSsaa ARG S MO LESIT ol kemogr Y4 oy AT dieyLs
ac;ajsamarz@,lyldl apyhcamidmybrcyl ostygleabflkyl £urYbnyI13xJ5ﬂdlazolyf

heteroc cl,oxy, . tero

5ha|3§H:€t &dycl?)%? az°§1y%§y| ?H%eny]]yl’%ovaOlyl imidazolyl,
al lg%&marakidmylloxy;xaahkybljﬂl cnnchqwnammylphosphor us-

cont ai ni_.ng groups suc h sphgno_an nyl

aryl, ﬁé‘ter%g?yl 9 1‘%ﬁ/l%et gLr ?ggﬁﬁghcya%%? term
Cy anainfini site@dygnat end G(ﬂ:l‘dl‘ﬂ(la:ldsyl kf abdat term including

terngdq(lmlg )maaﬁgd e( rog& Qngggﬂgnc%ldes caﬁx.hceactlng,

IOThﬁ%hﬁfmn_?')'”@elﬁm@ﬁﬁngl\%r The ovadingan ao" dﬁmmnd or
he term "heteroatqnt as used herein nmeans

at dFRTIOS dpre dmdie HYEPHEREN Y02 Ao P G Y 0§én 2 Thrface
Exq;gplaqﬁ, aﬁﬁl @abe feagsand P. The term "t hi oal kyl ™
refers to an alky Ingroup, as b5 defined, above, havin

a sul f hyldr yIther on&&ker °§r obipis at PREFEH$H W0, T the  term

Ex aipl e 14N Ch Hdeuges Al |P’fr)ﬂ:hout'.s alikBr¥kionanthts, mice, cats,
-S-al kynyl . The term"Ary " refers to a nonoval ent
15mordegs.bi _hcmses, cattle, cows, pigs, rabbits, non-human

)

primates, and humans.

In the context of this specification, the term
“treatment”, refers to any and all uses which remedy a
disease state or symptoms, prevent the establishment of

20 disease, or otherwise prevent, hinder, retard, or reverse
the progression of disease or other undesirable symptoms
in any way whatsoever.

In the context of this specification the terms
“therapeutically effective amount” and “diagnostically

25 effective amount”, include within their meaning a
sufficient but non-toxic amount of a compound or
composition of the invention to provide the desired
therapeutic or diagnostic effect. The exact amount
required will vary from subject to subject depending on

30 factors such as the species being treated, the age and
general condition of the subject, the severity of the
condition being treated, the particular agent being
administered, the mode of administration, and so forth.

Thus, it is not possible to specify an exact “effective

20



tricyclic aromatic hydrocarbon noieties of five to ten
10 carbon ring atons. Exenplary aryl groups include
phenyl and naphthyl. The aryl group can optionally be
substituted wth one or nore substituents. Typica
substituents for aryl groups include alkyl,

hal oal kyl , heteroal kyl al koxy, halo, cycloal kyl,

heteroary] and another aryl group.. 15 Exenplary aryl .
groé{@?@%ct udeHpHewsF, £FaphtRyI9t 74N E@ggap%hyﬁ?épropnate
ant Rpgeeplyive aBRlotiRe” | kg bEhedéesrmimddkaby| oneef®l Sordinary

to an aryl group in which the aromatic ring i .
subSKiLdt By We Rl IKPIPda SPA¥f Fﬂ‘éBln%b%‘%}?se.“g‘t?“?‘r?&lt"é‘r-m
"carbonyhs ({888Shefeth, TRAet @i’ dMadudugar bamy|the ef®itext of

to an al kyl as defined above bonded to a carbonyl as .,
Yef cregenbryeiomhe off m CAMRYPERFPo" Fhef efdet o gﬁm‘ﬂatlonsf

al k¥gp§§%gff | feghs abavesdrdedd atafeanvauas fiete n?gpically

abov e term "al kyl sul foam no" refers to a - SQ2-
gr odp- BEnddd the aﬁtaéilaﬁglvadéledeﬂod’@d tBgraldad 7 3% of the

am ne.asq dgiy Qedménggy%ﬂ-@&i rm /al gyl spll hdybktated value,

refers to a -SO group onded to an al kyl as defined
aboewenndozs &vphcaddy 30-dafi mdd Hiovatatmse Tk, and even

~al kyl ca 1 NO;_ refear S &t \ def i ned
1%b0\?§rgo%g€g¥%%{%nﬁal I?;IS%agfng ianggé\g%%v‘tag%d' an
am no asThedigrohtabbhdés TdsThAesticem 'deataivarsabodigients may

RSB B Mol LA A L1 Ondorstood
pyr takyl , thei adesgtipipyom diimy| ranigeoxdpotgk, is merely for
pyricgingriaplxghc:ta hiar%]yéteén%yylané héﬁcglgﬂ;olllcyt be construed as an
15 inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the possible
sub-ranges as well as individual numerical values within
that range. For example, description of a range such as
20 from 1 to 6 should be considered to have specifically
disclosed sub-ranges such as from 1 to 3, from 1 to 4,
from 1 to 5, from 2 to 4, from 2 te 6, from 3 to 6 etc.,
as well aszs individual numbers within that range, for

example, 1, 2, 3, 4, 5, and 6. This applies regardless of
25 the breadth of the range.

Brief Description of the Drawings
The accompanying drawings serve to explain the
principles of the disclosed biological studies. It is to
30 be understood, however, that the drawings are designed for
purposes of illustration only, and not as a definition of
the limits of the invention.
Fig. 1 is a graph plotting the survival of US81392

yeast mutant cells treated with the compound (IX) and in
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5 pyrazoyl, isothiazolyl, thiazolyl, oxazolyl,

i m dazol yl, pyridazinyl, oxadiazolyl and pyrazinyl.

In the context of this invention the term

"adm ni stering"” and variations of that termincluding
"adm ni ster” and "adm ni stration", includes

contacthng, 10 applying, delivering or providing a

co .0r _Cco Sitiofn. he 4i [ on

or %@mmora%cos ¥'$Ce ‘915?9; atr?y gsﬁ%\rég%%cgt gh%ggggénicn of the
;rmﬁmf?nmnmnof this specification, the term "mammal"

i ncludes,, without, linmitatign r e 5

dogs, h§, s,Bca???%?t%oﬁgekpF%é?ePgLbﬁ?%%ﬁ%é#$$€hnﬁ$d cell
pr i dvd s omnghdipEins . of nwiihd-tgptexteast tdgkls treated with

speci ficati t term "treatnment", refers. NYj.
andtiE I&ﬁ@%i &ﬁ”r e??éra?uéld. (‘j"ll-‘seazfsceorsdtag1 g nglttﬁ Maisclosed
s¥ﬁQMWMim¢mﬁvent tﬂe establ i shnent of 20 di sease, or
o ogr 66 ich o1 o Ip GLREF A ST oy Lo-tpe
I N Pdystade MRAtTeavel. witht bemsonidxttinft tdies similar to the

specifjcation the terns "therapeuytically effective -
anRfFEivend COFRGHBLEI cal?RF 25 Birh q% ~ exbibit

o

cti vB° amodht™ ,

10 NChMdE M tiHeRathokr asaRi g, a sufficient but
non-toxi c amount of a conpound or conposition qof the
i nventi dii%-0 Pr GARIETSheMeRILFIRPENY hefapehift i g’lﬁ‘ ing of the

di b et {RCt co ThRRESXARd 8ABUBkanbeWyi Neiom | it induces
vary fromsubject to subject depending on 30 factors
suchRRE3 t heheplsivdatienng iy e AGEPTopRESaglikhy @ disclosed

gen§ﬁ§%dfﬁﬁyﬁ.tﬁ% OfichbesUbj&ting hhe severity of the
conditron being treated, the particul ar agent being
1%dni ni stBkmd, 5t idepisde ofelddnilivisieni ard gHewd of mecl-l
ig; %% sl\-ge%%'teidt w&%hnefnep@&ﬁﬂ:&.{rﬁitﬁ)ﬁﬁed fy an exact
Fig. 6 depicts survival of wild-type and replication
checkpoint-defective cells treated with the Compound (IX).
Fig. 7 depicts growth characteristics and cell
20 division of Hela cells treated with the Compound (IX).
Fig. 8 depicts the effects of treating immortalized
and metastatic cancer cell lines with the'Compound {IX}.
Fig. 9 depicts the effect of treating mouse p53-/-
knockout cell lines with the Compound (IX).
25 Fig. 10 depicts the effect of treating a Candida
albicans strain with the Compound (IX).
Fig. 11 depicts the effects of the Compound (IX) on
the ATM/ATR pathway and the CHK genes in HeLa cells.
Fig. 12 depicts the apoptotic effects of the Compound
30 (IX} on Hela, U2-08 and p53-/- cells treated with the

Compound (IX).
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20 anount". However, for any given case, an
appropriate "effective anount” may be determ ned by
one of ordinary skill in the art using only routine
experinmentation. As used herein, the term"about"”, in
the context of 5 concentrations of conponents of the
formul ations, typically nmeans +/- 5% of the stated

val ue, nore typlcall % of the stated val ue,
nore typically mpta Xﬁ%fn’t osurg: 8f APYRIRTRYR

typ|Ca||erﬁ$Ia 0 Of ok 4 ittt %gﬂ et di men@¥e Y Ecomposition
typically +/- of the stated val ue, and even _ 10

nnr@°m9E+%hm$yn¢Phthﬁ%ﬂmkﬁet¢ﬁ¥%ﬁ%ﬁ¥¥?ﬁuﬂqu°undS capable of

Thr?HﬂfQHElﬁ@'éeﬂisgkgigféraﬁfiﬁaiﬂ %ﬁQ?QtE@nE%lﬁgyw1ll now
be disclosed”in a range format. It should be

%ndhﬁs@b@@lOQ%&t the description in range format is

merely f r?gg v%n%x}%‘b%‘ilsﬁ}ﬂgﬁpdféﬁ‘ﬁ’&”ghé‘@ttﬁ@ active
construed as an inflexible limtation on the scope, _
of thepdurds osesl dﬂ@¢Q9§edAcb@¥@ifhglethlﬁié deytprpriohty in
oF 818098 ShAUlEL e cGpnel dE0Rthid NANE SBRCEL RN Lines.
di sclesed 4l | € possl ranges as wel

i ndAucdm@in@lmrthal agial e sconpdings tctmclzoas@gie.h%ﬁn can be
Xa es [ of g uch. a 1

& ggﬁgbe co%%kg%?n{%% ﬁ%@ggs%gglf?%aﬁpégc%ég%%ogggnﬁs for
subadmnlgxestsmlcinms:d mamgleo 3, froml to 4, froml

to5 from2to 4, from2 to 6, from3 to 6 etc., as

wel | as individual nunbers within that range, for
exafhkeactiva, cégpdunds, and 6. This appl i es regardl ess

of 25 thﬁ breadt h of the rﬁpge f EEscr|$t|égh()b the
the Drawngs THet St cdiPRaitag dfng%l n § setve®i% Y

1®eXpEallowhey @sndrcdIplresmalat he) di scl osed bi ol ogi cal
studies. It is to 30 be understood, however, that the

drawi ngs are designed for

(I}

and the pharmaceutically acceptable salts, individual

isomers and mixtures of isomers thereof,

20 wherein
X, X' and X'’ are independently O or S;

72 is N or P;
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purposes of illustration only, and not as a definition
of the limts of the invention. Fig. 1 is a graph
plotting the survival of US1392 yeast nmutant cells
treated with the conpound (1 X) and in 21 DVSO in
accordance with a di scl osed enbodi nent of the
invention. Fig. 2 depicts DNA content neasurenent and

cell division anal | d-t
treated Bt S OPFéXEE)i/P(ng erlJ%@aéf% F%An? the group

ac Cedraingad ny olF @p@uaﬁhmwdsumﬂaﬂmmml 1vi glkPl, optionally
depi cts DNA djstributiogn anal ysis d-ty

cel FFHEWNES wi e coﬁﬁgﬁ 2 t hgpt&f’ewﬂ i | ésﬁl%tng%ﬁ%gd Cz-e
actd MeyANPoREs caRd1vhi Shbsiol notedtxithhi t alkOxy, optionally
antiproliferative act|V|t i g. 4der{) ts %%ﬁngna c
Sf $WRSHitRResy G- h&hl D W5 grangred - Cs-io

aé‘z_syp,y %‘t(ignhilynd%uﬁ‘k% phophanyyati-gm, i noptionally
accordance with a discl osed enbodi ne

cycPRMEYIES S Gr-os BlbYERSiRe | SRCEPdAVan SuBF B TEed i

f el rdarieflyhs treatedpwiéiaine ConpognBsthiXhtedi 9. Cie
6 depicts survi val of vvllljd type and repl.ication

chezkioot sl igapadniove cel | ek By Wit itWe - compoutRfionally
14! Rupstd ited Qﬁe{%ﬁcﬁr&%@nwaﬁ@%?r bti68aBy S@bdtituted

20 division of a cells treated with the Conpound
(I)Q)etﬂCg(Cascdﬂ@r@ﬂs hiyelrerydet Babpaer eafyFRP, nitro, amino,

ePRLAL e RSt oL Sonreer, felL e
treati ngﬂrmase B53Rk, kRocRout RoelRe, | pR@sRui fRet hedependently
trgg% ngtéld érogga:h% g;ro]u% dRRisG ks i hheoef healofin, optionaliy
substituted Cji-10 alkyl, optionally substituted Ca-s alkenyl,
optionally substituted Cz.s alkynyl, optionally substituted
Ci-g alkoxy, optionally substituted Ci-¢ thioalkyl,
optionally substituted Cs-j0 aryl, optionally substituted-
Cs-11 alkylaryl, optionally substituted Ci-e alkylamino,
20 optiocnally substituted C;-s alkylcarbonyl, optionally
substituted Ci.¢ alkylsulfonamino, (C1-Cglalkylsulfinyl,
optionally substituted Ci-s¢ alkylcarbonylamino, optionally
substituted hetero(Cs—Cio)aryl, hydroxzyl, halogen, cyano,
nitro, amino, formyl, and thiol; and
25 —-—— indicates an optional double bond.
In one embodiment, X,' X’ and X'’ are independently O
or S. In one embodiment, X, X' and X'’ are all O.
In one embodiment, Z is N.
In one embodiment, Ri, Rz, Ris, Ry, Rs, Rs; Ry, Rsg, Ro,
30 and Rjs are independently selected from the group
consisting of optionally substituted C;s alkyl, opticonally
substituted Cz.g alkenyl, optionally substituted Cis
alkynyl, optionally substituted Ci-4 alkoxy, opticnally
substituted C;., thicalkyl, optionally substituted Ce-s
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al bicans strain with the Conpound (I1X). Fig. 11
depicts the effects of the Conpound (1 X) on the
ATM ATR pat hway and the CHK genes in HelLa cells. Fig.
12 depicts the apoptotic effects of the Conpound 30
(I'X) on HeLa, U2-0OS and p53-/- cells treated with the
Conmpound (I X). 22 Detailed D sclosure of Enbodi nents

Exenpl ary, non-limting enpodi nents of c osi tion
oo NG SERERAY anP Hes BEr VAR | So¢ COTSBORBEL ¢ arSigh kenally
of supdiiitididg el Riplidmial) orbptriohaaggt egupstituted i

wilT now 5 be disclosed. The jnventors have
surdkrsigribpredund t hat P RECRREY Y e conﬁHBﬁEl%t‘éEed C1-4
di S&i@f&;m&ﬁmnexh' bi e, Pt OXi M S £i¥yi[ O t Coptionally
certai'n fungal colonies _and cancer_cell Ilines.

5Ac combf tigiuted he Caet | valéyApathany HaBErdsed R ei rPRGIPRally
be s?@oé*?ﬁqlt%% ‘I’{éttbﬁ:Hr@@alCﬁg%S}ﬁs and as anticancer

agents admnistration to manmmal s. The active
con‘pound@1 Tore aenbadingsitpodhds FeayRbe ReprisserftsedRoy Rsr Rss

tzh)eg Eol ! 0%47&9 9&(&%%?&9{1@' agéldctdd RéroR R3heX group
conSLStlng of optionally substituted C;-¢ alkyl, optionally
10 substituted C; alkenyl, optionally substituted Cz5
alkynyl, optionally substituted C;» alkoxy, optionally
substituted Ci-» thicalkyl, optionally substituted Cs
aryl, optionally substituted C;-z alkylamino, optionally
substituted Ci-» alkylcarbonyl, optionally substituted C;-
15 alkylsulfonamino, (C1—C3q) alkylsulfinyl, optionally
substituted Ciz alkylcgrbonylamino, and optionally
substituted hetero{Cs~Cg)aryl.
In one embodiment, Ri, Rz, Ri, R4, Rs, Res, R7, Rs, Ry
and Ry, are independently selected from the group
20 consisting of optionally substituted Ci;.4 alkyl, optionally
substituted Ci;.4 alkenyl, and optionally substituted Cz-4
alkynyl.
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and the pharmaceutically acceptable salts, individua

i sonmers and m xtures of isoners thereof, 20 wherein X
X and X' are independently O or S; Zis Nor P, 23
R3 is optional and is selected fromthe group

consi sting of optionally substituted d-1o0 al kyl,
optionally substituted C2_8 al kenyl, optionally

substituted C2-8 al kynyl, optionall tute
al koxy, I@ptPBﬁalF?bsdéﬁﬁ%ﬁﬂtd¥ﬁﬂ éfmé °FRfoa *ﬂ?l thet ‘general

optfégﬁﬂlay(chstltuted C5-10 aryl, optionally
substi tuted 11 al kyl aryl, optionally substi tuted

Cl 6 al kyl am no, optionally substituted C1 6
al kyl carbonyl, optionally substituted Cl_6
al kyl sul f onam no, (Cl-CB)aFk sul finyl, optionally 10
substituted Cl-6 al kyl carbonyl optionally
substituted hetero(C4-Clo)aryl, I, hal ogen,
cyano, nitro, amno, fornyl, thiol; Rl, R2, R4,
R5, R6, R7, Re, R9, and R10 are |ndependently
sel ected fromthe group conS|st|ng of hydrogen,
optionally 15 substitute®Cl: al k@, optionally
substituted C2-e al kenyl, y substituted C2_8
al kynyl, optionally substlt ted CI-6 al koxy,

R, g |

substituted Cl-6 al kyl
(C1- C6) al kyl sul finyl Rg
al kyl car bonyl am no, optionalily
het er o( C4- Clo) aryl, hydroxylRs haloﬁbn cyano, nitro,
amno, fornyl, and thiol; andII}.

5
In one embodiment, the compound has the general

formula (III):

10
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25 --- indicates an optional double bond. In one
enbodi nent, X, X and X' are independently O or S. In
one enbodinment, X, X and X' are all O In one
enmbodinent, Zis N In one enbodinent, Rl, R2, R3, R4,
R5, R6, R7, Re, R8, 30 and R10 are independently

sel ected fromthe group consisting of optionally
substituted Cl-e al kyl, optiaonally substituted qg 5
alkenyl,IQnﬂqnﬁnaﬁmyoghﬁg?'tLuﬂh? csogPoUpgdy nlips  the general
opt FQRRI1 Y stituted Cl1-4 al koxy, optionally
suhstituted Cl-4 thioal kyl, optionally substituted
C6_ 8 24 aryl, optionally substituted C7_9 al kyl aryl,
optionally substituted Cl1_4 al kylam no, optionally
substituted Cl1_4 al kyl car |, ogtionally
substituted C1_4 al kyl sul fona 0o, (Cl1-Co)

al kyl sul finyl, optionally 5 subst Cl-4

al kyl car bonyl am no, and optiong& y substituted

het er o( C4- Ce)aryl . In one enbo ihent, Rl, R2, R3, R4,
R5, R6, R7, Re, RO, and R o are independently
selected fromthe group &QQsj B; g optionally
substituted C1_6 al kyl, ubstituted C2_6

opt}onally /b S

substituted
C6_ 7 aryl, optionally s@bstituted CL_p al kyl am no,
optionally substituted €l _ kyl car ponyl , optionally
substituted C1_2 15 al kyl WNoes” (CLl- C4)

al kyl'sul finyl, optionally substityted C1_2

al kyl car bonyl am no, and optionally substituted
hetero(C4-C6)aryl. In one enbodi nent, Rl, R2, R3, R4,
R5, R6, R7, Re, R9, and RO are independently

sel ected fromthe group
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20 consisting of optionally substituted C1_4 al kyl,
optionally substituted C2_4 al kenyl, and optionally
substituted C2_4 alkynyl. 25 In one enbodi nent, the
conpound has the general forrmula (I11): RLLR2 R3 ON

O RARRo R RRR/I RER5S (Il). 5 1n one

enbodi nent, the conpound has the general formula

(I'11): ORR RBONO RARo _ROR/ R5RB (II]).

10 26 | nIBneeRMbSMbesimentne Pt SRR RRS tH@gge#%? gl genexral

formula (V):

Rq

(V).

In one embodiment, the compound has the formula (VI):

(VI).
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formula (IV): RLRpR RR3 ONO (IV). 27 In one
enbodi nent, the conpound has the general formula (V):
RR RZ ONOM 5 In one enbodi nent, the conpound has
the formula (M): O ONO(VI). 28 In one

enbodi nent, the conpound has the formula (VII): -O
(HO2 ONO (VIl) 5 1In one enbodi nent, the conpound

has t he {ornula VIT]): FBC%t

n one embodiment, he compound has the formula

(VII):

(H,C),

(VII) ..

In one embodiment, the compound has the formula
{(VIII):

HaC 0
X ’/ffii;___CHa

HyC

l

o) N o

{(VIiI1).



/| CH3 H3GONO (VIIl). 29 In one enbodinent, the
conpound has the formula (I1X): ONO(IX). Inthis
enbodi ment, the conpound of formula (1 X) has 5 an

| UPAC nanme of 2-(oxiran-2-ylnethyl)-1H benzo[ de

I soqui noline-1,3(2H)-di one. The trivial nane is - .
2- nmet hyl epoxy-1, 8 napht hal am de. O her enbodi nents may

be conpounds sel ected fromthe rou onsi st i of :
2- (2- oxi Farene PrbeRYPFnE 1 the %%’?&%‘Fg%ﬁ“as the' Torhula (1x):

I soqui noline-1, 3(2H) -di one; 2-[(3-nethyl oxiran-2
yl)met hyl ] - 1H benzo[ de] i soqui nol i ne-1, 3(2H) - di one; 2-
[ (2, 3-di met hyl oxi ran-2-yl)net hyl]-1H

benzo[ de] i soqui noline-1, 3(2 ne; 2-(oxiran-2-

yl met hyl ) - 1, 3- di oxo- 2, 3- di hydr o-#H benzo[ de] i soqui nol
n-5 15 yl nitrite; and
2- (oxi ran-2-yl net hyl) -1, 3- di oxfo- 2, 3-

di hydr o-1 H benzo[ de] i soqui nol ilne-5,8-diyldinitrite.

It has been surprisinglyo\p aja he di scl osed
active conpounds are effecqive at Jinducing cell-cycle
arrest and as such may find utilify as potent
anticancer 20 and antifupg A Particularly
preferred active conpoup#s ynt i cancer and
antifungal agents are rising al, 8
-napht ha | am de noiety noi ety,
connected by a al kyl i nks N1t hesi s of Epoxy
1, 8- Napht hal am des

(IX) .
In this embodiment, the compound of formula (IX) has
5 an I0PAC name of 2-(oxiran-2-ylmethyl)-1H-
benzo[de]isoquinoline-1, 3(2H)-dione. The trivial name is
2-methylepoxy-1,8 naphthalamide.
Other embodiments may be compounds selected from the
group consisting of: 2-(2-oxiran-2-ylethyl)-1H-
10 benzo[de]isoquinoline-1,3(2H)~-dione; 2-[ (3—-methyloxiran-2-
yl)methyl]—lH—benzo[de]isoquinoline~1,3(2H)—dione; 2-
[(2,3~dimethyloxiran-2-yl)methyl]-1H0~
benzo{delisoguinoline-1, 3 (2H) —-dione; 2-({oxiran-2-
ylmethyl)—1,3—dioxo—2,3-dihydr0*1ﬂ;benzo[de]isoquinolin*S—
15 vyl nitrite:; and 2-{oxiran-2-ylmethyl)~1, 3-dioxo-2, 3-
dihydro—lﬂ;benzo[de]isoquinoline—S,8—diyldinitrite.

It has been surprisingly found that the disclosed
active compounds are effective at inducing cell-cycle
arrest and as such may find utility as potent anticancer
20 and antifungal agents. Particularly preferred active
compounds that are anticancer and antifungal agents are
compounds comprising a 1,8-naphthalamide meoiety and an

epoxide moiety, connected by a alkyl linker.
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The conpounds di scl osed herein may be synt hesi sed

utilizing knonwn net hodol ogi es disclosed in texts well

known to those skilled in the art such as Advanced

Organic 5 Chem stry, 3rd Ed.; John Wley: New York

(1985) or J. WMarch, Advanced Organic Chem stry -

Reacti ons, Mechanisnms and Structure, John Wley &

-M/YOrk 1992 GEneraII a 1,8-naphthalic

anhyditde? Hier (1V) are

m xed i @han eaﬁﬁ&ﬁﬁoldﬁeﬁlos& Mh¥tEig &ﬂﬂyr%é»'x%?fntt@lesz.sed
produce ;t he active conpounds. An Exenplary schema

t he WyAiRé8as romghpawiacfripaies asdl%%qS&%s ip ¢ty well
+ | xolddlr 462 thbk¥akkh Xbeqg 010 %Q art2Q,choldenehlRaiolorganic
I X) 31 The reacgtant (IXA) is 8- naphthalic
nhydedetaid 3Ihe Hbact dahn( |%)9Y| s Bewetipkani(h885) or J.
epoxiaden, UsdRlanbedt RE: an@@ck%@hgs@k%p‘)— ath B, 2 chanisms

used in a stoichiometric 5 rati o, but an excess of “one
conpgate Ftrectune, ofelen Wieheibé: S@aﬁanﬂage*éggk Theoz.

reactiongLgapeiature iSgl expl fr Cila 4
advantageoung E%|OM/the Eg?ﬁ?ng r%né% g% the tebhy and an
epoxy alkylamine (IV) are mixed in an organic solvent

10 mixture and refluxed to produce the active compounds. An

Exemplary schema for the synthesis of compound (IX) is as

follows:
o o O o
+
H,C
NH,
(IXa) IXb
O
0 N o)
-H;0
.
Toluene/Ethanol
(IX)
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solvent. 10 An organic solvent is used for refluxing
reactants (I1XA) and (I XB). Exenplary organic solvents
are ethanol, dinethylformani de, toluene and m xtures
thereof. In a preferred enbodi nent, the organic
solvent is toluene- ethanol in a 4:1 ratio. 15 The

m xture is refluxed and nonitored, for exanple, by
thin-1ayer chromatography. The resulting m xture is
filtered and evaporated. The reactant 1, 8-naphthalic

anhydri dghe | XctSn® (KRAWN LONMRe8Rtdagiith&bit beanhydride and
purchased commercially fro 0 chem cal,

/ m a uppl.L er

D CH e Rt HIEP) G Ces o Re grooiden, Uaially, the
2- npL il Aagne (eReXi ded( | ¥3r)caarde wwyal hbsi aedstyichiometric
heati ng 2-net hyl epoxy. (| UPAC 2- net hyl oxi rang:}l@at

5% ermprl i urknt mh REGEETH L OB CHRENER Y RE S SidsTomay be
25 g&%%e@@_ni a (NH3) at a pressure of in the range

of 1-2 bar (100-200 kPa). 2-nethyl epoxy and NH3 are

conmmer ciTid yreaguiombrenPe v A hukBer PofITE A est MR O°C tO
as EEH*é?“Nadggﬁﬂkgabug@ypa@aléw the UBbhedndt at&sgef of the

Anerica or Sumtono Chem cal Conpany, Limted of
Csak@alveydpan. 30 The conpound (I X) can be converted by

pfonventinal %‘iﬁ:{@og§aljv@59 fiur thely depivald Mesi$g tAddctants

the substitu pattern may be varied in a w de

r angEXA32andt i(IEBLonBaendlaayt organdsmeoflgenss iarey ¢thanol,
o TR R SeTy PLEpE 6 RSSO, 1n o
| NppoaRetival sembbidineyt andtive oavaidrdls | spyvenandi$ o toluene-
pro(\a/{l%eno n ia}lctai \ﬁgldgrg iy_}at i s capabl e of being
15 The mixture is refluxed and monitored, for example,
by thin-layer chromatography. The resulting mixture 1is
filtered and evaporated.
The reactant 1,8~naphthalic anhydride (IXA) is a
known compound and can be purchased commercially from a
20 chemical supplier such as Anshan HIFI Chemical Co. Ltd of
China.
The 2-methylamine epoxide (IXB) can be synthesized by
heating 2-methylepoxy {(IUPAC 2-methyloxirane) at a
temperature in the range of 60°C-80°C in the presence of
25 aqueous ammonia ({(NH;) at a pressure of in the range of 1-2
bar (100-200 kPa). 2-methylepoxy and WH; are commercially
available from a number of sources such as The Dow
Chemical Company of the United States of America or
Sumitomo Chemical Company, Limited of Osaka, Japan.
30 The compound (IX) can be converted by conventional
methods into further derivatives so that the substitution

pattern may be varied in a wide range.
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assim | ated readily. The active conpounds form

phar maceutically acceptable salts with both organic
and i norganic acids. Suitable physiologically
tolerated acids for salt formation are 10 organic and
I norgani c acids, such as hydrochloric, sulfuric,
phosphoric, acetic, citric, oxalic, malonic,

salicylic, ,malic,, fumaric, succinic, ascaorbic, naleic,
netﬁ%ﬁ%%%#ﬂ%ﬁﬁ&LELéﬁgﬁﬁonlc |l actic, gluconic,

gl ucur oniw®, sodll £, ia;ermo]llc bd aiésmrnahlepetrmlﬁqrmﬂcate the

the Ijke. 15 The salts red cont tin

freechits FOTIHIIS Ko BTIPG SR ERE e A AT T T HE dhlt form,
gesgéf@r@mﬂ ltBbtlhﬂ)rcﬁ;@nVﬁﬁﬁl epaubiBnBer .an'Ehebidsmllablllty
ase fornms may be regenerated by treating the salt .

Forandi tR PUsFEce mp 2ekbLVp gruéi e a’q%eﬁﬁ%a%g gOf being

sol gtk oRe] S84 kel zed. 20 Dilute aqueous sodium
hydr oxi de, potassi um carbonate, ammonia, and sodiu

bi car borE® a@tiie GrmPRUEdSy oI BhFWac?ﬁchﬁﬁrlbo%%ceptable

Thegfies Rase fobPR Bidarid r aput hgidrdespechty@ssalduitable
fornms sonewhat in certaln physical properties such as

25 Bbyeirlegicaldpotatesdrsdnesidsyfor headdy t§°5¥'%tl°n are
1@th8£&é§ﬁ:eqﬂh&algﬁbrégni@e'Ec&§§PeC%h%ﬁ free b@s@rochloric,

forms“for purposes of the invention. The active
conpalfigeican Rheisphoracunsafefat®d & tkerr agakbfnatiionic,

f or Qﬁlléﬂt%é’d' R 1Avdr ak g, £ 05 5. su%éﬁbll%al t as30rhPE TS maleic,

Ve conpolind can be provi ded or m xed prlor
to nsthanesnkiqphirsi dissghdanig, adeepiabl eluetviht gbiryronic,

as ;A@ifém &@QC,C%MQ@{&H%#%H £eeePEapke

carri ers onpounds’ cl’'osed herein may
15 ncl ude The salts are prepared by contacting a free base form

with an eguivalent amount of the desired acid in the
conventiconal manner. The free base forms may Dbe
regenerated by treating the salt form with a base. For
example, dilute aqueous base solutions may be utilized.
20 Dilute aqueous sodium hydroxide, potassium carbonate,
ammonia, and sodium bicarbonate solutions are suitable for
this purpose.
The free base forms differ from their respective salt
forms somewhat in certain physical properties such as
25 solubility in polar solvents,. but the salts are otherwise
eguivalent to their respective free base forms for
purposes of the invention.
The active compounds can exist in unsolvated as well
as solvated forms, including hydrated forms. Such salt
30 forms of the active compound can be provided or mixed
prior to use with a physiologically acceptable solvent

such as water or ethanol.
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conventi onal pharmaceutical carrier or excipient, and

in addition, may include other nedicinal agents, 5
pharmaceuti cal agents, carriers, adjuvants, etc.

Exanpl es of suitable pharmaceutical carriers include
-phosphate buffered saline solutions, water,

emul sions, such as oil/water enul sions, various types

of wetting agents sterilg solutions etc. O her

sui FRBFB2 Gt hetblit iACIePES s, FEEFECEE e described in

Reni ngt oy Bhes fRCedhbeahds Saii.eotesed Magke Pubhkghiimglude a
Conpany, a standard reference text, in this field,  or .

i n EoRVeREienAk oBRREMRER Y iRAL BYTTATr)S £ES7PigRE, and in
(1998%: t £ONPOSi HaQNS CONPIiE N SHBEr Camidd@kinadn beagents,
formul ated by conventional nethods. 15 Mde of
adnPhrERR 81 ioFFald e 9B REF at FHRE I rh A SR ARE Se o iffun fixampLes

di Sgle0sgds 1 A1 &1 Nohd Audtlift f@NM @hrikNedd apREDRAE alghosphate
pharmaceutical _conposition, can be carried out via
anyboffened actebinm| esolibaensh aHﬁFﬁFstr%??%ﬁﬂ?ﬁs' such as
phagﬁ??ﬁé al d o, 136GeRE ablg r 20u seanpf  del | ¥et¥ind hesgents,
nodes of administration and pharmaceutically )
accepeable neahstbsnslel plery Pheetdesubhizbler ePhgfmaceutical
1¢|nhgggié9? Oé?&’.ﬁ@§@kib8§reﬂﬂerﬂhmiﬁ8€6ﬁa§ Obharmaceutical
ransdernal admni stration or delivery in the form of
sol Bdieseas, sdeick, PylbiihingedCpuwaret, ar dtagdagd reference
dosage, 25, forms. T sage. f idcl bbekSa Nati 1
supgggFtdF?e§$§Spi??3?850353e?ggf?3§hn§%%§%% ggla?in ationa
capFukas]laponwdes $7-185%8,ut {1999 .sCopensibhens opomprising such
aerqgsols, or _the like pref.erably | Nt -d
for FRTSHPTRTAR (a5 ST odaRy o v g T dergs
15losagee. oB0adhbhi frdtnicst ration In oral adm nistration
of the disc|losed active onpaounds, .may b f ed
preparin@ l?ﬁ%ﬁ{ﬁ%§?ﬂ= fﬂ% tg%e active cgm83u§&§ df@%losed

herein, in pure form or in an appropriate pharmaceutical

composition, can be carried out via any of the acceptable
mode of administration or pharmaceutically acceptable

20 means of delivery. The modes of administration and
pharmaceutically acceptable means of delivery include, but
are not limited to, oral, nasal, parenteral, topical or
transdermal administration or delivery in the form of
solid, semi-solid, lyophilized powder, or liquid dosage

25 forms. The dosage forms include tablets, suppositories,
pills, soft elastic and hard gelatin capsules, powders,
golutions, suspensions, or aerosols, or the 1like,
preferably in unit dosage forms suitable for simple
administration of precise dosages.

30 Oral Administration

In oral administration of the disclosed active
compounds, may be effected by preparing a mixture of the
disclosed active compounds with an inert diluent or with

an assimilable edible carrier, or they may be enclosed in
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di scl osed active conpounds with an inert diluent or
wWth an assimlable edible carrier, or they may be
enclosed in 34 hard or soft shell gelatin capsules,
or they may be conpressed into tablets, or they may
be incorporated directly with the food of the diet.
For oral therapeutic admnistration, the disclosed
active conpounds may be 5 incorporated with exc%gients

andhafsbd Otn EREET oAl IeABELRI LFPTUbi%et s OFbusday may be

t abl & rddsRenesnt6aPesbesss, eldXi kheysumpgnsbensincorporated
syrups, wafers, and the |ike. Such & conmpositions

d
of efirantiloharikly demt BPeRt AE ABEI S eteomSouRIaL | heFppeutic

anmoyunt B el-qlh, PeERENt 41 S€l esded alot@fe 10cbiipo@i@dip may be
consisting of: abput 0.1%to about 70% aboyt O 5%%0
Saboinc@BmTagiscut wivh t FEBRESEGY FBBoUHSSY, 118 Bgurform of

S5% s3hqut t%%ol%‘ﬂsaboﬁhcég% thae1éap! et BochdHChasapsules,
pi ITs, capsules and the Iike may also contain the

f ol ¢ Liskings, asusERIAionss QRNFURKS (YatRieant#0d abhe| d1ke- Such
cor Osrﬁﬁt{s%!%io%%. gehat | ?;reﬁé‘fh{?i@ﬂﬁs'm§§"Chc<§§t&dji.rPa|tQiéJmactive
phosptat €; "a di si ntegfatfng agent, such as corn
Ist acatpoyputsat cirst aw chpowhyi hive wediohtamenaeaty i g@lecied from
ubr. cant uch esi-um r X .
10, R e aganeLo R SV HBE U s B Soout. 70u; about
sac@hsg i honmpdne agfthed about 4% [eworbagtaddit, akpuf 2% to

as pepperJgg.nt, aoil . of L NLer , cherry

fl a%%‘?'?%ggg%\/\h@ﬁl%t ﬁ‘@"&&%éﬁﬁ%@&%w s a capsule, it

may CONtRHen, talbleitk t konches, mptiddisal scapfsulles aboyethe like

type, a ljquid carrier. Variqu ot her t ek, na

be B BoeitSas EORFHHYS 5oL o THURCPINGE 28 mBATPST(hene oum
153h)k;1|5t§@écafr£ﬁ}m ohchbea fdosagmstairch, Foor | peflatde; excipients,

tabl ets, pi

LR e
the;@ctb¥e starch, potato starch, alginic acid and the like;
a lubricant, such as magnesium stearate; and a sweetening
agent, such as sucrose, lactose or saccharin may be added

20 or a flavoring agent, such as peppermint, oil of
wintergreen, or cherry flavoring. When the dosage unit
form is a capsule, it may contain, in addition to
materials of the above type, a 1liquid carrier. Various
other materials may be present as cecatings or to otherwise

25 modify the physical form of the dosage unit. For instance,
tablets, pills, or capsules may be coated with shellac,
sugar or both. A syrup of elixir may contain the active
compounds sucrose as a sweetening agent, methyl and
propylparabens as preservatives, a dye and flavoring, such

30 as cherry or orange flavor. Of course, any material used
in preparing any dosage unit form should be
pharmaceutically pure and substantially non—-toxic in the

amounts employed. In addition, the active compounds may be
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conmpounds sucrose as a sweetening agent, nethyl and

propyl parabens as preservatives, a dye and flavoring,

such 30 as cherry or orange flavor. O course, any

material used in preparing any dosage unit .form

shoul d -be- pharmaceutically pure and substantially

non-toxic in the anounts enployed. In addition, the

active conpounds may be 35 incorporated into .
sustRFHRRTANShs e 15t€par S¥F TG THL5HARN at PEREATAtIOn  and
Par estReBd @k | ntraperitoneal adm nistration The

active conpounds disclosed herein nmay be .

. 5, .
adni ni st2#%Rpinfadn@ach g T8PSFAEPATRT | 4 GHEH I EFation

Sol uti onghe Of JEhevdl SCRpRdnadst | & LN dShé@pein €emay be
base or pharnmacol ogi cally acceptable salts can be

Sor epdiminiisterasht parenfe iy X ednirtRe Rl kR ant Sotutions

suche asthgydagéafpa;&?aﬂ csééweosecqr%omfssi Qns @bl Shse  or
be prepared 10 in glycerol, |iquid polyethylene .
gl yporenacmibaficaldives aceppEable artpite 0idesl  BRdeprepared in

or dj,naLy C%ﬂq.lttabggs of i ;3 Pr agfenand USgyrih@Sent, such as

preparations contain a preservative to prevent the

gr oy draiyprardorgdniloss. THepskaloncekdtapleor g prepared

ui t abl I__i.nj e ' u rd | €and —
SRRl ELBLE 1A oL RIS | Sana siseuses

f or théeeekt ampoimnedls. pveper avidinafy corditions of storage

i nj ectabl e sol utions_ or di rsi ons, al
for MAutsSHe & Srsfgl eplger%arr?usc;&%n%e ??ﬁ?%ﬂt’lo alt hg&%)%(%gﬁ%ggve to
t hapreasyt syitd rgaithi by axcsdsrganismst be stabl e

under 20_the conditians aof nuf act.yr.e ,and- st o
must be T e%%?%%‘:%g% ‘{m Scontam r%aeti%ogg a% on o% ¢ use
137 CEROI@adi SébsriSlc h afidbact escdnandnbungr. dhspersions and

gg;{sgg%%}é,arhogq%e%sso'f\é%m tl'(l)é dé:?@een{psclr%%e%%%i ugreparation of
sterile injectable solutions or dispersions. In all cases
the form must be sterile and must be fluid to the extent
that easy syringability exists. It must be stable under
20 the conditions of manufacture and storage and must be
preserved against the contaminating action of
microorganisms, such as bacteria and fungi. The carrier
can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol,
25 propylene glycol, and liquid polyethylene glycol, and the
like), suitable mixtures thereof, and vegetable oils. The
proper fluidity can be maintained, for example, by the use
of a coating, such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by
30 the use of surfactants. The prevention of the action of
microorganisms can be brought about by various
antibacterial and antifungal agents, for example,

parabens, chlorobutanol, phenol, sorbic acid, thimerosal,

and the like.
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exanpl e, water, ethanol, polyol (for exanple,

gl ycerol, 25 propyl ene glycol, and liquid polyethyl ene
glycol, and the 1like), suitable m xtures thereof, and
vegetable oils. The proper fluidity can be

mai nt ai ned, for exanple, by the use of a coating,
such as lecithin, by the maintenance of the required

particle_size jn the case ggndlsper3|on and by 30 the
use—ei—{iﬁﬁ%ﬁﬁiuﬁﬂr—gﬁﬁg—§£event|on of the action of

m croorgamtsiﬁpiﬁﬁlkypﬂmmmmyhbnabouhebychaveooempounds can be
anti bacterial and antlfung nts far

anpl.e
par SBEFROLYE hiagiigecan iP frmacilodcali{Piflert  topical
th'Hﬁfﬁﬁé&,su@Wdaéhﬁ el e a36dE@mmeat Admmmtmumﬂannn cream.

For topi cal l'ications, tive compounds c be
S0 Babhy AMIPRA S s RELRGY! FBIES- | UNCT G caf LoohoL,
carpigp P el , fant9i NATEHols |(ttrhqﬁy0érades, fatty

cream % Such toplcal carrlers jnc

d
gl yaei @l  esltighol °F pPdp§Fahe %ﬁ%%or ipﬁftyp8F86H$?s topical

tr'95¥f§éf§esen§9ttllqﬁﬁﬁd eﬁé@&é&aﬂﬂmﬁﬂ n&&abrﬁp&SPalmltate,
o possi bl e topical” carriers are |i

petp@lﬁ@g@ylﬁg%pfOﬁyyf%@n1ta?%han?kﬂye?%@ienepﬁﬂyﬁﬁYethYlene
1@t hfﬁHHLl iaﬂ@' ¥axyet hylere, 10ssneh aushaye SYeifute 5% in

lumlauryl sulfate 5%in water, and the
| i keaten, agnid  tom, Lirke er Tal 3ddieioms Bafigriahs il as anti-

hun%g&a&%gs, thﬁg&axtét a@h's!:é@i@y aggabie; bike aaasq;he like
may be added | red. e conposition suitable for
t opatab malyrilme stddetd Gif de5imagd- conpri se an anount of

active C@ggogggé?gxtfgég@hlkgbléh%df“%%?fﬁafcE@ﬂlﬁi@ﬁiatlon

t he group consi about 1% ut 80% 1% to
1abouby7@¥mpt¥sto aabomtoxﬁﬁ% oRvgcbivaboampsongis aky 3Right in
to %EOUtaggébselected from the group consisting of: about 1%
to about 80%; 1% to about 70%; 1% to about 60%; 2% to
about 50%; and 3% to about 50%.
Topical administration is a sultable administration
20 route when the active compounds are being wused as
antifungal agent for treating a fungal related condition.

Administration dosage

The active compounds in pharmaceutically acceptable

form are administrated in a therapeutically effective

25 amount which will vary depending upon a variety of factors
including the activity of the specific compounds employed;

the metabolic stability and length of action of the
compounds; the age, body weight, general health, sex and
diet of the patient; the mode and time of administration;

30 the rate of excretion; the drug combination; the severity
of the particular disease states; and the patient

undergoing treatment.
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Topical administration is a suitable adm nistration

20 route when the active conpounds are being used as
antifungal agent for treating a fungal related
condition. Admnistration dosage The active conpounds
i n pharmaceutically acceptable formare adm nistrated
in a therapeutically effective 25 ampunt which will
ot HefEhS romibu iR ok A thENpBLLL 8RR, B0 V00 1N

nmet abol i Tt stigdd | ideerandurmgngtsingflyactbondof thée the active
conpounds; . the_age, body_weight, general healih, se .
AndCOBPRRIG]  Thed gt T ot O THE ol atte (FHkets of rresting
admptstiat bHNtadfetd® c@lP Dinexcrmpoprysitsheofirtige targeted
conmbi pation; the severity of thcf‘ rticylar d{sease d
%t afedls aRaYt RESRacENE - Ul Yo HEG YreaterCtige compounds
ACt YR GRMMENISLAS t@ehbeldpRIASee agent codiditasoreeassociated
surprisingly found that the active onpounds, of

genBi&n e rﬁﬂdo?s(lil)edaPéOEEAESBP518‘P o r’ira%%ed FetdSics

of targehiggi€fidaliy)esthd\Papt 964 S cofpblifds amget efirkl utility
cells may also occur. Accordingly, the active_, . .
conpBuidErocafobelnskanedy t Fodt COMRRMAGY My find utility in

160ndbhi P85 ASS och At §fbwth thr L BEqesesd r@h1s, such as fungal
proliferation of targeted cells. Additionally, the
act gvewtbnpBum deormrgprridsndayt ifindy utidigyt a8, 2Fgpsearch tool,
i nsigpcey mppyind idd NOe il i | fhddhdrdismlO of the DNA
con%frggl I %ﬂ%bfgﬂéggrg#w h%‘?@yulhd%si red cells, ssuch 0as ©
f ungeplijcatmtdn cHesckeodpdunds may find utility as a
research,f ool ... for I 19& ' | e MRSha SilBed t
of the Dﬂi %%%ﬁ%a?élmg%éc eck%%i%%dyr%‘é%ﬁ:lt%ﬁlve © ©
1Eonpednds tiie thmliifeaattion rdyabbapgeted ccelils reduce

the prol &lfue[:naxtei %rr}lb%fdiﬁe}léf g%th%d ﬁ@de‘ted cell undergoes cell

cycle arrest such as S-phase arrest. The arrest may be

reversible or irreversible.
In one embodiment the targeted cell, or one or more
20 of its progeny, dies as a result of exposure of the
targeted cell to a compound of the invention. In one
embodiment, the targeted cell, or one or more of its
progeny, undergoes apoptosis.
By a “reduction in the proliferation” of a targeted
25 cell {and similar expressions) we include where there is a
reduction in the number of, or rate of, generation of
progeny cells arising from the targeted cell (e.g. whether
as daughter, grand-daughter, great-grand-daughter cells
etc.). Where, nuclear division is not necessarily
30 accompanied by cellular divisioh (e.g. hyphal growth), the
term “reduction in the proliferation” may refer to, for
example, a reduction in fungal colony growth whether in

terms of rate or amount of fungal growth.
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In one enbodi nent, the targeted cell undergoes cel

cycle arrest such as S-phase arrest. The arrest may be
reversible or irreversible. In one enbodi nent the

targeted cell, or one or nore 20 of its progeny, dies

as a result of exposure of the targeted cell to a -
conpound of the invention. In one enbodinent, .the

targeted cel], or one or npre its [ oge
under goe® afdFcysPes é&e%el“}'ed%%?i oSS peotpounds  of  the
pr o} hiehetdonarf eAvi d4ged edls BbBinel bhsefintl dinithar treatment

expressions) we include where there .is a_ .reduction |
t heCRuRBE}SRFS %‘l‘f#%ﬁjé“%ff,rcﬁrbr%r%’f‘i’e]o’rfedﬁ‘atlﬁpoé%@%n&r%al or
cel suahisd e froMdhe dangetnd aakhi-peolifavhetine efifect of
daughter, grand-daughter, great-grand-daughter. cells
rcthe \HERROUR| & N SHONCPELABL hoceRRaFitiF gor the

accoppPaei &4 10| ukghedi yésiwe (aaggelipfhabeylowvdye more
the térm"reduction in the proliferation" may_ refer
t 0, stppiti@anpre, dEheedudhibPiHFHRTgH VEol o%%feg‘?tovw ff the

V\’he%‘gﬁ%o&xﬂis t e HabenPioRMMah Ofthd URQAl-tekg¥tBd cells
38 I scussed herein, the active conmpounds of the

i nvéatgon dvdlembyeafed @sllifei nghiiskf ulais tRET  checkpoint
l(?) ; eg%ﬁ@lerlx@)];.r PR AEN Syl NGt iQRa iR o | dild Bhtient,

nor na unwanted cells. "Suitably, the
ant ther ohnterans vee ks exte #fBpqtndd donpo R e igent than

| ”V%py ga%é%n%r?gciﬁé&-éﬂce%%s tasges edagel {myi dditald i $n  the
the_ argeted cells are nore sensitive to the
ant Expmpl é$ ersacitienefieiow obuthe arcorbants wifs t phserved in

invention_than the i aeg d, €. J.
"mﬁﬁa£F9p%°rd%?F§“ﬁﬂ?§% g?eghgtlﬁﬁét 6g$nt 10
1slefi ci enThe tengetedvhsrldl trmey pat i @neukarwptdanc®@ll which may

S?éhggﬁé%x%gﬁfﬂg Egcneélq.l’,ls gelpllsanq:r ecgii,eCtaedfﬁr(Png cell or a

protoctistan cell.
In one embodiment the target cell is a replication
checkpoint deficient cell which is deficient in one or
20 more checkpoint pathways, eg Chkl or Chk2 deficient. For
example, Chkl is aberrant in Endometrial, Gastric and
Colorectal carcinomas whilst Chk2 is aberrant in
carcinomas of the breast, colon, lung, bladder, ovary, and
vulva, sarcomas, Lymphomas (AML, NHL), and Li-Fraumeni
25 syndrome (Chkl and ChkZ kinases in checkpoint control and
cancer. Bartek J and Lukas J; Cancer Cell: May 2003, Vol
3, pg 421-429). Thus, in one embodiment of the invention
the cell 1is Check 1 or Check 2 deficient. In one
embodiment the cell is Check 1 and Check 2 deficient.
30 In one embodiment the target cell is a cancer cell.
In one embodiment the target cell is an amoeba.
Because amoeba lack replication checkpoints amoeba are
likely to be a useful target for the compounds of the

invention.
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the patient's non-cancerous cells. As indicated in the
Exanpl es section bel ow such an effect was observed in
vitro for compound I X of the invention. 15 The
targeted cell may be a eukaryotic cell which may be
an animal cell, a plant cell, a fungal cell or a
protoctistan cell. In one enbodi ment the target cel

is areplication chec oi nf deficient whi ¢

defi ci ent™] ﬂn%nEmBPdHE é EQEEﬁBi ﬁ? aliﬁvvz?ysg]un@@l cell,
Chkgu@h F1¢% gﬂnd@yl For exanpl e, Chkl is aberrant
in Endonetrla Gastrlc and Colorectal carci nonas
whi | st CARBLYS Qg ' L 5%%e breast,

col on, Im@,acmla@%mpb\@% o&n@enwhyafomﬁmrrﬂs) have been
honas (AML, NHL), and Li-Fraumeni 25 syndrone

lynp
% Chkpupddt enkoreqansidd i RIERetk PEERELE ohp r G7NGHTY cell lines.

Can@ﬁé 1%%%5%5r§ %Q%thﬂb@%té twanceEnLebbtiday ¥ %unds and
Vol 3, pg 421-429). i.n one enbodi nent of t

v enERehIra e deltes GRecios BaYCHBCRSSS (67 | LFeif, prevent
In gpe ;500pdiiENt dhRL8l | iparEhieckat1 fNA-4AEEKs 2 that are

deficient. 30 In one enbodi nent the target cell is a
canchargeterizad spe kerbodierkpoinfe dafytientel | Fps frample,

@fmegﬁl lﬁecef;#%a%fﬁfgﬁg 'Eﬁ%m[e‘é‘i?iéfat bQQtEE.‘SCl&BQ' NtSlorectal

anoepa are Yy e a useful target for the
conpaunﬂnomasthbil$hv§hk20ns:ﬁ%ﬁnranka@mbéarﬁ%nmmqmeof the

targel cell cof%,@ aﬂﬂ%f{t Ilsfé& ag@%@ﬁfmyoeaéh&ae' 'sarcomas,

ActTvé cohpoun Cancer he active
conpewpiisnad ¢aMiks aNHLby mand (Ui-Fravaeebéesyn8rpweandChkl and

versibly arre t Qsi, S ce e es
TheChhge it BPaFonterpist et TR W CompbthaeBartex 7
ifndand Lukas J, Cancer Cell: May 2003, Vol 3, pg 421-429).
Advantageously, it is expected that +the active

compounds can be used as anticancer agents. It is
contemplated that cancers which may be treated include
solid tumors and leukemias (for example B cell, mixed
cell, null cell, T ¢cell, T-cell chronic, HTLV-II-
associated, lymphocytic acute, lymphocytic chronic, mast
cell, and myeloid leukemias, melanoma, fibrosarcoma,
osteosarcoma, neuroblastoma, neurcofibroma, sarccoma (for
example Ewing, experimental, Kaposi, and mast cell
sarcomas). The cancer may be one of the bone, breast,
digestive system, colorectal, liver, pancreatic,
pitultary, testicular, central nervous system, lung,
urogenital system or prostate. The tumor may be benign or
malignant, typically it will be malignant. The tumor may
be a primary or secondary tumor and may be metastatic.

The active compounds when administered as anticancer
agents in medicament form may be administered on their own
or in combination with other anti-cancer treatments such

as in conjunction with chemotherapy or radiotherapy.
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structurally related species may be used to treat,

prevent or aneliorate cancers, particularly cancers

that are characterized to be checkpoint deficient.

For exanple, 10 Chkl is aberrant in Endonetrial,

Gastric and Col orectal carcinomas whilst Chk2 is -
aberrant in carcinonas of the breast, colon, Iung,

bl add .. and , h AN
e

in glheekpoiin e@egaohﬁ&ndoﬁaaﬁeed Bﬁﬁh&htJ HéLandNIH3T3 and
Lukas, J, _Cancer 03, \ol 21-429
Advﬁﬁ?ﬁ%ggusFﬁllltlﬂ§e§xp§gﬁgd gt t e ac RFved  in  1,8-

CONRaPRtEaLaRides USet aSadtdrt aeeridrgeitistyl.t IhSpartlcular,
contenpl ated that cancers which

e treated includ
3ol FRet GPBPSWRAY qwkevﬁ%sserarlék%ﬁfk' fgupd, |to rﬁ%totate an
20 gebbvepsibiseklpndseelarrettceld ghrepi aTHdTEV-ddd sHysysy
associ ated, |ynphocytic acute, |ynphocytic chronic,

maseeléelineand nyel oi d | eukenias, nel anoms,

fibrosargopgye é@ﬁ sﬁ%@aﬂn%ﬁﬁhﬁ EQS& éﬁts
neurofib exanpl e

exper|neﬂb%lacKHﬁ%s¢°mHﬂH?4ﬁa§¢ &@Werﬂé §3F@Bﬁﬂs}I)Tﬂ%re also
1§an§8[1ngaotl:c9e J%v@‘rsﬁg?nyboggregfeafﬁihosﬂ 0¥ | ¥@ngi cells,

system colorectal, livef, pancreatic, EltUltary
t estheueby, wuvitidlinger thes @nattdm ofunghe Jfwurni calls. In

SVSF§Q£9§uP%QStaE$T Jﬁﬁatu )nHMaglgnaP?Qf sPlgly found to

gnant, “typica 't w The™ t'unor
mayigdthata pannanyI@Weseabﬁaarw-m@ﬁﬁe arefue®f beln Candida

et aﬁégtc'an's The ?%é#ofdﬁqg;{@gund?h%’ge%&qum Sécﬁr{p%qm@l% have

ant fcancer- - agen rm ma
1adnmant$fengall oactheity oand canlmaunﬁﬁdwasoanu4f¢ngal agents

oFPRLERTubiRERsEy BTSRRI HEDs BinhflceriHcH OBrererore
furbbﬁteﬁﬁ}?@técbedhbel Oﬁﬂ‘;e aracﬁxﬂe%pecd;m;ﬁounds can be used as
antifungal agents.
The inventors contemplate a method of inhibiting the
20 growth of a fungus comprising exposing fungi cells to an
effective amount of an active compounds. Exemplary fungal
diseases include Candida (e.g. Candida albicans} and
aspergillus,
One skilled in the art will recognize in light of the
25 present disclosure that although the specified materials
and conditions are important in practicing the invention,
unspecified materials and conditions are not excluded as
long as they do not prevent the benefits of the invention
from being realized.

30 Screening assay for active compounds

The applicant has demonstrated that IX can cause S-
phase arrest in various cells including fungal and
mammalian cells. It is envisaged that compounds

structurally related to compound IX will exhibit similar
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effect in vitro was observed agai nst HeLa, N H3T3 and
SHYSYS5Y cell lines that was not observed in 1, 8-
napht hal i m des that |ack an epoxide noiety. In
particular, 5 the conpound (1X) was surprisingly found
toinitiate an irreversible s-phase arrest in. Hela,

Nl H3T3 and SITYSYSY cell lines. Active conpounds as

Ant i f ug agents The active .conpounds of gener al .
for REFR7Ety “RERL Suths ApolBaRaTRY e cora ) Mpntifiea by
m t eRes skille@i petdsn wigy elhe nhiildi t ofg the gia¥bPmation

of the fungi cells. In particular, conmpound (IX) was
surB?Fgfﬂﬁgé heffidto initiate an irreversible

s-phase vsreshripmCandi ddpilahl cansa AemPbdhAgIY Adifice the
ctive_conpounds have 15 antifungal _activity and can
e BEeyLeranten uRfal2 afBrgsted oFeilhhi REINL t fgsays may be

gr opbhrofmad f unguss |prdfedhey ebabedinent EMHA edotbaling  is
the active conpounds can be used as antifunga

agehfstednke | fRemime cortdes dte carnedheyisfe the reduction

i nhiRi ti@gn 1 he gr2Q+@r OWBrof i fefANHIS) COMMRERY by  cdc20
exposing fungi cells to an effective anount of an

act PYRrEMRARIGE - ERepdn Al ungls Cdr3Rasyerexprageor is a
16cangdi gaif eo 8. S%Eﬂbg&nﬁ@é CAlSdv Ak o ASPELA 1 yeast

skilled in the art wl1 recognize in light of thé

pr esgptesbeac|oslripltdalz a2t hnopgd phefspaisifi pd3,4, 5, 6, 7,

matgrigls an ondi tj ons e . rtant in praciicgin

Thefl nvbn@on 105 OnSHRAST | 6F nEHGEDal chn@eonaRPPOHESRE  the
ar epphahotexe e do@san | Dgu@h I eyrdotat RvVerd 4 h@alactose
benefits,.af the invention fnon1being realized. 30

Scr ERM TP s s RY OGRS At i Ve BB RdsSHNEPLppIfcadt Herst is
13lenpesigsat echidraly |QetGAN CYISEhe assay are set forth in the

Examples section of this specification which includes a
schematic representation of the assay. In one embodiment
of the invention the assay conditions detailed in the
Examples of this specification are followed to determine

20 whether any particular compound is capable of inducing
cell cycle arrest.

Other assays to investigate anti-proliferative
activity may alternatively or additionally be used. See,
for example, the assays described below in the Examples

25 section. These methods include the measurement of DNA
content (eg by FACS analysis) and cell division analyses
(see Figs 2Aii, 2Aiii, 2Bii and 2Biii). Further, the
skilled person will be able to devise further assays for
testing compounds for their ability to induce cell cycle

30 arrest, _

In an eighth aspect of the invention there is
provided a screening method, the method comprising: ({(a)
providing a cell which overexpresses Cdc20 which

overexpression causes a reduction in the proliferation of
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phase arrest in various cells including fungal and
mamal i an cells. It is envisaged that conpounds
structurally related to conpound I X will exhibit
simlar 41 activity and such conpounds may be readily
identified by the skilled person wth the aid of the
informati on described herein. To confirmthe ability
of a,co nd to reduce the 5 proliferation of a

t ar GECededel’| &Hrﬁ%ﬁ@sé§§a§§lﬁa§eﬁé tRerf Giomeiddats gompound;

pr efagir edi gbotivaEiinibige GoRRAWRd isaidt e%taa@lhete  compound
determ ne whether it can alleviate the reduction

cel PIgPEMRSEpFBE | FRAUHIGD) imdheegrpyitaezpion of the cell.

OVer expr easi OcrBegh 8hablkinbhe GRG0 W erexdd eSeQ" Lfentiry
a 10 strain of Saccharomnmyces cerevisiae. Preferably,

? he SpERSINAEX ihdsde e fhiliitp| antippol Hstativef crabiWity. Such
3, 4corpofindd: ma§, Fo¥ HBmpARDi &5 Y &&L%& |ﬂ'109ﬁe freating

enbodi ment the ~pronoter may be an 1 ndu Ye pronot e
sucﬁfa§aacéﬁlﬁétkﬁﬂislndu0|ble pronoter. A suitable

exanpl e ef 3n¥eéﬁ$ ort I#§&ﬁ%&:ﬁ§ Baeﬁegﬁg | Sy %e used to

t he assay are set arrp es sectl on
t hi $depe&iyi ceanmmmngsi ckhiok| vdes gapsbhenmf c inducing cell

16epgggggtgiﬁggtof the assay. In one enbodinent of the
I nvention the assay conditions detailed in the
Exanpl esPoéfehilsl spathd i ozl ais aa emérmhahlmmﬁ d¢ell or a fungal

R A ST e ———
t o Fnebksasgateciatamyesl ickeeatisige. activity may
o Lernat el Sy RteSOLLIFLLY RRCHToHa 0B slflitonm. ror
1Secthananabesexpeéh@ﬂsa|ﬁflw@e1ﬂvtzmeaﬁﬁﬁ£nm@$ Bt RMer the
cont en{é éfg bél I;ﬁCSlgg bsll.es) p?:gglo%glrl gtilélllSia%n a galactose
anaf
inducible promoter. In such a scenario, growth of the cell
in a galactose-containing medium leads to overexpression
of the Cdc20 gene and a reduction in cell growth is
20 observed. The conditional yeast mutant strain US1392 may
be used in the screening assay of the invention.

The person skilled in the art will readily be able to
create Cdc2Z0-overexpressors. Additionally, guidance may be
gleaned from Lim and Surana (1996) Mol. Gen. Genet.

25 253:138-148 (Cdc20, a P-transducin homologue, links RAD9-
mediated G2/M  checkpoint control to mitosis to
Saccharomycés cerevisiae) which describes the creation of
Cdc20 overexpressors which compromise the damage-induced
checkpoint control. !

30 The skilled person will readily be able to devise
methods for determining whether a candidate compound
results in an increase in the growth of the cell. For

instance, growth of the cells may be measured

spectrophotometrically (see for example figure 1).
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(see Figs 2Aii, 2Aiii, 2Bii and 2Biii). Further, the
skilled person will be able to devise further assays
for testing conpounds for their ability to induce
cell cycle 30 arrest. In an eighth aspect of the
invention there is provided a screening method, the
nmet hod conprising (a) prOV|d|ng a cell mhlch

over eXpr Sse | Ch V I eSS| on sSes
et e Rt Al ettt PSS | FhEHAE Bppound may
exp e rtgmﬁﬁ::@d:&htﬂ Gl Cpruitdater C@@pwnﬁhlclanﬁaéé) not been

determ ning wh ther saj.d candi date conpound
o) ErCateld it oo raPiAate CRBBDRBR, FBLGR, BAYokheREbY serve

cel las Eheoaegeanynﬁomwdma&esuaed toidentify 5
conpounds whi ch exhibit antiproliferative activity.
Such conpounds may, for exanple, find utility in the
treating of cancer patients. In one enbodi nent the
screeni ng nethod may be used to identify conmpounds

whi ch are capabl e of inducing cell 10 cycle arrest.
Preferably, the cell is a mammalian cell or a funga
cell. The fungal cell may, for exanple, be a yeast
cell such as Saccharomyces cerevisiae. The

over expressi on of Cdc20 may be conditional. For 15

i nstance, expression of the Cdc20 gene nay be under
the control of an inducible pronoter such as a

gal actose inducible pronmoter. In such a scenari o,
grow h of the cell in a galactose-containing nmedium

| eads to overexpression of the Cdc20 gene and a
reduction in cell gromh is 20 observed. The
condi ti onal yeast nutant strain US1392 may be used in
the screening assay of the invention.
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The person skilled in the art will readily be able to
create Cdc20-overexpressors. Additionally, guidance

may be gl eaned fromLimand Surana (1996) Ml . Gen.

Genet. 25 253:138-148 (Cdc20, a (i-transducin

honol ogue, |inks RAD9- nedi ated G2/ M checkpoi nt -

control to mtosis to Saccharonyces cerevisiae) which
descri bes the creation of _&gzo v%re pressors which
conproni se the damage- i ndettP? 5 e=control . 30

The skilied Reesontyi |dsde@adiiny Pge abhmdid oali Seole({s) and
met hods for determ ning whether a candi date co oug% .

r esHPERARESTH(P)i RF cBSEIPR PhethPoRCAPERNERe dEEFIOSEY, in the
i NSHaRE&nt 0 A%EAL 06n! e CRUMSeFRYTOEbIBESIIRA studies were
spectrophotonetrical{y (see for exanple figure 1). 43

T ospdetted| | sSThesmt & vﬁlﬁtfrf:%%b@éhdindé%eetaégmﬁdh nd*Sreyramples
be gcoipared with the growth of cells which have not

been treated with a candi date conpound which ma _

t her eby Yeaste stsadnezonses! in pbhis @ftu@éfnﬁ#?#%o\hlﬁpliﬂld and
Bi 0l.Qgi St udi I B:qEd 0 ASGHK a4 he t mutants
f un%‘?l?%%gjfc rtc%IHe(‘g?e a%&qanggﬁgni sn( s;nt o‘fqg%%:t [ onYS?st he
conpadpdszliaal ased A wetrlke cbpaésedt fromeit i ofplia Sanchez and
nunber of Dbjol ogjcal studies were 5 congucted. -These ., .
10 ePRes HAHEE™ nSHedsi Irelsi?etcﬁévﬁigr‘rpl es e Sﬁvfjl%%as'%lblcans
Straﬁfﬁixu[%g«daé Npirbicaretiudgrar hapkend avde congenitute of
to the wild-type strain WB03. Yeast nutants ad53- 21 .
andMe KRFEL a3 1201 (e n it O P8 DFLOGORFEBmc Ho A Tt Of% strains

Dr . ¥4 f {8 iededr eppeabiyely. The Candi da al bi cans
strain was procured fromDr. WAng Yue (Institute of

15 TABLE 1

Saccharomyces cerevisiae STRAINS USED IN
THIS STUDY

Us155 MATa rad9 A :URA3 ade2-1 canl-100 ieu?-3|US LAB
his3-11 trpl-1

US1234 | MATa pdsld :URA3 ade2-1 canl-100 leu2-3|US LAB
his3-11 trpl-1

081363 | MATa barld aded—1 canl-100 leuZ—3 his3-|US LAB
11 ura3 trpl-1

US1392 | MATa 6XGAL-Cdc20::TRP1 ade2-1 ¢ani-100{US LAB
leu2-3 his3-11 ural3

Us3097 | MATa chkl A :TRP1 ade2-1 cani-100 leuZ-3|Wolfram
his3-11 ura3 Seide

US3138 | MATa barlsa meci-1 ade2-1 canl-100 ura3|US LAB
leu2-3 his3-11 trpl-1

US3196 |MATa rad53-21 ade2-1 canl-100 ura3 leuZ-|Y.Sanchez
3 his3-11 trpl-1
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Mol ecul ar and Cel | Biology, Singapore). A list of

st

rains used is depicted in Table 1. 15 TABLE 1

Saccharonyces cerevisiae STRAINS USED IN THI S STUDY
US155 MATa rad9 A : URA3 ade2-1 cans-100 |l eu2-3 US LAB

hi

s3-11 trpl-1 US1234 MATa pdsl a : URA3 ade2-1 cans-100

l eu2-3 US LAB his3-11 trpl-1 US1363 MATa barla ade2-1

c

M4
hi
| €

nl-100 |l eu2-3 hjs3- IEL¢4¥;#4LL_HL%3 trpl -1 1151392
TES 48| M Oba TRP1 RARES- HAC ANRAP0 RASE At ypl'S LAB
s3-11 urjagpdSB0L Myta schkl A3 TRP1 ade2-1 canl -f100

u2-3 Wllifram his3-11 ural3 Seide 1US3138 MATa bal

g
tr
Y

AIS49 Gl g MATe aprer B Onerlad BSOS HA o BBA3 i1l US LAB
pl -1 US31 56,#\% rad53-2} ;ade2; 1e gansy 100 ura3 | pu2-
I S3-1

Sanchez trpl-1 45 Us4900 MATa bharl A

RADSS-HAZ::URAS ade2-1 canl- US LAB 100 | eu2-3

hi

s3-11 trpl-1 US4901 MATa barla mecl-1

RAD53- HAZ: : URA3 ade2-1 US LAB canl-100 | eu2-3 his3-11

tr

co
5

pl -1 Mes okggand.cooapopound | Hrkmprusetised sop ectpriagn  for
ounds at. cou hal | C
%eiﬁf}?gs Scio&&\ée.r 89@?05&196 ltﬁ[a ?%ﬁ%a%l‘%@uc%lpé’ed by

} was purchase

5Chepdd @lgeoGareopat ¢ 0ign ,( Samadi egorclabedor drap Udlhesdridge

St
an

(1

10

15

20

25

e G Bbia BT Rl | ffrede Rares o
ehé # 1t Of Whd efathrdgliand cell lines, HelLa and NIH3T3 were
obtained from Dr. Cao XinMin (Institute of Molecular and
Cell Biology, Singapore) and SHSY5Y was obtained from Dr.
Tan Kuan Onn. The p53~/- mouse fibroblast knock out cell
line was a kind gift from Dr. Kanaga Sabapathy (Institute
of Molecular and Cell Bioleogy, Singapore). Human
Osteosarcoma cells, U2-0S, were obtained 'from Dr. Li
Baocjie {Institute of Molecular and Cell Biclogy,
Singapore) 7

The Topoisomerase kit was purchased from Topogen Inc.
{Columbus, Ohio, United States of America) and the mouse
anti-o tubulin antibody used for staining mammalian cells
was purchased from Sigma.

Fluorescently-conjugated anti-Rabbit Alexa Fluor 594
and anti-mouse Alexa Fluor 488 were purchased from
Molecular probes. Antibodies against Cyclin E, Cyclin A,
Cyclin B1l, Chkl, Chk2, p53 were purchased from Santacruz
Biotechnology Inc. {Santa Cruz, California, United States
of America). Antibodies against Cyclin D1, phospho-Chkl
(Ser 317), phospho-Chk2 (thr68), phospho-{Sexr/Thr)ATM/ATR
substrate, phospho-p53 (serl5) and phospho-Histone H3
{Serl10) were obtained from Cell Signaling. Anti-BrDU was

procured from Amersham Pharmacia Biotechnology. Antibody
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Cel | Biology, Singapore) and SHSYSY was obtained from
Dr. 10 Tan Kuan Onn. The p53-/- nouse fibroblast knock
out cell line was a kind gift fromDr. Kanaga
-Sabapathy (Institute of Mlecular and Cell Biology,

Si ngapore). Human Osteosarcona cells, U2-0S, were
obtained fromDr. Li Baojie (Institute of Ml ecul ar

and Cell Biology, 15 Si T T ' '
e o o pa A0S, RErdRECLARLE! 56 Kkt 1noay
Uni ped il FYR Barnapdiiden nouse anti-a

tubul 1 n anti body used for stainin ian cells

manmal
was pur cfREsdd FREASS §rie Z@ultllf}ﬁggsc%’fﬂ"fri/-&gnj Yoatpxtract

ant i 500 t (dkexa fil ugk)a@fivanthediuin NDUSElIMERd with 2%
Fl u%? 488 vvé?lg gur{%asgé??aﬁ Mbl ecul ar L?o es. . with 28
Ant gbethes Ggdinisoropaftingsetyrla¢rose @,%cflﬁﬁaéi,'

Chkl :lg% el Juhghasedoh bgy Santiack¥Zecul 1
Bi ot echno ongy he. (Santa O Uz, Cg?}forni a, Uer?i-ntle‘.i‘jr genetic

St ateshi2Busfs Asschca}s AfnehodiesuREhehst tEFdRdn Bissection,

phogp g: %é#‘f’?&%g%‘?%}%ﬁ“%‘ga s (EBESRY. of endogenous

phogp 0 strate, phoSpho-p53 ) )
(seqéBbds amwerphospih- Eostasms tgct( Seraxm)idger andpsdiradgs with
rom Cel | Signal.in

14y ety SRR et oct o0, [SOpasy 1o
Act knaWpsiobbai rRaR-asmoAbpemt vivinig- PARFe alsPBodiputiasly to
purchagech | GLED ARG, Yedil CUd Yo gmgpacenonts.
sel esétocoredi whesupphetibed ed i the2%ré&sepucdeaention will
oSS, 258, 4 A e Son ot vencionas

15UChe8Bn H§REs dbEr upilicalatretls sl ajyss echemhstrygeneiochemistry
tragrslgl ar%%gemgtinglqg FI))CI\:T% btaesc%%otlao%%i,n%l%fchenggge@g&ﬁ known to

one of skill in the art. Such techniques are explained
fully in the literature. See, for example, MOLECULAR
CLONING: A LABORATORY MANUAL, 3™ ed., Sambrook et al.,
20 Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y. (2001); DNA CLONING, vols. I and II, Glover, Ed.
(1985} ; OLIGONUCLEOTIDE SYNTHESIS, Gait, Ed. {1984):
NUCLEIC ACID HYBRIDIZATION, Hames and Higgins, Eds.
(1984); and the series METHODS IN ENZYMOLOGY, Colowick and
25 Kaplan, Eds., Academic Press, Inc., San Diego, California,
USA.
Units, prefixes, and symbols may be denoted in their

SI accepted form.

30 Identification of 2-methyl-1,8 epoxXy Naphthalimide
(COMPOUND (IX)) from an organic compound library

The organic compound library consisting of 16,000

organic compounds from the Chembridge Diverset is a

collection of diverse, pre-designed drug-like small
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genes were used to construct plasm ds and strains with
10 various genotypes (shown in Table 1). Southern bl ot
anal ysis or PCR-based genotyping were used routinely
to confirmgene disruptions and gene transpl acenents.
Therefore, the practice of the present invention wll
enpl oy, unless otherw se indicated, conventional 15
techni ques of nol ecul ar bi ol .ogy, .chem str

bi oBRLATELTS LhRF r ctitbi Wg%ﬁ& ecﬁﬁgf%ié?? whpgpd on 3D
ar epnekha kOONW-d 0an@N@s9b. Skild Libtheyarls. SofMatted in 96
tecﬁni gues are explained fully in_the literature. .
SeeWeidr BigEpLetreoLEEBLAR  GCONI Riflelf&tﬁﬁm y Screening

MANWALce 320 edompSiaity Qfks £31v@dd i DiGeitdy$pulpHoxide (DMSO)
Har bor Laboratory Press, Cold Spring Harbor

N.Y.

¥208%) 2 DIRRCEDONRREPNY §fs 3PM fFq | Inyhakgd b US1392 and
(1983)3 Gk OLldE SNEERSS, v@nly, Bd. mit@84)tre-based
NUCLEI C ACI D HYBRI DI ZATI ON, Hanes and Hi ggi ns, Eds.
(198a¥ayandThie igederd averHepReRAL EREANDIGEILY :Col owi ck

and 25 Kapl an, Eds., Academ c Press, Inc., San D ego,
California, USA. t-se i . ' may be
denoted in their $I accepted form 30 identiffcation

1(?1‘ 2-met hyl - 1, 8 ep@xyWKeppressing AX GAL-CRLIMPOUND (| X))
rom an organi c corfpound |ibraryl The organic c

library consistingjof 1@rosmcNdRBaftinese#ibounds from
the Chenbridge Divgrset is a _collection of dijerse,
wer e

pr e- desi gned dr ug- Ifi ke s‘?ﬁﬁ?‘i"ﬁi“ﬂi‘egﬁ;’é %s th
rational Iy sel ected base@3Ftosd O, bphor e

analysis. The librgry is formtted in wel |

nmcrotitre plates tjo fé:gf’ﬁ'iaﬁﬁz %‘"g gmnng
1process. Conpounds gdi § é' 'h% yl phoki de

(DVBO) Incubate at 30°C

Cell growth checked by measuring
0.D at 600nM

20
Organic compounds from the Diverset library were
dissolved in DMSO at a firmal concentration of 3uM and
incubated with a yeast strain expressing six copies of
Gal-CDC20 (US1392) in galactose. Cell viability was
25 measured using a microtiter-based assay. Compounds that

could counteract the lethality associated with Cdc20
overexpression were chosen for further characterization.
Only one organic compound allowed cell growth on
Cdc20 overproduction and this compound was identified as
30 2-methylepoxy-1,8 naphthalamide (the Compound (IX)).
Fig. 1 depicts a graph plotting the survival of the
US1392 yeast mutant strain treated with COMPOUND (IX)
{(black square-shaped data points). Treatment with

dimethylsulfoxide (DMSO) served as the control (gray
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5 at a concentration of 3Mwere incubated with US1392

and cell viability was neasured using a

mcrotitre-based assay. This is depicted

schematically below. 10 WI expressing 6X GAL- CDC20p

Gown ON IntRaffinose 24C | Culture in the presence

of Galactose (5 7hrs, 24C) Add organi c conpounds

from15 Library dissolved in DVSO (3 i pcubat e at

30C 1 rekstshyrad tda@lae@l@éatﬁy-neg%f:?%ra'é%% W3S \gSASred in

O gé%#ﬁ;&ﬂﬁﬁ% FS(f reshediyer gad Iinbr asa¥dWeeR1 survival/

di ssolved in at a final concentration of 3Mand

i ncubewidl wis Weaspagst OYeF af NPk @< if SR 1c HF1ES - of

Cal - CDC20, (L5191 i 5 OBk asbase. cCalduz abidillyy AR wien

measured using a mcrotiter-based assay. Conpounds

5 haCOMBQINR ¢BXint @tsptaydre ¢xnandntdpla groutlited W tfentrast,

%gég% tgl'\}/?;: Igﬁ 'a;lg Wer £ S005€N Ji%h fUDMBBN slowed down
. y one organi c conmpound al | owed

cel bpgsmm;iglmlry. Cdc20 overproduction and this conpound

was identified as, 3 - I X :[]@(%- al_ am s ot

(the Co %uﬁﬁgﬁxﬁ 8Ieilgfj. i_llji%egl?%téﬁ%sg? ap rEpthLotr?'{er1}{g;jﬁusm of

t heastifom valf ofOMPRUNIISK3IFR, yeklss mftfact sen awdld-type (WT)

reated. wi th COVPOUND .(1.X) c q - sha d :
1(§Joi %fgj’?“a%?‘%%ﬁﬁsn‘fe{ﬁv 148 r‘%%?%% éﬁ?fg%gg%&‘( D%% % fepicts
serprd asorthmtconeastirémemnty ad®l cell division analyses of
wild-type vyeast <cells treated with COMPOUND (IX).

Exponential cultures of wild-type (US1363) vyeast cells
were grown overnight in YEP+ Glucose medium and diluted to

15 an absorbance (0.D at 600 nm) of 0.3. Cells were treated
with either 3pM (Fig. 2B{i})) or 30pM (Fig. 2A(1i)) of
COMPOUND (IX). Samples collected at indicated time points
were utilised for measurement of DNA content by FACS
analysis (Figs 2A(i) and 2B(i)) oxr for Qbserving the

20 mitotic spindle and state of nuclear division by direct
immunofluorescence (Figs 2Aii, 2Aiii, 2Bii and 2Biii}.

As shown in Fig. 2A(i) when treated with 30pM
COMPOUND (IX) the majority of cells displayed an early S~
phase arrest. On the other hand, when treated with 3pM

25 COMPOUND {IX), the majority of cells displayed a late S-
phase arrest. This can also be seen from the spindle
staining, where late S-phase spindles (Fig. 2Aii) are
better-defined than the corresponding early S-phase
spindles (Fig. 2Bii).

30 Next, wild-type (WT)} yeast cells were treated with
organic compounds that are structurally similar to
COMPOQUND  (IX) to determine if these compounds were
functionally similar to COMPOUND (IX). Exponential
cultures of WT yeast cells were grown overnight in
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circle-shaped data points). Concentration was neasured
in optical density units (O D. 600 nnm) and cell
survival/ growh was nmeasured over a period of
several hours. After a period of about 6 hours, cells
treated with 5 COMPOUND (I X) displayed exponenti al
growth. In contrast, growh of cells treated with
DMSO sl owed down considerahbly. I.n order t det erm ne
theYﬁﬁvgl%ﬁQEﬁc%?dH@EhaﬁﬂsMH%Ptegcﬁ¥bna%f %EREF (0.D at

(1 Xypoi hi®) &ff qFtz On Wild-type (W) 10 Saccharomyces
cerevisiae cells was tested. Fig. 2 depicts DNA

cont ent Prganieeenpamdsc ohich W@%rﬁ%‘ﬁé@fsé’é‘ oftructure to

wi | dpLYREe @@S%oﬁﬁgﬁﬁhérﬁ@%é“hﬂ!ééldgawﬁﬂ»ﬁhédXand incubated
Exponenti a tures of wld-type (US1363) yeast cells

Sver withothe ogelhs gher i 4 heyms g B gAY are shown in

di | d 15
! F‘%Swe?g b gggeagéoéﬁ Eeoﬁ &)Jgﬁ/l{r%@c.ﬂéﬂlg(%asﬂﬁs by flow

(Fl gytamgtyy of WIOQWMRAUNDSLLR) trsaﬁgﬁegl*ébl FeRpPeEndt of Fig.

TSR LT O, O U I TR e o

ZB(cya:ler veor ebsentzimglyheldb@ltdcicﬁdtibosmhﬂjl efdggt of the

tate uI rdiy |.re

mmﬁ%\gmgrés%%ncek?é Alyit,q{ézAcTCﬂ;nllrfo i Of dhchl |?|']3 tailed

As sbovndude FS-gaha( |a)rrthnihr’eIa¢ adr vydatstswll@OVPQJND

(I'X) the majority of cells displayed an early S- phase

arrest. On the other hand, when treated with 3M 25

CO\/?IHND dytémetiche NBmindilwiresebheedi apd ayddualligagion of
Egase arrest. This can al so be seen fromthe

spl PRreITATR gt\ﬁa'ére | ate S-phase spindles (Fig.

1§SAI Eb a&ﬁ‘al;bﬁ%lt amz\defdlrmﬁlbmmohheoﬁoryes@bndd:@]glearﬁx;y flow

-phase spindles (Fig. 2Bi.i 30 Next, .w]d-

yea§¥t€%?¢%YMBF%l%?e§?§8\ﬁ%%%d overnlght in BXQ é@ﬂwkol at
4°C, washed once with 0.2 M Tris-HC1l (pR 7.5) containing 20

mM EDTA, and resuspended in the same buffer. Cells were
then treated with RNase (1 mg/ml} for 4h at 37°C, washed
20 once with phosphate-buffered saline (PBS), re~suspended in
0.1 ml propidium iodide solution (50 pg/ml) and incubated
overnight at 4°C. The cell suspension was diluted ten
times with PBS and sonicated before performing flow
cytometry. For measuring the DNA content of mammalian
25 cells, cells were trypsinised, washed once with complete
medium, resuspended in a solution containing 50 pg/ml
propidium iodide and 200 ug/ml RNase. After incubation
for 30 minutes at 37°C, cells were analyzed by flow
cytometry. Cell Quest software was used for data

30 analysis.

The method of Kilmartin and Adams [6], which is
incorporated herein by reference, ) was used for

immunofluorescence of yeast cells. For immunofluorescence
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organi ¢ conpounds that are structurally simlar to
COVPOUND (I X) to determne if these conpounds were
functionally simlar to CO/WOUND (I X). Exponenti al
cultures of WI yeast cells were grown overnight in 49
YEP+d ucose nedium and diluted to an absorbance (O D
at 600 nrr) of 0.3. Organic conpounds which were

siml ar tructure to the acti

i S5 VP ORE S LB B T PRbL S el RES FEowm 1n

4 heuwkersThgse corpeuAds ari@hshovee i N fagafSfnafdahyd®B  and

shows DNA distribution analysis by flo cytomsr 0 )
W pe&8papeftgedr datbd Micth Jo\?f&(s%ln 0. g AZET T%.gockmq

ef f @atnof skhergpapOURSsifd FcrumdAzp@ the cekh, cyeies were
was essentlally identical to the effect of the 10
2ontAGMPREE, Wihbr BEGRRYY t AR EoRMHb LMt sToIM Frgpapeture for 2

fai hedrst @chNHWEE Sy PhASSH A TGStwiith tRc¥Esyeasly conjugated
cells. Flow cytonet ri | mmunof | uor escence and
BF

vi s E&CPREREBN E'é’)lf‘3113\9f51 es@enc vy BrRU 15nqereeEation, cells

DNA i 3t r gprdd o0 YAgSt agebhg1by éﬂéﬁ‘\fecﬁyh%ﬁt 6 HCl for
cell's were fixed overnight in 70% et hanol at

was Bminace neutiradizel with HO1 Wp$odimm c%‘h%”%ﬁ?n igHz§-)
1M g@%aggﬂlgsa%mdf%ﬁg meco%%&&ohuf Lﬁeckgglmn (5% FBS
weré  t my f

en treated wt or 4h at C,
vvaslaeldl 22% oB68) wiard phmsweed bwitler@@tsaBirﬁH (@BS)bOdY All

d i.odid | ut i 3
i i e
suspampenowas adtrtbuhed tten a t Hamama It @B&Wrdcoupled device
igg;%%%%g t%fore ?%é%r%ﬁébh so%¥ trMJ Rrsal Imaging

s cells
19er €otrpypathosed, washed once with con‘pl ete rredl um
resuspended in a solution containing 50 .g/n

Cell extracts And Western blot analysis
Preparation of yeast crude extracts for Western blot
analysis and immunoprecipitation was <carried out as
20 described in Yeong et al [7]. Preparation of total cell
lysates of mammalian cells was carried out by suspending
the cells in RIPA buffer (50mM Tris, pH-7.4, 150mM NaCl,
1% NP-40, 1mM EDTA, 0.1% SDS) in the presence of protease
inhibitors, followed by centrifugation and clarification
25 of the extracts at 13,000 rpm. Supernatants were used as
the total cell extracts and used for Western blot
analysis. The Enhanced chemiluminescence kit from
SantaCruz Biotechnology 1Inc. (Santa Cruz, California,
United States of America) was used for all Western blot

30 analyses according to the manufacturer’s instructions.
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propi dium i odi de and 200 pg/ m RNase. After incubation
for 30 mnutes at 37C, cells were analyzed by fl ow
cytometry. Cell Quest software was used for data 30
anal ysis. The nmethod of Kilmartin and Adans [6], which
is incorporated herein by reference,) was used for

i mmunof | uorescence of yeast cells. For

i mmunof | uorescence 50 of nanmmm|i.an ce:dJTza tissue

cul frpelrenizatipn o off 0P ORI & Stpx, o Frgptyent and

3% RALHLEIGh deby 063014 caRebABAh e bESshnd t Iby0. 2DBfPOUND  (IX)
Triton X-100. After blocking wth 5% fetal bovine

ser ifeal®eRY, BSA, cells were 5 incubated with prinary
ant i bodygpat rQﬁfn L ERDEL AldHSs fqreq%lrh.ﬁér SSE’QEhQ@SﬂZ@M&.OH of

i ncubation with fluorescently conjugatéd Secondary
ant pbb’d!legs B sBudy eBrPDepiéat pdSoncedds| vexger grown in

f' Xﬁgd%r{\ ‘% %%%‘Elalﬁﬁgsaé%é@ th @m’ﬂca EQE_tor 5for barlh

0Om ns, neutra 1M Sodi um ate H:
10 pelheaboru éedgxﬁmihfgr%%l'rwibl@( 10BCten o%k%dtw 0 hours

(SO%EBgregﬁﬁ?g‘t/o BoAY 1 angh L cbated g (R saBl 2BADY-suspended

ant f1 Uorescence ‘inmagés were captured using
a Lénca D‘E@h nmdmamopepm-tmmtled a #anmarkitesu appropriate

1@2?{:% &2 %i;] | g4 deyl C%:ﬁ%e %fSQ@é%Q We%@hi@‘ﬂ?r@ﬁh COMPOUND

Ver Sal i'poration
ext (AK} swé\sdr&qgteed, bémtha:nad:qlsl$ Prepgarcatiized dn G1 with «

B

in Yempguieb alfIky] . Btepavatnb«mh’of ypd@h cekpohgsatals phase

of IRITRLLZN Eld * B3, S31 116 oW cBY: SHEPSU L b0fome s

194% NRa£#8at daM EDEAe @n&&&fﬂﬁalléxﬁémtmEﬁEEHWEF@f determining

progg?fe*v1ab111ty, cells collected at various time points
were counted, 200 cells were plated in YEP+ glucose plates
incubated at 24°C and the number of colonies was counted
after 5 days.

20 Next DNA binding assays were performed to further
understand the S-phase arrest-inducing properties displayed
by COMPOUND (IX). The method of Dunstan et al [5] was used
to test the ability of the Compound (IX) to bind DNA.
Briefly, various concentrations of the Compound (IX) were

25 incubated with a constant amount of plasmid DNA for 30
minutes at 37°C in topoisomerase I drug kit buffer (Topogen
Inc., Columbus, Chio, U.S.3).

After incubation, the samples were separated by
agarose gel electrophoresis {1% agarose) and 1later

30 visualized by staining the gel with ethidium bromide.
Binding of the compound to DNA was indicated by retardation
of the mcbility of DNA on the gel. . .

Fig. 4A depicts the band-shift assay. Slower-
migrating retarding forms of the DNA-COMPOUND (IX)
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inhibitors, followed by centrifugation and
clarification 25 of the extracts at 13,000 rpm
Supernatants were used as the total cell extracts and
used for Western blot analysis. The Enhanced

chem | um nescence kit from SantaCruz Bi ot echnol ogy
Inc. (Santa Cruz, California, United States of

Anerica) was used for all Wstern blot 30 anal yses
accSPAPHGRES R enegreidedr 45109 RAFRRSE FRl ehactrophoresis.

Synafer oniagat idkaedhcae! khatl t rompbegbor (1k eabBBAl apfa in a
activation of Replication checkpoint by COVWOUND (I X)

t r eSCRERPEEFBEL AN TdeBgRde e MaMegui rfifgmid DNA incubated with
Syn‘i%gﬂ' zod 1 0BuBbuNp C(Lilxt)urrﬁ%?ﬂteﬁl EiéﬁgPe@ha% alasmld DNA

phase [1's"were grown in containin

slthabuﬁaag&nmahfmlwroﬁ gopabiracomebbsp erxp. pg/ m
for BART cells. After 2.5 to 3.0 hours of treatnent,
cel I s weFadfi PR eARLChRsHRANGHPT @%M@OW%N&%M in

medigu MER € PEHAEH € tndindhe BN OPId ¥:2ttdn kinase, has been
terrperat ure. For experinents where treatment with

COVPEORD %9 XPenakeqwigind efor eiBNfer darpgs-ydesednichegkpoint

in GLrwsthsg élaCtQXM“Eﬁ&”EQVMV\@he M RA5ed MU and Tellp
medi um cont ai ni n D (1 X), or overnight grown

leéxpsrenlpbe prds Iélﬂ&ﬂhoé?éil\%ﬁént-reat ed with
dl ffer en& COW&JﬁtI Qﬁa afﬁed_g i nC“U%@b%idL I n tnﬁnase deficient

i ndi vi dual experinments. For termning ce
vi abEkpiy] peast cellecewprassivag i RARSIiHie pveu:nt srrested with
wer e % ted

P afed 2 T REuARRodoLEo 58 ThEO! HOMALABOFOBFOUEPOITRE.  Samples

WaScGﬂ)!IJQbEQd afct eindi oy  29mbdlexdo NG bingh Ngiassa¥s and 240

were perfornmed to further understand the S-phase

Lar r BERUERRLCI R Sor SpEFtTeRPATe Ty B%ccﬁﬁ‘éxwﬂ gels and

(1 Xiestbenmpideckof DubgéanRitsal wbek Waop&fdwith anti- HA,
antibody to detect the migration of RADS53-HA, after
treatment with COMPOUND (IX). (*) indicates the position
of the phosphorylated forms of Radb3. As shown in the

20 figures, RAD53 was phosphorylated only in the WT controls
and not in the mecl-l1 mutant. Therefore, COMPOUND (IX)
induces RADS53 phosphorylation in a MEC1 dependent manner.
This is suggestive of the activation of the replication
checkpoint mechanism.

25

Figs 5 and 6 demonstrate that replication checkpoint

deficient yeast mutant cells display significant lethality
as compared to wild-~type cells. Fig. 5 depicts cell
division and growth of WT and mecl-1 cells treated with

30 the COMPOUND (IX). Exponential phase cultures of WT
(051363} and meci-1 (US83138) cells were treated either
with 3pM or 30pM of COMPOUND (IX). Samples collected at
indicated time points were processed for flow cytometric
analysis of DNA content and for observing the status of
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to test the ability of the Conpound (I1X) to bind DNA.

Briefly, various concentrations of the Conpound (IX)

were 25 incubated with a constant anount of plasnid

DNA for 30 mnutes at 37C in topoisonerase | drug kit

buffer (Topogen Inc., Colunbus, Onhio, U S A). After

i ncubation, the sanples were separated by agar ose gel
horesi s (1%.agar ose nd | at 30 vi sual ed

I t
by BEELERRG t heigarinft h otd i um BEGREYS. Bi by

t hei gaReENsbtHsdManvas i ndi cated by retardation of
the nobiljty of DNA on the 4Ad icts t

band- shi ¥19¥eR2y SA sEGRer 2B EPh?anghF‘Et&? hd 1o oFreatEd
t hey PR @@@@IJN@ (139) BRowONdl IR aeT BpOhaREY¥edind nuclear

usi ng agar ose el ectrophoresjs. _ It was observed
3 hatl 1mND€ )6'3.%“ mE BEA |5ﬁi,aal:|.quots collected from the

Conssmréa:ﬁémmn@ﬁ%&rm@ﬂ@é Waras i dsEA idieaedy with
with 100M o grated_ sl ower than

D) 2B G EARS -] Trshr el 419 [ ERONFBLLS0NFSE COUPEERDUSIng a

(I Xhenbt o Lepi ct's induction of RADS3
phosphorylation in a MECL dependent manner. RAD53, a

prot ei n kdhaseellsas visgen SBROWH béfFrPé'&}luFé’éef oPlgkps and
@anﬁgguﬁgggghg%cgg% p?brgl iRErg8Ys Qn&ico]%Meé’m@e@/ Munted

In mtosis | p and 10 Tegul ate rad53p
phospher ylfbdticondays. (USZTQQS? dhiunes - shoWSAYTR 4ghe meci-l

ki nase-defi ci;gnt ' yeas r :
LOBIEE! T, (SLETL AL ML PSRRI e stratno
i Nt diS0M pf sCOUROUNENT| Xethaddplyesas calompered ato WT cells,

i ndi ed ti 0| nts, 180 m S a s)

wor BEEPELEH oo Eeo S SO LO AR ? e Do gus” UFS) (soum
15\ésipdnedd of dneel. lo‘EImeolfI wtabm/él.'eypnmti@bl oeltls st welllA2

ant | bodyFIo dé?t efso srhows raattI %nepq_:l.catlon lé'ﬁzcgpm.nt mutants

exhibit sensitivity to COMPCUND (IX). Exponential
cultures of WT (U51363}, mecl-1 {Us3138), rad53-21
(US3196), pdslA (US1234), rad94 _US155) and chklA (US3097)
cells were treated with either 3pM or 10pM of COMPOUND
(IX) and aliquots of cells withdrawn at indicated time
points were washed, counted and egqual numbers were plated
on YEP+Glucose plates. Colonies observed after five days
were counted and percentage cell survival was calculated
and represented graphically. While the replication
deficient mutants (mecl-1, rad53-21 and pdslid displaved
significant lethality as compared to WT cells, the DNA
damage checkpoint deficient mutants (rad94 and chkIA were
comparatively less sensitive to the addition of COMPOUND
(IX). This reinforces previous results which indicated

that COMPOUND (IX) activates the replication checkpoint.
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treatment with COVWPOUND (I X). (*) indicates the
position of the phosphorylated fornms of Rad53. As
shown in the 20 figures, RAD53 was phosphoryl ated only
in the W controls and not in the necl-1 nutant.
Therefore, COVWOUND (I X) induces RAD53

phosphoryl ation in a MEC1 dependent manner. This is

suggestjve of the actlvat|o of t ' [
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%us!ﬂe@sfl%ﬁd ke a MedbamgiDME) s \ePBPhG e BBt Higs made

Wi tB 3pdd ﬁ%éﬂ%ﬂt@fn EMND(IM X) 7. PR BSh CQ’j Joegt egdiatamine,

|nd|cate olnNts were processed for flo

Cyt BRELPEet L GTRI Y RYS SR DA B GAP/and 9 obéjé‘rlﬁsr{gll of
t he palal f | d
spi ha Pg uglfh %ﬁ%%ﬁg Cuﬁ?@%?@%@%V%E|§gr§gk§§? tycin sulphate,

depigll tmt gRfb- loeelmpnbteatedn Wt haﬁ@IVPQ#\IDf(am bovine
{

show el ongat ed spi ndl es and nuclear 5 divisiagn. )
1¢j ggerge- andFSee aﬂ1qﬁ%t§eéélI%&ﬁﬂ9959P6n1f¥§90 celle/ml) in

abo&Sme@lt_é onRiSHPerL SEMIS LRI ei Nasheds _ERDr @YghLY  culture
wi th phosphat e-buffered saline and cells were counted

usi A§aak- heno&heoneudkurgoodéehes vieeke spieadpaipd under a
YEP gf Eod! Qttﬁémgﬂgrel(e:o‘n%%ﬁﬁgégd B 24C Lah fed9® Lir at

ays an Tonfes Were counte er five days. These
figanes. ShIIE\llllt atbibétpeehs ldetaimdmiedc @lslifg Trypan blue dye-

replicatjon check 0|nt ficien rain
1§ gxclus:;.on test. P %gs %n%utre?it t%ats)

the cells were at
least 95% viable for all experiments.

Mammalian cell lines were routinely maintained as
described above. Exponentially growing cells were treated
with COMPOUND (IX) which was dissclved in DMSO and samples

20 were collected for FACS analysis to measure DNA content.
The compound was added at a final concentration of 5uM or
6.5 UM to activate the replication checkpoint in mammalian
cells and incubated for 24 hours for most cell lines
unless mentioned otherwise in the figure legends. It was

25 observed that at higher concentrations (10-20 pM) the
compound caused apoptosis as measured by FACS analysis and
cleavage 0f the protein PARP.

It was generally obsexved that at higher

concentrations the compound was toxic thus leading to cell

30 death and apoptosis as measured by trypan blue staining.
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di splay significant lethality as conpared to WI cel s,
al t hough hi gher concentrations of COMPOUND (I X) (30pM
15 induced sone loss of viability in W cells as well.
Fig. 6 also shows that replication checkpoint nutants
exhibit sensitivity to COWOUND (I X). Exponenti al
cultures of W (US1363), necl-1 (US3138), rad53-21
(U33196), pdsi déU81234), rad94 . US155) and chkid
(USHeaThrements 95 GRdde prPdafeyatii ot itk MTH Emsey

10pM of EMRAND of! XN 1@l 8oL Bs Ofvete! | Srid hghaw@-wen

at indicated tine points were washed, counted an
equrlahesbéns MEY eppl atfedComprl StEePHEdiws eaptatiegssubated with

Col gnjgs._o rved aff, five days were counted and

er SERTaBe TEP! “Shrvieh VRt copiEeit St iiF 3% compouna
gepregenhind ghepbdcad | Y WA erdrheireRld ¢ati a8 or 72 hours.
deficient nutants (nmecl-1, rad53-21 and pdsl A

di sptayde sndgnpfi cdnet lmtdadtiton agexirpar 8pt o Ml CellTiter
cel s, the DNA danage,checkpoin eficient . mutants
Crindeells e adpaie SRR Pl | EoRRaANhE T ceng  pws
t hetatida 2ot ¢ {(F@ ol ) S addadoraags the cells
hetatidizéiunof cOEMRGUID (P ofleXh) T Had

revious results which indjcated that ND (I
DLtV edlrtabarBel TEST | et BeRSor e s pbrPeRPReR: e then
limanpatdeded edd 31 a0nMhwECONVPOUDD-d ) SMduasal.i an cel |
lines Hela, N cancer cell line

T3 (human ceryj cal | .
and SH5 lﬁs('nellilgs"’l“é{ig “obFBRY ofRe BT LiAn ﬁE?i lines
roui haetyt &l 48R0 NGyl £ 61 xdJacan1e Tdibdidiad arrest
Eagl e' s Medium (DMEM . Conpl et e, medi um was_ nmade by )
suppPertdift i fg (i Fh®) GRth ¢¥Pd% gFheRni heeated with

ant chyeduMp arixiynycotic solution, (10 Units/nm of
Penicillin G Sodium 10.00 g/m of Streptonmycin _
1%yl phat e &hdE- 2578/ nflebh AfHG eFPERN Beadd 19ith various

f et @bndiavi Mt iR sS Yt NtofhMehd (%) CqHl, sUspensi®n 6.5, 10.0
(1X105 cells/m) in
and 20.0 puM for 24, 48 or 72 hours respectively). After

incubation with the compound, cells were incubated for 2
hours with MTS reagent and absorbance was recorded at 490
20 with a 96-well reader. AS a control, Hela cells were
treated under i1dentical conditions with DMSO. Percentage
growth inhibition was calculated by comparing the readings
between Compound (IX)-treated and DMSO-treated samples.
As shown in the graph, percentage growth inhibition was
25 higher for samples treated for 48 hours and 72 hours.
Growth inhibition was also concentration-dependent, but
seemed to plateau at concentrations higher than 6upM.
In Fig. 7B, HeLa cells were treated with Compound
(IX) for 24 hours and samples were collected for FACS
30 analysis to measure DNA content. It can be seen that S-
phase arrest is induced at concentrations of about 5-6.5
UM, while at higher concentrations (10-20 uM, cells

undergo apoptosis).
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conpl ete mediumwas plated in a 25-cnR tissue culture
flask. The culture dishes were incubated under a
hum di fi ed at nosphere containing 5% CO2 and 95% ai r at
37C. Cell viability was determ ned using Trypan bl ue
dye 15 exclusion test. It was ensured that the cells
were at |east 95%viable for all experinents.
Manmal i an cell |ines were routlnely mai nt aj ned as

descri befPaBdge. Tex pORINATAIRY Ly S de LAl tures were

t r eat @fe r Wbl KCQYRQINE (}20h WiNsh ¥BSwetBS@E.wesh id¥ coMPOUND
DMSO _and sanpl es 20 were coll ected for FACS anal ysis

to ﬁﬁ§su@ésﬁmﬁF%%n%QwﬁMSOFH%PQHEﬁESGngoﬁag4aHHEHsafn%.Samples
fi nﬁler@“%%ﬁllé@%é@” 9ha5MaRs1yRed PVt oGk | v§§@oﬁé&y (for

replication checkpoint in manmalian cells an
$ ncpacerenent 29thoiA fentrpst &8 | ipi Adg- u?ﬂ:)ess’r Western

”3”5'189@%% 'ﬂ&é""iﬁ %grt% TEgHee begendsyr | t%ﬁng with

observed that at conhcentrati ons (10- 2
con‘pnuﬁhoféh@%eégapnpt osielams rréaéuloéaemy mA@SléEn aardiers  (as

and; vags, O.'Eeﬂ?] Q{g"’p%hE:LEABE’d i V‘ﬂﬁehge”era' ly

observe that at concentratio e compound
was t oxi&st kasnl e@dmigat@ewd p8®ldeat hFagd 78poptdglitdon of

16 ﬁ?Hl{n@? ?i/)gf YRR lé%ﬁ%%%”'bﬁg 5 Measyr efiBih Pior the
cel pr o | on"usi ng assay tures of
nanﬁmblan tal lrorerie gleaweasedd®pael |trepitatcas iwithOOCGMPOUND

lete ne I um and . |n ba%ed Wi th e|t g or
8, Fo el i et o SO Ebahbthed” % g o
|ncubateﬂ1@t 3%C EmMWelthﬁﬂﬁQ4-cé%iaﬂ ﬂEaMOUWSre Agrown on
the _end . the |nc |0n per ﬁ Cel | Titer
nquESTE=ShP Lo HHhEY aigeh EobBNPri 78] S fedtivea above,
13 et sadol i ul&aﬁﬁﬁﬁountfoe:Pr odgaxrivas agdedlasd the celirsdirect
wer e incquted for 150 mns, .The absorbance was then
Immunctluorescence. While metaphase, anaphase and
telophase type of mitotic spindles could be observed in
the mock treated cultures, only interphase tubulin arrays
(right-hand panel) were seen in the cells treated with
20 COMPOUND (IX), suggesting an S phase arrest. This is also
observed in the left-hand panel in which cells were
stained with antibodies against phospho-histone serl0Q,
another mitotic marker.
Similarly, in Fig. 8, it was observed that COMPOUND
25 (IX) arrests immortalized «cell lines (NIH3T3) and
metastatic cancer cell lines (SHYSY5Y} in the S phase of

the cell cycle. In Fig. BA, lcogarithmic phase NIH3T3
cells were treated with 5.0uM of COMPOUND (IX) for 30
hours and samples collected after 30 hours were analysed
30 for measurement of DNA content by FACS analysis. As shown
in the right-hand panel, addition of COMPOUND (IX} to the
NIH3T3 cells induces an S phase arrest while NIH3T3 cells
not treated with COMPOUND (IX) complete 5 phase. 1In Fig.

8B, exponential phase SHYSYS (human neuroblastoma) cells
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10 recorded at 490nMwith a 96-well reader. Figs. 7

and 8 show that the mammalian cell lines indicated

above undergo an irreversible cell cycle arrest in

the S phase of the cell cycle when treated with

COVPOUND (I X). 15 In Fig. 7A, HelLa cells were treated

Wi th various concentrations of Conpound (IX) (1, 2.5,

5.0, 6.5, 10.0 and 20.0 pMfor 24, 48 or 72 hours

respecei veeghed Arieh Oi hidbaf | GPMEPUND t EX)c ofpoud@ hours and

cel s n or r it rwgi e .
abs%rb%\%ﬁc&l évvag:%?gtggg gd a% 4%%‘ %SWWI ?F] a 6[6\%%? Igg:lf?lggt was
r ecadealy?Siabyonil | cyledzxae‘clearl foneMMA t coatet umdasurement.
i de opgitigns wil reent, gr h .

| anCBRp e oL LLERERbE L ERODMSE! (E0hERG) O B hment witn
%ethHHOHMMDQDHH ¢b%¥edr€h&edmandlﬁwsﬁftmhﬁ(nhlls to arrest

wn in the

raph, r cent.a owt h
SAAPHET: héSes Bah, | Buk “pBPTEL P K0S AR Siathesizea.
houFsrahskdrdjoutlisis &Fdeth waki bchievedmsithsooncentrations
concen rati o eened to pl ateau at
con@@n ?%u?%q%qﬁﬂgﬁgﬁﬁngﬁ rn Fig. 7B, HeLa cells
wer e treMedfwrtheﬁonu@w@@tlgh& f @os24pheur snediithnisms  and
les were collected for EA 3%_ggal SIS to

158
gga}%cw RIREME J P e Saf)ﬁ3§E observed in

arrené examplysediedlcraBRECHIA, ortﬁe;ién@b&tyt c5f6t5e M phase
whi | e at  hi gher__concentrati ons (10-20 cel

und@FESSapapt &51%) St s anx?gm’reséigaﬁ%ﬂt.a|1f§ﬁ is a well-

gr OMh 28z Hedsa £dY t UEBBoYer 63y %lﬂe@%rormciﬁn& readlefdrdht h cancers
DMSO or with 6. 5ppM of COW (1'X) dlssolved in

DVEEFegwRitbe e#hPyr PRtABIPRS ad® sERPI RS m@@@e and/or its

10l Leghed- snd anal yzed by flow cytonetry (for 5
measur enent of DNA content, as in Fig. 7C) or Western
Mouse  p53-/- knockout cell lines ({lacking a

functional p53 gene) were cultured and exponential phase

cells were treated with 5pM of COMPOUND (IX). Thirty
hours later, cells were collected for analysis of DHNA

20 content by flow cytometry. Fig. 9 depicts the results.
" Treatment with COMPOUND ({IX) successfully induced an S
phase arrest in the p53-/- knockout cell 1lines thereby
demonstrating that c¢ell c¢ycle arrest in the § phase
appears not to require an intact p53.

25 Since COMPOUND (IX) was a potent inducer of S phase
arrest, 1its effect on a pathogenic fungus was tested.
Exponential phase cultures of Candida albicans strain were
diluted teo an 0.D of 0.3 and treated with either DMSO or
30uM of éompound (IX;. Absorbance of aliquots withdrawn

30 at 60-minute intervals was measured to plot cell
viability. As depicted in Fig 10(A), while the 0.D of
control DMSO treated cells increased with time, that of
the COMPOUND (IX) treated cultures stabilized at the
starting wvalue. In Fig 10(B}, overnight grown Candida
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Blotting (as in Fig. 7D, first panel) or by staining

Wi th antibodi es against cyclins and other mtotic

markers (as in Fig. 7D, remaining panels and Fig.

7E). As seen in the second panel of Fig 7C, addition

of - 10 COMPOUND (I X) induces S-phase arrest.- Aso,

| evels of the Cyclin DI protein decreased upon

treatment with COVWOUND (I X) as_can be _seen_in th
firstbjpeand etliings MRre §OVrEahofRIHELY CEits t"?ﬁﬁe plated
wer e gr n at [yt h COMP

as %fésc%é’?r 56’3\%8%%8 &i}gfai ﬁg) )or m t O%J%P (é&tamlng
spi YEib-emMdty iwedia eaisekinmasof kootestenpéatdthi | e Plates were

met aphase, anaphase and te| ophase of mtotic
spi Herdatashiak B4 6baervBRoFA r%ﬁ’f‘é‘?%t% t‘iébvs' As shown
Cu'&# LI IR Phaase, t@bUbUBla§ﬁ§y§eliélﬁﬁ%wh@nﬁtrlklng

panel ) vvere seen in the cells treated with 20 QUND

(1 Xossugelst Vhap bty phean arfeegtedrhiwlthy a‘F%POUND (IX) .
obsgry f@fdz‘lﬁqtﬁémb #p hardypangl hBeWHLhaCgldtenter &ntifungal
st al ned ant 1 bodi es agai nst phospho-hi stone ser 10,
anoadent Miantdicersekedn Bhnanar | gninalsiagd @laptswas
observed that COWOUND 25 (IX) arrests imortalized

n

cell lines (NNH3T3) and netastatic cancer cell |ines
19( Sl m| off rccm:@usdpuagb e:rx the ABYATR patthwayn Fig.
8A, | og p . I t t
5. OM of ’%‘%?86’: Sﬁ:bg']urér and (];nsaarnr{(:ﬁ’ﬂl g %ﬁgckpomt

col pecteih af kiarassd MMS maezlaﬁaleysadle@tiﬁwa-mutated) are
OSSN, Yha OO Y FLES MELUBR Oy SElana 2
t heda B8 TSheekp@intrsduc eBsTMNLS phaesesary efor V\phbephorylation

1) 15 S5 051 LSS0 10 SO NGBS
neumbdrﬂ@ﬁcpnlm)] LCeldisanb7[10].

Like ATM, ATR {ataxia telangiectasia and Rad3
related) serves as a checkpoint kinase that halts cell
cycle progression and induces DNA repair when DNA is

20 damaged. Loss of ATR results in a loss of checkpoint
control in response to DNA damage, leading to cell death,
and deletion of the ATR gene in mice is embryonic lethal
[117].

The present inventors therefore sought to investigate

25 whether Compound (IX) acted through the ATM/ATR pathway.

Fig. 11 shows the effect of Compound (IX) on the
ATM/ATR pathway. In Fig. 11A, HeLa cells treated with
6.5uM COMPOUND (IX) were collected 24 hours later for
immunofluorescence and stained with Anti ATM/ATR substrate

30 antibody. It can be seen from the antibody staining that
COMPOUND (IX) activates the ATM/ATR pathway in HeLa cells
and by corollary, other mammalian cells.

In Fig. 11B, HelLA cells were either treated with DMSO

as control or with 6.5puM COMPOUND (IX) and 24 hours later,
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were treated with 0.50 of COVMPOUND (I X) for 30 hours
and a sanple collected at the end of the experinent
was analyzed by flow cytonetry for DNA content
measurenent. Conpared to treatnent w th DVSO
(control), treatnment with 5 COVWOUND (| X) caused the
mejority of the cells to arrest with less than two

copies of their DNA synthesized. Furthernore, this
ef feetlgasverti efieedy Emcotenpedt i Bk agntbuphespho  Chkl
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Thirty Hboup_thafFdgs ddB| enferldColitect®y Por s %ﬁﬁl Jps CHK1

of LA @rE OREENHhOYPHOYL ML I'Yesgdrbe L SlePiddtinent with
the results. Treatnment wth COVPOUND (I X)

105y ce@MRIYND v (T¥duced TRESS FAvIEdsar peet ith cRefprmapce with
knogkouiecel |de'1do?1%%rﬁh§ﬁ§by tHIRONSHAt | B thabce@bdry  for

cycle arrest in the S phase appears not to require dn

i nt PRYSRIERY128: iGN cRnCORPOLREL {9X) MasCkpotentvivo and can
' ”%‘f@é rﬂfrﬁa@@gﬂ}cza%e%trbt s, £t 19 42 R34 hageni ¢

f ungus s teste Exponential phase cul tures of
Candi da al bi cans strain were diluted to an O D of 0.3

n O u
15a %H&%Ibsor ance o?ﬁgl [ %tscgwl th%gir awn SBEQQPQ @athway in

60 mannaleiamtcedda® s was neasured to plot cell

Hela, U2-0S and pb53-/- mouse embryonic fibroblast
cells were cultured and treated with 5uM or 20pM COMPOUND
(IX) for 24 hours aﬁd later fixed and stained with

20 propidium iodide. FACS analysis was performed to
quantitate the percentage of cells with sub-Gl DNA content
as shown in Figs 12(A) and 12(B) as a late indicator of
apoptosis. In Fig. 12(C), cells were treated with and
samples were analvzed for cleavage of intact PARP into the

25 85kDA subunit as an indicator of apoptosis.

PARP {Poly (ADP-ribose) polymerase [NAD+  ADP-
ribosyltransferase;NAD+:poly adenosine—~diphosphate-D-
ribosyl)-acceptor ADP-D-ribosyltransferase, EC 2.3.2.30]
is a highly conserved nuclear enzyme present in higher

30 eukaryotes. The enzyme is a 2Zn2+ dependent DNA binding
protein that recognizes DNA strand breaks and is
implicated in DNA repair and in the apoptotic response of
cells. As a marker for apoptosis, PARP cleavage has been

variably shown to occur early in the response as a result
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viability. As depicted in Fig 10(A), while the O D of
control DVMSO treated cells increased with tine, that

of the COVPOUND (I X) treated cultures stabilized at

the starting value. In Fig 10(B), overnight grown

Candi da 58 al bicans cultures were counted and 400

cells were plated on YEP+Qd ucose+COVPOUND(IX) (30pM .

Pl ates containing YEP+DMSO were used as control

pl &tfes thPI ala@§1mtE pAcuBBP3Y afcasr@sad ph&PS§Paphed PARP

f
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10¢hddk pgitn el ff’ngggeﬂﬁ‘a‘? ﬁgﬁng@‘zW&% 3%{9 gt eggogﬁoms at
anchiigh@uC esn bR F Pdi s whﬁie;iaidﬂem 30 danagbshal qsE3 of
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[11] The present inventors therefore sought to

i NREESOGat Bk e dihéPhetheo AFsundt 19 r&efléagt hrlfugforegoing

15t heiléwoé{%epa&hw@ut dEpfrtidgsheys the shiect 8hd scope of
Compound (1 X) on

the 1nvent10n and it is intended that all such

modifications and adaptations come within the scope of the

appended claims.
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ATM ATR pathway. In Fig. 11A HelLa cells treated wth
6. 5M COVPOUND (1 X) were collected 24 hours |ater for

i mmunof | uorescence and stained with Anti ATM ATR
substrate 30 antibody. It can be seen fromthe

anti body staining that COMPOUND (I X) activates the
ATM ATR pathway in HeLa cells and by corollary, other
manmal i an cells. In Fig. 11B, HeLA cells were either

t r eReEGTRPCERSPMSO as control or with 6. 5M COVPOUND
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| oadi ng QGﬁt—E@E In both Figs 11B and 11C, it can be

seen ho

respo se&'tOCHFr F&at rwtén]t;ﬂ%]ﬁerrei C&/PO%KI% f('l?%ﬁ{hﬁh' 5, (2003)
results ahe i rs-ginfser nacioeckpdintst uands d@ﬁonstemﬂa*tgmn in
hat ATM js necessary for hosphgor I t a
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in vi tqroclaskdesnr$bﬁcseaﬁr1 i ®.., Tenkbkhecs. pfaﬁ)\ﬂ%ﬁd\JDs I.

(120, T, B0 PYGSLS PR LD BRI AB0el 50 5 pnace:

cells meb@mgmékueadramﬂatiamteﬂ piiph repl deafOdh and mitosis.
COVPOUND _ (I X) _for, 24 hours ang | ater fixed and
stai ned WRENCEHL pBED} ditm Gioi%dd.: FACS anal ysis was

1Ber f ogreduhatafyaniyt Atudie, per.ceabante pf s celdsonm,t . ,
sub-G DNA content as_shown |n Fngs 12(A) and 12(B)
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J.R. {2002). Cell-based assays for identification of
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Cancer Institute. 94. 88-9%4,
20 6. Kilmartin, J.V., and Adams, A.E. (189%4). Structural
rearrangements of tubulin and actin during the cell
cycle of the yeast Saccharomyces. J.Cell Biol. 98.
922-33.
7. Yeong, F.M., Lim, H.H., Padmashree, C.G., and Surana,
25 0. (2000) . Exif from mitosis in budding yeast:
biphasic inactivation of the Cdc28-Clb2Z mitotic kinase
and the role of Cdec20. Mol. Cell 5, 501-511.
8. Xu, J., Xin, S. and Du, W. et al. (2001}. Drosophila
Chk2 is required for DNA damage-mediated cell cycle
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apoptosis. In Fig. 12(C), cells were treated with and
sanpl es were anal yzed for cleavage of intact PARP into

the 25 85kDA subunit as an indicator of apoptosis.

PARP (Poly (ADP-ribose) pol ynerase [ NAD+ ADP-

ri bosyl transf erase; NAD+: pol y adenosi ne-di phosphat e- D-

ri bosyl)-acceptor ADP-D-ri bosyltransferase, EC

2.3.2.30] is a highly conserved nucl ear enzyne

present in higher 30 eukaryotes. The enzyne is a Zn2+
dependeniaBNAuhENdNg YRAGS €L, t Hagal pcognideschNle, S. and
strand breaks and is inplicated in DNA air and in

y re . .
the apopibe¥c mespb®3lof TRE| 1Lrosgphd I, fgpne loki is

apopt osk§seSARD Cl cavnage chdsybRes Vit ablgbN@Mtk@nd-break
occur early in the response as a result 60 of the

Bcti vi t phefkepiats (indunese i scRbee opaREB- SeBghage 163(3):
correl abes_yghl W th chromatin condensation and has

been shown io be associated with the condensed

chr orfglti Roirfieapdpt ofptuby| S, a8l8 mpasdldegge SJ. ATR and
apopt 0Sh$p Pp APPLALALE 3 eAddRind RAWNS1RAS! science. 2001
apoptosi s 1 nducing event, and precedes the ability to

det ect HevuaB:; ONM (F54gredi’aBrén. A gradual cl eavage

19f intact PARP on treatment with increasing

concentrations of COVPOUND (I X) was observed. 10 It

was al so observed that COMPOUND | X i nduces apoptosi s

at higher concentrations i ndependent of functiona

p53. It wll be apparent that various other

nodi fi cati ons and adaptati ons of the invention wl|

be apparent to the person skilled in the art after

readi ng the foregoing 15 disclosure w thout departing
fromthe spirit and scope of the invention and it is
intended that all such nodifications and adaptations

come wWithin the scope of the
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Mol .
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appended clainms. 61 References: 1. Hartwell, L.H
and Weinert, T.A (1989). Checkpoints: controls that
ensure the order of cell cycle events. Science 246,
629-634. 5 2. Melo J. and Toczyski, D. (2002). A
uni fied view of the DNA damage checkpoint. Curr.
-Qpin. Cell Biol. 14, 237- 245 3. Longhese, MP.,
Clerici, M, and Lucchini, %2003) The S—phase
checkp0|nt and its regulatloﬁ

cergvi sige, MEB&LdR%r 532e 4% S8edfcirdd abke,gddekal formula
Segal , A

regUIhtes Pdslp levels in S phase: conpl ex
coordi nation of DNA replication and mtosis. Nat Cel

Biol. 3, 619-627. 15 5. Dunstan, H M, Ludlow, C.
Goehle, S., Cronk, M, quqka3| P., Evans, D.R H

210 Saccharonyces

sen, S., and Reed, S. 1. (2003). Meclp

Simon, J. A, and Lanb J.R ( x Cel | -based assays
for identification of novel dou - and
br eak-1i nduci ng agents. J. Natl. ncerzInstitute. 94.

88-94. 20 6. Kilmartin, J.V., aRgl Adans, A E. (1894).
Structural rearrangenents of tygbulin and actin during
the cell cycle of the yegst Sagcharogyces. J. Cel

Biol. 98. 922-33. 7. YeoN® H H.
Padnmashree, C. G, and Surana (2000). Exit from
mtosis in buddlng yeast: [ iyation of

0of Cdc20.
Cell 5, 501-511. 8. and Du, W et

(2001). Drosophila

(I}

and the pharmaceutically acceptable salts, individual

isomers and mixtures of isomers thereof,

wherein

X, X’ and X'’ are independently O or S;

Z is N or P;

Ry is optional and is selected from the group
consisting of optionally substituted Cis alkyl, optionally
substituted Cs-¢ alkenyl, optionally substituted Ca-6
alkynyl, optionally substituted Cis alkoxy, optionally
substituted Ci-¢ thiocalkyl, optionally substituted Cs-10
aryl, optionally substituted Ce-n1 alkylaryl, optionally
substituted Ci¢ alkylamino, optionally substituted Ci.e

alkylcarbonyl, optionally substituted Ci-s
alkylsulfonamino, optionally substituted (C1—
Cglalkylsulfinyil, optionally substituted Ci-6

alkylcarbonylamino, optionally substituted hetero(C,y-
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Chk2 is required for DNA danage-nedi ated cell cycle
30 arrest and apoptosis. FEBS Lett. 508(3): 394-8. 9.
Abdu, U., Brodsky, M and SchUpbach, T. (2002).
Activation of a neiotic checkpoint during drosophila
oogenesi s regul ates the translati on of Gurken through
Chk2/Nhk Cur Bi o. 12: 1645-1651. 62 10. Masrouha,

Yang, N Hijal, S. Larochelle,. S and Sut er,

(20639 2l DRSSisTIl o RHES Genee YA - | SLEERsoRTIAP, formyl,

for ;gabeyenie DNA doubl e-strand-break 5 checkpoi nts
i nduced in s phase or (. Cenetics 163(3@; 973-98

11. Cort Bz R2-CBat Beu 8sr Rn Rer BMre

aLER :Iéﬁid'apendently

ATRIGR: cRPREHN@L- Sy Qh&hgfggﬁ' é‘énﬁéﬂﬁ@ig R h%‘iir%@“e@l %@Qlonally

Nov 23 294(5547)

c al s

nd
$or Subétih‘uﬁe@ @1—neabky3gen@%3r°ffablr]1mI%bs(tll)tuﬁf"dxcr?@ alkenyl,
R3 épt%onaﬁfy%ﬁbsgﬁtﬁecﬁgcﬁ? &8yl 1bptionally substituted

10

15

20
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Ci-g alkoxy, optionally substituted Cis thioalkyl,
optionally substituted Cs-10 aryl, optionally substituted
Ce-11 alkylaryl, optionally substituted ¢Ci¢ alkylamino,
optionally substituted Ci;-s alkylcarbonyl, optionally
substituted Cj;.¢ alkylsulfonamino, optionally substituted
(C1-Cg)alkylsulfinyl, optionally substituted Ci-6
alkylcarbonylamino, optionally substituted hetero (Cy~
Cip)aryl, hydroxyl, halogen, cyano, nitro, amino, formyl,
and thiol; and

--—- indicates an optional double bond.

2. A compound according to claim 1, wherein X, X’ and

X'’ are independently O or S.

3. A compound according to claim 1, wherein X, X’ and

X'’ are O.
4, A compound according to claim 1, wherein 2 is N.

5. A compound according teo claim 1, wherein Ri;, Rz, Ri,
Rs;, Rs, Rs, Ry, Rs, Ry, and Rjp are independently selected
from the group consisting of optionally substituted Cis
alkyl, optionally substituted Ciz.s alkenyl, optionally
substituted C;g alkynyl, optionally substituted Ci4
alkoxy, optionally substituted Cj;.4 thioalkyl, optionally
substituted Ce-8 aryl, optionally substituted Cq-g
alkylaryl, optionally substituted Ci-4g alkylamino,
optionally substituted Cj;.4 alkylcarbonyl, optionally
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and the pharmaceutically acceptable salts, individua

i sonmers and m xtures of isoners thereof, wherein 10

X, X and X Il are independently O or S; Zis Nor P

R3 is optional and is selected fromthe group

consi sting of optionally substituted Cl-8 al kyl,

optionally substituted C2-6 al kenyl, optionally
substituted C2-6 15 al kynyl optlonally substltut

Cl- surekdkytedpt Gonalalkylsupepenieer c1lG£ri oa%lll?llls“lfm}’l

opt iy gra%hxﬁ%gst ghﬂ&@ﬂt@echo aLyl ., fphjialdohiylaminoe,  and

substi tuted al kyl aryl, optlonally substituted

Cl @pap-@ﬁéﬂrﬁrnéub@bﬂ@m IhetemedCrrerled vet - 6

al kyl carbonyl, optionally substituted Cl-6 20
alkylsulfonan1no optionally substituted (Cl-

£6) &l-kyl éuqurlwlundomdt:@ﬁérmg §gbsiadimt g Qlhsrein Ry, Rz, Rs,

al kélica bon*l a rOPtRONAl ]y Bybatit L:Urﬁ PQ%HEEEW“ selected

b)aryl ;) ® rox S A | ogen, cyari o, am no
for riylop red gnpup cmzsmzmgm ofRsopmonaiﬁy Reubgbituted Ci-s

and are nt ddfrom oup
consﬁé lhg okgggggggg g '?ﬁﬁﬁﬁ%? c% su6§?$% eéd éfféonally
aIEwhbfugtgbadlgyhﬁwbsa}kxnyii C20$f¥@naiﬁy @pbszwuﬁqd Ci-2
ubstit ute a ny

§ tlkoxgpt|°&3na:'1qnal bs?uqu:ﬁ' él%%% é’ Qﬁ#{zglﬁﬁ gf:%@onally
opLBabathygsaggtagung ﬁﬁglf arq@thnaml@nalprstltuted Ci-2
subs te _ a ry ubsti

o1 auiisPdneno- opstahtr Sha FySShAEPTRRY ey gukVifarponya,
a: ty:lbezabhamyy oﬂbmt aﬂdtyéldl Subﬁ.bltutlegflghl&'onamlno, (C1—Cyq)
al kyl.su optionally substitute

o K EI PRIy D PO o P pR Rt od WS titated iz
18! kyhGglbappbayl SRin®pt baaaldpt isubsl it Wedtheueea( Gotero (Co-

Cglaryl.

7. A compound according to claim 1, wherein Ri, Rz, Ra,
Ry, Rs, Rg, R7, Rg, Rs, and Ryp are independently selected

20 from the group consisting of optionally substituted Cji-q
alkyl, optionally substituted C,4 alkenyl, and opticnally
substituted Cz-s alkynyl.
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G o)aryl, hydroxyl, hal ogen, cyano, nitro, am no,

fornyl, 15 and thiol; and --- indicates an optiona

doubl e bond. 2. A conmpound according to claim1,

wherein X, X and X' are independently 0 or S. 20 3.

A conpound according to claim1, wherein X, X and X'

are 0. 4. A conpound according to claim1, mherein z

IRi N% 25 5cor%29’(1:_10 %%%%’r Qcor glgnght@gmc {%@ rein the compound
|ndeﬁﬁgukﬂgIgéﬁﬁiagCE@&muﬁéomlthe group consisting of
optionally substituted C1_8 alkyl, optionally

substituted C2_8 al kenyl, optionally 30 substituted

C2-8 al kynyl, optionally substituted C1_4 al koxy,

optionally substituted Cl1_4 Loal kyl, optionally
substituted C6_8 aryl, optional stituted C7-9

al kylaryl, optionally substituted Rel kyl ami no,

optlonally substituted Cl_4 al kyh arbonyl optionally

65 substituted Cl_4 al kyl sul onam (C1- C6)

al kyl sul finyl, optionally subst tuted ClL 4
alkylcarbonylan1no and ~ nstltuted
hetero(C4-Ca)aryl. 5 6. A co--ound

1, wherein R1, R2, R3,

optionally substituted C2
substituted C2_6 al kynyl,
10 al koxy, optionally sybs
optionally substitut &g
substituted ClL 2

R Re
(II}
5
9. A compound according to claim 1, wherein the compound
has the general formula (IXIT):
R,
O
R;
Rs
0, N o)
R4 e, - Ho
Rg Re
R7
Re Re
(III)

10
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al kyl am no, optionally substituted Cl_2 al kyl car bonyl
optionally substituted Cl1_2 al kyl sul fonam no, (Cl-C4)
al kyl sul finyl, optionally substituted C1_2 15

al kyl car bonyl am no, and optionally substituted
hetero(C4- C6) aryl. 7. A conmpound according to claim
1, wherein R, R2, R3, R4, R5, R6, R7, R8, R9, and
RI O are independently selected 20 fromthe gr.oup
Constbt i il GRERoREEPyOSaBSERt GLa (v 44kAM the compound
opt i el dhe Hebelial UEBemERa4(Bbkenyl , and optional Iy
substituted C2_4 alkynyl. 66 D. A conpound accordi ng
-to claim1l, wherein the conpound has the genera
formula (I1): RLRYy RBRONO R4 Ro RR5 RO RB Ra
(I1). 5 9. A conpound accorti to claim1, wherein
the conpound has the general f a (lll): Rl RZ R3
ONO R4 RO 2

_Eﬁf
paj

o
-
(o]

(IV).

11. A compound according to c¢laim 1, wherein In one

embodiment, the compound has the general formula (V):

Ry

(V}.



R5 RO R7T R6 R8 (IIl) 10 67 10. A conpound accordi ng
to claim1l, wherein the conpound has the general
formula (IV): R, RZ RBROO (IV). 5 11. A conpound
according to claim1, wherein In one enbodi nent, the
- conmpound has the general formula (V): R, ORZ ONO
(V) . 68 12. A conpound according to claim1, wherein

t he conpound has the formula (MI):, O. ONO (V). 5
13. & co SSH’E’OQBEIOF&Fﬁﬁd’r%gCJTéi ?T?a_[l,m vaherwé?eﬁeﬁ%’e thie compound
compeindheh&srihieal @uapla (VI1):

(VI}.

13. A compound according to c¢laim 1, wherein the compound

has the formula (VII}:

{HC)2

(VII).
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~O0 (HRO2 ONO (VIlI). 69 14. A conpound accordi ng
to claim1l, wherein the conpound has the fornul a
(M1l): HBCCH3 H3CONO 5 (MIl). 15. A conpound
according to claim1, wherein the conpound has the
formula (I X): O ONO 10 (IX). 16. A conpound
according to claiml1, wherein the conpounds are

sel ected fromthe group consisting af: 2- 70

(Zdxi Pan-Pmposnry | RetRsdAgol &8) | §d¢dFnollirne Hhexesm) - the
di Qs oudred hésmhaykefmﬁf& gv:vin))fmt hyl]-1H

benzo[ de] i soqui nol I ne-| H) - di one; 2-[(2, 3-

di met hyl-oxi r an- 2- yI)nethyI] 1H benzo[ de]isoquinoline 5
1, 3(2H) - di one; 2-(oxiran-2-ylnmethyl)-1, 3-di oxo-2, 3-

di hydr o- 1H benzo[ de] i soqui nol i n-5-yl nitrite; and 2-
(oxiran-2-yl nmethyl)-1, 3-di oxo- 2, 3-dj §0- 1 H

benzo[ de] i soqui nol i ne-5, 8-di yIHECAT t r I"tgf 1Q}}7. A

phar maceuti cal conposition conprising 3

t herapeutically effective ambunt oHs@ conpound of
gener al

o) N o)

5 (VIII}.

15. A compound according to c¢laim 1, wherein the

compound has the formula (IX):

19 (IX).

16. A compound according to c¢laim 1, wherein the

compounds are selected from the group consisting of: 2-
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formula (1): R XRR2 R3 X z X, RaRlo 6 RO Rg Re
R8 15 (1) and the pharmaceutically acceptable salts,
i ndi vidual isoners and m xtures of isomers thereof, in
adm xture wth one or nore pharmaceutically acceptable
carriers,.20 wherein X, X and X' are independently O
or S Zis Nor P, 71 R3is optional and is sel ected

fromthe roup_ consisting of tionally ubstlt t ed
CLC SRR 2GR eFBAd 1 ebnees (4R bpaepiiBolipgnyy 3 (20 -

ophcg{gjyl ly substi | t ut ed £2 @-dderibxiephl 2Pl J¥ethyl] ~1H-
substituted Cl1_6 al koxy li[{)tl onally substituted g

tm%ﬂ%ﬂelléﬁﬂﬂléﬁaﬂwe~éu%§% YTHIRN5 10 aryl , .3~
0Fﬁinféﬁiylﬂbﬁ%%f—bt[k}i?He@yﬂﬂ—ll@lﬂ‘éﬂﬁwe] 1@Bt;u@ﬁahhﬁe~

substituted C1 | am no opti onal % substi t ut ed
Y

CLt 8 @HRyiddernseny| | opta'o(r?aﬂrfn‘“guﬁéf“?? ty-b3glioxo-2, 3~

I t i n -
O e e il g O

al igpigano@myllasithyl) opt Bmxv%ru%ﬁhhﬁtr@dlﬁet er o( C4-

benzo[de]isoquinoline-5,8-diyldinitrite.

17. A pharmaceutical composition comprising a
therapeutically effective amount of a compound of general

formula (I):

(L)
and the pharmaceutically acceptable salts,

individual isomers and mixtures of isomers thereof, in
admixture with one or more pharmaceutically acceptable
carriers,

wherein

X, X’ and X'’ are independently O or S;

Z is N or P;
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G o)aryl, hydroxyl, hal ogen, cyano, nitro, am no,
fornyl, and thiol; RlL, R2, R4, R5, R6, R7, RB, R9,
and R10 are 15 independently selected fromthe group
consi sting of hydrogen, optionally substituted Cl-B
al kyl—optionally substituted C2-6 al kenyl,
optional Iy substituted C2_6 alkynyl, optionally

substituted Cl-6 al koxy, opti.onall u st t ut ed Cl1-

t hi oal IB#l , 18pt PBREPIRL s ﬁg'meae& ?63 ot EPY| the group
onsdrosialtin Ub@ﬂtub@ﬂl@ﬁaliya' kybwsyltuwst i ol y alkyl,
substituted Cl1-6 al kyl am no, tlonaII substi t ut

ed
lpﬁﬁlQﬂQ%}WbarbéH?FtlBﬁ??%nalI %ubs?? BREBYr Cﬂ;jPPtlonally

al ksl theram ng. , opdigRahly SSstdniaul! (E,Qbstlt ted C
C6)a|ky|su|f|n$% 6optlonally substltutgg C1 oee e

aI al st b ABARAIY cpteridubeds Fhet | thiread: ]‘H’é‘t'erQR’fG@ﬁallY

@%ﬁﬁmt@ﬁdr%ﬂ halPpen, op¥aBRal1 Dyt I GukdPitRted  Couy
and thio and” i ndi cates an optional double

boﬂd{ﬂ%m AOPRAPRA YL i carbebhiped | or?la@cor%]ﬂﬁé-aﬁ‘lﬂ-nor
g'@gl@&l%nﬁmeg&&%utéd and_X' 20181 008ReRAeNt 19610 Plaily

maceuti cal conp03|t|on accordlng to claim
7subsmé?rvéi|e# X1-X' abieyl ¢l fgr@nmdno7? quf.ionally substituted

B N i R e

ao&kkyﬁqﬂ;hpvydhainol7 optieneildyR]1, sutRxitR3edR4, h&Bsro (Cs-
el ral e uiir o RS, ARSIy SR e,

Cﬂggﬁ tﬂﬂqﬂb, optlonally substltuted C2_8 al kenyl,

P oMl L RS ol G2 el v 10 P01 ol Dk, e
independently selected from the group consisting of
hydrogen, optionally substituted C;-s alkyl, optionally
substituted C;-4 alkenyl, optionally substituted Cig
alkynyl, optionally substituted C;-¢4 alkoxy, optiocnally
substituted C;-¢ thicalkyl, optionally substituted Cs.yg
aryl, optionally substituted Cgi; alkylaryl, optionally
substituted C;-s alkylamino, optiocnally substituted Ci.g
alkylcarbonyl, optiocnally substituted Ci-s
alkylsulfonamino, optionally substituted {Cy~
Cslalkylsulfinyl, optionally substituted Ci-g
alkylcarbonylamino, optionally substituted hetero{C,—
Ciglaryl, hydroxyl, halogen, cyano, nitro, amino, formyl,
and thiol; and

-—= indicates an optional double bond.

18. A pharmaceutical composition accorxrding to claim 17,

wherein X, X’ and X'’ are independently O or S.

19. A pharmaceutical composition according to claim 17,

wherein X, X and X'’ are O.
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Cl 4 thioalkyl, optionally substituted C6_8 aryl,
optionally substituted C7_9 al kylaryl, optionally
substituted C1_4 al kyl am no, optionally substituted
Cl 4 alkylcarbonyl, optionally substituted C1_4 15
al kyl sul f onam no, (Cl-C6) al kylsulfinyl, optionally
substituted Cl_4 al kyl carbonyl am no, and optionally
substituted hetero (C4-C8) aryl. 22. A pharnmaceutica
conposition according to claim 17, 20 wherein Rl, R2,

R320 R4, A RhaffcditicBe. BhpodR€ibho a@eemmge@andﬁ&tlw 17,
sel ected fromthe group consisting of optionally

subRereit &diG1N6 alkyl, optionally substituted C2-6

al kenyl, optionally subst ituted C2_6 al kynyl,

opt i onal | y substituted C1_2 al koxy, optional I )
subkt | tutRpmcepticah camppsityphi Gﬁﬁplf?lé‘ab¥9i cdeda 17,

%ugez?éﬁ{ Ry op%g ong| |'y ;ubﬁ%l tytedpCl 2 al kyl a0hRO.R,, are
opt i onal stitute 'yl car bonyl opti onal f'y
subrder tgy 2se&eky¢@u|f—mmmﬁ (moum consisting of

c{%tl[ o fl ’su%%ttll%ﬂ%gyc subst }Ilut e‘%’o L2011y substituted

ortyl am no optlon stitut
he@m o( @4kepyar yl .opBiormlghar n&@éatllcateréonp&s ti eikynyl,

ac q:!';.ﬁgl mwher R4,
R6,i Ir33 , g’os%)’g\: ézﬁdo hl’egifgc’%%pe%%nﬁfg elsélc:%%t&tumd
f réym t hechgroauljkydensi sptmgn@ily 73 wstmtaitleyi Ce-8 aryl
sub J T ut dCllaIk ptionally tltted

S bRy o8l s Rt S s ity ny (P pralLy
A Wm@w c(al 1 Calpgdbmion, acgaritingd 1yo shlastdthited 5Cy-,

r| Si co ounds sel ect ed.fromthe u
DR comouRBt SenSiakern | T SPRaEaBpEeS as  Coo
claallfgacbunfoabmmb 8, qam&n:wnds a:xfkyg.%rm&rfahytwr Miloptionally

(bl D50 o At ledeahlBatasy *ladf"*Fesonarty

substituted hetero(C,;-Cg)aryl.

22. A pharmaceutical composition according to claim 17,
wherein R;, Rz, Rs, Rs, Rs, Rg Ry, Rs, Ry, and Ry are
independently selected from the group consisting of
opticnally substituted Ci_¢ alkyl, opticnally substituted
Cz-¢ alkenyl, optionally substituted Cs;¢ alkynyl,
opticnally substituted C;_; alkoxy, optiocnally substituted
Ciog thioalkyl, opticnally substituted Ce-7 aryl,
optionally substituted Ci-z alkylamino, optiocnally
substituted Ci.p alkylcarbonyl, optionally substituted C;
alkylsulfonamino, {C1—Cy) alkylsulfinyl, optionally
substituted C;-, alkylcarbonylamino, and optionally
substituted hetero{Cy—Cglaryl.

23. A pharmaceutical composition according to c¢laim 17,
wherein Ri, Rz, Ris, Rgq, Rs, Rs, Ry, Rg, Rg, and Ry are

independently selected from the group consisting of
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10, conpounds of general fornmula (V) as clained in
claim 10 11, conpounds of general fornula (VI.) as
claimed in claim 12, conmpounds of general formula
(M1) as clainmed in claim13, conmpounds of genera
formula (M11) as claimed in claim 14, conpounds of
general fornmula (1 X) as clained in cIain115 and

m xtures thereqgf. 15 25. A phar eut|cal osi tion

acRT iR 1% MR tEed \fhet & SFpstituted

set£etLdkdnan bha Bbﬁh&@naﬁpﬁsédﬁsﬂg:tﬁfed Cz-¢ alkynyl.
2-(2-oxiran-2-ylethyl)-1H
benzo[ de] i soqui nol i ne- 1, 3(2H) - di one;

2-34 3- methyd @d ¢t 1231 composition accordln to claim 17,
2-yl)met hyl ] - 1H benzo[ de] i soqui nol i ne-1, 3(2H) - di one;

2-CqpE IR INGet PRI I ns 2L §F 5S¢k t HYPH - Ipp group consisting

begg O&éiﬁ’ﬂdtﬁ%ﬂéwd;é}?exﬂaﬁ(f%lﬂnu(iboﬁq,l)za(30>81%§ﬁe§ in claim
yl met hyl") 3-di ox0- 2, 3-di hydro-1 K benzo[ de] i soqui nol'i
n-8.:5- cgqmgqqn(qst ef gﬁ,@eral formula (III) as claimed in claim

2-4 OXi. & gidd ek gg)%r)eﬂaﬁ i L A é%ngas laimed in claim

di h' droIH—benzo[ I soqui nol I ne- -d|y initrite.
26L0.A eantnatndst afedirriarglt Horprdpi f(é’ﬂatauson:l@fimad in claim

e?l;].getc%‘;n o(fﬁldls’ o%oggﬁ.b§gfgfgﬁrﬁlgfé ng‘/#)hectsc%laé.&%ﬁgrln claim

gt ve amount a conpo
nelt%odcampouadﬁed:’ﬁ ngeharai Zﬁprwhéael {tVihe aexpusimpd in

[ r t VI_VO. nd-a
Is‘cél%%e%qﬁjm \Gfdsf &%r N é:s?\iarllform fZLI pr?f[gggpgg daimed
ag:emtclaZﬁx A, ccnmmponddaSOfl gienmdal nE codmad s ﬂlmmaselcna:.med

 aysiaa® Gart Snbont R D atitr e & med | n ol ai m 26,
wher ei n the
25. A pharmaceutical composition according to claim 17,
wherein the compounds are selected from the group
consisting of: 2-({2-oxiran-2-ylethyl)-1H-
benzo{de]lisoquinocline-1,3{2H)-dione; 2-[(3-methyloxiran-
2-yl)methyl]-1H-benzo[de]isoquinoline-1, 3 (2H) -dione; 2—
[{2,3~-dimethyloxiran-2-yl)methyl]~1H~-
benzo[de] isoquinoline-1, 3 (2H)-~dione; 2={oxiran-2-
yilmethyl) -1, 3-dioxo-2, 3-dihydro-l1H-benzo[de] isogquinelin-
5-yl nitrite; and 2-(oxiran-2-ylmethyl)-1,3-dioxo-2,3-
dihydro-1H-benzo[de]isogquinoline~5,8~diyldinitrite.

26. A method of reducing the proliferation of a targeted
cell, comprising exposing the cell to an effective amount

of a compound of claim 1.

27. A method as claimed in c¢laim 26, wherein the

exposing is performed in vitro or in vivo.
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targeted cell is a eukaryotic cell. 10 31. A conpound
as clained in claim 30, wherein the eukaryotic cel
is selected fromthe group consisting of a cancerous

cell, a fungal cell and a protoctistan cell. 15 32. A
conmpound as clainmed in claim31, wherein the
eukaryotic cell is a cancerous cell. 33. A conpound as

clajmed in claim30, wherein the targeted cell is a
fuzﬂég'al %ce‘f?n.‘p?ﬁ‘r%4?su§elad‘fmeéi ctipSdadtofl.cl 8P BSen as an

t rntiproflacenaeioé agenedi canment. for reducing the
proliferation of a targeted cell in a patient in need

thereof. 25 35. Use of a conmpound of claim 34, wherein

t 29 .pai efbmpbend BEMB1ai3Rd Of1 44k OMPOU ;

cl ai m 35, whgrein t he mamal i;&ﬁa %ﬁﬁgﬁ.qgo %%éﬂiig the
o PHPLBRPodAd T 38 niB4ingheiRd naperRteris et aj sazmgeted
calkger, patient. 75 38. A nethod of reducing the
proliferation of a targeted <cell in a patient in need
thereof, the nethod conprising admnistering to the

P3vi.enh adbrfdiatd | We apRPLDLeQf ; ungy, of elaimi.
539. A negﬁ%d as claimed In cfgﬁn?% ,ﬁmﬂg%éi# ffein  the
paEreftedsegterss fa ankemyosic 4011A method as cl ai med
in claim38, wherein the cancer 10 is in the form of

solid tunors or | eukem as.
31. A compound as claimed in claim 30, wherein the

eukaryotic cell is selected from the group consisting of

a cancerous cell, a fungal cell and a protoctistan cell.

32. A compound as claimed in eclaim 31, wherein the

eukaryotic cell is a cancerous cell.

33. A compound as claimed in claim 30, wherein the

targeted cell is a fungal cell.
34. Use of a compound of claim 1 in the manufacture of a
medicament for reducing the proliferation of a targeted

cell in a patient in need thereof.

35. Use of a compound of claim 34, wherein the patient

is a mammal.

36. Use of a compound of claim 35, wherein the mammal is

a human.

37. Use of a compound of claim 34, wherein the patient

is a cancer patient.
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41. A kit conprising a pharmaceutical conposition as
claimed in claim17, and instructions for exposing a
targeted cell to the conposition to thereby reduce 15
proliferation of the targeted cell. 42. A screening

met hod, the nethod conprising: (a) providing a cell
whi ch overexpresses Cdc20 such that the

i uses a,reduction in the .prolife_ration
of 0 thalRbPr. OfnFegRpiEPnEhe PHOLET¢ratlan e destigeted

of Fn _ .

cargidunidy a asek (et del ﬁiéﬁd‘hﬂg?ﬂ&ﬁ&rﬁiqeﬁgh&ﬂﬂdé&%ﬁsing
[ 10

g?ao ‘1}%@%5??%8‘&&{ E‘Ehé(:z:]qrt_eie;]g 7 effective amount of a

compound of claim 1.

39. A method as claimed in claim 38, wherein the patient

suffers from cancer.

40. A method as claimed in claim 38, wherein the cancer

is in the form of solid tumors or leukemias.

41. A kit comprising a pharmaceutical composition as
claimed in claim 17, and instructions for exposing a
targeted cell to the composition to thereby reduce

pProliferation of the targeted cell.

42. A screening method, the method comprising: (a)
providing a cell which overexpresses Cdc20 such that the
overexpression causes a reduction in the proliferation of
the cell; (b) exposing said cell to a candidate compound;
and (c)' determining whether said candidate compound
alleviates the reduction in the proliferation of the

cell.
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