WD 2008/ 127197 PCT/ SG2008/ 000110 METAL TRI ANGULO COVPOUND AND
METHODS OF USI NG THE SAME FIELD OF THE | NVENTI ON [ 00011 The present
invention M MBA2HY a netal triangul o compound and net REASGCRF0s/0§110 S
use. The invention also provides a nmethod of inducing apoptosis in a
cell as well as a nethod of preventing carcinogenesis. BACKGROUND OF
THE | NVENTI i aks 1 OnglW méﬁg ]

bei ng t he s%ﬁd-lﬁgﬁﬁggomgf eat D|n evgpfgp(ggﬁggﬁméig\sg,ﬂgﬁd
even the nunber one cause of death in e.g. Australia, Japan, Korea,
Si ngapore and the nal e popul aFIRID OF THE INNENTI(3pai n. The nunber of
peopl e who devel op cancer each year is increasing. Neverthel ess
cancer theraﬁyxé has not nmanaged to decrease cancer nortality in the

| ast three del0R8HsThepresand ouEntionaelates kuz metal triengwlp Icompoundchad gethods of

apopt ogi s, ;RLOIFHINE i ar, .factor cantributi to
occurrence 1%919%;?110& . nﬁgllé%lsgﬁ}%%%glgrﬁmg%ﬁlgugﬂ%a%oé’m}niarcF i ‘ﬁ?’?t’%ﬂ
exert thei mdietdhaflprafehtng cdyinogelesis. ng apopt osi s. Chenot herapy is thus

currently largely based on the cytotoxic effect, in sone cases al so
on a true cytostatic effect, of a conpound used, for exanple by way

of DNA-al kyl ati on, i nhi bi @A@K@k%ﬂdﬁ@[ﬂ%ﬁf&ﬁence W th
:

nmet abol i smvia antinetabolites or structural anal ogs, and DNA

intercalation of antibiotics. [00041 It is an object of the invention

to prd¥ide a [Bmﬁ:]dﬂmndelsiaiatmijbzecammoﬁdeekhcﬁm@iwidﬁobahgﬂiﬁebdhdaleé‘cﬁ:k%]eause
0051 It igda t%urt@erlob&ect af thg invetﬁtion to provide a nethod of

vnduci ng 95 “5H8pPoSTVE PR LOPUPFS: 30 006% UAR GLmBET B‘B‘i seuse Af et in eg.

I nvention hasttaliaplaphdRofeaNBihBQRBrOindhe URAM pdRfllati6RbE tHRAATR NG ISDain, The

(cancer ogenesibs) #ﬁ a_cell. [0007] Another object of the invention is

to provi de™¥PRH 0 BRBIR "ba| dVelRp sEpeer GAch yerr it iecaeasing. Neverthslesy canserer

and/or pre b hds SRRANROSERERED ] : T.
AVERT! B oRpy s Sl agaen sézéﬁéﬁgfgcgg%lfgmg%f ki Becdecddde pect

the iT@enti on0qu3ihedsinge 65 akll forindBgh 2ot pHipthmrheEeeliBeath! sAUGYEAT
cluster of trlan%ular, structure, of the general formula (1) LI CO’CC
L2 =~ factor contributing to occurrence of cancer. Most anti-cancer drugs and gamma-

N irradiation exert their lethal effect by inducing apoptosis. Chemotherapy is thus
currently largely based on the cytotoxic effect, in some cases also on a true cytostatic
effect, of a compound used, for example by way of DNA-alkylation, inhibition of
20 mitosis, interference with metabolism via antimetabolites or structural analogs, and

DNA intercalation of antibiotics.

C_‘ [0004] It is an object of the invention to provide a compound suitable for inducing

apoptosis in a cell.

{0005] It is a further object of the invention to provide a method of inducing

25 apoptosis in a cell.

[0006] Another object of the invention is to provide a method of preventing

carcinogenesis {cancerogenesis) in a cell.

. [0007) Another object of the invention is to provide a pharmaceutical composition
for treating a tumour/cancer and/or preventing carcinogenesis in a cell.
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OCR / D- A COCO HHA ENCO OO \ 3 wherein RL is selected from
the group I sting of aliphatic, cycloaliphatic, aromati

aryl al i pha 020055#&1 ryl cycl oal i phatic groups, conpri si nPgC?.’SSézoﬁg/“O“ﬂo
heteroatons selected from the group cogsisting of N 0, S Se and
Si, and an elﬁ)g{!ﬁ'og]rich nm@ﬁ] The el eéctron rich noiety is either
(i) a hetero Isbt 8¢ atpeft B IRHRIGR qupyides s metal figngplongommousd, qirey 2
Se, or (ii hxﬂchddﬂﬂhét@ﬂﬁimﬁféﬁpstﬁﬁhﬁéto@% fg'ef?é&i'ﬂ;ﬁ%ﬂa O00H, - CONH2,
-SH, -Se, -CN, - NSe R2, P-(R2)3 and
_CF3. Ais selected froms, {b Se, N, 0, P04, PO3(R), P-(R2)3,
wherein R2 is H or an aIipha\ cy, @aliphatic aromati c,

aryl aliphatic or aryl cy@@w atyc groug)Ct hat LGcl udes 0 - 6

het eroatons selected fromtheé g SEO% and Si. Lt, L2 and

L3 are |igands independently/ :‘é'fmm NC(R2) , CN-R2 and

-P-(R2)3, CO NCCH3 an®'P-RA rein R2 is @gliphatic,

cycloaliphatic, aromatic, arWali\phatic or/Aaryl¢cycl | phati c group,
ed frogpxghe group N, 0, S,

that 15 includes O - 6 hetero

Se and Si. B, D and E are angi pen tly selected netal atom of

the group osm um ruthenium rheQ iridium tin and rhodi um

[0009] In a further aspect the in I’OVI des a net hod of

formng a netal triangulo conp Q;eneral formula (1). The

net hod i ncl udes providing a (X0 corrpoqﬂd of general formula R1-AH R1

I's an aliphatic, cycloaliphatic, aromatic, arylaliphatic or Oy

aryl cycl oalvhpbit RCisoeRbied foki <5i£pl éb‘ﬂﬁ&u%n faﬁpﬁh%‘]i:?gewaﬁﬁﬁa@emﬁﬁﬁé’ P
ncl udes a

fromt egi‘OiJ&% N,.0, S, Se an‘d Rl fu ectron”
rich mbi et §YiekpRaticepndarylgyrl Qﬁhehatmew; gompaising 81— § hetergathms eelectedfrom

sel ect ed fmerprdupCedistimy SORSOSE! B afd SN and Gn eRe@fifnae o?{{i/_](’fﬂe) eﬂ%tron
functional group sel ected fromthe group consi sti ng oin - NH2,

moisfy is_either (1)@nheterggtpm gelect thugroup ng;isti\l@(om O, SNnR2,
P- R2 3 6l S
0, (N %04@%03 ﬁﬁ’\i%%% z?’%gtt?a?é“# NeyBLoBESeONIL! M0k Scpge,
H or sel ecPEaNTF Q B Sgribise NCR4) $N-RG BRP4 andl GFhatiis selected from S,
cycl opj i phe, i, oawsat;’c%m’zryl(ﬁ*)gp%&ﬂeﬁa R2AY 1A 'aﬁy ?ﬁ&d %gaiaa@hatbc

groups, conprising 0 tons sel ect ed rom
3, Se and BPmatihATrakpsic rof rarreYcloatiphatiso group, that includes 0 — 6 heteroatoms

selected from the group N, O, 8, Se and 8i. L1, L? and L3 are ligands independently
selected from CO, -NC(R?), CN-R? and -P-(R2)3, CO, NCCH; and P-R2, wherein R2 is
H or an aliphatic, cycloaliphatic, aromatic, arylaliphatic or arylcycloaliphatic group, that
15 includes 0 — 6 heteroatoms selected from the group N, O, S, Se and Si. B, D and E are

Yy

an independently selected metal atom of the group osmium, ruthenium, rhenium,

iridium, tin and rhodium.

[0009] In a further aspect the inventions provides a method of forming a metal

triangulo compound of the general formula (I). The method includes providing a

20 compound of general formula RI-AH. R! is an aliphatic, cycloaliphatic, aromatic,
arylaliphatic or arylcycloaliphatic group, which includes 0 — 6 heteroatoms selected

from the group N, O, S, Se and Si. R further includes an electron rich moiety. The
electron rich moiety is either (i) a heteroatom selected from the group consisting of N,

O, S and Se, or (ji) a functional group selected from the group consisting of -NH,, -

25 COOH, -CONHj, -8H, -Se, -CN, ~OH, N=N, N=0, -NS, -NSe, NC(R?), CN-R2, P-
(R2); and -CF3. A is selected from the group consisting of S, Se, O, N, POy, PO3(R2),



contacting the conpound of general fornmula R-AH with a conmpound of
forrrula(llz) 1.~ SCE} t?G-- Boc 2 Co 3C5Co L. L5Inthis
formula B, W é?ﬂ?’lEné'r'e an independent|y sel ected netal RGEHGEHO{0PE10
group osm um rut henium rhenium iridium tin and rhodium L), L2
and 1) are ligand i ndependently selected fromCO -NC(R2), CN-R2
and - P- (R2)B(RM tWh&ﬁmaﬂzdﬁf Hned seledvay &pni-ﬁwagﬂwub&oﬂh@tldgn denendpRbdcy

from one angthe 0]..l.n anot her aspect t he
i nventi ons cﬁ?@\%{%g 1 HAMGH% a@fwg’%ﬁ%‘f éf‘&l"é’? I@%“ﬂ’at‘i@%ﬁﬁﬁﬁﬁﬂﬂﬁg 0-
general foretereatdriy sélacted Gompthe fgasipUN,e0,08, Siem%cmﬂ{e&foerﬁ;ﬂtmlﬁ?&ms

apoptosis in cell or for preventin i nogenesis in a cell
[0051s 1 n #op@riiitie 2amaRinddl SRt -GS HOVIiHe sompaIae g G (1)

i nducing apoptosis in a cell. yThe nethod includes adm nistering a
nmetal triangul o conpound of zgen ral coformula (I'). 15 [00121 In a
further the inventions pr OVI tes a/ﬁet h of Qr eventing carcinogenesis

in a cell. The nethod i n&Gmdes B n| ij a metal triangulo
conmpound of general forrmula (1)}, (0 f(yet anot her aspect the

i nvention provides a pharnmaceutifcal ition for inducing
apoptosis in a cell and/or prevepti n arc\no esis in a cell. The
20 pharnmaceutical conposition ingludes a m&t@l triangul o conpound of

general formula (lI) or a ph {;rLa.cBu-Ll\cgh y acceptable salt thereof.

The pharnmaceutical conposit cludes a cagier or diluent. WO
008/ 127197 PCT/ SG2008/ 000110 .5 4 DF_l?l3AI LED DESCRI PTI ON OF THE

'NVENTI ON [ 0014] The present invention provides a netal triangular

i;)m[))?ufcl:do ofn thie fgengs B, DfBEMILR 4l )ﬂdeﬁnder%?é‘lec% retalRohBot the/ grgﬂp_ )
osmium, ruthenium, rhenium, iridium, tin and rhodium. L1, L2 and L3 are ligands
independently selected from CO, -NC(R2), CN-R2 and -P-(R2)3, with R2 as defined

above. L4 and L5 are independently from one another NC-CH;, CO, NO or H.

[0010] In another aspect the inventions provides the use of a metal triangulo
10 compound of general formula (I) in the manufacture of a medicament for inducing

apoptosis in a cell or for preventing carcinogenesis in a cell.

[0011] In a related aspect the inventions provides a method of inducing apoptosis in
a cell. The method includes administering a metal triangulo compound of general

formula (I).

( 15 [0012] In a further the inventions provides a method of preventing carcinogenesis in
a cell. The method includes administering a metal triangulo compound of general

formula (I).

[0013] In yet another aspect the invention provides a pharmaceutical composition

for inducing apoptosis in a cell and/or preventing carcinogenesis in a cell. The

20 pharmaceutical composition includes a metal triangulo compound of general formula (0
or a pharmaceutically acceptable salt thereof. The pharmaceutical composition also

includes a carrier or diluent.



HCO ECOOCC\ 3" yJ 5Inthis formula Rl may be an aliphatic,
cycloaliphatic, aromatic, arylali phat| c, or arylcycloaliphatic group
that incl ud®@2¢9812%%het er oat ons (i.e. atons that differ PETSHIWHPHE)
and typically has a main chain of a Ien%th of 1 to about 20 carbon
atons. Respective heteroatons may for instance be N, 0, S, Se or Si.
The aliphatic, cycl oé}EWIEIEDESCmHTI@NQFT i INVEENTEONoOT

aryl cycl oali phatic noiety may al so include 10 ot her polar, non-polar,
saturated or m&ﬁ)ww@ﬁ:@aﬂ ifeRfon proGideidi Hﬁtaﬁ a{angeﬂmnﬁ‘pﬁﬂd SP heYgeneral
group. In sone e odi rents Rl is ‘a nono- hexacycl i1 ¢ aromati c

noi ety t hatformdalifes 0 to 4 heteroatoms. RI furthernore includes an
electron rich noiety. The electron rich noiety is either (i) a

het eroatom such as N, 0, S and,Se or gjl) a functional group.

Exanpl es of a respective functi P up b cl 2but are not
limted to, - N2, - NHR2, 001 Z000H, He, K CONHR2, - SH, SO4H,
- S04R2, -S02R2, -Se, -CN, NN%R ,/-0H, -N=N, -N=O
-ONHR2, NC(R2), CN-R2, P—(R20§ a fewillustrative
exanpl es, Rl may in someRemt g s be capr

3-am nocycl ohexane-1-yl -, tetr yd of ur an-

In sone enbodinents RI may be eroc
or quadridentate noiety. 20 DerH
of bonds via which a npoiety can,

o -
yl - pentanol 5-yl-.
ic bldéfﬁate tridentate
ynbol x) refers to the nunber
ast in theory, interact with a

metal. Typically it refers to t contl guous donor sites
by which a noiety can attacht ta 3 In formula (1) A may
be S, Se, 0 N P04 PO3(Rz), The noiety R2 nmay be H or
an ali hat patl C aro I al.i phatic or

aryl cy Ioa aJ? grfpbe 8 2l Haphﬁtﬁcfé’g opliphatic, | arprmpts,  Kigliphatic, or

typically w}udyca)anpmmoﬁampwmf itiddegot-h 6qfete4méc&nsamutatolz& thaD igfer %%npr
about 20 car atons, msslpectl ve heteroatom; i nst ance

2008/ 127199 /31‘3‘26@ 93 @ manifhaig ofpa leggthcef ﬁrﬁ%l abput 34 carpon aﬁeaiSLs
are | ndepe RAsHEElive Hotepsdtdas |11'12@a?d}5 instéhéeC Be MRY Addes, €0, orNGCHBh AR pRriR2 -

Agai n, %{be an aliphati c, cloaliphatic, aromatic,

aryl al | phaﬂ’ O%whaﬁl‘gnaé%#tt?aw{% ﬁf&,@r@aﬂcxc#@llphaﬁe|ra@ety may alpo include
het er 9gt 0B iHeS FS1af RON Pbiab satubdted QAEr Q'%H

CO B, D and Eﬁare i ndep er%ent? &suzll ectaed ‘Ifﬁd“%forleg 9% %Pof

osm um r ugHaR; I@rﬁomthoelmeniw js@rmonor ko mcychgdnoumw mAeey Hat mghlﬁes a
conpound of t{a er{gtgréatérlnl. ﬁﬁﬁnﬁ%ﬂﬁé fHendss SERELES B £ 1@&11“ 913{:&‘0 P&
kind of netal atom Tor exanple osmum or rufheni um but a WO or
three diff ety is kithat (Ofa heserahtoat 81eB,23iN,e0, FriandGeyret €i) aafimotional group.
exgrrpl € 0sS E&&H})l@g gf£ &%Bécﬂ% functional group include, but are not limited to, -NH,, -NHR2, .
15 -CO, -COOH, -CONH,, -CONHRZ, -SH, SO4H, -SO4R? , -SO,R2, -Se, -CN, -SCN, -
NC, -NS, -NSe, -OH, -N=N, -N=0, -ONHRZ, NC(R2), CN-R?, P-(R?); and -CF;. To

name a few illustrative examples, R! may in some embodiments be caprylamide-8-yl-,

3-aminocyclohexane-1-yl-, tetrahydrofuran-3-yl- or n-pentanol-5-yl-. In some
embodiments R! may be a heterocyclic bidentate, tridentate or quadridentate moiety.
20 Denticity (symbol x} refers to the number of bonds via which a moiety can, at least in
theory, interact with a metal. Typically it refers to the number non-contiguous donor

sites by which a moiety can attach to a metal.

[0015] In formula (I) A may be S, Se, O, N, POy, PO3(R?), and P-(R%);. The moiety
R? may be H or an aliphatic, cycloaliphatic, aromatic, arylaliphatic or arylcycloaliphatic
25 group that includes O — 6 heteroatoms, typically with a main chain of a length of 1 to

about 10, about 15 or about 20 carbon atoms. Respective heteroatoms may. for instance

R
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[0024] The term "aromatic" means, unless otherwise stated, a planar cyeclic
hydrocarbon moiety of conjugated double bonds, which may be a single ring or include
multiple fused or covalently linked rings, for example, 2, 3 or 4 fused rings. The term
aromatic also includes alkylaryl, Typically, the hydrocarbon (main) chain includes 3, 6,

30 7 or 8 main chain atoms in one cycle. For illustration purposes, examples of a suitable
aromatic moiety include, but are not limited to, benzene, imidazole, benzimidazole, 4H-
pyran, pyrazole, pyrazine, pyrrole, pyridazine, furan, indole, benzindole, thiophene,
benzofuran,  naphthofuran,  pyridine, bipyridine, indole;  2H-isoindole,

anthrathiobenzene, naphtalene, triazaanthracene, [10]annulen (1,3,5,7,9-cyclodeca-



azoci ne, |H azoni ne, oxepine, thiepine, thiaphanthrene
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sel ect ed. ?’8 th n sonme enbodi nents where RL is a nono- to
hexacyclic ar 61 AcBRER ook dieddid seles : dﬁ&)tnﬁj’ e
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(again with the nunbering of e netal atons 1 ndicate
OC\ \ Co with one or more aliphatic groups. Thus the term "arylaliphatic” also includes T

¢

hydrocarbon moieties, in which two or more aryl groups are connected via one or more
aliphatic chain or chains of any length, for instance a methylene group. Typically, the
25 hydrocarbon (main) chain includes 5, 6, 7 or 8 main chain atoms in each ring of the
aromatic moiety. Examples of arylaliphatic moieties include, but are not limited, to 1-
ethyl-naphthalene, 1,1-methylenebis-benzene, 9-isopropylanthracene, 1,2,3-trimethyl-
benzene, 4-phenyl- 2-buten-1-ol, 7- chloro-3-(1-methylethyl)-quinoline, 3-heptyl-furan,
benzomorpholine,  6-[2-(2,5-diethylphenyl)ethyl]-4-ethyl-quinazoline,  1,3-benzo-
30 dioxole, 9,10-dihydro-anthracene, [3.3]Jorthocyclophane (5,6,7,12,13,14-hexahydro-
dibenzofa,flcyclodecene) or 7,8-dibutyl-5,6-diethyl-isoquinoline.

[0027] Each of the terms "aliphatic", "alicyclic", "aromatic" and "arylaliphatic" as

used herein is meant to include both substituted and unsubstituted forms of the



Sl at- S\ OS\CO \ CO H\(Gs2 CO OC CO 15 [0030] As an illustrative
exanple, in one enbodi nent a respective osmum triangulo conpound is
of the str mula: OCS O S 1CO nDz~-'MC C

Voo o o %‘Eﬂgl; 2008/ 127197 PCT/ SG2008/ 000110 192\%588@?’)0@1“

nmetal triangular conmpound of the generahsfornula (1) (see above) may
be formed by providing a conmpound of general fornula (I111) LI OC\"°

/ CO OC L2 TREpeFiivegneiety Sobstituents my hehiny fupetinniah gRup.Dasafod efaraple, bwt not
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and aryl cyéﬁo%ﬁnﬁhg?'%orﬁrpgtﬁé f‘ﬁg’{‘yﬁ(j"?h—‘ép%ﬁ&&& ’ i”‘—‘*&"ﬁ&%l@?%’?%’iv nitro-
sel ect &d f remzenba]lPhgly pnd\neBaneSulfogyland Si. L4 and LS are

I ndependent|ly sel ected |igands, which maybe of NC-CH3, CO NO and H.
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certain |i gapesmetaiingdf e dediat® Boiety, they are independently selected.

[0029] In some embodiments where R is a mono- to hexacyclic aromatic moiety

10 that includes O to 6 heteroatoms (see above) B, D and E, as well as L1, L2 and L3 are

( ) identical. L! - L3 may for example be CO, and B, D and E may be osmium, in which

case the metal triangulo compound is represented by the following formula (again with

the numbering of the metal atoms indicated)

o

15 [0030] As an illustrative example, in one embodiment a respective osmium

triangulo compound is of the structural formula:



15 replaced during the formation of a netallic conplex with an

organi ¢ conpound (e.g. Hung, J.-T., et al., Oganonetallics (1996)
15, 5605- 582008371, R, et at, O ganonmetallics (1999FCT§32008/000110
3519-3527). In this regard t he present i nvention provides a nethod
of formng a netal triangulo conpound dé defined above. The method

includes cont agsing et %’8‘9 |
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pyrazol e, pyrazine, indole, ben2|qdole qui nazol i ne, thiophene,

pyri di ne or napht haqui noline above for further exanples), any of
whi ch can be substituted. | rL Oi s qui nol i ne, the conpound
R -AH may for exanple be 2 tsi et hi 8, 514ui nol i net hi ol

(Chemi cal Abstracts No. 3056-03-9},
51812-96-5), 6-quinolinethiol (CA%}
(the sodiumsalt has CAS- No. 280 16 3)
(CAS- No. 75356-56- 8), 4-nethyl - ui ne ( CAS- No.
4437-65-4), 6-nercapto-2-quinoli n 1one ( No. 110131-14-1),
3- net hyl - 2- qui nol i net hi one (@Sﬂgg 6-74-8), 4,7-
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93N- et hy| cobtaGtith @ |lcon@tiniEof @%&aﬁ\'%rm?lfaogﬂ Gr?th@ compound of general formula
N-met hyl - 7- gui nol i nai ni ne (;CAS- No. 128278- 08-

8- sectoct y[f*aﬁ*flrﬂoE’E?mm@I Ph&! [nghude.but &"fo@f%h%e‘t)m quinoline, isoquinoline,
5-1 socyangug@izoRl i 1- s pRt h ui ne
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thiophene, pyridine or naphthaqumolme (see above for further examples), any of which

l j/het hi ol 25 (CAS-No.
9-6), 8-quinolinethiol

-5
igﬁ}ﬂ - 8- qui nol i net hi ol

can be substituted, In case, R1 is quinoline, the compound R!-AH may for example be
2-quinolinethiol, 5-quinolinethiol (Chemical Abstracts No. 3056-03-9), 4-quinolinethiol
.25 (CAS-No. 51812-96-5), 6-quinolinethiol (CAS-No. 100653-59-6), 8-quinolinethiol (the
sodium salt has CAS-No. 2801-16-3), 3-methyl-8-quinolinethiol (CAS-No. 75356-56-
8), 4-methyl-2-quinolinethione (CAS-No. 4437-65-4), 6-mercapto-2-quinolinethione
(CAS-No. 110131-14-1), 3-mcﬂ1yl-2-quinolinerhione (CAS-No. 183206-74-8), 4,7-
dimethyl-2-quinolinethione (CAS-No. 64215-48-1), 4-ethyi-2-quinolinethione (CAS-



116632-62-3). Likewise, if isoquizioline is used as the aromatic
noi ety, the conpound 20 RI-A|l maybe 1-i soqui nol i net hi ol ( CAS- No.
4-1isoqui nol i net hi ol (CAS-No, 139266.03-8), 75 squ| noI i nethio
(CAS-No. 663623-45-8), S-isoquinolinethisl (CAS—No. 491- 33- 8)

4-isoqui nolinam ne (GAS-No. 23687-25-4), 5-isoquinolinarnine
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sui tabl e scﬂ%@?ﬂ @9-7)164 ethiyl- hew&rybz-dﬂﬁptmmlﬁpn@msmlaxams 1eT)z Bmesthyl-4-

car bon e it BeL Ay Ron e 80017 2 PR e SkoBobop e e

di sul flode, (caisnrzaﬂy@smwsaa),, 3-giuiRysRmenind (A o, ssmﬂ-s) m%ﬁmﬁh&ﬁ%ﬁ'eggt#gh

t hyl l.ycol but th t et r ahydr of ur an

nbgdieprgntg §‘¥ fI%- Eggfye%fqywewﬁgg?@e&paél 1a$4egw-sqm@tylé@mmha¢
(g'le{})er al CB oggnlsm&l llhbamasu She! '@On%ﬁmﬁﬁméeﬂfﬁg%%t Egsdé)és 4enely hmﬁ%ﬁméa
enbodi nent éCéSé&@rp‘iﬁ%bP 8)} 4g@n@whr’ qiiophaAnzng WAB N, di ARTH-79-Q)0 8aindBhe o

OC Co R - ffine {EQS No. G%%-66- ﬁ,%lmnoqumohne (CAS-No. 40107-15-1), 4-amino-7-
15 methyl-quinoline (CAS-No. 860193-92-6), N-methyl-5-quinolinamine (CAS-No. 7506-
67-4), N-methyl-7-quinolinamine (CAS-No. 128278-08-0), 8-sec-octylamino-quinoline
(CAS-No. 110336-36-2), 5-isocyano-quinoline (CAS-No. 194281-91-9), 6-methyl-7-
quinolinamine (CAS-No. 129844-69-5) and 8-methyl-7-quinolinamine (CAS-No.
116632-62-3). Likewise, if isoquinoline is used as the aromatic moiety, the compound
20 RI-AH may be 1-isoquinolinethiol (CAS-No. 110131-14-1), 5-isoquinolinethiol (CAS-
No. 197511-90-3), 4-isoquinolinethiol (CAS-No. 139266-03-8), 7-isoquinolinethiol
(CAS-No. 663623-45-8), 8-isoquinolinethiol (CAS-No. 491-33-8), 4-isoquinolinamine
(CAS-No. 23687-25-4), S-isoquinolinamine (CAS-No. 1125-60-6) and 8-isoquinolin-
amine (CAS-No. 23687-27-6). As a further example, if pyrazole is used as the aromatic
25 moiety, examples of the compound R!-AH include, but are not limited to, pyrazole-4-
thiol (CAS-No. 82358-20-1), pyrazole-3-thiol (CAS-No. 82358-00-7), 4-hydroxy-
pyrazole (CAS-No. 4843-98-5), 4-aminopyrazole (CAS-No. 28466-26-4), 4-(methyl-
amino)-pyrazole (CAS-No. 28466-28-6), 4-amino-1-methyl-pyrazole (CAS-No. 69843-
13-6), 4-nitroso-pyrazole (CAS-No. 34690-93-2) and 4-(ethylamino)-pyrazole (CAS-

30 No. 28465-84-1).
[0033] The reaction of the compound of formula (III) with the compound R1-AH
is typically carried out in an inert organic solvent at elevated temperature. Examples of
suitable solvents include hexane, heptane, cyclohexane, benzene, toluene, pyridine,

dichloromethane, 1,2-dichloroethane, chloroform, carbon tetrachloride, carbon



10 [0035] The reaction of a compound of formula (V) with a conpound
of formula (i Rl-AH results in the formation of a conpound of
general foWRRAMEA29497 CO OCOC CO CO RI-A Co CO E COPOFGCHGOICD
|l igands in the conpound of formula (V) nay further be replaced by a
reaction with NC(R2), CN-R2 or P-(R2) 3 wherein R2 is the sanme as
defined ab h 0] 2 0

reaction p%@ggtg %ﬁ%@bgﬁé%to\%%n‘g% %?rrtuﬁgé ?3%&9 \ﬁﬁ‘ cehlgaglyc01
| east one mbn@btéylleﬂmndwrahyﬁreﬁn@m s -NC(R2), CN-R2 or -P-(R2)3. In
sone enbodlnents the method of the _invention thus includes

cont acti ng t hd083tJausemeoembpsliaents of gy rRspestips/meghodnLh to donpreu@@. dhe

5 formil 5 FETAG o BrraL ST e dod 3R ARRYRP sl R R NRYT

present inventors nade the surpri€lhg finding that conpounds of

general formula (lI) are able t4 i nduc Cﬁbopt05|s inacell, and in
particular in a tunour cellq arrpl eo©sm¢§1 triangul o conpounds
of different structures have sofa un to bind to DNA
(Rosenberg, E., et al., J. Ogano 003) 668 51 10 58) and
to inlg bit tel onerase act|V|ty ( Col ngelo . Inorg.

Bi ochem (2005) 99,505-512). . [0D37 ccorét ng?y the pr esent
invention also relates to the use o met aI ‘t:@| angul o conmpound of
formula (1) for inducing apopt@@LSf such as a tunour cell,

e.g. a cancerous cell or a precang r é§ A respective use may
for exanple be 15 the manuf act ur & of (PI'EdI cament for this purpose.

ACCor di ol suisheni@kihts CLorhfind LB Bhrbi1S( Y8t use of

conpound as defined above, |nclud| e use manuf acture of a
medi canment. I n one aspect the prgient invention also relates to the
use of a conpound as deflned a e f@Qinduci ng apoptosis in a
tunour cell. In this regarg the eSent |@Xent|qggalso relates to a
conpound as defined above for I n

EE
) \/D\O

OC CO

10 [0035] The reaction of a compound of formula (V) with 2 compound of formula

RI1-AH results in the formation of a compound of general formula V)

CC)

CO
oc\ co
OC CO

CO ligands in the compound of formula (V) may further be replaced by a reaction with
NC(R2), CN-R2 or P-(R2);, wherein R2 is the same as defined above. The obtainable

R,

i



20 apoptosis in a tumour cell. It is understood that the forgoing and
foll ow ng explanations |ikew se apply to a respective use and to a
conpound f owotzhas/igaisd application(s). In this regard. therstsesicoaite
also relates to a netal triangular conpound of the general formula
(1) as a chenot herapeutic agent. [0038] lThe respective cell, in which

apoptosi s is_i.nduce may be .obtained froma 25 mammal, such as for
exanpl e a rrg?c,tmg pﬁocggﬁl/?t %’“éea%‘?{ds P gfhed f°”ﬁulﬁi(§=, inghigfyat leashengr 9fdhe ligands

gui nea pi g,Lla- HAnst-BNC(RA), CtWRIAHZ FE(R2,. THESHS HMHERNerdd) thePmBIAR LS o
some enbodi rrents_tﬁuslres ective cell is cultured. In other enbodi ments
i ‘HE

the cel | mdy"HEon Rfies neoptactingrdlle campingsobgencerl fomsulex@hpivel a
above. [ Oo%glnpmlﬂm ooine %%EC téNLﬁmmﬁeﬁ-Mﬁ% tﬂ@?cfdn%\{lﬁﬁtog% general

i ncl udes sel ectively C | Ny apopt osi a ce

prol i f &r at ifoeds BbAdémoiatige R! and 4 aramsolefinaledbbye: | nduci ng  apoptosi s in
a tunour cell r@ fﬂ; exanpl e be a therapy for the treatnent or
preventi on of [{03AkLhe Presaricinventasomadsshs swprising findisg thatagompoundsof

cell inclu bR | t, i cytosolic
aci di fi cat %gﬁed(ﬂg{e)e e. él) Q%?%“?@?“?%W@%%%@ﬂﬂ?%?%bﬂ % tnal Qimour
5G200S/ 000 teli.¢For example.capniiwmtthianguicegarpdutdsaif diffires efriatures haliefsb atdngn
Is often a vient . | peptosis Le.g. unad, K, A , et al.,
Cancer - Resfge%%h%}'%&f?& %}2% n e%éﬁé%‘-r ﬁ%@?ﬁ@"ﬁp@ﬁbg@:”? fed: gres
in sot@ entBpimemntiahibit eldfieRRs activity (CoRhEAS DD Ul A1, I BR6E 1 HIEcHRY BR05)
gpem es (R@é(}é%ﬁﬁgtlve oxygen species can nediate 5 cytosolic

t -

cidifica re one of the nost common types of free radicals.

They are produ b LL._aerghi¢c cell.s during notmal cell respiration
and net abol i snl:b gg—g %?cgr&llg}]@% fi PVS?“édﬁYeg#% eSO g‘[fnl‘%e gdietely
in the bodgrianguloeerppunihyf firfmla (I fdrdhducinizadpbpiosis 18 4311 251cRAk lalkiing i

and Iifestxﬁlag factors such_.as snokin xercising, increase the

pr oduct i on“BP & géﬁap%aq@aﬁegoqarprg@ﬁ%pg@%{fg | AERPECHE Ush Baydenydmpie hene

presend 10thenvenifaciiret dtea haddedaiRnd i WaIS @uﬁf&s&.%@:&@d’iﬁ%yﬁh@%&h&@ ot %;bd
the generation.of reactive oxygen species is disturbed by neans o

action of VAU meludes, s use b fpwimpguad as defined adovm dvduding the ysedu khe,
pr ogr amredm@gbthctd@ 1 maReRi RS 1§ ohé ﬁp@&‘&feeﬂ'esehpﬁeérﬂéﬁ 6?ﬂ%£ B HANS

for instance denonstrated that H, Q2 can induce ce élﬂesa I N cancer
celI's, | nth25¥rpRyodiRe deiingd abgwe fanirdusingrappptosis jnsa tusueur gell. dh this regatd

way of kil {HeNgre6APGRYentih! so kBakd 14 Ni %ﬁg&ﬁﬁdﬁ RRRL g@%ﬁm 3}{&& ce

al so shows that cancer cells are nore susceptible to nduce

cel | Hbat haromiasisripaiumpurcesil) K is wrdeestad tegt the fotpeingsind dollafing keplpratisent

et " B A Lo e U 66BN 1 ™
induced norgagddhe ventipm Ao widtes todandtil thimgBlar kbmbmmd ofmixhgeitarat @ringila
{han 250 A4 1\, BRIl MRDREA o5 and nor T
[0038] The respective cell, in which apoptosis is induced, may be obtained from a
25 mammal, such as for example a rat, a cow, a goat, a sheep, a pig, a dog, a mouflon, a
guinea pig, a hamster, a chimpanzee, a rhesus monkey and a human. In some
embodiments a respective cell is cultured. In other embodiments the cell may be

included in a mammal, such as one of the examples above.

[0039] In some embodiments the method of the invention includes selectively

30 inducing apoptosis in a cell with a proliferative disorder, such as a tumour cell. Inducing
apoptosis in a tumour cell may for example be a therapy for the treatment or prevention

of cancer. Inducing apoptosis in a cell such as a tumour cell includes in some

embodiments of the present invention cytosolic acidification (see e.g. Fig. 5C). It is



20 nmonocytes (Poh, LW, and Pervaiz, S., Cancer Res (2005) 65, 14,
6264- 6274, incorporated herein by reference inits entirety). [0041]
Reacti ve o¥pmns/epedi es are |largely produced i n m tochanmiriGogsicosiian
overvi ew see Adam Vizi, V., & Chinopoulos, C, Trends Pharrnacol.
,Sci. (2006) 27, 12, 639-645), and repBesent inportant nediators of

cell cycle S| toti.c. cell. 25 death., Exanpl es_of.
Feactive ofbisaHl B1SIeRMa ¥ ARARLAicaRin i Ref ARt el RaSiufts e
radi cal , suwhendxkde, @R)Camez:ake, (2604)¥d| TB6YL7878li cal , peroxynitrite,
hypochl orous acid and hydrogen peroxide. It is noted that in the

met hod of the [§P€Hdnduding capoptosis inpludescdh | some embpdinentst an efnctaase in

oxygen spegj t T S i fect of these reagtive
oxvgen sporraceii e SRl el STBRRY K SVart it < aperrit s
30 levels oﬁ?mﬁgabiﬂifmaﬁmymelspmdvfahenm‘sﬂdbhuﬁm?j:ezsifmeeagﬁﬂafsyfl‘mhare_
inmportant role in t centr ner vous stemafter cerebral ischem a
a:lrg in cer P@FHCGQ{L&E g\g aB‘Pgi’?a‘?eﬁ? &E”’%ow %/Fﬁ r‘?SHF?thP?}allﬂl’é’éa%. ago
2008/ 12719 gerfefall SIG%QQ!%& ¥90ali8xiddrs [pﬁaﬂgeh i?ip@l@'tﬂaﬁk.clnc@\]el'ysﬂﬁx DfeDickrtain

characteristic hal Tmarks such as cell size shrinkage, ‘chronatin

condensat i BrtorpRICh asanphistieratand tifespleafatarsawh s smolihg bbéxersisiag dnarbase
formati on @f Ot | j cordi ngl v.. _apo sis of . a Il _m
be noni torglg s g‘?@hg Iog,fpe\(/gﬁg(?%ﬂ%'ggisrreng.e C}e'lmg%'ﬁ’?ngfﬁéen?e@% Ogilgecﬁlfe?%’%
of apbpt osinseit®ndbpbaidect batwes mtibkidarete prodattioanamaf tha gbesritloyy dfreactive

cysteine proteases, terned,c ases. |t can proceed b either a
intrinsic P8 BT ﬁsﬁ%&??ﬂ&a‘??mﬂ 3HPH 13 fﬂﬂaﬁ?’%‘ﬁ”@h‘é’w RSic
pat hway | fefkd @Bovd. gt b &suRf prdgatdhndde&BPIRtS apsiRtbsia s inBuded "RUerous
necrosi s factor, receptor, TNF-a receptor and the Apo-I /Fas

e.g. a _
(CD95) ol Beeftsehave fosigatanes Asaunsiatrdsthatd. Qeenan defluce pelt ¢rathineogagsr cells.
i nvention jne\ediV, & =) [ - . [
factor 10 FE B g e s 2N AR (R TP ME SRR Sl J
( TNF Feceptisrregard.argerimentalf evitkpgd algorsypws dhaitcarren pajstaos ingre ywaeeptiblg to
ligand) r t: i I RSd Cq: Dat tosSLsS.iS
i L ochondr | acar aa Wi sphfal Gt Rboiuindl, MiHede 3E0R ARy
t r ansnenbrianentigot ie nparaculgriy pyefianth ithed kdling 0f ofanerr t @hoAdranakxample, a

bili Kol 1 ' A pet
per b e L S0 Aol od R4 Sholl 4 5GP ST VAL
f or mat i on @sfatht ineBkdkit’ b 1ymphomiancells ithara ih gVe onporenal (yRhHGyytey and normal

j i t |l g Fas- i at d i
cont i By B PR TR G B a2 Sep Genh Brar P LS. d4s SAEEYY
(e.g. Wangincalporatet hatein byPrefecencblat iks entife@dd. Sci. U S. A, (2001) 98, 24,

13884-13888). This results in cleavage-induced 20 activation of
caspase 8 and [Q¥dpBsectivg oxyeepersciey edrg larghly cirodyved jintmisochpredriaptpe et i c

overview see Adam-Vizi, V., & Chinopoulos, C., Trends Pharmacol. Sci. (2006) 27, 12,
639-645), and represent important mediators of cell cycle progression and apoptotic cell
25 death. Examples of reactive oxygen species include, but are not limited to, a peroxyl
radical, superoxide (O;), ozone, a hydroxyl radical, peroxynitrite, hypochlorous acid
and hydrogen peroxide. It is noted that in the method of the present invention
intracellular levels of reactive oxygen species are affected. The respective effect of
these reactive oxygen species ought therefore not to be confused with extracellular
30 levels of reactive oxygen species, which for instance play an important role in the
central nervous system after cerebral ischemia and in certain states of cardiac iﬁjury or

inflammatory disease.



program (see e.g. Peter, ME., et al., Biochimca et Biophysica Acta
(2005) 1755, 25- 36), including the activation of caspase-3,

caspase- 6 and60@apAse- 7. 10044] Upon the activation of tﬂﬁ%ﬂeﬁ&khﬂﬁh&
pat hway, mtochondria are induced to release a nunber of
proapoptotic factors. This results in cagpase-9 activation which in
25 turn can activate caspase-3 (the effector caspase responsible for
nmost of the chdf@f2d Ansptatigedlly ﬁéﬁmﬁj@@sﬂessﬁdm&m stch apmnmssmnkzga,

pat hway i nv, r f - sts of
bot h pro- ap%%%ig%ﬂmg Cgltrlf%h |8 f]; 1\F(;‘@t ot ggtﬁtrl%rﬁregl%n P?Hf?f b g 4 she
activation. fOﬁnajmpoi)taumﬁCBbbdl& fAacpidinghye rdpepissi exfoa cBaKnay%é( monitored -

Bok/ M d, Bcl.- ﬂe atetJF*uIil reIe se of ctochro c fromthe
m t ochondr i 4%¥2 ‘8 FTE AT Fe PACRlign 9 é‘PPPf@Slﬁ W@%%E@é@on

cascadé wi tthe abgvatiohiofad f@zﬁl}OBf EW o&:ase\é%tehﬁe@aa&pas%@kzt%aﬂ préeta &5
pronote apoptosis, other Bcl-2 protei nsT% -2, Bel-XL, "Bel -W
Bcl-B, MclGther ag ipfyinsic ong @‘@ﬂﬁl%?ﬁ%ﬂ}'t énﬁipoﬁﬂrmlus:owlg@&&msm pathway
Expressi on C [ tochondrl aI
ot or 1o Aot ReiSh ARABbb o Sl bt AR e BOS SR  BEE
factors corfNli-nadcaptdrhnd the Apn: h/(FaﬂfGRQS) ﬂaotd&utadhﬁoﬁﬁ&n%dﬁ[e@ts&hmmﬁbd
t he WO 2008/ 719 PCT/ SG&2008/ 00011Q 20 2 fam ]y, the BH3-only
prot ei ns ( &Eghe piegent AAYPRURR fyolygsan 1ggreps @Eﬂressioﬁdlf@em%bﬁ?%%?ssfa@?r
act i vabi ng (UN®) RREPIOP kb, ardntaglcwssqgm AFiBRS, TRER DYTNRhédRblol-TPadhd -

optotic proteins such as Bcl g) ot1c death receptor” an

i t ochondr i &4 Med T -relatedhanrapiasisivdicing lisandaspeptass DR4andi DR i Tha intviksic h
in turn bri bgut | SAgSE _ ezl 045]
even | n  ndaaf PR apbitBsig! STaREMRia deBhdenf nfiCvolyel O e P ECES
of ni t ochomeitdchongaial b@mm@aney Tetanbinls t (Asw) e ind Alrslacmd tnfypmtmfnondnal

signal li ng ﬁ?ﬁéﬂ identified in this regard (Type |1
si gnal , vspE %ve &med Type | signal), which requires the
i nter pedi acy ofooa3pRame «Bseddtint bariRg F@th\l@y famad %aaa (Pis®) @&Qﬁi&éﬁﬁce

proteins such as Bid and Bax. Simlar 3/ to the intrinsic” pat

i nvol ves aﬁl:?%oq{@t%}?t??fth%f?r&@ﬁ%@fﬂ&l eathringuming ﬁlg@almgammp{qxdﬁ)l-‘ﬁ(ﬁﬁ})

Thi s | eads rdcpuitihid) &th€ 958for OfnolichiRC PANLEdMted MNeBh a@@rﬂzﬁm{[ﬂﬁoﬁﬁ ellD

such as cytochrorre C, to the cytoplasmwhere 1t results In

assermbl y ofF4RE) aﬁémr@%%ser%geéﬂeémrwmasw (elg, \ngadnmta@}uemf NaKle
C. el egansﬁ@&'sﬂefﬁbAPf@b P o ERY, 4136RR38489, TRAPASGin LiWPacdInduced

activating caspase-9. e-9 cdnin turn’ac e furt aspases
i ncl ud®ng éﬁ%ﬂ%-ﬂfl@spﬁyt&)@hd oAspase |1§, f@pemndyawhEhmmtml the chpoptotic

co-factor t f act
formati on, H %%%@t RYE |%ﬁﬁoﬁ%hg{%lh (l’cr}flsnluﬁa 3%%‘65 dgﬁc@cgﬁ%ﬂ%f%s 25—
tivati on36)‘, inchsiegsths attivarioabSaspast-3, dagpme 6 Milgaphseshove) results in |

~loss of mitochondrial transpenbrane potential (Ayr) (Santaj, A K
et al. J. Bi ol [00¢HHpon thegeiivation of the intnnsic pathway, mitochondria are induced to

release a number of proapoptotic factors. This results in caspase-9 activation which in
25 turn can activate caspase-3 (the effector caspase responsible for most of the changes
observed in apoptosis) leading to apoptosis. This pathway involves proteins of the Bel-2
family, which consists of both pro-apoptotic and anti-apoptotic proteins, regulating
caspase activation. Pro-apoptotic Bel-2 family members (e.g. Bak, Bax, Bok/Mtd, Bcl-
XS) mediate the release of cytochrome ¢ from the mitochondria, which then participates
30 in initiating the caspase cascade with the activation of céspase 9. While Bax, Bak and
Bcl-XS promote apoptosis, other Bcl-2 proteins (e.g. Bcl-2, Bel-XL, Bcl-W, Bel-B,
Mcl-1, A1/Bfl-1, NR-13) inhibit the apoptotic process. Expression of such antiapoptotic
Bcl-2 proteins blocks mitochondrial apoptotic activity, presumably by blocking the
release of the factors contained within mitochondria. A third group of proteins of the



20 281, 40, 29652-29659). (0046] Bid, a BH3-only nenber of the Bcl-2
famly capable of inducing apoptosis, is a substrate of caspase-8
and is actiwnedoeghiwt he extrinsic pathway. Once translmagagdcadosioder1o
m tochondria, the cleaved Cterminal Bid (tBid) potently induces
cytochronme c release. Thus, Bid connect2® the extrinsic, death
receptor pathway and the 25 intrinsic, mtochondria pathway and is
responsi bl 8ckdiaaily.obs BHeonly priteins éo.anidt Rad. NpyanBmieBimbk/Boghdaduce
activities AN (AW :d : ] 0 nlggﬁg Nt S:_
t he net hodangfPtl c15:35?1se E%f&(gg{é\!r%lltng! %@%&?#gﬁd %bé?ﬁsggé&a# ﬁfl?l’cgiggge r ;etr%aéngl of
cyt ochr omea@ptatisrprateing shdbragrBok-2. The apiptativedeath reskptas andf misochondrial death

m t ochondr ] i ri rs._caspase acti.sation,, has previ ousl en
Mot + cat ecPiivah bal et PEb 25337 0B Wk by Bl oS oBO FHhP Pttt
not ed % hat ofthe selef f ect does not indicate an activation, or even the
sole activation of the intrinsic pathway. It nmerely indicates an

i nvol venent of[0045]dddveryar, i avenn it htkewaytriofic,acei drathf rezeptet spathtwayantal o
conmpound used, . in th t hod, of .t h resent Lnvention. ,WD 2008/ 127197
boT SeoooareBrTIEt 3% TSR, ni eBL HGRY Aol i RebrOEf e
present i nyigmllimnrbMmoCBeShidtheeXdonafied Minthidfregard (THIITT BiRRAIOSS, Shd aphver
(TNF) receptor, gene includes activation of at | east one caspase {see

e.g. Fig. Prusdahumecssignall sdirdorenyiess b phswedianycoi crapasendt andrige Rot-2
limteg t Ofmﬁ@%@-al?ospt&%;p?@télgm _éuchlc@?g@gﬁ Bax. Qﬂﬂ% FH3P aﬁqn@msic pathway

Activation of "a Caspase may 5 inclu proteo %/t_I.C cl eavage

i nactive pitanwhesandndusdien Ff gutoghonddalcpeBpeabjlity frausitivn (R EX Thisdesls tohe
protein Bax,i ; i he f e..Bel -

Pomi 1y, Bogeisaeesp 3L i bbb RO SRRC ko ORBARRI G oo
| i pi ds of cytdpiasm tvheteanchsuléd inahe essemblybrfaheapoptostas tdgether stidhvwipafiat

on the inducti.on of opt 0Si S X, trans] oc intp the oute
nenbrane o OWI?%‘Fh%g&I ? %?%Pse cEﬁ 45 gBrﬁ%f’} géﬁf“’iﬁ“fé’&)‘ﬁsp?@ ?*n thus
m ':)OChi) ndr activatirssf d«tﬁgﬁsé-anﬁpﬁkeF%bm&uxﬁfac@wdt@ﬁsﬁthﬁfm%ﬁasem&lﬁbing rc]:aspase-
subsequent | activates caspase pat, S, This obseryvati a
recently bL(i rF%%‘?%‘F?rP?rﬁds ?‘H By %‘%SH“QQ:%{'?%E (tBeptyr ‘Y‘HbAff%g f re'g or
in both ceddivitie aplptowsing Gorttatibh,Sendpbétatidd Wf the ifxhdié Nabpase aBdade! |

types known to utiljise prinarily the intrinsic pathway. It has in a
previous {etbifieni9foraspEeh o °t§‘?§t Trs h signal @Baysdigeplts in a loss of

N, N - di butmitodhdh@ridt tRaninienthiad pddshtan(Alh (Saataale) Badl, 202, CRekqR006)
apoptosis in leukema cells via a drop in intracellular pH, reactive
oxygeH spetiledl 22653-8963% ni t ochondri al transnenberane potential ATm

and a transl qQgat.i of otein Ba rom,t cytosol,.to ., .

nm t ochondri a 3%5}%@?}& aa#ﬁ?’?%oﬁ?m%seﬁp a{h.e gﬂe? 3ﬁrﬁéy 2SGPAYF ot iprfucing
shown t hatapBptosidefsi £ bstrate @F kaspageed wedissdcdted By tHecexnapappahway. efrcect
of exter natlrans ogazte»:i1 rltg %ﬂgglvwg rriac,jI %eaagavggté—¥e%%}n%{] B?El (E’I%%F%So?en%yaﬂ: ug’f:sI :

cytochrome c release. Thus, Bid connects the extrinsie, death receptor pathway and the

25 infrinsic, mitochondria pathway and is responsible for cytochrome c release and the

downstream caspase activities after Fas/TNF-R1 activation,

{0047} In some embodiments the method of the present invention includes an
increased release of cytochrome C from mitochondria. Cytochrome c release from
mitochondria, which triggers caspase activation, has previously been implicated in

30 apoptosis. In view of the above it is therefore noted that this effect does not indicate an
activation, or even the sole activation of the intrinsic pathway. It merely indicates an
involvement of mitochondria in the way of action of a metal triangulo compound used

in the method of the present invention.

o



20 response to external H202 [00501 In contrast to these observations
the nethod of the present invention does generally not require or

i ncl ude a rweepemtiemer sub-cel lul ar transl ocation of Bax (m8&dzbd@/00110
11B). Wthout the intent of being bound by theory it is therefore
assuned that the absence of a significant change in the status of
the BH3 only protein, Bid, argues in 25 favour of a direct effect of
a netal triangdf¥8tdmsensgmbpdimeatsi of b metiodorf the present timeshtior iriceeasing

vi a mechani si¥kestibalor ar @mp et nEé{@sﬁ]faQ{Or mfﬁ%%@ﬁoﬁ%?ngéﬁcggg%s achiis %iji]oo]f lag

sone enbodi nénts the net hod of ein 1 on, | he us
met al tri angist one easpoeistecig tFig 9).niramples nf raspectivel emspasehidehide tapt are not.

hosphor y! at.i i ine/th i i | l.ed. "protein
R nase B CHEPPHReyAbRe 2 BLpRE AR PR Sod caB58 £ AcliBtion e ke ey
the nmedber sndfdd hiprofdstyticateabage oftn Whatidle peoleaspidel (YeclHik. @A BRIBRr s are

known (Aktl, Akt2, and Akt3). In many cancers a constitutive
activation of [(H48] psaptdnbiietheer@einP4B)s kimwnos\anist theaom oo mémiser of

h hoi i 14 - ki P13K i yat ] ' ... b f.ound
DS pnonont UG Bt REEha A et L B ot L
PCT/ SG2008/théitddHdndRal ofufer entbritROR RAHeen LR WOhAD RNRSPRALHOHE ia;ﬂ@&isisp'
(3,4,5)4triphosphate (P1P3). PWB then recruits A-,t/?KB to t
nenbr ane V\A%xetfg’tsm&é'@?)ﬁﬁ@ %ﬁd&%ﬁoﬁ‘lﬁmhﬂéﬁ of riditedhondriee twhera édoligemeribes,

h tid | % t I d
Phosphat i dbefigRanemcnl #A s hincdlfl B rBie P 18 THAL &h@g@g@,&' B

ai ntain cellular energy ostasis. i een sho
i t ochondr iaglivagesioasnagg pathywaysd This bbssitatiey basahicentip beenrwhfase th obduwwwparg

an apopt ot i G..Stil ' n of hosphor yl at abl e. hexose
o o 81 ucaliabiTgr iR S dhetfior B BEIER s Prdiop MikY plyiine i
apopt osi s iasd thlﬂlSj&IE&BﬂﬂDdfgﬁg utihiee pﬁhﬁﬁ%agiﬁﬂﬁnbibtgat}gfagg)[tu%s'g a previows
review see g£.d,. e ; ) o
4683- 4696) Puﬁ'ﬁggﬁ’l%??é%%}?t‘”“e‘\i}ﬁtgg‘ﬂ% Z?%%WM?‘ﬂﬁgé@&y@@w&é—%@a}m@tw
kt JPKBS not andleyterrikD HzORtifidude tapSptbels ANROBERHIR el lal £ BFod! inVigtraRithibdt i3t
but al so throu‘g%he,g’%%ghor | at,1 on of, gownstreamtarge S, such as Bad,

confers relfast » § AeARaBdnitysaendse| tansmemberagg gpfential d'¥m and a
signal i ng kynddca{ddketRGhoten Bix £ha Y &5658] fERRbHRAL LY Imad & af, 04

cytopl asm and probably at the nucleus.” Recent findings point to the
|i kel i hood Sk H§ctaEnsy aplhaR haye shewn thetsBewdefigient siels jare msistent ity dhe

cel || survi uadptaiisbrRbopt S8erial T8 dnfisabd R bt Alcrvd i
phosphat i dy ipnosi tol (3,4, 5% tz?i%sphgsphat ews:ynt cegél@.n O[f(%sggjsegand?’ "

| nt er &t i n#sponsgde epdempldiazne conventional signals, such as

activation of I ne._ recept or ki nases, a causal, rel ationship
bet ween i nt rac@%@?@rwpg%?g‘? § W@’é’ﬁtm%ﬁ]&?’@g‘og%&?&fﬁ?ﬁ? inyeption does
arti cul ar génetlIyoet riieor deelidel 2RZectiv hibaeiiiMPlriibetor S B B MgS
een descr ”)gd \XlecenttLé/., exogenqQus_ addition of 11202 was shown to
S6tivat e ). Without intent of being bound by theory it is therefore assumed that the
absence of a significant change in the status of the BH3 only protein, Bid, argues in
25 favour of a direct effect of a metal triangulo compound of the invention on the

mitochondria or via mechanisms that are not clear or not known at present.

[0051] In some embodiments the method of the invention, including the use of a
metal triangulo compound of the invention, includes inhibiting phosphorylation of the
serine/threonine kinase called “protein kinase B” (Akt/PKB). The term “Akt/PKB” as

30 used herein refers to the members of the Akt family, of which cwrrently three members
are known (Aktl, Akt2, and Akt3). In many cancers a constitutive activation of
Akt/protein kinase B (PKB), a downstream mediator of phosphoinositide 3-kinase
(PI3K) activation signal, has been found. PI3K phosphorylates phosphatidylinositol



20 Akt, PKB phosphol yl ati.on. However, other data seemto suggest that
activation of the P13K Akt pathway could al so trigger superoxide
(02-) prodW&xZ0edi2738fhi ch would f i ther enhance, the d®UTSG2eE#10110
effects of this pathway. 100541 Were desired, the progress of
apoptosis in a respective cell, e.g. aZfurmour cel |, may be nonitored

7ot e kil Y 0 0ol 8 ARTR 44 ROORRELL e 2R,

stai ni ng) mcnmam&lﬁoethd: membranetwh&esn besmetefheeptonylftgd apbhuosdtivated a

respective, ce omn nbodi nent s t accor d| n

present inl% ?o‘?tmﬁ%f‘%gﬁlécfeﬁﬁ‘ecgﬂg?‘g}aﬁﬁ'ﬁi m&gl can,  TegH "I‘t ?‘eﬁa{‘\a&m and
respecti Vemﬁﬁtalm cHesRe ehdrie hoREAIOAR. &f BasVBch s@.&i‘vﬁ%'p%lﬁgte' tﬁttééh%n(ﬁ{atl
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cell, may be monitored in the method of the invention, for example by propodium

25 iodide staining or flow cytometry analysis, mitochondrial dysfunction (J C-l staining) or

caspase 3 activation. Besides determining apoptosis in a respective cell in some

embodiments a method according to the present invention may include determining cell

viability in a respective cell. Respective methods are well established in the art.

[0055] According to this invention, the method, compound and pharmaceutical

30 composition can be used in the treatment of a cell proliferative disorder, such as a
tumour or cancer. Any tumour or cancer may be selected for treatment, including for
instance a benign tumour and a metastatic malignant tumour. Examples include, but are

not limited to, haematological malignancies and solid tumours. Solid tumours include
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25 so that'composite genetic polymorphisms in multiple genes coupled with nongenetic

£

factors determine a response to a compound. A respective method of the invention may
thus be a method of determining a patient’s genotype, for example to ensure maximum

efficacy with minimal adverse effects.

[0058] The present invention also relates to a method 6f preventing carcinogenesis

30 in a cell. The term carcinogenesis (cancerogenesis) as used herein refers to the process by
which a normal cell is transformed into cell with a proliferative disorder, in particular into

a tumour cell. A respective cell may give rise to a benign tumour and/or a malignant

tumour (cancer). A benign tumour does not spread to other parts of the body or invade
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25 Using immunohistochemical detection of PAH-DNA adducts, a strong correlation

between the formation of such adducts and for examiple carcinogenesis in the prostate has
been shown (Rybicki et al, 2006, supra).

[0060] It has been shown that PAHs are highly carcinogenic and electron deficient.

The formation of covalent DNA adducts is an important first step in the initiation of PAH

30 induced carcinogenesis. Electrophilicity is required for binding to amino active site of
DNA. Due to the presence of electron rich site in the metal triangulo compounds of the
invention, in some embodiments of the present method of the invention the metal
triangulo compound forms a complex with a polycyclic aromatic hydrocarbon. The

formation of the respective complex between the metal triangulo compound and the

r
R,
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derivative (e.g., a lower alkylamide).
[0063] Where applicable, a metal triangulo compound may be used in the form of
a free base or any pharmaceutically acceptable salt thereof, e.g. in the case of A including
an amino group in the form of the citrate or tartrate. Such forms are known to those of
30 ordinary skill in the art. The metal triangulo compound may also be a hydrate or a non-
hydrate,
[0064] A metal triangulo compound as defined above, or a pharmaceutically

acceptable sait thereof, can be used per se, or in a pharmaceutical composition where it
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(Cytosar®) and gemcitabine (Gemzar®), two fluorinated deoxycytidine analogues,
25 fludarabine (Fludara®), a purine analog, 6-mercaptopurine (Puri-Nethol®) and its
prodrug azathioprine (Imuran®).

[0068] Anthracyclines that may be included in the pharmaceutical composition of
the present invention include, but are not limited to, doxorubicin (Adriamycin®, Doxil®,
Rubex®), mitoxantrone (Novantrone®), idarubicin (Idamycin®), valrubicin (Valstar®),

30 and epirubicin (Ellence®). As one example the compound (8S,108)-10-(4-amino-5-
hydroxy-6-methyl-tetrahydro-2H-pyran-2-yloxy)-6,8,1 1 -trihydroxy-8-(2-hydrox yacetyl)-
1-methoxy-7,8,9,10-tetrahydrotetracene-5,12-dione, more commonly known as

doxorubicin, is a cytotoxic anthracycline antibiotic isolated from cultures of Streptomyces
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25 patients with' chorioadenoma destruens and hydatiform mole. It is also useful in the

treatment of advanced stages of malignant lymphoma and in the treatment of advanced
cases of mycosis fungoides. |

{0071] Inorganic arsenates that fnay be included in the composition of the present

invention include but are not limited to arsenic trioxide (Trisenox®). Microtubule

30 inhibitors (as used herein, a "microtubule inhibitor" is any agent that interferes with the
assembly or disassembly of microtubules) that may be included in the composition of the

present invention include but are not limited to vineristine (Oncovin®), vinblastine

(Velban®), paclitaxel (Taxol®, Paxene®), vinorelbine (Navelbine®), docetaxel



desoxy-2. 2-di fluorori bose. [0073) An illustrative exanple of an
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to, cisplatin (Platinol(r and_carboplatin _(Paraplatin(r)).. _
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tunour cells to chenotherapy therapy by such conpounds iI's in some
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25 (Panretin®), and bexarotene (Targretin®). Topoisomerase 1 inhibitors that may be
included in the pharmaceutical composition of the present invention include, but are not
limited to, topotecan (Hycamtin®) and irinotecan (Camptostar®, Camptothecan-11®).
Topoisomerase 2 inhibitors that may be included in the pharmaceutical composition of the
present invention include, but are not limited to, etoposide (Etopophos®, Vepesid®) and

30 teniposide (Vumon®).

[0074] Examples of a tyrosine kinase inhibitors that may be included in the
pharmaceutical composition of the present invention include, but are not limited to,

dasatinib (Sprycel®), erlotinib (Tarceva®), gefitinib (Iressa®), imatinib (Gleevec®),



further increases the |evel of ROS thereby rendering the respective
tumour cell particularly susceptible to anti-cancer conpounds. 20

[0076] A pRes smessbeal conposition conprising the corrp%qg&ngfm#oqﬁ)
pr esent |nvent|on may be manufactured in a manner that is itsel

known, e. , by nmeans of conventional 2g1 xi ng, di ssol ving,
granulatinq dr agee- maki ng, | evi at|n emul si fying, encapsul ating,
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physi ol ogi &thes dpergasey fhe devel szr ROS, therab oxeaderingnthsi sspestive fumour cell

penet 1 ant s pareREDbisBLinlolalf-Bek bithpdufage permeated are typically
used in the formul ation. Such penetralra"lts are generally known in the
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phar maceut i ca Sitio n.be formulated re i ni ng
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vention to be fornulated as tagﬁets pills, |ozenges, dragees,

encapsulating, entrapping or lyophilising processes

[0077] A pharmaceutical composition for use in accordance with the present

25 invention may be formulated in conventional manner using one or more physiologicaily
acceptable carriers comprising excipients and auxiliaries that facilitate processing of the

active compounds into preparations that can be used pharmaceutically. Proper

formulation is dependent upon the selected route of administration.

[0078] Exemplary routes of administration of a respective compound, including

30 its salt, or pharmaceutical composition include oral, transdermal, and parenteral
delivery. Suitable routes of administration may, for example, include depot, oral, rectal,
transmucosal, or intestinal administration;. parenteral delivery, including intramuscular,
subcutaneous, intravenous, intramedullary injections, as well as intrathecal, direct

intraventricular, intraperitoneal, intranasal, or intraocular injections. One may also



capsul es, liquids, gels, syrups, slurries, suspensions and the |iKke,
for oral ingestion by a patient to be treated. [0081] Pharnmaceuti cal
prepar ati oo f00¢12i®l use can be obtained by adding a sgdw€kao8doorto
excipient, optionally grinding a resulting m xture, and processing
the mxture of granules, after adding Xuitable auxiliaries, if

desired, to obtain tablets or dagee cores. Suitable excipients are,
in parti cuPdipinister the pempayad op ghasmacentical compestiongn paesebither agsysenic
sucrose, MaRRhérofor Ry erd@a inﬁJctmr%ﬁﬁ&&ﬁépd%ﬂ@dﬁ'é‘c‘dWxﬁB h 4R ﬁlﬁf%ﬁ%eh as
such as, com starch dextrin and wheat starch, rice starch
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car boxy et Pyl Eat e dccortbdtion, BUCTHE AR A TR G HUNRRF o RRH) K,
prepar at i opxammedh adiposonesr cogted mitha tumeurkspbai Bt hntibodw Such liposomes may for

car boxyl rregmc[ﬁg{)é% tggg%%g{@%&ggpé{@%gg} ,olﬁl ose; inorganic

conmpounds, as s iumc ori Cal ci um sul f at e,

cal ci um phosphgheoang ammsswﬁxteaéx%&pream MBeGH, Qomp%und br g&aﬁh{aeamcal
di sintegrating agents 30 may be added, such a$ the cross-

pol yvi nyl egmmﬂtmeordmgéqa thegresantdnventommaylbe formulated [in aqueenessiutipngh.
as sodi um Y gﬂ_% t
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0 oxi e, VERIRET B e weter RS Beot 25 o Hidly 8 lnthe BT sush,

sui t abl e opemiramts swl geeerb By kaovweah weerwrt. m xt ur es. Dyest uffs or pigments
may be added to the tablets or dragee coatings for identification or
to charact eri[§88WiNor epeeht adeipisiration; ohsregtectite icpwpesHp tinBhaTeseatical

[0083] Sui tafddRitfohUba BkN@ratigRl SrehdiS Yl oontHiling the Refivd bk b P&M Qith

magnesi um oxi de, 5 synthetic alumnium silicate, netasil c acid
magnest um phammrsrutisalbiaceentably armige well knewe im@egart mpms gnable the

aci d, tal CoonfifRHRes e iffnabe to aa%dfdfaaiatee aswaie%b'p?us hbﬂ%@g &9@.«3&& S
i ncl ude but are not limted to, polyethylene gly

pyrrol i di neapses. Jiridy gels, swHR, SIuEies: Sepassiens @qddgabﬁmfw oref;éwﬁpn bya

al ginate, gffeatfo@ireasdd 0luten. Suitable stabilisers include, but
are not limted to, proteins, such as albumn, 10 protam ne, gelatine
and gl obul i n; [A081] d’rhanmcantha‘kprammmb tfor drddelseoem be&ljta;lwdzﬂlt@addmg@ms

1 ncl u yceni

and 25 bRt PRarY Bl A Rinliel B 8cstie e Bfe Y
but ar e nograhules, taﬁdr adiding sytibleabkidinmies, afcdesh,redsettdnhtmnhyldetsnr @lea,gee cores.
phosphat es nd car bonat e 0084] Phar nage

conpositio SE#'L 'fg& Ien g’e%mbcu {1 lﬁr%gtfcﬁo%,su%ﬁ ! Cﬁ'édj%fac s, glP?ﬁs? ed
to, push- fsucrasa,pmuﬂ:mml nmd@rmfol,gﬂﬁahesrmd desividleb tieesecdpbich &g abmdstarch,
capsul es n@e?&%ix? Lnd wheat starch, rice starch, potato starch, hydroxypropyl starch, wheat starch,

25 gelatine, pum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium
carboxymethylcellulose, and/or polyvinylpymrolidone (PVP); cellulose préparations
such as, for example, methylcellulose, carboxylmethylcellulose and hydroxypropyi-
cellulose; inorganic compounds, such as sodium chloride, boric acid, calcium sulfate,
calcium phosphate and precipitated calcium carbonate. If desired, disintegrating agents

30  may be added, such as the cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a

salt thereof such as sodium alginate.

[0082] Dragee cores are provided with suitable coatings. For this purpose,
concentrated sugar solutions may be used which may optionally contain gum arabic,

talc, polyvinyl pyrrolidone, carbopol gel, polyethylene giycol, and/or titanium dioxide,



gel atine and a plasticiser, such as glycerol or sorbitol. The
push-fit capsules may contain the active conmpound(s) in adm xture
w th fillerveueds/;iapor actose, binders such as starches, i @50s/000110
| ubricants such as talc or magnesi um stearate and, optionally,
stabilisers. In soft capsules, the conmp@und(s) nay be dissol ved or

suspended in suitable 20 I|qU|ds such as fatty oils, liquid
paraffin, JrRCIUPLEP YRR ABE nttable ¢yBInigsalventy oaomi\tenbmmw;aﬁypst@fé& or

nmay be addqﬂ Alth rﬁzﬁ" B AHEP RS tfl@rtaHPét@loraéilE%e@'&)raﬁ ﬁ)'? 15%“109(10?16‘01! %

dosages suitable for such administration

admi ni str atqhé‘:WCte&z‘? disfseat oapbinaiansratastive MPO@M@S}SU on may take t he
form of tabl et s formul ated, i.n .conventjonal] nanner..
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for usé acentheliagluhtnitmesilies ahdtadiNoIE RO MaFRYED aMﬁﬁm@xat dx1ded Bydrous

del i vered | t he for .aerosol spray presentation from
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Capsul es and cartridges of ine for use PN an thn
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y bol us i I. . CORt i us For nmu ns for
i nj ection ﬂ &8%}58%? %s%’r‘??gl r}ﬁ'%ﬁ%‘% Bfg o5 GiffAtes.@nd GarboRalesa oyl es or
in multi-dos 9[0@91]'[ PHaR8hceutidd] tcBmﬁBsxﬁtﬂ'Qe(HatRfaﬁ%%ru\éé’& bI\éﬂY ildie but are not

conposjtions may take such 5 fornms as suspensions, utions o
emul sidns fimitgd |t9s Ryish-§i Gensles wmadp of aelatingnas wal as sefhisailed f:amﬂas madﬁqf

agents suc Eelﬁt@nesdiﬁ%eﬂﬁjs‘h@Eer Ml&b Il R Do 2RAiRT, 1k ?Qﬁf dﬁf Psxﬁ&%ﬁwntmn

[ 0088] Pharmaceuti cal formul ati ons for parentera stratiron
i ncl ude aqi®otEiv§otamnoyRd(shin tadmixtutel with ciitas owakissi lactase; dvindsed susheas

form Addi tthepad, | hda/stUsneiesit® scRf as tHe &CHa %ﬁel W 5@5@,[ gﬁonally,

prepared as aF ro riate oily injection suspe
1

| i pophi | i c5tab Wﬁtlg st canshied) the compunde) tnavﬂay dtssqlgedsqmnsmd@egamble
oi |, 25 synghed,ich a4 kyasisd lﬁﬁﬂieﬁéafﬁﬁ ugh ESIQ €018 m _addition,
trlglycerldes or |iposdnes. Aqueous Injec pen ons may

contai n subaeilipregay F?&tadii?ﬁc Aabfoemplatons; §t@f§1 %Clmlafstl'@m shoulddedi dpsages

such as sqgiHI0 EARRR%BLMAtiogel | ul ose, sorbitol, or dextran.
tionally, the suspension may also contain suitable stabilisers or

gents that i r{oomsmtumecas mﬁuhuhtratﬁm Of résbective phamisdsuticabedn@poditibavhdyor
the prepar %}(e &” fo % gxme}/s or?gz%ggésr qatec? fnuctolmgen?lonal manner.

25 {0086] For administration by inhalation, a pharmaceutical composition for use
according to the present invention may conveniently be delivered in the form of an
aerosol spray presentation from pressurised packs or a nebuliser, with the use of a
suitable propellant, e.g., dichlorodifluoromethane, trichloroflucromethane, dichloro-
tetrafluoroethane, carbon dioxide or other suitable gas. In the case of a pressurised

30 aerosol the dosage unit may be determined by providing a valve to deliver a metered
amount. Capsules and cartridges of e. g. gelatine for use in an inhater or insufflator may
be formulated containing a powder mix of the compound and a suitable powder base

such as lactose or starch.



[0089] In sone enbodi nents an active ingredient, such as a conpound
as described above, may be in powder formfor constitution with a
sui tabl e vMQPRI2TE7g. .  sterile pyrogen-free water, belf@H¥2088£00110

[ 0090] A respective phar maceut i cal corrp05|t|on may al so be forml at ed
as a 20 rectal conposition such as supgositories or retention
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| £, i tabl
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0i I') or i ofortais fan@eatdrgapeias sueh a@@sﬁdaarnFnoéwuﬁ@g /& dxsg%ingagéﬂ@s
for exanple, as a sparingly soluble sa [ 0092] A pharmaceuti cal

conposi ti on ad8@s&iRhgrmasewtival formsletidnsifovmndnteral adnymbtmtzoﬁ@nclude aqueous

"ot 1 avenoy bl of Sle SR RoolndE Ay s Hie Rty AEieRRAt, SSspeiions of

i nt ranasal t,hesumhkre ngopbumls g dl prepated as aﬁpﬂ)@hdtbn@lyy mjédﬂ@nmu%&ﬁbns
i nven sm suc a cell

oSO I i 2 SR ey

i ncl udi ng ﬁtty@aﬁp:@&ti is@dh asmoyllmtet&&ﬁgl cdrRIBE W liph aana‘e@nngm uié'&i
cell may be used in the llEnt WD 2008/ 127197 PCT/ SG2008/ 0001 33

met hod of Sﬂlﬁ%enﬁ%‘?f}%mawﬁ fiances thet ingrepspehe isapR Y, of e pARsioBeurh
nmay be useg. sodxﬁiﬂﬂcﬁwﬂayﬁéﬂlﬁzm @.oﬂEﬁBl‘T&l cﬁsxl:r&‘} |Otﬁﬁmalﬁ“ Ehe%ﬁ%cﬂﬁon may

limted to, a rat, a i'g, a nouflo
a gui nea M coR %ﬁ‘é‘f"’@k Stﬁ’lh%?Fsrﬁé’fSE@éthahlﬁcf?é% eﬁﬁlf‘ik’é@’ Oﬁﬁhﬂ camnwdﬁ
5 [0083] ExanpkEbsthe prebaatied oBEEHI betcEtatoRfiods. " €spect i ve conpound

or pharmaceutical conposition Tnclude oral, transdermal, and
par ent eral del{¢888} yIn( smwes ambodmbtsvaj actBgi tr@l:ﬂdeant osttch sasoh compound as

d d
£ ansmucoasrertl seve By M Sock R 107 o SRBlon H8 L pSGED ot oo

i ncl udi ng sterile wms@uﬁfaﬁwatesbbfomaneous i ntravenous, intramedullary

I nj ections, Z %i as i ntrathecal c(i’:l)rect 10 intraventri_cul ar,

i nt raperi t onedf0%0 b T&FRgEtYe Phgrmacsitical compesition may|aisbe EmuingE # 30
adm miost eredtile coRRPAHGT th p&arsﬁmomrie@abr GORRESH tdn@Mad, Ne.8. |&ﬁ1@dlmng
rather than syste r, for exanp via injection of t

conpound dPP ’PWTSH?R?SQ"% 168 Spehas GPcoa%@ﬁ' oz other glygerifiéhot or
sustai ned rel ftﬂﬁﬁ] f]ﬂramfilngﬁ Y& tre ngﬁ&IQ%'hErﬁés%nbél ﬁi%?lB&S%t',' & cé:rr?prg:’ug snlg}a}(r) r

also be formulated as a depot preparation. Such long acting formulations may be
administered by implantation (for example subcutaneously or intramuscularly) or by
25 intramuscular injection. Thus, for example, the compounds may be formulated with
suitable polymeric or hydrophobic materials (for example as an emulsion in an
acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for example,

as a sparingly soluble salt.

[0092] A pharmaceutical composition according to the present invention may be

30 administered by, for example, the oral, topical, demmal, ocular, intravenous,
intraarticular, rectal, vaginal, inhalation, intranasal, sublingual or buccal route.
Accordingly, the present invention also provides administering fo an organism, such as

a cell or a mammal, 2 compound of the general formula (I} (see above), including a

composition that includes a respective compound. Any cell may be used in the present



pharmaceutical conposition nay be used in a targeted drug delivery
system for 15 exanple, in a |liposone coated with a tunour-specific

anti body. Swuohodshpaspnes may for exanple be targeted t@aRed2b6@66710P
selectively by a tunour. [0094] The anmount of active ingredient that

i s used can be chosen by the skilled pegsson having regard to the
usual factors, é0095] .The invention illustratively described herein
may sui t abl§eBed ke ipwmtion. Ascan Hiustasive rxample, anfimene gethtmasy be used.

el ements, |ExEnipMd GFsulthiblk infirkAkls MttudeNMe SORG frhifd oY a rfi' 5.%‘95&%0& a
herein. Thus, for exanple, the terms "conprising”, "Inclluding; ’
cont ai ni ng"shecpPie, igR 2 BOuflemd BHGFA DS, ggWStaﬁad chintpianzee, # thebusanérday
Addi tional | yq Jtth&aher m8 and expressi ons enpl oyed herein have been
used as terns of description and not of Ilimtation, and there is no

i ntentison in te098H eExmptarg hrduddsTof aEhiANRARES 0PN 18dpedBvee %6 indAidad or
any, equivalents of ihe features ;qhown and descri bed or portions

thereof , buRiafRaceRticar soTpRATtiondnelHag ol frRRsdermib g ipateniceh delivesy (see also
possi bl e Wighbig), smb&%ﬁ%fs Qf aaﬁﬁliéﬂ}&&%da?ﬁfor Eiﬁ&ﬂeqnclﬁﬁfdégggggéle, rectal,

obj ects, advantages, and features of this invention wll be
appar ent t dranpaaeosalk pr ingasting] adménistratiopypanenéstardetintriy oinclofing hatramuscular,

fol |l ow ng g(]rgggn | nQt_ L.nt ende o.be Lhmting.
Thus, it sﬁgu %gusf,] rrllgfer%s%%g%sdV@hg‘?eﬁlﬁo%ﬁhﬁ% r}‘go‘gﬁé &8 elrrllfr at?lﬁ?/ai!ngl%(% h
i s spd8i fi datrdvpniicelet, ciegdpdritforesek niptraayal e nb dutravewitss irgedionpt Onnatay also
atures, L £ ' variation of. the i.nventipns enbodi ed .
ger o herairig e SRR 'R oot BT i, B8R soR o Premie
rt, and t hannen bir eradple] datinjecimnai thevampadrdathiectwing Coiditdas@dsuch abe
within the.scope of this inventiaqn. . 2008/ 127197 .
PCT/ sezoosf‘b%o‘%fﬁ%éiuséﬁ‘%ﬂrﬁ?ﬁé&%?‘ﬁ‘ﬁ?%ﬁ% ER PSRV REE P 6 OTPORIY) OF e
1 shows a phiremeeiticab tompssyiidrh esdys b fus¢dORB @ GRdgead- i - deBy&9HEMena SfoRN
Fi gur 52 dRFENE Radoler s U R & B P eisp(ioogis oy e mdy fo
activity ofexarbplp Gs 8 £Bd W(ant4ken ubxaodtiobly byaaimsedr, Jur kat and HL- 60
cell lines was determned. A total of 1 x 106 cells/m were exposed
to i ncreased ct@8niihgamennbef Fotiys inerydiest they is used endordngen(ty the sigtied

AV for 24,BQek Ra eeBlilto dRalslaeSdet erm ned by MIT assay, Data
shown are the nean " three independent experinments perforned in

triplicate. [0®983] Hhgumengtoun dpistrbtivelyudestritied dxreirpings sufabbobperdatitad af
decac2? bony T SPssaepE Ry Homem) 2 clomen e BAToR. 55, BRI BPLERsFifeahy
rotri-tri adisclosedgherain.o Shiig) rfof Sleemle dlie toinst ‘feamibssiNg’, “th3R4RG;"2bnfning?;
ot per 101 e bt ANAPRAFSS RRFISIIGN 774 PTIPR LRI A e eagengrms and
%995 1- 95- 83pressions employed herein have been used as terms of description and not of
' limitation, and there is no intention in the use of such terms and expressions of
25 excluding any equivalents of the features shown and described or portions thereof, but it
is recognised that various modifications are possible within the scope of the invention
claimed. Additional objects, advantages, and features of this invention will become
apparent to those skilled in the art upon examination of the following examples thereof,
which are not intended to be limiting. Thus, it should be understood that although the
30 present invention is specifically disclosed by exemplary embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed
may be resorted to by those skilled in the art, and that such modifications and variations

are considered to be within the scope of this invention.
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C.

decacar bonyl - - hydro[ - [ 11- (ner capt 0- xS: xS) undecanoato(2-)]]tri-triangu
| 0- hydr o- YEh208YEALY ( CAS- No. 881200- 21- 1) D: PCT/5G2008/000110
decacar bonyl - - hydr o[ 2- ( phosphi no-i P: xP) -

benzenam nato]tri-triangul o-osm um (CAS"No 524745-33-3); E

decacar bonyl -.t hydr o[ { BREEF DESERIBRTEONt OETHE DRAWINGS

, roam Na, : Na]]trl -tri angul 0-rut heni um (CAS- 107827 95-2); F:

No.
decacar bonyl | 04, 6- d| th|
di necar boni tr ﬁdo}g]z] ~2hyd oS[hPV'St t |Sgﬁ&tﬁ¥18 ot Enom %Cﬁ@ @OPO{““H)(”'
87225- 24- 9B)CyHN] af 2n illustrative example of a compound of general formula (I).
am nobenzenet hi ol at o-i S: xS) ] decacar bonyl - - hydrotri-triangul o- osm um

CAS- No. 20 18 | _
l(-i) v v baLhi ongt o(ﬁ% k2 &pld@@ﬂﬁcﬁ&bﬁaﬂ of cell RN - Acki-Rydhen¥adllor

[1- (i sécyaﬁ@ss(@bb(éﬁé}ﬁléjsﬂ% t.aaﬁ@atllmbmmw@@wmesmab@r@mﬂm

thoavage IRy e R Bl R infleaidh SofeRRATRR Eloplogiuh -
as f ﬁs i gd : u spfggglzﬁtgu oﬁr\tocogs%) avipfor B¢ howas mtw&légiegﬂihvaﬁé ge?ﬁhlhiwﬁmﬂ dsed] Dta
;Mmredi at el $AETRAG ! 41"“ ( C‘%ﬁeo‘g"%ﬁgyd&‘%"ﬁggn 13 PFrfng;%’ln tmg?%{f‘; nt ent

anal ysis. Sub@ popul ation indicates subdi pl od DNA content indicative
of apoptotic @R&‘lf Figyre drdepictriurtier cxawlosref spwpousds of general ifomndd (Dit

o 10 o S GG Sy o G LD e

i ntracel | ugelp-osiium ((ﬁ)lemualk&bstraeﬂﬂh‘sa ar3@44®B} 1-B); - B0decadartonyRphyd)-(1-

:Nﬁt gr CLPFEP?EE%Q tﬁaqmlrgr%a?s' ur ed K‘g@i\@[“? S‘E%néﬂ?l &"‘g%( @%6@19399 -95-8);

E rc]; ;nSIGZu 810 g/@(s) ggaﬁgbamthj@[uql lwmsmbmﬁ @jtnm&nwfaoﬂ)ﬁﬁﬂ%ﬂg% -hydro-
2 7 b1 o B aTaey G- SR0ES 1. oepeBbas o SeborpmesteP

showsi® f ubdrizedandxa0H AridigulocRGiiind € (OXIIRY) SPERK33-3):REB) de@afc%'dﬁﬁlppn
HL- 60 Ce”@ng_'ﬂll}: 10 vvere treated vmth 12.5 (A and 25 gM ( 5

[0s3(CO 0 e %Eﬁh%%““hbsencéc)&s Nooo

uni ts/ nL cas@bass-2)Ce: |&c¥hﬂflﬂn§rlhﬂf[l bQﬁﬁiﬁﬂowstdtm - Bfioke-ded) A pyiR
m nut es anéi t he amount.. of .intracel Tular H02 gener at ed was |nd| cat ed

by the shi meqatP%tatﬂt@kewé@%@wlew@emw (€AW P &ipedt-9); Folied-

R o RS RN A R L ol e

was d#&sol 113,5505? fg- Obﬁ P@ﬁaéafh@ftﬂi#nhﬁdrp[tl’rﬁbhairgéh @ HypyrdingthiondtowSaKS2)]-
\émptezt?lrjf)f Pqu'r ‘?’g%(g?%q% gur@qgg((EJg elglﬁlc a@%ﬁ%’gu‘m Pgnaof Cd95

by [Gs3(CO | 0({906291 ( Figure 4 depicts the detection of DNA Fragmentation, DNA cleavage in

[Os3(CO)o(p-H)(p-S)CoHgN]-treated tumour cells was assessed using flow cytometric

analysis. HL-60 cells were treated with 12.5 and 25 pM [Oss(CO)1o(p-H)(u-S)CsHeN]

25 for 24 hours, immediately fixed in ethanol, and stained with PI for DNA content

analysis. SubG1 population indicates subdiplod DNA content indicative of apoptotic
DNA fragmentation. Data shown are representative of at least three independent

experiments.

[0100] Figure 5 shows examples of reactive oxygen species (ROS) production
30 and decrease in intracellular pH;. (A) Jurkat cells and (B) HL-60 cells (2 x 106) were
incubated with 12.5 and 25 uM [Os;(CO);o(-H)(1-S)CoHgN] and intercellular O, was

measured by a lucigenine-based chemiluminescence assay (C) A, cytosolic pH was

L

SN i



S) COH6N] in tunour cells.HL60 cells were treated with 25 nM
[0s3(COI10(- H(-15 S)COHEN] for 12 hours and surface expression of

CDO5 was angbysr@abiv7f| ow cytonetry as described in Mt egd@dSo@dorio
Met hods. The shaded hi stogranms show unstained cells. Muse 1gG k was

used as an isotype control. At |east 10,3900 events were count ed, and

101041 P queeeg it CAR ALY Brlenfiyes (BB of Py §P SRRk ENN F Fnseens:

caspase 20flamtscemti on. Activities of caspases 8, 2, 9, and 3 were
determned in |ysates of [@3(CO)Io(-H)(-S)CQHGI\I]—treated (A) Jurkat
and (B) HL 60 d810Y HigureHosiwovwasa ffotitr exanpleasereamive bbglg @@paﬂbsc@ddsg-

0105] Figure th oce of caspases_8 an
caspase 3 (BpotSioh iR BisEl felih Mire rptted Mgt aPAtpu £5 WM (B) of
ant i bodi es. {Cﬁg@]ﬂ)%(glﬂﬁ(ﬁbmmm For 2BrsChafyY %H-;%erﬁzfe &%9&1’%@ of Iébkpﬁﬁﬁs‘%g

pol y( ADP-ri bo e) poI rrerase (PARP) in HL-60 cel | ysates as detecte
by west er n HEEi qgjls Yoz den IPﬁdQ@Mhﬁcﬁﬂﬂfsfildﬂéﬁﬂrtllﬁamnutes and the amount

[ 0s3( CO 10(gFihbdceimh I%Il\l@ n....Jurkat

Jurkat BOLZ cells m%?g%ﬂ%éﬁa fe!%k% E{;ats t{ad{g @E%ﬁ Orescence“d\l&meggy
[ 0s3( CO) 10(fjaw kjtom8r¢IH6N] for 18 hours, inmedi atel y fixed in ethanol
and stained 30 with PI for DNA content anal ysis. Sub-d popul ation

i ndi cat es subdil§103] dFighite 7 dartiice ilfusiraes ceatinecoxykera pepied R OS) iﬂa}ﬁu&ﬁl}iﬁ\ in

A AN S kM

er expr essuftgre] tediain aekies abskiRdeaos B Wit @r WiglLeSRIHEADAY 8y bnd,0,
|'east three |£L_geg§ndent experl ment s. ! 0107] Figure 12 ill us¥rat es

t hat [ Cs3( & H)aﬁmtea%}' B8)2 P %foﬁﬁ@ﬁtosm t hrough the

m t ochondri al g Ocells Jr06) were treated with 12.5
(A) 5 and 25 E}f];!) %T 3R ofhe “W@%W@P%@%rbét@ﬁﬁc&)wﬂwmﬂb
hours and csycgs@nl % RfduRcERINSIER Wéd Gleb@BSviNEDS D)

SDS- Pﬁ\(ﬁEE léﬁ‘t%tl%y?\ﬁ g} esij s transferred to PVDF nenbrane C%&tgﬁm lpg%(u-

Wi th Ta b i HOpEs, anth(SPHesgi ggresgion %QD%SE@%M@&W@M b otbw

dt 0
ot [os3( OO0 T e Chrony P auneiscaly Moy MH auRl bR s

phospho- AKRRSHRED celisa Bioyse JeGik e ugeds asi angiselype somsfol | £t BeCORID0 Evete g

S) COHBN] t h t
bl) ot . wL 68‘(6(}#@&2%%5%%‘&% ﬁm%ddrgég&%ér?\éﬁ% g%leﬂfﬁ“va%ﬂng)é ses %f

Gs3(CO1O0 fﬁ%ﬂ@ a d
E:el I ( ?sat (es vvetdzl(e)d@ot ai ng% 1?%%6%22?%%& (Iégyt?'0 S)ﬁ Hq?}jtrﬁ %ﬁpa@@
phospﬁ ryl aeiEHoR dctivities i| caspasps 18, ur® aud demecq s‘letehelrdétlar lysatet oHN

of | DNA danmpeg, ), CASRLS)BSE Y -treated (A) Jurkat and (B) HL 60 ceils and shown as fold
increase over untreated cells.

[0105] Figure 10 shows the processing of caspases 8 and 9 (A) and caspase 3 (B)

as detected by western blotting using specific antibodies. Figure 10C shows the

25 cleavage of caspase 3 substrate poly(ADP-ribose)polymerase (PARP) in HL-60 cell
lyéates as detected by westem blotting.

[0106] Figure 11 illustrates that [Os3(CO)yo(u-H)(u-S)CyHgN] induces DNA
fragmentation. Jurkat Neo and Jurkat BCL2 cells were treated with 12.5 and 25 uM of
[Os3(CON o u-H)(1-8)CoHgN] for 18 hours, immediately fixed in ethanol and stained

30 with PI for DNA content analysis. Sub-G1 population indicates subdiploid DNA
‘content indicative of apoptotic. The DNA fragmentation induced by [Os3(CO)o(p-



HL-60 Cells were treated with the concentration of 12.5 uM of
[Gs3(CO 10(-H) (- S)COH6N] at 4 hours (B) in conparison to reference
cells not MMPWE¥RTIY t he osmi um triangul o conpound (A)PCIEGI088/000110
suspensi on spreaded on agrose slide andyprecoated with agrose |ayer
again. After gelling for 5 min at 4 C %(ﬁe cover slip was gently

removed 20 Ha)ms;cgqu dis| ialibfted fin BIO2 pdvetfxplebdinpaskadedd. mach ahdwavasek

to solidify s were, then placed in a tank

filled wit Hel%‘f‘%“ﬁai}‘é"r %%EB?"‘&E‘E@R“@GP@ CI{eKBREMENS. M NaCl, 0.1 % SLS, pH

125 24O i b S5 B O S s e

0. 075 M Na@uough ﬁiMrﬁ%ﬁondiHl dahway. FLEOQN t(ﬁﬁ?‘lﬁ%%'ér@)wated w1th 12 3 %&)
El ectrgphoresis was carried out at roomtenperature f

1I V/ cmPand 28688t AB) ARLOS{GR K M S)EeiEsNiereated dort l%/hqma‘sdn‘@dcmm@ceandn
wat er, "Bo° SriEhdgria BebiShe AR o SES R AR s e e

450- 480 rurPVDfammeranEJ mdepmiielﬁuﬂn anti-CyaCl antentBae raatibodissa€) dane-fudtinh
reference as_a.control %F l%ﬁﬂ“{%fé.lﬁ‘l] In order that the

i nventi on ABYPORE "3 434 eeiqgi’é Plfnto 30 practi cal
effect, partic odi s wll S d by way of the
fol I ow ng nontd}lm ?Hb n%ﬁo %5(2@15[@)\!@ P) é”g? induces down

PCT/ SE800StaRfidd ofﬁospa@wmh@eap@fnh@oms@e@mg rauécg ok ASTCEH), IR DL

The present_ ex &ﬁjle illustrates the preparation of precursor of "a
6

metal tri 2fgHishl 1o dephospivndate gad densivep e V(agébomhwiﬁwwrm blat. KL §0
1). Furtheeeusrmrmtw&e moqﬂat%m%g%]b&s%? 65 dorg&% ‘11@%1 @%éﬁmfa.%%' S

of dodecacar bonyl r ut heni um has pre
provi ded bgad)@hiddh i T.ehiand(§ h@wgamdocewmmSwm [ab@itded b8 Wastdnd )blot

Starting (Gs04) and 2-quinolinethiol were
pur chased ragfr?msa% « SRR RARN Sl 0D 2 [Cs3(CO) 121 + 12 OO
10 [03421 5.0 0 . ' [ us
met La%%l fre[gﬁl‘g:i dfgg?% )ul‘ggp ?? E)ﬁlln%J ?rght%rﬁ{ééa?lgzr&no? E)r}%?%g genérg Oﬁﬂge by
a 250 m abtiLd® eolts wexer iented }Vithﬂh@mrdent('a@@nngaldes) ubaef [@si;(@ﬁﬂ;d(n-ﬁ)m-

pressure 0§)C§ﬁ;ﬁ?5§4 ggﬂ% hZ'%{-' &1 fre e?%ﬁ%ﬁ{]ﬁot%xaaéeﬁ' %gl e(e]slné?r\ﬁva S

then refill ereaC|onm ure
175C with mag@ﬁ@agihpom A Ggllesuspemﬁoﬂn sprExdei ng agivee Haktand greposted ssth

(e P eo oL N RakeBOR: SRheARS oGl 430, bohdn SLASE:
cool 2own mukathid [ayet of Tafqrhof &ivire wat addedlzed all@vddte s6IRHH foF Hehin at 4 °C.
Slides were then placed in a tank filled with the lysis solution (0.03 M NaOH, 1 M
NaCl, 0.1 % SLS, pH 12.5, at 4 °C) and kept refn'geratéd for 1 h. The slides were then
placed in an electrophoresis tank filled with buffer of 0.075 M NaOH, 2 mM EDTA, pH

12.5 (at room temperature). Electrophoresis was carried out at room temperature for 25
25 min at 1 V/cm and about 240 mA., Finally, slides were gently washed twice in ultra pure
water. And stained with acridine orange (100 pg/ml in water, S0 pl/slide), and read with
a cube U-MWB (excitation filter 450-480 nm, barrier filter 515 nm). Tail measurement

was done with reference as a control (Fig, 14 A).

{0110] In order that the invention may be readily understood and put into
30 practical effect, particular embodiments will now be described by way of the following

non-limiting exampies.

EXAMPLES

e

i



carbon nonoxi de gas was purged (about 12 hours needed). The autocl ave
was. then. opened to reveal bright yellow crystals of dodecacarbonyl

triosmum si5pRAASHsd N @ yellow sh-green sol ution. The Q&%ﬁ;‘z’@%ﬁoo‘?ﬁe

separated by filtrati on and washed with ice 20 cold net hano
and then dried under a slow stream of nffrogen and finally under a

vacuum (5.0 g, yield 83 O/Qren'ﬁhﬁuqm,vaoa&Qcﬂr&q;ﬁ{;mmnphar acterized by
| R spectroscopy [0113] IR (Vv 2034(s),

2013(w), 2000( . Preparation of
Bi s(acetonitril bcH@aeranamphsﬂthtqsah&pfepﬁaempb’és erdousaedid metal

| | ustrat h f
tri angul ar iR cGRERaL R heBhe gl e caRE RIS )%\gﬁ,@r gpfhation
Further i rwhdhe‘rmﬂmazsme vielieas Hyi i @mthesib a5 dddetacaitph ANEGRNRE RashreFibage d
by Ni c?oll Va &I no ni.c, nt heses (1990), 28 (Re ents
Transi tion a‘%%ﬁiﬂe‘é ‘{?gﬁﬁr{ﬁlﬂn son & Lews | "0’3921625'381)”333@%](9%@:) 1392:94).
(CH3) 3NO - Sia@ﬁﬁg FllaRINGE T kircide BB 7 qfin ﬂﬁgn W batenhddaFrobi -

t hr ee- necked, round-bottom flask and under a at nos
ni t rogen, §1$’@%ﬁhqﬁ@hon of [Gs3(CO 12] (500 ny, 0.55 mml) was
prepared in acetonitrile (300 nL) and dichl oronet hane (300 niL) (both

freshly distil BddsQinder ni2di&EYem—nhich—v¢) [QQRDLFA7 #O12)CO,T, t; 408;
@ | 38 was_then heated under reflex for I h to dissolve the
clust &¥ conpl et0d3l Sthe (%Cbmmoil)mf opmnm ggttaoxidel atd 7¢ odlof mohy@fou€ methanol

ightly ' : of triet oxi de
?LOO ny, %%%%lfcﬁ% ace oe%% }{%ﬁ@ P oRP %hd@oau,ﬂ‘f&é{?' Efoon

tr ogen owenoxide ﬂé‘d’ gndemasmlhdustd”;geﬁurproése bare; AQubda Fegkdds eRiivathe
funnel . ef |rr| 5at s tenperature for a
further 2 %r rgAsflé &8I P‘Wgrefggeﬁi BBrﬁ’ t C{JE’Q re?‘ﬁ’@”dﬁ’l"ﬂ”?/é’la? Sfipted at
sol uti on wWaBsy \k/itlewgdrfml@ﬁy@dﬁfhgsfbf um Dlﬁufg&ﬁ@l{éﬁhﬁé PESEss! the PRI BITHRE

oxi de;_the sol vent 8 under vacuum at room tenperature

to yibld a"Bf b%ns%’ﬂ S § ftd2 Sef"*&ef hestingyvas ptpppeg, the patoelayenandyits

regi on of &dmeﬂm%@raﬁd“@@aﬁwoumm nit&@np&p%ﬁhma%éwﬁé%oé@?é’&%ﬁla&ﬂ&
Ow,

foll ow ng absorptions {ern', di chl or onet hane)
2025( s, sh) oL BPEONIGe Eas 318 Pl%dv&abqnﬁ larlm%s@@dad) (Iihg@@;qclaae Iwap thens

Ce (I 1) topcrd®1d rbRAEHAY MO rslidl St dfbchcatont PRIARRIE QupbARS trogen

equi pped with a magnetic stirrer bar, aru ber eptum an
inlet. Theyqﬂioa'éqb 99&%11 $q1vtgn Themmeertsivers separated bmﬁltraben endwabedriyith ice

oo oy 24 BB Oy OGP Sed W 85k gl of BHSBERER BANY Lbber o
2- qui nol i n\éﬂtchil!@l(g@cg, qu 5 %rgL he@btained uﬂmﬁU):t waer chamd g deddgelRspectiosenpy

nitrogen flow, The reaction mxture was refluxed at 100 C
( [0113] IR (v CO)in CH:Cly: 2068(s), 2034(s), 2013(w), 2000(w) cm”®

Prega:jation of Bis(acetonitrile)decacarbonvitriosmium

[0114] The present example illustrates the preparation of a further precursor of a
25 metal triangular compound as defined above (see compound 2 in Fig. 1). Further
information on the synthesis has for instance been disclosed by Nicholls & Vargas

(Inorganic Syntheses (1990), 28 (Reagents Transition Met. Complex Organomet,
Synth.), 232-233),
Os(CO}z2 +2 (CH3:NO ~——» [0s5(CO)10(NCCH;),] + 2 N(CHa); +2 CO;,

30 {0115} In a 1-L three-necked, round-bottom flask and under an atmosphere of
nitrogen, a_suspension of [O0s3(CO)2] (500 mg, 0.55 mmol) was prepared in acetonitrile
(300 mL) and dichloromethane (300 mL) (both freshly distilled under nitrogen) which



and stirred continuously under nitrogen and the col our of the
solution turned fromyellow to red after a few m nutes. The reaction

was noni t omerkougizIgp7TLC until the starting material wascesembsdely
exhausted at the end of about 4 hours.dg_:ﬁxcess sol vent was 20 renoved
under vacuum The residue was di ssol ve n a mninum anount of

di ehl or ometangentided Hl?dlé?%fﬁﬂ fgg’l H'toqjl %&ﬂéf'c@&gﬁet (’}‘i‘ag s§19 1&?«.%5

of di chl or onet hane- hexane as e en|
pl aced on rilpwved & efol tead v@nShglﬂGlrmar# ylengvognadei ml\atentk qfegmﬂayhbmﬁ

ot or m nod byo 00 PORRFO i} SRRb RS b wlels BUSERIE b Sy

[0117] The peadeOﬁX(lh winget mhssnr;-@qmmd ideppif fule] BRespRaké wa BfiSstirring
t he range OI 2200 and EQOO cmé d| ca |n(f:| that only term nal
carbongl's 4t Bis SERGANHIOTR TuRheEdd. viiencooling PP SPPERRLe T5 BT

in Figure XoluAsn ¢RSBRLRE tHra) sxﬂ&quén&éaééss%%&h &E@d@ tHeN®lvent
wth the

nol ecul ar ion peak at nrYz 1011, which is consi ste
formula, [ @sas(tgw oMY Tmjer GRBNG] 2t ThE EREPNRRIS Fﬂemldad brdanayellow tohiils

drug show ]

pr ot ons v\/n:ié:#:elh aQ belhl% (g? %Feg{ gt Oﬂgn{elgé% na%é@&ﬁlg%ﬁ%gq%“% %n%f:@mdmt
whi ch are deshicé| stecvedy thi tfoligeing astdopubisur(cat 0nk. difhiercidighe) 200Rk,
at 3 - 8/1 7 PCT/ 862008/ 000110 39 that there
i s ond br| &gﬁ%sﬂyﬁﬁloﬁ% 18%€H‘fﬁs%f“’urt her confirmed by single X-ray
diffraction studies. Cells and Culture Conditions 5 [0118] The hunan

pronyel ocytic | eukePteparation dfi[0e (€06 uBCKEINIqRIWS= Ye11§ obt ai ned
from ATCC (Rockville, MD) and nai ntal ned in culture in RPM 1640

suppl enent ed 1Q % EBS; G BCO

Gaﬂoher sbur g, %{B] An &eﬁﬁ%@%l ? | ncu g@o&]as i L Vélﬂh/a&ig“eufhe

cel | densi Btgnarlbaﬂ, heuhbuf eptuen elidch mnbgenenﬂele@hle flask wi Girst @l Mith nlbgen,

oo Fur o W B e SR s oS,

concegs6 r at f‘?ﬁwf’ﬁ‘%@mﬁm 5@(mg+)c( }ﬁhﬁ&lﬂ@ I\dhg ((jzoqvhtugbrllﬁ&ththr@s?ﬁ;éﬂmws

in a we ate S re sup

3- (4, 5-di rrB’t“Tﬂ'r Y ad Q?Se t\ﬁ% E]Pﬂr%g"y cagHop e IS ‘Eﬁ%fﬁﬂl&ﬁiﬂ gl ONFT)

in plain RaM stlh@é%ﬁﬁﬂomsﬁbﬁt&bﬁi ﬁl‘ﬂ‘oéﬁi’ and 1% ddldk of $é sGhutid@rdeHom YEI6S

t hen centrl fu %te@a éoo mfor 5 mns before being re-dissolved in
I

100 gl DveB s &he seaghincraementtered using TLG yp§icibp staringl M

Nadl, pH Hatehi)l w@'cbm%'e@ﬂi bitaMstvBiat het@hNdM@dus RaohfsO RROLO WBIEdtCRls| ¥
usi ng_an aut omat ed ELI
20 removed under vacuum. The residue was dissolved in a minimum amount of

dichloromethane and subjected to TLC analysis using a mixed solvent of

dichloromethane-hexane (1:3) as eluent. The pure product was placed on mixture of

solvents for crystal growing at 4 degree about one month. The final product

[Os3(CO)1o(u-H)(1-S)CoHgN],was determined by X-ray crystallography, NMR, Mass and
25 IR. MW =1011 ‘

[0117] The carbonyl stretching frequencies of the IR spectrum are in the range of

2200 and 1900 cm’’, indicating that only terminal carbonyls are found, which agrees with

the crystal structure shown in Figure 1 (as compound (3)). The FAB mass spectrum

shows the molecular ion peak at m/z 1011, which is consistent with the formula, [Os3(-

30 H)(CO),0HgNS]. The 'H NMR spectral data for this drug show multiplets in the range of
6 7.8-7.5 ppm for phenyl protons while a triplet at 8.0 ppm is assigned to two protons

which are deshielded by nitrogen and sulfur atoms. The singlet peak at 5 -17.0 ppm shows



reader, with absorbance wavel ength of 570 nm btai ned data are shown
in Figure 2. 20 Data shown are the nean f three independent

experi nment Jed in triplicate. Cell viability is S
per cent age%w? ce % survival fromnon-treated control ce &I‘gvb\/lg@aﬁ&l%.
The concentration of Os drug inhibiting3%0 % of cell viability (I1C50)

was around mMt (se men [ by Pr 00i di_um

| odi de [Olf%‘}§ or “cBf %G’figlﬂ Bxaﬂdéoﬁ{“gﬁm %‘&F reer @eqd?m sijglg X-raydiffraction
cells/m frsamissach cell |ine were treated with

[Gs3(COio(-H (-S)COHEN] . After treatrrent cells were washed twce
with 1 x PBS + 1 % FBS. Sanpl alon and staining with Pl for
DNA content were perforned a (32). Briefly,

cell pellets were 30 resuspended in 0.5 mM of I x PBS + 1 %FBS and

i mredi &t el y fi Kdd8byTheduimg promyeladytic Yeﬁkklaml?ldmarlﬁde mtr{col @d\wﬂ&%dlllggve&@
avoi d clunp 121 e lLeft. at 4 C m.n,
centrif uge(?b%?ﬂ fogﬁmxkfdfﬁg%imlﬂ? @ﬁfi %s‘ﬁ%‘&taﬁﬁée‘nmﬁ"ﬁ el“'k REpd 15‘10 %
FBS. Cel | @;bﬂzahentmﬁhtlb%f@meeiﬂdeaumr(r:ﬁs5emc@@1%98ﬁé %ﬁ?

PCT/ SG2008/ Q00110 40 of PI/RNAse. A solution prepare

vol ume of Prhugtididied dnybatonat ¥oTCiaed 586 GBATRe call slt:rcscfk in dlelcu;ktuﬁBﬁdﬂotL%
FBS and in © mn at 37 C. Stained cells were analyzed by
fl ow é{ton%ty%a\?\nqtl E‘;‘hlg}?nelxmtatl on set at 488 run and the em ssion
set at 610 nm (red). 5 [0122] The ablllty of the cells to scatter
gght in a forward di r efeteoi ) : vol unme. GCs

r

ug-treated cells were anal ysed for change5| nthe intensity of FS

s conpar ed t ojgapd)’ eALegl capra}l& %rk&e&élé aA H@s/@lail)oare%\?ﬂ%%%dctglxkx&e&%{g

sanple were studied and data were analyze software

[0123] Dat &onsFeiratiops ef Ko (GOl H) - S)QHHISN]S(OStOd?D A fdr2ddwerstiaaidsrwell

learly 1, . tri angul
Conpound waLACaR, Sird dipiffded S 3 BIARE e Y SEnRaREANL AL ©
t he pkY cendihenydfteteagblivin praynide IMAT) ri péss RPME 1 @0i dnddasubbigd for 1-2 h at

o r e uhRec SRR LR deFlenIARE TR refPeck § 150 o R E 0 Lol

chemi | um nescénce assay 1S rou 7 nse
det ail ed | m mOemlﬁhMS@wﬁ 1Pqul mﬁsmeﬁﬁarwgymnébuﬂre(ﬂnm gMéinelVoli ROMEC, pH

Enzynol . 50-1 1n bri hem_| nescence was

noni t or ed us%)&eﬁ% hoalsglgé sff_eﬁﬁf’ﬂlﬁ) atf ISR Fuissald FidRA

Syst ens Gniehier, Bhtmablmﬂ;mb mamgm rwsrm n@ercomnuéd ddoa b sﬂbﬁndﬁ@g&w@d

as relativ ht uni of , 20, te n (RLUY protein). Protein

conce%‘u r at ﬁS‘% S&&\gn a8t ? mﬁ%& e cP g‘gs performed In triplicate. Cell
viability is expressed as percentage of cell survival from non-treated control cells with +

_ SD. The concentration of Os drug inhibiting 50 % of cell viability (ICsp) was around 25
( mM (see Fig. 2).

25 DNA fragmentation by Propidium Iodide

[0120] For cellular DNA content determination, 1 x 10° cells/ml from each cell
line were treated with [Os3(CO)0(p-H)(u-S)CsHgN]. After treatment, cells were washed
twice with 1 x PBS + 1 % FBS. Sample preparation and staining with PI for DNA
content were performed as described elsewhere (32). Briefly, cell pellets were

30 resuspended in 0.5 ml of 1 x PBS + 1 % FBS and immediately fixed by adding 5 ml of
70 % ethanol while vortéxing to avoid clumping.

[0121] Fixed cells were leftat 4 °C for 30 min, centrifuged at 1000 X g for 5 min
and washed once with 1 x PBS + 1 % FBS. Cell pellets were then suspended in 0.5 ml



Plus protein assay reagent from Pierce (Pierce Chem cal Conpany,
Rockford, IL, USA) as detailed by the manufacturer. Measurenent of

| ntracel | ukpd 2g8b@2Mbt h 2", 7' - Bi s(2-carboxvethvl)-5,6-  per/sG2008/000110
car boxvfl uorescein (BCECF) 25 [0125] This exanple illustrates

det ermi ni ng whether and to what extent 4poptosis induced by an

an 1 nor eas e IR ROt o orogda v RRe 0 R Bt bEv N CRAD L
[ Gs3( CO) i a(eftBAsS)ACablNo f @ PBR -h 1 wEBStami mbshatadt fon e @ it laBB7 €F, Stained
producti on S nmeasured b | uci geni n- ,l?la ed chem | um nescence
hssay. 30 [GUDA|SH ANPIEH Py W EHRmPTAhrDS SXPWRIH, Set A BRR e énd ghe
W t h nmenbr aipgssibrd € A Hm gy? BCECF (Sigma). Briefly, cells (I x 106)
before or after exposure (2-12 h at 37 C) to [GCs;

(CO 1o H) (-S) @oaaN TR abinBs bEEhOBAR W béatEHBE u egd;
5008/ 127197 Pd@?lge]z\“oosl 000110 41.1n 0.1 m o?‘tH'IiBrg%, %gﬁgﬂl gléédégﬁnﬁts%

10 m of 1 WNekiescrityceld yolungeo Osiyugrirpateds CQIheWGIGaﬁﬂalyS@}efdrschmee it tiam
ded.in.:0. - Epi
o Eap nteliGot 18 as Shrab HaP M ARRLHEBE S i dr U6 koltsebt S

set at 488 war studiediand datawefe ahBlyRdbyakeWINMIEISoftvateyzed, and t he
rati o of BCECF fl uorescence at 525 5 and 610 was used to obtain

intracel | ul ar A28} dkata apHdepittet rintFign4.c Ansesis lof DNAe frapfent@gshetledrty a
pH cal.i,brat.i on curv | I.s. were .|l oapded wi t h BCECF as above, washed
once Mith ‘ﬁi@%”é?d@ﬁﬁcﬁlﬁg%h} indikerl oy B SR GAoRIS GomPeInd aspARNS In
KH2PO4, 20 naivkdNapbearart8 bf S0 GriddibiRPdhe fétdentileriYlsheGlpld DN A i RQ8&

of pH between 6.0 and 8.0). Imrediately before flow cytonetry, cells
vere | oaded8HMHAE0O M nigericin (1 mM 10 stock in absol ute ai cohol :
Sigma), and fluorescence ratio neasurenents (525 nm 610 nn) of cells

i n nigericin-containing h_-ufﬁcen.aapsugrﬁﬁagg%fm@,ﬂu\ﬁgﬁ&tt hen used to
rel ate histogram channel nunbers to | pH. ere 1 ndi cated, ipH was

cl anp by inc i cells.in diymat the requi.red pHin the

pr eseﬁlge of 1 G’gﬁl}: rl%i%%ﬁ“&’?’?ﬁse‘f gg?ﬁ%ﬁeﬁﬁﬂew v rPH&}f?Yg.“S‘@ dhihe
Fig. 6. Anlaardtoryi scdeaided im Clenicnaand [R¢hatz (Rrvald S)aSlesienteRive dvibods
cel |l s upon_exposur e ster .c und (Fig. 5A, B), together
With a SigRPFIE nﬁf"&?gégﬁnl@%@@ib&e&ﬁ?‘?@ﬁw@@eﬁ WEF GRIETE HENEi %
Alnftl ysi s ofBegmmacetiﬁu& ar Wnt ][(Bbxiﬂﬁﬂd [ OXBdctidhi S sl‘syéteﬂml e Gmb}gl,
illustrate termning the effect of an gsm umtriangulo_ conpoun
of the i nv%ﬂﬁ‘&lﬁﬁmw %@%Fm’aq}%}ﬁ)x Data, prgsdesqmipedety adativgnlight units/mg of

i ntragel | Ubaﬁeiiﬂ%@wrﬁ%gwtaéy%étaﬂ cbﬁceﬁﬁﬂﬁiéirﬁﬁ éeeém{iﬁ‘édsusmhgtﬁﬁz%omassie

[01291 Intracel lul ar 02 was deternm ned by staining wt

2. 7-di chl ofBss p‘rotein assay reagent from Pierce (Pierce Chiemical Company, Rockford, IL, USA)
as detailed by the manufacturer.

Measurement of Intracellular pH with 2°.7’-Bis(2-carboxyethyl)-5.6-
carboxyfluerescein (BCECF)

25 [0125] This example illustrates determining whether and to what extent apoptosis
induced by an osmium triangulo compound of the present invention is accompanied by
an increase in intracellular ROS production. Cells were exposed to [Os3(CO)o(u-H){(it-
8)CsHgN] for 2 h and 4 h and intracellular Oy production was measured by a lucigenin-

based chemiluminescence assay.

30 [0126] Intracellular (pH;) was measured by loading cells with membrane-
impermeant dye BCECF (Sigma). Briefly, cells (1 x 10%) before or after exposure (2-12
h at 37 °C) to [Os3(CO)1o(u-H)(u-S)CsHeN] was washed once with HBSS, resuspended



fluorescein diacetate (Ml ecul ar Probes, Eugene, OR), which is
oxidised to dichlorofluorescein by H202 descri bed el sewhere

(Hirpara, Jvb2e0888718¢..., J Biol Chem (2001) 276, 514-52L)ecaddd/oon110
brief, HL-60 cells were exposed to 12.5 and 25nmM 25 /

[Cs3(CO)io(g-H) (-S)COHEN] 4 h, |oaded wi*th 20 nM

2' , 7' -di chlgr, i ' ; ' nd_anal ysed
by’ {1 ow oyt arat i of BEES) Tha Ha@achRl fo 8 pefmv gRirc By GRS i e

Cat al ase (1600 Cellstwéraithenneesuspsmettdtio (55 al ef GIBSN ki adlyAeH Alsink2 Poulter

bef ore addi.. f dr y f cytonetri ¢ apalysis of H2Q2 for
4 h, follo éd&g@lﬂeFEE&CWF%%’?@%“’#&%H%&OW“|“6‘£‘§Pe ?@%’9,“6@@ Y @88 nm.

wer e anal ys&ehinidthnl O1B000RSktE has afaty-28n8 tiRdalid o BOECE flubtRRIL £ 565

tunmour _cells Eﬁﬁpt he Os cluster. conpound (12.5 mM and 25 resul ted

in a signi fAREAHD wasreed it obisiny intrasaliylea pH-pap ayphl zalisati@yagve. In order to
PCT/ SG2008/430& 5y ich coul d be
conpletely % o%%gidp Iﬁéﬂ?uﬁéetmﬁrzbggvéé‘g%{/séﬁésé}&H%ﬁ;{ﬁ%cg %ﬂ%fcfg&%ﬁ“ja‘s?‘% Oé’ﬁ?e
6). [0131] with HBSSf andk then resnspendedvie high Ktbwife (b5 mh X HyPOS,D0ARNNAOK
an increase,_] i ul ar, ction fol |l gw exposure to
the On o uapi 10 REGPQL o) RN AGEY SibcH ranit o Peiiatn Rénd £0).
producti on Immediatelyn befeL AbwCcytdiietB2al0ng e 102del WARRSS WY BlerfcRC(1 mM
resent in the culture nedium

conmpoynd wi t h, conponent s
(extr !Bm | Gogk yin 29%plyfp aicagol; SraEnag)y ard, feorpasenag ratim seasicements 6 2Smu/R ED

sence of | dfreid b EB3. e, e and. 25. V)
Eﬁ t he preggﬂce%g}rM ;adtq)glgnce (@tf;lﬁlt(angsens%t?%%g%%pﬁ%fg-ﬁusgﬁao ﬁ?&
roduct i on biggagrans shenmek gurbbers e ifHh (Waere éndicatéd, i ees efueped Siynigoubatfy

ect rof | L3 i gnificant .increase in DCF
?Fuor esceﬁgéel%tr}ﬁggrdlﬁggégmggﬁﬁw%I}\%elgff:saﬁfgf%j",gfrrlﬁﬁﬁl%e”]ic}?di cating that

H202 produced iyq : 3 (2 - S).COHEN]. ) .
funct Lon of int g?e_ il Eg%‘%r?bdaﬁb%%%é%t% ‘%%é%ﬁ%:??%?fwéﬂ%ﬁqméﬂ 02
non- speci f Mes detgeted incadls uphe exprasyrevipd e @oofpsterceinspoiund (Fig. AL B) edether
medi um De 104k ivities 15 [0132] Caspases 2, 3,
8, and 9 agﬁ%s%%%%pﬁég%égégﬁhw FC- conj ugated substrates
supplied by Bio-Rad. Cells (1 x 106 cells/m) were incubated with the

drugs over a ti nmElopQytenetviasimtvsisufdetrédlilat I RRSnckasagaended in
50 | of chilled cell |lysis buffer (provided by the supplier), and

[ bated on i : j o i f f .10 nM

HEPES 2 v EDT O R Trarae fEehinh g3 RS AR e

and 6 m ofomppand |afdhe fwentor: om elbdarsiedai - ftatms. (THRVABCABE ifitdcelbal SPHS®,

2, DEXPAFﬁoﬁx‘i’étioﬁ%%@%%re%fo}E};T]&f":o% for caspase 8, and LEHDAFC for
wer e adde C szla-%'plB

caspase 9)  wer to eacl e and incubated at 37 C for Ih.
[ncensi 1y at SobduRopeHe 0% o Jolmbf™ by Sl S °2 hctioo-
: fluorescein diacetate (Molecular Probes, Eugene, OR), which is oxidised to
dichlorofluorescein by Hy0, described elsewhere (Hirpara, I.L., et al.., J Biol Chem.
(2001) 276, 514—521). In brief, HL-60 cells were exposed to 12.5 and 25mM
25 [Os3(CO)o(p-HY(p-S)YCoHgN] 4 h, loaded with 20 mM 2%, 7’-dichloroflnorescein
diacetate at 37 °C for 30 min, and analysed by flow cytometry (Coulter Epics Elite ESP;
excitation 488 nm). Catalase (1000 units/ml) was used to scavenge intracéllular H,0,
before addition of the drugs and flow cytometric analysis of H,O, for 4 h, followed by

flow cytometry for H,O,. At least 10,000 events were analysed.

30 [0130] Results are depicted in Fig. 6. Exposure of tumour cells to the Os cluster
compound (12.5 mM and 25 mM) resulted in a significant surge in intracellular H,0,



400nm usi ng a spectrofluorimeter (Lum nescence Spectroneter LS50B,
Perki nEl mer 25 Life Sciences, Buckinghanshire, United Kingdon).

[ 0133] Tr estomns/120i97t unour cells for 12 hours with PCT/5G2008/000110
[083(CO 10(-H)(-S)COH6N] resulted in a_ significant increase in the
surface expression of the death recepto ot cD95 (Figure 8). [0134]

CDOS si gnalw&gnusa e ReReaREnt U | i
30 Si gnal i ng ¥ Ioex it SC)n : Qg{&gtgeﬁglp?%lﬁ @%Elo%s&i%ﬁ@fﬁ@?&%eﬂger

cl eavage/ a@ﬁﬁalﬂég?@ﬂowllﬁgl’(ipﬁbal caspase, caspase 815, which in
turn facilitates _downstream caspase cascade involving active caspase

9, cas p?se 3, HHalk dsgsaduthermpseesverified hetherothe messurement of @s BcE@elid( 9
WO 2008/ 12
£ Zelﬁﬂj I@@gop?%n(&ggl} %&loivqg‘% '5&;&)5% ﬁfg l_t%\"OWI ctﬁﬁsll!é %vgnpr%ﬁd yas 2

activation o caspases ‘(caspases
both HBE6O durdtion pﬁmtravzﬁélblas RO&i grbdrickien ercd non-¢pecific isirérge due o ipeRadanged
n addi.tion, western es of

in HL60 | | Fi A |

Lhe oro- oo e utoahtl with SombPrients Jesieiin e AN Hdatn GirreseduBny 1o Ao o,
di rect 5 Deiecédliveeide@RnDivallin6Redes i abbeaRSciBIRARe {Bﬂé@&(%‘ﬂ)(p-
(AT,) by Flow Cvtonetry [0135] Potential-sensitive prob

di hexyl oxaé¥rsdy d-haV RS mi¥)oosie weesenes et ab@emaﬁuh@sensmve probe
m t ochondr il AR Vi

Bl ood (1005 D505 Hger s BhoR At btk byflelRitare fy tpBhuflcs g4
its eh@ir esge):troﬂtmmﬂtero&“ han dvds anovsignificastoheatease if CH lﬂadireécbmrunﬁﬁd thésao
rats, Wstar S desc ed Pervai z et : 999,
supra). Br F% b'n%"g? qigfuts é"%ﬁ%ﬂ ﬁg@é cédlé%e‘flﬁ’oﬁﬁxl?ﬂ_meé? Mtﬂ(%
(0.3 nol/ LHs(uGS)o:sleﬁN]swmfuhbnoTﬁﬁ m@acanﬂmoédnkzatﬁﬁwf RO! pfodéctiod 443 4664)
and centrif ug %Pﬁ%a 000g,. for, 10 m nutes at C. The supernatant (S1)

was rermveH0 cHep @PW&@W‘@WE@@WWW quitupg mediumg. buf f er of
0.3 nolI L sucrose, 5 mmol/L 15 TES, 0.2 mmol /L EGTA, pH 7.2, with

KOH, and centrifuged at 2, ﬁ@@gmmhm}gf@hﬂéggs%%ﬁ qé4 C. The

super nat ant obt ai ned (S2) Wwas en m X d centrifuged at
8,000,.9g for e pellet was th sus endedlnl
‘L of “huffer ﬁglﬁéaléﬁs@aseah ?’o aagg € %“E%WF‘E@S%F‘SHQ’ uging A C-enpiugsted g

% prepar ed.lbsﬂﬂatedDﬂpphM}f Bfo-R&H. TeM®(V & 1o%¢eq:1§mywe§ {BEatel J Ethe Qrugs
mol | L EGTA \%‘P‘ and centrlfuged at _8,000g for 10 20 m nutes at

4C M toc?\‘@ﬁ&rti"ﬁe ses pprshedsics Witk d O PBR F%W?Qféﬁﬁﬁ&rﬂlaqf chidled cgthes
and nonf ungkis GRgkr @reaal byeme sﬁ@élie@cwzn@ﬁb&&%&&e‘%@@o Win! 34 &Fétﬂfﬁ

and washed with 10 vol of above butfer (0. /L sucrose,

TES, 0.2 nifgtiop Rdpa(lGmMy HipEgy 2 M agelh i md KﬁlnbﬁéaMaMgElzcl@ oy
155 R oy VAol eSOl
or caspase 3, IETD-AFC for caspase 8, and LEHDAFC for caspase 9)

were added to each sample and incubated at 37 °C for 1h. Protease activity was

determined by the relative fluorescence intensity at 505 nm following excitation at

400nm using a spectrofluorimeter (Luminescence Spectrometer LS50B, PerkinElmer

25 Life Sciences, Buckinghamshire, United Kingdom).

[0133] Treatment of tumour cells for 12 hours with [Os;(CO);o(u-H)(1-S)CsHsN]
resulted in a significant increase in the surface expression of the death receptor CD95
(Figure 8).
[0134] CD95 signaling is dependent upon the recruitment of Death Inducing
30 Signaling Complex (DISC) thereby bringing about cleavage/activation of the apical
' caspase, caspase 815, which in turn facilitates downstream caspase cascade involving

active caspase 9, caspase-3, and caspase-6. Exposure of tumour cells to [Os3(CO)o(p-



25 EGTA, pH 7.2, with KOH) and kept at 4 Cwith gentle stirring. All
experinments with isolated mtochondria were performed within 4 hours
of the prepas fbs/Pr1e7l 01361 Fifty mcrograms purified rapcl) 8

m tochondria were incubated for 15 mnutes at 37 C V\/ltl% i}gﬁgdr{r)olf){}otm
Di OC6. After two gentle washes with 1 x4¥PBS, mtochondria wer e

anal ysed i ter,. Hale fI ow cytonet er 30

with the eQ@ﬂf F‘rp gﬁﬁéé?suit?é %thv& on gf CFSé’é%e?a(i@p 2efert aidg} with

col | ect ed pmmssmmq{manddamt wetls vk ¥eGhidtbeinBnoft Mbm&%&mt@o

WD 2008/ 127 02Q08/ 000110 44 [0137] Simlarly, x 106 cells
Fh2a lalh B

wer e i ncub&f ( i, (ussterplot aalyses ofiihg pa@-cepae andetl¢aged

wer e washe@raa%@weaﬂnadame@eo@mcme&mdl ately anal ysed in Epic

Profile flow cytonmeter with excitation set at 488 nm Data were

anal ysed for 10,000 events using the W nMDI software 5 Conf ocal

M cros&opy [ OD2& i '

fix the cells and incubated for 30 mns at -20 C The ce
washed thrice in ice-cold 1 x PBS t &temefEVe excess par af or mal dehyde,
bef ore being subjected to 0.2 % (v/v) Triton X-100 for 10m ns at RT

to facilitate [OBBS|p@oreadblidchsatd probefs, tmeiwaloiacﬂﬁveyémef@%cﬁ&dgi@cﬁ)
pernmeabi | i sed Ce(gllcl s were then washed thrice with ice-cold

bef ore bei RG BF Peﬂ‘eﬁuffhn?to%c("\ﬂl‘ﬁl) A¥g/esidgscribgd pEsiqusly @@f\rﬁm§ &t aBy7

C. The cel g €9 N esdvRch 1R
ocki ng buf fdeg)re(Il P@??%r; nouse I?gnggco Eédgﬁifsfflgobj ?%ﬁ eIBr OGE}QS
%AegoihO ushitoghendsini wereyiselated i fronpcatyh\reo r{allblinaxatanwmardgu’aﬁxsam deschbadz

o 055 B LA KOG ko St B9 0 BB
| h at :qg. mufmm.m&h,sucnm@,smmvmm st BGER, pmmvﬁ%@m

i ce- 1 . t

bei ng_addeourr Bt SRp e 30 iRt SRE Soh Shy Beptran: {SBometareoved
anti bOd%/E((j Akl ﬁemﬁg?t mpeﬁe&g@ﬂﬁ IS a?lﬂg‘ﬁ;gﬂ% .3 UL §®$&ﬁgt% gilnl%?i,
\(/:v(ca)pleu ncubgﬁg’cp) 2 M%Hr'#ia ﬁ?%’ %98{:& dPFﬂt’é@g‘?‘? %%699&1"9? il @ arigesd
| x PBS thtrmmeeup‘ceﬁ:ﬂmu@bﬁmd (S@aﬂ@mrrmeh wqh@%afce&ﬁmgb@gﬂ #6500
The cells then rmut%:ia_ﬁntoamcroscope | ass slide

(Li vi ngst oh&r ﬂgwl 1552 fals e Relah wep then sesuspepdest ianl @it bpfer A, loaded

fl UOl’OChl’ch'ﬂ?ﬁ) o Ferstibighatentl GOO%GZGIB | LAy at
1mVN HeNe G een andﬁeSr43 JE%% ( /t)?ltsoﬂ/(r‘?51 %MIE?'?%%% Q’Iefieggﬁﬁngﬁm

respect | vé“ﬁrﬁél%ww% WM E@§Awﬂm)em@wmmg for 10
M CT ORC Opem{ifbes BHPA, MisthEAd OV QE bl Ged Mhte P ELACHNATR cfondrial membranes

and nonfunctional organelles, collected at the 30 %/60 %. interface, and washed with 10

{ vol of above buffer (0.3 mol/L sucrose, 5 mmol/L TES, 0.2 mmol/L EGTA, pH 7.2) at
8,000g for 10 minutes at 4 °C to wash off the percoll. Mitochondria were then

resuspended in 2 mL of above buffer (0.3 mol/L sucrose, 5 mmol/L TES, 0.2 mmol/L

25 EGTA, pH 7.2, with KOH) and kept at 4 °C with gentle stirring. All experiments with

isolated mitochondria were performed within 4 hours of the preparation.

[0136] Fifty micrograms purified rat liver mitochondria were incubated for 15
minutes at 37 °C with 40 nmol/L DiOCy After two gentle washes with 1 x PBS,
mitochondria were analysed in an Epics Profile (Coulter, Hialeah, FL) flow cytometer

30 with the excitation set at 488 nm. At least 10,000 events were collected per sample and
data were analyzed by the WINMDI software.



[0139] Cytochrone c rel ease was assessed by Western bl ot anal ysis of
cytosolic extracts from30 x 106 cells as described previously
(Hirpara, wd2eostzralr., J. Biol. Chem (2001) 276, 514-Bx&15G2008/000110
i ncorporated herein by reference inits entirety; Pervaiz et al., 30
1999, supra). Cytosolic fractl ons wer e bt ai ned and anal ysed by

best ern bl ol iy 162908/ 1307 LRCTLSRANBLOVALIOS S0Pty o3

Briefly, cells were wash twce with ice-co owed
by centri fuigat3Tol. zﬁella&(@rwqhﬁbhﬂl@e with d txc2BS Hittbmnddlatﬁghhﬂysedeplhen

resuspende racti.on a| nin 0 |/
manni t ol , g o ﬁg‘g uc&eors ith 5661%}%'” tﬁ?é’l‘:‘g} &%—f‘ Whis g“ 5’ %WPL
KC, 5 mmenEGEAgtReWmmsma, | nnvol/L 5 DIT, and pr ot ease

i nhibitors (Conpl ete Cocktail; Boehringer Mannhei m Mannhei m

Germany). After 30 m nutes of ingcubat R Lce cells were

honogeni sed with a dounce hom&éﬂi@ﬂi—gﬂ%“—ﬁ%mgenate was spun at
14,000 x g for 15 mnutes, and supernatants were renoved and stored
at 80 C until [Ah¥8]y€els wyregralded nitht4 bpwiv)emaraformdldehgdd anfik thentslls@uti. C

ti bod I San D e CA) . wa
o anal s s R 36 mifs o T M B Vs et e i B 40l LR PP g
kit (Piercgimove %&b@pﬂaﬂnﬂhld&ry@bymc %Ezngcshuje&%td?n hos q)z/v?%YdﬁBX%@
Cl eavage Bax and Bid {}0141 For anal ysi s_of pol y(ADP-ri bose)

pol yner asel®| Wiyt RY star &silitaty the permebilizalions ojuthe clle phiredixph and
sanpl gy buf fp&&e&b’iﬁ’seﬁ'&@l’l&l \}verx'r't]ﬂéﬁ/ v!dgled(tﬂﬁteﬁw@ ice F&o H?,g re b:g? ec?‘gzgdt o

0. 003 % Bronphenol a (3-nercapt oet
15 West er nwish bt ém(a) ?Si‘\sn dsi BRS ﬁmﬁﬁ rqwl @@AEPrThetmﬁeyiep@lgmm three

(clone C 2- hal g a ri ( rvai z et al

For West ertrlll%gﬁ 55 %gs?{s})e% %IE?%%% % ce %’s (fg““?lb’e?s"vvé‘?‘)é“’%‘?@d a%\?j%dy
addi ng 100(M¢1emllard‘hoﬂ>dse@r¢on, vUad} endiprimenyr @bbip pblgtiondl bag astyodyuShea

l ysi s buff f rt'n ec % PA

transf erre g‘Ij ﬁb@?%@?@b@ﬁ pu (Wé‘él@s‘\ gﬂ;ﬁﬂ@‘i’%ﬁi‘% 3 %@a@t P8
anal ysi s oéellBHpes 201 dDmaiimm Thd cellslwdrerbicuBaéd fR, lrI:bCa@RT FYBOVRE WIREHS - |
subjected to % natl el ect, hor SisS. ranes were expose
to 1:2, oo .C%‘gi YER B %%&’8‘3 D BraF-oold e X B @ﬁm momagsce@wa‘wémd
6A7, BD Phgimirgeitib&iies biegObeifhdddd whh GohOhnt2mdasy Texas M & at@l
1: 5,000 dilution of bg)%\y)(l\?«gtl nouse, | gG hor ser adi sh_per oxi dase,

anti- Bax SR¥IETI§LE BN Lraliese Stege Y M and; 2eat Anti- F?@b’\h@lTﬁ%'t y

of the di n@njupadell 9toRBard QRIS (DhkdBEXomMBS! @Anubmtmr&hy%é ihcHbatBl d
cl eavage was perfaormed on whole cell Iysates usihg a rab

pol yctbnal forhiat Biendgesshes Sigediness willsisgeeld 1Pf BBS de gemqva@rceﬁsmbpund
CA) that r&e&ﬂ@mﬁrése&t%n@o%aéoﬁhé b vdeﬁm&hrr@epl d @@f@%&@s@&ﬁﬁme

was detected as” described above. [0142] Data
show t hat diderbivingstone.oNSWH, Bustralle)vidic HBd:l of Vectorshield. The ﬂuorochromes

were subjected to excitation wavelengths of 488 nm at ImW HeNe Green and 543 nm
at 40 mW Argon for FITC and Texas Red respectively using an Olympus IX81
25 FluoView™ 500 confocal microscope (NY, USA).

Western blotting for Cvtochrome C

- [0139] Cytochrome c release was assessed by Westem blot analysis of cytosolic
- extracts from 30 x 10° cells as described previously (Hirpara, J.L. et al., J. Biol. Chem.
(2001) 276, 514-521, incorporated herein by reference in its entirety; Pervaiz et al.,

30 1999, supra). Cytosolic fractions were obtained and analysed by Western blotting.



30 [Gss(COla(g-H) (-S)COH6BN] -i nduced apoptosis. O -note, while
cytochronme C release occurred in a dose dependent manner upon

exposure towp@e@B(1@Opro(-H) (-S) COH6N] (Figure 11A), thermomaesd@oo110
significant change in the sub-cellular localization of Bax (Figure
| 1B). WD 2008/127197 PCT/ SG2008/ 000110 446 Detection of Tot al

Akt / t ei Ki i i .B.nh | i | |
(0143] CHe- o AP PV CBRGA, Cehd DL FAsRed B Fie iSO PRS pid i Rt By
bydexEos ulr_ ecmgifagﬂiﬁdram @(lJO lk?gl fbis5 mﬂmges??hueal Sellet mﬁh@@ r&%@@n&&dﬁﬁ' 6

nd t hen it ' r [150 L NaCl', Tris-H
?pH 7. ze1) , ){gf'oeo"ﬁ\g%ﬂ“. "C@’ﬂ w%&s?é’iﬁge&t%@u °§5~ t?lhmérg mnécrlécwcwﬁoioe@@al ¥ Von

an 8 % acr YPRESGCOHEhH ANtI0LARLES KR! & nitsqd, EGTWQ?&‘ al
and phasphoryl at ed AEt 1PKB at the Ser473 position @F?Lglﬁ%ﬂﬁllitnﬂé?w

Bever |y, MYTT: pdoprotaiseinibitorse(Compiatn Eackipil; B aghtinger-ennheim, Mannheim,
(Si gma- Al drg . Ut : : for.. e | protein |oading).
10 [0144] F(:}%ﬁ’raggi ‘éﬁﬁé&dﬁ f“é‘?@sdg?%{&gﬁ&tgﬁe&gf‘%%?ﬁsof‘%re h°m°gem§e witlr' 2
[ 0s3( CO) i o(dokpge B)10OEMer,dhe hbmegmmtd wad spun af 14,080 KUg fov8é nkinitas nd

o MBTHE Y R AL P ST s
i nhi bi ti on MefocRighl RREERHO ra»iﬁ@ctdyquno% 7RI A2t PhfmpshSs D%Bogkq Gras
). ence tha

(see Fig. I | C mddle panel hése data provi de evi

[ Os3( 39 | o584 Bizmplappdgtedted hydthe Bunsn Sianal Substeate iV esBruBopting kio(Pizede).
ath, also targeted the PI 3K/ Akt survival pathway, which could have
Temendous GkkdiGaRk1ol jcaticons L ent by conet,

assay [0145 e loml Af cre FEtFeT-S e aHEtB‘d

(Choucroun, P., et al. Mitation Research/ Fundanental and Ml ecul ar

Mechani sms of ALl diesspalysioobngly(ATeP-nibese) golymerast nleavages bysases foam Gixn
by referen Ledirsl ' : | ' he._. f.qe. ea
y G6° bdlisiviete BRiphfeBliy dampl Ibgfefgre[\f?\g nh'HoLfL ?nlgg@f &1?&? esg)ws {nﬁﬁﬂ urea,

experinment, frosted m croscope s re clean

al cohol , aAde EDS, (e YaBeunphiend] Blue, andi ;1 % Syeersapbetimpiiedndrsabietiad) to

agaro ( Oxfacdld N t L aqnHr t ; ak rQomtenperature t
al | ow§§gar (\)/fegt/é')tﬂ?) l(?Itrél)t/ 5%#(%% E]g%@ rgé% P P%@é‘% ed a Ro%nrgfﬁi4 mﬁvé%/'lgo
or 60 mi n ghardfinggrgps descsbéd@eannizan al,al 99 psupra)] Fosd¥estarls ®lot ardlysis of Bax,

i medi at el 4 i QR . al j.quo. f .15 of .cell suspension
was taken éﬁ%e&g%ége}%‘%gtﬂ(sn éwég@%ﬁmgfloﬂdw[ ﬂg?l}lﬁ?‘ijgi ZJafiguampeppecipitation
Dul becco' saghpdpifat éysisubdféar, b ng) ofaprofin Gere fubieBisdnto 05 o7 PAGEL af

this agarose c¢ell, suspensi 0 spread qn ea of twg precoated
sl i des andtsrc Svee’Feé‘d-%mP?HX‘“&YI&ge\‘}\g?‘ﬁﬁ“i‘c& © At &Dvae{gﬁ?rﬂaﬂfew foy gnajysis; ofgigax
the 20ver disidrpati@s gritichetizafsmpvest apdid Wakd dubjaoted @B 1809, lnafife Q1Y

mel ti ng agarose.was.
( 9 gglectrophoresm. Membranes were exposed to 1:2,000 dilution of mouse monoclonal
(\ anti-Bax antibody (clone 6A7, BD Pharmigen, San Diego, CA) at 25 °C for 2 hours,

followed by 1:5,000 dilution of goat antimouse IgG-horseradish peroxidase. The anti-
Bax antibody (6A7) recognises epitopes that are in the vicinity of the dimerization
25 domains of Bax. Western blot analysis for Bid cleavage was performed on whole cell
lysates using a rabbit polyclonal anti-Bid IgG (Biovision Research Products, Paolo Alto,

CA) that recognises the Mr 22,000 full-length Bid. Chemiluminescence was detected as
described above.

[0142] Data depicted in Fig. 10 show that overexpression of Bcl-2 blocked
30 [Os3(CONo(u-H)(u-8)CoHeN}-induced apoptosis. Of note, while cytochrome C release
occurred in a dose dependent manner upon exposure to [Os;(CO)o(u-H)(u-S)CsHgN]

(Figure 11A), there was no significant change in the sub-cellular localization of Bax
(Figure 11B).



30 added and allowed to solidify for 5 mn at 4 C. Slides were then
placed in a tank filled wth the lysis solution (0.03 MNaOH, | M
NaCl , 0.1 wO3p@/12pPr 12. 5, at 4 C) and Kkept refrigerat @€TfSGR0GE/0MI10
Then, slides were renoved fromthe |lysi,s solution and WO 2008/ 127197

PCT/ SG2008/ 000110 47 transferred into a tank contai ning unw ndi ng
sol ution (Retectomofiliota) Altiprotein kinase Biand Akt/rotyin kinase Bahiosnhpsylation

at 4 Cfor 30 mn. The slides were t ut in an electrophoresis:
tank filled with the buffer (0.075 M , 2 mM EDTA, pH 12.5, at
roomterrperatur%}.j El ect rophoresi.s was_carried out at room

tenmperature fd@ milh-6gcells @ WIChvesalassdne 12a¢pliphate fullowred hy exposeres
vere gent | MEIABACENN §ere Harilibd, 3vdtlaont el PBSShd e RACH A W8P 1ysis
th an ynpus epiflu

performed i nedidtely w orescence Croscope
BX- 40 and buifart)ES0ummelal (Nacti Trast HOh(pH 1.4)e oN048)5 el iysate KZ0Origd wak ieher

500 rim, Wi X nification..after staining with ethidium
bromi de so%?tfog)ﬁor(e 5?5{1%9%7 %ﬁ% a%a{niqe/ggf'm%ﬁeﬁ:g?‘%éﬁ torphfetor gal Akt
random y seidephicspharglated AMVRKBIAAINEZ SE4TBObbsitidnS (Rd]] ¥igAdlthg VB erky N RIAD

i mage anal ysis systemconet 3.1 (Kinetic Inaging). Sone slides were
stai ned wi ¥Wtﬂ%€%ﬁd¢’%Pmbaﬁyéh@l@ﬁ'@ﬁ%{swﬁawg ﬂé%; S doyis, MO) tadehieck gond
read with g.guhgie gl (excitation filter 450-480 nm barrier
filter 515 ril#.6 %147 The listing or discussion of a previously

publ i ghed doc i i b ' OGS TRk |
takenﬁd;s an aggﬁ% epgger?ré?\(t: & Iﬁgttg d%%gﬁé%egéfﬁgﬁ?{b%@@im%gfﬁﬁﬁ ??é%}k?)él] 88
state of tthe agiivation of Securmoah kifess dt/PKBoWitegdgmglyAwhile deuoehikt Sipstl ed
are hereby j r ' erence i heir entirety.. ..
07 a8]  ThorrelElRBtFLahadflLl Y, [1C SHE0 hrneD. MR bt hiegiybicon
her ei n. EasfhAkifphosiherylationowvitiiin 9pte & lmarsaofexgosagefzes Fig. JrQuRidaRannel).
falling within,the generic disc u al, s for 1 of the | .
i nventi on. LA $atf RE‘%& e%“‘%? ¢ 8’@}1@6 3@6’&%‘%%‘%@& ydditioy & {ndyping
Wi th B 20 jpopetisecidrdefthgsito vegdtbd iHeaRBR/AK GUBNVA] hatiy SWRicR ChuldBiia e
fromthe g‘fnus regard esi. ao‘f whet her or not the excised material is
I ;

speci fi cal FSPEQTS P RLIMAGRN9981491 Ot her embodi ments are within the
following clainms. In addition, where features or aspects of the

i nvéntion are descri bed DmAtdaE_{geg{eagﬁ@ﬁgﬁmﬂéd}h@sﬁs;ﬁhose skilled in

the art will recognise that the rnventron 1s also tnhereby described

in terns of y 4.ndivi dual nenmber or, su up ,of nbers Qf the

Mar kush gr oup%ﬁléglll &5 6087 gﬁﬁ‘iyl & REEEF 9?&“?%{%&‘5"}’5 OH%OWE&/@EA]I'NB

FOR PCT ARPGAT \REMAPEH/Firidaniond! 0o Mdlecuihalledianshii gfeMutagenesis (2001)
20 478, 89-96, incorporated herein by reference in its entirety). In brief, in the week before

each experiment, frosted microscope slides were cleaned, dried with .alcohol, and
precoated with two thin layers of normal melting agarose (0.6 % in ultra pure water),

left at room temperature to allow agarose to dry, then kept refrigerated at 4 °C.

(0146] Every 30 or 60 min after apoptosis induction (a control was taken

25 immediately before induction), an aliquot of 15 pl of cell suspension was taken and
suspended in 200 p! of low melting agarose (0.8 % in Dulbecco’s phosphate buffer

saline) at 37 °C. An amount of 75 pl of this agarose cell suspension was spread on each

of two precoated slides and covered with a coverslip. After gelling for 5 min at 4°C, the

cover slip was gently removed and a third layer of 100 ul of low melting agarose was

30 added and allowed to solidify for 5 min at 4 °C. Slides were then placed in a tank filled
with the lysis solution (0.03 M NaOH, 1 M NaCl, 0.1 % SLS, pH 12.5, at 4 °C) and

kept refrigerated for 1 h. Then, slides were removed from the lysis solution and

“\-.:w“.:\"v_'v/



1. A netal triangulo compound of the general fornula (1) Lr Co 2 oC
Boc~ R- A DCo 10 COCo O0C 3 15 wherein; R is selected from

the group ommseostipngr of aromatic, arylaliphatic, and PCTISG2008/000110
aryl cycl oal i phatic groups, having a cycl L/,c hydrocar bon noiety with a
main chain that contains a heteroatom "Wherei n Rl conprises up to 6

nonel ot g sadsRered OGR! Qkiife Ui BEnERbEol (TN NBOR DR mDTa, pit
conpri ses s @t AciQoRmhe task wiasi leﬂpy at dti€rfer A0 smmd Thé alidesomert il g i by

07 S ana s e5PrREH R el RURERE By Ity Qe oo PR BD T 0,0,

consi st i ng roém-tirPeratuyiFBcetPhoreSOMAL ca:rﬁﬁ\lbiﬂ at r&g\uéﬁ%eran%%r 2§9ﬁﬁ|at l

i “NSe, - OH,
; g\lﬁ% > Nqs%‘j“ %@%E&t 2"3\] ‘t‘ﬁz{‘s %dl\l re Ael?tbf ‘g’éﬂh@é fige iy b‘ﬁ’ﬁ tpn@ \gatexup
consi sti ng ide Teadffy waiQr ol iRl edditdly axtﬁ%ﬁ cyc?SR‘%‘ I'F;rH crpsogpe

sel ected fromthe group consisting of’ H
aromatic, aryrlendasubeU-MWEG fxgitsicolfdtat ﬁbhéﬁ@ nmgbmlpsﬁltetdﬂ@nm;lamgom

2 anioL 5" SORABRSRLECkRY 0 LN R o Sy AT 50" eb)
consi st i ng Fof eachOilide; Wrﬁﬁbmlﬁbblﬁﬁechéﬁflls v:ﬂeré Eﬂ%l?zcedvﬂétﬁléﬁgégfd%ﬁ{af}w? We

i pha
oromde, | PR R PRt fiRes) (& aeis dipiial- Sorer Siss wesbsipined i 0

rilife @00 flu; 0 d
%«hgeth o T PEA A P%T%ngeezggk}sf ooﬁrg%%gcsétwgghdlg i’\g %go‘gmz? *"ée’*g‘l”‘iﬁﬁ
re i ndepefsHintion WWier 489480 pry herrinefilgr Sipnednsi sti ng of osmi um

r hodli iridiumand tin,
ruthenium he[% yﬂ] The %st?nng] or discussion of a prekusly published document in this

specification should not necessarily be taken as an acknowledgement that the document
15 is part of the state of the art or is common general knowledge. All documents listed are

hereby incorporated herein by reference in their entirety.

[0148] The invention has been described broadly and generically herein. Each of

the narrower species and subgeneric groupings falling within the generic disclosure also

form part of the invention. This includes the generic description of the invention with a

20 proviso or negative limitation removing any subject matter from the genus, regardless of

whether or not the excised material is specifically recited herein.

{‘ [0149] Other embodiments are within the following claims. In addition, where
‘features or aspects of the invention are described in terms of Markush groups, those
skilled in the art will recognise that the invention is also thereby described in terms of

25 any individual member or subgroup of members of the Markush group.
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i sot hi azol e, | I-ﬁamewnwat;mgi@ﬂi‘étﬁ.@wdlﬁu,mecn) aZogtite] gbp aZened Bem e

henant hr (5. Seﬁ;‘imﬂﬁ % o Ry A Bé@éﬁi@. bR "B, s,
(napht hol[ 2, 3- b] ?béﬁld BQe%) 3962 fk‘}]hp?PNd -N§, Nve- %t-él—l\trm%@sgul 0
conpaifnd of anyOdHRDHNARY| OF-H2, P-(0%% Mecgt%n B, Dand E are

i dentical. Ang\ngegelé@gdeﬁomlgg@d%g fg;l’ b%(ézo g/é)e(i)q3 POBR&qel v&ag &g) May

2009
C Y , wherein R2 is selected from the group consisting of H, aliphatic, cycloaliphatic,

| aromatic, arylaliphatic, and aryléycloaliphatic groups, comprising 0 - &
- heteroatoms selected from the group N, 0, 8, Se and §i,

30 L1, 1.2 and L? are ligauds independently selected from the group consisting of
-CO, -NC(R2), CN-R? and -P-(R2)s, wherein RZ is H or selected from the group
consisting of  aliphatic, cyclogliphatic, aromatic, arylaliphatic, and
aryleycloaliphatic groups, comprising 0 - 6 heteroatoms selected from the grﬁup
N, O, S, Se and 5i,
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50 5. The netal triangulo conpound of any one of clains 1 - 4’Received12{1)\2fyog{l}(1)g

wherein L1, L2 and L3 are CO 6. A nethod of formng a netal
triangul o conpound according to any o of clains 5 1 - 5, said

i hod o408 (i, 00 TN Bl BB L ob

i ndependent | y ®¢eaidime ghenjvgnrhcdiaumg frisiigm andriti, st i ng of  osmi-um

r ut heni um rheﬂitmmepm%&hmhclﬁu&h oApurlds Bre ekdiudea-2 and L3 are
NGy O RSt S@ze%ygﬂﬂhér@ghﬁgﬂﬁwrOup@iﬁ?@@og%n Cromthe.
gr O:Jpl éoEs ![ st i Wiglred2: a$2 q:ﬂ#atﬂ%]henyushﬁad,l phat i Celc@&@mylﬁl—p-hgdm[uélm[ﬁw
aryalpalcﬁn@pg, risi -

het er oat ons sel ect g(?—q% %}WL@%ﬁ?@gﬁdoﬁaﬁgc}@@eﬁ 0o S’gf“ng’M and LS
are i ndependerﬁ‘%ﬁﬂ%aéhoé&]@éﬂ W%M[ﬁé(%iﬁﬁrpm@ithmgatdﬂ -HNS2 €BBKS4:15
CO, NO and H, mquhéxééﬁlﬁﬁﬁyn@eﬁﬁarg@d% 573{#05}%9 Ehfdndt) | S

sel ected from‘%isjl}1 ri3|stjng 0 aromatlc At e, and
aryl cycl oal i ph ‘E:Sg"éﬁ%ﬁ?fég“ R Q¥R decacazqmy! lh%%&*a@ﬂéﬂ-mﬁ@%@lmt% a
nmai n éhain th&E)]oonkagnks @Emieh.edeRt@bohyl-Whedef (3 RkdaaR( g ritRel O 6
e ot g or RS LONELARRANE, Dot o SRR AR s
conprises an avsstidisehionep-SHDl- é”thydmtﬁﬁ@ﬂmum s akndiugl, e citinantaparbényifpé-et y
is either (i) @, 3*33&&:9@&@@@1@,9&%%@%%5&5@ e G guﬁ’qmﬁ@sﬁm‘g of N,
consi ot ng.of Srppitbodp] Ssbiey AeaD S:%%%%%%mo%%‘a#s Shelvde 25
*NSe, 150H, N Niatgsl® ONGHR (|- (TRERBenz X &N s : S)}asaacmaﬁbm-nﬁmm-

sel ected fromgifg. Oblsl’llm ”SBéE F@@"ﬁf%%ﬁﬁ#ﬁ eh ﬁzoguzat&%mm

P—(R2)3 wher el n or se consr sting H,
al i phati c, y%ﬁ)cl #‘WT“E“BBL#Oonm | iRy | al |ﬁbLHf ke e‘&ﬁ@lam]emwﬂﬂw-

aryl cycl oal i prEzt32)]dgtaospsny!-payRitbiriagkul osmitn edcRi@MtoaE.-pel-aeiesl
fromthe gr OuQﬂr é\ldee!ﬂI}'? 2—(%?0;:%9;% SJS)—Z":--pyan&a 1rge%grbomtn?atm}] -p-hydrotri-triangulo
20 ‘Tuthenivm, decacarbonylfu-(4,6-dimethyl-2(1 H)-pyrimidinethionato-$:8)]-p-
hydrotri-triangulo ruthenium,,

2. The metaltriangulo compound of claim 1, wherein Rl is a mono- to hexacyclic
55 aromatic moiety comprising 1 to 4 heteroatoms. .
3. The metal triangulo compound of claim 2, wherein the aromatic moiety is selected
from the group consisting of imidazole, henzimidazole, 4H-pyran, pyrazole,
o pyrazine, pyridazine, firar, thiophen, benzofuran, pyridine, bipyridine, indole;
' 2H-isoindole, quinoline, isoquinoline, quinazoline, cinnoline, quinoxaline, thia-
30 . zine, thiazole, isothiszole, 1H-azepine, dibénzopyddine, azocine, 1H-azorns, oxX-
eping, thiepine, thiaphanthrene (naphtho[2,3-blthiophene), phenanthrof3,2-b]-
thiophene, 1-oxa-1H-benz{ffindene (naphtho[2,3-b]furan) and furo[3,2-b]pyridine.

4. The metal triangulo compound of any otte of cléi:'ns 1~ 3, wherein B, D and E are
35 identical.
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of claim®6, wherein said conpound of general fon-null? (111) "V,
general formula (1V); COCOCO o L515@3O and wherein the nethod

conp Fes f% Xzﬂn Q%ta? oggound of ner al {.sarnul aﬁé%{%}gﬂ@ g{p %qc CO

whereln the corysdiid of formula (IV) is 5 his(acetonitrile)dact
bouyit' oszruuim9. The nethod of ciao e 7 or 8, fhrther cony; using

{ﬁn tap i nlg aT Pa ﬁ?tﬁ@@ﬂf\fénﬂifn awwg&l@m&@uﬁdt bdchrdid ttb &ﬁ]m}bﬂﬂs of
e genera su ere 0 grou
cons?s{‘)}e i ng of “aroitTo: U%cﬁpéilsﬁ%ﬁ?qt%’m%?\ﬁmpgﬁﬁ%‘{fﬁmﬁ%@@nari cg P

groups, having a. cyclic hydrocaybon nmoiety with a main chair: that
conte.m ;s a | eternafom whegretn R, conprises up to 6 heteroat0|m
the reteroatorris being seILe&L\ Gm t he gr,oup consisting of :N, O,
S, Se and Si, and wherei nOR—&add} Londq y dBrrpri ses an el ectron rich
noi ety, wherein said electron r :'hbr{ /1's either (i) a heteroatom

sel ected fromthe group consistihg of N - nd Se or (ii) a
functional group selected fromt ey(cﬁn& ing of -NH2, 15 NHR2
-CO, -COON, -CON H2, -CONIl R2, - S04H%Q S04R2, -SOZR2, -Se, CN,
-SCN, - C, -NS, -NSe -OH, = {‘\*—-N@O_S -ONHR2, -NGR' s NI V
and P-(R22)3 and -CF3, wherei ns i3 Hor select ed fromthe group

consi sting of _
wherein B, D and E are indépendently selected from the group consisting of

( j . osmuiwm, Tuthenivm, rthenivm, rhodium, iridium and tin,
L1, 12 and L? arc ligands independently selevted from the group consisting of
10 CO, -NC(R?), CN-R? and -P-(R2);, wherein R? is H or selected from the
group consisting of aliphatic, cycloaliphatic, aromatic, arylaliphatic, and
arylcycloaliphatic groﬁps, comprising O - 6 heteroatoms selected from the
group N, Q, 8, S¢'and 34,
. L# and LS are independently sefected from the group consisting of NC-CHa,
15 €O, NO and H,
and a compound of general formula R1-AH,
wherein R! is selected from the group c¢onsisting ofaromatic, arylaliphatic, and
arylcyclaaiiphaﬁc groups, having a cyclic hydrocarbon moiety with a main chain
, thet contains & heteroatom, wherein R! comprises up to 6 heteroatoms, the
20 heteroatdms being selected from the group consisting of N, O, 8, Se and Si, and
{ P, wherein R! additionally comprises an electron rich moiety,
wherein said electron rich moiety is either (i) a heteroatom selected from the
group consisting of N, O, S and Se, or (if) a functional group selected from the
group consisting of -NHj,, -COQH, -CONH,, -SH, -Se, -CN, -SCN, -NC, ~N8§,
25 NSe, -OH, N=N, N=0, NC(R2), CN-R2, P-(R2); and -CFj, |
and A is selected from the group consisting of S, Se, POy, POg(RZ) and P~(R2)3,
wherein RZ is H or selected from the group consisting of H, aliphatic,
cycloaliphatic, aromatic, aryleliphatic, and arylcycloaliphatic groups, conprising
0 - 6 heteroatoms selected from the group N, O, 8§, Seand 81,
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al i phatic, cycioaliphafic, aromatic, aiylaiiphcafic, Find Received 12 May 2009

arylcycloalip hatic groups, conprisixnig O - 6 het enat oms sel ected f
umthe soup N, 0. S, go and Si, Anended Sheet | TTVAU

PCT/ SG2008/ 9000 V86 12 WMRY \é@}@; i | ect ed
fromthe- grgup coﬁgﬁgfefb‘rﬁ 162, Seng%gﬁcm%%%g and BI%&PI%Z% ?I?\%h(gfei n
R2 is sel ect edPFFGhf glr\gup consisting of H aliphatic,

cycl oal i phatic, ar omatl c,.arylaliphatic, and aryl cycl oal i phatic
groups, conprising 0 - 6 het eroa 0 sehgot ed fromthe group N, O,

S, Se and Si, 5 thereby formng & of general fornula (1).

10. The use of a netal trlanguIQCemﬂ‘pB) ofﬂa (1) L1 oc- B/Co
L J~2 R- A\~ Co CO H E3CO r€in; 10 Rl is

sel ected fromthe group consisting offaliph Q\“wcy:&l oal i phati c,
aromatic, arylaliphati.c, and aryl cycloal ati & groups, conprising O
- 6 heteroatons selected fromthe gr u@#&ﬁ:sﬁ%g of N, 0, S, Se
and Si, and wherein Rl additionaldy—¢aIm+i8es an el ectron rich

noi ety, wherein said electron rich I elynis either (i) a heteroatom

sel ect ed fromt i o{%’ N 0: nd S ar, (dr.) a
functional gr oy seﬂ%%og%gﬁhé&s E’?‘B‘“& ﬂccglﬁg?“g?ioﬁée’lg?a?fol@ﬂ[??YjNHRZ
-CO, -COQN, -CONH2, -CONHR2, -SIX, C($04H SO4R2 , -S02R2, -Se, -CN,
-SCN, -NC, -NS, -NSe, -NC(FR) . ON-R2,

P-(R2)3 and -CF3, Ais selectegcf‘r‘Umg grou QQQ?/ ing of S, Se,

P04, PO3(R2) and P-(R% 20 wher ein |s ed fromthe group
consi sting of aliphatic, cycl @i-iph aroma ‘“a'r-yt@I i phatic,
06 ete oatoms sel ect ed

and aryl cycl oal i phatic groups, conp S|ng
fromthe group N, 0, S, Sc and Si, H

OC CO

8, The method of claim 7, wherein the compound of formula (IV) is
5 bis(acetonitrile)decacarbonyltriosmivm.

9, The method of claims 7 or 8, further comprising contacting the compound of
general formula (1) with a compound of the general formula RI-AH,

wherein R1 is selected from the group ¢onsisting of aromatic, arylaliphatic, and
arylcycloaliphatic groups, having a cyclic hydrocarbon moiety with a main chain
-~ 10 that contains a heteroatom, wherein R! comprises up to 6 heteroatoms, the
hetercatoms heing selected from the group consisting of N, O, 8, Se and 8i, and
wherein R! additionally comprises an electron rich moiety, wherein said electron
rich moiety is either (i) a heteroatom selected from the group consisting of N, O, 8
and Se, or (ii) a functional group selected from the group consisting of -NHy, -
15 NHR2 -CO, -COOH, -CONH,, -CONHR2, -SH, S04H, -SO4R?, -80,R2, -Se, -
CN, -SCN, -NC, -N8, -NS¢, -OH, -N=N, -N=0, -ONHR?2, -NC(R?), CN-R? and
' P-(R?)3 and -CFa, wherein R? is H or selected from the group consisting of
aliphatie, cycloaliphatic, aromatic, arylaliphatic, and aryleycloaliphatic groups,

comprising 0 - 6 heteroatoms selected from the group N, O, 8, Se and 8i,
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LI , LZ and L3 are |ligands independently selected fromthe gr ehmdlzgzgﬁgéég

consisting of CO -NC(R2), CN-R2 and -P-(R2)3, wherein R2 is'F
sel ected fromthe group 25 consistingsnbf aliphatic, cycloaliphatic,

aromatic, aryl ed Sheet JP S 008/ 000110
Recei ved 12 Nhg%ﬁggg&hgﬁm gﬁmﬁ%%%g?FBWBFWEWEW% 6§geé§#p? gﬁ%gmg

het er oat ons se(%éi:eﬂhqm@nﬁhie tplesep o Op SowSeosstdingi of B, diphatis E
Ut heni um T hor e ey Byiliabt, PRI et SPilios o
conpounds excl uéégt]e‘ﬁﬁtr"fnﬁééa‘?@ﬁm&?W@rgfquﬂl\hpaﬁfﬁefﬂdﬁh t he rranuf acture
of a mddi camenthefeby foxmiliLcd REpARAETESictal Fidmalagpl | or for preventing
carei nogenesisin a cell. 11- The use of claim 10, wherein the cell in

whi ch apopti9si $nd SseloPdUEEH niad dﬁgg% H 0 12. The use of claim
11 for selectively inducing a opto IS 1N a ur cell. 13. The use

of claims 11 or 12, wherein inducing apoptosis in a tunour cell is a
t herapy for the treatnent r preventlon of cancer. 14. The use of any
one of clainms 10 - 13, vvher\ilrn uci ng apopr205| sinacell- 15
conpri ses an |ncreaseCMh az/ilula(XEeactl e oxygen species. 15.
The use of claim 14, mhere;p. aﬁ@dJH%;i;uffkgr reactive oxygen
speci es conprise at_{eas of ap a superoxi de, ozone, a

hydr oxyl radical, a Berox itryte, and pqﬂ ous acid. 20 16, The
use of any one of clains 1 5, wherein |nc%ﬁ|ng apoptosis in a
cell conprises cytosolic di¥f i cat#on, e use of any one of

glains 10 - 16, wherein in optosis in a cell 25 conprises
"I ncreased expression of a tuno E crosis factor (TNF) receptor gene.
18, The use of claim 17, mher T receptor is' the Apo-1/Fas
(CD95) nol ecule. 30 19. T@E use ochIa|n118 wher ei n increasing
expressi on conprises activation of at |east one easpase. 20. The use
of claim 19, mhgreln sai d caspase is selected fromthe group
consi sting of

10 R1 is selected from the group consisting of aliphatic, cyclosliphatic, aromatic,

arylaliphatic, and aryleyeloaliphatic groups, comprising 0 — 6 heteroatoms selected
from the group consisting of N, O, S, Se and Si, and wherein R! addiﬁcnallj
comprises an electron rich moiety,

. wherein said electron rich moiety is either (i) a heteroatom selected from thé

15 group consisting of N, O, S and Se, or (i) a fimctional group selected from the

' group consisting of -NH,, -NHR2, -CO, -CQOH, -CONH;, «CONHR2, -SH,
SO4H, -SO4R2 , -80,R?, -Se, -CN, -8CN, -NC, -N§, -NSe, -OH, -N=N, -N=0, -
(™ o ONHR?, -NC(R?), CN-R2, P-(R2)3 and ~CFa,
' A is selected from the group consisting of 8, Se, POy, PO3(R?) and P-(R%),,

20 wherein R? is H or selected from the group consisting of aliphati'e, cycloaliphatic,
aromatic, arylaliphatic, and aryleycloaliphatic groups, comprising 0 - 6
heteroatoms selected from the gréup N, O, 8, Seand 8i, |
L!, I? and L3 are ligands independently selected from the group consisting of
CO, -NC(R?), CN-R? and -P-(R%)3, wherein R2 is H or selccted from the group

25 consisting of  aliphatic, cycloaliphatic, aromatic, arylaliphatic, and
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caspase 2, caspase 3, caspas€ 8, éaspase 9 and caspase 10, 35 igCT/‘FE?z;?&mﬁgéég
use of any one of. clains 14 - 20, wherein inducing apoptosis ay
cell conprises increased release of e§iocbronme C fromm tochondri a.

s e, SRS B At

inacell conp lsps%s%l%ﬂﬁﬁbl ting phosphoryl ati on of the pr ot ein ki nase

B (Akt/PKB), 28, DThel BSEe Yidepéie sepegteﬁl oip &gus bEb
i nduci ng apopt 9 |s in_a celbﬂ¥ epen ent o deatron of
the protein BaX IR EHE%y et nitochondria. 24. The use

of any3one of mcbzﬂmtﬂsxbompﬁﬂ;dsmmwﬂﬁld@clﬁﬂlekmcﬁmﬁzuﬂ tur ed 25 The

use of claim 24, i

The use of claim ggﬁ%ﬁ%@?ﬁ? ?Je!imérﬁen?%r m@‘éﬁn&f‘%@tcﬁso% f‘rfﬁngﬂf (fﬂrp
consi sting of P@"?"é‘?g"%‘mﬂ%@nﬁm@ng@aﬂ a sheep, a pig, a dog, a
nmouflon, a guinea pig, a hamster, a chinpanzee, a rhesus nonkey and
a human. 271. Tike useiefaiany, wnﬁejﬁfth@écﬁl WEvheh apa%’t@sis SORBEck® i Wrrmour
contacting saigycell with a predetermned quantity of a netal
triangul o corrpound of t he general formula (1). 15 28. The use of any
one of clains 24 - conpri si the use of at .|east two different
pr edet'8r mi éd E]EFa‘F?FPfFIé@ bl fops %ﬁfl}’tﬂlﬂﬂ‘é!mﬁn’rﬁﬁ?%%i@rmmn‘@t cofi. t he
general formula (1) and at least a first and a second tumour cell,
wher ei n t hd3f | Tist useedd cliimscldndratd, echewdid thdudihe apodwsls i@fs flRut Wal is &

pr edet er m ned Talel |.L]. is contacted with the
i gher of the %ﬂm&gﬂ%irgoggﬁ?%rm n%a% ﬁ’gﬁﬁ#ﬁ%{% &20 29. The use of claim
28; wher ei 24 Ent cf and 11; e, second cell are ohtained from the
sane patie usI?'h% Weo’%ﬁ ispf0 ¢113; mhersy igAuoreg apqpiqsifep 2 cell
conpr il8i ng detmwmm@semsnmcEMmswcdvaygens@&cws‘.l'he use any one
of clains 28 - 30 for predicting a patient's individual response to

25 a netal ISrIMMb@f@mmqwndh&émfsﬂe nRRRRRE rda 0B edd dpecideombiife USE
of any one of car cj nogenesi s I n.a

Ccll % d erei n revent|
cel | ~conprise$ ?Fﬁ BWi° apﬁ‘?él ?c?rgﬁﬁ‘fr?’& 82‘%?8 g%xéﬂ‘ rag’éffﬂda Rupgyuitrite,
tri angul 0 wi t herd hypesiijeegusiacid. ar omat i ¢ hydrocar bon.

16, The vwse of any one of clalms 10 - 15, wherein inducing apoptosis in a cell
comprises cytosolic acidification,

17. The use.of any one of claims 10 - 16, wherein inducing apopiosis in a cell
25 comptrises increased expression of a tumour necrosis factor (TNF) receptor gene.

18, The use of claim 17, wherein said TNF receptor is the Apo-1/Fas (CDS5) |
) ‘ molecule.

30 19. The use of claim 18, wherein increasing expression comprises activation of at least
ong caspase,

20. The use of claim 19, wherein said caspase is selected from the group consisting of

caspase 2, caspase 3, caspase 8, cagpase 9 and caspase 10,
35

21, The use of any one of claims 14 - 20, wherein inducing apoptosis in 2 cell
comprises increased release of eytochrome C from mitochondria,
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33, The use of any one of clains 10 - 33, wherein R of the mﬁe%bived 12 May 2009

triangul o conpound 30 is a nono- to hexacyclic aromatic noiet
conprising O to 4 heteroatons: Amended?Bheet TEA/ AU
PCT/ SG2008/ 000110 Received 12 May 2009 55 34.- The use of claim

34, wher ei rea, hTharREwE iy ook & el@hs tthe P tdlerdid hRNaHL %Po;ﬁ&imﬁumeﬂ S

beng m dazol o “IEPOY AT Ry L BPE <Bgh SO e (REPRl an

t hi ophen, benzofuran, pyridine, bipyridi ne i ndol e, 2H i soi ndol e,
napht al ene, 23an{lle #6@ A 206 OB PhIHmS 0 Fo et inﬁ@cmaq@uommielm raegell is

ci nnol isne, qui hdeyedemeor 4 Bt i ha2e)ién Bak SRGHhE 2L membrane of
1H azepi ne, di beR) a_%éﬁl di ne, azocine, |H azoni ne, oxepine, tbiepine,
t hi aphant hrene ﬁg &(2, 3-b] t hi ophene), phenant hr o[ 3, 2- b] t hi ophene,
1-oxa-11-1- benz[f]indene (naphtho[2, 3-b]furan) and faro[3, 2-b]pyrid
ne. 10 35. 2fhe ThaEse sangneselasns 4 -@3nehaen seidasll inbdtuidn B, D and E
of the metal triangulo conpound are identical. 36. The use of any
one of claizs IBeusedd clanh Qs eitiRrdid said o2ll awbtdickd dom £Kamm4dl, A net hod of
i nduci ng apoptosis in a cell corrpri sing adm nisteri ng a nmetal 15
trian 0 P I T

L3 vmgt(gr ein: m%?gsﬁcga%?gg \?} om m%%silj%%glg%g?g %Fﬁpaﬁ %‘nﬁ
cycl oal i phat i c ® T8 81F81i & 2oatah §Heen |a[i?’\%1ta| CE’,gs aﬁiau%frnymy@%mg» @ﬁ%@ﬂ@f:
groups, conpri ghiffpaflzes, Lrhbet flofdk R Behect ed from the group

consi st ng of N, 0, S, Se and Si, and wherein R additionally 20
compri ses ai‘/ elIﬁﬁtuEQ'af Gh ¢ BndTBY F’Mus Ez@'&nﬁyﬁ%ﬂ %b&&éﬁ{ngr&a{d' & R ?t y

Hs/elther (1) et eroatorm sel ect ed f nsi st ng

0, S and Se, oPredpieyiged EEY shamegt wwwe@pw qflﬂt?rﬁﬂf*ﬁél for@%%@)
consisting of -NH2, -NHR2 -CO -COOH, -CONH2, -CONHR2, - SH,
15 28. The usé of any one of claims 24 - 27, comprising the use of at least two different

predetermyined quantities of a metal triangulo compound of the general formula (1)
and at least a first and a second tumour cell, wherein the first cell is contacted with
the lower of the two predetermined quantities and the second cell is contacted with
the higher of the two predetermined quantities.

20" 29. The use of claim 28, wherein the first cell and the second cell are obtained from
the same patient,

30. The use any one of claims 28 or 29, further comprising determining apoptosis in

said cell.
-, : 31. The usc any one of claims 28 - 30 for predicting a patient's individual response to
‘25 a metal triangulo compouﬁd of the peneral formula (I).

32, The use of any one of claims 10 - 31, wherein preventing carcinogenesis in a cell
comprises allowing the formation a complex of said metal trangulo with a
polycyclic aromatie hydrocarbon.

33, The use of any one of claims 10 - 33, wherein R1 of the metal triangulo compound
30 is & mono- to hexacyclic aromatic moiety comprising 0 to 4 heteroatorns,
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SO4H, - S04R2, -SCPR2, -Se, -CN, -SON, -NC, -N5, -NSe, -OH, - éc;zes;;lz;gimo%ég
-N=O, 25 -ONHR2, -NC(R2), ON-R2, P—(R2;3 and -CF31 A is sel ected ay
fromthe group consisting of .S, Se, P04 PO3(R2) and P-(R)3, Anended
Sheet | PEAAU BT13C2008LADGA el Gl Bahanais, R

cioC e We}%tlc ‘rh(?ct AT

is selected fromthe group consisting
aliphatic, ar GoRFOURd 3y gelentsd, Fam; (She MPa?%VLFIEtWSI 8§I‘1°B%| cingfealss
conprising O - bénzithidbmlgatBpetns elyeabied dytaie] H@ﬂ@drﬁup fdran), th@pheBe

and Si, LI , L n nt.| ted fromthe
aroup consi st Rarrs s, B RRRITER G BBTER, i Rer R,
is H ol select eumﬁimmmmwglax@u ;qumwﬂm,smmgn@fqmexﬁm; fgazine, thxmle.

cycl cal i phat i ¢soafHaRt lﬁuaz&:ﬁdé' bR BN Hdhe &ng@riyﬂ-azoﬁ%'o?\@ﬂxﬁeo
groups; conprisi. n%gj%ae het er oat or is sel ect ed from t he

S, Se and Si, (aphtholZ AdhdhionkroRh P@,enw@@v?ehl@?@m ﬁ@XaF%Up

consi sting of \efiMicne ihphtib[2eh)RFAn) ik fikd[BP-bjfyadingm iridi um and
tin, including the conpounds excluded -by the disclaimer in claimL

38. The netfod.of cI m 37 erel t al a

Commoulid T o hnat stk ohe et ORRE 1D S Prertin: BERE MR B B 4
het er oat ons. { ciSpB@gd affidemtistlhod of clai m 38, wherein the aromatic
noiety is selected fromthe group consisting of imdazole,

benzi ni dazgige, ThEALTARY olYITRBRhLI0 45| RErElE L1 AVIhER2 k€0, foram
t hi ophen, benzofuran, pyrl d| ne, bipyridine, indole, 2H i soindole,

qui nol i-ne, 7' S%q}’rleﬁ%d' (#%E%téf&? g'c@ﬂoéalngﬁgn%lﬁhﬁ%s@%i % 2 metal

hi azi ne, iazo azepi ne ZOopyri

zoci g, 113 amwécmﬁﬂ@@ﬂﬁéfw@ma@l ne, 20 thiaphanthrene .
(napht ho[ 2, 3- b] t hi ophene), phepant hr o[ 3, 2- b] t hi ophene, 1-oxa- 1H

benz[ f Ji ndene (napht hol[ 2, 3- b] ran) faro[3 2- b]pyrldlne 40. The
met hod of any one of clai wher B ﬁLand E of the netal
triangul o conpound are |dent|c 41 The od of any one of
claims 37 - 40, wherein said c |s co n a mamual, 42. The
met hod -of any one of cl aRi wherein s céttcios obtai ned from
a manmmal . 43. The nethod of c\ 41 or 4% mhe ein the mammal is

sel ected fromthe group

oc | 13”
wherein:
R} is selected from the group consisting of aliphatie, cycloaliphatic, aromatic,
. arylaliphatic, and aryleycloaliphatic groups, comprising 0 — 6 heteroatoms selected

from the group consisting of N, O, 8, Se and Si, and wherein R1 additionsily
20 cormprises an electron rich moiety, . ‘
wherein sald electron rich moiety is either (i) & heteroatom selected from the
group consisting 6f‘N, O, S and 8e, or (i) a functional group selected ﬁronj. the
group copsisting of -NH,, -NHR? -CO, -COOH, -CONHjy, -CONHRZ, -8H,
SO4H, -SO4R2, -80;RZ, -8¢, -CN, -3CN, -NC, -N8, -N8e, -OH, -N=N, -N=0,
25 -ONHRZ, -NC(R?), CN-R?, P-(R?); and -CF3,
| A is selected from the group consisting of 8, Se, POy, PO3(R?) and P-(R?)3;
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30 consisting of a rat, a cow, a goat, a sheep, a pig, a dog, @eceived 12 May 2009
moufl on, a guinea pig, a hanster, a chinpanzee, a rhesus nonkey and
a human, 44. The nethod of any one of éfains 37-43, wherein said cell
is a tumour celdbereiARR RS eMkcRh SR tHEGA: ' A 2009. 57 45,

A net hod of preventing clslﬁp;%nogenes??‘ n%gqggkl\é?gidﬁj&p?}?%%nc -Qloas?hphauc,
admi ni stering &WS  YHIRAY 1% oRpesioalizete oemta ¢ompriking 0D - OBOC\
1~ A D CO CO HeEDhatod sRkctediran kirgieg N, (8] thedgi,oup consisting of

al i phatic, cychoaljzphatjic lg. 5 ar | iphatic, and , |

aryl cyel oal i phat.i’c ﬁ%}guﬂﬁs@%’g%@i&g&%@dﬁu@ %{eatgé %9&@8&"“?&"%%“@& of 1
fromthe group-eBndfC@ hEMoR? pnd F-(R)s, BhereinR2Ss H amwlected femthRkroup
additional ly c¢edp#tingess anipBLRCt ERbalibtalc, ML RlY LR Sai; )

el ectron rich m)ile ) gi s ei }tpﬁer %éz al etce’r oatomc’s\é%é]{ﬁggm?rg% t%l
group consi st i MY EHPREICEONES; SAppaging Qvr 6 heterpatgme priectaddrnm thgetsup N, O,
sel ect ed from Bh&eadi®igroup consisting of -NH7, -NHR2 -CO, - COON,

NS, se, ~OE TR ERE eneaigl stcoR s eciop cousising p o
-CF3, W is sel Bxheim,rbenitnahefivugiridivmsind tinnigelodinSheSempfids ROSER?)

and P-(R2)3i" whelahnideliscisel gcted fromthe group consisting of H,
aliphatic, cycloaliphatic, 15 aromatic, arylaliphatic, and

axyl oycl oaligphat | r QUPS, . C ki Si 0.: 6 et erpat ons se| ect ed

fromthe gr%bp%k% &5&0 ,09313‘”%1 g vetet nlgl?ftﬁezmﬁﬁﬂmﬂﬁg”i? %ODFHC'&%\%’(% mono-

i ndependent | y &dicgaeyelc frpoptiamheietyconprisingbiogithietrgpatfms. - CO, - NC( R2) ,
R2 and -P-(R2)3, wherein R2 is H or selected fromthe group

cofsi 96i ng 36f Th¢ pletibi of cla bR altispinatl Gronkio MRtdre is sale¥ied kbRl 'F&;u% agd
ecte
i

L 5 1 LB 5 S LA G R L
sel ected from fe. §renhsn.cnzifent, pyridibe, dipyridir, indole, 2H-isoindole, quinoline,

isoquinoline, quinazoline, cinnoline, quinoxaline, thiazine, thiazole, isottdazole,

1H-azepine, dibenzopyridine, azocine, 1H-azonine, oxepine, thiepine,
20 thiaphanthrene (naphthof2,3-b]thiophene), phenanthro[3,2-b]thiophene, 1-oxa~1H-
benz{flindene (naphtho]2,3-b]firan) and furo[3,2-b]pyridine.

40. The method of any one of claims 37 - 39, wherein B, I and E of the metal
triangulo compound are identical.

25 41. The method of any one of claims 37 - 40, wherein said cell is comprised in a
marmnal,

{ ) 42. The method of any one of claim 37- 40, wherein said cell is obtained from a
mammal. ' '

43. The method of claim 41 or 42, wherein the mammal is selected from the group
30 consisting of a rat, & cow, a goat, a sheep, a pig, a dog, a mouflon, a guinea pig, a
hamster, a chimpanzee, a thesus monkey and 2 human,

44. The method of any one of claims 37-43, wherein said cell is 2 tumonr cell.
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rut henium rhenium rhodium iridiumand tin, including the c%?r%éveddls,zMay

including the conmpounds excluded by the di scl aimer inclaimil1. 25
46. The nethod of claim 45, wherein sa’d metal tri angul o conpound

forms a codsl exmamdamf@rwtmgmhmogmamﬁ&tdcﬁ cmhgisa%aa’amsmﬁ%ﬁmﬂ&g
Sheet. 1PEA/AL£H.%(1 %&%ﬁn‘p ecei ved 12 y 2009 58 47. The
met hod of claim rein t?lrgl tion of said conplex between

said netal triangulo conpql nd and the polycyclic aromatic
hydrocarbon prevents the ycycJG©@ aromatic hydrocarbon from
form ng a conplex wt h phar ggceut i gal conposition,

conprising 5 (a) arretal ri |Bg formula (1), Lr QOCCO
CC BR ADCO CO CQ} ected fromthe group

consi sting of a|lphatRC”“U§C|O l'i phatic, > arylaliphatic,
and aryl eyel oal i phati c grou 6 heteroatons sel ected
fromthe group consisting of e and §Q and wherein R
additionally 10 conprises §h\\N ct#on rich noiety, wherein said

el ectron rich noiety is eith
group consisting of N, 0, S an eh\ (i) a functional group
sel ected fromthe group copgfsting -NH2, -NHR2 -CO -COd -1,
- CONH2, - CONHR2; - SH,

SHH, - SMR2, - SO2R2, - Se, -CN, - SCN, - NC, - NS, - NSe, - OH, - N=N, - N=O, 15

- ONHR2, - NC( R, 15%38%“1 ok 820 éo Qonsfelidy of\ahﬁﬁm%glcgslﬁﬁ \Aﬁﬁtﬁco @fotn'%gc

Sel cotEd TromPRETFE: aﬂfm@éwwg?’r&%w =6 bieTBEF BSC,
ar-omat i ¢, arylfxm piagcop comsthtiag wf & ©, cEaISemaatai,Cm-grmm&n Rosaitiosanyg O
- 6 heteroatQg&mggk%ﬁgﬁﬁhggﬂyyﬁhggygroup N, 0, S, Se and Si,
wherein said electron rich mofety is either (i) a heteroatom selected from the
group consisting of N, O, 8 and Se, or (i) 4 functional group selected from the
10 group consisting of -NHj, -NHR? -CO, -COOH, -CONH,, -CONHRZ, -8H,
SO4H, -S804R?, -S03R?, -Se, -CN, -SCN, -NC, -N8§, -NSe, -OH, -N=N, -N=0,
-ONHRZ, -NC(R?), CN-R2, P-(R%); and -CFj,
A is selected from the group consisting of 8, Se, POy, PO (R and P-(R%)5,
wherein R2 is selected from the group obnsisﬁng of H, aliphatic, cycloaliphatic,
15 aromafic, arylaliphatic, and aryleyoloaliphatic groups, comprising 0 - 6
heteroatomns selected from the group N, O, 8, Se and Si,
L1, 12 and I3 are ligands independently selected from the group consisting of
-CO, -NC(R2), CN-R? and -P-(R?);, wherein R? is H or selected from the group
(, J consisting of aliphatic, cyclosliphatic, aromatic, arylaliphatic, and aryl-
20 cycloaliphatic groups, comprising 0 - 6 heteroatorns selected from the group N, O,
3, Se and Si, :
B, D and E are independently selected from the group consisting of osmiut,

ruthenium, thenium, thodium, itidivm and tin, including the compounds including
the compounds excluded by the disclaimer in claim 1.

25 46. The method of claim 45, wherein said metal trianguio compound forms a complex
with a polycyclic aromatic hydrocarbon.
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20 LI , L2 and L3 are |igands |ndependently selected fromthe LAUDy 12 May 2009
of

consisting of -CO -NC(R2), CNNR2 and -P-(R2)a, wherein R2 iS
sel ected fromthe group consisting of3&l i phatic, cycloali phatic

aromat i, any! eh Bigonor i &Y WhineVEL 0BLLRICLS BiPLQURS: WSQURTLY 19

0 -6 heteroatoms se ected fromt
D and E are i nBEGLRHEAP ;90*%9“@6%&13@613‘91% aFpmstip hydsaesisn) meyeots the

osni um  rut hepélynelis remiticthydtdeatbuffom ol fo ﬁ?&x%ﬂi]}}w.c' udi ng the
conpounds Anended Sheet | PEA/ AU PCT/ SGR008/ 000110 Received 12 My

2009 59 i ngl udiAgriRe AR &ﬂﬁ% by the disclaimer in.claim
1 or pharna utically acc tanf thereof and (b) a carrier
or dllée &' Fﬁﬁgéﬁﬁﬁ?ﬁ%m%Of@H@ﬂ%@L and/ or preventing
carC|nogeneS|s inacell, § 49 The phar maceuti cal conposition of
claim 48, further conprisi t I one of a nucleic acid

al kyl ator, a nucle05|d naI an aq?eraczggine, an antibiotic, an
aromat ase i nhibitor, tagonls trogen receptor
nodul at or, an |norgan|c are at e; bule inhibitor, a
nltrosourea an osteo RaslALn i\bi tor, 10 aibka%;meﬁgcontaining
conpound, a retinoid, a tOpQISO rase 1 J tor t opoi soner ase 2
I nhibitor, a thyn1dy|ate syn e I nhiJaf t or, aromat ase i nhi bitor

a cycl o- oxygenase i nhi bi tor,H sof Javone, a tyrosine kinase
inhibitor, a growh factor, fhosphonat e, and a nonocl ona
anti body. Amended Sheet IPEAC/M ‘“Hwamcc) '

¢ oC 1?

' R} is selected from the group consisting of aliphatic, cyclosliphatic, aromatic,
arylaliphatic, and aryleycloaliphatic groups, comprising 0 — 6 heteroatoms selected
from the group consisting of N, O, §, Se and Si, and wherein R1 additionally

10 comprises an, electron rich moiety,

wherein said electron rich moiety is either. (i} a heteroatom selected from the
group consisting of N, O, § and Se, or (ii) a fimctional group selected from the
group consisting of -NHj, -NHR2 -0, -COOH, -CONH,, -CONHRZ; -SH,
SO4H, -SO4R2, -S0,R2, -Se, -CN, -SCN, -NC, -NS, -NSe, -OH, -N=N, -N=0,

15 ~ONHRZ, -NC(R?), CN-R2, P-(R2); and -CFj, |
A is selected from the proup consisting of S, Se, POy, PO3(R?) and P-(R?);,
wherein R2 is selected from the group consisting of H, aliphatic, cycloaliphatic,
aromatic, arylaliphatic, and aryleycloaliphatic groups, comprising 0 - &

(2 ' heteroatoms selected from the group N, O, 8, Se and Si,

20 L!, LZ and I? are ligands independently selected from thc group consisting: of
-CO, -NC(R?), CN-R2 and -P-(R2)s, wherein R2 is H or selected from the group
consisting of aliphatic, cycloaliphatic, aromatic, arylaliphatic, and aryl-
cycloaliphatic groups, comprising 0 - 6 heteroatoms selected from the group N, O,
3y Se and 8i,-

25 B, D and E are independently selected from the group consisting of cemium,

ruthenium, thenium, rhodium, iridium and tin, ingluding the compounds

Amended Sheet
IPEA/AU



T

L

10

49.

PCT/SG2008/000110
Received 12 May 2009

5%
including the compounc_is cxcluded by the disclaimer in claim 1 or a
pharmacentically acceptable salt thereof, and
(b) a carrier or diluent,
for inducing apoptosis in a cell and/or preventing carcinogenesis in & cell,

The pharmaceutical composition of claim 48, further comprising at least one of a
nuclgic acid alkylator, a nucleoside analogue, an anthrecycline, an antibiotic, an
aromatase irthibifor, a folate antagonist, an cstrogen receptor modulator, an
inorgenic aresenate, a microtubules inhibitoi', a nitrosourea, an osteoclast inhibitor,
a platinun containing compound, a retinoid, a topoisomerase | inhibitor, a
topoisomerase 2 inhibitor, a thymidylate synthase inhibitor,l an  gromatase
inhibitor, a cyclo-oxygenase inhibitor, an isoflavone, a tyrosine kinase inhibitor, a
grawth factor, a bisphosphonate, and a monoclonal antibody.
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