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Bi smuth Dit hi ocar anef e Conmpounds and Uses Thereo
F| el d of the invention G‘Fhe present inventi on relates
to bisnuth dithiocarbamate conmpounds. In
particular, to bismuth dithiocarbamat e conﬁmﬂﬂmﬂ ’mm,””“"l
use in therapy Background of the inventi
Chenot herapy is at the forefront of tackling caoo®s-.
Chenot herapeutic agents 10 currently enpl oyed suffer -

f r oBiemlCitiibcRbimaRCYoAPSURE A@B@@s F?efé@i"se

del eterious side-effects In patl t he

i nportant drugs used to treat cancer, sone.of t he

nost effective are netal -based. Metal -contai ni ng

conpounds may offer certain advantages over purely 15
FieldadA the ingeAtsHinds i n drug therapy. For exanpl e,

co-ordinatron of an organic nolecule to a netal

centre may alfer the normal netabolic pathway and/ or
TheaPresesy ipventios) &A@tpélt@ab,lérrmmhmmbmataemmmqndsf In

P B R o S R RS T R B el

used drug, cisplatin, [(NH3)2PtCl 2], is p_art|cularly
notable. Wiile cisplatinis ef fective agai nst certain
cancers such as head, neck and testicular cancers, it
Bdckgksingledfeled inviehtorf or tunour tissue, which leads to
severe side effects. Notw thstanding the w despread

d h
ofRohEEAYIF b Finoberiish OF Wekins, eansrerasthomRgUorgents
curfhay e@ﬁﬁ@?ecﬁ@ﬁﬁ&uﬂgﬁl Whdk H)F‘@'fnﬁé;‘s‘a%gave gref RAGWA 85 - cause

Some known net al - based comnpou een proven
delpipHoys sidetefignisyin patients: Amangstythe émportartiiceys wded @ treat

caPbBE oA ERIR eRERRE afO AR HavVe not been used
I n therapy.

Metal-containing compounds may offer certain advantages over purely
organic compounds in drug therapy. For example, co-ordination of an organic
molecule to a metal centre may alter the normal metabolic pathway and/or
may lead to a slow release mechanism for delivery of the organic molecule
Le. t_he metal complex may function as a pro-drug.

In this regard, the widely used drug, cisp/atin, [(NH3)2PtCly], is particularly
notable. While cisplatin is effective against certain cancers such as head,
neck and testicular cancers, it lacks selectivity for tumour tissue, which leads
to severe side effects. Notwithstandihg the widespread applications of
platinum anticancer drugs, there is still a Iarge' need for the development of
novel metal-based compounds with unprecedented features. Some known
metal-based compounds have been proven to have effect only on limited
types of cancer while other known metal-based compounds have not been

used in therapy.
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WO 2004/ 067505 PCT/ SC2004/ 000028 2 In the nedical
field, bisnmuth conpounds are generally only used to
relieve diaper (nappy) rash, treat burns as well as

wo doo4/derat gastric disorders such as diarr 'ﬂ@ﬁ@c?iﬁg/g(ﬁﬂz%”

ul cers. At present, bisnmuth subcitrate and

subsal ycilate are used to treat such nedi cal

condi tions, of which both are Bi (1I1) ions. Their

enpirical formul ae are often given as

K3(NH) 4] Bi 6G3( OH) 5(Hcit)4] (Merck I ndex, 1989, 11lth

edition, pl197) and OC6H4COOBI O (Sun, Li et. al.,

1997, Chem Ber. / Recueil. Vol 130, p675)

respectively. 10 A series of bisnmuth xanthates with

general fornula Bi (S2COR)3 have al so been synthesi sed
In rtee enrdigal (fidld, Jbisrauth esrdp&IndR. arE. g@mahﬁlmbnlyl@&i&ﬁi toZrelieve

7-492 Ho
cidfer T hen. el BT, A8 flet A WS 0l AlsSioBEa. i s
diaretfoeal mngaevérc uliedrs. Wcspﬂetsént ﬁsMﬁtfﬁ@@b&%bt@a@nHab%)nuth
su&é’ IC%S\/\,here Ris nmethyl,; ethyl or isopropyl.
% §Fﬁ1f‘ﬁe%B?Tﬁﬁﬂhﬁéchsm@ﬁ'cabc%?détiﬁﬁlsho‘c w 'Ch both are Bi
(IIF%“ SoRet hthé'h’ heéWﬁch‘él t h\‘d?ﬁﬁ‘fe?eal tn SE)ften given as

I smut

S2CN( Me) Hex) 3 bl srmu
Ksémldu@ds% DH)siHaMa(Maltcb) Indgix( szmﬁt 2% editienprpioheand

OGTHHEARED (inidd dublor LRI Ee it i R0 T, vers)
regpectiv@901l, Chem Mater., 13, 2103-21.11) and their use

as precursors for Bi 2S3 nanoparticles.. Thus there is
a need in the art for alternative conpounds to be used

AisBrie@Dft i t
e 31 SPORY RS | Vet ISR e s

begnug¥nthagisedt resertly (M. 1§ E0pl BnRedE. ﬁmﬁar'gneblﬁktﬁé% Z
KB 0B13387.492). However, the biological activity of these

compounds has not been conducted yet. In particular, bismuth
tris(alkylxanthate), Bi(S;COR)s where R is methyl, ethyl or isopropyl.

Other bismuth compounds such as bismuth tris(methyl-n-hexyi-
dithiocarbamate),  Bi(S:CN(Me)Hex)s and  bismuth  (lll)  tris(n,n-
diethyldithiocarbamate), Bi(S,CNEt;)s have only been described for
crystallographic studies (Koh et. al., 2003, Chem. Mater., 15, 4544-4554;
Monteira et. al., 2001, Chem. Mater.,, 13, 2103-2111) and their use as

precursors for Bi,S3 nanoparticles.
Thus there is a need in the art for alternative compounds to be used in

therapy, especially as anti-cancer agents. Further, the potential of bismuth as

anti-cancer drugs has not been fully explored.

Summary of the invention




3 The present invention addresses the problens above,
and in particular provides new use for bisnuth

di t hi ocar bamat e conpounds. Accordi ng to one aspect,
the invention provides a use of a conmpound of genera
formulal: SR Bi XIn SR 3N wherein R and Rl are
the sane or different, and each is an al kyl, including

cl oal kyl., substifuted kyl , including sybstituted .
& Ipé%?%yfl"ﬁveéﬁ&?f‘ f%S%%fﬁbfi%f_e'sms ahgye: aRdia parifar grovides
RéwdiseSBH 8RR ditRiocafshriiateScdhplidids2 or 3; for use as
an active pharmaceutical substance, and in particular

in the manufacture of a nedicanent for therapeutic
' ' adl i o I

B B R TR B0 4 g T8 g of genera

foneua h n is 3 and R and RL are both ethyl, for use

as an active pharmaceuti cal substange, in particular

in the manufacture of fSpedi camentR flor therapeutic

application as an - t\unour agént. According to

anot her aspect gf the ent]i op, the conpound

of general for m]‘l‘aj ary/be useq i1l t hé&nmanuf acture

of a nmedi cament for The ' ({ap l'ication as an

anti-tunour agent. In pé&rticul ar, Rije conpound havi ng

general formula |, wherein nis 3, Rand Rl are both

ethyl . The conpounds may be used for the treatment of .

whatRini RAanfiimgasuthensame phifiesient andegaeh da@deplkyl, including

n . - .

QoS R, SERER e B PER i B ERRG hoBRRgR AR bubstiuted

ayhoX is Adatiddiong pee o halides mndspadithea 2pdred; facasé asain active
ising the  bisnuth dithiocarbanmate

conposi ti on conpr .
e IS8 “Sahteage.f e 8 |par§mﬂ%vand e |ranufacture of a

medicament for therapeutic application as an anti-tumour agent.

Further, the invention also provides a compound of formula |, wherein n is 3 and
R and R' are both ethyl, for use as an active pharmaceutical substance, in
particular in the manufacture of a medicament for therapeutic application as an

anti-tumour agent.

According to another aspect of the present invention, the compound of general
formula | can be used in the manufacture of a medicament for therapeutic
application as an anti-tumour agent. In particular, the compound having general

formula |, wherein n is 3, R and R' are both ethyl.

The compounds may be used for the treatment of tumor including but not
‘limited to breast cancer, ovarian cancer, melanoma, renal cancer and non-small
cell lung cancer. The tumor can be animal or human tumor.

According to a further aspect, a pharmaceutical composition comprising the
bismuth dithiocarbamate compounds of general formula | is provided. In

particular, a pharmaceutical composition comprising the compound
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particul ar, a pharnmaceutical conposition conprising
t he conpound WO 2004/ 067505 PCT/ SC2004/ 000028 4
Bi (S2CNEt 2) 3. The pharnaceuti cal conpositions

wo i@l |y conprise a pharmaceuti cal acc%trgglz‘ﬁmoooozg

di l uent and/or carrier. Another aspect of

invention is a nethod for treating tunor conpr|5|ng
the 5 adm nistration of compound of general fornula
l: SR Bi X N3-n SR mndwherein Rand R are the
same or different, and each is an al kyl, substituted
al kyl, aryl or a substituted aryl; X is a halide or a
pseudo-halide; and n is either 2 or 3. In particular,

BiOSiCS\I@tgﬁndTl% aBQarRﬂacéDﬁcéPOEBnﬁBQans 1001 dHaWeE:orlz}gPEe a

bove- henti oned met hod whereih the tunbr 18’ ani
Pmﬁfﬁﬁ’ﬁeu"ﬂ%ﬁﬁcaﬂ’ﬁ@blﬁ Adverd@sdipntcarriernot |imited to breast

cancer, ovarian cancer, nelanom, renal cancer and
non-smal | cell lung cancer. 15 According to another

Aa@tbecaspetchef thevieweritiom ipraovethesl foptrebtinp tupesrdsnmisirigi®e
-n SR n wher ein R

|
a%ﬁ@?s&%tlgp 8¥F%pg%§&e”&ﬁl?%m§ﬂ? and each is an

al kyl', substituted alkyl, aryl or a substituted aryl;
X is a halide or a pseudo- hallde, jand nis either 20

2 or 3, with the proy-so that nnis 3 RandR1L
are not ethyl (Mnd t hat
' Biy ¥
L / 3-n

S R'J n

wherein R and R' are the same or different, and each is an alkyl, substituted
alkyl, aryl or a substituted aryl; X is a halide or a pseudo-halide; and n is either
2 or 3. In particular, n is 3 and R and R are both ethyl.

Further, the above-mentioned method wherein the tumor is animal or human
tumor and includes but is not limited to breast cancer, ovarian cancer,

melanoma, renal cancer and non-small cell lung cancer.

According to another aspect, the invention provides novel compounds of the
general formula I

N/
X
T / N\\ 3-n
:s R'

wherein R and R are the same or different, and each is an alkyl, substituted

Bi

alkyl, aryl or a substituted aryl; X is a halide or a pseudo-halide; and n is either
2 or 3, with the proviso that when nis 3, R and R are not ethyl (Et), and that
when n is 3, R is not methyl (Me) and R is not hexyl (Hex) or vice versa.
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when nis 3, Ris not nethyl (Me) and Rl is not hexyl
(Hex) or vice versa. WD 200-1106 7-5,05 RR vYegdd 17
Decenber 2004 PCT Z00~100002S 5 In partlcm!fl é
CEEY50I000ss
general formula I, wherein n is 2. These conpounds
are indicated with general formula ll: Rei N\ X S
R 2 wherein NRR = N(CH2)4 and X is . Further,
"the conpounds of formula II" may be used in therapy as
well as in other fields such as the preparation of
nanoparticles. 10 Anot her aspect of the present
Invention is the process for preparing the conpound
of fornmula 11, which conprises mxing a bisnuth salt,
5 pagicsiaratite lrtyanb@'cd|pr¢mdrescna\mctzbnhmmmbltsahdﬂu@edmm<th§ §eneral
f e ol v t recipita oht aj ned fromthe
?ﬁﬁ%%?ewlvﬁé% al 6§ggzn @ﬁeo% @Bgldn If‘é‘ﬁemg.lﬁate@r j general
foimWafle 15 to further obtain a sol ution, foIIovved by
drying the said solution. to recover an anorphous
formof conpound of fopnula 11. IR particular, the
bi smuth salt is anhyd bisrruyﬁ I11) chloride, the
al cohol is ethanol 8\tlhe gt m{ x
. 1-pyrrolidinecarbodith aci d, S2CNC4H8, the 20
- hal ogen-substituted al Rane is chl'@rof orm CHCO 3i and
the organic nitrile is acetanitriie, C2H3N. Further,
the"’ﬂﬁlﬁggen substituted al kane and organic nitrile
P& 7 N(@H2s gndef ik ratio. Amended Sheet

| PEAJAU

Further ‘the compounds of formula il may be used in therapy as well as in
other fields such as the preparation of nanoparticles. |

~Another aspect of the present Invention is the process for preparing the
compound of- formula Il which comprises mixing a bismuth salt, alcoho! and
carbodithioic acid fo obtain a mixture and then dissolving the preCrprtate
obtained from the mixture in a halogen-substituted alkane and organic hitrile

to further obtain a solution, followed by drying the said solution to recover an
amorphous form of compound of formula 11.

 Inparticular, the bismuth salt is anhydrous bismuth (Ill) chloride, the alcoho! is

ethanol, the acid is 1-pyrrolidinecarbodithicic acid, NH4S2CNC4Hg, the
halogen-substituted alkane is chloroform, CHCI3, and the organic nitrile is

acetonitrile, CH3N. Further, the halogen-substituted alkane and orgamc
nitrile are mixed in a 1:1 volume ratio.

Amended Sheet
IPEA/AU

Ii]'?December 2004
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WD 2004/ 067505 PCT/ SG2004/ 000028 6 Brief description
of the figures Figure 1 a: The cytotoxic effects of
Bi (SCNEt2)3 (referred to as Bi(dedtc)3 in figure) on

wo Jobkeocosoar i an cancer cell line (OVCAR). 5 Fipg4ke20biooddie

cytotoxic effects of Bi (S2CN(CH2)4)2C1 (referred to as
Bi (pydtc)2Cl in figure) on the ovarian cancer cell
line (OVCAR). Figure 2a: The cytotoxic effects of
Bi (SCNEt2)3 (referred to @& Bi(dedtc)3 in figure) on
A-498 cell line. 10 Figure 2b: The cytotoxic effects
of Bi (S2CN(CH2) 4) 2C1 (referred to as Bi(pydtc)2Cl in
figure) on A-498 cell line. Figure 3a: The cytotoxic
Brief Hesdriptioh oBtHeSiNé2) 3 (referred to as Bi(dedtc)3 in
15 figure) on HF cell line. Figure 3b: The cytotoxic

. ts.,of Bi(S2 CH2)4)2Cl (referred to as
F'@Tf%ﬁffdff&ez of ﬁ'qc%w%%f é»{sqtf%@b (referree @ @sFRigiatic)d an
figlifey onytheboish edrcests) 7fe @ t2)3 (referred to as

h
Bi (dedtc)3 in figure) on NCI-HL299 cell line. Figure
4b: The cytotoxic effects of Bi (S2CN(CH2) 4) 2C1

- fepr Bi c d Lgure). o -H 1299
PG #61 ohel SyRflodD GRS Cdf s ENGHLEL heterres to s
Bi(ByqispREICdiréy e theradrian cascddicel gHs Q@@dA[RA) figure) on

HT-29 cell line. WD 2004/ 067505 PCT/ SC2004/ 000028 7
Fi gure 5b: The cytotoxic effects of Bi (S2CN(CH2) 4) 2C1

Fidurefoer med éodsic &rdcly 8f BIBENHEL, [lBHS 1% '_Ei(d%%tc%e b

. |i ne.
ﬂgures1 on A-498 cell line.

Figure 2b: The cytotoxic effects of Bi(S2CN(CH2)4)2Cl (referred to as
Bi(pydtc)2Cl in figure) on A-498 cell line.

Figure 3a: The cytotoxic effects of Bi(SCNEt,); (referred to as Bi(dédtc)a in
figure) on HF cell line.

Figure 3b: The cytotoxic effects of ‘Bi(sch(CHQ)‘;)QCI (referred to as
Bi(pydtc),Cl in figure) on HF cell line.

Figure 4a: The cytotoxic effects of Bi(SCNEt,); (referred to as Bi(dedtc)s in
figure) on NCI-H1299 cell line.

Figure 4b: The cytotoxic effects of Bi(S2CN(CHa)4),Cl (referred to as
Bi(pydtc)>Cl in figure) on NCI-H1299 cell line.

Figure 5a: The cytotoxic effects of Bi(SCNEt,); (referred to as Bi(dedtc); in
figure) on HT-29 cell line.
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Figure 6a: The cytotoxic effects of Bi (SCNEt2)3
(referred to as Bi(dedtc)3 in 5 figure) on MRC-5 cell
line. Figure 6b: The cytotoxic effects of

wo Bod§a2é( CH2) 4) 2C1 (referred to as Bi (pydt [
figure) on MRC-5 cell line. 10 Figure 7a: P_%I;)Igégkowﬁﬂoozs
cytotoxic effects of Bi (SCNEt2)3 (referred to as
Bi (dedtc)3 in figure) on MCF-7 cell line. Figure 7b:
The cytotoxic effects of Bi (S2CN(CH2)4)2Cl (referred
to as Bi(pydtc)2Cl in figure) on MCF-7 cell line. 15
Figure 8. Plot of relative tunmour volunme (nm versus
days after adm nistration of Bi (S2CNEt2)3 (test

rgliaseh, L CYBRAP! kel ShiRMEL L9, DURaBeOL G
Bi(pgdtmilCe th fitpse) opHTe2O odll lifke | nventi on One aspect of

the present invention relates to the use of bismuth
di t hi ocar bamat e conpounds for use as an active

Figraremaeiet égeloxrUbBEAO 6f -Bi(SUPEt%Qﬁ!féﬂrecﬁ @6 B4l By ®dtc)s in
_these conpounds is as follows: 2004/ 067505
figpeeyosddiob4 08bzs 8 SR B NX t° 3-n SR n

(general forrmula |I) wherein R and RL are the sane or
different, and each is an al kyl, substituted 5 alkyl,
Figurg| 6br Tanhesudysotokiot effects ybf BI(SLN(Cirla)g)d (refedred to as

BIRTEHIS 1) o RIRE.8 finkl1e” 2 o 3

Figure 7a: The cytotoxic effects of Bi(SCNEty); (referred to as Bi(dedtc)s in
figure) on MCF-7 cell line.

Figure 7b: The cytotoxic effects of Bi(S,CN(CH,)).Cl (referred to as
Bi(pydtc).Cl in figure) on MCF-7 cell line.

- Figure 8: Plot of relative tumour volume (mm?® versus days after

administration of Bi(S2CNEt2)s (test group) and DMSO only (control group) for
nude Balb/C mice inoculated with OVCAR (human ovarian cancer).

Detailed description of the invention

One aspect of the present invention relates to the use of bismuth
dithiocarbamate compounds for use as an active pharmaceutical substance.
The general formula of these compounds is as follows:
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As used herein, the term'alkyl' refers to a straight
or branched, nonoval ent, saturated aliphatic chain of
1-20 carbon atons, including normal, iso, neo and 10

wo foefidagrssy. Al Kyl includes but is not |i mpcechieooon2s

met hyl, ethyl, propyl, isopropyl, butyl, iso-butyl,
sec butyl, tert butyl, anyl, isoanyl, neoanyl, hexyl,
i sohexyl, neohexyl, heptyl, isoheptyl, neoheptyl,
octyl, isooctyl, neooctyl,8and the like; cycloalkyl
group such as cycl opropyl, cyclobutyl, cyclopentyl,
cycl ohexyl and the like, the cycloal kyl group may be
substituted. 15 The term'aryl' refers to organic
conpounds including but not limted to phenyl,

bi phenyl, naphthyl, fu yl, pyrr%g |, thiophenyl,
pyridinyl, indolyl, p1TZ Of ur anyl enzot hi ophenyl ,
qui nol i nyl, isoqui i pyl i m dazol yI, thiazolyl,
pyrazinyl, primbBignyl, |pur) gand ptexidinyl. The
aryl group may be Subs{itited 28§ afd n&y include the
foll ow ng conpounds: Thg/term ' hakide' refers to a
famly of non-netallicLﬁbenerally Bctronegati ve,

el ements of group VIl of the periodic table. They are

all multivalent and ha i ' nunbers of -1 (the
nost common), 1, 3, 5@%’@?'@&%@3? es of WO (
2004/ 067505 PCT/ SC2004/ 000028 9 halides are fluorine
: | arine (1), brom.pe r nd iodine (lI). The
it 1 A8 RS b rarie ST O480 S 1ancnlkvig bupabtited
alkyilkeryl drra Qurstitueed and; X ke wm&wrhdpégude%fﬁgéﬁ ay{]oorﬁ !El%iéher
ethyl, Tor

|, ,wherein nis 3 and Rand RL 5 are bot
2%% as an active pharmaceuti cal substance. This
conpound is known as bisnmuth (111)
tri s(N, N-di et hyl dithiocarbamate), Bi (S2CNEt 2) 3.
Asnusasbbgein, fihe téren Gl oelers tovp ctraihht o \beairsbhetd, m@inovalent,

: st allpgraphica., 31,S141 and Raston et.
Saﬁ‘%ﬁ?‘ﬁﬁ%%‘%&%ﬁ@ 1-@3@?%5%% NGtidipg normaY 50, pesand
tepimey i'Alkgl" irmhdear lsutnie motighitedl tousRsihyl | &thDBDrE@E L isopropyl,

qnnng$¥ 10 bgen used in crystallographic studies. ?%e
b“&( o5erUYM s St DERyl. ded DvbbATaYaiseagyl, neoamyl, hexyl, isohexyl,
neohexyl, heptyl, isoheptyl, neoheptyl, octyl, isooctyl, neooctyl, and the like;
cycloalkyl group such as cyclopropyl, cyciobutyl, cyclopentyl, cyclohexyl and
the like, the cycloalkyl group may be substituted.

The term ‘aryl’ refers to organic compounds including but not limited to
phenyl, biphenyl, naphthyl, furanyl, pyrrolyl, thiophenyl, pyridinyl, indolyl,
benzofuranyl, benzothiophenyl, quinolinyl, isoquinolinyl, imidazolyl, thiazolyl,
pyrazinyl, primidinyl, purinyl and pteridinyl. The aryl group may be substituted
and may include the following compounds:

The term ‘halide’ refers to a family of non-metallic, generally electronegative,
elements of group VIl of the periodic table. They are all multivalent and have

oxidation numbers of -1 (the most common), 1, 3, 5, and 7. Examples of
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foll ows based on the preparation of the conpound as
described in Koh et. al., 2003, Chem Mater., 15,
4544-4554: 1H NVR 5 1.33 [6H, t, J 6.8 Hz, CH3] and

wo dofodrdsh d, J7.2 Hz, CH2]. {'H 13C NWR %C%%Q;z&u/ooo?%s

(S2C); 48.3 (CH2), 12.2 (CH3). El enental analysis
found: C, 27.57; H 4.65; N, 6.24; S, 29.99. 15 Cal cd:
C, 27.53; H 4.59; N, 6.43; S, 29.44. IR (cm1): 1481
[V(CGCN], 984 [v(CG S)]. Me: mz = 505.0

([BIi (S2CNEt 2) 2]+). Yield 57% np 200-201 C. A further
enbodi nrent of the invention is the use of the conpound
of general forrmula | in the manufacture of a

haiiies cagehioriher(F 5%@9\%%@]? &Bmlﬁéyg%daﬁdﬁg (tl)zorhe term

antj -tunour_ag ent These conpounds are foun
p?ﬁL@ﬁrf}ﬁ"QPF@c@fﬁ 9SGt GNnINGIOvand thel likeer i ous si de ef fects

owi ng to the high mammal i an tol erance of bisnuth. The
known conpound Bi (S2CNEt2)3) is also used in the
Innpanticuiar, theecornpoundnefdjerenaifomiuls | thiesrapentd 8 and R and R’

BRIt 10 Bt v R s Siehiststaros: dhsusompound

|sWRh©\hnCa§1 biemudi (Ml +es Nwhylawmwa%baﬂnatel?afé ¢§l:@r\@"u
Altt gL?]dn‘ﬁounds can al so be used to treat tuUno
[

§ D&t andthominng ¢asaPeundor glestard amsteryl., mﬂ@r’r’F,lanActa
| a0 n ce
R AnaRGraonEa) AT Bt 30 et BE ) s B e oBi8s 5% Dater
Tf@@ﬁp&@ﬁ&i itsf prgwious aise$ @renmboa- rifweaheaﬂ weSOIttbﬁsLm@Qt @tfr;nmonly
I se In er apy. or

R StRloo S Popiss” The Pianarian sahgomasmdcrs o8

fobcbwé baded 6n tHdgrebarEBhi P Hhe BérﬂBB@ﬁdS% dEJS@Ib%EE?HQ{o"ﬁtétOﬂ

and use of pharnmaceutical conpositions conprisin

205 Mﬁfegeﬁér 4b44-46hti1 eH INNIR 2§ 1238 fH,itve 6.8 Hz CHal

AT REALT: 77 2T CHVERTRGT KhIFEh 26 ERG0H 180 i, 122

-(@w)tﬁlaaneemaxrar&niynm(%y FAIARIC 27 87SHDI4S8H: . N, 8124: S, 29.99.

h h t I corrp05| tion may
OB SeoEHE, 480 Vb AP SR (S HoTHS o (GRONR 584 [v(C-

S)SW’ﬁgﬁ}"fH@O%% i STIELAP). S iGaE7bE hp SEGLBY &8t and/or

A further embodiment of the invention is the use of the compound of general
formula [ in the manufacture of a medicament for therapeutic application as an
anti-tumour agent. These compounds are found to be highly effective with
minimal deleterious side effects owing to the high mammalian tolerance of
bismuth. The known compound Bi(S;CNEt,)s) is also used in the manufacture

of a medicament for therapeutic application as an anti-tumour agent.

These compounds can be used in the treatment of tumours, which can be
animal or human tumours. In particular, the compounds can also be used to
treat tumours including but not limited to breast cancer, ovarian cancer,

melanoma, renal cancer and non-small cell lung cancer.
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10 The fornmul ati ons of the pharnaceutical conpositions
descri bed herein may be prepared by any nethod known
or hereafter developed in the art. In general, such

wo poe@asoat ory net hods i nclude the step of brpcigphgsblies

active ingredient into association with a carrier,
exci pient and/or diluent, and then, if 15 necessary or
desi rabl e, shaping or packaging the product into a
desired single- or nultii@ose unit. Although the
descri ptions of pharmaceutical conpositions provided
herein are principally directed to pharnmaceutica
conpositions that are suitable for 20 adm nistration

Theocdrpdutsi of Hengrar fpmuRki tagdldobé Bedrds W parmaceutical
under stand that such conpositions are generall

ns y
CogIpOFUIRNdOR B3 WdterAryt Far pxamele. i weaful for the preveoiiarsor
by et . =  ui
o D T et Ehi i ba TR b AP ot
phesnaesiiticaloeempesitieisl eniprisirgd tencartpauricbnf genemafdim;u& |
' S rstpod. and the ordinarily skil]e
o3| T, iy, SOHETS5Rat o I e ot Ly kol
the acmwham@'rédi@atdl@ﬁ@ in lSUtb'rrﬁesh&_a%l_@ f@ha@rpintiﬁﬁﬂﬁoﬂltéta{ ahpjed,
f the pharmceutical conpositions o e invention is
°f2%JPﬂf%‘b{%E/t & ipﬁ@rma%%utlsa'tngam@o%@n IMay temprise Henastive
. . i nat ; ' f i
Sl A 6 T, PRI IR0 P i
ang@igliuentng t he admini stration of compound of general

formula |: WD 2004/ 067505 PCT/ SG2004/ 000028 11 S Bi N
XIn .,SR n 5 werein Rand R1L are the same or

Thei fofreutatibns @i dhe pbhrmaceatical! dompostidpstdddatiBEd herein may
be prepared by any method known or hereafter developed in the art. In
general, such preparatory methods include the sfep of bringing the active
ingredient into association with a carrier, excipient and/or diluent, and then, if
necéssary or desirable, shaping or packaging the product into a desired

single- or multi-dose unit.

Although the descriptions of pharmaceutical compositions provided herein are
principally directed to pharmaceutical compositions that are suitable for
administration to humans, the person skilled in the art will understand that
such compositions are generally suitable for administration to animals of all
sorts. Modification of pharmaceutical compositions suitable for administration
to humans in order to render the compositions suitable for administration to
various animals is well understood, and the ordinarily skilled veterinary
pharmacologist can design and perform such modifications. Subjects to which
administration of the pharmaceutical compositions of the invention is

contemplated include, but are not limited to, humans and other primates.

Another embodiment of the invention is the method for treating tumours

comprising the administration of compound of general formula I:



al kyl, aryl or a substituted aryl; X is a halide or a
pseudo-halide; and nis either 2 or 3. In particular,
the nethod for treating tunour conprises the

wo Acichost rati on of the conpound of general pEekBYMoBoohers

with n=3, Rand R are both ethyl. 10 Tunour, as
stated in the above-nenti oned net hod i ncl udes breast
cancer, ovarian cancer, nelanoma, renal cancer and

non-smal | cell lung cancett Further, the tunour is
ani mal and/or human tunmour. 15 Anot her aspect of the
i nvention is conpounds of general fornmula l: S RBi N

X \''In S Rn whherein Rand R are the sane or
different, and each is an al kyl, substituted alkyl,
aryl or a substituted aryl; X is a halide or a
pseudo-halide; and nis either .2 or 3 with the
provi so that when n=3, R and Rl are both not ethyl

(Et) and 20 that nnis 3, is not nethyl (Me) and
R is not hexyl ( or viceR¢rsa. Received 17
Decenber 2004 00¢/ 067505 PELT/ SG2004/ 000028 12 A
further embal] ment | of

bi smuth dithiocarb

ovel|aspect is novel
II: R\ X SR 2

e com{%u ds ®&h general formula
different, and each3s an al kyd Jnsubstituted

wher ei n nd R1 are the sane or

5 wherein R and R are the same or different, and each is an alky!, substituted

10

15

20

alkyl, aryl or a substituted aryl; X is a halide or a pseudo-halide; and n is either
2 or 3. In particular, the method for treating tumour comprises the

administration of the compound of general formula I, with n=3, R and R' are
both ethyl.

Tumour, as stated in the above-mentioned method includes breast cancer,

ovarian cancer, melanoma, renal cancer and non-small cell lung cancer.
Further, the tumour is animal and/or human tumour.

Another aspect of the invention is compounds of general formula I

K3 R
Bi/ N/ X
. />'_' \ 3
'S R’

wherein R and R' are the same or different, and each is an alkyl, substituted

alkyl, aryl or a substituted aryl; X is a halide or a pseudo-halide; and n is either

2 or 3 with the proviso that when n=3, R and R" are both not ethyl (Et) and

that when n is 3, R is not methyl (Me) and R' is not hexyl (Hex) or vice versa.
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~stirred to ensure that

al kyl, aryl or a substituted aryl and X is a halide or
a pseudo-halide. The definitions of the terns al kyl,
aryl, halide and pseudo-halide are as previously

17Dec ber 2004
“07;3634/&69']%9 In particular, a novel conpound of E ember

11, wherein NRR Is N(CH2)4 and X |s
The process for the preparation of this novel conpound
is described herein. It involves. mxing a bisnuth
~salt, alcohol and carbodittti oic acid to obtain a
m xture and then, dissolving the precipitate obtained
fromthe mixture in a  hal ogen-substituted al kane and
organic nitrile to further obtain a solution,. 15
follomed by drying the sai.d solution to recover an

A YR 8f ORI AGh Fel, %H%%ﬁ@h'ocarbamate

ccampmmnhefgemrdlﬁirmudmmterrperature reagent grade
solvents are used wthout further purlflcatlon 20 In
particul ar, the carbodl hioic acid Is dissolved in

distilled water and. to % spensi on contai ni ng
the bismuth salt andi Icoh r ggulting mxture is
ctlon meen the reagents

is conplete. The. precy |tate t zls obtained is

then separated fromthe rest of the m xture and

washed MAth distilled water several tinmes. The
whereli BiangtR' armaths sameldratiferent, endeadheia an alkwl, @@astitwted
alfylahparTs suBsklied & (}Hga&e.s deaiRe! Yeat pdsudd¥edlice. The

evaporate and cru recl |tate that remalns IS

?Wﬂo&ﬂfne mswkyis BiFity ‘?fﬂld emuwdshre@tdm PEASARIEVioUsY

2aRaL o%ﬁ%gg%gbyéigoﬁpgogﬁ?c tref%génwla Il phierein,

NE&d st NGiidf anch im&l-ogen- subst i t ut ed al kane. The end

product is crystals of the desired conpound. A nore
detai | ed_descri ption of '
The process for the preparatxon of this novel compound is described herein. It

involves mixing a bismuth salt, alcoho! and carbodithioic acid to obtain a
mixture and then dissolving the precipitate obtained from the mixture in a
halogen-substituted alkane and organic nitrile to- further -obfain a solution,.
followed by drying the said solution to recover an amorphous form of
compound of formula 1t. The rea'ctions'are all carried out under a nitrogen

. atmosphere and at room temperature. All reagent grade solvents are used

without further purification.

In particular, the carbodithioic acid s dissolved in distilled water and added to '
a suspension contain'ing the bismuth salt and alcohol. The resulting mixture is
stimed to ensure that reaction betWeen the reagents is complete. The.
precipitate that is obtained is then separated from the rest of the mixture and
washed with distilled water several times. The precipitate that is collected is
then dissolved in a halogen-substituted alkane. The solvent- is then
evaporated and the crude precipitate that remains is recrystallised by using an

Amended Sheet
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the nmethod for the production of a particul ar novel
conpound, Bi[S2CN(CH2)4) Cl, Is provided In Exanple
1. 5 Having now generally described the invention, the

“Oe@mas-\%-ll be nore readily. understood thr ived 17 December 2004
reference to the following exanpl es which ggg’%ﬁ@\/"%ﬁ

by way of illustration, and are not intended to be
limting of the. present invention. 10. Exames 15
Exael Preparation of an exagple of Bi (S2CNRFZI)"X, n=2,
NRR = N(CH2)4 and X=C! The reactions were all
carried out under a nitrogen atnosphere and at room
20 tenperature. Al reagent grade solvents were used

orgeniitrile, wrmﬁerthpuaddrtz@rabf he.ha cb&nsérﬁ\fshtdwd %@F;ﬁh@ gnd '

rC| uch as anhydrous
Ph%%ﬁ § 8 EE ot HRE el ol uind o meral de el deesdiption of
thei emiatHodi t for o¢lae bam‘ﬂti@cttd’nl hydr at :
%;E@% 0 amuth o trmeular) novel | gorpRound,
&havi eﬂﬂ?ﬁ?mﬂ'?ﬁecar bodlthl 0| c acid -
amoni um 25 salt, NH4A[ S2CN(CH2) 4] (Al drich Chem cal
and ectra were recorded on a
%ﬂ)’ ngsw %W@E ‘% a:kﬁeé atipantbesrame uilt hegdore readily.
. Urg#@eﬁomthﬁmu@ reﬁmer@t@ltcaﬁwd@lom C |
Ao HQ& g Nerlin, ETS 3006‘53%‘52'?‘?’%%@@? alr%?‘”‘f"?red
e range- o1 “HoPne AR dwt difendeqdrs sbe Jiseiting aof ther present
m\ree‘zfzonded on FI NNl GAN TSQ 7000 spectroneter. El enental
10 anal ysis 30.was carried out on a Perkin-El nmer PE
Ny 24000HN and CHNS El emental Anal yzer. Melting points
were determ ned on a BUCH 13-540 p appar at us.
'Med Sheet | PEA/ AU WO 2004/ 067505 PCT/ SG2004/ 000028

15  Example 1

Preparation of an example of Bi{SZCNRR’),,)(M n=2, NRR' =N(CH), and X=Cl .

The reactions Were all carried out under a nitrogen atmosphere and at room
20 ' temperature All reagent grade solvents were used without further punf cation.
The starting materials were obtalned commercially such as anhydrous
bismuth  (lll) chloride, BiCls (Strem ' Chemicals Co), sodium
drethy1drthrocarbamate trihydrate, (CHaon)zNCSZNa 3H,0, bismuth nirate
_ pentahydrate, Br(NOa)a SH20 and 1-pyrrolidinecarbodithioic acid ammonium
25 salt, NHyS,CN(CH,)4] (Aldrich Chemical Co). ™H and {™H} *C NMR spectra
were recorded on a Bruker ACFE 300MHz FT'NMR spectrometer. Infrared
“spectra were recorded as Ker discs on an Excalibur Series Bio-Rad Merlin
FTS 3000 spectrophotometer in the range of 400 — 4000 cm'. Mass spectra
were recorded on FINNIGAN TSQ 7000 spectrometer. Elemental analysis
30 was carred out on a Perkin-Elmer PE 2400CHN and CHNS Elemental
Analyzer. Melting points were determined on a BUCHI B-540 p apparatus.

Amended Sheet
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14 NHA[ S2CN(CH2) 4] (20.00 mmol, 2.3379 g) dissolved in
distilled water (75 m) was added slowy to a
suspensi on of Bi Cl3 (6.78 mml, 2.1376 g) in ethanol

wo f0bfoehdoy . The resultant mxture was stirregdcbRE2d0¥ho 8
hours to ensure conplete 5 reaction. The bright yel
preci pitate was col |l ected using Buchner funnel and
washed with distilled water (3 x 20 m). The product
was then dissolved in chhéroform CHC13 (100 m) and
dri ed over magnesi um sul phate, (MySO4). The sol vent
was | ater evaporated using a rotary evaporator and the
crude vyellow precipitate recrystallised using an
acetonitrile, C2H3N and CHCI3 10 mi xture (1:1 ratio).

N t al f th ound were obtai ned
Nﬁéﬁgc&ﬁéﬁaa?&q"é i1Be). 3390 @) chisoheron bRy aeter (75 mi)

wad ?ﬂ@éﬁ[& §’bw %h%én? 6{)@@%\@&]8 é‘?rg& 1?16’2_9 96 ethanol
(56 a3 e reW@&MureM&s BBrr¢d fot, twid hb@bﬁ@l-ﬂ)sure{ l‘bl}np?e@&
re%%%@ Tﬁei;o?&lt@cfg \%%c Rﬁe]ite v@%ﬁ%%ﬁ ng %hq@;}uq\gl and
wmbd(ﬁtr[ SRONCintet] @B+X -20Yin®) ¢hbSpr'éau8{0wA§fkﬁémalseabé'& in
2 é Cf Koh et. al., 2003, 15,
Chﬁ%{%’”ﬁls i‘f leap m@dc@\fﬁiomﬁanewmmtg) 8g$8:)a
THe8¥WemNFaditbr %Ué‘[Scﬂ% r hsciﬁéi Jas %évﬁg)qatto?%nfjhtﬁe Jyde

crystal structure 1s known
yelipW apecipitate Iregystallised , ushigh lararate@nitrile, Ragidh ahdACHEI,

ol 555989, el B P T St S o

chhoédtervsedgas 4 avhbamioréidrmrsaacts. CE]@m\éﬁfa‘?aﬁﬁ?&*s e9) @ctmnd C,
enper at ur e.

2204 I Sa 6 2o i 80 vk VRS - (hbiat, 6 Az,
NGEEMDL O @ o BRI ERS s SIS s
(ch]f‘QCHé) mst:h(mawlagatm (e aVNdratec-N)] 991 [v(C S)] MS: m/z

0 (Aldrich Chem c al
= b1 TR NCRios) 31719 16 S doublelingpainipf B (Hadr ot,

alP9663,| Gk Matet H13UE4148543C NWR spectra were

Example 2

The compound, Bi(82CNEté)3, is a known and well-characterised species and
the crystal structure is known (J.A. Howard et. al., 1975, Acta Crystallogr,
A31, $141 and C. L. Raston & A. H. White, 1976, J. Chem. Soc., Dalfon
Trans, 791) and can be prepared readily and in high purity in the following
fashion. All reactions were carried out under a nitrogen atmosphere and at
room temperature. All reagent grade solvents were used without further
purification. The starting materials, anhydrous bismuth(lll) chioride (Strem
Chemicals Co) and sodium  diethyldithiocarbamate  trihydrate,
(CH3CH2).NCSzNa.3H,0 (Aldrich Chemical Co), were obtained commercially
and were used without further purification. 'H and {'H}'3C NMR spectra were
recorded on a Bruker ACF 300MHz FT NMR spectrometer. Infrared spectra
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recorded on a Bruker ACF 300MHz FT NWVR spectroneter.
I nfrared spectra WO 2004/ 067505 PCT/ SG2004/ 000028 15
were recorded as KBr discs on an Excal i bur Series

wo Bimeiasl Merlin FTS 3000 spectrophot onet epetBciddo0002s

range of 400 - 4000 cm 1. Mass spectra were recorded
on FI NNl GAN TSQ 7000 spectroneter. Elenental analysis
was carried out on a Perkin-El ner PE 2400 CHN and
CHNS El enental Analyzer. 1% The nelting point was
determ ned on a BUCH B-540 np apparatus. O her
derivatives of the general fornmula were prepared in
the sane way and their spectroscopic characteristics

watletrecarted ds {Bridisdsl oh a Eﬁcéﬂb@?l‘a"éﬂé@% RaddSHh FrI8s
t|reI con3|s ent with their fornmul ati ons as

Sp%? tes inyHecrapgeadl 400 uctlP@ el cMesaasiestra are
re€dra€d ReE RINIGIE AN ni%bffgiom:%}@%;rat e?ér t emgrﬁ!al: Xﬁ‘él'yéllgsvvas |

providing further evi em ca
cabingpidian areridn-Blmpr 22108t Chih amid GHNS Elemental Analyzer.

TRl AR ap s 9B EReinlnaors PR Sl dsesedtpus. 1075,
Acta Crystall ogr. A31 S141 and C. L. Raston & A. H
Soc., Dalton Trans, 791. 15 A

Whi 976,
Otgﬁrln‘ﬁ.%}‘&?%}ﬁs Pﬁﬂ\ﬁ 9‘?’1?’%‘;@'25‘?%%‘/@? pPrerared e thengame way and
thélles%g%\l( C}_Biﬂ&éi@&?@é’cglg\S;deelj]erlrr‘rﬁﬁgéa%frﬁﬂz%@z ﬁgzgﬁ%cﬁggcoplc
re%ﬁpW@Fﬁi@’@é@i’bn@mﬁl&t@ﬂ wijh dhelxlformylah@aa st Bt(BngNRRé}

Cr%{;talh&ﬂ?dgu&a%%gr@é%# }_@ rﬁ/&)g kfﬁéagf&;\?%%ral of the

dera(tE@@\lElr@\)lﬁln@4ﬁmﬁer1Qevﬁieacé dflthefr 8Remical composition. A

géqﬁg )2CI 011596523 DOX 90 8 199 60
reprgsqigaygn o @zaza ¥ debymisgl gostge of Bi(S2CNEL,);
is shown in J.A. Howard et. al., 1975, Acta Crystallogr. A31, S141 and C. L.
Raston & A. H. White, 1976, J. Chem. Soc., Dalton Trans, 791.

A summary of in vitro cytotoxicity for the two representative compounds,
namely Bi(S;CNEtz); and Bi(So;CN(CHa)4)2Cl is given in Table 1. The two
compounds demonstrated cytotoxicity against the panel of human cancer cell
lines comparable to taxol.

Compound A498 | EVSA-T | H226 | IGROV | M19 | MCF-7 | WIDR
Bi(S,CNEt,), 145 |6 10 <3.2 110 1 4 56
Bi(S,CN(CH,)4),Cl | 70 10 16 5 96 5 23
DOX a0 8 199 60 16 10 11
CPT 2253 | 422 3269 169 558 | 699 967
5-FU 143 | 475 340 297 442 | 750 225
MTX 37 5 2287 7 23 18 <3.2
ETO 1314 | 317 3934 580 505 | 2594 150
TAX' <3.2 | <3.2 <3.2 <3.2 <3.2 | <3.2 <3.2
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5-FU 143 475 340 297 442 750 225 MIX 37 5 2287 7 23
18 < 3.2 ETO 1314 317 3934 580 505 2594 150 TAX <
3.2 <3.2<3.2<3.2<3.2<3.2< 3.2 W 2004/067505

wo Red0552004/ 000028 16 Table 1: | D50 val Ue%c(r}%@:/z(ﬂh)mo@fs

Bi (S2CNEt 2) 3, Bi (S2CN(CH2) 4) 2Cl, plus those for

st andard conpounds, doxorubicin (DOX), cisplatin
(CPT), 5-fluorouracil (5-FU, nethotrexate (MrX),
etoposi de (ETO and taxol 16TAX) in vitro using SRB as
cell viability test 5 The codes for the cell lines are
as follows: A498: renal cancer; EVSA-T: Dbreast
cancer, estrogen receptor (ER)-/progesterone receptor

TR oo (VTSEN LR RE ARG ose
0[: skedard éempegm!ﬁ,rmmmn (R pisplyeint (@RMHe 5¥fEJ©e:Nr9d5|I

10 CEhSre ORISR S SPhGRE QT B R e Wi atting

SRB@B Ceﬂwdahlléwmsence conpounds were d| ssolved to a
concentration of 250 000 ng/m in full nedium by 20
fold dilution of a stock solution which contained 1 ng

THED co@émwnﬁkzé@l linesTBR bE 'f@ilo@”ﬁi?‘%ﬂﬁpﬁ%éﬁkgv§A to

Cytotoxicity was estimate e mcrocul tur
breas f%nﬁéamrﬁeersrwmg)r E&tlpf@&esqgmre recBptoadPgR})-; Habe:;

. The e
kel 5ol unks oS CIORGY: g¥etln oGy KPELUER Jadinoma:
MEEnbubresad candes, (e56500en 206ptore(ERfWRbhestBRIR Rbad dﬂ
pl flatbottommcrotiter plates (falcon 307
8% qqlﬁﬁép‘foé?rég angsl e pre-incubated 48 hrs at 37C, 8. 5
%C02 to allow the cells to adhere. On day 2, a

three-fold dilution sequence of ten steps was nmade in
T'?euf epulteshomy insTahle i veraiobkrine irthe folioving Mmennet.otke test

and reference compounds were dissolved to a concentration of 250 000 ng/ml
in full medium, by 20 fold dilution of a stock solution which contained 1 mg
compound/200 pl. The trial complexes were taken into DMSO. Cytotoxicity

was estimated by the microculture sulforhodamine B (SRB) test (Keepers,
Pizao, et. al., 1991, Eur. J. Cancer, 27, 897).

The experiment was started on day 0. On day 0, 150 ul of trypsinized tumour
cells (1500 — 2000 celis/well) were plated in 96-well flatbottom microtiter
plates (falcon 3072, DB). The plates were pre-incubated 48 hrs at 37°C, 85
% COz to allow the cells to adhere. On day 2, a three-fold dilution sequence
of ten stebs was made in full medium, starting with the 250 000 ng/mi stock
solution. Every dilution was used in quadruplicate by adding 50 pl to a column
of four wells. This resulted in a highest concentration of 62 5000 ng/mil being
reached in column 12. Column 2 was used as a blank. PBS was added to
column 1 to diminish interfering evaporation. On day 7, the incubation was
terminated by washing the plate twice with PBS. Subsequently, the cells were
fixed with 10 % trichloroacetic acid in PBS and placed at 4 °C for one hour.

After five washings with tap water, the cells were stained for at least 15
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solution. Every dilution was used in quadruplicate by
adding 50 | to a colum 25 of four wells. This
resulted in a highest concentration of 62 5000 ng/m

WO %I@J,&gsosreached in colum 12. Columm 2 was %‘T‘%g:z(ﬁ/o@ozs

ank. PBS was added to colum 1.,to dimni
interfering evaporation. On day 7, the incubation was
term nated by washing the plate twice with PBS.
Subsequently, the cells wgpe fixed wth 10 %
trichloroacetic acid in PBS and placed at 4 C for one
hour. 30 After five washings with tap water, the cells
were stained for at |east 15 WD 2004/ 067505

mrﬂ@fgsmﬁ/ PG ésézﬁe{rrﬁ'ﬁ‘t"/@%aﬂré Beid: ?gteé gf%l?@gé eé:e

in 1l %acetic aci r sta ning,
wefgdvastedivith 1 %Woagetid aciddoirdmooe nle@nmsomrlitﬁswrbomﬁé plates
re air- drred and t he bound stain

wesreaa'rrgq%e heer{po {?at BpUnelStain s issel yg %g@o pu tBenM Tris-base.
Thebstsyobtseee Was réRPgt 840 ﬁﬂpuﬁ fv]\g?bl%%qgeader

m croplate reader 5 (Labsy ste
(Lavatesms MHH@HW\/A@S)U&'E@I dfatar obtlamed(wm msm:t io@ the ednstruction

| curyves t he dete tion of
o P PP SRS LB e bl BBrinnetioy ot Dao Voo
Usmdhplueltasomﬂsﬁﬁwarm vitro cytotoxicity for the two
representative conpounds, Bi (S2CNEt2)3 and.
B| (S2CN(CH2) 4) 2CI was investigated agai nst other cell
Xanmps3 nanely OVCAR, A-498, HF, NCl-H1299, HT-29,
I\/RC 5 and MCF-7, follow ng the sane procedure as
descri bed in Exanple 2 above. 15 The data obtai ned was

TH RO EYORSICOIRL S O Dot s SRARTEE Dhp o, RN Fro:
anp)eBt(Sﬁjﬂ(tCI-& )osdit was einvesiivatel Gigaies e SBMIhekN namely
OIS, 1105 e R ol ks g WS Aol o

same procedure as described in Example 2 above.

The data obtained was used for the construction of concentration-response

curves for the determination of D5, values using the Deltasoft 3 software.

These curves are shown in Figures 1-7.

Cell survival is presented as a survival index (S1), which is defined as the
absorbance in the experimental wells expressed as a percentage of that in the

control wells. The ICs, value is defined as the concentration giving a Sl of
50% of the control SI.

Example 4

The reported in vitro potency is maintained in nude Balb/C mice inoculated
with @ human ovarian cancer cell line, OVCAR. In order to determine the
appropriate dose of Bi(S,CNEt,);, the Maximum Tolerated Dose (MTD) in

Balb/C mouse model was determined.
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absorbance in the experinental wells expressed as a
percentage of that in the control wells. The I C50
value is defined as the concentration giving a Sl of

woﬁﬁ%@gmt he control SI. 25 Exanpl e 4 The r%%‘r?n‘fstggtﬂm).o&bms

vitro potency is maintained in nude Bal b/

i noculated w th a human ovarian cancer cell 1ine,
OVCAR. In order to determne the appropriate dose of
Bi (S2CNEt 2) 3, the Maxi num4gol erated Dose (MID) in 30
Bal b/ C nouse nodel was determ ned. WO 2004/ 067505

PCT/ SC2004/ 000028 18 The MID of Bi ( S2CNEt 2) 3 was
determined in the followi ng manner. Male and female
BALB/ c m ce obtained fromthe Laboratory Ani mal

Centre, (National University of Singapore), were used

TheMTihef Bi(SuBNEZhevas deteusiadd wethe falowingmanner5 M&eksd
of 202 The

E ATLYRT TR N AN RGN

thgmt oPBghpers, wéfelsed BE BeVfdd et TRE A TR
g vv)f/ater ; Eeﬂ?o ounsde Bi (SZGCNEt%) vvasI dl%@@e\%g%ut

yeegs @ﬁ%wltarﬁj n@ar padyaeioht ofeaOﬁhgr apes btroiseaer cage

S ;. ol
wgf:eoﬁ%ﬁtmét?zoogaﬁn@w%s@;&sm HREER B Ghl A0 S4RE e, oy
regeivee stargiard moust diochS2eNERDr3The roemp@hdeBﬂS&}d:Nmz)g was

o505 e B8 Mo TR e M- BhheRGTRY e 80
mpagell Bid aticedin th® cBhes, grods wdre eaRin@esda 'witd kst r’bnl
m ce di ed the conplex concentration was decreased

The Goneratralions PfEiSGAE e ek salcalgiechinoteanms oftmg Bifkgeof
mblis®@h Biltial BSnéBrﬁr%tlgh & 28 Lhth Eﬁ?ﬁ%%@q{seﬁ%yb\%ﬂ%ﬁ éalpr?phng

experiment was repeat ed
pqmbai|oat¢fdwo<moeennmocf@ach igeeder. Ef&mhh gemjewed ﬁhmr corhbl%x

rati The. ob ervation

o RER ARG RN By B pieStipeRe e i i Hngther
twicomjzleot|f anegbau’ﬂe m‘lcqoe|édem|t thif othby 8uives, tHeekpReImedt was

surviVvors @ zi\g[al nst corrpound dosage (in ny
reg ayedg%a larger sampllng population of ten mice, five of each gender, for
the same complex concentration. The observation period lasted 14 days. The
objective of the experiment was to plot a graph of percent of live mice
(number of survivors / ten x 100%) against compound dosage (in mg Bi / kg).
This procedure enabled the determination of the Maximum Tolerated Dose (at

MTD 90 % survival of mice).

Using this protocol, the following results were obtained for Bi(S2CNEty)s:
LDso = 3.57 mg / kg |
LDgo =7 mg/kg
LD4o=0.14 mg/ kg

Example 5

The anti-tumour activity of Bi(S;CNEt,); was determined by in vivo studies.

Female BALB/C-nude mice, obtained from the Animal Resources Centre in
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This procedure enabled the determ nation of the
Maxi mum Tol erat ed Dose (at 20 MID 90 % survival of
m ce). Using this protocol , the foI |l ow ng results were

7 ng / kg 25 LD10=0. 14 ng/kg Exanple 5 The
anti-tumour activity of Bi (S2CNEt2)3 was detern ned by
in vivo studies. 30 Femal e BALB/ C-nude nice, obtained
fromthe Animal Resourcesi@entre in WO 2004/ 067505
PCT/ SC2004/ 000028 19 Queensl and, Australia were used
for this experinent. The m ce used were about 5 - 6
weeks ol d and had a nmean body wei ght of 202g.

QuUdsTegR0 WustrBliss wep PJ%H & ihis teQSerﬂ%Qr‘?c W?ﬁ@ nli]Qé'%Egd "ere

filtered air |am nar-fl ow cabi nets and

ahoghp b Weeks eldlans\iiasha sieandeady Va@glpmeQO}ngc"ém‘ouglsoutﬁhls
?@ﬂ%‘ﬂt ocflecﬁ‘( RNér%nﬁguse%e’nl ﬁlgéﬁg@]r'_%\(ﬁrﬁéé@q can {neasf and

S were provi ded
werRanattipylateNdoilaviag stdmd\aaf asdpticqfrocidugedqor e) . O\/CAR
cells were grown in RPM -1640 nmediumw th 10% f oet al
bovi ne serum and 5nmM L-gl utam ne. 10 I nocul ati on of

Grongke oAOMCAFR Ban ot cefls OVCAR cel |'s (107 cells) were
|n ect ed subcutaneously Ss c.) in the flank of each
HuypRRRRYaran qaneer (@Vcﬁqué??lsW[ﬁwpnoh@ed@y@reH@KDemm'tment of

i %ﬁﬁg@gaggﬁ%ﬁ%@&g&g@@hgﬁ%@? ol Bopt WeelicFGn
RiBMb-1646 roediumovity 1 0%Foetabbgvins segmﬁami emM D-gt@8ine.
group.

Inoculation of mice

A suspension of OVCAR cells (107 cells) were injected subcutaneously (s.c.)
in the flank of each animal (0.1 ml per mice). When the volume of the tumour
reached approximately 50-100 mm?3, the mice were randomly diviaed into 2
groups, the test group and the control group, comprising 6 mice in each
group.

Drug treatment

Bi(S2CNEtz); was prepared as a 20 mg Bi’/kg stock solution in
dimethylsulphoxide, DMSO, and further diluted with DMSO immediately
before administration. The compound was given subcutaneously to mice in
amounts of 0.1 ml/20 g three times every two days in the first week. The dose
applied was at the level of the MTD, ie. 0.14 mg Bi’kg mouse. The
appropriate vehicle (DMSO) was injected into the mice in the control group,

using the same schedule and route of injection as the drug therapies.

Treatment evaluation
In xenografts transplanted subcutaneously, tumour growth was monitored and
the volume of the tumour was determined by measuring its diameter with a

vernier calliper every 2-4 days. The Relative Tumour Volume (RTV = tumour
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Drug treatnment Bi (S2CNEt2)3 was prepared as a 20 ng
Bi / kg stock solution in 20 dinethyl sul phoxi de, DVSO,
and further diluted with DMSO i medi ately before

wo RcHost ration. The conpound was given subgylaneonst y
to mce in anmounts of 0.1 m /20 g three tines every
two days in the first week. The dose applied was at
the level of the MID, i.e. 0.14 ng Bi/kg nouse. The
appropriate vehicle (DVBOpgwas injected into the mce
in the control group, 25 using the sane schedul e and
route of injection as the drug therapies. Treatnent
eval uation In xenografts transpl anted subcut aneously,

i t . of,. t
T BRI, e A ALY et
width” wdengtbrx G52. Theeeselzohtaded atagsowd eFiBateasi ve

Turmour Vol unme (RTV = tunour WD 2004/ 067505
PCT/ SC2004/ 000028 20 vol une on day x / tunour vol une

o) 1),, was cal cul at ed in he fornmul a i dt h2
n, %‘@%WX)%? EPOVe EXPEREIaNt STOBRAITAb d1ap cvedlsnAtten multiple
admhigistrati®h ob Bi(szswgfgg Yo AU BlﬁébY@arﬁ?éBeéﬁﬂﬁFéH WROWR/CAR

that three weeks after nultip m nistration of

hughanso e ascepat Q) did MEnBitkacanimss weight, the egevdgehvaliGARS
&S Rvarnd canger 4 I bk ni.mal__wei ght ,
@ t he av@rﬁg’g&{/bgl ﬁn@%otfeQI gg{ urr‘tl)vg? 3|%In A’a%?@t?gea MPYShen: dog
cogtrougravps 130s Ehowatthat BYShONES)] debastratestdiGhifiCH Uht-
tu$gp§a&ﬁﬁms that Bi (S2CNEt 2) 3 denpnstrates significant
anti - Yt unour activity. LLOYDWSE 21 Cains 1
Use of conpound of general formula I: S



X3-n SR n wierein Rand Rl are the sane or

different, and each is an al kyl, including

cycl oal kyl, substituted al kyl, including substituted
cycloal kyl, aryl or a substituted aryl; X is a halide

or a pseudo-halide; and nis either 2 or 3; in thdLOYDWISE
manuf acture of a nedi canent for therapeutic

application as an anti- tunow! agent. 2. The use

according to claim1, wherein R and Rl are the sane or

gitferent, and each is an al kyl, including
I kyl; X is a halide or a pseudo-halide; and n

is either 2 or 3 3. The use of claim1l or claim 2,
wherein nis 3 and Rand RL are both ethyl. 4. The use
of clains 1-3, wherein the therapeutic application as
an lantsetaimompouagerftgeneng foregladr east cancer, ovari an
cancer, nelanoma, renal cancer and non-snmall cel

| ung cancer. 5. The use of clains 1-4, wherein the
tunmor is animal or hu tumour. LLOYD WSE 22 6. A
phar maceuti cal conposi 5 conprisi% a conpound of
general S R Bi " X "SR Jy/ erein R and Rl
are the sane or di'ffer gch ils an al kyl ,

i ncl udi ng cycloafkyLJ tituteqsalkylﬁ¢including
substituted cycloal kyl'+}. &'yl or a sufgstituted aryl; X
is a halide or a pseudot®alide; and®rnis either 2 or

3. 7. The pharnaceutical conposition according to

| ai in R R1
¢ %r%rgin Waerﬁ(?w area}ﬂg same or different, and each is an alkyl, including

cycloalkyl, substituted alkyl, including substituted cycloalkyl, aryl or a

substituted aryl; X is a halide or a pseudo-halide; and n is either 2 or 3; in
the manufacture of a medicament for therapeutic application as an anti-

tumour agent.

2. The use according to claim 1, wherein R and R' are the same or different,
and each is an alkyl, including cycloalkyl; X is a halide or a pseudo-halide;
and n is either2 or 3

3. The use of claim 1 or claim 2, wherein n is 3 and R and R’ are both ethy!.

4. The use of claims 1-3, wherein the therapeutic application as an anti-tumour
agent comprises breast cancer, ovarian cancer, melanoma, renal cancer

and non-small cell lung cancer.

5. The use of claims 1-4, wherein the tumor is animal or human tumour.



are the same or different, and each is an al kyl,

i ncluding cycloalkyl; Xis a halide or a
pseudo-halide; and n is either 2 or 3. 8. The
pharmaceuti cal conposition of clains 6 or 7, further
conprising a pharmaceutical acceptable diluent and/or
carrier. 9. A bisnmuth dithiocarbamate conpound of
general formula Il1: Bl c x s2&R 2 wherein NRR =
N(CH2)4, X is d

LLOYD WISE

6. A pharmaceutical composition comprising a compound of general

[ s R |
Bi / X
/> AN
S R

wherein R and R' are the same or different, and each is an alkyl, including

cycloalkyl, substituted alkyl, including substituted cycloalkyl, aryl or a substituted

aryl; X is a halide or a pseudo-halide; and n is either 2 or 3.
7. The pharmaceutical composition according to claim 6, wherein R and R’
are the same or different, and each is an alkyl, including cycloalkyl; X is a

halide or a pseudo-halide; and n is either 2 or 3.

8. The pharmaceutical composition of claims 6 or 7, further comprising a

pharmaceutical acceptable diluent and/or carrier.

9. A bismuth dithiocarbamate compound of general formula Il:

wherein NRR' = N(CHy)4, X is CI.



