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WO 2004/ 067505 PCT/ S&004/ 000028 1 Bi snmuth
Di t hi ocar bamat e Conpounds and Uses Thereof Field of

woOheo4ioav®nt i on The present invention rel ates taChiseraotl000028

di t hi ocar bamat e conpounds. In 5 particular, to

bi smut h di t hi ocar bamat e conpounds for use in therapy.
Background of the invention Chenotherapy is at the
forefront of tackling cancer.1Chenotherapeutic agents
10 currently enployed suffer froma |lack of efficacy
and are known to cause deleterious side-effects in
patients. Anongst the inportant drugs used to treat

canceBisrAQIFEDBhiokAB iR (?cfrﬁgélﬁﬁd’seaﬁcﬂ &R AlerBgped-
Met al =conftaini ng conpounds nay oifer certarn
advant ages over purely 15 organic conpounds in drug

t herapy. For exanple, co-ordination of an organic
nol ecule to a netal centre may alter the nornal

ﬁ%ﬁﬂ%@iﬂém&@hﬁ%y and/or may lead to a slow rel ease
livery of the organic nolecule i.e.
the nmetal conplex may function as a pro-drug. 20 In,
Thespresgat dnvemionirdialtes ds ebisohutig, dithisgarbbinate compounds. In

erdiohiar fo bihith SR RGattriaR RdoroBR IS ok 46dR Sraraek. as

head, neck and testicular cancers, it |acks

selectivity for tunmour tissue, which leads to severe

side effects. Notw thstanding the w despread

EEB H%gkioq gt o%atinun1anticancer drugs, there is
OB t he devel opnent of 25 novel

net al - based conpounds with unprecedent ed features.

EheendtRemiby BRI dhe RABRENCOMNRGKIS cARYE. DPRMANEPRULE agents

have effect only on limted types of cancer while

eutientik eswwployed BufiesJeamcd dpdusieffieacy aod arecknowsde cause
Hgleﬁé}%ﬁogide%e%% IAF( 8&?9%9? E%ﬁg%%ﬁ%%%% drugs used to treat

cancer, some of the most effective are metal-based.

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

ie. t_he metal complex may function as a pro-drug.

In this regard, the widely used drug, cisplatin, [(NH3)PtCly], 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. Notwithstanding the widespread applications of
platinum anticancer drugs, there is still a large 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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2 In the nmedical field, bisnuth conpounds are
generally only used to relieve diaper (nappy) rash,

wonrestostosns as well as to treat gastric di sor #ersG30ai00028

as diarrhoea and even ulcers. At present, bisnuth
subcitrate and bismuth 5 subsalycilate are used to

treat such nedical conditions, of which both are Bi

(I'11) ions. Their enpirical fornulae are often given

as K3(NH)4[Bi 6G3(OH)5(Hc;t)4] (Merck Index, 1989,

11th edition, pl97) and OC6H4COOBI O (Sun, Li et. al.,
1997, Chem Ber. / Recueil. Vol 130, p675)

respectively. 10 A series of bismuth xanthates with

general fornula Bi (S2COR)3 have al so been synthesi sed
Iretrenmedi¢ali field, ismuthdcdmpdIndE. aEé geneakally 196§, used to relieve

bl Migh rans Eeathrits Auwell 8 R rebb Bastel diuBis such as
¥gfrhobB BAH! EGeh alilcehd. SRt fresdft, t bish{Lah kylip@nhfatadl. bismuth

Bi'(S2COR) 3 where R is nethyl, ethyl or |soprop%I.
sxbralyaliaterare usedio drerd ssigbhmadicel samditions, of which both are Bi

{ S(r yl -9- hexyl - dithioc e), .
QMSZ@&' )r@i&%‘g andna'ir@%lut hﬁ{rﬁﬂ?étriag?n, noften  given  as
R @HY B O T0sD2HRA Jreivdrck BirfdBXCNEDEY 3 1 ec@ifibk, berav) and
described for 20 crystall ographic studies (Koh et.
QC-H:BO0BINSHN. Wabbral, 1897, dthernBen. / Rested: Vel 430, p675)
F’éspecfw&’ 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

B, O iy SARTEASh b o0 6P, PRSP e s
ﬁ%g@ﬁ%mﬁeﬁg%d bRgRntiy! (M. &XPEBKEndSETR YTOTibkRK, 1998, Z.
Kristallogr., 213:487-492). However, the biological activity of these
compounds has not been conducted yet. In particular, bismuth

tris(alkylxanthate), Bi(SoCOR); where R is methyl, ethyl or isopropyl.

Other bismuth compounds such as bismuth tris(methyl-n-hexyl-
dithiocarbamate),  Bi(SoCN(Me)Hex); and  bismuth  (Ill)  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,Ss nanopatrticles.
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
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WD 2004/ 067505 PCT/ S&2004/ 000028 3 The present
i nventi on addresses the probl ens above, and in

woaodasioetdoar  provi des new use for bisnuth PCT/SG2004/000028

di t hi ocar bamat e conpounds. Accordi ng to one aspect,
the invention provides a conpound of general formnula
l: SR Bi In SR n 5 wherein Rand RL are the sane
or different, and each is an3l kyl, substituted
al kyl, aryl or a substituted aryl; X is a halide or a
pseudo-halide; and n is either 2 or 3; for use as an
active pharmaceutical substance. 10 Further, the
THY epidsent ﬁh%tﬁ@‘éo‘éﬂ?@s%scwod%ﬁgle?ﬁs f&4d0¢, 8and »in_particular
erein nis 3 and Rand RL are both ethyl, for use
provigdesarew veegonbisae i ditbmicatharsatercampoustsor di ng t o
anot her aspect of the present invention, the conpound

f . gener for a,l u L th factur
BodRiRE RS e Lt P B, & BofRRLINAN bY dBnera
fottiuid Hnour agent. In particular, the conmpound having
general fornmula I, wherein nis 3, Rand Rl are both
et hyl . The conpounds y be used for, the treatnent of
tunor including but not.S 20 |imted Jto breast cancer,
ovari an cancer, nel renal candger and non- small
cell lung canceg;~The can _be gnigal or human
tunor. According™Q a fur al ect], a mpharnmaceutica
conposi tion conprising]t bi smi h |di t hi ocar bamat e
conmpounds of general f la | is prigvided. In

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; for use as an active pharmaceutical substance.

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.

According to another aspect of the present invention, the compound of
general formula 1 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 nis 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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25 particular, a pharmaceutical conposition conprising
t he conmpound WD 2004/ 067505 PCT/ S&2004/ 000028 4

wei20@achas 2) 3. The pharnmaceuti cal conpositi onsPCT/SG2004/000028

optionally conprise a pharnaceutical acceptable
di l uent and/or carrier. Another aspect of the
invention is a nethod for treating tunor conprising
the 5 admnistration of conpbund of general fornula
l: SR3n _NX'SR n wherein Rand RL are the sane
or different, and each is an al kyl, substituted
al kyl, aryl or a substituted aryl; X is a halide or a

a e I I C
E%‘(;SEQN‘E?@E OI'ﬁhe Bﬂaﬂna?iel.glé{aﬂ gct)m%ogftloﬁs udrbtt’Bgrbﬂy Hbﬁfpnse a
abarma@@tﬁtqabae@epteblleoﬂlumiaaeﬁﬁmrtcamarurror is ani mal or
human tunor and includes but is not limted to breast
cancer, ovarian cancer, nelanona, renal cancer and
A@l@th?éfaéépe‘éebf HeIMGCABOS B a rABtHACHF ‘ﬂﬂé@xﬂnb(luﬁmﬁtdéﬁﬁprlsmg the
aspect, the invention provides novel conpounds of the
geRvnigiration aficempousd _f grn&radformga® n wherein R and
Rl are the sane or different, and each is an al kyl,
substituted alkyl, aryl or a substituted aryl; X is a
hal i de or a pseudo-hali @i and n |sRe t her

Bi/ >_ X
T / \ 3n

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

K R
Bi/ / X
Yoo / N\ 3-n
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 is 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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20 2 or."3, with the proviso that when nis 3, R and
Rl are not ethyl (Et), and that when nis 3, Ris not

wortdwe708E) and RL i s not hexyl (Hex) or vi CcePTESE2004/000028

WO 2004/ 067505 PCT/ SG2004/ 000028 5 In particular, the

I nvention provides new conpounds included in the

general formula |, wherein nis 2. These conpounds

are indicated with general fornula Il: 5 wherein R

and R are both (CH2)2 and X is d. Further, the

conpounds of formula Il may be used in therapy as well

as in other fields such as the preparation of
nanoparticles. 10 Another aspect of the present

invention is the process for preparing the conpound

6T pagiowara the invgmtion rrowisles sww goripayndsbingludet! inghe,general

I car i4htoic acid to obtain a.mXxtur.
BRI o WhersBT UG 2naREPe ffpafd® s arfisidd g aeneral
formiulii €: i n a hal ogen-substituted al kane and organic
nitrile 15 to further obtain a solution, followed by
drying the said solutig ..anmor phous form
of conpound of fornula o patticilar;, the bisnuth
salt is anhydrous bismuthfTHK) “chl,oriyde, the al coho
is ethanol, the acid iB&l- pygrotiyi ngcar bodit hioic
acid, NH4S2CNC4AHB, the. en- 5y Jtuted al kane
is chloroform CHC 3, an £ itrile is
acetonitrile, C2H3N. Further, the hal ogen-substituted
al kane and organic nitrile are mxed in a 1:1 vol une
whergin Rnenddd are dpty SCHO228d204C600028 6  Bri ef

despription of the figures

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 1, which comprises mixing a bismuth salt, alcohol 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 obtain a solution, followed by drying the said solution to recover an

amorphous form of compound of formula 1.

In pérticular, the bismuth salt is anhydrous bismuth (Ill) chloride, the alcohol is
ethanol, the acid is 1-pyrrolidinecarbodithioic acid, NHsS;CNC;Hs, the
halogen-substituted alkane is chloroform, CHCI;, and the organic nitrile is
acetonitrilte, CoH3sN. Further, the halogen-substituted alkane and organic
nitrile are mixed in a 1:1 volume ratio. '
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Figure la: The cytotoxic effects of Bi (SCNEt2)3
(referred to as Bi(dedtc)3 in figure) on the ovarian

woanws7oel | 1ine (OVCAR). 5 Figure 1b: The cyPaorsg2@4/000028

effects of Bi (S2CN(CH2)4)2Cl (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 as B (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)2C in
figure) on A-498 cell line. Figure 3a: The cytotoxic

Bfitrgéscr ,Oﬁ|c{f$ﬁ‘glﬁ dley (referred to as Bi(dedtc)3 in

15 figur e? Fll-_gﬂ_l ine. Figure 3b: The cytotoxic

ef fects of Bl(SZCI\I(CH2)4)2CI (referred to as

Bigupy diee )@ cyietexigafierto nf BSEINEL)s referal f gsrBi(dedtc)s in

f i ( 3 (referred to as
w&zébgg‘%"%”gh %ﬁ&é'} S%HW “cell line. Figure
4b: The cytotoxic effects of Bi (SZCN(CHZ) 4) 2C
éreferredto as Bi(pydtc)2C in figure) on NCl-H 1299

Bure | 1he. The eytgiaxc seffectn ot yBiGSBXNCRE):REL s(referred to as

PUOBETREE 1P riol®) B b sebeSi e iduritioze. 7

Fi gure 5b: The cytotoxic effects of Bi (S2CN(CH2) 4) 2Cl
referre to as, Bi(pydtc)2C in figure) on HT-29 cell
FORES 285 i opitonin e Teis P (S i o olored) {csaREByasitc)s in

figabpbhed4b8 29 Rk(dedtc)3 in 5 figure) on MRC-5 cell
1T ne:

Figure 2b: The cytotoxic effects of Bi(S;CN(CHa))Cl (referred to as
Bi(pydtc).Cl in figure) on A-498 cell line.

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

Figure 3b: The cytotoxic effects of QBi(SzCN(CHg)L;)zCI (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(CH.)).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)s in
figure) on HT-29 cell line.
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Fi gure 6b: The cytotoxic effects of Bi (S2CN(CH2) 4) 2Cl
(referred to as Bi(pydtc)2Cl in figure) on MRC-5 cell

woOiom/06105Fi gure 7a: The cytotoxic effects of PCT/SG2004/000028
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)2ClI (referred to as Bi(pydtc)2C in
figure) on MCF-7 cell line. ¥5 Figure 8: Plot of

relative tunour volune (nmmB) versus days after
adm ni stration of Bi (S2CNEt2)3 (test group) and DVSO
onl y (control gr oup) for nude Balb/C m ce inocul ated

Cai
toblls AT R e AP Pdrefoned 10 s
Bifpdit) 2®h|rrfﬂagLa'e¢8ntt¢T4296causlmeof bi smut h

di t hi ocar bamat e conpounds for use as an active
pharmaceuti cal substance. The general fornula of

E@%@o%g@%&%ﬁc %?flgfcfg bPEﬁ(SdN%@go(ﬁ'é%@%?O?)g as BlgﬁiedtC)e, in

figureliba NMIRCwheekiineR and R1 are the sanme or different,
and each is an al kyl, substituted 5 alkyl, aryl or a
substituted aryl; X is a halide or a pseudo-hali de;

P@Gré‘l 65: eFHéWGéyto’?oxﬂf §ffedl’§ o sl Qﬁl‘ﬁgedg)ﬂﬂélt@é@rred to as

kyl' refers to a straight or branc monoval ent
Bi(pydtc)2Cl in figure) on MRC-5 cell line.

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

Figure 7b: The cytotoxic effects of Bi(SoCN(CHz)4)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(S.CNEty); (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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saturated aliphatic chain of 1-20 carbon atonmns,
i ncluding normal, iso, neo and 10 tertiary. ~Al kyl'

wonel4ode®sbut is not limted to, methyl, ethyl PCP/SGPYK/000028

i sopropyl, butyl, iso-butyl, sec butyl, tert butyl,
anyl, isoanyl, neoanyl, hexyl, isohexyl, neohexyl,
heptyl, isoheptyl, neoheptyl, octyl, isooctyl,
neooctyl, and the like; cycl®al kyl group such as
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl and
the |i ke, the cycloal kyl group may be substituted. 15
The term'aryl' refers to organic conpounds i ncl uding
but not limted to phenyl, biphenyl, naphthyl,

furanyl, pyrrolyl, thioph I, pyridiny , indolyl,
benzof uranyl, benzot hi op |, quinolfnyl,
i soqui nolinyl, imdaz i azolyl4 fpyrazinyl,

primdinyl, puri nyBx and pferi N Th aryl group may

be substituted 20 ar‘ld 3! cl ude the |f ol I3W ng
conpounds: The term hal refers\o a fam |y of
non-netallic, generally e @ctronegatlﬁ’/ N elenments of
group VIl of the periodic table. They are all

mul tival ent and have oxidation nunbers of -1 (the

most common), 1, 3, 5, andgenergligpuiasl)of wo

2004/ 067505 PCT/ SG2004/ 000028 9 halides are fluorine

(F), chlorine (Cl), bromine (Br) and iodine (l). The
whenin ;Rauddahare the samhercr mtﬁeﬁﬁw arNeablc® ahoblkii!eSubstltuted

n _part.i th und of gen formul a
?fkyﬁﬁé\ﬂ&fﬁ ?PQSEH@GQ@&V'R%& idezprz @g%ieqfﬁahw and B either
g% 3@s an active pharmaceutical substance. This
conpound is known as bisnmuth (I11)
tris(N, N-diethyldithi ocarbamate), Bi (S2CNEt 2) 3.

RSB, 3os deftn BRVE AR D Bt aihO Sharkh St napovalent,
Shturatd Hiphdtic GASIM ofSRL0.caksdr 8fdmd, r|ﬁ6!§drng7r%rhal' Is®, neo and

revi ous uses are non-nedi cal uses.
gecmfmmwkxﬂb inpludes bt is not tignited| too gnethili, etisylugrepyl, Eopropyl,

Bﬂt?/ffqgé-'bﬁ@l,ogeé BL@I,C%WBH@P am)‘?l lsoamyl neoamyl, hexyl, isohexyl,
neohexyl, heptyl, isoheptyl, neoheptyl, octyl, isooctyl, necoctyl, and the like;

cycloalkyl group such as cyclopropyl, cyclobutyl, 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,

wes3del/o45H4: 1H NVR 5 1.33 [6H, t, J 6.8 Hz, CPBT/SG200d/000028

3.8 [4H, q, J7.2 Hz, CH2]. {1H} 13C NWVR 6 200.1
(S20); 48.3 (CH2), 12.2 .(CH3). Elenental analysis
(%9 found: C, 27.57; H, 4.65; N, 6.24; S, 29.99. 15
Calcd: C, 27.53; H 4.59; N, 8.43; S, 29.44. IR
(cm1): 1481 [vV(C-N], 984 [v(C S)]. M5: nlz = 505.0
([BIi (S2CNEt 2) 2]+). Yield 57% np 200-2010C. A further
enbodi nrent of the invention is the use of the conpound

obligenaralfiuchine i) achiokiRet (), fB%BHTr?&‘(EFeaﬁcﬁ l@dlne (). The term
medi canent for thérapeutic application‘as an

aseude-hialide refgento STk BN ci@pband thealike.f ound to be
highly effective with mnimal deleterious side effects
owi ng to the high mammal i an tol erance of bisnuth. The

km particttarp the 6o b GAEIEGEhdalifermliiad, Whefeiht fs®and R and R
manuf acture of a nedi canment for therapeutl c

app Priethyh fasusmas aniadiivepherageatticat sulbpiasee. This compound

R hat it G R Rlo ARl JicgcnEa
Afthoaghpdhisdsiscan Rhewnbeonssslirido (Haowatd t strowl s 1975 Acta

a0l canotS 1T SRl chral iGH ok Ghgel Boc., Datton
'T‘r‘é‘ﬂs cag¢erits N 4?9&7 éfé 5 The a?lofré%gq{)%ga ré@stl@&nmonly

compound Gf genera ormu use
pleennseduniorystallagmpbisi studiesf The psepearties Imséltlap)con’ﬁm:rund are as

GRTR o B hl Shc 5 BRSSP a.
20Aen Pl VARIE TS EaboF ORI, R €106, Cr

angr8i[4H q, szn@hHa il it ’0 NMRc®aDOSH ($8); 785 (CHz), 12.2
consi st of he active ingredient _alone, in a fo

$ubshdy! @rrf%wtalaamlwgzt(r/ak fQ}H‘dt dD,aZZ@BJ, dbi 4. 65N, 6.24; S, 29.99.

ColiEh ReT Rt AR e G 272 ROTBRD): 81PN, 084 -

SRS =G5 ([BHRSSONEL)S 1 Hieldes 7% ey BdRBD1°C.

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,)3) 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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and/or diluent. 10 The formul ations of the
phar maceuti cal conpositions described herein may be

wonrepaceds by any nmet hod known or hereafter devetoedoninooo2s

the art. In general, such preparatory nethods include
the step of bringing the active ingredient into
association with a carrier, excipient and/or diluent,
and then, if 15 necessary or1@esirabl e, shaping or
packagi ng the product into a desired single- or

mul ti-dose unit. Although the descriptions of

phar maceuti cal conpositions provided herein are

Phé ROMMUNY OF RAbed hemBBar BBS Sikd ¢Rl u§é’<!7%%5%tn[gg{’ﬂﬁwaceutical

that are suitable for 20 admnistration to h
eoroppeitisnrios ke lirethérapy heomexample, ituadmsesuldod thenptevention or

; sitions-are generally suitab)e for .
PR R TG o P T, g mBesieR 1% ifmeration pay use of
Oharph@iciRieal EbmpbsRiORB Goniprdiy e tapduher of (t;eneral formula |
adm nistration to humans in order to render The
29 @Posrliven ingredientbbech er pharmanestical compositionamayweonsist of

[ j r e.ardjnarily. skil .
{42, 2318, oo 4RREL B 80P un YlableCiel chifletialioRdpra Storect,
s clitermativiel\c ahé oplsarnidaiuticals compoaBitioh nemcongirisat ted active
of the pharmaceutical conpositions of the invention is_
@erﬁCB%IP anddonacPrumere ppargraseqeallyi areepfable cAUiRinexcipient

primates. Anot her enbodi nent of the
ﬁ%ﬁw‘%mrs the nethod for treating tunours 30
conprising the adm nistration of conpound of general

Be Torfulations e7 Reciarbenirel-rRmpasiipes diescdaas rein may
gt fiehsia N angamBiicd &Rofhkyt he?é‘é’@ér‘ HeV&8ped in the art. In
general, such preparatory methods include the step 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:
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al kyl, aryl or a substituted aryl; X is a halide or a
pseudo-halide; and nis either 2 or 3. In particular,

woheo4roetd6d for treating tunour conprises the PCT/SG2004/000028

adm ni stration of the conpound of general fornula I
with n=3, Rand RL are both ethyl. 10 Tunour, as
stated in the above-nentioned nethod includes breast
cancer, ovarian cancer, nel dhoma, renal cancer and

non-smal |l cell lung cancer. Further, the tunour is
ani mal and/or human tunmour. 15 Anot her aspect of the
i nvention is conpounds of general formula l: S R Big

N 3-n SR n wherein Rand RL 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 arg both not ethyl

(Et) and 20 that when is 3, Rik hot nethyl (Me) and
Rl is not hexyl ory vice vefsg. WO 2004/ 067505
PCT/ SG2004/ 000g; enfjodi,ment of the
above aspect is Yqvel { t hijocaryamat e
compounds of gener al-., la I'1:35wherein R and R1
are the sane or diffe‘snt, and eaghn s an al kyl,
substituted alkyl, aryl or a substituted aryl and X
is a halide or a pseudo-halide. The definitions of
the ternms al kyl, aryl, halide and pseudo hal i de are as

ev 0 ﬁfl ned I n par cuI novel

BREIRES gt 18T Rt i parmpia irerent cingd oReh ds ancukyl, Substiuted
élﬁyl?br'—’yl ¥R Q&bsfilt@ed aryl; Xis a hallde 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:

K R ]
Bi/ ) — / X
ha / N\ 3-n
|8 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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10 The process for the preparation of this novel
conpound i s described herein. It involves mxing a

woiemstsosal t, al cohol and carbodithioic aci d POTSBL@EH000028

a mxture and then dissolving the precipitate
obtained fromthe m xture in a hal ogen-substituted

al kane and organic nitrite to further obtain a
solution, 15 followed by dryilBdg the said solution to
recover an anor phous form of conpound of formula |1
The reactions are all carried out under a nitrogen

at nosphere and at roomtenperature. Al reagent grade
solvents are used wi thout further purification. 20 In

particular, the carbodithioic acid is dissolved in

A Biriher emhedimens of tael @beve @speck isspeveli kismedindithiticagbamate
hol. The resulting mxture is

Epﬁp gggbpgggé%%ﬂﬁﬁgﬂéﬁgactlon bet ween the reagents

is conplete. The precipitate that is obtained is then

separated fromthe rest of the n1xture‘and washed

wth distilled water severfab i

that is collected is 25@;']7”}'

hal ogen-substi tut ed al kangs, .Ae: solvent.

evapor ated and the crude p;§01p1tateﬁfhat remains is

recrystal lised by using an W) 2004/ 067505

PCT/ SG2004/ 000028 13 organic nitrite, with further

adiardin i antl Rhardtheosameserbitfetant eshdilbkones a'ﬁh@lkﬂn dubstituted
product is crystals of the desi r ed conpound.

alihi 3Tk of s SHPpkitutad @ryl ame Xnis Robakids arhe qﬁe@dgchal@ﬁ‘ The
QEAdBRE b H+&E§ém{§|°éﬂﬁy| %gymé“b% RE?&&%%& Yr&hs praviously

provi ded gener a
defsmd Uad)arhmjlan\eenbveimomﬂsmjr&hofBgewérEI ﬁﬁnmmael wteinyR and
nder ge/ ref er ence to the follow ng exarrpl es
|36‘F1 Sﬁ’e&%ﬂ 'Sb Glway of illustration, and are

not intended to be limting of the present

The process for the preparation of this novel compound is described herein. It
involves mixing a bismuth salt, alcohol and carbodithioic acid to obtain a
mixtureand then dissolving the precipitate obtained from the mixture in a
halogen-substituted alkane and organic nitrile to further obtain a solution,
folloyved by drying the said solution to recover an amorphous form of
combound of formula 1l. The reactions 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 is dissolved in distilled water and added to
a suspension containing the bismuth salt and alcohol. The resulting mixture is
stirred 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
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i nvention. 10 Exanples 15 Exanple 1 Preparation of an
exanple of Bi (S2CNRR )" X3 _,,, n=2, R=R =(CH2)2 and

wa=20a/06t@5r eacti ons were all carri ed out under PAT/SG2004/000028

nitrogen atnosphere and at room 20 tenperature. All
reagent grade solvents were used w thout further
purification. The starting materials were obtained
commercially such as anhydrod$8 bismuth (111)
chloride, BiCl3 (Strem Chem cals Co), sodium

di et hyl di t hi ocarbamate tri hydrate,

(CH3CH2) 2NCS2Na. 3H20O, bisnuth nitrate pentahydrate,

Brdd¥is hdrilet @ha0ethdr By diibh iof ke RaloBedidubisaiged@line. The end
amoni um 25 sal t, NH4[ S2CN(CH2) 41 AI drich Chem cal

emductis grstalsigf tm@cdewredsmpwd wéy mareciataiber deseription of

TS, 9 A7 Sy S5, compouns

%Szeﬂ 6He dis\erolvided ﬁT@aﬁﬁ)@@ 1spect r ophot onet er in
t he range 2341!@‘400 - 4000 cm 1. Mass spectra were

recorded on FI NNl GAN TSQ 7000 spectroneter. El enental

SRR B e RReoBE NI T B oo esay

wederdiedct thongH referanBe)Gbllthe- fBH@Nm agpeanplegswhidh are provided

004/ 06 CT/ SG20Q4/ 0000 NH4[ S2
B AP B LSRRI 14 I G A e e

{Rnfkb). Was added slowy to a suspension of Bid3
(6.78 mmol, 2.1376 g) in ethanol (50 -m). The

resul t ant mxture was stirred for two hours to ensure
conplete 5 reaction. The bright yellow precipitate was
col | ected using Buchner funnel and washed with

@x&fﬂd{lé@d water (3 x 20 m). The product was then
Issolved in chloroform CHCI3 (100 ml) and dried

over nmagnesi um sul phate, (MySO4).

Example 1

Preparation of an example of Bi(S;CNRR'),Xs.., =2, R=R'=(CH,), and X=CI

The reactions wére all carried out under a nitrogen atmosphere and at room
temperature. All reagent grade solvents were used without further purification.
The starting materials were obtained commercially such as anhydrous
bismuth  (lll) chloride, BiClz (Strem Chemicals Co), sodium
diethyldithiocarbamate trihydrate, (CH3zCH2)2NCS;Na.3H,O, bismuth nitrate
pentahydrate, Bi(NO3)3.5H20 and 1-pyrrolidinecarbodithioic acid ammonium
salt, NH4[S2CN(CHz)4] (Aldrich Chemical Co). "H and {'H} "*C NMR spectra
were recorded on a Bruker‘ACF 300MHz FT NMR spectrometer. Infrared
spectra were recorded as KBr 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
was carried out on a Perkin-Elmer PE 2400CHN and CHNS Elemental
Analyzer. Melting points were determined on a BUCHI B-540 p apparatus.
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The solvent was | ater evaporated using a rotary
evaporator and the crude vyellow precipitate

woeowystab| i sed using an acetonitrile, C2H3N ardTSEHDI03/000028

10 m xture (1:1 ratio). Bright yellow crystals of the
conmpound were obtained and characterised as a

nmono- chl or of orm sol vate. El enental analysis (% found:

C, 22.16; H, 2.92. Calcd: C1422.37; H, 3.00. 1H NWR
53.90 (4H t, 3J =6.83 Hz, NCH2CH2); 8 2.03 (4 H,

m NCH2CH2). {1H} 13C NMR.. S 196.9 (S2C); 53.3

(NCH2CH2) ; 25.2 (NCH2CH2). IR (cm1): 1479 [V(CN],

991 [v(CS)]. Ms: miz 15 = 501 (Bi[S2CN( CH2) 4] 2+) .

Yieldis 62 % Melting point of 230-232C (Koh et.
H4[S20H6CHDRE H20 108 l@mol 23379 4isgyvgd inedistied watahgs ml)

% | =Char acwju?"gg?“%%@?@ (gfn%m% ?E%E}Oys? 1I376 g) in ethanol

(350 ndl). UTtee iresuitaovmikilird. wéretirrdd ebr tab .hout9 %8, erAﬁ.Ir@ complete
stallo A31, S141 and C. L. Raston & A
(ection. To8 @riaht vl prasioiate sias eallsR s o Abghngidunnel and
I
AR ALTRREAH LE £ 1 MR g 4 oo i

ohldemfosmnlﬁl-ﬂ@lg gr 0at msahe rd?.rmindvert maghesiure nueplaatar €MgSO,).
%I ?gqent rade solvents were used w thout further
eRAYERCWEP Jater evarsratedi HinawR &piasy SVaRRRIAF ang the crude

Dbt ?Ke'ddl’r)até Weehy sl rlﬁéThdg @ﬁ Mh&AbRitGR) GRS OHd EH I,

di et hyl di t'hi ocarbanate tri
OB EHD): Zmﬂn)\laBriQMQ'e(I@wmrysﬂalsOhfeﬂneuaDmmn)md wesre obtained and

RO bl S Sl

Ure -
?%qgfggz %@e(g?'?g %Q%%/%%g%@g PCT%%OM H05s 7 883 Hz,

b\lé)l-dezOlrdag)deZad%(ﬂ HBrm dmmﬂb)a01kl§x@®| NMR:. Sem@s (SoC); 53.3
Merlin ETS 3 spectrophotoneter in
(I\Aﬁblerl&) W(N%b@% R (WAL )s I clvi@-Ndr @91 M@osaieans m/z

on%(ﬁ t%(ﬁ? 5090\(1%?3 (fst %Qr% R)ieltlr% %g?nqto%IZfdew% S(Koh et.

al., 2003, Chem. Mater., 15, 4544-4554).

Example 2

The compound, Bi(S2CNEty)s, is a known and well-characterised species and
the crystal structure is known (J.A. Howard et. al., 1975, Acta Crystallogr.
A31, S141 and C. L. Raston & A. H. White, 1976, J. Chem. Soc., Dalton
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)2NCS;Na.3H20 (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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carried out on a Perkin-El mer PE 2400 CHN and CHNS
El enental Analyzer. 5 The nelting point was

wdeb@rog7oed on a BUCH B-540 np apparat us. O heCcT/SG2004/000028

derivatives of the general formula were prepared in
the sane way and their spectroscopic characteristics
determned simlarly. The spectroscopic results were
entirely consistent with thei!® fornul ations as
Bi (S2CNRR1) 3. 10 Crystal structure determ nations have
al so been perforned for several of the derivatives,
provi di ng further evidence of their chem ca
werp esddrien as/KBF Brce TpnamEXeslifr $41es Bio-Rad Merlin FTS 3000
crystallograPhlcaIIy det er m ned structure, of

pagpatomsten i dhdvianpa of AOOHoWIO® em™”'.aMass1smagtra were

%&o @?IN@%W%%OS?O@E %%t%ﬁnéipgn?%%qntg&gngwsw was

samieslr qutcsn arPaikin-Blmet PEQ400 CHN ahdt DEINSVElemental Analyzer.
tﬁ resent ative conpounds naré% Bi (S2CNEt 2) 3 and

% ¢ReINt\pag deteryingsion A HEB1540rrw apwaratus.
conmpounds denonstrated cytotoxicity against the panel
of human cancer cell |ines conparable to taxol. 20

aANes cﬁ\tﬁé\g'énbl%woﬂrﬁi?@\ﬂvéﬁbgpmféd W PR same way and
S2CNEt 2) 3 145 6 1 < 3.2
rs% éﬁt'fé %et%“@eﬂssmweﬁygoTbelw%@Scoplc

A kS \% 5 ali%g'!? 'é‘r{§ %ﬁe !
475 340 5%?@4{ 758(*%%%9%%3&342@ E %’f@gﬁ f% BP25NRR )s.
enetakstiugae GGMnMioﬁeﬂweﬁ&%sa?@enTw‘foméﬁ Porss&ePal<of the
< 3.2 < .% < 3kF 2994/06750
é%‘l‘\/%ﬁféod?r%'g% further evidence of their chemical composition. A
representation of the crystallographically determined structure of Bi(S,CNEt,)3
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 vifro cytotoxicity for the two representative compounds,
namely Bi(S2CNEtz); and Bi(S2CN(CH.)4).Cl is given in Table 1. The two
compounds demonstrated cytotoxicity against the panel of human cancer cell
lines comparable to taxol.

Compound A498 [ EVSAT | H226 |IGROV | M19 | MCF-7 | WIDR
Bi(S.CNEbL)s 145 |6 10 <32 [110 |4 56
Bi(S;.CN(CH,).),Cl | 70 | 10 16 5 9% |5 23
DOX 90 |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 <32
ETO 1314 | 317 3934 | 580 | 505 | 2594 150
TAX <32 | <32 <32 |<82 |<32 <32 <32
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16 Table 1: 1 D50 values (ng/m) of Bi (S2CNEt 2) 3,
Bi (S2CN(CH2) 4) 2C1, plus those for standard conpounds,

wdanaroatiosi n (DOX), cisplatin (CPT), 5-fl uorouratisiz2004/000028

(5-FU), nmethotrexate (MrX), etoposide (ETO and taxol
(TAX) in vitro using SRB as cell viability test 5 The
codes for the cell lines are as foll ows: A498: renal
cancer; EVSA-T: breast cancdf, estrogen receptor

(ER) -/ progesterone receptor (PgR)-; H226: non-snall
cell lung cancer; |ICGROV: ovarian cancer; ML9 MEL:

Mel anoma; MCF-7: breast cancer, estrogen receptor

TEReH pI %aﬁé|@é@mﬁg/+ﬁﬁgpmfszc$@b§ E’gﬁ)(e':,‘»gcwggig)éfggle,gﬂy% those

cancer. e results s 1 n wer e
faiestaadaiscompesndss dombrebtcmst(DOé@d cispilatire {CBT), 5-fluorouracil

[ ve ntrtlo f.250 000 .
REFR RiendfoRe R Sfposuts B IORARH ol 0oy & iR bsing
S&®Bua$ esll wlibdity esuit ai ned I mg 15 conpound/ 200 |. The
trial conplexes were taken into DVBO. Cytotoxicity

was estinmated by the m crocul ture sul forhodam ne B

R oS or B0 Ynes 2R (Blawaagbaienal gl BysaT
reashyafcer] B3tlogeh retypier roER rbgﬁ@t@roné@a@@étbﬁ F@%IQPOHQ%

- 2000 Il s/well) 96- wel | | 'at bot
RoERBTas 6ell TG cabont GER sovatamEaAnCaRMBHMBL: Molanoma;

&%—ang@ﬁﬁg?éﬁc% %QPO%% e?ﬁ?toro/%gﬁ /é?q@e&ét(gnﬁnteh?eceptor
RagRenvéiDRfcdlem cahegrs was made in full medium

starting with the 250 000 ng/m stock solution. Every
di lution was used in quadruplicate by adding 50 | to a

TR IR TR B SRS H R RS T o
and teferarze thpmnnds wase dssdlvasl ta ebbemientr%ﬁnvﬁQW ng/ml
ho Ilgr(r%le Wén'l %%gd qrf(]é,rqlllb{ggn o) %r gt%rc nSgOIS’[I rP Wh?ct:r'l %gnta%ed 1 mg
compound/200 . 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 pl of trypsinized tumour
cells (1500 — 2000 cells/well) were plated in 96-well flatbottom microtiter
plates (falcon 3072, DB). The plates were pre-incubated 48 hrs at 37°C, 8.5
% 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/ml 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/m! 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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term nated by washing the plate twice with PBS.

Subsequently, the cells were fixed with 10 %
wonrbehieriosaceti ¢ acid in PBS and placed at 4 CrEoiSGoova/000028

hour. 30 After five washings with tap water, the cells

were stained for at |east 15 WO 2004/ 067505

PCT/ S&004/ 000028 17 mnutes with 0.4 % SRB di ssol ved

in 1l %acetic acid. After stdrning, the cells were

washed with 1 % acetic acid to renove the unbound

stain. The plates were air-dried and the bound stain

was dissolved in 150 | 10 nM Tri s-base. The

AlEED aiEe0 ve%, SR 0 u
m cropl ate \rﬂg?der ggdl(géggé(gl)g?g]rr}gsdl\/%???gkognhngfg%mg’ the cells

weravsishaf ngith da% acalit add to Iferrmaéheumbonmd sthin. The plates

B Bl il A8 RS BBN3E i s 65p1veq 1@ciellat 15 mit ris-base,
ExerapseriancEowabaehl ati 54CPnFnV E%‘é%)%rg'agibrﬁgfgdt BfcrbPfte reader

repr esent ative conpounds,
jskan M&s. Tlmevdata gladnmchgas rusedo‘bhlahie cehdtruction

g e g o e

dsing ithd ©xdltaBofEsadtitviard. above. 15 The data obt ai ned was
used for the construction of concentration-response

curves for the determ nation of |D50 val ues using the

%&r‘hﬁ%"ét 3 software. Th_esec_urves are shown in

1-7. 20 Cell survival is presented as a
survival index (SI), which is defined as the
ﬁgsqr bance jn the experinpental wells expressed as

el 5‘@;@3’{5#‘3)6'1?1'5\{ fomthentwo representalive @mwdsc@(SzCN Et)s
g g
%@%ﬁ?ﬁ;@{%e@%{ﬁﬁgf‘%éﬁnggﬁ@%%d AdPstIbH e Sned namely
OVCAR, A-498, HF, NCI-H1299, HT-29, MRC-5 and MCF-7, following the
same procedure as described in Example 2 above.

The data obtained was used for the construction of concentration-response
curves for the determination of IDsy values using the Deltasoft 3 software.
These curves are shown in Figures 1-7.

Cell survival is presented as a survival index (SI), which is defined as the
absorbance in the experimental wells expressed as a percentage of that in the
control wells. The ICso 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 a human ovarian cancer cell line, OVCAR. In order to determine the
appropriate dose of Bi(SoCNEt,)s, the Maximum Tolerated Dose (MTD) in
Balb/C mouse model was determined.
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25 Exanple 4 The reported in vitro potency is
mai ntai ned in nude Balb/C mce inoculated with a

woroaretsosar i an cancer cell line, OV/CAR | n ordecTisG2004/000028

determine the appropriate dose of Bi (S2CNEt2)3, the

Maxi mum Tol erated Dose (MID) in 30 Bal b/ C nouse nodel

was determ ned. WO 2004/ 067505 PCT/ SG2004/ 000028 18

The MID of Bi (S2CNEt2)3 was d8termned in the

followi ng manner. Male and fenale BALB/c mce

obtai ned fromthe Laboratory Animal Centre, (National

Uni versity of Singapore), were used for the study. The

m ce used were about 5 4 - 5 weeks old with a nean

body wei ght of 202 g. The 5 mice per cage were kept
aherldbh afdBifSC tgs wae detefenined dmther ﬂ)llbwgig manner Male and

Telhde' BAREY DN s BBl e S Hate PP Sb ] L, atona

smreré@ a\@@g@gdré) Weltt u4ag ot HRNstuay.r armrmk@ﬂ@@éd were about

p.) for a nouse. The mice in the control
r'o@pwﬁék% Oédjmlﬁhl gtraeail baidy WepBoobaP#2 a0 Thieed mice per cage

GRSy iy SRS Bt S B s Th

ﬁcéi\ﬁbd@taﬁldél@ @ fsel sleshv fapid Waﬁd]‘BWhe U BI(SZCNEt2)3 was
popul ation of two nmice, one of each gender. If both

H13§@‘V@P|éa stema QM%Q and Ogbid evasr@vera) mtwrmaéa{s@a fora20g
h
FRELSL T ES I Mhe SRR RO I8 adPElEfen 1, BhiSo0 onty

é’haec::onwntrahass o] Bl@ﬁtﬁlﬁtﬂ)sf wereae!alag@ed Zmrmn‘m@ng mg Bi/kg of
opul at1 on.of ten mce C en

e ORI CoRcRmAtEN o2 i BIBS Makawsoh fgrch Bl Sampling
Pééhl%ﬁoﬂ”ofq{i%smlc@%neoef 85¢H p%rxﬂér.t W_eoc?tﬁpr? eﬁ@% ‘ﬂfécomplex

o plot a graph of percent of |Iive nice
sontventmt@rv waerdecra@sed, arghihes expenmenndadasagatdd fornanother

P ) it LB R i BB Sl T e was
ﬂipéﬂté&}or a larger sampling 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(SoCNE(,)a:
LDso = 3.57 mg / kg |
LDgo =7 mg / kg
LD1o=0.14 mg/ kg

Example 5

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

Female BALB/C-nude mice, obtained from the Animal Resources Centre in
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Using this protocol, the followi ng results were
obtai ned for Bi (S2CNEt2)3: LD50 = 3.57 ng / kg

woDRe@wémms kg 25 LD10=0.14 ng/ kg Exanple 5 TheCT/SG2004/000028

anti-tunour activity of Bi (S2CNEt2)3 was determn ned by
in vivo studies. 30 Fermal e BALB/ C-nude nice, obtained
fromthe Animal Resources Centre in WO 2004/ 067505
PCT/ SG2004/ 000028 19 Queensi@nd, Australia were used
for this experinent. The mce used were about 5 - 6
weeks ol d and had a nean body wei ght of 202g.
Throughout this experinent, the mce were housed in

QuekasrAdaiNustraa Wesrel |19 ¢RoIneERpaidente e mice used were
mani pul at ed fol | ow ng st andard aseptl c procedures. 5
A

ahovik h—¢F wericaRidcant Bad eeineantadyrweight 0620:£2g cErroughout this

LR S e S, B ok BB TS it an

wetd mampEadoioliowinhg ﬂBN&ardlﬁs”éb icastoosvesh 10% f oet al
bovi ne serum and 5nM L-gl utam ne. 10 I nocul ati on of

m ce A suspension of OVCAR cells (107 cells) were

U}b@ﬁf Sﬁgwggﬁggpgé, .(s. c.) in the flank of each

When the vol une of the

Humanr ovamnd:mweim@i\mmbellsywﬁfé pfNideBby DreHd{D&partment of
ivided intgo 2 gro & t he test group

R arRe o AleeA rbeibeshsnganges BNVGAR el were grown in
BPRAP-1 600 YHedilIRAWMIR 0% foetal bovine serum and 5mM L-glutamine.

Inoculation of mice

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

Drug treatment

Bi(SoCNEty)s 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 Bikg 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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Bi (S2CNEt 2) 3 was prepared as a 20 ng Bi/kg stock
solution in 20 dinethyl sul phoxi de, DMSO, and further

wdi2bagtoeTsosd t h DVBO i mredi ately bef ore adm ni SPCaISGE004/000028

The conpound was gi ven subcutaneously to mce in
amounts of 0.1 m /20 g three tinmes every two days in
the first week. The dose applied was at the | evel of
the MID, i.e. 0.14 ng Bi/kg @buse. The appropriate
vehicle (DVSO) was injected into the mce in the
control group, 25 using the sanme schedule and route
of injection as the drug therapies. Treatnent

eoahiabh !/ HEROY { | :
T e g BaE TS B Rt NE RIS formua
Wittb UK lewgth ked. 62T he deduyitsniztsined rage ishewai iarfigere &i t h a
30 vernier calliper every 2-4 days. The Rel ative
Turmour Vol unme (RTV = tunour WD 2004/ 067505

CT/ 8(320046(500028 20 volune on day x / tunour volunme |
SHEYNAY: dhe RbAve. PXPRUMESH ﬁgoyvﬁe%\eérthmea wegkgt Rites multiple
b&Rrtibtratich %%-B@gzmeaw Ei RRaBakICefics *é?fﬁ@téhd“ with OVCAR
Figure 8. 5 In sunmary, the above experinent shows
buaantovasianvessicer at Oetd mg Bikg eninead weiglst, ttae boeragfe volume of

Bi,(S2CNEt 2) 3 to nude Bal b/ C mce afflicted with OVCAR

AU B AoBsth b Enaed) arptrguiae/ 4 hriifabT erhise i the

EOSrGIVEFRPE ™S WRWY that BHBDONE), dcimitilratds [dignifi€stt anti-

roup was 30 % that of a nouse in the contro gr oup.
QuUrslivgYt hat Bi (S2CNEt 2) 3 denonstrates significant

anti- 10 tunour activity. W 2004/ 067505

PCT/ S&G2004/ 000028 21 dainms 1. A conpound of general
formula l: S R-NX
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15

20

Bi3-n S R n wherein Rand RL are the sane or
different, and each is an alkyl, 5 substituted al kyl,

wanyi4/e7508 substituted aryl; X is a halide or acpseoaan0002s

halide; and n is either 2 or 3; for use as an active
phar maceuti cal substance. 2. The conpound of claim 1,
wherein nis 3 and R and RL are both ethyl, for 10
use as an active pharnmaceutiZzial substance. 3. Use of
compound of general formulal: SR Bi In "SR n 15
wherein R and RL are the sanme or different, and each
is an al kyl, substituted alkyl, aryl or a substituted
@L¥hs X 1s a halide or a pseudo- halide; and nis

r 2 or 3; in the manufacture of a nedi canent for
therapeutic application as an anti-tunour agent. 20 4.
TThA ewepafind bhgem&al fdmenda h n is 3 and R and Rl are
both ethyl. WD 2004/ 067505 PCT/ SG2004/ 000028 22 5.
The use of clainms 3-4 for treatnment of tunor
conprising breast cancdrg ovariangcdncer, nel anona

renal cancer and non- cell lunglcancer. 5 6. The
use of clains 3-5 erfei the t r{is animl or
human tunmour. 75wA phdr el cqnpds;tion
conprising the conpoun clai msh\1-3. 87 "rhe

phar maceuti cal conposi tj.gh of cl ai 8, further
conprising a 10 phar eutical ac efpable di | uent

and/ or carrier.
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; for use as an active pharmaceutical
substance. -

2. The compound of claim 1, wherein n is 3 and R and R' are both ethyl, for

use as an active pharmaceutical substance.

3. Use of compound of general formula I:

K R
Bi/ / X
o />_N\ 3n

ES R In

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 the manufacture of a medicament for

therapeutic application as an anti-tumour agent.

4. The use of claim 3, wherein n is 3 and R and R' are both ethyl.
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9. A bisnuth dithiocarbamate conpound of general
formula Il: R wherein Rand R are both (CH)2, X is

wG0l2004067508. A process for preparing the conpoun@CofG2004/000028

claim9, which conprises mxing a bisnmuth salt,

al cohol and carbodithioic acid to obtain a m xture and

then dissolving precipitate obtained fromthe m xture

in a hal ogen-substituted alfane and organic nitrile

to further obtain a solution, followed by drying 20

said solution to recover an anorphous form of conpound

of formula Il. 11.The process of claim 10, wherein

the bismuth salt is anhydrous bismuth (I111) chloride.

25 12. The process of clainms 10-11, wherein the

’é).l c'i'(b\la:otIse ofatlhiamoB-4 WO ﬁé@tcﬁ#\é)ﬁ?&()ﬁmﬁﬁﬂ COEDHSHODAEARE cancer,
rocess of cl ai rNirlllgrereln th aC|d IS

- syRuaR cahhe. drdst e e cdpre 4 1 luag CrRger.

process of clainms 10-13, wherein the

hal ogen-substituted alkane is 5 chloroform CHC 3.

Q.5 Thieeugsr okegin®B-T; vdiareinibe tumonfearinal or ganian tumour.

nitrite is acetonitrile, C2ZH3N. 16. The process of

cl ai m 10, wherein the hal ogen-substituted al kane and

2.0 roplgimhgcalitichl é8mp6sitibi 88miphisiglthd d(ﬁh;bb'@wd 8f é18ims 1-2.

17. A nmethod for treating tunour conprising the

adm ni stration of conmpound of general formula I: SR

& g1l ?EH%rmaceutical composition of claims 8, further comprising a
pharmaceutical acceptable diluent and/or carrier.

9. A bismuth dithiocarbamate compound of general formula I

wherein R and R’ are both (CH5),, X is Cl.

10.A process for preparing the compound of claim 9, which comprises mixing
a bismuth salt, alcohol and carbodithioic acid to obtain a mixture and then
dissolving precipitate obtained from the mixture in a halogen-substituted
alkane and organic nitrile to further obtain a solution, followed by drying

said solution to recover an amorphous form of compound of formula Il.

11.The process of claim 10, wherein the bismuth salt is anhydrous bismuth
(1) chloride.

12.The process of claims 10-11, wherein the alcohol is ethanol.



SR n 15 wherein R and R1 are the sanme or different,

and each is an al kyl, substituted alkyl, aryl or a
weubsHictwsed aryl; X is a halide or a pseudo- airisdeo4/000028

and nis either 2 or 3. 18. The nethod of claim 17,

wherein nis 3, Rand RL are both ethyl. 20 19. The

met hod of claim 17, wherein the tunour includes breast

cancer, ovarian cancer, nel2hona, renal cancer and

non-smal |l cell lung cancer. 20.The nethod of claim
17, wherein said tunor is animal and/or human 25
t unour .

13.The process of claims 10-12, wherein the acid is 1-pyrrolidinecarbodithioic
acid, NH4S2CNC4Hs.

14.The process of claims 10-13, wherein the halogen-substituted alkane is
5 chloroform, CHCls.

15.The process of claims 10-14, wherein organic nitrile is acetonitrile, CoH3N.

16.The process of claim 10, wherein the halogen-substituted alkane and

10 organic nitrile is mixed in a 1:1 volume ratio.

17.A method for treating tumour comprising the administration of compound

of general formula I:

K R ]
Bi/ — / X
" / N\ 3-h
| S R

15 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.

18.The method of claim 17, whereinn is 3, R and R' are both ethyl.
20
19.The method of claim 17, wherein the tumour includes breast cancer,

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

20.The method of claim 17, wherein said tumor is animal and/or human

25 tumour.



