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ABSTRACT

A series of triorganophosphinegold(I) dithiocarbamate (R;PAuS,CNR’;) and xanthate (R;PAuS,COR’)
complexes have been prepared and characterised spectroscopically. Based on crystallographic evidence, the
molecules feature linear gold(I) geometries defined by sulphur and phosphorus donors. The complexes, along
with a series of known anti-cancer agents, have been screened against a panel of seven human cancer cell
lines. Uniformly, the dithiocarbamate derivatives are more active than their xanthate counterparts, with the
most active complex being Et;PAu(S,CNEL,), and are more active than cisplatin in all cell lines screened but,
not as potent as taxol.
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INTRODUCTION

Amongst the 1,1-dithiolate ligands, dithiocarbamates, "S,CNR,, comprise a group of ligands with great
binding potential to metals and as such find wide use in coordination chemistry. Their synthesis is relatively
simple with the most common method of preparation involving the reaction of carbon disulphide, in the
presence of a base such as sodium or potassium hydroxide, with any one of a large range of primary and
secondary amines /1, 2/. Dithiocarbamates and their metal complexes have a wide variety of applications.
Their most common use is as pesticides, eg. zineb, [Zn(S,CN(H)CH,CH,N(H)CS,)],, maneb,
[Mn(S,CN(H)CH,CH,N(H)CS,)],, ziram, Zn(S;CNMe;,),, and thiram, Me,NC(=S)SSC(=S)NMe,, and this
application has led to the development of new analytical techniques that were designed to determine the
concentrations of these pesticides as well as their degradation products /2 - 4/. In addition, these species have

important applications in the production of petroleum derivatives, lubricants and polymers, where they are
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used as accelerators for vulcanization, anti-oxidants and anti-humidity agents /5 - 7/. Some dithiocarbamate
ligands are excellent reagents for the analysis of trace metals by means of enhancement techniques /8/.

Dithiocarbamates are well known as heavy-metal chelating agents with a strong affinity for many divalent
cations, as well as the heavier elements, and possess various biological activities. For example, their
chelating abilities can cause the inhibition of numerous metal-containing enzymes, such as copper-containing
dopamine-B-hydroxylase, superoxide dismutase (SOD), glutathione peroxidase, and cytochrome oxidase /9/.

An approved agent given to human patients with alcohol-abuse problems is disulfram (Antabuse®), i.e.
Et,NC(=S)SSC(=S)NEt, /10/. Diethyldithiocarbamate has had extensive clinical use in the treatment of
Wilson’s disease, i.e. copper poisoning, and a variety of other heavy-metal poisoning /11/. During the past
decade, there has been considerable interest in the possible use of dithiocarbamate ligands in the treatment of
cancer with ionizing radiation /12/. It is thought that diethyldithiocarbamate enhances radiation sensitivity
owing to its inhibition of SOD, as mentioned above /12/. Over and above this, diethyldithiocarbamate has
shown anti-cancer effects in its own right /9/. For example, diethyldithiocarbamate can reduce alkylation of
DNA by nitrosamines /13/ and it can inhibit tumour induction by the cancer inducing agent benzo[a]pyrene
/14/. Finally, dithiocarbamate has been shown to be effective in the reduction of several secondary effects
associated with chemotherapeutic agents such as cisplatin /15/. Thus, nephrotoxicity may be reduced /16/ by
its complexing with platinum-enzyme adducts formed in the kidney /17/ and myelosuppression may be
moderated /18/. It is thought that it is the inhibition of diethyldithiocarbamate metabolism by the microsomal
mixed oxygenase system that is responsible for its reduction of carcinogenic effects and toxic side-effects
associated with chemotherapy /19/. Indeed, there is a suggestion that diethyldithiocarbamate is unique among
potential cisplatin chemoprotectors in the selectivity of its reactions with cisplatin or more precisely, with its
metabolites. Finally, diethyldithiocarbamate has been reported to inhibit progression of HIV implicated in
AIDS /20, 21/. A related dithiocarbamate ligand, i.e. pyrrolidinedithiocarbamate, ("S;CN(CH,)s), is also of
biological importance as it was found to inhibit NF-kB-related gene-expression /22/.

Among the various different classes of metal complexes currently investigated for their applications in
medicine, dithiocarbamate complexes demonstrate outstanding potential /23/. The potential medical uses of
dithiocarbamate complexes include: anti-viral agents, e.g. heterocyclic dithiocarbamates of ruthenium(lIl)
/24/, antidotes for preventing the effects of phytotoxic agents, e.g. copper dithiocarbamates /25/, bactericides
and anti-microbial agents, e.g. triorganotin dithiocarbamates /26/, anti-tumour agents, notably of palladium
and platinum /27-31/ as well as tin dithiocarbamates /32, 33/, anti-parasitic agents, e.g. platinum, iridium and
rhodium /34/, and prophylactic or therapeutic agents for metal toxicity, e.g. for cadmium /35/. Iron
dithiocarbamates have been used for treating AIDS and neurodegenerative diseases /36/. As an extension of
the aforementioned medical applications of dithiocarbamate ligands and their metal complexes, this
contribution describes a study where dithiocarbamates have been combined with phosphinegold(l) entities
with the view of exploring their anti-tumour potential.

Gold thiolates, including a phosphinegold(l) thiolate, auranofin, are used in the treatment of arthritis /37,
38/, usually after other therapies have been exhausted. The examination of the potential anti-tumour activity
of gold complexes is a more recent phenomenon and has been demonstrated in a number of experimental

models but, as yet, no gold compound has entered clinical trials. Auranofin and analogues were shown to be
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cytotoxic towards B16 melanoma and P388 leukaemia in vivo, early standards in anti-cancer screening /39/.
The development of gold complexes as anti-tumour agents has been reviewed recently /40/.

The focus of our investigations in this field has been upon the potential anti-tumour activity of
phosphinegold(I) thiolates, ie. auranofin analogues /41/. A particular emphasis has been to couple
biologically active thiols with phosphinegold(I) entities in the hope that upon administration of the ‘pro-
drug’, both the phosphinegold(I) entity and thiol would provide therapeutic benefit /42, 43/. As a
continuation upon this theme, we present here the results of in vitro cytotoxicity screening for a range of
phosphinegold(l) dithiocarbamate complexes, a study motivated by the combination of biologically active
dithiocarbamates with phosphinegold(l). In addition, a smaller number of phosphinegold(l) dithiocarbonate
("S;COR, xanthate) complexes are included in this study. Xanthates and their metal complexes have not been
evaluated for biological activity to the same extent as dithiocarbamates. However, xanthate complexes of tin
have demonstrated some potential as anti-tumour agents /44/ and certain phosphinegold(l) dithiocarbonate

complexes have proved to possess some anti-arthritic activity /45/. The results of this study are reported
herein.

EXPERIMENTAL

General

The R;PAuCI starting materials were prepared according to the literature method /46/. All solvents were
of analytical grade (J. T. Baker) and used as supplied. NaS,CNEt,.3H,0 (Tuka) and NH4S,CNC,4H; (Aldrich)
were used as supplied. Potassium xanthates were prepared from the reaction of the alcohol (that also served
as the solvent), CS, and KOH. 'H, and *C{'H} NMR spectra were recorded on a Bruker ACF300 FT NMR
spectrometer, with chemical shifts relative to tetramethylsilane. *'P{'H} NMR data were recorded on the
same instrument but with chemical shifts recorded relative to 85% aqueous H;PO,. IR spectra were obtained
as KBr pellets on a Bio-Rad FTS165 FTIR spectrophotometer. ESI mass spectra were measured on a

Finnigan MAT95XL-T spectrometer. Elemental analyses were performed on a Perkin Elmer PE 2400 CHN
Elemental Analyser.

General Synthetic Procedure

To a dichloromethane solution (4 ml) of R3;PAuCl was added an equimolar amount (based on gold
content) of dithiolate ligand. The colourless solution immediately turned yellow, indicating the formation of
the product, and was stirred for 2 h. The yellow solution was filtered through Celite and concentrated to
approximately 1 ml to yield the product.

Et_gPA“SzCNEtg (I)

From Et;PAuCl (0.2 g, 0.57 mmol) and NaS,CNEt, (98 mg, 0.57 mmol). The product was recrystallised
by the layering of ethanol into a dichloromethane solution of the compound to yield yellow crystals. Yield:
200 mg (76 %). & C'P{'H}, CDCly): 32.7 ppm; ESI-MS: m/z 778 (2M" - S,CNEL,).
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Cy;PAuS,CNEY; (2)
From Cy;PAuCl (0.20 g, 0.39 mmol) and NaS,CNEt, (67 mg, 0.39 mmol). The product was recrystallised
by the vapour diffusion of hexane into a dichloromethane solution of the compound to yield yellow crystals

/47/. Yield: 192 mg (79 %). 8 *'P{'H}, CDCl;): 55.3 ppm; ESI-MS: m/z 626 (M"); 757 (M" + Au); 1103
(M* - NEt,),.

(p-MeOPh);PAuS ,CNEt, (3)

From (p-MeOPh);PAuCl (0.2 g, 0.34 mmol) and NaS,CNEt, (67 mg, 0.39 mmol). The product was
recrystallised by the vapour diffusion of methanol into a chloroform solution of the compound to yield
yellow crystals /48/. Yield: 168 mg (71 %). 8 ('P{'H}, CDCL): 32.5 ppm; ESI-MS: m/z 1247 (M" - NEL,),.

dppfAu;[S:CNEty]; (4)

From dppfAu,Cl, (0.1 g, 0.098 mmol) and NaS,CNEt, (34 mg, 0.196 mmol). The product was
recrystallised by the layering of ethanol into a dichloromethane solution to yield an orange solid. Yield: 75
mg (62 %). 5 C'P{'H}): 30.5 ppm; ESI-MS: m/z 1096 (M" - NEt,),)

Cy;PAuS,CNC,H; (5)

From Cy;PAuCl (0.10 g, 0.20 mmol) and NH,S,CNC,4H; (32 mg, 0.20 mmol). The product was
recrystallised by the vapour diffusion of hexane into a dichloromethane solution of the compound to yield
yellow crystals /49/. Yield: 83 mg (67 %). & C'P{'H}, CDCl;): 55.4 ppm; ESI-MS: m/z 624 (M").

Ph;PAuS,CNCH; (6)

From Ph;PAuCIl (0.10 g, 0.20 mmol) and NH,;S,CNC;H; (32 mg, 020 mmol) The product was
recrystallised by the vapour diffusion of ethanol into a dichloromethane solution of the compound to yield
yellow crystals. Yield: 86 mg (71 %). 8 C'P{'H}): 36.2 ppm; ESI-MS: m/z 721 ((Ph;P),Au); 1064 2M" -
S,CNC,Hy).

dppfAu;[S:CNC,H,], (7)

From dppfAu,Cl, (0.10 g, 0.098 mmol) and NaS,CNC4H; (34 mg, 0.196 mmol) The product was
recrystallized by the layering of ethanol into a dichloromethane solution to yield an orange solid. Yield: 82
mg (67 %). & C'P{'H}): 27.8 ppm; ESI-MS: m/z 1095 (M" - S,CNC,Hyg).

Ph;PAuS,COC,H, (8)

From Ph;PAuCl (0.10 g, 0.20 mmol) and KS,COC4H, (33 mg, 0.220 mmol). The product was
recrystallised by the vapour diffusion of ethanol into a dichloromethane solution of the compound to yield
yellow crystals. Yield: 98 mg (81 %). & (*'P{'H}): 37.5 ppm; ESI-MS: m/z 721 ((Ph;P),Au"); 1067 2M" -
S,COC,Hy).

Ph;PAu S;COCH,CH,OMe (9)
From Ph;PAuCl (0.10 g, 0.20 mmol) and KS,COCH,CH,OMe (33 mg, 0.20 mmol). The product was
recrystallised by the vapour diffusion of ethanol into a dichloromethane solution of the compound to yield
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yellow crystals. Yield: 87 mg (71 %). & C'P{'H}): 33.3 ppm; ESI-MS: m/z 721 ((Ph;P),Au"); 1069 2M" -
S,COCH,CH,0OMe).

(p-MeOPh) ;PAuS,CO'Pr (10)

From (p-MeOPh);PAuCI (0.10 g, 0.17 mmol) and KS,CO'Pr (26 mg, 0.17 mmol). The product was
recrystallized by the vapour diffusion of methanol into a chloroform solution of the compound to yield
yellow crystals. Yield: 86 mg (74 %). 5 C'P{'H}): 33.7 ppm; ESI-MS: m/z 901 ((p-CH;0Ph);P),Au"); 1233
(2M" - S,CO'Pr).

Crystallography

X-ray data for (p-MeOPh),PAuS,CO'Pr (10) were collected on a Bruker AXS SMART CCD
diffractometer using Mo-Ka radiation at 183 K so that 0,,,x was 30.0°. Data were reduced (SMART &
SAINT /50/) and corrected for absorption effects (SADABS /51/). The structure was solved by heavy-atom
methods (PATTY in DIRDIF /52/) and refined (anisotropic displacement parameters, H atoms in calculated
positions, and a weighting scheme of the form w = 1/[c*(F,2) + 0.0051P* + 0.4062P] where P = (F, +
2F;)/3) on F? (SHELXL-97 /53/). Crystallographic data: C;sH,sAuO,PS,, M = 684.53, orthorhombic, space
group Pna2,, a = 12.3140(6), b = 12.2750(6), c = 17.2707(8) A, ¥ =2610.5Q2) A’, Z=4, D, = 1.742 g cm>,
20822 reflections measured, 7397 unique (R;, = 0.041) and 6683 with / > 2o(/). R (obs. data) = 0.033 and wR
= 0.080 (all data). pue = 1.90 e A® (near Au). Flack parameter /54/ = -0.010(6). The molecular structure
showing the atomic numbering scheme is shown in Fig. 1 (50% displacement ellipsoids, ORTEP /55/). Data
manipulation was conducted with teXsan /56/. The CCDC deposition number is 217204,

Cytotoxicity Screening

The 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 (1) — (10)
were taken into DMSO. However, it was noted that (2), (4) and (5) did not dissolve completely, even when
heated to 60 °C. Cytotoxicity was estimated by the microculture sulforhodamine B (SRB) test /57/. The
human cancer cell lines examined in the present study were: A498, renal cancer; MCF-7, estrogen receptor
(ER)+/progesterone receptor (PgR)+; EVSA-T, estrogen receptor (ER)-/progesterone receptor (PgR)-; H226,
non-small cell lung cancer; IGROV, ovarian cancer; M19 MEL, melanoma; and WIDR, colon cancer.

The experiment was started on day 0. On day 0, 150 pl of trypsinized tumor cells (1500 — 2000 cells/well)
were plated in 96-wells flatbottom microtiter plates (falcon 3072, DB). The plates were preincubated 48 hrs
at 37 °C, 8.5 % CO, to allow the cells to adhere. On day 2, a three-fold dilution sequence of ten steps was
made in full medium, starting with the 250 000 ng/ml stock solution. Every dilution was used in
quadruplicate by adding 50 ul to a column of four wells. This results in a highest concentration of 62 5000
ng/ml present in column 12. Column 2 was used for the blank. To column 1, PBS was added 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.
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After five washings with tap water, the cells were stained for at least 15 minutes with 0.4 % SRB dissolved in
1 % acetic acid. After staining, the cells were washed with 1 % acetic to remove the unbound stain. The
plates were air-dried and the bound stain was dissolved in 150 ul 10 mM Tris-base. The absorbance was read
at 540 nm using an automated microplate reader (Labsystems Multiskan MS). Data were used for
construction of concentration-response curves and determination of the IDsy value by use of Deltasoft 3

software.

RESULTS AND DISCUSSION

A series of phosphinegold(I) 1,1-dithiolates have been prepared and characterised spectroscopically.
Physical data are presented in Table 1 and the spectroscopic results, that confirm the formation of the
complexes, are summarised in Tables 2 - 4. The crystal structure of a representative complex has been
undertaken.

The molecular structure of (p-MeOC4H4);PAu(S,COiPr) (10) is shown in Fig. 1 and selected geometric
parameters are collected in the caption to this figure. The gold atom exists in the expected linear geometry
defined by S and P donor atoms with the Au-S distance being significantly longer than the Au-P distance.
The small deviation from the ideal linear angle at gold (S-Au-P is 176.75(5)°) may be traced to the close
approach of the non-coordinating S2 atom that is separated 3.2856(16) A from the gold atom. Arguably the
most significant intermolecular contacts are of the type C-H...O. Thus, C16-H...02' is 2.47 A, C16...02' is
3.319(6) A and the angle at H is 149°, and C17-H...03" is 2.37 A, C17...03" is 3.292(5) A and the angle at
H is 163° for symmetry operations i: 1-x, -y, Ya+z and ii: -Ya+x, -5-y, z. Similar coordination geometries have
been reported for related phosphinegold(I) xanthates /59 - 65/ and there is no evidence to suggest that
different structures are found for (8) and (9). The molecular geometry found for (10) is also as expected for
their phosphinegold(l) dithiocarbamate analogues /58/ and indeed, the crystal structures of (2) /47/, (3) /48/
and (5) /49/ have been reported separately.

Table 1
Physical data for R;PAuSR

Found (%) Requires (%)
Complex State Mp(C) | C H C H
Et;PAuS,CNE, (1) Yellow 91-92 28.7 5.4 28.5 5.4
Cy;PAuS,CNEt, (2) Yellow 188-189 44.3 7.1 44.2 6.9
(p-MeOPh);PAuS,CNEL, (3) Yellow 131 44.0 4.4 43.9 4.1
dppfAu,[S,CNEt,], (4) Orange 192 42.5 4.0 42.5 3.9
Cy;PAuS,CNC4H; (5) Yellow 222-224 43.8 6.1 44.7 6.6
Ph;PAuS,CNC,H; (6) Yellow 183-184 45.6 3.8 46.1 3.8
dppfAu,[S,CNC,Hsl, (7) Orange 212 41.0 3.5 42.6 3.6
Ph;PAuS,COC4H, (8) Yellow 118-119 45.3 3.7 45.4 3.6
Ph;PAu S,COCH,CH,OMe (9) Yellow 150-151 43.2 3.9 43.2 3.8
(p-MeOPh);PAuS,CO'Pr (10) Yellow 110-111 44.0 4.4 44.0 4.4
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The phosphinegold(l) dithiocarbamates, (1) — (7), and xanthates, (8) — (10), have been evaluated for their
cytotoxicity against a panel of seven human cancer cell lines. The following cell lines were used: A498, renal
cancer; MCF-7, estrogen receptor (ER)+/progesterone receptor (PgR)+; EVSA-T, estrogen receptor (ER)-
/progesterone receptor (PgR)-; H226, non-small cell lung cancer; IGROV, ovarian cancer; M19 MEL,
melanoma; and WIDR, colon cancer. The A498, H226, IGROV, M19 MEL, WIDR cell lines are included in
the current anti-cancer screening panel of the National Cancer Institute, U.S.A. /66/. The cytotoxicity
screening results for (1) — (10) are given in Table 5 as well as those for a series of standard anti-cancer
agents. From the data presented in Table 5, several trends may be discerned.

The two dithiocarbamate ligands chosen for evaluation were featured in the /ntroduction owing to their
known biological relevance. Amongst the diethyldithiocarbamates, the Et;P derivative (1) was the most
active. The Cy;P species (2) has comparable cytotoxicity to (1) and both are more potent than the (p-
MeOCgH,);P derivative (3). The complex containing the bidentate phosphine ligand dppf, where dppf'is 1,1’-
bis(diphenylphosphine)ferrocene, that gives rise to a dinuclear gold species (4), has the poorest cytotoxicity,
in particular considering it contains approximately twice the amount of gold as do the other species. The
second dithiocarbamate series contains the pyrrolinedithiocarbamate ligand. Of the three complexes, (5) —
(7), the PhsP species (6) is the most potent. The CysP complex (5) is less cytotoxic against all cell lines
compared with the diethyldithiocarbamate analogue (2) but the reverse is true for the dppf derivatives in five
cell lines, i.e. A498, MCF-7, EVSA-T, M19 and WIDR. Such a non-systematic variation underscores the
difficulty in generating a structure/activity relationship in these compounds. Amongst the xanthate,
Ph;PAu(S,COR), complexes, R = (CH,);CH; (8) and CH,CH,OCHj; (9) had comparable potency to each
other and both were more cytotoxic than (p-MeOC¢H,);PAu(S,COiPr) (10). As a class of complex, the
xanthates are generally less cytotoxic than their dithiocarbamate analogues. The greatest potency exhibited
by the xanthate complexes was against the ovarian cancer cell line IGROV but, it is noted that the range of
IDs, values against all cell lines is not great suggesting little, if any, specificity in their cytotoxicity profile.
The greatest potency exhibited by the dithiocarbamate complexes was also evident against the IGROV cell
line and comparable activities were also found against the breast cancer cell lines MCF-7 and EVSA-T. The

cytotoxicity results for the phosphinegold(l) 1,I-dithiolates can be compared with those obtained for a

selection of known anti-cancer agents.
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Table 2
'H NMR data (ppm, Hz) for phosphinegold(I) 1,1-dithiolates
Complex Thiolate ligand Phosphine ligand
¢)) 391q 1.34t 1.83dq 1.22dt
CH, CH, CH, CH;
(71.2)" 72)8 (19.5)4 ag)A
?) 3.91q 1.30t 2.02-1.54
CH, CH, Cy
(7.2)® (7.2)®
3) 3.93q 1.33t 7.57-149 | 6.95-6.91 3.82s
CH, CH; Ph Ph CH;,
(7.2) "8 (7.2) 8
4) 3.97q 1.36t 7.60-7.34 49s 4.3s
CH, CH; Ph Fc Fc
7.2)8 (7.2)8
5) 3.83t 1.99t 2.18-1.72
CH, CH, Cy
32)°" 328
(6) 3.87t 2.02tt 7.64-7.42
CH, Ph
(6.8)° 3)°
7 3.84t 2.08tt 7.61-7.45 4.74s 4.30s
CH, Ph Fc Fc
(6.8) " ®°
8) 4.49t 1.74 1.41 0.87t 7.51-7.45
quintet sextet
CH, CH, CH, CH; Ph
6.8)° (72)® (7.2)° (7.6)°
9) 4.65t 3.72t 3.33s 7.55-7.46
CH, CH, CH;, Ph
4.8)" 4.8)8
(10) 1.49-1.41 1.39d 7.51-7.28 6.99-6.95 3.85s
CH
CH; Ph Ph CH;
(6.4)

4 J(P-H), * J(H-H)
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3C NMR data (ppm, Hz) for phosphinegold(l) 1,1-dithiolates

Com- Thiolate Phosphine
plex
(0] 49.1 12.2 18.5 89
CH, CH; CH, CH;
(33.8)
(0)) 48.9 12.1 33.5-
25.9
CH, CH; Cy
3) 63.0 55.3 12.1 175.4 135.5 114.6 104.8
OCH; CH, CH; Cd Ca CB Cy
(15.1) (7.5)
)] 493 12.3 133.5 131.1 128.7 75.6 74.9
CH, CH, Ca Cy CB CBon Ca on
Fc Fc
(14.2) (12.0) (14.2)
Q) 63.5 54.1 334 30.5 272 26.1
CH, CH, Ca Cd Cy CB
(27.3) (11.2) (14.4)
6) 63.5 54.3 134.3 131.3 129.0
CH, CH, Ca Cy CB
(13) (11)
@) 54.3 52.0 133.5 131.1 128.8 75.7 74.9
CH, CH, Ca Cy CB CBon Caon
Fc Fc
(14.2) (10.9) (7.6) (10.9)
(€)] 74.2 30.6 19.3 13.7 134.2 131.7 129.2
CH, CH, CH, CH; Ca Cy CB
(14) az2)
) 72.8 70.1 58.9 1343 131.3 129.2
CH, CH, CH; Ca Cy CB
(14) (12)
(10) 554 30.9 162.3 135.6 114.7
CH CH; Cd Ca CB
(16) as3)

# Numbering scheme: Ca- C8, atoms of P-bound substituents, with Ca being adjacent to the phosphorus. J(P-
C) values in parentheses.
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Table 4
Infrared data (cm™) for phosphinegold(I) 1,1-dithiolates
Complex v(C-N)/V(C-O)"* v(C-S)
1) 1495s 1455s 1074m 1047m 985m
(2) 1476s 1455s 1083s 991s
3) 1499s 1458s 1105s 1026s 995s
4) 14955 14565 1099s 1075s 981s
(5) 14455 1427s 1002s 953s
(6) 1480s 1461s 1100s 1027m 999s
7 1461m 1443s 1099s 1027s 998s
(8) 1193s” 1157s" 1100s 1050s
9) 1248m” 1206m* 1080s 1000m
(10) 1260s" 12005 1087s 1028s

A ¥(C-0) for (8) - (10)

Fig. 1: Molecular structure and crystallographic numbering scheme for (p-MeOC¢H,);PAu(S,COiPr) (10).
Selected geometric parameters: Au-S1 2.3159(11), Au-P1 2.2560(11), S1-C1 1.741(5), S2-Cl
1.642(5), C1-O1 1.332(5), O1-C2 1.477(6) A; S1-Au-P1 176.75(5), Au-S1-C1 100.17(16), S1-C1-
S2, 125.9(3), S1-C1-0O1 108.7(3), S2-C1-02 125.4(3), C1-0O1-C2 120.7(4)°.
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It is clear from the data presented in Table 5 that several of the phosphinegold(l) dithiocarbamates and
even xanthates had greater cytotoxicity than cisplatin in the cell lines evaluated. For the cell lines in which
the dithiocarbamate complexes were particularly cytotoxic, i.e. IGROV, MCF-7 and EVSA-T, the IDs
values were lower than those obtained for both 5-flurouracil and etoposide. Clearly, anti-cancer agents such

as doxorubicin, methotrexate and taxol demonstrate greater cytotoxicity than the phosphinegold(l) 1,1-
dithiolates.

Table 5
In vitro 1Ds, values (ng/ml) for phosphinegold(l) 1,1-dithiolates and standard anti-cancer agents.”

Cell line
Complex A498 MCEF-7 EVSA-T H226 IGROV M19 WIDR
a1 196 21 16 45 12 83 141
2) 213 39 42 69 26 197 339
3) 529 84 98 134 58 303 288
4) 2143 178 215 215 111 249 251
5 836 109 224 219 95 388 862
6) 155 18 46 59 21 126 225
(7 691 67 127 473 2196 201 114
(8) 934 972 435 1835 144 804 314
9 990 913 402 2365 208 825 355
(10) 2022 1257 854 2624 370 1394 522
DOX 90 10 8 199 60 16 11
CPT 2253 699 422 3269 169 558 967
S-FU 143 750 475 340 297 442 225
MTX 37 18 5 2287 7 23 <32
ETO 1314 2594 317 3934 580 505 150
TAX <32 <32 <3.2 <32 <32 <3.2 <32

4 Abbreviations: Human cancer cell lines: A498, renal cancer; MCF-7, estrogen receptor (ER)+/progesterone
receptor (PgR)+; EVSA-T, estrogen receptor (ER)-/progesterone receptor (PgR)-; H226, non-small cell lung
cancer; IGROV, ovarian cancer; M19, melanoma; and WIDR, colon cancer. Standard anti-cancer agents:
DOX, doxorubicin; CPT, cisplatin, 5-FU, fluorouracil; MTX, methotrexate; ETO, etoposide; and TAX, taxol.
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CONCLUSIONS

Phosphinegold(I) dithiocarbamates display cytotoxicity profiles greater than that exhibited by cisplatin

against a range of human cancer cell lines. The most potent complex overall was Et;PAu(S,CNEt;) which

was most active against the IGROV (ovarian cancer) cell line. The dithiocarbamate complexes had greater

potency than the corresponding xanthate complexes.
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