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Two new gold(I) complexes that contain tri-ter-butylphosphine and dialkyl dithiocarbamate ligands
were synthesized and characterized by FTIR, NMR spectroscopy, Cyclic voltammetry, elemental analysis
and X-ray diffraction. The in vitro cytotoxicity of both complexes was examined against A549 (lung
cancer), MCF7 (breast cancer), and HeLa (cervical cancer) human cancer cell lines. Both complexes
exhibit very strong in vitro cytotoxic effects against A549, MCF7 and HeLa cell lines. The screening of the
cytotoxic activity based on IC50 data against the A549, MCF7, and HeLa lines shows that the synthesized
gold(I) complexes are highly effective, particularly against HeLa cancer cell line. Based on IC50 data, the
cytotoxic activity of both complexes is better than well-known commercial anticancer drug cisplatin
against all the three cancer lines tested.

© 2015 Elsevier Masson SAS. All rights reserved.
1. Introduction

Cisplatin, carboplatin and oxaliplatin are widely used commer-
cial platinum(II) based metallo-drugs which have been used
effectively for the treatment of cancers [1e3]. However, the gamut
of activity against different kinds of cancers is limited for such
drugs [4]. The efficacy of platinum(II) anticancer drugs is mainly
hampered due to some side effects such as neurotoxicity, ototox-
icity, anemia, nausea [5] and the acquired as well as intrinsic re-
sistances exhibited by cancer cell lines [6]. Such negative and
limiting factors of platinum(II) drugs are major impediments in
their clinical use invariably against all kind of cancers [7]. Therefore,
non-platinum metals like gold compounds have been synthesized
and evaluated for their potential augmented anticancer activity
with much lower toxicity and fewer side effects against a wide
panel of cancer cell lines.
served.
Generally, the study of gold complexes, bearing different func-
tional ligands exhibiting interesting physical, chemical, biological
and pharmacological properties, has gainedmuch attention [8e11].
Particularly, there was substantial interest in the coordination
chemistry of Au(I) complexes showing biological activity with po-
tential medicinal applications. For instance, the currently used
drugs like Auranofin, Solganol and Myocrisin are Au(I)eS complexes
[12e16]. Consequently, the gold(I) complexes have long been
studied as anti-arthritic and anti-microbial agents [17e21]. It has
been found that gold(I)-phosphine complexes with PeAueP,
PeAueN, PeAueS, and SeAueS bonding show marked biological
activities against bacteria and yeast [22,23]. The gold(I) phosphine
complexes are known to exhibit promising anticancer properties
[17,24e26].

In this connection, Lorber et al. firstly reported in 1979 that
Auranofin could inhibit the in vitro proliferation of HeLa cells [27].
McKeage and coworkers reported, bis(diphosphino)gold(I) com-
pounds demonstrate prospective in vivo anticancer activities [28].
Berners-Price et al. pointed out [Au(dppe)2]þ and its derivatives as
their credible in vitro and in vivo anticancer activities via the
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mitochondrial-mediated apoptotic pathway [29]. V. Gandin et al.
reported that phosphine gold(I) complexes efficiently inhibited
cytosolic and mitochondrial (TrxR) [30]. Ott et al. reported gold(I)
phosphine complex containing naphthalimide ligand behaves as a
TrxR inhibiting antiproliferative agent and angiogenesis inhibitor
[31]. Che et al. described anticancer gold(I)-phosphine complexes
as potent autophagy-inducing agents [32].

In the last decade, a new class of gold complexes with dithio-
carbamate ligands has been emerged as potential anticancer
agents. In this regards, Fregona and coworkers firstly prepared and
characterized some novel gold(III) dithiocarbamate compounds
containing N,N-dimethyldithiocarbamate and ethyl-
sarcosinedithiocarbamate exhibiting the promising chemical and
biological profile [33]. Similarly, significant inhibitory effect of
dibromo(N,N- dimethyldithiocarbamato)gold(III) in vivo was re-
ported against growth of MDA-MB-231 breast tumor cells (BTC)
[34]. Gold(I)-dithiocarbamato species, could inhibit the
chymotrypsin-like activity of purified 20S proteasome and 26S
proteasome in human breast cancer MDA-MB-231 cells [35].

Gold(I) thiolates employed clinically in the treatment of rheu-
matoid arthritis displayed some potency against various tumors
but a greater potential is found in their analogs. In particular, an-
alogs featuring a linear PeAueS arrangement in which the thiolate
ligand is derived from a biologically active thiol display high po-
tency [36]. Recently, Keter et al. synthesized new gold(I) complexes
containing PPh3 ¼ triphenyphosphine or dppp ¼ 1,3-
bis(diphenylphosphino)propane or dpph ¼ 1,6-bis-(diphenyl-
phosphino)hexane and L ¼ pyrazolyldithiocarbamate or 3,5-
dimethylpyrazolyldithiocarbamate or indazolyldithiocarbamate
and found all complexes active against human cervical epi-
thelioidcarcinoma (HeLa) cells [37]. Here, we are reporting the
synthesis of gold(I) complexes of tertiarybutylphosphine with
dialkyl dithiocarbamate as co-ligands, their structure determina-
tion by single crystal X-ray crystallography and their structural
analysis by FTIR and NMR measurements. Finally, the well charac-
terized gold(I) complexes have been subjected to in vitro cytotoxic
evaluation against three standard human cancer cell lines named,
A549, MCF7, and HeLa cell lines.

2. Materials and physical methods

Sodium dimethyldithiocarbamate monohydrate, sodium dieth-
yldithiocarbamate trihydarte were purchased from SigmaeAldrich
Co. St. Louis, Missouri United States. Chloro(tri-tert-
butylphosphine)gold(I) (1) as gold(I) precursor was obtained from
Strem Chemicals, Inc., Newburyport, Massachusetts, United States.
All solvents including ethanol and dichloromethane were pur-
chased from Merck Darmstadt, Germany and used without further
purification. All reactions were carried out under normal ambient
conditions. Human lung cancer, human breast cancer and human
cervical cancer cell lines were procured from National Centre for
Cell Sciences (NCCS), Pune, India.

Elemental analyses of (dialkyldithiocarbamato) (tert-butyl-
phosphine)gold(I) complexes (2 and 3) were performed on Perkin
Elmer Series 11 (CHNS/O), Analyzer 2400. The solid state FTIR
spectra of free ligands and their corresponding gold(I) complexes
were recorded on a PerkineElmer FTIR 180 spectrophotometer or
NICOLET 6700 FTIR using Potassium bromide (KBr) pellets over the
range 4000e400 cm�1 and Far-IR spectra were recorded for gold
complexes at 4 cm�1 resolution at room temperature using Cesium
chloride (CsCl) disks on a Nicolet 6700 FTIR with Far-IR beam
splitter. The IR frequencies (cm�1) of free ligands and Au(I) com-
plexes are given in Table 1.

1H, 13C, and 31P NMR spectra were recorded on a LAMBDA 500
spectrophotometer operating at 500.01, 125.65 and 200.0 MHz
respectively, corresponding to a magnetic field of 11.74 T. Tetra-
methylsilane (TMS) was used as an internal standard for 1H and 13C,
while Triphenylphosphine (TPP) was used as an external standard
for 31P NMR spectra. The 13C NMR spectra were obtained with 1H
broadband decoupling, and the spectral conditions were: 32 k data
points, 0.967 s acquisition time, 1.00 s pulse delay and 45 pulse
angle. The 1H, 13C and 31P NMR chemical shifts are given in Tables 2
and 3, respectively. Skeletal structures and condensed formulae of
the complexes (1e3) representing non-equivalent carbons and
protons are shown in Scheme 1.

3. Results and discussion

3.1. FTIR characterization

Dithiocarbamate compounds can be identified via the presence
of certain absorbance peaks primarily vibrational v(CeN) and
v(CeS). In the infrared spectra of dithiocarbamate compounds, the
region 1480e1550 cm�1 is primarily associated with the R2NeCS2
‘thioureide’ band which defines the carbonenitrogen bond order
between a single bond at 1250e1350 cm�1 and a double bond at
1640e1690 cm�1 [38].

In the IR spectra, the most important thioureide band, v(CeN)
was observed at 1479 and 1478 cm�1 for complexes (2) and (3)
respectively. Since these frequency modes lie in between those
associated with single CeN and double C]N bonds hence the
partial double bond character of thioureide bond was confirmed
for both of the complexes [39]. The presence of thioureide band
between 1430 and 1545 cm�1 suggests a considerable double
bond character in the CeN bond vibration of the R2NeCS2 group
[40]. This strong absorption band (1480e1542 cm�1) is known as
the thioureide ion band. The band appears intermediate within
CeN single bond (CeN: 1063e1261 cm�1) and double bond (C]N:
1640e1690 cm�1). This band shows the partial double bond
characteristic of dithiocarbamate (S2C-NR2). Such partial double
bond culminates into stretching vibration due to the partial
delocalization of electron density within the dithiocarbamate
moiety [41]. A strong absorption band in the range of
1480e1542 cm�1 gives additional confirmation of the gold(I)
complexes formation [42].

The C]S thiocarbonyl stretch splits into two peaks (doublet) at
1022, 972 cm-1 and 1020, 989 cm�1 with medium intensity in the
spectra of complexes (2) and (3) respectively. The bands present in
the range of 972e1022 cm�1 is attributed to the customary
contribution of (C … S). The splitting of n(CeS) bands in the range
965e972 cm�1 indicates a monodentate nature of dialkyl dithio-
carbamate ligands in the synthesized complexes [43e45]. In
addition to the polar thioureide ion band, the usual bands for sp3-
hybridized carbonehydrogen stretches are observed in the range of
2840e3000 cm�1 [46]

The stretching band frequencies are observed for the saturated
aliphatic CeH methyl group of coordinated dialkyl (methyl/ethyl)
dithiocarbamate at 2962(asym), 2869(sym) and 2965(asym),
2867(sym) cm�1 for complexes (2) and (3) respectively. The CeH
(eCH3) methyl groups have characteristic bending absorptions at
1372 and 1371 cm�1 in the spectra of complexes (2) and (3)
respectively. The CeH bending band(s) associated CeH stretching
band(s) are often determining factor of methyl groups in a molecule.
The CeH (eCH2e) methylene coordinated diethyldithiocarbamate
stretching occurs at 2925 cm�1 and its corresponding bending
appears at 1409 cm�1 for complex (3) [47,48].

The band at 304 cm�1 in the far-IR spectrum of complex (1) has
been assigned to the v(AueCl) vibration, while bands appearing at
282 and 194 cm�1 are attributed to v(AueS) and v(AueP) vibrations
for complexes (2) and (3) respectively [49e53].



Table 1
IR frequencies (cm�1) of free ligands and complexes (2) and (3).

Free ligand/complex Stretch Bend Stretch Bend Stretch Stretch

CeH(CH3) CeH(CH3) CeH(CH2) CeH(CH2) C¼S S¼CeN

Free dimethyl dithiocarbamate 2924 1360 e e 962 1488
(2) 962(asym), 2869 (sym) 1372 e e 1022, 972 1479
Free diethyldithiocarbamate 2925 1358 2979 1379 986 1466
(3) 2965(asym), 2867 (sym) 1371 2925 1409 1020, 989 1478

Table 2
Solution 1H NMR chemical shifts (ppm) of the free gold(I) metal precursor (1) and
complexes (2) and (3).

Free ligand/complex 2-H 4-H 5-H

(1) 1.52 e e

Free NaS2CN(CH3)2$H2O e 3.55 e

(2) 1.55 3.48 e

Free NaS2CN(C2H5)2$3H2O e 1.23 4.03
(3) 1.53 1.31 3.92

Table 3
Solution13C and 31P NMR chemical shifts (ppm) of the free gold(I) metal precursor
(1) and Au(I) complexes (2) and (3).

Free ligand/complex C¼S C-1 C-2 C-4 C-5 31P

(JPC in Hz)

(1) e 39.42(20.6) 32.23 e e 200.02
Free NaS2CN(CH3)2$H2O 212.82 e e 45.12 e e

(2) 207.49 39.31(17.5) 32.21 45.16 e 207.49
Free NaS2CN(C2H5)2$3H2O 206.7 e e 49.61 12.31
(3) 205.92 39.39(17.5) 32.24 49.03 12.21 205.87
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3.2. NMR characterization

The 1H NMR chemical shifts of gold(I) complexes (1e3) and free
dialkyl dithiocarbamate ligands are listed in Table 2. A small upfield
shift for methyl protons of tri-ter-butyl group was observed for
complex (2) compared to complex (1). Whereas, a small downfield
shift for methyl protons of tri-ter-butyl group have been observed
for complex (3) as shown in Table 2. The small upfield shifts for
proton(s) of the coordinated dimethyldithiocarbamate and dieth-
yldithiocarbamate have been observed in gold(I) complexes (2 and
3) in comparison to free dialkyl dithiocarbamate ligands.

The 13C and 31P NMR chemical shifts of complexes (2) and (3)
along with their corresponding gold(I) precursor (1) and free dia-
lkyl dithiocarbamate ligands are tabulated in Table 3. In the 13C
NMR spectra four and five resonances are observed for complexes
(2) and (3) respectively. Small shielding in the chemical shifts was
observed for methyl carbons and quaternary carbon bonded to
phosphorus in tri-ter-butylphosphine in the complexes (2 and 3) as
compare to gold(I) precursor. There are also small upfield chemical
shifts for CH3, CH2 and C]S carbons of coordinated dialkyl
dithiocarbamate with respect to free dialkyl dithiocarbamate li-
gands. The 13C chemical shifts of C]S carbon of free dimethylth-
iocarbamate and diethylthiocarbamate ligands are observed in the
range 206e213 ppm. The upfield shifts are observed for coordi-
nated dialkyldithiocarbamates in complexes (2) and (3). The PeC
coupling constant (Jp-c) showed a reduction of 3 Hz on
complexation.
3.3. Crystal structure of complex (2)

The molecular structure of complex (2) is shown in Fig. 1. Xeray
structure contains one molecule of complex [t-Bu3PAu(S2CNMe2)]
(2) in crystallographic asymmetric unit. The monodentate mode of
coordination of the dithiocarbamate ligand is reflected in the dif-
ference of CeS bond lengths with the shortest of these being
associated with the weakly bonded S2 atom as shown in Table 4.
The gold(I) atom is coordinated with P and S atoms of tri-ter-
butylphosphine and dimethyl dithiocarbamate ligands respec-
tively. The Au1eS1 and Au1eP1 bond distances are 2.3247 (15) and
2.2743 (14) Å respectively. The P1eAu1eS1 bond angle is 176.44
(4)�, which shows Au(I) atom adopts distorted linear geometry. The
AueS bond length is longer than AueP bond length. The deviation
from the ideal linear geometry around gold can be attributed to the
presence of a close intra-molecular Au1 … S2 contact of 3.127 Å.
The AueS and AueP bond lengths are similar to those found in
[Et3PAu(S2CNEt2)] complex [54]. However, the SeAueP bond angle
is different from [Et3PAu(S2CNEt2)] complex [54] and other [t-
Bu3PAu]þ complexes [55e58].
3.4. Crystal structure of complex (3)

X-ray structure of complex (3) is shown in Fig. 2. There are two
independent molecules of gold(I) complex in the asymmetric unit
cell. In both molecules, gold(I) atom is coordinated with one P
donor atom of tri-ter-butylphosphine ligand and S atom of dieth-
yldithiocarbamate ligand. There are only minor conformational
differences between x-ray structure of two molecules.

The Au1eS1 and Au2eS3 bond distances are 2.3293 (15) and
2.3139 (16) Å respectively. The Au1eP1 and AueP2 bond distances
are 2.2818 (15) and 2.2753 (16) Å. The AueS bond distances are very
much similar to [t-Bu3PAu(S2CNMe2)] (2) and [Et3PAu(S2CNEt2)]
complexes [54]. The AueP bond distances are different than
[Et3PAu(S2CNEt2)] complex [54] and similar to [t-Bu3PAu(S2CNMe2)]
(2) complex.

The geometry around Au1 and Au2 atoms is conventionally dis-
torted linear and similar to [t-Bu3PAu(S2CNMe2)] (2) and
[Et3PAu(S2CNEt2)] complexes [60]. Inmolecules 1 and 2, S1eAu1eP1
and S3eAu2eP2 bond angles are 172.74 (6) and 170.42 (6)� respec-
tively.More distortion from ideal linear geometry is observed in each
molecule of complex (3) thancomplex (2). It is interesting to correlate
the magnitude of the intra-molecular AueS interactions with the
deviations from linearity of the PeAueS bond. In complex (3), where
the Au1 … S2 and Au2 … S4 interactions are longer, the deviation
from the ideal linear angle of 180� is increased. The bondangle values
around central Au(I) atom in molecule 1 and 2 confirm the presence
of pseudo linear geometry in complex (3). The overall geometry of [t-
Bu3PAu(S2CNEt2)] (3) closely resembles to thoseAu(I) complexes that
contain [t-Bu3PAu]þ unit [55e58].
3.5. Electrochemical study of gold(I) complexes (1e3)

Cyclic Voltammetry of complexes (1, 2 and 3) is given in Fig. 3.
Quasireversible redox couple corresponding to [Au(t-BuP)Cl]0/
[Au(t-BuP)Cl]2þ appears at 1.19 V while for complexes (2 and 3) this
redox couple appears at 1.24 V and 1.41 V, respectively. Higher
potentials for redox couples of complexes (2 and 3) are indicative of



Scheme 1. Skeletal structures and condensed formulae of complexes (1), (2) and (3) representing non-equivalent carbons and protons for 13C and 1H NMR data.
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the difficulty in gold(I) oxidation due to stabilizing effect of the
dialkyl dithiocarbamate ligands [59]. Increase in chain length with
corresponding increase in electron donating effect of alkyl groups
of the ligands is responsible for a higher anoidic potential of com-
plex (3) compared to complex (2). Thus, higher oxidation potentials
of Au(I) in complexes (2 and 3) are indicative of their higher sta-
bility compared to complex (1) under physiological conditions. All
three complexes show one reduction process, which is attributed to
the gold(I) e gold(0) reduction. For complex (1) reduction peak
appears at 0.167 V while for complex (3); it is at 0.0848 V and for
complex (2) at �0.019 V.
3.6. In vitro anticancer activities of complexes (1e3)

Modern oncologic or anticancer studies aim towards finding
newer compounds with less cytotoxic potential than cisplatin
toxicity. In this connection, gold(I) complexes with various ligands
including AueN, AueS or AueC bonds are being extensively
developed and investigated for their bioactivities as cytotoxic
agents [60]. In this study, new gold(I) complexes (2 and 3) are
developed by replacing one chlorido ligand in gold(I) precursor
complex (1) with dialkyldithiocarbamto ligand. The synthesized
complexes (2 and 3) are subjected to in vitro cytotoxic evaluation
against A549, MCF7 and HeLa cancer cell lines using MMT assay.

The dose dependent cytotoxic effect was obtained by the stip-
ulated increase in concentrations of complexes (1), (2) and (3)
against the fixed number of human cancer cells as shown in
Figs. 4e6. The IC50 concentration of complexes (1), (2) and (3) for
different human cell lines are obtained from a curve between
complex concentration and percentage viability of cells as shown in
Figs. S1eS3. The IC50 values of all complexes are in the range of
2.11 ± 0.43 to 26.90 ± 1.04 mM as given in Table 4.

The in vitro cytotoxicity in terms of IC50 values against A549 cell
line were found 41.60 ± 3.00, 14.30 ± 0.81, 26.90 ± 1.04 and
19.40 ± 0.64 mM for cisplatin and gold(I) complexes (1), (2) and (3)
respectively. The precursor complex (1) and synthesized complexes
(2 and 3) have shown cytotoxicity almost two-three folds better
than cisplatin. InMCF7 cancer cell line, in vitro anticancer activity in



Fig. 1. A view of the molecular structure of mononuclear complex (2), with partial atom labeling scheme and displacement ellipsoids drawn at 50% probability level.

Table 4
IC50 Values (mM) of gold(I) complexes against A549, MCF7 and, HeLa cancer cell
lines.

Complex A549 MCF7 HeLa

Cisplatin 41.60 ± 3.00 22.38 ± 0.62 19.40 ± 1.85
(1) 14.30 ± 0.81 16.71 ± 0.80 16.03 ± 1.01
(2) 26.90 ± 1.04 21.07 ± 0.95 2.11 ± 0.43
(3) 19.40 ± 0.64 16.00 ± 0.83 3.18 ± 0.54

Fig. 2. A view of the molecular structure of mononuclear complex (3), with partial at
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terms of IC50 values were 22.38 ± 0.62, 16.71 ± 0.80, 21.07 ± 0.95
and 16.00 ± 0.83 mM for cisplatin and gold(I) complexes (1), (2) and
(3) respectively. The precursor complex (1) and synthesized com-
plexes (2 and 3) have anticancer activity close to cisplatin. For HeLa
cancer cell line, in vitro cytotoxicity in terms of IC50 values were
19.40 ± 1.85, 16.03 ± 1.01, 2.11 ± 0.43 and 3.18 ± 0.54 mM for
cisplatin and gold(I) complexes (1), (2) and (3) respectively. Against
HeLa cell line cytotoxicity of gold(I) complexes (2 and 3) is six to
eight times better than cisplatin and gold(I) precursor complex (1).
Newly synthesized complexes (2) and (3) were found to be most
om labeling scheme and displacement ellipsoids drawn at 50% probability level.



Fig. 3. Cyclic voltammograms of complexes (1, 2 and 3) at platinum electrode.

Fig. 4. Graph showing the cytotoxic effect of series of concentrations of compounds (1e3) on viability of MCF 7 cells.
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effective against HeLa cell line in terms of IC50 values. Against HeLa
cell line cytotoxicity of complexes (2 and 3) is better than the
equivalent Au(PEt3)Cl, “the following IC50 (mM) value against the
same line show: Au(PEt3)Cl: 1.7(0.06) mM [61]”.

The better inhibition of growth of cancer cells by synthesized
complexes (2 and 3) than gold(I) precursor complex (1) can be
attributed to dithiocarbamate as labile co-ligands bonded with
central gold(I) ions. Overall, the anticancer activity of synthesized
complexes (2 and 3) against, A549, MCF7 and HeLa human cancer
cell lines is interesting and better activity than previous anticancer
studies of gold compounds [62e65].
4. Conclusions

In this report, cytotoxic activity of two gold(I) complexes with
SeAueP fragment against A549, MCF7 and HeLa human cancer cell
lines have been evaluated and these complexes exhibit very strong
cytotoxic effects in vitro. The new complexes (2 and 3) with the
dimethyldithiocarbamate and diethyldithiocarbamate ligands
showed excellent cytotoxic activity against HeLa human cancer cell
line. These results show good inhibition and selectivity of both com-
plexes against HeLa cell line which is very important in drug design
inhibition of target biomolecules. In short, the IC50 data reveals that
complexes (2 and3) aremuchbetter cytotoxic agents thancommonly
used cisplatin. The significant cytotoxicitic activity of gold(I) com-
plexes (2 and 3) has made them strong candidates as potential anti-
cancer agents for further exploration against cervical cancer.
5. Experimental

5.1. Synthesis of [t-Bu3PAu(S2CNMe2)] (2)

Sodium dimethyldithiocarbamate monohydrate (0.072 g,
0.05 mmol) dissolved in 15 mL ethanol was added drop wise to [t-
Bu3PAuCl] (0.217 g, 0.05 mmol) contained in 10 mL dichloro-
methane at room temperature and solution was continuously
stirred for 3h. The clear light yellow solution obtained was filtered
to avoid any impurity and kept undisturbed at room temperature
for crystallization by slow evaporation. After seven days colorless
block like crystals were obtained. A suitable quality crystal was
chosen for X-ray diffraction analysis. Anal. Calc. for C15H33AuNPS2:
C, 34.68; H, 6.40; N, 2.70; S, 12.34; Found: C, 34.80; H, 6.33; N, 2.82;
S, 12.43. Yield: 0.242 g, (93%).
5.2. Synthesis of [t-Bu3PAu(S2CNEt2)] (3)

Sodium diethyldithiocarbamate trihydrate (0.113 g, 0.05 mmol)
dissolved in 15 mL of ethanol was added dropwise to [t-Bu3PAuCl]
(0.217 g, 0.05 mmol) contained in 10 mL dichloromethane at room
temperaturewith continuous stirring for 3 h. The transparent yellow
solution obtained was filtered to avoid any impurity and kept un-
disturbed for slow evaporation at room temperature. After five days



Fig. 5. Graph showing the cytotoxic effect of series of concentrations of compounds (1e3) on viability of HeLa cells.

Fig. 6. Graph showing the cytotoxic effect of series of concentrations of compounds (1e3) on viability of A549 cells.
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colorless block like crystals were obtained. A suitable quality crystal
was chosen for X-ray diffraction analysis. Anal. Calc. for
C17H37AuNPS2: C, 37.29; H, 6.81; N, 2.56; S, 11.71; Found: C, 37.19; H,
6.37; N, 2.70; S, 11.68. Yield: 0.260 g, (95%).

5.3. Stability of gold(I) complexes in DMSO-d6

1H and NMR spectra of complexes (2 and 3) in DMSO-d6 solvent
were measured for their stability test. The extent of decomposition
over timewas determined by comparing the NMR spectra collected
after 1, 6, 12, 24, 48 and 72 h. No significant change in the chemical
shifts and the splitting patterns of complexes (2 and 3) were
observed in their time dependent 1H and 13C NMR spectra.

5.4. X-ray structure determination

For both gold(I) complexes (2) and (3), good quality single
crystal was chosen and mounted on a plastic loop to an Agilent



Table 6
Selected bond angles (Å) and bond lengths (�) for complexes (2) and (3).

Bond lengths (Å) Bond angles (�)

Complex (2)
Au1eP1 2.2743 (14) P1eAu1eS1 176.44 (4)
Au1eS1 2.3247 (15) C1eS1eAu1 99.66 (17)
Complex (3)
Au1eP1 2.2818 (15) P1eAu1eS1 172.74 (6)
Au1eS1 2.3293 (15) C1eS1eAu1 101.7 (2)
Au2eP2 2.2753 (16)
Au2eS3 2.3139 (16)
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Super Nova diffractometer equipped with a Mo-Ka radiation
(l ¼ 0.71073 Å). The data were collected and integrated with Cry-
sAlisPRO [66]. The refinement and all further calculations were
carried out using SHELXL [67]. The Heatoms were either located
from Fourier difference maps and freely refined or included in
calculated positions and treated as riding atoms using SHELXL
default parameters. The noneH atoms were refined anisotropically,
using weighted fullematrix leastesquares on F2. Empirical or
multiscan absorption corrections were applied using the SCALE3
ABSPACK [68]. Graphics were generated using PLATON [69]. A
summary of crystal data and refinement details for gold(I) com-
plexes (2) and (3) are given in Table 5. Selected bond lengths and
bond angles are given in Table 6.

5.5. Electrochemistry

Electrochemical measurements were undertaken on an Autolab
PGSTAT-128N (Eco-Chemie) workstation. A standard three elec-
trode electrochemical cell utilizing a membrane Pt-disc working
electrode, a double junction Ag/AgCl/3M KCl reference electrode
and platinumwire auxiliary electrode was used in all voltammetric
experiments. 10 mM of all compounds were dissolved in acetoni-
trile containing 100 mM of Potassium thiocyanate as an electrolyte.

5.6. MTT assay for in vitro anticancer of complexes (1e3)

A549, MCF7 and HeLa human cancer cells were seeded and
maintained on Dulbecco's Modified Eagle's Medium (DMEM) sup-
plementedwith streptomycin (100 U/mL), gentamycin (100 mg/mL),
10% FBS (Fetal Bovine Serum) at 37 �C and humid environment
containing 5% CO2. MTT was used to assess cell integrity and in vitro
anticancer. The uptake of the vital mitochondrial dye, 3-[4,5-
dimethylthiazol-2-yl]- 2,5-diphenyl tetrazolium bromide (MTT)
was monitored by cell mitochondria [70]. The cells were grown in
96 well flat bottom tissue culture plates at a concentration of
5 � 103 cells/well in DMEM medium. After 72 h of growth, three
cancer cell lines, A549, MCF7 and HeLa were treated with gold(1)
complexes (1e3) and cisplatin at concentration from 3.12 to 50 mM.
Table 5
Crystallographic characteristics, experimental and structure refinement details for
crystal structure of complexes (2) and (3).

Complex (2) Complex (3)

Empirical formula C15H33AuNPS2 C17H37AuNPS2
Empirical formula weight 519.48 547.53
Crystal size/mm 0.2 � 0.2 � 0.05 0.1 � 0.1 � 0.1
Wavelength/Å 0.71073 0.71073
Temperature/K 200 200
Crystal symmetry Monoclinic Orthorhombic
Space group P 21/c P 21 21 21
a/Å 14.3661 (9) 13.6063 (8)
b/Å 12.5419 (6) 13.6398 (9)
c/Å 11.6216 (7) 23.7965 (13)
b/� 103.910 (6) 90
V/Å3 2032.6 (2) 4416.3 (5)
Z 4 8
Dc/Mg m�3 1.698 1.647
m(Mo-Ka)/mm�1 7.515 6.922
F(000) 1024 2176
q Limits/� 3.1e29.0 3.0e29.1
Collected reflections 10518 37465
Unique reflections(Rint) 4774 (0.043) 9929 (0.043)
Observed reflections [Fo > 2s(Fo)] 3391 10949
Goodness of fit on F2 1.03 1.05
R1(F),a[I > 2s(I)] 0.037 0.035
wR2 (F2),b[I > 2s(I)] 0.095 0.082
Largest diff. peak, hole/e Å�3 0.93, �1.78 3.26, �0.73
Flack (Absolute structure parameter) e �0.008 (6)
After 24 h, 100 mL of MTT was added to each well and incubated the
plate for 4 h at 37 �C in dark. The treated plate was then removed
and 100 mL of DMSO (Dimethylsulfoxide) was added in each well.
Mixture in each well was subjected to mixing well by repeated
pipetting in and out to bring out the formazan. The absorbance was
read out at 570 nm in ELISA (Enzyme-linked immunosorbent assay)
reader. The cell viability values were expressed as the
mean ± standard error of the mean (SEM) from at least three in-
dependent experiments. The IC50 concentrations of gold(1) com-
plexes (1e3) used were calculated from a separate curve between
complex concentration and average % viability of cells plotted in
Microsoft Excel 2007 (graphs not shown) using MTT assay data and
explained by logarithmic regression equations (equations not
shown).
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