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Three gold(i) complexes, [Au(npen)CL]CL-2H,0 (1), [Au(npen),ICls (2) and [Au(TPP)ICL (3) (npen = meso-
1,2-di(1-naphthyl)-1,2-diaminoethane, TPP = meso-tetraphenylporphyrin) have been synthesized and
characterized using elemental analysis, IR and NMR spectroscopy, and one of them (1) by X-ray
crystallography. The structure of 1 consists of a [Au(npen)Cl,] complex ion, a chloride counter ion and
two water molecules. The gold atom in the complex ion adopts a distorted square planar geometry. The
interactions of 1 and 2 with L-tyrosine, glutathione and lysozyme were studied electrochemically. The
electrochemical measurements indicated that gold(i) remained stable and did not undergo reduction
upon interaction with proteins. The in vitro cytotoxic properties of the complexes as well as of cisplatin
were evaluated on three human cancer cell lines, A549 (lung cancer cells), MCF7 (breast cancer cells) and
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DOI: 10.1039/c6nj00692b HCT15 (colon cancer cells) using MTT assay. The results indicated that the prepared gold(i) complexes

were more potent than cisplatin in inhibiting the growth of the selected cancer cells. The ICso data

www.rsc.org/njc revealed that complex 3 was the most effective antiproliferative agent.
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1. Introduction

Today gold(m) complexes constitute an important class of
potential anticancer agents because of their strong cytotoxic
effects against selected human cancer cell lines."™® However,
their low stability under physiological conditions remains a
critical parameter in the drug development of these species
because of their high reduction potential and fast hydrolysis
rate.'"® These problems can possibly be circumvented by
forming gold(m) compounds with one or more multidentate
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nitrogen-donor ligands to enhance their stability." *%** In

this regard, during the past two decades, promising antitumor
gold(m) complexes containing nitrogen-donor polyaromatic
ligands, such as terpyridine and phenanthroline derivatives,
have been prepared and tested for their antitumor activity.'®™*
Messori et al. reported the solution chemistry and the cytotoxic
properties of several mono- and di-nuclear complexes, which
include [Au(en),]Cls, [Au(phen)Cl,]Cl, [Au,(phen®),(11-0),](PFe)s,
[Au(bipy)(OH),][PFs], [Au,(2,2’-bipyridine),(1t-O),][PFsl,, [Au-
(dien),CI|Cl,, [Au(terpy)Cl]Cl, and [Au(cyclam)](ClO,4),CL"*"°
The coordination of polyamine ligands caused a marked stabili-
zation of gold in the +3 oxidation state as indicated by measure-
ments of the reduction potentials. With the exception of the cylam
species, [Au(cyclam)](ClO,4),Cl, all complexes displayed good cyto-
toxic effects against different cancer cells."""* Gold(m) complexes of
quinoline and its derivatives were also found to demonstrate
significant tumor inhibition due to the formation of stable chelates.
Some of them were even more active than cisplatin.'®"”
Recently, we have evaluated the antiproliferative properties of
some gold(m)-diamine complexes, particularly of 1,2-diamino-
cyclohexane, and the results illustrate that they possess promising
anticancer activities against a number of cells.'®*>* Similarly, the
in vitro cytotoxic evaluation of gold(m) complexes with esters
of cyclohexyl-functionalized ethylenediamine-N,N’-diacetate
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or -dipropanoate showed that their cytotoxic action was com-
parable to that of cisplatin.***® Gold(m)-dithiocarbamates
have also received considerable attention as potential anti-
cancer agents because of their strong cell growth-inhibitory
effects.>”>°

Gold(m) porphyrins might be regarded as a novel class of
cytotoxic agents for nasopharyngeal carcinoma (NPC) and
hepatocellular carcinoma (HCC) cells.*?*°* They were found
to be stable in DMSO, as well as under physiologically-relevant
conditions.> The gold(m)-porphyrin complex, [Au(TPP)|CI
(H2TPP = tetraphenylporphyrin), exhibited potent in vitro anti-
cancer activities towards a panel of cancer cell lines, including
cisplatin- and multi-drug resistant cell lines.** Its toxicity to
the cancer cells was ~10 fold higher than to the normal cells,
and thus it opened a safe therapeutic window for anti-NPC
treatment.> Moreover, in vivo and in vitro binding assays
indicated that it interacted with the DNA in a non-covalent
manner, which was different from cisplatin.**

Based on the structural and electronic similarity of gold(m)
complexes to cisplatin and related platinum antitumor drugs, it
was expected that their activity was due to binding with DNA.
But several studies indicate that DNA is not the main biological
target of the gold(m) complexes since most of them are found
to have weak binding affinity to DNA.>®'®'33%35 Gold(m)
complexes on the other hand have shown high reactivity
towards different protein models and inhibition of a few crucial
proteins seems to be the main mechanism of action for
cytotoxic gold complexes.>'%***” Particularly, in some studies
proteasomes have been identified as the major in vitro and
in vivo target for gold(u) complexes.*®*® Moreover, these com-
pounds are able to activate mitochondrial death pathways,
since they markedly inhibit the activity of mitochondrial seleno-
enzyme, thioredoxin reductase.”®*°

Inspired by the promising results of our previous studies,
we are deeply interested in further investigating the structural
features and antitumor effects of gold(m)-diamine complexes.
Consequently, we report here the synthesis, structural character-
ization and electrochemical and antiproliferative evaluation of
two new gold(mr) complexes (1 and 2) of a diamine, meso-1,2-di(1-
naphthyl)-1,2-diaminoethane (npen). The antitumor properties
of the tetraphenylporphyrin (TPP) complex (3) are also reported,
which previously have been evaluated for other types of cancer
cells.>** The interactions of 1 and 2 with model proteins were
also studied by cyclic voltammetry.

18-24

2. Experimental
2.1. Chemicals

Sodium tetrachloridoaurate(m) dihydrate (NaAuCl,-2H,0), meso-
1,2-di(1-naphthyl)-1,2-diaminoethane (npen) and tetraphenyl-
porphyrin (TPP) were purchased from Sigma-Aldrich Chemical Co.
t-Tyrosine, lysozyme, r-glutathione, ethanol, sodium dihydrogen
phosphate, and disodium hydrogen phosphate were purchased
from Sigma-Aldrich (USA). Double distilled water was used for
electrochemical measurements and was obtained from a Lab based
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Water Still Aquatron A 4000 D unit. 3-(4,5-Dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide, a yellow tetrazole, was purchased
from Sigma Chemical Co, St. Louis, MO, USA.

2.2. Synthesis of complexes

Compounds 1, [Au(npen)Cl,]Cl-2H,0 and 2, [Au(npen),]Cl;
were prepared by mixing 200 mg (0.5 mmol) of NaAuCl,-2H,0
and 157 mg (0.5 mmol) or 315 mg (1 mmol) of meso-1,2-di(1-
naphthyl)-1,2-diaminoethane (npen) for 1 and 2, respectively,
in 20 mL water and stirring the mixture continuously for 1 hour.
The resulting orange (for 1) or yellow (for 2) precipitates were
collected by filtration. The products were dried in air at room
temperature. Yield: 86% (280.88 mg) for 1 and 79% (366.87 mg)
for 2. Suitable crystals of complex 1 were obtained as small
golden-yellow rods by slow evaporation of its methanol/water
solution.

Complex 3, [Au(TPP)]Cl, was prepared by the reported
procedure.*™** Yield: 72% (305.17 mg).

The elemental analysis of the complexes is given in Table 1.

2.3. IR and NMR measurements

The IR spectra of the ligands and their gold(m) complexes were
recorded on a Perkin-Elmer FT-IR 180 spectrophotometer using
KBr pellets over the range 4000-400 cm™'. All NMR measure-
ments were carried out on a Jeol JNM-LA 500 NMR spectro-
photometer at 297 K. The "H NMR spectra were recorded at a
frequency of 500.00 MHz. The *C NMR spectra were obtained
at a frequency of 125.65 MHz with 'H broadband decoupling
and referenced relative to TMS. The spectral conditions were:
32k data points, 0.967 s acquisition time, 1.00 s pulse delay and
45 degrees pulse angle.

2.4. Spectroscopic data

IR (KBr pellet, cm™"): npen, v = 3384, 3317, 3051, 2900, 1594,
1507, 1386, 1260, 1139, 1075, 994; 1, v = 3446, 2916, 2852, 1647,
1513, 1403, 1268, 774; 2, v = 3414, 3040, 2924, 2857, 1514, 776;
TPP, v = 3449, 3300, 3053, 1596, 1440, 1347, 1069, 1002, 967,
793, 726, 695; 3, v = 3440, 3304, 3045, 1585, 1399, 1002,
967, 726.

"H NMR (500 MHz, DMSO, 24 °C, TMS, ppm): npen, & = 1.84,
5.08,7.26, 7.33, 7.40, 7.50, 7.71, 7.84, 7.86; 1, 5 = 1.21, 5.89, 7.24,
7.34, 7.40, 7.54, 7.95, 7.97, 10.40; 2, § = 5.45, 7.1-9.1 (multiplet);
TPP, o = 7.81, 8.11, 8.20, 8.84; 3, 7.19, 7.82, 8.25, 8.84.

3C NMR (125.65 MHz, DMSO, TMS, ppm): npen, é = 50.60,
123.27, 124.52, 125.18, 126.85, 128.45, 131.73, 133.06, 139.59,
177.89; 1, 6 = 51.86, 125.04, 125.87, 126.11, 126.63, 127.95,
128.77, 129.73, 130.50, 178.53; 2, 52.28, 122.25, 124.82, 125.55,
126.04, 128.50, 130.96, 132.43, 132.71, 178.65.

Table 1 Elemental analysis and melting points of gold(i) complexes

Found (calculated) %

Compound C H N

1 39.98 (40.54) 3.81 (3.71) 4.25 (4.30)
2 57.15 (56.94) 4.28 (4.34) 5.97 (6.04)
3 62.77 (62.53) 3.25 (3.34) 6.53 (6.63)

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2016
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2.5. X-ray structure determination

The intensity data of 1 were collected at 203 K (—70 °C) on a Stoe
Mark II-Image Plate Diffraction System*' equipped with a two-
circle goniometer and using MoKo graphite monochromated
radiation (4 = 0.71073 A). The structure was solved by direct
methods using SHELX-97.*> The refinement and all further
calculations were carried out using SHELX-2014.** All the H atoms
could be located in difference Fourier maps.

In the final cycles of refinement, the water H atoms were
refined with distance restraints (O-H = 0.84(2) A and H---H =
1.35(2) A) with Uiso(H) = 1.5Ueq(O). The NH, and C-bound
H atoms were included in the calculated positions and treated
as riding atoms: N-H = 0.90 A and C-H = 0.94-0.99 A with
Uiso(H) = 1.2Ucq(C). The non-H atoms were refined anisotropically,
using weighted full-matrix least-squares on F°. A semi-empirical
(multi-scan) absorption correction was applied using the MULABS
routine in PLATON.** The figures were drawn using the program,
Mercury.*> A summary of crystal data and refinement details for
compound 1 is given in Table 2.

2.6. In vitro cytotoxic activity of complexes

To examine the possible anticancer effect of complexes (1-3)
and cisplatin, a panel of three human tumor cell lines, A549
(lung cancer cells), MCF7 (breast cancer cells) and HCT15
(colon cancer cells) was used. The different human carcinoma
cell cultures (A549, MCF7, HCT15) were first seeded at the
concentration of 2 x 10 cells per mL in their respective growth
media containing 10% FBS (fetal bovine serum) in a 96-well
tissue culture plate and were incubated for 72 h at 37 °C, 5%
CO, in air and 90% relative humidity in a CO, incubator. After
that the cell cultures were incubated for 24 h with 100 pL
of cisplatin and the complexes (1-3) having 100, 50, 25 and
12.5 puM concentrations, prepared in the growth medium.
Furthermore, the cultures were incubated with 100 pL of vital
mitochondrial tetrazolium dye (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) (0.5 mg ml~") in a CO, incubator

Table 2 Crystal data and structure refinement details of compound 1

CCDC deposit no. 1447950
Chemical formula CyH,0AUuCLN,"-Cl™-2(H,0)
Molecular weight 651.75

Crystal system, space group Triclinic, P1

Temperature (K) 203

a, b, ¢ (&) 9.1800 (6), 9.4741 (6), 14.4358 (10)
A 8,70 90.556 (6), 107.977 (5), 97.243 (5)
V(A 1183.12 (14)

Zz 2

p (mm") 6.58

Crystal size (mm) 0.20 x 0.10 x 0.10
Trniny Tonax 0.773, 1.000

No. of measured, independent and 13452, 4761, 4057
observed [I > 20(I)] reflections

Rine 0.070

(sin0/2)max (A1) 0.621

R[F* > 20(F%)], wR(F?), S 0.039, 0.091, 0.99
No. of restraints —

No. of parameters 283

Largest diff. peak and hole (e A7) 1.59, —2.55
Apmaxy Apmin (e A73)

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2016
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at 37 °C in the dark for 4 h. After incubation, purple colored
formazan crystals were formed due to the reduction of the dye
by the mitochondrial succinate dehydrogenase enzyme. The
resultant crystals were solublized by adding 100 pL of dimethyl-
sulfoxide (DMSO). The colored solution formed was thoroughly
mixed and read spectrophotometrically at 570 nm using a
Lab systems Multiskan EX-Enzyme-linked immunosorbent assay
(EX-ELISA) reader against a reagent blank. All data presented
are mean =+ standard deviation.

2.7. Protein interaction studies by electrochemical
measurements

The voltammetric measurements were performed by using three
electrode based Auto Lab electrochemical workstation (Netherland).
The working electrode was a glassy carbon electrode (GCE),
while Ag/AgCl and platinum were used as reference counter
electrodes, respectively. The weights of the chemicals were
measured by using a GR-2000 electrical balance. The pH of the
buffer was controlled using an Accumet®™ XL50 pH meter. For
electrochemical analysis, compounds 1 and 2 were dissolved in
ethanol as their solubility was very poor in aqueous medium.
Prior to each analysis, the GCE was polished to a mirror like
surface with alumina slurry on the synthetic cloth. The cyclic
voltammograms for various analyses were recorded from 0.0 V to
+1.3 V with a scan rate of 0.1 Vs~

3. Results and discussion

3.1. Spectroscopic characterization

The IR spectrum of npen showed the N-H, C-H, and C-N
absorption stretching bands at 3384 and 3317, 3053 and 2900,
and 1002 cm ™' respectively. The N-H bending vibration was
observed at 1594 cm . These bands also appeared in the
spectra of 1 and 2 suggesting the formation of these complexes.
The IR spectrum of TPP is characterized by the N-H, C-H, C=N
and C=C stretching vibrations, which were observed at 3300,
3053, 1596, and 1468 and 1440 cm ™' respectively. Broad peaks
around 3440 cm~ ' represent the O-H groups. The aromatic
C-H bending vibrations were observed around 700 cm ™. The
presence of these bands in the spectrum of complex 3 indicates
the coordination of TPP to the metal center.

The NMR data of the ligands and complexes is listed in
Section 2.4. In the "H NMR spectrum of npen, the CH, and N-H
resonances were observed at 1.84 and 5.08 ppm, respectively.
For aromatic protons, the expected seven signals were observed
between 7 and 8 ppm. In the spectrum of 1 these resonances
were also clear but in the case of 2 a bunch of peaks was
observed in the region of 7.5-9.1 ppm. The "H NMR spectra of
TPP and its complex showed four signals associated with
aromatic protons. In the *C NMR spectra of npen and its
complexes (1 and 2) the CH, resonance of npen was observed
around 51 ppm. Nine signals were observed for the aromatic
carbon atoms of npen; the one at 128 ppm being more intense
represents two carbon atoms. The C-1 atom of naphthyl attached
to diamino ethane appeared at the most downfield position.

New J. Chem.
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Upon coordination, the resonances were shifted slightly down-
field. The downfield shift is attributed to the shift of electron
density from the ligand towards the metal.

3.2. X-ray structure description

The molecular crystal structure of complex 1 is shown in Fig. 1.
The selected bond distances and angles are given in Table 3.
Compound 1 is mononuclear and consists of a complex cation,
[Au(npen)Cl,]*, a chloride counter ion and two water molecules
of crystallization. The central gold(u) ion in 1 is coordinated
by two nitrogen atoms of the meso-1,2-di-1-naphthyl-ethylene-
diamine (npen) ligand and two chloride ions. It adopts a
somewhat distorted square planar geometry as indicated by
the bond angles around the gold center (Table 3). The N-Au-N
cis angle of 83.8(2) is less than 90° owing to the strain of the
diamine ligand after coordination. The ¢rans angles (175.11(2)°)
are close to linear geometry. These values are in agreement
with the values of other gold(m)-diamine complexes.'®>*%%47
The Au-N bond distances in 1 are almost equal (2.034(5) and
2.029(6) A), and resemble to those in [Au{cis/trans-()-1,2-
DACH}CI,]CL.'® However, they are somewhat different from
the Au-N distances in [Au(en)Cl,]Cl-2H,0,*® [Au(en)Cl,]NO;*
and [Au{1R,2R-(—)-1,2-DACH}CL,]CI-0.5H,0.>* The Au-CI bond
distances of 2.272(2) and 2.274(2) A are very close to the reported
values of the related structures.'®*****®*” The complex cation
and chloride ions are associated with each other through
electrostatic and H-bonding interactions. All the chloride ions,
both amine groups and water molecules are engaged in hydrogen
bonding with each other. The complex molecules pack head to

Fig.1 The molecular structure of 1 along with the atomic numbering
scheme. The displacement ellipsoids are drawn at the 50% probability level.

Table 3 Selected bond distances (A) and bond angles (°) for 1

Bond distances Bond angles

Au(1)-N(1) 2.034(5) N(1)-Au(1)-N(2) 83.8(2)
Au(1)-N(2) 2.029(6) N(1)-Au(1)-Cl(1) 91.29(2)
Au(1)-CI(1) 2.272(2) N(1)-Au(1)-C1(2) 175.11(2)
Au(1)-Cl1(2) 2.274(2) N(2)-Au(1)-Cl(1) 175.11(2)
N(2)-Au(1)-Cl(2) 91.34(2)
Cl(1)-Au(1)-Cl1(2) 93.54(7)
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Fig. 2 The crystal packing of the complex 1, viewed along the c¢ axis,
illustrating the formation of the hydrogen bonded two-dimensional net-
work parallel to the ab plane.

Fig. 3 A view of the formation of the dimer of 1 formed by N-H---Cl
hydrogen bonds involving the Cl™ anion.

head to generate molecular chains along the a and ¢ axes (Fig. 2).
The N-H---Cl hydrogen bonding interactions involving the Cl™
anion result in the formation of a dimer as shown in Fig. 3.

3.3. Anticancer activity

The anticancer activity of complexes 1-3 as well as cisplatin was
evaluated against a panel of representative human tumor cell
lines, which include, lung cancer cells (A549), breast cancer
cells (MCF7) and colon cancer cells (HCT15). The results of
in vitro cytotoxic activity are expressed as ICs, (concentration
causing 50% reduction in cell viability) and are presented
in Table 4. It can be seen that the investigated complexes
displayed significantly greater cytotoxicity than cisplatin in all
three cell lines (Table 4). Among the complexes, 3 exhibited the
strongest antiproliferative potency, while 1 is the least active.
For 1, the IC5, values are closer to cisplatin. On going from 1
to 2, the substitution of two chlorine atoms by the chelating
diamine ligand brought about a 1.5-3 times decrease in the

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2016
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Table 4 ICsq values (in pM) of gold(i) complexes for different cell lines

ICs0
Sample A549 MCF7 HCT15
1 28.76 & 4.02 11.85 £ 2.60 9.40 £ 1.93
2 10.34 + 2.82 7.77 + 1.82 4.23 £ 1.31
3 5.13 £ 1.17 3.36 £ 0.72 3.50 £ 0.73
Cisplatin 42.88 £+ 1.99 23.12 + 3.78 23.12 £+ 3.78

antiproliferative activity of 2. As [Au-porphyrin]" is known to be
a very effective anticancer agent,’** complex 3 containing
a porphyrin ring showed very high activity as compared to
cisplatin. It is about 7-8 times more potent than cisplatin
against the same cancer cells. It is even more effective against
nasopharyngeal carcinoma (NPC) and hepatocellular carcinoma
(HCC) cells.** 3> The IC5, values reported here are comparable to
those obtained for the gold(m) complexes of 1,2-diaminocyclo-
hexane (DACH) against SGC901 and PC3 cells reported in our
previous studies.'”**** It seems that the complexes with such
bulky ligands and with a greater degree of chelation may be
more effective for the antiproliferative activity.

The survival of the cells (A549, MCF7 and HCT15) was studied
by varying the concentration of compounds 1-3. The percentage
of cell viability at various concentrations of gold(ur) compounds is
shown in Fig. 4. The data obtained represents the concentration-
dependent cytotoxic effect against the human cancer cells. As the
concentration decreases the cell viability increases. It appears
that the gold(m) complexes are better in reducing cell viability
than cisplatin.

3.4. Protein interaction studies of complexes 1 and 2

Recently, we have evaluated the electrochemical behavior and
the interaction of similar complexes with well-known model
proteins.*>*® To get an insight into the reactivity of the complexes,
the interactions of 1 and 2 with model proteins, r-tyrosine,
glutathione and lysozyme were studied electrochemically. The
electrochemical behavior of compounds 1 and 2 in the presence
of proteins was analyzed by a cyclic voltammetric technique (CV).
As shown in Fig. 5, two CV irreversible anodic peaks appeared at
+0.973 V and +0.982 V for 1 and 2, respectively. The highly
electroactive amino acid 1-tyrosine® was selected to demonstrate
the degree of interaction of these anticancer compounds with
amino acids. As a control experiment, the CV response of 0.1 mM
complex 1, as shown in Fig. 5A(b), retained the same peak current
intensity and peak shape even after spiking the same volume of
the solvent blank used to prepare the r-tyrosine solution in the
interaction study.

The sequential spiking of i-tyrosine into a cell containing
0.1 mM compound 1 has shown a significant effect on the peak
of the complex. At lower concentration levels of r-tyrosine,
the peak of the complex decreased, and almost disappeared at
around 320 pM of t-tyrosine (Fig. 5A(e)). A sharp peak of 320 pM
L-tyrosine appeared at 0.654 V in the absence of the gold
compounds (Fig. 5A(d) and B(d)). However, that peak was shifted
to +0.712 V in the presence of 1 and its current significantly
decreased (Fig. 5A(e)), which could be attributed to the interaction

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2016
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Fig. 4 The survival of the cells as a function of concentration of the
complexes.

taking place between the drug and the r-tyrosine. Similar behavior
was observed for complex 2 (Fig. 5B(d)) with a reduced peak shift of
+0.672 V observed compared to 1 (Fig. 5B(e)). Thus, complex 1 is
concluded to have more interaction with r-tyrosine.

The interaction of the compounds was also investigated
with glutathione, which is a crucial antioxidant in animals.
An interaction was observed for both compounds (1, 2) with
glutathione. The first spike of 20 pM of glutathione into
0.1 mM 1 or 2 caused a negative peak shift of the complexes
to +0.942 and +0.955 V, respectively (Fig. 6). Subsequent spikes
of glutathione into the electrochemical cell containing the
0.1 mM of 1 and 2 showed a systematic decrease in the
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Fig. 6 Cyclic voltammograms of compounds 1 (A) and 2 (B) and corresponding control experiment (A’ and B’) in 0.1 M phosphate buffer solution

(pH 7.0). (a, @’) Blank, 0.1 mM MR57 (A) or MR58 (B) in the presence of glutath

ione at different concentrations: (b, b’) 0 uM, (c) 20 uM, (d) 40 puM, (e) 60 uM,

(f) 80 uM and (g) 100 pM. The response of glutathione solution solvent blank (c’) 12 pL, (d) 24 pL, (') 36 uL, (') 48 pL and (g’) 60 uL.

registered peak currents of both complexes (Fig. 6A and B). In a
control experiment (Fig. 6A’ and B’), both compounds retained
the same peak current.

Moreover, the interaction of these compounds was also
explored with the lysozyme protein attained from chicken egg
white. The successive addition of lysozyme into a solution
containing 0.2 mM 1 or 2 showed a decrease in the current
intensities of the complex peaks. This interaction was more
significant for complex 1 compared to that of 2 (data not shown).

4. Conclusion

In this contribution, we reported the synthesis of two new
gold(m) complexes and the crystal structure of one of them (1).

New J. Chem.

The analytical and spectroscopic data confirm the formation of
complexes. The X-ray structure of compound 1 reveals that the
gold atom adopts a square planar coordination environment.
Complexes 1 and 2 showed strong interaction with r-tyrosine,
glutathione, and the lysozyme protein, and the gold(m) center
remained stable during the reaction as indicated by cyclic
voltammetric measurements. Complex 1 is concluded to have
more interaction with r-tyrosine, glutathione and the lysozyme
protein than that of complex 2. The prepared compounds (1-3)
were tested for in vitro antiproliferative activity against three
human tumor cell lines. All three complexes exhibited remark-
able cytotoxic properties and especially compound 3 showed
potential for clinical testing against the studied cancer cells.
These findings could be the subject of further pharmacological
investigations.

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2016
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