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Two new linear gold(I) complexes of [Au(IPr)(Selenone)]PF6 have been prepared. The structure 
of these complexes have been determined by single X-ray crystallography.  
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Abstract 26 

Five new gold(I) complexes of carbene and selenone ligands (1-5) having the general formula, 27 

[Au(IPr)(selenone)]PF6 were synthesized by the reaction of [Au(IPr)Cl] (0) with selenones 28 

(where IPr = 1,3-Bis(2,6-di-isopropylphenyl)imidazol-2-ylidene and selenone = 1,3-29 

imidazolidine-2-selenone, N-ethyl-1,3-imidazolidine-2-selenone, N-propyl-1,3-imidazolidine-2-30 

selenone, N,N′-dimethyl-1,3-imidazolidine-2-selenone and N,N′-diethyl-1,3-imidiazolidine-2-31 

selenone for 1-5 respectively.  The complexes were characterized by elemental analysis, IR and 32 

NMR (1H, 13C, 77Se) spectroscopy and two of them by X-ray crystallography.  The X-ray 33 

diffraction analysis of complexes 2 and 4 revealed that they were composed of 34 

[Au(IPr)(Selenone)]+ and PF6
- ions.  In the complex ions, gold(I) atom adopts a linear geometry.  35 

In vitro cytotoxicity was appraised for all complexes against HCT15, A549 and MCF7 cancer 36 

cell lines.  The IC50 values showed that the complexes exhibited poor activity as compared to 37 

cisplatin.  However, the complex 1 showed a promising anticancer activity (IC50 = 33 ± 1 μM) 38 

similar to that exhibited by cisplatin (32 ± 2 µM) against HCT15 (human colon cancer) cell line.  39 

The molecular docking analysis showed the potential inhibitory capacity of the gold complexes 40 

with thioredoxin reductase with complex 2 having the highest binding affinity with a score of -41 

40.78. The interactions of the gold complexes with tryptophan and lysozyme were studied 42 

electrochemically using Cyclic and Square Wave Voltammetry.  43 

 44 

Keywords: Gold(I)-carbene complexes, 1,3-imidazolidine-2-selenone; thioredoxin reductase; 45 

cytotoxicity; molecular docking. 46 
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1. Introduction  48 

Gold(I) compounds have been used for the treatment of rheumatoid arthritis since 1930s [1,2]. 49 

The clinically used anti-arthritis gold(I) complexes include; gold(I) thiomalate (Myocrisin), 50 

gold(I) thioglucose (Solganol) and (2,3,4,6-tetra-O-acetyl-1-(thio-kS)-b-D-glucopyranosato)-51 

(triethylphosphine)gold(I) (auranofin) [2-4]. In addition to their anti-arthritic properties, gold(I) 52 

complexes have appeared as very potent anticancer agents [5-27]; the most famous example 53 

being auranofin, which is in clinical trials for the treatment of several types of cancer [5,6]. 54 

Among the anticancer gold(I) complexes, the complexes of N-heterocyclic carbenes (NHCs) 55 

have been intensively investigated in recent years [13-27]. 56 

Preliminary studies on the mode of action of gold(I) complexes show that they mainly act 57 

through inhibition of mitochondrial enzymes including thioredoxin reductase (TrxR) [15,18-58 

20,28-30]. TrxR inhibition determines a shift to the oxidized forms of Trx and Prx III 59 

(Peroxiredoxin 3), allowing a large increase in reactive oxygen species (ROS). The elevation of 60 

ROS causes oxidative stress in tumor cells, and is thus associated with the induction of apoptosis 61 

in the cells [29-31]. A novel series of Ru(II)- and Au(I)- N-heterocyclic carbenes have been 62 

recently reported and their in vitro cytotoxicity were tested against a panel of cancer cell lines. 63 

Among them, NHC─Au─Cl and NHC─Au─SR were tested for in vivo investigations in mice 64 

and the mode of action of both compounds induced TrxR inhibition through elevating oxidative 65 

stress [32,33]. 66 

The most commonly studied gold(I)-NHC complexes are those derived from imidazolium 67 

and benzimidazolium salts. In these complexes, carbene ligands usually bind through C2 carbon 68 

of imidazole [14-39]. However, in some cases, C2 is protected and carbene coordinates through 69 

another carbon atom [40,41]. The carbene ligands confer a high stability to the resulting gold 70 

compounds due to their ability to form strong coordinate covalent bonds through σ-donation 71 

(although, they are relatively weak π-acceptors) [42-44]. Their greater stability makes the metal–72 

NHC complexes promising candidates for drug development. The binding of a soft selenium 73 

ligand to gold(I) trans to a carbene ligand could very likely give extra stability to the resulting 74 

compounds. Gold complexes of selenium donor ligands have been the focus of our research 75 

program for some time [45-50]. In this study, we have extended our investigation towards the 76 

synthesis, spectral as well as structural characterization and evaluation of anticancer properties of 77 
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gold(I) complexes of heterocyclic selenone containing a carbene as a co-ligand (1-5). To the best 78 

of our knowledge this is the first report describing the cytotoxic studies of such complexes. The 79 

structures of the ligands and the scheme for the synthesis of complexes along with the resonance 80 

assignments are given in scheme 1. 81 

 82 
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(1) 1,3-Imidazolidine-2-selenone (ImSe) 83 

(2) N-ethyl-1,3-imidazolidine-2-selenone (EtImSe) 84 

(3) N-propyl-1,3-imidazolidine-2-selenone (PrImSe) 85 

(4) N,N'-dimethyl-1,3-imidazolidine-2-selenone (Me2ImSe) 86 

(5) N,N'-diethyl-1,3-imidazolidine-2-selenone (Et2ImSe) 87 

 88 

Scheme 1 Synthesis of gold(I)-selenone complexes (1-5) and structures of the ligands. 89 

 90 

2. Experimental section 91 

2.1. Chemicals 92 

1,3-bis(2,6-di-isopropylphenyl)imidazol-2-ylidenegold(I)chloride ([Au(Ipr)Cl]), AgPF6 93 

lysozyme, tryptophan, ethanol, sodium dihydrogen phosphate and disodium hydrogen phosphate 94 

were purchased from Sigma-Aldrich Company, St. Louis, Missouri, USA. ImSe and its 95 

derivatives were synthesized according to methods reported in the literature [51,52]. Human 96 

colon cancer, human breast cancer and human lung cancer cell lines were purchased from 97 

National Centre for Cell Sciences (NCCS), Pune India. The double distilled water was used 98 

throughout the experiment and for solutions preparation. The double distilled water was 99 

collected from Lab based Water Still Aquatron A 4000 D unit. 100 

 101 

2.2. Instrumentation 102 

Elemental analysis was performed on Perkin Elmer Series 11(CHNS/O), Analyzer 2400. The 103 

solid state FTIR spectra were recorded on a Perkin-Elmer FTIR 180 spectrophotometer using 104 

KBr pellets over the range 4000-400 cm-1 at a resolution 4 cm-1. The 1H (500.01 MHz), 13C 105 

(125.65 MHz) and 77Se (200.0 MHz) NMR spectra were recorded on a LAMBDA 500 MHz 106 

NMR spectrophotometer. The 1H and 13C chemical shifts were referenced with respect to 107 

Tetramethylsilane (TMS), while for 77Se NMR, NaHSeO3 (1308 ppm) was used as an external 108 

standard. The 13C (MAS) NMR results were recorded on a Bruker 400.0 MHz spectrometer at 109 

the ambient room temperature of 298 K. Samples were packed into 4 mm zirconium oxide 110 

rotors. A pulse delay of 7.0 s and a contact time of 5.0 ms.  The magic angle spinning rates were 111 
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4 and 8 kHz. Carbon-13 chemical shifts were measured relative to adamantine, which resonate at 112 

38.56 ppm.  113 

The X-ray data for complexes 2 and 4 was collected at 173K on a STOE IPSD II Image 114 

Plate Diffraction System connected with a two-circle goniometer and using MoKα graphite 115 

monochromator (λ= 0.71073 Å). The structures were solved by SHELXS-2014 program [53]. 116 

The refinement and further calculations were carried out with SHELXL-2014 [54]. The NH H 117 

atoms were located in a Difference Fourier map and refined with a distance restraint of N-H = 118 

0.88(2) Å and H…H = 1.40(2) Å. The C-bound H-atoms were included in calculated positions 119 

and treated as riding atoms: C-H = 0.95 - 1.0 Å with Uiso(H) = 1.5Ueq(C) for methyl H atoms and 120 

= 1.2Ueq(C) for other H-atoms. The non-H atoms were refined anisotropically, using weighted 121 

full-matrix least squares on F2. A semi-empirical absorption correction was applied using the 122 

MULscanABS routine in PLATON [55]. The crystal data and refinement details are given in 123 

Table S1. 124 

The cyclic and the square wave voltammetric measurements were performed using Auto 125 

Lab (Netherland). The voltammetric measurements were done using three electrode systems. The 126 

glassy carbon electrode, platinum, and Ag/AgCl were used as working, counter and a reference 127 

electrode, respectively. The weights of the various chemicals were measured using GR-2000. 128 

The Accumet® XL50 pH meter was used for the monitoring of buffer pH. 129 

 130 

2.3. Measurement of Anticancer Activity 131 

 132 

The cells were seeded at 3 x 103 cells/well in 100 µL of DMEM containing 10% fetal 133 

bovine serum (FBS) in a 96-well tissue culture plate and incubated for 72 h at 37 oC, 5% CO2 134 

and 90% relative humidity in a CO2 incubator. After incubation, 100 µL of 100, 50, 25 and 12.5 135 

µM solutions of cisplatin and gold(I) complexes prepared in Dulbecco's Modified Eagle's 136 

Medium (DMEM), was added to the cells and the cultures were incubated for 24 h.  The medium 137 

in the wells was casted off and 100 µL of DMEM containing MTT (0.5 mg/ml) was added to the 138 

wells, with subsequent incubation in the CO2 incubator at 37 o C in the dark for 4 h. After 139 

incubation, purple-colored formazan produced by the cells appeared as dark crystals in the 140 

bottom of the wells. The culture medium was carefully removed from each well to prevent 141 

disruption of the monolayer and 100 µL of dimethyl sulfoxide (DMSO) was added to each well. 142 
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The solution in the wells was thoroughly mixed to dissolve the formazan crystals which produce 143 

a purple solution. The absorbance of the 96 well-plates was measured at 570 nm with 144 

Labsystems Multiskan EX ELISA reader against a reagent blank. The experimental results are 145 

calculated as the micromolar concentration of 50% cell growth inhibition (IC50) of each drug. 146 

The MTT assay was carried out in three independent experiments, each in triplicate. 147 

 148 

2.4. Synthesis of gold(I) complexes 149 

 150 

To 0.127 g (0.500 mmol) AgPF6 in 5.0 mL ethanol was added 0.311 g (0.500 mmol) 151 

chlorido[1,3-Bis(2,6-diisopropylphenyl)imidazol-2-ylidene]gold(I), [Au(IPr)(Cl)] dissolved in 152 

15.0 mL of CH2Cl2. After stirring for 5 minutes at room temperature, the solution was filtered. 153 

To the filtrate, 0.500 mmol selenone (1,3-imidazolidine-2-selenone or its derivative) was added. 154 

The solution was stirred for 1 hour, filtered and then kept in the refrigerator for crystallization. 155 

After three to four days the products were separated. The complexes 1, 3 and 5 were separated as 156 

white, gray and yellow powdered solids respectively. The compounds 2 and 4 were obtained as 157 

grayish white crystals respectively. 158 

 159 

2.5. Analytical and Spectroscopic Data 160 

[Au(IPr)(ImSe]PF6 (1), Calc. for C30H42AuF6PN4Se, Mw = 879.57 g/mol: C, 40.97; H, 4.81; N, 161 

6.37. Found: C, 41.38; H, 4.64; N, 6.28. Yield = 0.248 g (56%). 1H NMR (CDCl3, ppm): δ 8.85 162 

(NH, s, 2H), 7.39 (C3-H, d, 2H), 7.57 (C4-H, t, 2H), 2.56 (C5-H, m, 4H), 1.33 (C6-H, d, 12H), 163 

1.28 (C7-H, s, 12H), 7.65 (C8-H, s, 2H), 3.60 (C11-H, s, 4H). 13C NMR (CDCl3, ppm): δ 145.1 164 

C(1), 132.7 C(2), 123.2 C(3), 130.0 C(4), 27.8 C(5), 23.5 C(6), 23.0 C(7), 123.4 C(8), 181.6 C-165 

Au, 168.7 C=Se, 44.8 C(11). 77Se NMR (CDCl3, ppm): δ 42.80. 166 

[Au(IPr)(EtImSe]PF6 (2), Calc. for C32H46AuF6N4PSe, Mw = 907.62 g/mol: C, 42.39; H, 5.11; 167 

N, 6.18. Found: C, 42.43; H, 5.83; N, 6.46. Yield = 0.264 g (60%). 1H NMR (CDCl3, ppm): δ 168 

8.95 (NH, s, 1H), 7.36 (C3-H, d, 2H), 7.61 (C4-H, t, 2H), 2.54 (C5-H, m, 4H), 1.31 (C6-H3, d, 169 

12H), 1.26 (C7-H, s, 12H), 7.33 (C8-H, s, 2H), 3.46 (C11-H, m, 2H), 3.54 (C12-H, m, 2H), 3.76 170 

(C13-H, m, 2H), 1.15 (C14-H, m, 3H). 13C NMR (CDCl3, ppm): δ 145.9 C(1), 133.5 C(2), 123.9 171 

C(3), 131.3 C(4), 28.8 C(5), 24.4 C(6), 23.9 C(7), 124.4 C(8), 182.0 C-Au, 171.8 C=Se, 43.9  172 

C(11), 49.0 C(12), 43.4 C(13), 12.0 C(14). 77Se NMR (CDCl3, ppm): δ 75.36. 173 
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[Au(IPr)(PrImSe]PF6 (3), Calc. for C33H48AuF6PN4Se, Mw = 921.65g/mol: C, 43.05; H, 5.25; 174 

N, 6.09. Found: C, 42.57; H, 5.51; N, 5.81. Yield = 0.240 g (55%). 1H NMR (CDCl3, ppm): δ 175 

9.02 (NH, s, 1H), 7.38 (C3-H, d, 2H), 7.62 (C4-H, t, 2H), 2.55 (C5-H, m, 4H), 1.31 (C6-H, d, 176 

12H), 1.26 (C7-H, s, 12H), 7.37 (C8-H, s, 2H), 3.76 (C11-H2, t, 2H), 3.48 (C12-H, t, 2H), 3.28 177 

(C13-H, t, 2H), 1.56 (C14-H, m, 2H), 0.86 (C15-H, t, 3H). 13C NMR (CDCl3, ppm): δ 146.0 178 

C(1), 133.5 C(2), 123.9 C(3), 131.2 C(4), 28.8 C(5), 24.5 C(6), 23.9 C(7), 124.4 C(8), 182.4 179 

C=Au, 170.5 C=Se, 43.6 C(11), 49.7 C(12), 50.7 C(13), 20.2 C(14), 10.9 C(15). 77Se NMR 180 

(CDCl3, ppm) δ 79.40. 181 

[Au(IPr)(Me2ImSe]PF6 (4), Calc. for C32H46Au F6PN4Se, Mw = 907.63 g/mol: C, 42.39; H, 5.11; 182 

N, 6.18. Found: C, 42.68; H, 5.21; N 5.91. Yield = 0.265 g (60%). 1H NMR (CDCl3, ppm): δ 183 

8.92 (C3-H, d, 2H), 7.59 (C4-H, t, 2H), 2.51 (C5-H, m, 4H), 1.26 (C6-H, d, 12H), 1.25 (C7-H, s, 184 

12H), 7.30 (C8-H, s, 2H), 3.55 (C11-H, s, 2H), 2.85 (C12-H, s, 6H). 13C NMR (CDCl3, ppm): δ 185 

141.7 C(1), 133.3 C(2), 123.7 C(3), 131.2 C(4), 28.8 C(5), 24.4 C(6), 23.9 C(7), 123.7 C(8), 186 

181.3 C=Au, 170.4 C=Se, 49.9  C(11), 36.5 C(12). 77Se NMR (CDCl3, ppm): δ 88.44. 187 

[Au(IPr)(Et2ImSe]PF6 (5), Calc. for C34H50Au F6PN4Se, Mw = 935.68 g/mol: C, 43.64; H, 5.39; 188 

N, 5.99. Found: C, 43.19; H, 5.71; N, 5.49. Yield = 0.284 g (61%). 1H NMR (CDCl3, ppm): δ 189 

7.41 (C3-H, d, 2H); 7.61 (C4-H, t, 2H), 2.51 (C5-H, m, 4H), 1.31 (C6-H, d, 12H), 1.25 (C7-H, d, 190 

12H), 7.31 (C8-H, s, 2H), 3.49 (C11-H, d, 2H); 3.75 (C12-H2, t, 2H), 1.23 (C13-H, dd, 2H). 13C 191 

NMR (CDCl3, ppm): δ 145.6 C(1), 133.5 C(2), 123.9 C(3), 131.1 C(4), 28.8 C(5), 24.5 C(6), 192 

23.9 C(7), 124.4 C(8), 182.2 C=Au, 167.2 C=Se, 44.2  C(11), 47.0 C(12), 12.0 C(13). 77Se NMR 193 

(CDCl3, ppm): δ 101.43. 194 

 195 

2.6 Electrochemical measurements 196 

The solutions of the complexes were prepared using ethanol as a solvent due to their 197 

good solubility in ethanol. Prior to every electrochemical measurement, the GCE was polished as 198 

a mirror-like surface on rubbing the synthetic cloth using the alumina slurry. Interaction of the 199 

anticancer compounds and the biomolecules were investigated using cyclic voltammetry and the 200 

square wave voltammetry. The cyclic and square wave voltammetry were scanned from 0.0 to 201 

+1.0 and -0.1 to +1.3 V, respectively. 202 

 203 
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 204 

3. Results and discussion 205 

 206 

3.1. Spectroscopic characterization 207 

 208 

The complexes 1-5 were prepared according to Scheme 1. The IR frequencies of the free ligands 209 

and their gold(I) complexes are summarized in Table 2S. The ν(C=Se) absorption band of the 210 

selenones observed in the range of 578-636 cm-1 was decreased to a lower frequency in the range 211 

of 554-557) cm-1 upon complexation. This significant shift rationalizes the formation of the 212 

complexes. On the other hand, the ν(N─H) stretching band was shifted towards the higher 213 

frequency region in complexes relative to the free ligands. This shift may be related to an 214 

increase in π character of the C─N bond upon complexation. Similar shifts have been observed 215 

for other gold(I) complexes of selenones [46-50]. 216 

The 1H and 13C solution NMR spectral data are given in the experimental section. The 217 

values for [Au(IPr)Cl] are in accordance with the reported literature [38]. In 1H NMR the N-H 218 

signals of selenones shifted downfield as compared to their values in the free state. The 219 

deshielding is related to an increase in π character of the C–N bond due to the flow of electron 220 

density from nitrogen towards selenium upon coordination. In 13C NMR chemical shifts of 221 

carbenic (C=Au) and C=Se carbon atoms of selenones are given in Table 3S. The carbene carbon 222 

resonance shifted downfield by more than 6 ppm with respect to its position in the precursor 223 

complex, [Au(IPr)Cl]. The downfield shift is consistent with the transfer of electron density from 224 

carbon to metal atom upon coordination. The other resonances of IPr ligand remained almost 225 

unaffected. On the other hand, the C=Se resonances in [Au(IPr)(Selenone)]PF6 complexes 226 

appeared upfield by more than 6 ppm compared to those in uncoordinated selenones. This 227 

upfield shift is in accordance with the literature data [46-50]. 228 

The 77Se NMR chemical shifts of free ligands and complexes (1-5) are given in Table 4S. 229 

In 77Se NMR an upfield shift of 5.5-30.7 ppm was observed for all the ligands upon 230 

complexation. The upfield shift is related to the binding of selenium to a metal atom. This 231 

observation is consistent with the data of our previous studies [56,57]. The greatest shift was 232 

observed for the ImSe complex. As the shift difference, may be related to the stability of the 233 
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complexes, therefore, the ImSe complex is expected to be the most stable among these 234 

complexes. 235 

The solid state 13C chemical shifts of all complexes showed consistency with those in the 236 

liquid state. This observation indicates the similarity of environments of the carbon atoms in both 237 

the solid and liquid states and hence marks the stability of the synthesized complexes in the solid 238 

as well as the liquid state. The 13C (MAS) NMR Chemical Shifts of complexes (0-5) are given in 239 

Table 5S. 240 
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3.2. Crystal Structure Description 241 

The molecular structures of [Au(IPr)(EtImSe]PF6 (2) and [Au(IPr)(Me2ImSe]PF6 (4) are 242 

depicted in Figures 1 and 2 respectively. The selected bond lengths and bond angles are given 243 

in Table 1. Both compounds crystallized as ionic species consisting of [Au(IPr)(selenone)]+ 244 

and PF6
- ions. In the cationic complexes, the coordination geometry around the gold(I) ion is 245 

close to linear with the C—Au—Se bond angles of 176.82(6)º and 176.76(17)o for 2 and 4 246 

respectively. These values reflect that the geometry at gold is somewhat distorted linear. The 247 

compounds 2 and 4 are isostructural and possess similar bond parameters. The Au—C and 248 

Au—Se bond lengths of the two complexes are of the same magnitude as those found in other 249 

gold(I) compounds of carbene [22-38] and selenone [58,59] ligands. The Au—C bond lengths 250 

of the complexes are 2.009(2) and 2.015(6) respectively. The bond connection about 251 

selenium is V-shaped (Au1—Se1—C1 95.30(2)º or 98.62(8)o) as observed previously 252 

[58,59]. The bond angles around >C=Se and carbene carbon atoms represent a trigonal planar 253 

environment. Similar to the gold(I) complexes of IPr-based selenones [58], no evidence of 254 

aurophilic interactions was found in the crystal structures of 2 and 4, presumably due to the 255 

steric bulk of the IPr and selenones. In complexes of small-sized ligands, such as [Me3P-Au-256 

Seu]2Cl2 (Me3P = Trimethylphosphine, Seu = selenourea) the aurophilic interactions (Au-Au 257 

= 3.0386(5) Å) favor the formation of a dinuclear complex [49]. In the case of 1, the 258 

dimerization is probably hindered by the steric effect of the bulky ligands. The complex 259 

cations and PF6
- anions are associated to each other through electrostatic interactions. 260 

  261 
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 262 

Figure 1 Molecular structure of complex [Au(IPr)(EtImSe]PF6 (2) with partial labeling 263 

of atoms and 50% probability ellipsoids. 264 

 265 

 266 

Figure 2 Molecular structure of complex [Au(IPr)(Me2ImSe]PF6 (4), with partial 267 

labeling of atoms and 50% probability ellipsoids.  268 
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Table 1 Selected bond distances (Å) and bond angles (˚) for compounds 2 and 4 269 

Bond Distance  Bond angles  
Compound 2    
Au1—C6 2.009(2) C6—Au1—Se1 176.82(6) 
Au1—Se1 2.4030(3) Au1—Se1—C1 98.61(8) 
Se1—C1 1.868(3) Au1—C6—N3 129.94(16) 
N1—Cl 1.328(3) N3—C6—N4 105.46(19) 
N1—C2 1.456(4) N1—C1— N2 110.9(2) 
N3—C6 1.339(3) N1—C1— Se1 126.4(2) 
N3—C7 1.389(3) N2—C1— Se1 122.68(19) 
N3—C9 1.455(3) C1—N1—C2 112.1(3) 
  C6—N3—C7 110.89(19) 
Compound 4    
Au1—C6 2.015(6) C6—Au1—Se1 176.76(17) 
Au1—Se1 2.4068(8) Au1—Se1—C1 95.2(2) 
Se1—C1 1.899(7) Au1—C6—N3 129.3(5) 
N1—Cl 1.327(10) N3—C6—N4 105.2(5) 
N1—C2 1.469(10) N1—C1— N2 111.9(7) 
N3—C6 1.355(8) N1—C1— Se1 124.0(6) 
N3—C7 1.386(8) N2—C1— Se1 124.0(6) 
N3—C9 1.465(8) C1—N1—C2 110.4(7) 
  C6—N3—C7 110.5(5) 
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3.3. In vitro cytotoxic activities of gold(I) complexes (0-5) 270 

 271 

Gold(I) complexes (0-5) were tested for in vitro cytotoxicity against A549 (human lung 272 

carcinoma), MCF7 (human breast adenocarcinoma) and HCT15 (human colon cancer) cell 273 

lines using MTT assay. Their activity was compared with the standard anticancer drug, 274 

cisplatin. The dose-dependent inhibition of cell proliferation was obtained by a specific 275 

increase in concentration of cisplatin and complexes (0-5) against a fixed number of three 276 

human cancer cell lines as shown in Figure 3. The IC50 values (μM) of cisplatin and 277 

complexes (0-5) against HCT15, A549 and MCF7 cancer cell lines are shown in Table 7. The 278 

data shows that the complex 1 is the most effective in inhibiting the growth of cancer cells. 279 

Its antiproliferative activity against HCT15 cells (IC50 33 ± 1 μM) is almost equal to that of 280 

cisplatin (IC50 32 ± 2 µM). All other studied gold complexes exhibit higher IC50 values and 281 

are therefore, less effective than cisplatin in inhibiting the growth of cancer cells. The poor 282 

activity of the complexes may be related to the strong binding of IPr and selenone ligands and 283 

their steric bulk. 284 

   285 

Table 7  IC50 values (µM) of gold(I) complexes (0-5) against HCT15, A549 and MCF7 286 

cancer cell lines. 287 

Complex HCT15 A549 MCF7 

Cisplatin 32 ± 2 42 ± 2 23 ± 4 

0 122 ± 1 180 ± 2 110 ± 2 

1 33 ± 1 47 ± 1 43 ± 2 

2 45 ± 1 56 ± 1 42 ± 1 

3 62 ± 1 75 ± 1 53 ± 1 

4 42 ± 1 58 ± 1 51 ± 1 

5 51 ± 2 71 ± 1 51 ± 1 

 288 
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 289 
 290 

 291 
 292 

 293 

Figure 3 Effect of concentration of complexes (cisplatin and 0-5) on cell-viability of 294 

different cell lines. 295 
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3.4. The Docking Studies of the Gold complexes with Thioredoxin Reductase 296 

 297 

The docking studies of the synthesized gold(I) complexes were performed with the 298 

selenium-containing target protein, thioredoxin reductase (PDB ID: 3EAN) [60]. The protein 299 

was validated using the Ramachandran plot with the Moleman 2 [61] to check for the 300 

percentage outlier. For a valid protein, the percentage outlier should be between the range of 301 

0 to 5 % [61]. The target protein proved to be valid by having a percentage outlier of 2.7 %. 302 

 303 

Table 8 The docking results of gold(I) complexes (1-5) with human thioredoxin reductase-304 

thioredoxin. 305 

Compound 
Molecular 
mass HBD HBA cLogP 

Rotatable 
bonds 

Ro5 
violation 

Docking 
Score 

Distance 
between Au 

and Sec 498(Å) 
1 735.6 2 4 7.05 8 2 -25.75 6.638 

2 763.7 1 4 6.87 9 2 -30.20 6.514 

3 777.7 1 4 8.41 10 2 -33.87 6.413 

4 763.7 1 4 7.67 8 2 -34.45 2.135 

5 791.7 1 4 8.84 10 2 316 7.675 

 306 

The CLC drug discovery workbench [62, 63] program was used to dock the gold complexes 307 

to the TrxR (PDB ID: 3EAN). However, the initial ligands were extracted from the target 308 

protein before being docked with the gold complexes. The active site in TrxR has been 309 

known to include Sec 498 (selenocysteine), which would lead to the formation of the gold-310 

selenolate species [64-66]. The selenocyteine is known to undergo ligand exchange reaction 311 

upon interaction with gold(I) compounds [67].    312 

The complexes were all minimized using Spartan 16 program [68] before being 313 

docked in the binding site. The Discovery studio program [69] was used to observe the 314 

binding mode and interactions present in the binding pocket of the docked results. Except for 315 

Sec 498, all other amino acid interactions present in the binding mode were discarded. The 316 

bond distance (Figures S1-S4) between the gold atom present in each complex and the 317 

selenium atom in the selenocysteine amino acid (Sec 498) was observed using the Gauss 318 

view program [70]. Complex 4 had the shortest distance of 2.13 Å (Fig. 4) between the gold 319 
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and selenium, which implied that it had the best potential to form the gold-selenolate species. 320 

This bond distance is in fact shorter than what was observed between Auranofin and 321 

selenocysteine [71] which is 5.897Å. All the complex showed negative docking scores except 322 

complex 5, which implied that there was no binding affinity between the complex and the 323 

target protein (TrxR) since the more negative a docking score, the stronger the binding 324 

affinity. Moreover, the docking scores correlated with the bond distances between the gold 325 

and selenium atoms such that complex 4, which possessed the shortest bond distance also had 326 

the highest docking score and same applied to complex 5 (Table 8). All the complexes 327 

violated the Lipinski’s rule of five, by having a molecular mass and calculated logP (clogP) 328 

greater than 500 and 5 respectively. However, this does not deter them from being used as 329 

potential anticancer therapeutics since they can all be optimized into lead compounds [72, 330 

73]. 331 

 332 

Figure 4. The interaction of complex 4 with Sec 498 in the binding site of TrxR (PDB ID: 333 

3EAN). 334 
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3.5   Interaction of the Gold complexes with amino acids and protein 335 

The interaction of the gold complexes was investigated with an amino acid and a 336 

protein. Different concentrations of the gold complexes were spiked into 0.5 mM tryptophan 337 

in 0.1 M PB to observe the interaction. All these complexes demonstrated a strong interaction 338 

with the tryptophan (Figs 5 and 5S). For instance, in the interaction of the complex 3 339 

displayed in Figure 5 A, the tryptophan peak in absence of complex appeared at +0.708 V. 340 

Successive additions of complex 3 into the 0.5 mM tryptophan solution decreased the 341 

tryptophan oxidation peak current and shifted the peak potential towards more positive value. 342 

The peak potential of the tryptophan was shifted from +0.708 to +0.788 V by spiking 60 µM 343 

of complex 3. Control experiments were also performed by spiking the same volume of 344 

solvent equivalent to the added volume of the complex into 0.5 mM tryptophan. In these 345 

control experiments, no peak shift was observed by spiking solvent blank, and only a small 346 

variation in current was observed (Fig. 5 A′), that has further validated the interaction of the 347 

complex 3 with tryptophan. 348 

Interaction of the anticancer drugs was also investigated with the lysozyme protein. The 349 

electrochemical behavior of the lysozyme was also poor. However, a small peak of 0.2 mM 350 

lysozyme in 0.1 M acetate buffer appeared at +0.791 V. Interaction of the lysozyme was 351 

investigated with complex 3. The change in peak current and the peak shift was observed by 352 

spiking various concentrations of the complex. However, the decrease in peak current and 353 

peak potential shift was not as prominent as observed with tryptophan. The lysozyme peak 354 

potential shifted from +0.791 to +0.816 V by spiking 60 µM complex 3 (Fig. 5 B). Similarly, 355 

a controlled experiment was run by spiking the same volume of the blank into lysozyme 356 

solution and no change in peak potential was observed. From this electrochemical study, it 357 

could be concluded that synthesized complexes were exhibiting the capability to interact with 358 

tryptophan and lysozyme. 359 

The interaction of the other Gold complexes; 0, 1, 2, 4 and 5 with tryptophan was also 360 

studied and results are shown in Fig. 5S. The spiking of any of all these drugs into 0.5 mM 361 

tryptophan solution caused a peak shift and a significant decrease in peak current (Fig. 5S). 362 

 363 
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 364 

Figure 5.  Cyclic voltammograms of the interaction of the complex 3 with 0.5 mM 365 

tryptophan (A) in 0.1 M PB (pH 6.8) at various concentrations of complex 3 (a) blank, 366 

absence of complex and tryptophan, (b) 0 µM (c) 20 µM, (d) 40 µM, (e) 60 µM.  The 367 

response of 0.5 mM tryptophan solution in controlled experiment (A′) by adding solvent 368 

blank (b) 0 µL, (c) 30 µL, (d) 60 µL, (e) 90 µL. Square wave voltammograms of the 369 

interactions of the complex 3 with 0.2 mM Lysozyme (B) in 0.1 M acetate buffer (pH 4.7) at 370 

various concentrations of complex 3 (a) blank, absence of complex and lysozyme, (b) 0 µM 371 

(c) 40 µM, (d) 60 µM. The response of 0.2 mM lysozyme solution in controlled experiment 372 

(B′) by adding solvent blank (b) 0 µL, (c) 60 µL, (d) 90 µL. 373 

  374 
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Conclusion 375 

We have synthesized five stable gold(I) carbene complexes with 1,3-imidazolidine-2-376 

selenone and its derivatives. The X-ray structure of two complexes (2 and 4) are presented, 377 

which reveal a linear geometry about the gold(I) atom. The cytotoxic activities of the 378 

complexes were tested in three human cancer cell lines and only complex 1 was found to 379 

have activity comparable to cisplatin. The ducking studies indicated that complex 4 had the 380 

highest binding affinity (-34.45) and showed the molecular interactions such as, van der 381 

Waals, pi-cation and alkyl with the amino present in the target protein. Complex 4 has 382 

shortest bond distance between gold center atom and Sec 498 of TrxR (2.13 Å), while 383 

complex 5 has the highest (7.68 Å). The molecular docking results of the complexes with 384 

human thioredoxin reductase enzyme would be helpful to explore their mechanism of action. 385 

In the electrochemical experiments, the complexes were found to interact with tryptophan 386 

and the lysozyme protein.  The oxidation peak potential of the tryptophan in presence of 60 387 

µM complex 3 was shifted from +0.708 to +0.788 V. A similar behavior was observed for the 388 

lysozyme peak potential, which was shifted from +0.791 to +0.816 V in the presence of 60 389 

µM complex 3. 390 

 391 
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• Gold(I) complexes of the type C-Au(I)-Se were synthesized.  

• Cytotoxicity of complexes measured against HCT15, A549 and MCF7 cell lines.  

• X-ray data shows the gold coordination sphere adopts a linear geometry  

 

 


