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Two new linear gold(l) complexes of [Au(lPr)(Selenone)]PFs have been prepared. The structure
of these complexes have been determined by single X-ray crystallography.
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Abstract

Five new gold(l) complexes of carbene and seleriga@ds (-5) having the general formula,
[Au(IPr)(selenone)]P§ were synthesized by the reaction of [Au(IPr)Al) (with selenones
(where IPr = 1,3-Bis(2,6-di-isopropylphenyl)imid&®ylidene and selenone = 1,3-
imidazolidine-2-selenonelN-ethyl-1,3-imidazolidine-2-selenoné-propyl-1,3-imidazolidine-2-
selenone, N,N-dimethyl-1,3-imidazolidine-2-selenone and,N-diethyl-1,3-imidiazolidine-2-
selenone fod-5 respectively. The complexes were characterizedléyental analysis, IR and
NMR (*H, °C, "’Se) spectroscopy and two of them by X-ray crystgiphy. The X-ray
diffraction analysis of complexe and 4 revealed that they were composed of
[Au(IPr)(Selenone)] and Pk ions. In the complex ions, gold(l) atom adoptsmeaar geometry.

In vitro cytotoxicity was appraised for all complexes aghidCT15, A549 and MCF7 cancer
cell lines. The Ig values showed that the complexes exhibited potivitgcas compared to
cisplatin. However, the complexshowed a promising anticancer activity {§& 33 + 1uM)
similar to that exhibited by cisplatin (32 fu®1) against HCT15 (human colon cancer) cell line.
The moleculadocking analysis showed the potential inhibitorpawty of the gold complexes
with thioredoxin reductase with compl@having the highest binding affinity with a score-o
40.78. The interactions of the gold complexes wiiptophan and lysozyme were studied

electrochemically using Cyclic and Square Wave &falnetry.

Keywords: Gold(l)-carbene complexgesl,3-imidazolidine-2-selenone; thioredoxin reductase

cytotoxicity; molecular docking.
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1. Introduction
Gold(l) compounds have been used for the treatrmerteumatoid arthritis since 1930s [1,2].
The clinically used anti-arthritis gold(l) complexenclude; gold(l) thiomalate (Myocrisin),
gold(l) thioglucose (Solganol) and (2,3,4,6-tetra€®tyl-1-(thio-kS)-b-D-glucopyranosato)-
(triethylphosphine)gold(l) (auranofin) [2-4]. In dition to their anti-arthritic properties, gold(l)
complexes have appeared as very potent anticagestsa[5-27]; the most famous example
being auranofin, which is in clinical trials forehreatment of several types of cancer [5,6].
Among the anticancer gold(l) complexes, the comgderf N-heterocyclic carbenes (NHCs)

have been intensively investigated in recent ygEE<7].

Preliminary studies on the mode of action of gglddmplexes show that they mainly act
through inhibition of mitochondrial enzymes inclodi thioredoxin reductase (TrxR) [15,18-
20,28-30]. TrxR inhibition determines a shift toetltoxidized forms of Trx and Prx Il
(Peroxiredoxin 3), allowing a large increase incte@ oxygen species (ROS). The elevation of
ROS causes oxidative stress in tumor cells, atitls associated with the induction of apoptosis
in the cells [29-31]. A novel series of Ru(ll)- ardi(l)- N-heterocyclic carbenes have been
recently reported and thaim vitro cytotoxicity were tested against a panel of camedrlines.
Among them, NHE-Au—Cl| and NHG-Au—SR were tested fan vivo investigations in mice
and the mode of action of both compounds inducedR Tinhibition through elevating oxidative
stress [32,33].

The most commonly studied gold(l)-NHC complexesthose derived from imidazolium
and benzimidazolium salts. In these complexes,etertigands usually bind through C2 carbon
of imidazole [14-39]. However, in some cases, C@rigected and carbene coordinates through
another carbon atom [40,41]. The carbene ligand$eca high stability to the resulting gold
compounds due to their ability to form strong caoate covalent bonds througitdonation
(although, they are relatively weakacceptors) [42-44]. Their greater stability makes metal—
NHC complexes promising candidates for drug develmt. The binding of a soft selenium
ligand to gold(l) trans to a carbene ligand coutayvlikely give extra stability to the resulting
compounds. Gold complexes of selenium donor ligamalee been the focus of our research
program for some time [45-50]. In this study, werdnaxtended our investigation towards the

synthesis, spectral as well as structural chatzeteyn and evaluation of anticancer properties of



78 gold(l) complexes of heterocyclic selenone contgjra carbene as a co-ligaridy). To the best
79  of our knowledge this is the first report descrgpthe cytotoxic studies of such complexes. The
80 structures of the ligands and the scheme for théhegis of complexes along with the resonance

81 assignments are given in scheme 1.
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(1) 1,3-Imidazolidine-2-selenone (ImSe)

(2) N-ethyl-1,3-imidazolidine-2-selenone (EtimSe)

(3) N-propyl-1,3-imidazolidine-2-selenone (PrimSe)

(4) N,N-dimethyl-1,3-imidazolidine-2-selenone (MeaSe)
(5) N,N=-diethyl-1,3-imidazolidine-2-selenone ¢EhSe)

Scheme 1 Synthesis of gold(l)-selenone complek&$ &nd structures of the ligands.

2. Experimental section

2.1. Chemicals
1,3-bis(2,6-di-isopropylphenyl)imidazol-2-ylidendd@)chloride ([Au(lpr)CI]), AgPR
lysozyme, tryptophan, ethanol, sodium dihydrogeosphate and disodium hydrogen phosphate
were purchased from Sigma-Aldrich Company, St. &puMlissouri, USA. ImSe and its
derivatives were synthesized according to metheg®rted in the literature [51,52]. Human
colon cancer, human breast cancer and human lungecaell lines were purchased from
National Centre for Cell Sciences (NCCS), Punedndihe double distilled water was used
throughout the experiment and for solutions pregp@ra The double distilled water was
collected from Lab based Water Still Aquatron A @@ unit.

2.2. Instrumentation

Elemental analysis was performed on Perkin ElImeieSel1(CHNS/O), Analyzer 2400. The
solid state FTIR spectra were recorded on a Pdtkiter FTIR 180 spectrophotometer using
KBr pellets over the range 4000-400 trat a resolution 4 cth The*H (500.01 MHz),**C
(125.65 MHz) and’Se (200.0 MHz) NMR spectra were recorded on a LAMBED0 MHz
NMR spectrophotometer. ThiH and *C chemical shifts were referenced with respect to
Tetramethylsilane (TMS), while fofSe NMR, NaHSe@(1308 ppm) was used as an external
standard. Thé®C (MAS) NMR results were recorded on a Bruker 40018z spectrometer at
the ambient room temperature of 298 K. Samples waeked into 4 mm zirconium oxide

rotors. A pulse delay of 7.0 s and a contact tiff®.@ ms. The magic angle spinning rates were
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4 and 8 kHz. Carbon-13 chemical shifts were meastglative to adamantine, which resonate at
38.56 ppm.

The X-ray data for complexé&sand4 was collected at 173K on a STOE IPSD Il Image
Plate Diffraction System connected with a two-@rgoniometer and using Ma graphite
monochromatorX= 0.71073 A). The structures were solved by SHEI2034 program [53].
The refinement and further calculations were cdroat with SHELXL-2014 [54]. The NH H
atoms were located in a Difference Fourier map r&fided with a distance restraint of N-H =
0.88(2) A and H...H = 1.40(2) A. The C-bound H-atowere included in calculated positions
and treated as riding atoms: C-H = 0.95 - 1.0 Awit(H) = 1.5U.(C) for methyl H atoms and

= 1.2U(C) for other H-atoms. The non-H atoms were refiaegsotropically, using weighted

full-matrix least squares on2FA semi-empirical absorption correction was applissing the
MULscanABS routine in PLATON [55]. The crystal dedad refinement details are given in
Table S1.

The cyclic and the square wave voltammetric measeinés were performed using Auto
Lab (Netherland). The voltammetric measurement&wene using three electrode systems. The
glassy carbon electrode, platinum, and Ag/AgCl wesed as working, counter and a reference
electrode, respectively. The weights of the variohemicals were measured using GR-2000.

The Accumet® XL50 pH meter was used for the momtpof buffer pH.

2.3. Measurement of Anticancer Activity

The cells were seeded at 3 x’ I&lls/well in 100uL of DMEM containing 10% fetal
bovine serum (FBS) in a 96-well tissue culture gland incubated for 72 h at 32, 5% CQ
and 90% relative humidity in a CG@ncubator. After incubation, 1Q6L of 100, 50, 25 and 12.5
uM solutions of cisplatin and gold(l) complexes meg in Dulbecco's Modified Eagle's
Medium (DMEM), was added to the cells and the cauvere incubated for 24 h. The medium
in the wells was casted off and 100 of DMEM containing MTT (0.5 mg/ml) was added teet
wells, with subsequent incubation in the Li@cubator at 37 C in the dark for 4 h. After
incubation, purple-colored formazan produced by t¢b#s appeared as dark crystals in the
bottom of the wells. The culture medium was cafgfuémoved from each well to prevent

disruption of the monolayer and 100 of dimethyl sulfoxide (DMSO) was added to eacHlwe
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The solution in the wells was thoroughly mixed tssdlve the formazan crystals which produce
a purple solution. The absorbance of the 96 wellgsl was measured at 570 nm with
Labsystems Multiskan EX ELISA reader against a eaadplank. The experimental results are
calculated as the micromolar concentration of 5@ growth inhibition (1Go) of each drug.

The MTT assay was carried out in three indepenebgpériments, each in triplicate.

2.4. Synthesis of gold(l) complexes

To 0.127 g (0.500 mmol) AgRFin 5.0 mL ethanol was added 0.311 g (0.500 mmol)
chlorido[1,3-Bis(2,6-diisopropylphenyl)imidazol-2igene]gold(l), [Au(IPr)(Cl)] dissolved in
15.0 mL of CHClI,. After stirring for 5 minutes at room temperatuttee solution was filtered.
To the filtrate, 0.500 mmol selenone (1,3-imidadiole-2-selenone or its derivative) was added.
The solution was stirred for 1 hour, filtered ahérn kept in the refrigerator for crystallization.
After three to four days the products were sepdrdike complexes, 3 and5 wereseparated as
white, gray and yellow powdered solids respectivélye compound® and4 were obtained as

grayish white crystals respectively.

2.5. Analytical and Spectroscopic Data
[Au(IPr)(ImSe]PFK (1), Calc. for GoH42AuFsPNsSe, Mw = 879.57 g/mol: C, 40.97; H, 4.81; N,
6.37. Found: C, 41.38; H, 4.64; N, 6.28. Yield 248 g (56%)H NMR (CDCk, ppm):5 8.85
(NH, s, 2H), 7.39 (C3-H, d, 2H), 7.57 (C4-H, t, 2)56 (C5-H, m, 4H), 1.33 (C6-H, d, 12H),
1.28 (C7-H, s, 12H), 7.65 (C8-H, s, 2H), 3.60 (G1,1s, 4H)."*C NMR (CDCE, ppm):& 145.1
C(1), 132.7 C(2), 123.2 C(3), 130.0 C(4), 27.8 CE.5 C(6), 23.0 C(7), 123.4 C(8), 181.6 C-
Au, 168.7 C=Se, 44.8 C(11YSe NMR (CDC}, ppm):& 42.80.
[Au(IPr)(EtimSe]Pk (2), Calc. for GoHisAUFsN4PSe, Mw = 907.62 g/mol: C, 42.39; H, 5.11;
N, 6.18. Found: C, 42.43; H, 5.83; N, 6.46. Yiel®264 g (60%)*H NMR (CDCk, ppm): &
8.95 (NH, s, 1H), 7.36 (C3-H, d, 2H), 7.61 (C4-H2H), 2.54 (C5-H, m, 4H), 1.31 (C6;Hd,
12H), 1.26 (C7-H, s, 12H), 7.33 (C8-H, s, 2H), 3(@41-H, m, 2H), 3.54 (C12-H, m, 2H), 3.76
(C13-H, m, 2H), 1.15 (C14-H, m, 3HYC NMR (CDCE, ppm):& 145.9 C(1), 133.5 C(2), 123.9
C(3), 131.3 C(4), 28.8 C(5), 24.4 C(6), 23.9 C(4.4 C(8), 182.0 C-Au, 171.8 C=Se, 43.9
C(11), 49.0 C(12), 43.4 C(13), 12.0 C(14Be NMR (CDC4, ppm):& 75.36.

7
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[Au(IPr)(PrimSe]PEk (3), Calc. for GsHssAuFsPN4Se, Mw = 921.65g/mol: C, 43.05; H, 5.25;
N, 6.09. Found: C, 42.57; H, 5.51; N, 5.81. Yiel®240 g (55%)*H NMR (CDCk, ppm): &
9.02 (NH, s, 1H), 7.38 (C3-H, d, 2H), 7.62 (C4-H2H), 2.55 (C5-H, m, 4H), 1.31 (C6-H, d,
12H), 1.26 (C7-H, s, 12H), 7.37 (C8-H, s, 2H), 3(14.1-H, t, 2H), 3.48 (C12-H, t, 2H), 3.28
(C13-H, t, 2H), 1.56 (C14-H, m, 2H), 0.86 (C15-H3H).*C NMR (CDCE, ppm):§ 146.0
C(1), 133.5 C(2), 123.9 C(3), 131.2 C(4), 28.8 C@).5 C(6), 23.9 C(7), 124.4 C(8), 182.4
C=Au, 170.5 C=Se, 43.6 C(11), 49.7 C(12), 50.7 &(2B.2 C(14), 10.9 C(15)'Se NMR
(CDCls, ppm)d 79.40.

[Au(IPr)(Me2lmSe]PF (4), Calc. for GoHasAu FsPNsSe, Mw = 907.63 g/mol: C, 42.39; H, 5.11;
N, 6.18. Found: C, 42.68; H, 5.21; N 5.91. Yield265 g (60%).H NMR (CDCk, ppm):&
8.92 (C3-H, d, 2H), 7.59 (C4-H, t, 2H), 2.51 (C5+Hl, 4H), 1.26 (C6-H, d, 12H), 1.25 (C7-H, s,
12H), 7.30 (C8-H, s, 2H), 3.55 (C11-H, s, 2H), 2(83.2-H, s, 6H)**C NMR (CDCk, ppm):5
141.7 C(1), 133.3 C(2), 123.7 C(3), 131.2 C(4)828(5), 24.4 C(6), 23.9 C(7), 123.7 C(8),
181.3 C=Au, 170.4 C=Se, 49.9 C(11), 36.5 C({®e NMR (CDC}, ppm):5 88.44.
[Au(IPr)(Et.imSe]PE (5), Calc. for G4Hs0AU FsPN,Se, Mw = 935.68 g/mol: C, 43.64; H, 5.39;
N, 5.99. Found: C, 43.19; H, 5.71; N, 5.49. Yiel®284 g (61%)*H NMR (CDCk, ppm): &
7.41 (C3-H, d, 2H); 7.61 (C4-H, t, 2H), 2.51 (C5+H, 4H), 1.31 (C6-H, d, 12H), 1.25 (C7-H, d,
12H), 7.31 (C8-H, s, 2H), 3.49 (C11-H, d, 2H); 3(T8.2-H, t, 2H), 1.23 (C13-H, dd, 2H}*C
NMR (CDCl, ppm):é 145.6 C(1), 133.5 C(2), 123.9 C(3), 131.1 C(4).828(5), 24.5 C(6),
23.9 C(7), 124.4 C(8), 182.2 C=Au, 167.2 C=Se, 48(21), 47.0 C(12), 12.0 C(13fSe NMR
(CDCls, ppm):6 101.43.

2.6 Electr ochemical measur ements

The solutions of the complexes were prepared usthgnol as a solvent due to their
good solubility in ethanol. Prior to every electinemical measurement, the GCE was polished as
a mirror-like surface on rubbing the synthetic klosing the alumina slurry. Interaction of the
anticancer compounds and the biomolecules werssiigated using cyclic voltammetry and the
square wave voltammetry. The cyclic and square waltammetry were scanned from 0.0 to
+1.0 and -0.1 to +1.3 V, respectively.
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3. Results and discussion

3.1. Spectroscopic char acterization

The complexeg4-5 were prepared according to Scheme 1. The IR frezjee of the free ligands
and their gold(l) complexes are summarized in T&38e Thev(C=Se) absorption band of the
selenones observed in the range of 578-636 was decreased to a lower frequency in the range
of 554-557) crit upon complexation. This significant shift raticzeb the formation of the
complexes. On the other hand, th@&—H) stretching band was shifted towards the higher
frequency region in complexes relative to the fligands. This shift may be related to an
increase im character of the €N bond upon complexation. Similar shifts have bebgerved
for other gold(l) complexes of selenones [46-50].

The 'H and**C solution NMR spectral data are given in the expental section. The
values for [Au(IPr)CI] are in accordance with theported literature [38]. I"H NMR the N-H
signals of selenones shifted downfield as compdecedheir values in the free state. The
deshielding is related to an increasatinharacter of the C—N bond due to the flow of ettt
density from nitrogen towards selenium upon coatiim. In *C NMR chemical shifts of
carbenic (C=Au) and C=Se carbon atoms of selenargegiven in Table 3S. The carbene carbon
resonance shifted downfield by more than 6 ppm wégpect to its position in the precursor
complex, [Au(IPr)CI]. The downfield shift is consest with the transfer of electron density from
carbon to metal atom upon coordination. The otlespmances of IPr ligand remained almost
unaffected. On the other hand, the C=Se resonamc¢Au(IPr)(Selenone)]P§& complexes
appeared upfield by more than 6 ppm compared tsethio uncoordinated selenones. This
upfield shift is in accordance with the literataiaa [46-50].

The’’Se NMR chemical shifts of free ligands and compieftes) are given in Table 4S.
In 'Se NMR an upfield shift of 5.5-30.7 ppm was obsdnfer all the ligands upon
complexation. The upfield shift is related to thiading of selenium to a metal atom. This
observation is consistent with the data of our jomev studies [56,57]. The greatest shift was

observed for the ImSe complex. As the shift diffeles may be related to the stability of the
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complexes, therefore, the ImSe complex is expettedbe the most stable among these
complexes.

The solid staté®C chemical shifts of all complexes showed consistenith those in the
liquid state. This observation indicates the sintyeof environments of the carbon atoms in both
the solid and liquid states and hence marks thmslisyeof the synthesized complexes in the solid
as well as the liquid state. Thi&C (MAS) NMR Chemical Shifts of complexe@-8) are given in
Table 5S.
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3.2. Crystal Structure Description

The molecular structures of [Au(IPr)(EtimSe}PR) and [Au(IPr)(MelmSe]Pk (4) are
depicted in Figures 1 and 2 respectively. The seteloond lengths and bond angles are given
in Table 1. Both compounds crystallized as ioniecsps consisting of [Au(IPr)(selenone)]
and Pk ions. In the cationic complexes, the coordinaieometry around the gold(l) ion is
close to linear with the €Au—Se bond angles of 176.82(6)° and 176.76(fah) 2 and4
respectively. These values reflect that the gegnadtgold is somewhat distorted linear. The
compounds? and4 are isostructural and possess similar bond pammeéethe Aa-C and
Au—Se bond lengths of the two complexes are of theegaagnitude as those found in other
gold(l) compounds of carbene [22-38] and selendB8¢5P] ligands. The A4C bond lengths

of the complexes are 2.009(2) and 2.015(6) respdgti The bond connection about
selenium is V-shaped (AwdSel-C1 95.30(2)° or 98.62(8) as observed previously
[58,59]. The bond angles around >C=Se and carbat®ic atoms represent a trigonal planar
environment. Similar to the gold(l) complexes of-Hased selenones [58], no evidence of
aurophilic interactions was found in the crystalstures of2 and4, presumably due to the
steric bulk of the IPr and selenones. In complefesmall-sized ligands, such as [MeAu-
Seu}Cl, (MesP = Trimethylphosphine, Seu = selenourea) the duiifopnteractions (Au-Au

= 3.0386(5) A) favor the formation of a dinucleasnplex [49]. In the case of, the
dimerization is probably hindered by the stericeeffof the bulky ligands. The complex

cations and Pfanions are associated to each other through estatic interactions.

11
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262

263  Figurel Molecular structure of complex [Au(IPr)(EtimSelRB) with partial labeling
264 of atoms and 50% probability ellipsoids.

265

266

267 Figure2 Molecular structure of complex [Au(IPr)(MlenSe]PF (4), with partial
268 labeling of atoms and 50% probability ellipsoids.

12



Table 1 Selected bond distances (A) and bond afglés compound® and4
Bond Distance Bond angles
Compound?
Aul—C6 2.009(2) C6—Aul—Sel 176.82(6)
Aul—Sel 2.4030(3) Aul—Sel—C1 98.61(8)
Sel—C1 1.868(3) Aul—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—C1l— Sel 126.4(2)
N3—C7 1.389(3) N2—C1— Sel 122.68(19)
N3—C9 1.455(3) Cl1—N1—C2 112.1(3)
C6—N3—C7 110.89(19)
Compoun4
Aul—C6 2.015(6) C6—Aul—Sel 176.76(17)
Aul—Sel 2.4068(8) Aul—Sel—C1 95.2(2)
Sel—C1 1.899(7) Aul—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—C1l— Sel 124.0(6)
N3—C7 1.386(8) N2—C1— Sel 124.0(6)
N3—C9 1.465(8) Cl1—N1—C2 110.4(7)
C6—N3—C7 110.5(5)

13
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3.3. In vitro cytotoxic activities of gold(l) complexes (0-5)

Gold(l) complexes(0-5) were tested foin vitro cytotoxicity against A549 (human lung
carcinoma), MCF7 (human breast adenocarcinoma)H®dl5 (human colon cancer) cell
lines using MTT assay. Their activity was compawveith the standard anticancer drug,
cisplatin. The dose-dependent inhibition of celbliperation was obtained by a specific
increase in concentration of cisplatin and comm@g®es) against a fixed number of three
human cancer cell lines as shown in Figure 3. Thg Values M) of cisplatin and
complexeg0-5) againstHCT15, A549 and MCF7 cancer cell lines are showhahle 7. The
datashows that the complekis the most effective in inhibiting the growth cdncer cells.
Its antiproliferative activity against HCT15 ce(l€so 33 = 1uM) is almost equal to that of
cisplatin (1Go 32 = 2uM). All other studied gold complexes exhibit high€s, values and
are therefore, less effective than cisplatin inbritng the growth of cancer cells. The poor
activity of the complexes may be related to thersirbinding of IPr and selenone ligands and

their steric bulk.

Table7 1C5 values (M) of gold(l) complexes@-5) against HCT15, A549 and MCF7

cancer cell lines

Complex HCT15 A549 MCF7
Cisplatin 32+2 42 £ 2 234
0 122 +1 1802 110+ 2

1 331 47+ 1 43 +2

2 45+ 1 56+1 42 +1

3 62+1 75+1 531

4 42 +1 58+1 51+1

5 51+2 71+1 51+1
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296  3.4. The Docking Studies of the Gold complexes with Thioredoxin Reductase
297
298 The docking studies of the synthesized gold(l) clexgs were performed with the
299  selenium-containing target protein, thioredoxinugtdse (PDB ID: 3EAN) [60]. The protein
300 was validated using the Ramachandran plot with Ntedeman 2 [61] to check for the
301 percentage outlier. For a valid protein, the petage outlier should be between the range of
302 0to5 % [61]. The target protein proved to bedrdly having a percentage outlier of 2.7 %.
303
304 Table 8 Thedocking results of gold(l) complexe%-%) with human thioredoxin reductase-
305 thioredoxin.
Distance
Molecular Rotatablel Ro5 Docking between Au
Compound mass HBD HBA | cLogP| bonds |violation| Score |and Sec 498(A
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 77 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
307 The CLC drug discovery workbench [62, 63] prograaswsed to dock the gold complexes
308 to the TrxR (PDB ID: 3EAN). However, the initialgknds were extracted from the target
309 protein before being docked with the gold complexBse active site in TrxR has been
310 known to include Sec 498 (selenocysteine), whichildidead to the formation of the gold-
311 selenolate species [64-66]. The selenocyteine asvknto undergo ligand exchange reaction
312 upon interaction with gold(l) compounds [67].
313 The complexes were all minimized using Spartan fdgggam [68] before being
314 docked in the binding site. The Discovery studiogram [69] was used to observe the
315 binding mode and interactions present in the bipgiocket of the docked results. Except for
316  Sec 498, all other amino acid interactions preseiie binding mode were discarded. The
317 bond distance (Figures S1-S4) between the gold gimwent in each complex and the
318 selenium atom in the selenocysteine amino acid @&&) was observed using the Gauss
319  view program [70]. Comple® had the shortest distance of 2.13 A (Fig. 4) betwiae gold
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320 and selenium, which implied that it had the begéptial to form the gold-selenolate species.
321 This bond distance is in fact shorter than what whserved between Auranofin and
322 selenocysteine [71] which is 5.897A. All the comp#towed negative docking scores except
323 complex5, which implied that there was no binding affinligtween the complex and the
324 target protein (TrxR) since the more negative akuohgr score, the stronger the binding
325 affinity. Moreover, the docking scores correlatethwthe bond distances between the gold
326 and selenium atoms such that complewhich possessed the shortest bond distance atso h
327 the highest docking score and same applied to @aipl(Table 8). All the complexes
328 violated the Lipinski’s rule of five, by having aotecular mass and calculated logP (clogP)
329 greater than 500 and 5 respectively. However, dbess not deter them from being used as
330 potential anticancer therapeutics since they chbealoptimized into lead compounds [72,
331 73]

332

333  Figure4. The interaction of comple with Sec 498 in the binding site of TrxR (PDB ID:
334 3EAN).
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3.5 Interaction of the Gold complexes with amino acids and protein

The interaction of the gold complexes was investigavith an amino acid and a
protein. Different concentrations of the gold coexgs were spiked into 0.5 mM tryptophan
in 0.1 M PB to observe the interaction. All thesenplexes demonstrated a strong interaction
with the tryptophan (Figs 5 and 5S). For instaricethe interaction of the complel
displayed in Figure 5 A, the tryptophan peak inemoce of complex appeared at +0.708 V.
Successive additions of compléxinto the 0.5 mM tryptophan solution decreased the
tryptophan oxidation peak current and shifted tbakppotential towards more positive value.
The peak potential of the tryptophan was shiftednfr0.708 to +0.788 V by spiking 60 uM
of complex 3. Control experiments were also performed by spikine same volume of
solvent equivalent to the added volume of the cemphto 0.5 mM tryptophan. In these
control experiments, no peak shift was observegpking solvent blank, and only a small
variation in current was observed (Fig. 9,Ahat has further validated the interaction @& th

complex3 with tryptophan.

Interaction of the anticancer drugs was also ingattd with the lysozyme protein. The
electrochemical behavior of the lysozyme was alsor pHowever, a small peak of 0.2 mM
lysozyme in 0.1 M acetate buffer appeared at +0V9Interaction of the lysozyme was
investigated with comple&. The change in peak current and the peak shiftolbasrved by
spiking various concentrations of the complex. Hesve the decrease in peak current and
peak potential shift was not as prominent as olesewith tryptophan. The lysozyme peak
potential shifted from +0.791 to +0.816 V by spikie0 uM complexd (Fig. 5 B). Similarly,

a controlled experiment was run by spiking the samwieme of the blank into lysozyme
solution and no change in peak potential was olseriFrom this electrochemical study, it
could be concluded that synthesized complexes @dribiting the capability to interact with

tryptophan and lysozyme.

The interaction of the other Gold complex8sl, 2, 4 and5 with tryptophan was also
studied and results are shown in Fig. 5S. The sgikif any of all these drugs into 0.5 mM
tryptophan solution caused a peak shift and afsignit decrease in peak current (Fig. 5S).
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Figure 5. Cyclic voltammograms of the interaction of the cdemp3 with 0.5 mM
tryptophan (A) in 0.1 M PB (pH 6.8) at various centrations of compleX (a) blank,
absence of complex and tryptophan, (b) 0 uM (c)u20, (d) 40 uM, (e) 60 uM. The
response of 0.5 mM tryptophan solution in contoblExperiment (A by adding solvent
blank (b) O pL, (c) 30 uL, (d) 60 pL, (e) 90 pL.usge wave voltammograms of the
interactions of the compleXwith 0.2 mM Lysozyme (B) in 0.1 M acetate buffpH(4.7) at
various concentrations of compl8xa) blank, absence of complex and lysozyme, (VD
(c) 40 puM, (d) 60 pM. The response of 0.2 mM lysoeysolution in controlled experiment
(B") by adding solvent blank (b) O uL, (c) 60 pL, &) puL.
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Conclusion

We have synthesized five stable gold(l) carbene ptexes with 1,3-imidazolidine-2-
selenone and its derivatives. The X-ray structdrevo complexes4 and4) are presented,
which reveal a linear geometry about the gold(Bmat The cytotoxic activities of the
complexes were tested in three human cancer oel$ land only complekt was found to
have activity comparable to cisplatin. The duckstgdies indicated that compléxhad the
highest binding affinity (-34.45) and showed thelecalar interactions such as, van der
Waals, pi-cation and alkyl with the amino presemtthe target protein. Complex has
shortest bond distance between gold center atomSaud498 of TrxR (2.13 A), while
complex5 has the highest (7.68 A). The molecular dockirgpits of the complexes with
human thioredoxin reductase enzyme would be hetpfekplore their mechanism of action.
In the electrochemical experiments, the complexesewound to interact with tryptophan
and the lysozyme protein. The oxidation peak pakof the tryptophan in presence of 60
KM complex3 was shifted from +0.708 to +0.788 V. A similar belor was observed for the
lysozyme peak potential, which was shifted from7€Q.to +0.816 V in the presence of 60
KM complex3.
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« Gold(l) complexes of the type C-Au(l)-Se were synthesized.
« Cytotoxicity of complexes measured against HCT15, A549 and MCF7 cell lines.

» X-ray data shows the gold coordination sphere adopts alinear geometry



