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Synopsis

This paper report the three new linear gold(l) complexes of the formulae
[Au(lpr)(S2CN(CHg)2)] (1), [Au(lpr)(S:CN(CzHs)2)] (2) and [Au(lpr)(S2CN(C7H7)2)]
(3) [where Ipr = 1,3-Bis(2,6-di-isopropyl phenyl)imidazol -2-ylidenegold]. These
complexes have been prepared by the reaction of equimolar amounts of 1,3-Bis(2,6-
di-isopropyl phenyl)imidazol-2-ylidenegold(l)chloride, [Au(lpr)(CI)] with sodium
dimethyldithiocarbamate monohydrate, sodium diethyl dithiocarbamate trihydrate and
dibenzyl dithiocarbamate respectively. The cytotoxic evaluations against A549,

HCT15 and HeLa human cancer lines are reported.
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Abstract

Three new linear gold(l) complexes of the formykder) Au(S;CN(CHs),)] (1), [(Ipr)Au
(S.CN(CH5s)2)] (2) and [(Ipr)Au(SCN(C/HY)2)] (3) [where lpr = 1,3-Bis(2,6—di—
isopropylphenyl)imidazol-2—ylidenegold] have beemepared by the reaction of
equimolar amounts of 1,3-Bis(2,6—di—isopropylph@nytazol-2—
ylidenegold(l)chloride, [(Ipr)Au(Cl)]  with  sodium ichethyldithiocarbamate
monohydrate, sodium diethyl dithiocarbamatetrinyglrand dibenzyldithiocarbamate,
respectively. The structures of the complexes Haeen determined by single X-—ray
crystallography. All gold(l) complexed+3) are iso—structural i.e. linear geometry. The
complex () crystallizes in monoclinic space group ‘P2, while the complexe22f and
(3) crystallize in orthorhombic space group ‘P fiaZThe IR spectra antH as well as
3¢ NMR measurements of the Au(l) complex&s3) corroborate well with their single
crystal X—ray structure analysis. These gold(hptexes show moderate potential anti—
cancer activities against A549 (human lung carciapriiCT15 (human colon cancer),

and HelLa (human cervical cancer) cell lines.
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1. Introduction

Organometallic compounds of coinage metals (Cu,aAd Au) have extensively been
investigated owing to their diverse applicationdiainorganic and medicinal chemistry.
Among coinage metals, gold complexes have attractatsiderable attention in the
treatment of many chronic diseases, viz. rheumasottiritis, bronchial asthma and
cancer due to their interesting physico-chemicaflogical and pharmacological
properties. Both gold(l) and gold(lll) complexesaliag different functional ligands have
numerous bio-medical applications [1-4].

Gold(l) complexes are potential chrysotherapeugends, which manifest outstanding
antiproliferative activity against specific humaancer cell lines that are resistant or
sensitive to classical chemotherapeutic platinungsl{4, 5]. The novelty of Au(l) based
drugs is the characteristic molecular structure tladlows them to overcome resistant
pathways, those were encountered in platinum-babetdnotherapy. In case of gold
drugs, DNA is not a major pharmacological target diher enzymes related inhibitions
are also involved [5].

Currently carbene complexes are significant théls faithin the field of medicine.
Particularly, gold carbene complexes are slowlydurely joining mainstream chemistry
because of applications in the medicinal and biogbal fields [6]. The antiarthritic
gold(l) phosphine compound, auranofin (AF) showsrigsting antitumoin vitro as well
as in vivo activity. It also inhibits glutathione S-transfeea expression in several

chemoresistant tumors [7]. I. Ott pointed out tNateterocyclic carbenes, an interesting
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class of ligands resemble to phosphines with dpnoperties [8]. Bakeet al. reported
the mononuclear, cationic, linear Au(l) N-heterdiycarbene species inducing dose-
dependent mitochondrial swelling in isolated raeti[9] . Barnadet al.also described a
series of (bis)NHCgold(l) complexes bearing the induction of mitoctioal swelling,
which was directly affected by lipophilicity [1Qiciliano et al. prepared Bis(1,3-
dimethylimidazol-2-ylidene)gold(l) nitrate and bigh-dichloro-1,3-dimethylimidazol-2-
ylidene)gold(l) nitrate salts via transmetallatioh their silver precursors with chloro
dimethylsulfide gold and determined the anticangeperties using NCI-H460 lung
cancer cells [11].

Gold complexes with dithiocarbamate ligands haw® amerged as anticancer agents
and have shown much promising results [12]. Ronebmil. prepared and characterized
some novel gold(llI) dithiocarbamate compounds &g N,N—
dimethyldithiocarbamate and ethyl sarcosine dithibamate, demonstrating very
encouraging chemical and biological profile [13heTtreatment with dibromo(N,N—
dimethyldithiocarbamato)gold(lll) complex resulted significant inhibition of in vivo
MDA-MB-231 breast tumor growth [14]. Zhangt al. reported gold(l)—
dithiocarbamato species, namely [Au(ESDT)] couldibit the chymotrypsin—like
activity of purified 20S proteasome and 26S praigees in human breast cancer MDA—
MB-231 cells [15].

Worldwide, lung and colorectal cancers are commauses of cancer—related death in
men and women while a cervical cancer is overwhedigimajor cause of cancer deaths
among women [16]. Chemotherapy is still the priynarethod for treating cancers

followed by radiotherapy. Nevertheless, there some major challenges for treating
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cancers which include intrinsic resistance, différphenotypes of cancer and systemic
toxicity issues. Therefore, new chemotherapeuticatites are required. New gold
carbene complexes are being developed incorporatirrgct activity-enhancing and bio-
acceptable co-ligands like dithiocarbamte with #pednherent properties for bio-
medical applications. Based on this strategy, a&hseries of gold(l) complexes may be
developed with new combination of C and S donomatof carbene and dithiocarbamate
ligands respectively that show enhanced selegtiait such resistant cancers and with
fewer side—effects in comparison to platinum bateds.

In the present work, gold(l) complexes of 1,3-Bj62li—-isopropylphenyl)imidazol-2—
ylidenegold (lpr) with dialkyl/diaryl dithiocarbarte ligands as new potential chry-
sotherapeutic agents were prepared. The structeterndination of the prepared
crystalline gold(l) complexes is carried out by gben crystal X—ray diffraction. The
crystallographic data is further validated by IResipa and'H as well as'*C NMR
measurements. These well characterized gold(becer complexes have been evaluated
for in vitro cytotoxic activity against various human cancet eés e.g. A549 (human
lung carcinoma), HCT15 (human colon carcinoma), Hietla (human cervical cancer)
cell lines using MTT assay.

2. Results and Discussions

2.1. Spectroscopic Characterization

Dithiocarbamate compounds exhibited characterisied in the 1480—-1550 ¢hrregion
attributed to the/(C—N) andv(C-S) stretching vibration [17]. The most prominbanhds
for complexes 1-3) were observed at 1470 ci1471cm® and 1473 ci, respectively

ascribed to the thioureide bandC—N). Since these frequency modes lies in between
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those associated with single C—N and double C=Ni§ohence the partial double bond
character of ‘thioureide’ bond was confirmed fdramplexes [18]. The presence of the
thioureide band between 1545-1430 tmsuggested a considerable double bond
character in the C...N bond vibration of thgCSNR. group [19]. The stretching
vibration from this partial double bond is due ke tpartial delocalization of electron
density within the dithiocarbamate [20]. The CGh#®carbonyl stretch in complexebs~(

3) splits into two peaks (doublet) at 1058¢n®979 cm?, 1062 cm’, 991 cm*and 1077
cnit, 975 cm® with medium intensity, respectively. The preseotsplitting to thev(C—

S) bands in the range 975-991 Cnindicates the monodentate nature of dialkyl
dithiocarbamate ligands in the synthesized compglg¢2&-24]. In addition to the polar
thioureide ion bands ;8=N'R,, the usual bands for $mnd sp hybridized carbon—
hydrogen stretches were observed ca. in the rab@@-2840 cnt similar to the reported
sodium salt of diethyldithiocarbamate [25]. Furthere, the stretching bands attributed
to the aromatic (phenyl) and saturated aliphatiel @ethyl group of coordinated dialkyl
dithiocarbamate was given in Table 1 [26-31].

The'H NMR chemical shifts of complexed+3 along with their corresponding metal
precursor [(Ipr)Au(Cl)] and free dialkyl dithiocanate ligands are listed in Table 2. In
all the complexes slight shifts for proton(s) oé ttoordinated dimethyl dithiocarbamate,
diethyl dithiocarbamate and dibenzyldithiocarbaim®e been observed as compared to
free dialkyl dithiocarbamate ligands. THE NMR chemical shifts of complexe$3)
along with their corresponding metal precursor rj@oi(Cl)] and free dialkyl
dithiocarbamate ligands are presented in TablélBere are upfield chemical shifts of

CHs, CH; and C=S carbons of coordinated dialkyl dithiocarbte with respect to free
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dialkyl dithiocarbamate ligands. Thé’C chemical shifts of C=S carbon of
dimethylthiocarbamate, dimethylthiocarbamate andemnizyl thiocarbamate were

observed in the range 206-213 ppm.
2.3. Crystal structure analysis
2.3.1. Crystal structure of complex [Au(lpr)(SCN(CH3),)](1)

The molecular structure of complex [Au(IpriGN(CHg)2)] (1) is shown in Figure 1. In
the asymmetric unit, there are two molecules wilmes geometry and coordination
moiety. There is a linear geometry (containing dod dimethyl thiocarbamate ligand
molecules) around central gold atoms in each m#e@imethyl thiocarbamate is acting
as a coordinated counter anion in this complex oubde The central gold(l) atom is
coordinated with one C donor atom of the Ipr ligamolecule and S atom of {SNMe,)™
counter anion. The Au atom adopts a most familiagar C—Au-S coordination

geometry like gold (I) complexes.

The Au-S and Au-C bond average distances are 2230ad 2.00 (6) A respectively.
The C—Au-S average bond angle 175.22 (2)°. Thel lamigle around Au(l) atom show

considerable deviation from the ideal linear angllie 180° (Tables 4 and 5).

The Au-S bond distances are different to thosedanrcomplex [32]. Similarly, the S—
Au-C bond angle is also considerably different fritnose found in [EPAuU(SCNEL)]
complex [33] and other mononuclear [(t-Bu)PAujomplexes [33-38] with linear
geometry with gold central atom. This variatiorbond angle is attributed to presence of

different coordination environment in the reportetnplexes and this structure.
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2.3.2. Crystal structure of complex [Au(Ipr)(SCN(C2Hs)2)] (2)

There four virtually identical molecules in the asyetric unit of x-ray structure of
gold(l) complex containing the same lpr ligand neale and [(8CNE®L)]” counter ion as
shown in Figure 2. In all molecules, gold(l) isoocdinated with one C donor atom of Ipr

ligand molecule and one S donor atom of theQ{EL)]™ ligand molecule.

The Au-S bond distances are almost same and at8ad5) A in all four molecules.
The Au—C bond distances are also similar and ar@ud@i (2) A, which is close to double
bond. The Au-S bond distances are very much sindaAu(lpr)(SCN(CHs)2)] (1)

complex and comparable with PPAU(SCNEL)] complex [32]. The Au-C bond

distance is almost identical as found in comgBx

The geometry around Au(l)metal atom is conventigniatear and similar to each other
and complex (1). In this structure S—Au-C bondesgre around 172.00 (2)°. There is
a big distortion from ideal linearity in each malde as seen in complgt). These bond

angle values around central gold atom in all fowlenules confirm the presence of
pseudo distorted linear geometry around gold(I)m&tan this structure. These bond
angle values also show big deviation from ideatdinangle of 180° (Table 5). The
overall geometry of [Au(lpr)(&N(C:Hs)2)] (2) closely resembles to those Au(l)

complexes [33-38].
2.3.2. Crystal structure of complex [Au(lpr)(SCN(C7H7)2)](3)

Molecular structure of [Au(lpr)(f&£N(C7H)2)] (3) is shown in Figure 3. In this structure
gold(l) is coordinated with one C donor atom and d& donor atom of two different type

ligands.
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The Au-Sand Au-C bond distances are 2.2999 (12)2z00fL (5) A respectively. The
Au-C and Au-S bond distances are similar to congdé%) and (2) and comparable with
[EtsPAU(SCNEL)] complex [32]. The geometry around Au(l) mettra is linear and
similar to complexes(1 and 2) and other Au(l) complexes [33-36]. In
[Au(Ipr)(S2CN(C7H7)2)] (3) structure S—Au—C bond angle is170.76 (13)Fhe bond
angle value around central gold atom in this mdee@onfirm the presence of pseudo
distorted linear geometry around gold(l) atom. sThond angle value is considerably
different than complexed @nd2). This bond angle value also show big deviatiamf

ideal linear angle of 180° (Table 5).
2.4.1n vitro cytotoxic effects of complexes (1), (2nd(3)

Thein vitro cytotoxicity tests were carried out for the gdld{recursor, labeled a$)(
and the three synthesized complexes labeledlps(2) and (3) and compared with
cisplatin (standard classical anticancer drug) regathree human cancer cell lines,
HCT15, HeLa and A549 using MTT assay. The dosesidggnt cytotoxic effect was
obtained by the stipulated increase in concentrataf cisplatin and gold complexé3-

3) against the fixed number of human cancer cellee G concentration of cisplatin
and complexeg0-3) for different human cancer cell lines was obtairfien a curve
between compound concentration and percentagdityadfi cells (Figures 4 to 9, Table
6).

In phase contrast micrographs, a decreasing catisitye and deformed cellular
morphology could be observed with increasing cotreéion of complexes(0-3)
(Figures 10 to 12). The dose dependent decreasalidensity was further supported by

assessment of decreasing percent cell viabilityITil assay (Figures 4 to 9). ThesiC
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concentrations of gold complexes were calculateminfra separate curve between
complex concentration and %viability of cells péattin Microsoft Excel 2007 (graphs
not shown) using MTT assay data and explained lgarithmic regression equations

(equations not shown).

All the synthesized complexe$-8) exhibit moderate anticancer activity ranging besw
24.5 to 180.2uM in accordance to previous reports on anticantediss of gold
complexes. These complexes showed better anti-caackvity than free gold(l)
precursor, this could be attributed to dithiocarbtermligands bonded to central gold(l)
ion. Our studies suggest that dithiocarbamate tlgaare better leaving group than
chloride ion and facilitate the availability of gohtom to interact with cancer cells to
inhibit their growthin vitro. The 1G values of complexed{3) against A549 and HelLa
cell lines were higher than classical anticanceigdcisplatin. The 16 values against
HCT15 cell line of synthesized complexésand3) show moderate potency but better
than cisplatin [37-40].

3. Conclusions

Gold complexes are well known for their broad speut of therapeutic and cytotoxic
activity against pathogen agents, together withir theck of cross-resistance with
antibiotics. The X-ray structures of all three céemps (, 2 and3) with CAuS moiety
have nearly linear geometry which is typical fofdft) complexes.

The high IGo values against all three cancer cell lines aretdustrong Au—C bond and
bulky carbene ligand. These factors slow downdissociation of gold complex and its

interaction with cancer cells. According to oursetvation, this is the major factor for
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slow inhibition of growth of cancer cell lines fah (1, 2 and3) complexes. The vitro
cytotoxicity of gold complexes2(and3) was quite promising and better than cisplatin.
All the three complexes show good selectivity dfilnition of growth of HCT15 cancer
line.

4. Experimental

4.1. Materials and methods

All the reactions were carried under normal ambieanditions. All chemical and
solvents used in the synthesis were of analyticatley and were used without further
purification. All chemicals were purchased from r8a-Aldrich St. Louis, Missouri
United States and Strem Chemicals, Massachusetited States.

Elemental analyses were performed on Perkin Elnegre$ 11 (CHNS/O), Analyzer
2400. The solid state FTIR spectra of the ligandd their gold(l) complexes were
recorded on a Perkin—Elmer FTIR 180 spectrophotenetNICOLET 6700 FTIR using
KBr pellets over the range 4000-400¢m

'H and**CNMR spectra were recorded on a LAMBDA 500 spedioipmeter operating
at 500.01, 125.65 and 200.0 MHz respectively; apoading to a magnetic field of
11.74 T. Tetramethylsilane (TMS) was used as aTrial standard foH and**C. The
13C NMR spectra were obtained wittH broadband decoupling, and the spectral
conditions were: 32 k data points, 0.967 s acqarstime, and 1.00 s pulse delay and 45

pulse angle. Th#H and**CNMR chemical shifts are given in Tables 2—3 retipely.

4.2.  Syntheses of gold(l) complexes

4.2.1 Synthesis of [Au(Ipr)(SCN(CH3)2)] (1)

10
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1,3-Bis(2,6—di—isopropylphenyl)imidazol-2—yliden&t{®chloride, [(Ipr)Au(Cl)] (0.311
g, 0.05 mmol) in 10 mL ethanol was added drop waisa ethanolic solution of sodium
dimethyldithiocarbamate monohydrate (0.072 g,0.0%0f at room temperature with
continuous stirring for 3h. Subsequently 1-3 mLwafter was added to the reaction
mixture to get the clear solution. The clear yellsoiution obtained was filtered to avoid
any impurity and kept undisturbed for crystallipatiby slow evaporation at room
temperature. After five days yellow block like dals were obtained. A well-shaped
good quality crystal was chosen for X-—ray diffragti analysis. Anal. Calc. for
CsoHa2AUN3S,: C, 51.05; H, 6.00; N, 5.95; S, 9.07; Found: C8B1H, 6.33; N, 5.87; S,
8.98. Yield: 0.314 g, (89%).

4.2.2 Synthesis of [Au(lpr)(SCN(CzH5s),)] (2)

This complex was synthesized with sodium diethgiditarbamatetrihydrate (0.113 g,
0.05 mmol) by a procedure analogousip After eight days colorless block like crystals
were obtained. A suitable quality crystal was cindee X—ray diffraction analysis. Anal.
Calc. for GaHa6AUN3Sy: C, 52.38; H, 6.31; N, 5.72; S, 8.74; Found: C192H, 6.37; N,
5.70; S, 8.68. Yield: 0.337 g, (92%).

4.2.3 Synthesis of [Au(lpr)(SCN(C-H,)2)] (3)

This complex was synthesized with sodium diebenthitstcarbamatetrinydrate (0.136 g,
0.05 mmol) by a procedure adopted fb). (After seven days colorless block like crystals
were obtained. A bright, good shaped crystal wasseh for X-ray diffraction analysis.
Anal. Calc. for GoHs4AUN3S,: C, 58.52; H, 6.31; N, 4.87; S, 7.44; Found: C198H,
6.38; N, 4.78; S, 7.57. Yield: 0.357 g, (83%).

4.3. X—ray structure determination

11
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For gold(l) complexes1(3), quality single were obtained from.sOH and HO
solution, The intensity data were collected at K78n a two circle (x and u scans) [41]
Stoe Image Plate Diffraction System, using Me ¢raphite monochromated radiation.
The structures were solved by direct methods, usiagprogram SHELXS-97 [42]. The
refinement and all further calculations were caroeit using SHELXL-97 [42]. The H—
atoms were either located from Fourier differen@psand freely refined or included in
calculated positions and treated as riding atommsguUSHELXL default parameters. The
non—-H atoms were refined anisotropically, usingghad full-matrix least—-squares on
F2. Empirical or multiscan absorption correctionsersv applied using the
MULSCANABS routines in PLATON [43]. Figures 1-3 medrawn using the programs
ORTEP and MERCURY [44]. A summary of crystal datad refinement details for
gold(l) complexesi-3) are given in Table 4. Selected bond lengths amdl langles are
given in Table 5.

4.4.In vitro cytotoxic activity against A549, HCT15 and HelLa hman cancer cell
lines

In the present study, metal precursor and threg¢hsgized compoundsl+{3) were
evaluated for theiin—vitro cytotoxic activity against HCT15 (human cancerglHd
(human cervical cancer) and A549 (human lung carom) cell lines. The cells were
seeded at 4 x fells/well in 10pL DMEM (Dulbecco's Modified Eagle's Medium)
containing 10%. FBS (Fetal Bovine Serum) in 96-svéfisue culture plate and incubated
for 72 h at 37°C, 5% CQ in air and 90% relative humidity in GOncubator. After
incubation, 100uL of complex 0), (1), (2) and @) complexes (50, 25, 12.5 and 6.25

ug/mL), prepared in DMEM, was added to cells andciéures were incubated for 24 h.

12
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The medium of wells was discarded and 100 DMEM containing MTT (3—(4,5—
Dimethylthiazol-2—Y1)-2,5-Diphenyltetrazolium Brou) (5 mg/mL) was added to the
wells and incubated in GOncubator at 37C in dark for 4 h. After incubation, a purple
colored formazan (artificial chromogenic dye, prodof the reduction of water insoluble
tetrazolium salts e.g., MMT by dehydrogenases &ddctases) in the cells is produced
and appeared as dark crystals in the bottom ofamelés. The medium of culture was
discarded from each well carefully to avoid disfoptof monolayer and 100 pL of
Dimethylsulphoxide (DMSO) was added in each wekheTsolution was thoroughly
mixed in the wells to dissolve the formazan crystahich ultimately result into a purple
solution. The absorbance of the 96-wells plate waken at 570 nm with
LabsystemsMultiskan EX—Enzyme-linked immunosorbassay (EX—ELISA) reader
against a reagent blank.

Supplementary material

Supplementary crystallographic data of CCDC depagihber are 986121, 986122 and
986123 for the complexed+3) respectively and can be obtained free of charge vi
www.ccdc.cam.ac.uk/data_request/cif, by e—-mailiagpdrequest@ccdc.cam.ac.uk, or by
contacting the Cambridge Crystallographic Data &2 Union Road, Cambridge CB2

1EZ, UK; fax: +44(0)1223-336033.
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397 [(Ipr)Au(S,CN(C;Hs)2)]
398 Complex B)
4\
Y
—2 6
N ‘ S
/
N A
‘ /8 Au S 9\
N N
10\
e ‘
399 ~
400 [(Ipr)Au(S.CN(GH7)2)]
401 Scheme 1:Skeletal structures and condensed formulae of caxepl(), (1), (2)and(3)
402 representing non—equivalent carbons and protori$tfand**C NMR data.
403  Table 1: Mid—IR frequencies () of complexeg1-3)
Stretch Bend Stretch Bend Stretch Stretc
Compound
C-H(CH;) C-H(CH;) | C-H(CH,) | C-H(CH) Cc=S S=C-N
Dimethyl dithiocarbamate 2924 1360 —_ _ 962 4881
(1) 2961(asym), 2866 (sym) 1361 — — 1058, 979 1470
Diethyl dithiocarbamate 2925 1358 2979 1379 986 6146
2 2962(asym), 2867 (sym) 1377 2926 1407 1062, 991 1473
Dibenzyl dithiocarbamate 2960(asym), 2868 (sym) 7134 _ 1445 1075, 987 1491
©) 2961(asym), 2865 (sym) 1395 2923 1451 1077, 975 1471
404
405
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406

407
408  Table 2: Solution 1H NMR & chemical shifts (ppm) and "] couplimg constants (Hz) of
409  the free gold(I) metal precursor, free ligands and complexes (1-3).
3-H | ¥Jouzen | 4-H | 3Jcueu | 5-H ;{Cc“js 6-H | 3Jcus-cn | 6-H 3'5:3' 7-H 10-H | 11-H 2
Compound
ppm Hz Ppm Hz ppm Hz ppm Hz ppm Hz ppm Ppm ppm Hz
[Au(Ipr)(CD)] 7.39 7.55 2.46 1.21 798 | - -
NaSZCN(CH3)2'H20 - - - = - 3.55 -
(1) 7.34 | 7.63 7.5 763 | 252 | 702 | 116 | 7.02 | 1.25 | 6.71 | 791 | 3.12 - -
NaS;CN(CzHs)2-3H20 | h h h h 4.03 1 1.23
(2) 7.38 7.93 7.5 7.78 | 252 | 7.01 | 117 | 7.02 1.26 | 6.71 | 7.88 | 3.53 1 6.87
NaSZCN(C7H7)2'XH20 - - - - - 498 7.01
3) 7.33 7.93 7.5 7.63 2.53 | 7.02 1.15 | 6.71 1.26 | 671 | 791 | 485 | 711 | 7.63
410
411  Table 3: Solutiort*C NMR chemical shifts (ppm) of the free gold(l) migtrecursor and
412 Au(l) complexeq1), (2), and (3).
Complex c=s Au=C c-1 c-2 c-3 c-4 c-5 c-6 c-7 C-10 -n
[Au(lpr)(CD)] — 172.86| 134.0§ 145.32 124.55 12409 28.37 23.5 .523D
NaS,CN(CHa),- H,O 212.82 - — - - - - - - 45.12 —
(1) 205.66| 181.9 1345 145.34 12433 123|185 28|34 23.8/80.13| 44.31 —
2 204.31| 182.13 13453 14534 12486 123(86 28/35 9623. 130.16 48 12.15
(3) 208.28 | 181.61] 134.52 14535 12445 1239 28(39 923.8.30.17| 55.37 127-136

413

414
415
416
417
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418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440 Table 4: Crystallographic characteristics, expentakand structure refinement details
441  for crystal structure of complex complex@s-3)

442
Parameters Compleix Complex2 Complex3
Empirical formula GoH4AUNSS, CsoHagAUNSS, C4oHs50AUNSS,
Empirical formula weight 705.75 733.8 857.94
Crystal size/mm 0.45x0.30%0.20 0.45x0.38x%0.30 .42 x 0.35
Wavelength/A 0.71073 0.71073 0.71073
Temperature/K 173 173 173
Crystal symmetry Monoclinic Orthorhombic Orthorhdmb
Space group P2,/c Pna2, Pna2,
alA 13.2323 (4) 42.4867 (11) 25.7815 (9)
b/A 28.9995 (11) 16.4047 (5) 12.4955 (4)
c/A 17.1760 (5) 19.1873 (5) 12.0577 (5)
B/° 104.687 (2)°
VI A3 6375.6 (4) 4416.3 (5) 3884.4 (2)
VA 8 16 4
DJ/Mg m™® 1.471 1.458 1.467
p(Mo—Ko)/mm* 4.77 4.55 3.93
F(000) 2832 5920 1736
6 Limits/° 1.4-26.1 1.2-26.2 1.6-26.1
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443

444

445
446

Collected reflections 83383 98752 25927
Unique reflections 8469 15664 6167
Observed reflections 11547 23566 7312
Goodness of fit o2 1 0.94 1
R[F%> 26(F?)] 0.048 0.052 0.029
WRy(F?) 0.081 0.095 0.06
Largest diff. peak, hole/e A 3.19, -0.96 1.07,-1.30 1.24,-2.05
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447
448
449

450

451

452

453

454

455

Table 5: Selected bond distances (A) and bond arftjidor complexe$l-3).

Complexl Complex2 Complex 3
Bond Length (A) Bond Length (A) Bond Length (A)
Aul—S1 2.3062 (17) Aul—C6 2.02 (2) Aul—C16 2.001 (5)
Au2—S3 2.2985 (17) Aul—S1 2.314 (5) Aul—S1 2.2999 (12)
Aul—C4 2.011 (7) Au2—C38 1.984 (17)
Au2—C34 1.998 (6) Au2—S3 2.301 (5)
Au3—C70 1.994 (19)
Au3—S5 2.310 (5)
Au4—C102  2.05(2)
Au4—S7 2.307 (5)

Bond Angles (°)

Bond Angles (°)

Bond Angles (°)

C4—Aul—S1 175.38 (19)
C1—S1—Aul 99.7 (2)
C34—Au2—S3 175.07 (19)

C31—S3—Au2 103.3 (2)

C6—Aul—S

C1—S1—Aul

C38—Au2—S3

C33—S3—Au2

C70—Au3—S5

C65—S5—Au3

C102—Au4—S7

C97—S7—Au4

1171.2 (5)

101.0 (7)
173.7 (6)
103.1 (7)
173.9 (6)
103.0 (6)
172.2 (5)

104.7 (7)

C16—Aul—S1 170.76 (13)

C1—S1—Aul 105.3(2)
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456  Table 6: 1Go Values (iM) of gold(l) complexes against A549, HeLa and H&Thncer
457  cell lines.

Complex A549 Hela HCT15
Cisplatin 41.6 19.4 29.5
(0) 180.2 172.5 121.7
(1) 133.9 108.3 41.1
) 91.7 79.6 245
(3) 139.9 124.6 27.4
458
459

24



460

461

462

463
464

465

466

467

468

469

470

471

472

473

474

475

476

Figure 1. A view of the molecular structure of monolear complex1(), with atom
labeling scheme and displacement ellipsoids drava@® probability level.
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477

478
479

480  Figure 2. A view of the molecular structure of roanclear complex?), with atom
481 labeling scheme and displacement ellipsoids dravia@% probability level (Three
482  molecules have been omitted for clarity).
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483

484  Figure 2.1. Packing diagram alob@xis of compound?), showing Hydrogen bonding
485  network.
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487
488
489
490
491
492
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494
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496

497
498

499

Figure 3.A view of the molecular structure of mounolear complex3), with atom
labeling scheme and displacement ellipsoids drava®% probability level.
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501  Fig 4. Graph showing the cytotoxic effect of series of@mtrations of compound6+(3)
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ACCEPTED MANUSCRIPT

Fig 10. Morphological changes in HCT15 cells treated wsithies of concentrations of
compounds (0-3) studied using phase contrast nticpys
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ACCEPTED MANUSCRIPT

538

539  Fig 11.Morphological changes in A549 cells treated withieseof concentrations of
540 compounds (0-3) studied using phase contrast ntopys
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Invitro studies of anew gold(l) carbene complex have been reported here.

These complexes have been characterized by elemental anaysis, IR spectroscopy and

NMR measurements.

The crystal structures of new [Au(Ipr)(S;CN(CH3)2)] (1), [Au(Ipr)(S:CN(CzHs)2)] (2)
and [Au(I1pr)(S:CN(C7H7)2)] (3) [where Ipr = 1,3-Bis(2,6-di-isopropyl phenyl)imidazol -2-
ylidenegold] have been reported.



