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Abstract

Metal N-heterocyclic carbene (NHC) complexes hatteacted considerable attention in
biological fields for their potential applicatioms cancer and antimicrobial therapies. In this
study, four new benzimidazole-based N-heterocyddidbene saltsl@-d) and their silver (1)
complexes Za-d) were synthesized. All new compounds were charaed by elemental
analysis, FT-IR!H NMR and,**C NMR spectroscopy. Additionally, single crystalustural
studies for compleXd show that the benzene rings (C9-C14) and the dergrezimidazole
ring system make dihedral angles of 83.58{18he Ag-G and Ag-C single bond lengths are

2.3267(8) and 2.087(3) A, respectively. The C-AgbBnd angle is 175.20(7)The prop-1-
ene moiety attached at the second N-atom of bedainie is disordered at two set of sites
with an occupancy ratio of 0.592(6): 0.408(6). Ehes one intramolecular hydrogen bond
interaction between C22A-H22A...N2. The salts amdcAmplexes were further evaluated for
theirin vitro anticancer activities against DU-145 human prestancer cells, MCF-7, MDA-
MB-231 human breast cancer cells and L-929 noneracell for 24 h, 48 h and 72 h using
the MTT assay. The Ag(l)-NHC complexd8a-d) showed a dose and time-dependent
cytotoxic activity against all cell lines. Thed4s for all Ag(l)-NHC complexes lower than 1
uM for 72 h time points on cancer cells. The resaliswed that comple2d exhibited the
highest activity against all cancer cell lines #dd Further, the complexes had relatively

higher cytotoxicity to cancer cells than to non@amncell lines.

Keywords: N-Heterocyclic carbene; silver complex; benzimmlaz2-ylidene; anticancer

activity.



1. Introduction

The heterocyclic substituent, including ligandsyénaonstituted the basis of organometallic
and coordination chemistry. N-Heterocyclic CarbefdsiCs) are a well-known class of
organometallic ligands that are strasiglonating and weak-accepting when connected with
metal ions. Since the first NHC was isolated andratterized by Arduengo in 1991, NHCs
have attracted interest due to their all-purposstufes as ligands for diverse metallic
complexes [1].

Metal-NHC complexes have been popularly investidjahee to their noteworthy applications
as catalysis [2-5] and potential biological prog={6-8]. These compounds are prepared by
the different process such as via free carbensitunand using transmetallation methods, but
the more commonly used process is deprotonati@zaium precursors with a simple metal
salt or strong bases, such as sodium hydride aspimtert-butoxide [9,10].

For years metallic silver and silver compounds haeen applied to a variety of applications
like water purification, wound management, eye-dropnti-infective coatings in medical
devices and in burn treatment as they have potemhigrobial properties [11-16]. One of the
most commonly used compounds of silver is silvegljfazine, which is used to treat
bacterial infections caused by severe burns [liRjleShas low toxicity as compared to other
transition metals.

In the family of metal-NHCs, Ag-NHCs have receivadgnificant attention because of their
medicinal applications such as antibacterial asti{A8] or anticancer activity [19]. Due to
the high stability of Ag-NHC complexes and slowilaase of silver ions to the diseased area
from Ag-NHC complexes, the Ag-NHC complexes exhihigh efficacy influence against
various types of cancer cell lines. Ag-NHC compkeree synthesized by the reaction of free
NHC and silver salt or silver base, mostly.8g9/20]. A number of new Ag-NHC complexes
were also synthesized after initial reports of tytec properties of Ag-NHC complexes
against cervical cancer (HelLa), breast cancer (Mlgnd colon adenocarcinoma (HCT 116)
cells [21].

Within this manuscript, we present the synthesid aharacterization of four new allyl
substituted NHC salts and their silver(l) complex@ls the new synthesized compounds{

d, 2a-d) were tested as anticancer agents against thmearheancer cell lines (DU-145,
MCF-7, MDA-MB-231) and non-cancer cells (L-929) @t h, 48 h and 72 h by MTT assays.



2. Experimental
2.1. Materials and Methods

All synthesis of benzimidazolium salts and Ag-NH&@nplexes were prepared under argon in
flame-dried glassware using standard Schlenk Eoériques. Chemicals and solvents were
purchased from Sigma Aldrich Co. (Dorset, UK). Teelvents used were purified by
distillation over the drying agents indicated anefevtransferred under Argon [22]. All AQ
reactions were carried out in the absence of lighemental analyses were performed by
Indnl University Scientific and Technology Centelelting points were determined using
Electrothermal 9100 melting point detection appeatourier transform infrared (FT-IR)
spectra were obtained in the range 400-4000 em a Perkin Elmer Spectrum 100 FT-IR.
'H NMR and**C NMR spectra were recorded using a Bruker As 4@BchMry spectrometer
operating at 400 MHz'), 100 MHz {3C) in CDC} with tetramethylsilane as the internal
referenceH peaks were labeled as singlet (s), doublet (ilet (t), quartet (g), quintet
(quint.) and multiplet (m). Chemical shifts and pbag constants were reported in ppm and
in Hz, respectively. The intensity data were cdéldcusing a Bruker Kappa Apexll CCD
diffractometer [23], using Md&, radiation = 0.71073 A). The structure was solved by direct
methods using the solution program SHELXS97 [24] #ren refined with full-matrix least-
square methods based BhSHELXL2014 [25]. All non-hydrogen atoms were first refined
isotropically and then with anisotropic atomic dés@ment parameters by the full matrix
least square methods. All the measurements wesn tak room temperature for freshly

prepared solutions.

The cells lines DU-145 (HTB-81, human prostate icemma), MCF-7 (HTB-22, human
breast adenocarcinoma), MDA-MB-231 (HTB-26, humarat adenocarcinoma), F-12K
Medium (30-2004), Eagles Minimum Essential Medid@VIEM, 30-2003), RPMI-1640 (30-
2001), fetal bovine serum (FBS, 30-2020) and p#imicand streptomycin (30-2300) were
purchased from American Type Culture Collection TAT Manassas, VA). Dulbecco's
Modified Eagle's Medium (DMEM, D6429) and TrypsiDEA solution (T-3924) were
purchased from Sigma Aldrich.( Sigma-Aldrich Cher@iembH , Steinheim, Deutschland). L-
929 (non-cancer cells from the adipose tissue aofejnwere purchased from ECACC
(European Collection of Animal Cell Culture, Salisp, U.K.). All absorbance values were

measured with a microplate reader (Bio-Tek, Epotk®A) at 570nm.



2.2. Statistical analysis

All experiments were carried out in triplicates amedults are expressed as means + SEM.
Data were analyzed using one-way analysis of veeiaand differences were considered
significant at p < 0.0001. The dewere determined by statistical software, GraphiPasin7
(GraphPad Software, San Diego, CA, USA).

The benzimidazolium saltéla-d) and Ag-NHC (2a-d) compounds were prepared under
argon gas atmosphere. The unsymmetrically N1, Ni3tguted benzimidazolium saltsa-d)

and respective Ag(l)-NHC complexé®a-d) were synthesized as described in our previous
study [26].

2.3. General procedure for the preparation of salts, lal

Benzimidazole (10 mmol) was added to a solutioNaH (10 mmol) in dry THF (30 mL),
the mixture was stirred for 1 h at room temperatéigy/l bromide (10.1 mmol) was added
dropwise to obtained a solution that was heated2fbrh at 60°C. Then, the THF was
removed under the vacuum. Dichloromethane (50 nd9 added upon to solid. The mixture
was filtered and the obtained clear solution wasceatrated under vacuum. Then the
solution was distilled to 1-allyl benzimidazole.él'h-allyl benzimidazole (1 mmol) and alkyl
halide (1 mmol) were stirred in DMF (5 mL) for 24 & 80 °C. White product was
precipitated. Following the completion of the preg¢he solution was filtered, the solid was
rinsed with diethylether and dried under vacuumuder product was recrystallized from

dichloromethane/diethylether.

1-(Allyl)-3-(4-isopropylbenzyl)benzimidazolium chlaide, 1a

Yield: 88%; m.p. 153-155C; 'H NMR (400 MHz, CDC{) & (ppm): 1.19 (m, 6H,
CH,CeH4(CH(CH3),)-4), 2.62-2.63 (m, 1H, CisH4(CH(CHs),)-4),5.35 (d, 2H,
NCH,CHCH,, J = 8 Hz), 5.45-550 (m, 2H, NGIEBHCH;), 5.84 (s, 2H,
CH,CsHa(CH(CHs),)-4), 6.08-6.16 (m, 1H, NCKHCH,), 7.21-7.23, 7.44-7.46, 7.56-7.58,
7.65-7.67 and 7.70-7.72 (m, 8H, MGNand CHCgH4(CH(CHs),)-4), 11.85 (s, 1H,
NCHN).®*C NMR (100 MHz, CDGJ)) & (ppm):23.8 (CHCsH4(CH(CHs)-)-4), 33.8
(CH,CgH4(CH(CHj3),)-4),50.2 CH2CeH4(CH(CHs)2)-4), 51.3 (NCH,CHCH,),113.7
(NCH,CHCH,),121.8 (NCHCHCH,),113.9, 127.0, 127.1,127.4,129.7,128.4,130.0,131.3
131.5 and 150.1 (CisH4(CH(CHa),)-4 and NCgH4N), 143.6 (NCHN); FT-IR vicny: 1547
cm’; % Anal. Calcd for GHasNoCl: C, 73.49; H, 7.09; N: 8.57; Found: C, 73.47;108;
N, 8.54.



1-(Allyl)-3-(4-ter-butylbenzyl)benzimidazoliumbromide, 1b

Yield: 86%; m.p.196-198°C; 'H NMR (400 MHz, CDC{) & (ppm):1.26 (s, 9H,
CH,CgH4(C(CH3)s-4), 5.34 (d, 2H, NE,CHCH, J = 4 Hz), 5.45-553 (m, 2H,
NCH,CHCH,),5.85 (s, 2H, €l2CeHa(C(CHg)3)-4),6.11-6.23 (m, 1H, NCHCHCH,),7.36-

7.38, 7.48-7.50, 7.57-7.58 and 7.69-7.75 (m, 8HgHNEBand CHCsH4(C(CHa)3)-4,11.55 (s,
1H, NCHN).*C NMR (100 MHz, CDGJ)) & (ppm): 31.2 (CHCgH4(C(CH3)3-4), 34.6
(CH,CeH4(C(CHg)s-4), 50.2  CHuCeHa(C(CHs)s-4), 51.2 (NCH.CHCH,), 113.7

(NCH,CHCH,), 122.0 (NCHCHCH,),113.9, 126.3, 127.1, 127.2, 128.2, 129.6, 12831,3,

131.4 and 152.4 (Ci€sH4(C(CHs)z-4 and NCgHaN), 142.7 (NCHN); vieny: 1551 cni; %

Anal. Calcd for GiH»sN,Br: C, 65.46; H, 6.54; N: 7.27; Found: C, 65.49:6:57; N, 7.30.

1-(Allyl)-3-(2,4,6-trimethylbenzyl)benzimidazolium chloride, 1c

Yield: 89%; m.p. 223-225C; 'H NMR (400 MHz, CDC{) & (ppm): 2.25 and 2.32 (s, 9H,
CH,CgH2(CH3)3-2,4,6),5.32-5.37 (m, 4H, NCHCHy), 5.79 (s, 2H, B,CsH2(CHs)s-2,4,6),
5.99-6.06 (m, 1H, NCECHCH,), 6.86 (s, 2H, ChCsH2(CHa)3-2,4,6), 7.19 (d, 1H, N§HaN,
J= 8 Hz), 7.40 (t, 1H, NN, J= 8 Hz), 7.50 (t, 1H, NN, J= 6 Hz), 7.65 (d, 1H,
NCsHsN, = 8 Hz), 11.36 (s, 1H, NE@N). *C NMR (100 MHz, CDGJ) & (ppm):20.2 and
21.0 (CHCeHy(CH3)3-2,4,6), 47.2 CH2CeH2(CHz)3-2,4,6),50.1 (NCH,CHCH,),113.6
(NCH2CHCH,),121.2 (NCHCHCH,),113.7, 125.0, 127.0, 127.2, 129.9, 130.1, 13134,5,
137.9 and 139.7 (Ci€sH2(CHs)3-2,4,6 and MsH4N),143.6 (NCHN); vieny: 1554 cni; %
Anal. Calcd for GoH23N,Cl: C, 73.49; H, 7.09; N: 8.57; Found: C, 73.46;408; N, 8.55.

1-(Allyl)-3-(2,3,4,5,6-pentamethylbenzyl)benzimidaalium chloride, 1d

Yield: 88%; m.p. 205-206C, *H NMR (400 MHz, CDCJ) & (ppm): 2.18, 2.21 and 2.23 (s,
15H, (CHCs(CH3)s-2,3,4,5,6), 5.29-5.38 (m, 4H, NHGCHCH,), 5.77 (s, 2H, (Bl2Cs(CHa)s-
2,3,4,5,6), 5.96-6.04 (m, 1H, NGEBHCH,), 7.31 (d, 1H, N@HN, J= 8 Hz),7.42-7.53 (m,
2H, NGsHaN), 7.64 (d, 1H, N@H4N, J= 8 Hz), 10.91 (s, 1H, NEN). **C NMR (100 MHz,
CDCl) & (ppm): 17.0,17.2 and 17.3, (GE(CH3)s-2,3,4,5,6), 48.9GH,Cs(CHs)s-2,3,4,5,6),
50.2 (NCH,CHCH,), 113.6 (NCHCHCH,), 121.0 (NCHCHCH,),113.7, 124.8, 127.0,
127.2, 130.2, 131.5, 131.7, 133.6, 134.0 and 18¥@&H,N and CHCs(CHs)s-2,3,4,5,6),
143.3 (NCHN); vieny: 1558 cn; % Anal. Caled for GHo/NoCl: C, 74.45; H, 7.67; N: 7.89.
Found: C, 74.44; H, 7.65; N, 7.86.



2.4.General procedure for preparation of Ag-NHC complexs, 2a-d

A solution of 1 mmol of AgO and 0.5 mmol of the corresponding benzimidazolgath (La-

d) in dichloromethane (25 mL) were stirred at rooemperature for 24 h under dark
conditions. The reaction mixture was then filtetbdough celite. The clear filtrate was
evaporated under vacuum to a crude product, whichs wecrystallized from

dichloromethane/diethyl ether.

Chloro[1-allyl-3-(4-isopropylbenzyl)benzimidazole-2ylidene]silver(l), 2a

Yield: 83%; m.p. 159-160C; '"H NMR (400 MHz, CDGC)) & (ppm): 1.19-1.21 (m, 6H,
CH,CeH4(CH(CH3),)-4), 2.83-2.90 (m, 1H, CisH4i(CH(CH3))-4), 5.08 (d, 2H,
NCH,CHCH, J = 4 Hz), 5.22-5.35 (m, 2H, NGBHCH,), 5.59 (s, 2H, €,CsH4(CH(CH)2)-
4), 5.97-6.07 (m, 1H, NC}¥HCH,), 7.16-7.22, 7.28-7.40 and 7.45-7.49 (m, 8H,sN{I
and CHCeH4(CH(CHs)2)-4). *C NMR (100 MHz, CDG) & (ppm): 23.8
(CH,CgH4(CH(CH3)2)-4), 33.8 (CHCsH4(CH(CHg))-4), 52.0 CH2CeH4(CH(CH))-4), 53.3
(NCH,CHCH,), 112.2 (NCHCHCH,), 119.3 (NCHCHCH,), 112.0, 124.3, 127.1, 127.2,
128.4, 131.8, 133.8, 134.0 and 149.3 {C#H4(CH(CHs),)-4 and NCgH4N), 189.0 (Garbens
AQ); vieny: 1395 cm; % Anal. Caled for GoH2N,AgCl: C, 55.38; H, 5.11; N: 6.46; Found:
C, 55.37; H, 5.09; N, 6.44; LC-MS: 687.2 [AdL

Bromo[1-allyl-3-(4-ter-butylbenzyl)benzimidazole-2-ylidene]silver(l), 2b

Yield: 80%, m.p. 199-200C; H NMR (400 MHz, CDC)) & (ppm):1.27 (s, 9H,
CH,CeHa(C(CHs)s-4), 5.11-5.13 (m, 2H, NB,CHCH,), 5.22-5.32 (m, 2H, NCRCHCH,),
5.63 (s, 2H, El,CsHa(C(CHs)s)-4), 5.98-6.07 (m, 1H, NCYCHCH,), 7.24-7.27, 7.31-7.33,
7.36-7.41 and 7.44-7.49 (m, 8H, BMGN and CHCgH4(C(CHs)s)-4. °C NMR (100 MHz,
CDClL) & (ppm):31.2 (CHCeHa(C(CHs)s-4), 34.7 (CHCeH4(C(CHg)s-4), 51.2
(CH2CeH4(C(CHa)s-4), 53.0 (NCH,CHCH,), 111.8 (NCHCHCH,), 119.1 (NCHCHCH;),
112.1, 121.8, 124.0, 125.9, 127.1, 128.2, 132.8,9,3134.1and 151.4 (GBsH4(C(CH)s-4
and NCgHJN), 191.2 (GamensAQ); vieny: 1391 cnt; % Anal. Caled for GiH24N2AgBr: C,
51.24; H, 4.91; N: 5.69; Found: C, 51.22; H, 41895.67; LC-MS: 716.3 [Ag}]".

Chloro[1-allyl-3-(2,4,6-trimethylbenzyl)benzimidazde-2-ylidene]silver(l), 2c

Yield: 81%; m.p. 205-206C; '"H NMR (400 MHz, CDCJ) & (ppm): 2.24and 2.35 (s, 9H,
CH,CsH2(CH3)3-2,4,6),5.03-5.01 (m, 2H, NCHCH,), 5.16 (d, 1H, NCHCHCH,, J= 16
Hz), 5.29 (d, 1H, NCLCHCH,,J = 12 Hz), 5.49 (s, 2H, I&,CsH2(CH3)3-2,4,6), 5.99-5.90 (m,



1H, NCHCHCH,), 6.99 (s, 2H, ChCsH(CH3)3-2,4,6), 7.27-7.40 and 7.45-7.47 (m, 4H,
NCsH,N). 13C NMR (100 MHz, CDGJ) & (ppm): 20.4 and 21.2 (GBsH2(CHs)s-2,4,6), 47.8
(CH,CgH2(CHs)3-2,4,6), 52.6 (CH,CHCH,), 111.7 (NCHCHCH,), 119.0 (NCHCHCH,),
111.9, 124.2, 124.3, 126.5, 130.3, 131.8, 133.8,31337.5 and 139.6 (GHsH2(CHs);-2,4,6
and (NCgHaN), CearbensAQ: NOt Observedycny: 1388 cn; % Anal. Caled for GH2oNoAgCl:

C, 55.38; H, 5.11; N: 6.46; Found: C, 55.36; H05 M, 6.44; LC-MS: 687.2 [Agi]".

Chloro[1-allyl-3-(2,3,4,5,6-pentamethylbenzyl)benmidazole-2-ylidene]silver(l), 2d

Yield: 76%; m.p. 218-219C, *H NMR (400 MHz, CDCJ) & (ppm): 2.35, 2.22 and 2.31 (s,
15H, (CHCs(CH3)s-2,3,4,5,6), 5.02 (s, 2H, NGCHCH,), 5.16 (d, 1H, NCHCHCH,, J =
17.2 Hz), 5.28 (d, 1H, NC}HCH,, J = 10 Hz), 5.50 (s, 2H, l8,Cs(CHs)s-2,3,4,5,6), 5.95
(quint, 1H, NCHCHCH,, J = 6.54 Hz), 7.44-7.52 (m, 4H, NE4N). **C NMR (100 MHz,
CDCl) & (ppm):17.2 and 17.4 (GIs(CH3)s-2,3,4,5,6), 47.7GH,Cs(CHs)s5-2,3,4,5,6), 52.9
(NCH,CHCH,), 111.4, 112.0, 118.8, 124.1, 124.4, 126.6, 13330, 133.8, 134.3, 134.5 and
137.4 (NCeH4N, NCH,CHCH, and CHCs(CHs)s-2,3,4,5,6)vcny: 1387 cnit; % Anal. Calcd
for CyoHo6N2AQCI: C, 57.22; H, 5.68; N: 6.07; Found: C, 57.2);5.66; N, 6.05; LC-MS:
743.4 [Agly]”.

2.5. Cell viability (MTT) assay

DU-145 prostate cancer cell lines grown in EMEM med MCF-7 and MDA-MB-231
breast cancer cell lines were grown in DMEM mediamad L-929 cell lines grown in RPMI-
1640 medium with L-glutamine supplemented with 1BB& and 1% penicillin/streptomycin
solution under 5% CPat 37 °C humidified air condition. Cells were pmagsd at 70-80%
confluence and the media were changed every tve@ttiays. The anticancer activity of the
salts and complexes were evaluated using the MBayaf27]. Cells including DU-145,
MCF-7, MDA-MB-231, and L-929 were seeded in 96-waHtes at a volume of 1Q0 per
well (1x1C cell/well) and incubated for 24 h at 37 °C in 5% C®Then the cells were further
incubated with various concentrations of the satis Ag-complexes (1, 5, 10 and j20) for

24 h, 48 h, and 72 h. Media without cells were used blank and the control wells contained
cells with media and 0.5% DMSO. After the incubatigeriod, 10 mL of MTT solution (5
mg/mL in PBS, pH 7.2) was added to each well. Samplere further incubated for 2 h at 37
°C in 5% CQ. The medium was replaced with DMSO (100well) to dissolve the formazan
crystals. Cytotoxicity curves and 4€£(uM) concentrations (defined as the concentration o

drug that decreases MTT staining by 50% as compiratn-treated control cells), were



fitted using GraphPad Prism 7 (GraphPad Softwaae, [liego, CA, USA). Each experiment
was repeated at least three times and all dateesgd as mean + SEM.

3. Result and discussion

3.1.Chemistry

N-heterocyclic carbene salts and Ag-NHC complexesewsynthesized as shown and their
chemical structures are summarized in Scheme ISahdme 2. N-heterocyclic carbene salts
were synthesized by reaction of allyl substituteshzimidazolium precursor with different
alkyl halides in DMF at 80 °C. Collapsed products were crystallized in
dichloromethane/diethyl ether for purification. 8yesized NHC salts were reacted with
Ag-0 in dichloromethane at room temperatungler the dark condition and their Ag(l)-NHC
complexes were obtained. Crude products were pdrifiby crystallization in
dichloromethane/diethyl ether. The structure of a#tw compounds characterized by
elemental analysis, FT-IRH NMR and,**C NMR spectroscopy. And for compoufld was
made X-ray crystallography studies.

VY YV
N P THF N DME N
@E /> + C|/\/ + NaH —— @E /> + RX —— ©E+)> X
N N ITI
R
1a-d
/\/ /\/ /\/ p
N
> cr > Br > cr > cr

SRS S

Scheme 1Synthesis of 1-allyl substituted N-heterocyclicheme saltsl(a-d)
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N under dark N

I
R R

2a-d

N N N N
©E >—Ag—Cl ©E >—Ag—Br @E >—Ag—Cl >—Ag—Cl
N N N N

2a 2b 2c 2d

Scheme 2Synthesis of Ag-NHC complexe2¢-d)

The FT-IR spectra for all NHC salt$g-d) showed the aliphatic and aromatic C-H stretching
vibrational bands at around 2867—-2997 'crand 3015-3185 cih) respectively. C=C
stretching vibration modes of all compounds werensat around 1609-1680 &m
Benzimidazole ring C=N vibrations of benzimidazatisalts {a-d) were assigned at around
1545-1556 cnl. These vibrations have shown a shift in the Ag-NEt@nplex pa-d) at
around 1387-1394 cfh This negative shift is because of the electrdjpvesimetal center
which pulls electron density towards itself andaagesult C=N vibrations shifts to the lesser
energy region in the complex.

NMR spectra of all the compounds were analyzed@DCk. In the'H NMR spectra, acidic
protons (NCHN) for benzimidazolium saltéaftd) were seen at 11.85, 11.55, 11.36 and
10.91 ppm, respectively, as a characteristic sharglet. Formation of Ag-NHC complexes
(2a-d) were evidenced by the disappearance of tigicaproton peak. For saltsld-d),
aromatic protons appeared in the range 7.19-7.7%. pylylic N-CH, protons atla and1b
salts came to at 5.35 and 5.34 ppm as the douBl@tda and1, protons at the terminal G
and -(H- protons on allyl group were observed at 5.54-2a60 6.08-6.16 ppm as multiplet
for 1la and at 5.45-5.53 and 6.11-6.23 ppm as the musiglar 1b. N-CH, protons and
terminal -CH, protons of allyl group belonging tthic and 1d salts came to together as
multiplet at 5.32-5.37 and 5.29-5.38 ppm, respetyivi he —@ protons of allyl groups dtc
and 1d salts were detected at 5.99-6.09 and 5.96-6.04 apra multiplet. Benzylic 44,
protons at benzimidazolium saltkafd) were observed at 5.84, 5.85, 5.79 and 5.77 ppen as
sharp singlet, respectively. Methyl protons of bendazolium salts 1a-d) appeared at 1.19
ppm as a multiplet, at 1.26 ppm as a singlet,28 and 2.32 ppm as two singlets and at 2.18,
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2.21 and 2.23 ppm as three singlets, respectitelthe **C NMR spectra, aromatic carbons
on benzimidazolium saltslé-d) were detected in the range at 113.7-152.4 pp@HN
carben carbon on saltdég-d) signaled at 143.6, 142.7, 143.6 and 143.3 ppspedively.
Terminal CH; carbons of allyl group ofta and1b gave a peak at 113. 7 ppm and the same
carbons oric and1ld gave a peak at 113.6 ppm. Ha-d salts, -NCH, and -€H- carbons on
allyl groups appeared in the range at 50.1-51.3 @muh 121.0-122.0 ppm, respectively.
Benzylic carbons of benzyl groups were observesdal, 50.2, 47.2 and 48.9 ppm fa-d,
respectively. Observed peaks in the range at 17.D43m were attributed to methyl carbons
on the salts’H NMR spectra and*C NMR spectra of benzimidazolium saltsa¢d) are
compatible with each other. After complexatiid, NMR and**C NMR spectra of Ag-NHC
complexes were observed to almost close of specin@sponding benzimidazolium salts,
except for two characteristic peaks. The first leémh was the disappearance of an acidic
proton peak at spectra of Ag-NHC complexes whichfiomed that the Ag-NHC complexes
(2a-d) were synthesized. The second one wd&NNcarben resonance on the Ag-NHC
complexes Za-d) which shifted much downfield region compared lte torresponding the
benzimidazolium saltsl@-d). Carben peaks of Ag-NHC complexasand2b were observed

at 189.0 and 191.2 ppm slightly and was not obsefge2c and2d. These values, and the
lack of the carben peak are in agreement with tedodata for similar Ag-NHC

complexed?®

3.2. X-ray crystallography for 2d
Crystal data and collection details of chloro[lyaB-(2,3,4,5,6-pentamethylbenzyl)

benzimidazole-2-ylidene]silver(l)2d, (Figure 1) are given in Table 1. The relevant
crystallographic for2d has been deposited at Cambridge Crystallograplata [Center
(CCDC) with No. 1588742. See the Supplementary Natefor more details on complete
NMR, FT-IR, LC-MS data and X-ray crystallographyudies.

Table 1. The crystal data and collection detail2df

Crystal data of chloro[1-allyl-3-(2,3,4,5,6-pentamgbenzyl)benzimidazole-2-ylidenelsilver(l)
Chemical formula &H26AgCIN,

M, 461.77

Crystal system, space group Monoclir@y/c

Temperature (K) 296

a b c(A) 10.9722 (15), 14.5472 (19), 13.1839 (19)

B (9 99.309 (4)

V (A3 2076.6 (5)
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Z 4

Radiation type Mo Ka

g (mm?) 1.11

Crystal size (mm) 0.44 x 0.40 x 0.37
Trmins Tmax 0.570, 0.746

No. of measured, independent and
observedI[> 20(1)] reflections

12120, 4011, 3350

Rint 0.034

(SINB/N) max (A 0.617

R[F? > 20(F?)], wR(F?), S 0.031, 0.087, 1.04
No. of reflections 4011

No. of parameters 241

No. of restraints 8

H-atom treatment

H-atom parameters constrained

Apmax: Apmin (e AS)

0.34, -0.36

Figure 1: PLATON drawing of the2d compound with the atomic numbering scheme.
Displacement ellipsoids are drawn at 50 % probigtddivel. The H-atoms are shown as small

circles of arbitrary radii.
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3.3. In vitro anticancer dfects of NHC salts and Ag complexes
The cytotoxicity of the salt¢la-d) and Ag-complexeg2a-d) in DU-145 human prostate

cancer cells, MCF-7, MDA-MB-231 breast cancer ¢ellsd L-929 normal adipose cells were
done by assessing their ability to alter 3(4,5-dinhiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) staining over a period of 24 h, 4&hd 72 H?"! The cytotoxicity of the
complexes was found to be concentration- and tiepeddent (Figure 2)5
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DU-145
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Figure 2. Cell proliferation was determined by MTT assay. D4b cells treated with 1, 5, 10 and 20 puM of sélis-d) and Ag-NHC
complexeq2a-d) for 24, 48 and 72 h. DMSO treated cells were wsedehicle control. Data are representative ofntiean of three separate
experiments done in triplicate (x SEM). (*p<0.00@&lcontrol).
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MCF-7
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Figure 3. Cell proliferation was determined by MTT stainidCF-7 cells treated with 1, 5, 10 and 20 uM of séla-d) and Ag-complexes
(2a-d) for 24, 48 and 72 h. DMSO treated cells were wetehicle control. Data are representative ohtkan of three separate experiments
done in triplicate (£ SEM). (*p<0.0001 vs control).

14



MDA-MB-231 | MDA-MB-231
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Figure 4. Cell proliferation was determined by MTT stainifgDA-MB-231 cells treated with 1, 5, 10 and 20 uMsalts (a-d) and Ag-
complexes Za-d) for 24, 48 and 72 h. DMSO treated cells were usedehicle control. Data are representative ofntlean of three separate
experiments done in triplicate (x SEM). (*p<0.00&lcontrol).
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L-929
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Figure 5. Cell proliferation was determined by MTT stainihg929 cells treated with 1, 5, 10 and 20uM ofséla-d) and Ag-complexe2@-
d) for 24, 48 and 72 h. DMSO treated cells were wedehicle control. Data are representative ofiiean of three separate experiments done
in triplicate (x SEM). (*p<0.0001 vs control).
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The data were used to calculatgd@alues. These values ranged up 1 to 20 uM, suggest
that Ag(l)-NHC complexes exhibited anticancer atgivagainst all cell lines to a different
degree (Table 2). As shown in Table 2, thgyMalues varied among different complexes and
appeared to be cell-line dependent. Comple&ees show marked potencies compared with
the respective the sallsa-d. The results indicated that these complexes hatenp activity
against the three cancer cell lines studied, aactiicacy of complex2d is much higher than
that of complexea, 2b and 2c.
2c>2a>2b>.

In general, on the Kg followed the order of2d>

Table 2 Inhibition of cell viability (IGo + SEM, uM) of the free salt§la-d) and Ag-
complexes (2a-d) on DU-145 (prostate carcinoma), MCF-7, MDA-MB-2Bfdast
carcinoma) and L-929 (non-cancer cell lifiedfjer 48 h of incubation

Compounds DU-145 MCF-7 MDA-MB-231 L-929
48 h(ICso, uM")

la 4.96 +0.35 6.17 + 0.84 10.4 +0.33 >20
1b 362+0.18 261+0.18 3.85+0.31 15.62+0.33
1c 491+0.20 5.10+0.29 10.8 + 0.17 >20
1d 299+0.16 1.15+048  6.18+0.58 14.7+0.40
2a 1.69 + 0.21 214+0.13 1.10+0.19 14.2 +0.22
2b 2.09 +0.43 2.19+0.22 1.57+0.19 8.93+0.12
2¢c 1.41 + 0.55 <1 <1 4.67 +0.11
2d 1.21 +0.23 <1 <1 3.56 +0.20

3Non-cancer cells® Cytotixicity aslCs,for each cell lines is in average of three indepemndxperiments after
treatment for 48 h (+ SEM).

Compared with healthy cells, it was found tRatis 8.4 fold, 6.63-fold and more than 12.9-
fold more toxic,2b is 1.88-fold, 4-fold and more than 5.68 fold more ¢gkic to DU-145,
MCF-7, and MDA-MB-231 cancer cells, respectiveBc is more than 4.67-fold more
cytotoxic to MCF-7 and MDA-MB-231 cancer cells amibre than 3.31-fold to DU-145
cells. 2d is more than 3.56-fold more cytotoxic to MCF-7 ad®A-MB-231 cancer
cells more than 2.94-fold on DU-145 cells, for 48 h

Complexes2c and 2d, with a -CH substituent group on the benzene ring, were more
cytotoxic than the other complexes. The efficacy2dfwas higher thar2c, which may be
attributed to the increased -gBubstituent group. Moreover, the additional sGjrbup in the
benzene ring can also contribute to the lipophyliof the complexes. The higher efficacy of
complex2c and2d may also be related to their faster rate of hydisl The cytotoxicities of

2a were higher tharzb, which may be attributed to the isopropyl bengybstituent on the
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benzene ringmore than thetert-butyl benzyl substituent on the benzene riAd). Ag-
complexes exhibited increased efficacy against MQfells than cisplatin (I§ values; 3.19
uM) after 48 h [28].This correlates to the reports that the silverhase complexes play
important role in the antitumor activity of thesemplexes. In addition, the ¥gvalue of salts
and Ag-complexes for L-929 mouse adipose fibrobl@sis-cancer cells) were all above the
ICs50 value of the cancer cell lines tested, which satgythat the salts and Ag-complexes act
very specifically on cancer cells. Interestingly,adithe complexes exhibit a certain degree of

selectivity towards cancer cells.

4. Conclusion

In the present workiour benzimidazole-based N-heterocyclic carbamel their Ag(l)-NHC
complexeshave been designed, synthesized and charactefibedassessment of efficacy
usingin vitro studies indicate that these complexes inhibit caocek growth in at least three
different cells (DU-145, MCF-7 and MDA-MB-231) espally 2c and 2d. Notably, these
complexes showed lower efficacy against non-canegived from mouse adipose (L-929
cells). The findings of the present work conclude thatifopropyl benzyksubstituents on
the benzene ring increased the efficacy of thesgptexes to a greater degree theart-butyl
benzyl substituents on the benzene ring. In additioe additional Cklgroup in the benzene
ring can also contribute to the anticancer actigitthese complexes. These results will direct
the focus of our future research program to modlions of these derivatives, which may be

necessary to further improve efficacy.

Appendix A. Supplementary data

CCDC 1588742 contain the supplementary crystalfggradata for the compounds
reported in this article. These data can be obdainee of charge from The Cambridge
Crystallographic Data Centkea https://www.ccdc.cam.ac.uk/structures.
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Highlights

-N-heterocyclic carbene ligands (NHC) and their Ag(l)-NHC complexes have been
synthesized.

-All the ligands and compl exes were characterized by spectroscopic methods.

-All compounds have been applied for the anticancer activity on MCF-7, MDA-MB-231
breast cancer and DU-145 prostate cancer cells.

-The Ag(1)-NHC complexes showed a dose and time-dependent cytotoxic activity against all

cel lines.



