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Abstract

The reaction of [RuCly(p-cymene)], with in situ prepared Ag-N-heterocyclic carbene (NHC) complexes yields a series of
[RuCly(p-cymene) (NHC)] complexes 3. The structures of complexes were established by appropriate spectroscopic methods
and elemental analyses. The biological activities of the synthesized ligands and their Ru (II) complexes as acetylcholinesterase,
antimicrobial, and antioxidant agents were evaluated. The lowest MICs values were obtained with the two complexes 3b and
3d. The enzymatic inhibitory investigation against acetylcholinesterase (AChE) and tyrosinase (TyrE), showed that the two
complexes 3b and 3d are the most potent inhibitors against (AchE) with an ICso of 2.52 and 5.06 pg mL-1 respectively, and
against (TyrE) with an ICso of 19.88 and 24.95 pg mL-1 respectively. Additionally, DPPH (2,2-diphenyl-1-picrylhydrazyl) has
been tested for its ability to scavenge hydrogen peroxide and free radicals. According to our results, these compounds exhibit
excellent radical scavenging properties

Keywords: Strucutre analysis , Catalysts , Catalysis , Biological activity, N-Heterocyclic carbene, benzimidazolium salts,
ruthenium complexes, silver complexes.

have special consideration and have been evaluated

1. Introduction against different cancer cell lines as promising

alternates for the  well-known  diamine-
Nowadays, the use of organometallic and inorganic dichloroplatinum  (II)  (cisplatin) and  its
compounds is very common in contemporary derivatives.(22) Ruthenium accesses +2 and +3
medication (1-2). N-heterocyclic carbene (NHC) oxidation states at physiological conditions and can
complexes are the new promising members of bind to proteins, nucleic acids, sulfur, or oxygen-
organometallic complexes for drug formulation (3-7). containing compounds in the cells (23-25).
The first study on the biological activities of NHC Furthermore, the interaction kinetics of ruthenium
complexes was reported by Cetinkaya (8-11) and co- complexes with the cell components can be optimized
workers. A number of research groups, including ours, depending on the nature of their ligand. This permits
have synthesized functionalized NHC complexes and the ligand exchange rates of ruthenium complexes to
explored their biological properties for this purpose be close to those of cellular processes which make
(12-16). Some studies showed that the main target of them well-adapted for various medicinal applications.
palladium NHCs in cancer cells is DNA similar to Therefore, compared with platinum-based drugs,
cisplatin (17). In this regard, ruthenium (II/II) tpy ruthenium compounds might exhibit a higher
complexes have been extensively investigated as cytostatic activity against various cancer cells and
anticancer and antimicrobial drugs as well as DNA could also be effective in the cells resistant to cisplatin.
binding agents.(18-21) In particular, in the design of In addition, ruthenium complexes have emerged as a
innovative anticancer drugs, ruthenium tpy complexes new and very interesting class of biologically active
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agents. Our research group is also studying metal
complexes with different biological activites (26-28).
We are currently researching novel functional NHC
ligands, which provide a favorable environment for the
development and valorization of metal compounds. In
this paper, we have synthesized and characterized a
new series of Ru(II)-NHC complexes containing
benzimidazole. The structures of the new compounds
were characterized by different spectroscopic and
analytical methods. Furthemore, their different
biological activities such as antimicrobial activity,
antioxidant activity and enzymatic inhibitory were
studied.

2. Experimental
2.1. General methods

All manipulations were carried out under argon using
standard Schlenk line techniques. Chemicals and
solvents were purchased from Sigma-Aldrich Co.
(Poole, Dorset, UK). The solvents used were purified
by distillation over the drying agents indicated and
were transferred under argon. Melting points were
measures in open capillary tubes with an
Electrothermal-9200 melting points apparatus. IR
spectra were recorded on ATR unit in the range of 400-
4000 cm-! with Perkin Elmer Spectrum 100
Spectrophotometer. 'H NMR and *C NMR spectra
were recorded using Bruker Avance AMX and Bruker
Avance 11l spectrometer operating at 400 MHz (‘H
NMR) and at 100 MHz (*C NMR) in CDCl3 with
TMS added. NMR multiplicities are abbreviated as
follows: s = singlet, d = doublet, t = triplet, hept =
heptet, and m = multiplet signal The NMR studies
were carried out in high-quality Smm NMR tubes. The
chemical shifts (d) are reported in ppm relative to
CDCls. Coupling constants (J values) are given in
hertz. Elemental analyses were performed by LECO
CHNS-932 elementary chemical analyzer.

2.2. Synthesis of ligands (2a-d)

A mixture of benzimidazolium salt 1 (1 g) and the
corresponding benzyl bromide (leq) in DMF (2 ml)
was stirred at 70°C for 2-3 days. After that time, the
white solid formed was washed with diethyl ether (20
ml) and stirred for a couple of hours. Then the reaction
mixture was filtered through filter paper and the white
solid was dried under vaccum then crystallized with
DCM-ether (1:3) for further purification

5-methyl-1,3-bis(2,3,4,5-pentamethylbenzyl)-1H-
benzo|[d]imidazol-3-ium bromide 2a

m.p. 312°C. Yield (95%). v(CN)= 1441cm™ . 'H NMR
(CDCl3, 400MHz) & (ppm) 2.17(s, 9H, CH3), 2.28(s,
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9H, 3CH3), 2.23(s, 3H, CH3), 2.23(s, 3H, CHs), 2.35(s,
3H, CH;),6.92-7.40 (m, Harom). 9.85 (s, 1H,
H2).*CNMR(CDCls, 101MHz) 3 (ppm):
16.01(2CH3), 19.12(3CH3), 16.9(CH3), 21.01(CHa),
21.2(CHs), 53.1(C1), 50.2(C’), 127.7-135.2 (Carom),
141. 5(Cz).Anal. Calcd for C29H3sBrN» : C, 70.87%;
H, 7.18%; N, 5.70%. Found: C, 70.8; H, 7.1; N, 5.8%.

5-methyl-1,3-bis(2,6-dimethylbenzyl)-1H-
benzo[d]imidazol-3-ium bromide 2b

m.p. 215°C. Yield (90%). v(CN)= 1456cm-1 . 'H
NMR (CDCl3, 400MHz) & (ppm) 2.15(s, 6H, 2CH3),
2.23(s, 9H, 3CHs), 2.21(s, 3H, CH3), 4.40(s, 2H, CH>),
4.45(s, 2H, CH>), 6.74-7.45(m, Harom). 10.34 (s, 1H,
H»).3CNMR(CDCl3, 101MHz) § (ppm): 15.9(2CH3),
18.14(3CH3), 16.3(CHs), 53.2(C1), 50.3(Cy), 127.5-
1354 (Carom), 141. 3(Cz). Anal. Caled for
C27H31BrNz : C, 69.97%; H, 6.74%; N, 6.04%. Found:
C,69.9; H, 6.8; N, 6.1%.

5-methyl-1,3- ((4-(tert-butyl)-4-methyl-benzyl)-
1H-benzo[d]imidazol-3-ium bromide 2¢

m.p. 293°C. Yield (86%). v(CN)= 1428cm-1 . 'H
NMR (CDCl3, 400MHz) & (ppm) 2.15(s, 6H, 2CHj3),
2.22(s, 9H, 3CHz), 2.32(m,1H,CH), 4.51(s,2H, CH2) ,
4.45(s,2H, CH») ,6.36-7.47(m, Harom). 11.83 (s, 1H,
H»). BCNMR(CDCl3, 101MHz) § (ppm): 15.5(2CH3),
18.153CH3), 53.1(C1), 50.4(Cy), 127.6-135.5
(Carom), 141. 7(Cs). Anal. Calcd for Co7H31BrNz : C,
69.97%; H, 6.74%; N, 6.04%. Found: C, 69.9; H, 6.8;
N, 6.1%.

5-methyl-1,3-(3,5)-dimethyl-4-methylbenzyl)-2,3-
dihydro-1H-benzo[d]imidazolium bromide (2d)
Yield: 92%; M.p.= 235°C; FT-IR (KBr) (cm-1): =
1567 (C=N); 1359 (C-N) cm' ; 'H NMR (CDCls,
400MHz) 6 (ppm) 2.12(s, 6H, 2CH3), 2.231(s, 6H,
2CHs), 4.43(s, 2H, CH2), 4.47(s, 2H, CH2), 6.35-
7.47(m, Harom). 11.58 (s, 1H, Hz). *CNMR(CDCls,
10IMHz) & (ppm): 15.7(2CHs), 18.12(2CH3),
53.1(C1), 50.4(Cr), 125.5-136.4 (Carom), 141. 5(Cz).
Anal. Calcd for C27H31BrN: : C, 68.96 %; H, 6.25%;
N, 6.43%. Found: C, 68.9; H, 6.2; N, 6.15%

2.3.Synthesis of ruthenium N-heterocyclic
Carbene complexes (3a-3d) :

Ag0 (0.54 mmol) was added to a solution of
benzimidazole salts 2 (1.08 mmol) in dichloromethane
(25 mL) under an atmosphere of argon. The mixture
was stirred for 24 h at room temperature, covered with
aluminum foil, and then filtered through celite to
remove the formed AgBr. [RuClx(pcymene)]> (0.5
mmol) was added to the colorless solution, and the
reaction mixture was stirred for 24 h at room
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temperature. The resulting mixture was filtered
through celite, and the solvent was removed under
vacuum to afford the product. The crude product was
recrystallized from dichloromethane:diethyl ether
(1:2) at room temperature. The orangebrown crystals
were filtered off, washed with diethyl ether (3 x 10
mL) and dried under vacuum.The structure of Ru-
NHC complexes were determined by IR and NMR
analysis

5-methyl-[1,3-(2,3,4,5-pentamethyl-2,4,6-
trimethyl)-benzimidazol-2-ylidene](p-cymene)
ruthenium(II) chloride, (3a)

Yield: (80 %); m.p= 204°C. FT-
IR(KBr)v(CN)(cm-))=1404.'"HNMR (300 MHz,
CDCls, 6(ppm)): 1.2 (d,6H,CH3),2.28((s,3H,CH3), 1.2
(d,6H,CH3),2.36 (m,1H,CH3), 2.1 (s,3H,CHs3), 2.28
(s,9H,CH3), 2.18 (s,12H,4CHs), 4.6 (s,2H,CH>), 4.5
(s,2H,CH2),6.35-7.35(m,Harom).3C NMR (CDCls,
75 MHz) (6 (ppm)):19.4(4CHs), 21.2 (CH3), 21.3
(CHs3), 21.9 (CH) 23.2(2CH3) ,21.9 ( 3CHa), 50.9 (Cy,
CH»); 47.9 (Ci, CH2), 126.1-135.6(Carom). 189.2
(C2). Anal. Calcd for C41Hs3RuN2Cl : C, 65.35%; H,
6.75%; N, 3.91%. Found: C, 65.4; H, 6.7; N, 3.9%.

5-methyl-[1,3-(2,6-dimethyl-2,4,6-trimethyl)-
benzimidazol-2-ylidene](p-cymene) ruthenium(II)
chloride, (3b)

Yield: (88 %); m.p=184°C. FT-IR(KBr)v(CN)(cm-!)=
1418 ; 'HNMR (300 MHz, CDCls, 8(ppm)): 2.15
(s,3H,CH3),2.28((s,6H,2CHa), 2.12(s,3H,CHj3),1.1
(d,6H,2CHs3),2.29 (s,6H,2CH3), 2.29(s,6H,2CH3),
2.28 (s,9H,CHa3), 2.18 (s,12H,4CH3), 4.6 (s,2H,CH>),
45  (s,2H,CH»),6.34-7.36(m,Harom).*C  NMR
(CDCl3, 75 MHz) (8 (ppm)):19.2(3CH3), 21.1 (CH3),
21.2(CHs3), 21.8 (CH) ,22.1(2CH3) ,21.7 ( 2CH3), 50.8
(Cr, CH2); 47.7 (C1, CH), 126.2-135.8(Carom). 187.8
(C2). Anal. Caled for C37H44CI:N2Ru : C, 64.52 %; H,
6.44 %; N, 4.07 %. Found: C, 64.5; H, 6.4; N, 4.1%.

5-methyl-[1,3-(4-(tert-butyl) -4-methyl) -
benzimidazol-2-ylidene] (p-cymene) ruthenium (II)
chloride, (3¢)

Yield: (87 %); m.p=224°C. FT-IR(KBr)v(CN)(cm-1)=
1609 (C-N). 'HNMR (300 MHz, CDCls,
S(ppm)):1.21(s,6H,2CH3), 1.31
(s,9H,3CH3),2.28((s,3H, CHs), 2.11(s,3H,CHs),
2.85(d,1H,CH), 4.61 (s,2H,CH>), 4.62
(s,2H,CH2),6.35-7.39(m,Harom).'*C NMR (CDCls,
75 MHz) (8 (ppm)):31.2(3CH3), 23.1 (2CH3),
21.1(2CHa), 21.1 (CH3) , 33.1 ( CH), 51.8 (Cr-, CHy);
52.7(Ci1, CHz), 126.3-142.8(Carom). 188.9 (Cz). Anal.
Calcd for C37Ha4CloN2Ru : C, 64.52 %; H, 6.44 %; N,
4.07 %. Found: C, 64.5; H, 6.4; N, 4.1%.
5-methyl-[1,3-(3,5)dimethyl-4-methyl)-
benzimidazol-2-ylidene](p-cymene) ruthenium(II)
chloride, (3d)
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Yield: (90 %); m.p=210°C. FT-IR(KBr)v(CN)(cm-!)=
1409 (C-N). 'HNMR (300 MHz, CDCls,
3(ppm)):1.20(s,6H,2CH3), 2.13
(s,6H,2CH3),2.28((s,3H, CHs), 2.28(s,3H,CHs),
2.31(s,3H,CHs), 2.86(d,1H,CH), 4.62 (s,2H,CH>),
4.63  (s,2H,CH2),6.37-7.35(m,Harom).3*C  NMR
(CDCls, 75 MHz) (8 (ppm)):21.3(3CH3), 23.1 (2CH3),
21.4(CHs), 19.1 (CHs) , 33.2 ( CH), 50.3 (Cr, CH);
52.6 (Ci, CHz), 126.4-143.5(Carom). 189.0 (C).
Anal. Calcd for C3sH3sCI2N2Ru : C, 63.82 %; H, 5.82
%; N, 4.25 %. Found: C, 63.8; H, 5.8; N, 4.2%.

2.4. Biological activities
2.4.1. Antibacterial activity:

Bacterial strains, media and growth conditions
Bacteria strains used as indicator microorganisms for
the antibacterial activity assays were: Micrococcus
luteus (M. luteus) LB 14110, Staphylococcus aureus
(S. aureus) ATCC6538, Listeria monocytogenes (L.
monocytogenes)  ATCC 19117,  Salmonella
Typhimurium (S. Typhimurium) ATCC 14028, and
Pseudomonas aeruginosa (P. aeruginosa) ATCC
49189 were obtained from International Culture
Collections (ATCC). These bacterial strains were
grown overnight in Luria-Bertani (LB) agar medium
(g/L): peptone 10; yeast extract 5 and NaCl 5 at pH 7.2
under aerobic conditions and constant agitation (200
rpm) at 30°C for M. luteus LB14110 and L.
monocytogenes ATCC 19117 and at 37 °C for S.
aureus ATCC 6538, S. Typhimurium ATCC 14028
and P. aeruginosa ATCC49189, and then diluted
1:100 in LB media and incubated for 5 h under
constant agitation (200 rpm) at the appropriate
temperature.

Agar well diffusion method

Agar well diffusion method was employed for the
determination of the antimicrobials activity of the
synthesized compounds according to Giiven et al. (29)
with some modifications. Briefly, the synthesized
compounds are allowed to diffuse out into the
appropriate agar medium (LB agar medium) and
interact in a plate freshly seeded with a suspension of
the indicators microorganisms (0.1 ml of 108 cells per
ml). The plate was incubated at the appropriate
temperature after staying at 4°C for 2 h. The resulting
zones of inhibition will be uniformly circular as there
will be a confluent lawn of growth. The antibacterial
activity was assayed by measuring in millimeters the
diameter of the inhibition zone formed around the
well. All tests are assayed in triplicate and expressed
as the average + standard deviation of the
measurements.

Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) of the
synthesized compounds was determined by NCCLS
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guideline M7-A6 and M38-P (National Committee for
clinical laboratory standard, Wayne 1998) (30). The
test was performed in sterile 96-well microplates with
a final volume in each microplate well of 100 pl. The
synthesized compounds (20 mg/mL) were properly
prepared in  solution of  dimethylsulfoxide
(DMSO)/water (1/9; v/v). The inhibitory activity of
each synthesized compound was transferred to each
well to obtain a twofold serial dilution of the original
sample and visible growth after incubation. As an
indicator of microorganism growth, 25 ul of Thiazolyl
Blue Tetrazolium Bromide (MTT), indicator solution
(0.5 mg/ml) dissolved in sterile water was added to the
wells and incubated at room temperature for 30 min.
This determination was done in triplicate and the
obtained results were very similar. The reported value
is the average of the three tests.

2.4.2. Enzymatic inhibitory

Acetylcholinesterase inhibitory (AChEI).

(AChEI) activity was measured according to
spectrophotometric  method of  Electric eel
AChE described by Ellman et al.(31)
Acetylthiocholine iodide (ATCI) was employed as
substrate of the reaction and 5,5’-Dithiobis-(2-
nitrobenzoic acid) (DTNB) was used for the
measurement of the antiacetylcholinesterase activity.

Antityrosinase activity

The tyrosinase inhibitory activity was
determined spectrophotometrically according to
Rangkadilok et a/.,(32) using L-tyrosine as substrate
and carried out in a 96-well microplate

Antioxidant activity

Antioxidant activity was expressed as ICso
(the concentration that causes 50 % of the effect). The
antioxidant activity of the synthesized compounds was
assessed by three different techniques which are: the
2.2-diphenyl-1-picrylhydrazyl (DPPH), the 2.2'-
azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)
(ABTS) radicals scavenging and the [J-carotene
linoleic  acid  bleaching  assay.  Butylated
hydroxytoluene (BHT), known as a strong antioxidant
compound, was used as a control.

(DPPH) radical scavenging activity

Briefly, synthesized compounds were dissolved in
dimethylsulfoxide (DMSO)/water (1/9; v/v) and
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diluted with ultrapure water at different concentrations
(1,0.5,0.250,0.125, 0.0625, 0.03125 mg mL!). Then,
500 pL of a 4% (w/v) solution of DPPH radical in
ethanol was mixed with 500 pL of samples. The
mixture was incubated for 30 min in the dark at room
temperature.(33) The scavenging capacity was
determined spectrophotometrically by monitoring the
decrease in absorbance at 517 nm against a blank. The
percentage of antiradical activity (% ArA) had been
calculated as follows :

% ArA = [(absorbance of control - absorbance of test
sample) / absorbance of Control] X 100

(ABTS) radical scavenging activity protocol.
ABTS radical scavenging activity. This determination
was carried out according to Re et al. (34 protocol.
Twenty mL of solution of synthesized compounds or
control were mixed with 18 mL of ABTS solution; the
whole was mixed vigorously for 30 s. A control
consisting of ethanol and ultrapure water was prepared
(5:5) v/v to which the previous solution was added.
White is ethanol and ultrapure water (5:5) v/v.
Samples and controls were incubated for 6 min in the
dark, then the OD was measured at 734 nm. The
calculation is done according to the following formula:
Inhibition (%) = [(Absorbance control-Absorbance
sample)/Absorbance Control] X 100 : absorbance
of the control, Ae: absorbance of the sample

3. Results and discussion
3.1. Preparation of benzimidazolium salts 2a-d

The benzimidazoles salts (2a-d) were prepared via the
two step N-alkylation process as depicted in Figure 1.
Compound 1 was obtained by N-alkylation of 5-
methyl benzimidazole with aryl bromide in the
presence of KOH in EtOH at 80°C for 8 h. The
benzimidazolium salts (2a-d) were prepared by
reacting compound (1) with various aryl bromide in
DMF at 70°C for 24 h (Figure 1). The reaction has
been monitored following thin layer chromatography,
and after this time the formation of salts (2a-d), has
been observed for every target compound. The
benzimidazolium salts (2a-d) were air- and moisture
stable both in the solid state and in solution. The FTIR
spectroscopy, ! H- and *C{1H} NMR spectroscopy,
and elemental analysis data of the title compounds
confirm the proposed structures.
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Figure 1 : General preparation and strucutres of benzimidazolium salts (2a-2d)

The 'H NMR spectra of precursors 2a-2d show a
characteristic downfield shift in the range & 9.85-
11.83 ppm for the NCHN proton, attributable to the
positive charge of the molecule. (35) The 'H NMR
spectra of the benzimidazolium salts further supported
the assigned structures; the resonances for C(2)- H
were observed as sharp singlets at 9.85, 10.34,11.83
and 11.58 ppm, respectively, for 2a—c. *C NMR
chemical shifts were consistent with the proposed
structures; the imino carbon are typical singlets in the
1H-decoupled mode at 141.5, 143.3 , 141.7 and
141.5ppm, respectively, for benzimidazolium
bromides 2a-d. In the *C NMR spectra, similarly,
aromatic rings were observed in the region 113.38—
152.82 ppm, while the aliphatic region evidenced a set
of peaks in the range 20.76-35.18 ppm, which were
assigned to the resonance of aliphatic carbon nuclei.
These values are in good agreement with the
previously reported results. (36)
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Preparation of ruthenium-carbene complexes 3a-
3d

Ru(I)-NHC complexes (3a-d) are prepared using a
variety of methods. One of the most useful approaches
in this regard is transmetalation with Ag-NHC
complexes. The use of silver-carbene complexes as a
carbene transfer agent avoids complicated working
difficulties. (37) The new [RuClzx(p-cymene)(NHC)]
complexes (3a-3d) were prepared using a two-step
process by transmetalling the respective silver NHC
derivatives without isolation, the silver-NHC
complexes were used in situ. Then, adding [RuClz(p-
cymene)]z to the mixture gave orange-brown
complexes with good yields (80-90%). Ruthenium
carbene complexes (3a-3d) are soluble in solvents
such as chloroform, dichloromethane; and
tetrahydrofuran, but not in nonpolar solvents.
Synthesis and structures of Ru(II)-NHCs are given in
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Figure 2. The structures of complexes 3a-3d were
established by 'H NMR, *C NMR and IR
spectroscopic techniques and elemental analyses

Agzo

N anhydrous DCM
\©[@> ( x=Br)

N 25°C,48h
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1
[RuCly(p-cymene)],
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R

i ; 3ad R
N C
\©[ >Ru
N g
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Figure 2: General preparation of ruthenium N-Heterocyclic carbene complexes (3a-3d)

The aromatic protons of complexes 3a-3d appeared
between 6.34-7.36 ppm as a multiplet while methylic
protons appeared between 1.2 and 2.31 ppm as
singlets. —CH-Protons of the p-cymene group on all
complexes (3a-3d) are seen as heptets in the range
from 2.64 to 2.86 ppm. In the 'H-NMR spectra of (3a-
3d), (NCH2) resonated at between 4.5-4.6 ppm as a
doublet. The complexes exhibit '3C chemical shifts of
carbene carbon at 189.2, 187.8, 188.9 and 189.0 ppm,
respectively. The data are close to those reported for
other Ru-NHC complexes (38) which confirmed the
transmetallation between silver and ruthenium. In
order to explain the structures of our complexes in
more detail, a suitable crystal of the Ru complex for
single-crystal Xray diffraction study was tried to be
obtained many times by solvent diffusion method
using various solvent systems such as CH2Cl/Et20,
EtOH/Et20, and etc. But, despite all efforts, a suitable
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single crystal for X-ray analysis could not be obtained
from the Ru-complexes. In addition, the
benzimidazoles salts 2 and their Ru-complexes 3 are
further characterized by CHN microelemental
analyses and the data obtained is in well agreement
with the calculated percentages of these elements with
an acceptable limit of variation with +0.4% in all the
cases. The elemental analysis data of the complexes
confirmed their expected stoichiometry and the
percentage yield varied from 43%—63%.

3.2.Biological evaluation
3.2.1. Antimicrobial activity

The synthesized compounds were examined in vitro
for their antimicrobial activity using the agar well
diffusion method. Six indicator microorganisms were
used which are S. aureus and L. monocytogenes, E.
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coli, P. aeruginosa and S. typhimurium and the fungus
C. albicans. S. aureus is an eminent human pathogen
that can colonize the human host and cause severe life-
threatening illnesses. (39) L. monocytogenes, a
facultative anaerobic bacterium, is a species of
pathogenic bacteria that causes the infection of
listeriosis. It can grow and reproduce inside the host's
cells and is one of the most virulent foodborne
pathogens.(40) 20 to 30% of foodborne listeriosis
infections in high-risk individuals may be fatal.(40) P.
aeruginosa, is an opportunistic gram-negative bacillus
that is responsible for a wide variety of infections in
humans ranging from relatively uncomplicated urinary
tract infections to severe and life-threatening
infections, including neonatal sepsis and chronic lung
infections in patients with cystic fibrosis.(41) S.
typhimurium the causative agent of typhoid fever is a
major public health threat and an estimated 26.9
million cases resulting in approximately 217,000
deaths occur annually by this pathogenic
bacterium.(42) C. albicans is a ubiquitous pathobiotic
microorganism, a member of commensal flora, which

immunocompromised patients. Candidiasis caused by
C. albicans may be superficial or profound. (43)
Despite the fact that common C. albicans infections
are easily treatable, systemic infection, frequently of
nosocomial nature, have a high mortality rate. (44)
The antimicrobial activity of the synthesized
compounds N-Heterocyclic carbene (NHC) ligands
(2a-2d) and their respective ruthenium(II) complexes
(3a-3d) against the five indicator microorganisms was
shown in Figure 3. Complexes 3b and 3d presented
inhibitory activity against all tested indicator
microorganisms and the highest inhibition of growth
was obtained with these two synthesized compounds
(Figure 3). Complex 3¢ causes inhibition zones of 22,
23, 21 and 25 mm against S. aureus, L.
monocytogenes, E. coli, P. aeruginosa, S.
typhimurium and C. albicans respectively (Figure 3).
Synthesized compound 3a causes inhibition zones of
35, 23, 24 and 22 mm against S. aureus,

& Zone of bacterial inhibition measured in mm

can cause infections in both healthy and
40
35
» 30
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-2 5
En 20 m M. luteus LB
S 141107
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ATCC 6538
5 S. Typhimurium
0 ATCC 14028
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Figure 3. Antimicrobial activity of the synthesized N-Heterocyclic carbene (NHC) ligands (2a-2d) and their
respective ruthenium(Il) complexes (3a-3d) against the five tested indicator microorganisms. The diameters of

inhibition zones were reported in mm.

Minimum inhibitory concentration (MIC) of the
synthesized compounds N-Heterocyclic carbene
(NHC) ligands (2a-2d) and their respective
ruthenium(Il) complexes (3a-3d) and the standards
ampicillin and kanamycin were assessed by micro-
dilution  method  against  three  indicator
microorganisms:
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Listeria monocytogenes ATCC 1911, Staphylococcus
aureus ATCC 6538 and Salmonella typhimurium
ATCC 14028. As shown in Figure 4. The diameters
of inhibition zones were reported in mm. Figure 4,
the MICs values range from 0.1552 to 0.1643 pg mL-
Vagainst L. monocytogenes, from 0.1463 to 0.1612
pug mL! against S. aureus and S. typhimurium from
0.1561 to 0.3136 pg mL™. For the synthesized
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compound 3b, MIC value was 0.1562, 0.1542 and
0.1572 pg mL-1 against Listeria monocytogenes
ATCC 1911, Staphylococcus aureus ATCC 6538 and
Salmonella typhimurium ATCC 14028. (Figure 4).

3
2.5
g
g
801 5 u Listeria monocytogenes ATCC
S 1911
S
é—" 1 — mStaphylococcus aureus ATCC
0.5 | 6538
Salmonella typhimurium ATCC
0 - 14028
O . S N
N
?59
Compounds

Figure 4. Minimum Inhibitory Concentration (MIC) of synthesized ruthenium(II) complexes (3a-3d) against L.

monocytogenes, S. aureus and S. typhimurium

3.2.2. Enzymatic inhibitory, and

(TyrE) inhibitory activity

(AChE)

AChE belongs to the family of cholinesterases (ChEs),
which are specialized carboxylic ester hydrolases that
break down esters of choline. The Cholinesterase class
includes AChE which hydrolyzes the neurotransmitter
acetylcholine and  pseudocholinesterase or
butyrylcholinesterase =~ (BChE)  which  utilizes
butyrylcholine as substrate. AChE is mainly found at
neuromuscular junctions and cholinergic synapses in
the central nervous system. (45). Other possible
therapeutic applications in the treatment of Parkinson's
disease. (46-47) Tyrosinase (TyrE) is a multi-copper
enzyme that is widely distributed in different
organisms and plays an important role in
melanogenesis and enzymatic browning. Therefore, its
inhibitors can be attractive in cosmetics and medicinal
industries as depigmentation agents and also in food
and agriculture industries as  antibrowning
compounds. (48) Tyrosinase is the main enzyme
recognised as responsible for melanogenesis in
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mammals. (49) This fact, encouraged researchers and
scientists to focus on the identification, isolation,
synthesis and characterisation of new potent tyrosinase
inhibitors for the medicinal industry. (AChE) and
(TyrE) inhibitory activities were expressed in ICso (1g
mL-1). ICso (half maximal inhibitory concentration) is
a quantitative measure that indicates how much of a
particular inhibitory substance is needed to inhibit, in
vitro, a given biological process or biological
component. The results presented in Figure 5, show
that the complexes 3b and 3d, are the most potent
inhibitors against AchE with an ICso of 2.52 and 5.06
pug mL-1 respectively, and against TyrE with an ICso
of 19.88 and 24.95 ng mL-1 respectively. However, it
should be noted that ICso values of complexes 3b and
3d, against the two enzymes (AchE) and (TyrE) are
very higher than those of the two used standards. In
fact, the ICso of the Galanthamine against (AchE) is
0.25 ng mL-1 (ten and twenty times lower than that of
the complexes 3b and 3d respectively), and the ICso of
the kojic acid against (TyrE) is 5.05 ng mL-1 (four and
five times lower than that of the complexes 3b and 3d
respectively).
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Figure 5. Anti-acetylcholinesterase (AChEI) and anti-tyrosinase (TyrEIl) inhibitory activity of the synthesized N-
Heterocyclic carbene (NHC) ligands (2a-2d) and their respective ruthenium(Il) complexes (3a-3d) presented by

their ICso (ug mLY).

3.2.3.  4.3. Antioxydant Activity

The antioxidant activity of the synthesized
compounds was assessed by two different techniques:
the 2.2-diphenyl-1-picrylhydrazyl (DPPH) and the
2.2'- azino-bis (3-ethylbenzothiazoline-6-sulphonic
acid) (ABTS) radicals scavenging. Results were

60

expressed as ICso values in pg mL'. ICso (the
concentration required to obtain a 50% antioxidant
effect), is a typically employed parameter to express
the antioxidant capacity and to compare the activity of
different Compounds. As shown in Figure 6, complex
3d has recorded an important antioxidant activity very
similar to that of the standard BHT. In fact, the ICso of
the others complexes were 48.07, 47,17 and 46.90 ug
mL"! for DPPH.

50
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[«
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= DPPH
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0
3a 3b 3c 3d 2a 2b 2¢ 2d BHT
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Figure 6. The antioxidative activity of compounds 2a-d and 3a-d synthesized was assessed by DPPH and ABTS
techniques and expressed as ICso in g mL™!. And As a control, the BHT was used.
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4. Conclusion

In summary, ruthenium(II)-NHC complexes 3a-d
have been easily prepared by the reaction of silver(I)-
NHC complexes as a carbene transfer reagent with
[RuClx(p-cymene)]> in dichloromethane at room
temperature in good yields. The molecular structures
of the benzimidazolium salts (2a-2d) and the Ru(Il)—
N-heterocyclic carbene (NHC) complexes 3a-d have
been characterized by elemental analysis and 'H- and
BC-NMR spectra. The obtained benzimidazolium
salts (2a-2d) and Ru(I)-N-heterocyclic carbene
(NHC) complexes 3a-3d were tested for their
antibacterial activity. Synthesized compounds 3b and
4d exhibited strong inhibitory activity against all
tested indicator microorganisms. The lowest MICs
values were obtained with the two complexes 3b and
3d. Against C. albicans, Enzymatic inhibitory
investigation against acetylcholinesterase (AChE) and
tyrosinase (TyrE), showed that the two complexes 3b
and 3d are the most potent inhibitors against (AchE)
with an IC50 of 2.52 and 5.06 ug mL-1 respectively,
and against (TyrE) with an ICso of 19.88 and 24.95 ng
mL-1 respectively. Antioxidant activity of the
synthesized N-Heterocyclic carbene (NHC) ligands
(2a-2d) and their respective ruthenium(II) complexes
(3a-3d) was assessed by two different techniques: the
2.2-diphenyl-1-picrylhydrazyl (DPPH) and the 2.2'-
azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)
(ABTS) radicals scavenging showed that complex 3d
has recorded an important antioxydant activity. This
activity is very strong and quasi-similar to that of the
standard BHT.
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