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ABSTRACT

n this study, the new benzimidazolium salt (1) containing ether functionalized alkyl group as the NHC ligand precursor was

synthesized. Ag-NHC complex (2) was synthesized by interaction with Ag,O of this ligand precursor. The Au-NHC complex
was synthesized by interaction of the [AuCI(PPh,)] complex with the synthesized Ag-NHC complex. The structures of prepa-
red all new compounds were characterized by different spectroscopic methods.
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0z

u ¢alismada, NHC ligand 6ncisi olarak eter fonksiyonlu alkil grubu iceren yeni benzimidazol tuzu (1) sentezlendi. Ag-
B NHC kompleksi (2) bu ligand éncisinin Ag O ile etkilestiriimesiyle sentezlendi. Au-NHC kompleksi (3) sentezlenmis
Ag-NHC kompleksi ile [AuCI(PPh,)] kompleksinin etkilestirilmesiyle sentezlendi. Hazirlanan tim yeni bilesiklerin yapisi farkli
spektroskopik metodlar ile karakterize edildi.
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INTRODUCTION

Heterocyclic carbenes (NHCs) are widely used
Nas effective ligands in coordination chemistry. As
NHCs are strong o-donors, they make stable metal-
carbon bonds. Therefore, metal-NHC complexes are
used as strong, reactive and selective catalysts in many
chemical reactions [1-3]. Although, metal-NHC comp-
lexes are widely used in organometallic chemistry and
catalysis, these complexes prepared using different me-
tals and different NHC ligands such as Au, Pd, Cu, Ru, Pt,
Ag and Rh are widely used in medical applications [4-9].

Some studies have shown that biological activity is not
only dependent on the nature of the metal, but also on
the structure of the ligand. Although, most of the drugs
on the market are organic compounds and natural pro-
ducts, scientists today have shown an intense interest
in the development of metal-based drugs and metal-
based diagnostic agents. As far as their kinetic proper-
ties, based on different coordination numbers and ge-
ometries, metal-complexes have different mechanisms
of drug action compared to organic compounds. This
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Figure 1. Some metalopharmaceutical agents used as commercially.

Although, the mechanisms of action are not fully un-
derstood, biological activity in silver complexes is ensu-
red by the release of Ag*ions. The antimicrobial activity
of Ag-NHC complexes was firstly investigated by Yo-
ungs [17]. It was observed that the synthesized Ag-NHC
complexes showed better antimicrobial activity than
AgNO.,. Following this study, the use of NHC complexes
containing Ag, Au, Pt, Pd and Cu metals in medical app-
lications continued at an increasing rate. In this study,
new benzimidazolium salt and its Ag-NHC and Au-NHC
complexes were synthesized (Scheme 1). The structures
of prepared all new compounds were characterized by
different spectroscopic methods.
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situation has made the synthesis of new and effective li-
gands, which are easy to prepare, open to modification,
and which have a variety of structure, more important.

The use of transition-metal compounds in the treat-
ment of various diseases dates back to the 18™ century
[10]. Silver nitrate compound has been frequently used
in the treatment of chronic skin and skin ulcers since
the 18™ century [11]. Silver sulfadiazine used firstly in
1968, is a drug used in the treatment of burn wounds
and is sold commercially in the form of cream contai-
ning 1-5% silver sulfadiazine under various names [12].
Cisplatin, which has been used since 1969, is the most
impressive example of platinum-based chemotherape-
utic agents. Cisplatin has been shown to be effective in
the treatment of ovarian, lung, neck, head and esopha-
geal cancers. Cisplatin interacting with DNA in cancer
cells, prevents cell division and slows the growth rate
of cancer cells [13-15]. Auranofin, which has been used
since 1985, is known for its antitumor properties, inhi-
bits the thioredoxin reductase enzyme in cancer cells
[16] (Figure 1).
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MATERIALS and METHODS

Benzimidazolium salt, Ag—NHC and Au—-NHC complexes
were carried out under argon using standard Schlenk
line techniques. All chemicals and solvents were obta-
ined from commercial sources and were of analytical
grade and were used without further purifications.
Melting points were measures in open capillary tubes
with an Electrothermal-9200 melting points appara-
tus. Fourier transform infrared (FT-IR) spectra were
obtainedin the range 450-4000 cm® on a Perkin El-
mer Spectrum 100 Spectrophotometer. *H NMR and
13C NMR spectra were recorded using a Bruker As 400
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Sheme 1. Synthesized benzimidazolium salt (1), Ag-NHC (2) and Au-NHC (3) complexes.

Mercury spectrometer operating at 400 MHz (*H), 100  Synthesis of [1-(2-(2-Ethoxyphenoxy)ethyl)-3-

MHz (**C) in CDCI, with tetramethylsilane as the internal  (2,2-diethoxyethyl)benzimidazol-2-ylidene]silver(l)
reference.’H peaks were labeled as singlet (s), doublet  bromide, (2)

(d), triplet (t), quartet (g), quintet (quint.) and multiplet ~ The synthesized (1) compound (0.48 g, 1.0 mmol) was
(m). *H NMR spectra are referenced to residual protia- dissolved in dichloromethane (15 mL) and was added
ted solvents (6 = 7.26 ppm for CDCL,), *C chemical shifts ~ Ag,0 (0.12 g, 0.5 mmol), and the solution was stirred
are reported relative to deuterated solvents (6§ = 77.16  at 25°C in dark condition for 24 h. End of the reaction,

ppm for CDCL,). the solution was filtered over Celite. Half of the solution
was evaporated in vacuo and Et,O (15 mL) was added to
RESULTS and DISCUSSION crystallize. The resulting white crystals were obtained

in high yield. The structure of compound 1 was charac-
Synthesis of 1-(2-(2-Ethoxyphenoxy)ethyl)-3-(2,2- terized by *H and 3C NMR spectroscopic methods (Tab-
diethoxyethyl)benzimidazolium bromide, (1) le 2). (0.46 g, yield 78%; m.p. = 191-192°C; FT-IR Vin =
N-(2-(2-Ethoxyphenoxy)ethyl)benzimidazole (1.41 g, 1388 cm™).
5.0 mmol) was dissolved in DMF (5 mL) and 2,2-diet-
hoxyethyl bromide (0.98 g, 5.0 mmol) was added. The
solution was stirred at 80°C for 24 hours. End of the
reaction, the solvent was evaporated in vacuo and
dissolved in EtOH (5 mL). The solution was added to
Et,0 (15 ml) and allowed to crystallize. The synthesized
benzimidazolium salt was obtained as white crystalline
solid with high yields. The structure of compound 1 was
characterized H and *C NMR spectroscopic methods
(Table 1). (2.15 g, yield 90%; m.p. = 146-147 °C; FT-IR
(Vi = 1559 cm™).
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Table 1. *H and *3C NMR data of compound (1).

Position
NCH,CH(OCH,CH,),
NCH,CH,0C.H,(OCH,CH,)-2
NCH,CH(OCH,CH,),
NCH,CH,0C_H,(OCH,CH,)-2
NCH,CH,0C.H,(OCH,CH,)-2
NCH,CH(OCH,CH,)2
NCH,CH(OCH,CH,)2
NCH,CH,0C.H,(OCH,CH,)-2

Hs and Cs of benzimidazole and
phenoxy rings

acidic C(2)-H proton of
benzimidazole rings

H NMR (& ppm)
1.13(t, 6H)
1.38 (t, 3H)

3.66 and 3.78 (dq, 4H)
3.98 (g, 2H)
4.56 (t, 2H)
4.71(d, 2H)
5.04 (t, 1H)

5.17 (t, 2H)

6.81-6.94, 7.59-7.64,
7.81-7.83 and 8.17-8.19 (m,
8H)

11.22 (s, 1H)

Table 2. 'H and **C NMR data of compound (2).

Position
NCH,CH(OCH,CH,),
NCH,CH,0C_H,(OCH,CH,)-2
NCH,CH(OCH,CH,),
NCH,CH,0C.H,(OCH,CH,)-2
NCH,CH,0C_H,(OCH,CH,)-2
NCH,CH(OCH,CH,)2
NCH,CH(OCH,CH,)2
NCH,CH,0C_H,(OCH,CH,)-2

Hs and Cs of benzimidazole and
phenoxy rings

Ag-C(2)

carbene

'H NMR (6 ppm)
1.02 (t, 6H)
1.31(t, 3H)

3.39 and 3.66 (dq, 4H)
3.90 (q, 2H)
4.37 (t, 2H)

473 (t, 2H)
478 (t, 1H)

8.05 (dd, 2H)

6.73-6.83, 7.29-7.35, 7.54-
7.56 and 7.77-7.79 (m, 8H)

13C NMR (6 ppm)
15.17
14.97
47.83
50.09
63.81
64.64
68.23

100.04

112.72, 114.05, 114.51,

114.80, 120.82, 122.90,

126.74, 126.86, 132.07,
132.12, 147.13 and 148.71

143.57

13C NMR (& ppm)
15.01
15.21
49.47
52.37
63.92
64.31
69.14

102.26

112.58, 112.71, 112.94,
113.95, 120.74, 122.16,
123.95, 124.10, 134.47,

134.57, 147.59 and 148.81

188.83

The general synthesis of benzimidazolium salt (1), Ag=NHC complex (2) and Au-NHC complex (3) is shown in Scheme 2.
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Table 3. *H and 3C NMR data of compound (3).

Position H NMR (& ppm) BCNMR (8 ppm) J (Hz)
NCH,CH(OCH,CH,), 0.97 (t, 6H) 14.92 7.0
NCH,CH,0C_H,(OCH,CH,)-2 1.17 (t, 3H) 15.35 7.0
NCH,CH(OCH,CH,), 3.43 and 3.69 (dq, 4H) 49.09 14.1and 7.1
NCH,CH,0C,H,(OCH,CH,)-2 3.79 (g, 2H) 53.20 7.0
NCH,CH,0C_H,(OCH,CH,)-2 4.54 (t, 2H) 63.85 46
NCH,CH(OCH,CH,)2 470 (d, 2H) 64.07 5.3
NCH,CH(OCH,CH,)2 5.10 (t, 1H) 69.09 5.3
NCH,CH,0C_H,(OCH,CH,)-2 5.21 (t, 2H) 101.64 41

6.68-6.77 723735, 112.55, 112.93, 113.05,
756761 and 7.61-7.83(m 114.04, 120.79, 121.93, _
=7 SH)' Rt 124.50, 124.74, 134.09,

134.36, 147.82 and 148.75

Hs and Cs of benzimidazole and
phenoxy rings

Ag-C(2) - 190.94 -

carbene
0] 0
N— N—

§ 2,2-Diethoxyethyl bromide _
Ly QxL
N DMF, 80 °C, 24 h N
0
-

(1)
Ag,0
t,24h
CH,Cl, "
0 0
N— N—
AuCI(PPhy) §
S—AuCl >—AgBr
T, 24h g
N CH,Cl, N
0 0
-/ —

Sheme 2. Synthesis of benzimidazolium salt (1), Ag-NHC complex (2) and Au-NHC complex (3).
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Synthesis of [1-(2-(2-Ethoxyphenoxy)ethyl)-3-
(2,2-diethoxyethyl)benzimidazol-2-ylidene]gold(l)
chloride, (3)

Gold complex (3) synthesized by the transmetalation
method from [AuCI(PPh.)] and silver—-NHC complexes.
Silver complex (2) (0.29 g, 0.5 mmol) was dissolved in
dichloromethane (15 mL) and [AuCI(PPh.)] (0.25 g, 0.5
mmol) was added. The solution was stirred at 25 °C for
24 h. End of the reaction, the solution was filtered over
Celite. Half of the solution was evaporated in vacuo and
Et,0 (15 mL) was added to crystallize. The resulting whi-
te crystals were obtained in high yield. The structure
of compound 3 was characterized by *H and 3C NMR
spectroscopic methods (Table 3). (0.44 g, yield 70%;
m.p. = 125-126°C; FT-IR Vien = 1403 cm?).
CONCLUSION

In this study, the new benzimidazolium salt (1) contai-
ning ether functionalized alkyl group as the NHC ligand
precursor was synthesized. Ag-NHC complex (2) was
synthesized by interaction of this ligand precursor with
Ag,0. The Ag-NHC complex readily converted into the
corresponding Au-NHC complex by transmetallation
method. The structures of all synthesized compounds
were characterized by appropriate spectroscopy met-
hods. In later studies, synthesized benzimidazolium salt
(1), Ag—NHC complex (2) and Au-NHC complex (3) will
be used in different medical applications as pharma-
ceutical agents. If successful results are obtained, it is
planned to synthesize new NHC ligands and their metal-
complexes with different properties by improving the
structure diversity of these compounds.
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