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ARTICLE DETAILS ABSTRACT

Article History:

This brief report outlines the synthesis and analysis of symmetrical dinuclear Ag(I) di-N-heterocyclic carbene

(NHC) complexes, primarily derived from tetrakis-benzimidazolium salts. The symmetrical tetrakis-
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imidazolium salt was synthesized by reacting 1,2,4,5-tetrakis(bromomethyl)benzene with the imidazole
moiety of 1-Br. These salts were then transformed into their respective complexes through an in-situ
deprotonation reaction with Ag20, utilizing different salt-to-metal molar ratios, resulting in the establishment

of dinuclear Ag(I) di-NHC complexes designated as Agl. The structures of both the tetrakis-imidazolium
(1-Br) salts and the Ag(l) di-NHC complex Agl were determined using a combination of spectroscopic
techniques (FTIR, 'H- and 13C-NMR), CHN elemental analysis, and single crystal X-ray diffraction. The single
crystal X-ray diffraction analysis of the macrocyclic complex Agl suggests a crystalline structure resembling

a cylinder.
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1. INTRODUCTION

In coordination chemistry, the macrocyclic effect is an important
requirement for the design and synthesis of ligand motifs (Cabbiness and
Margerum, 1969). The macrocyclicligand can be defined as a ligand with
at least nine ring atoms, three of which are possible donor atoms usually
contains a donor atom of neutral nitrogen, oxygen, or sulphur, that forms
a continuous ring around a metal core and to be appeared forming
extremely strong metal complexes due to macrocyclic effect (Bertrand et
al, 2015). This macrocyclic effect stabilizes both the kinetic and
thermodynamic properties of the system (Altmann et al, 2016). By
integrating the N-heterocyclic carbene (NHC) chemistry, which has
become a key component of current homogeneous catalysts,
photoluminescent materials, and medicinal drugs, with macrocyclic ligand
patterns has been shown to provide favorable scaffolds for transition
metal coordination (Lescop, C., 2017).

Several methodologies have been utilized in the synthesis of cyclic
polymers, initially employing ring-chain equilibration (Gan et al,, 2018).
The synthesis of cyclic polymers commenced with the generation of cyclic
poly (decamethylene adipate) through the polycondensation reaction of
adipic acid and decamethylene glycol, thus corroborating a previous
concept proposed by Jacobson and Stockmayer. These researchers
integrated ring formation into their models of molecular species
distribution in polycondensates, proposing that the proportion of rings
increases with dilution and molecular weight. Furthermore, investigations
into the synthesis of cyclic oligo- and poly(dimethyl siloxane) were
conducted concerning ring-chain equilibration. Throughout the years,
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numerous reviews and publications have elaborated on advancements in
ring-chain equilibration, encompassing discussions on the Jacobson and
Stockmayer theory alongside newer concepts.

NHCs have emerged as a novel class of potential donors for constructing
metallo-supramolecular structures characterized by M-Cnuc bonds (Sinha
and Hahn, 2017). Serving as valuable ancillary ligands, NHCs have
attracted significant attention in the fields of organometallic and
coordination chemistry research. Their robust §-donor capabilities and
reciprocal back donation from the metal d-orbital to the vacant p-orbital
on the carbene carbon have led to the formation of stable M-Cnnc bonds,
primarily utilized in homogeneous catalysts (Danopoulos et al,, 2019;
Rufino-Felipe et al, 2020). Numerous poly-NHC metal complexes have
beenreported, synthesized by reacting Ag(1), Au(I), Cu(I), Pd(II), and Ni(II)
with poly-NHC ligands containing various functional groups such as
pyridyl, phosphinyl, pyrazolyl, and quinolinyl groups ( Botubol-
Ares et al,, 2021; Narouz et al,, 2019; Mondal et al., 2019). Among these
metal-NHC supramolecular structures, the Ag-NHC family has garnered
significant attention due to its frequent use as carbene transfer agents in
the synthesis of other metal-NHC supramolecular structures, along with
its appealing chemical, structural, and photophysical properties (Lu et al.,
2018; Yuetal, 2021; Liu and Chen, 2012).

This study focuses on the synthesis and structural analysis of a tetrakis-
tetrabromide salt obtained by reacting 1,2,4,5-
tetrakis(bromomethyl)benzene with the imidazole moiety. Upon
treatment of these salts with Ag20, macrocyclic structures were formed,
wherein two Ag(I) ions are coordinated between two dicarbene ligands.
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2. MATERIALS AND METHODS
2.1 Materials and Instruments

All chemicals and solvents were procured from commercial suppliers and
utilized without further purification. Melting points were determined
using a Stuart Scientific SMP-1 (UK) instrument. Elemental analyses were
conducted employing a PerkinElmer Series II, 2400 microanalyzer. FTIR
spectra were acquired using a PerkinElmer FTIR Microscope Spotlight 200
within the range of 4000 - 600 cm . Nuclear magnetic resonance (NMR)
spectra were recorded in DMSO-d¢ on Bruker 500 MHz Ascend
spectrometers at room temperature, with TMS serving as an internal
standard.

2.3 Synthesis of Imidazole Substituted Tetrakis-Tetrabromide Salt
With 1,2,4,5-Tetrakis(Bromomethyl)Benzene, 1:Br

The mixture of 1,2,4,5-tetrakis(bromomethyl)benzene (0.50 g, 1.11 mmol)
was reacted with imidazole (0.37 g, 4.50 mmol) in 30 mL of acetonitrile.
The resulting mixture was refluxed at 80 - 100 °C and stirred for 24 hours.
The white precipitate appears in the round bottom flask was removed and
washed with acetonitrile (2 x 5 mL) and diethyl ether (2 mL) before air
dried. Salt 16-Br obtained as colorless needles-like crystals after removal
of the solvents within 2 days in the fume cupboard. Yield: 0.68 g (80 %),
MP: 277 - 278 °C. FTIR (ATR, cm1): 3143 (Csp2-H stretching); 3044, 2946
(Csp3-Haiiphatic stretching); 1468 -1367 (C-N stretching). tH NMR (500 MHz,
ds-DMSO0) in 8 ppm: 3.87 (4H, s, 2 x N-CHz-Ar); 5.63 (4H, s, 2 x N-CH2-Ar);
7.41 (1H,s, Ar-H); 7.71 (2H, s, 2 x imidazole-H); 9.20 (4H, s, 4 x NCHN). 13C
NMR (125 MHz, ds-DMSO0) in 6 ppm: 36.47 (N-CH»-Ar); 49.14 (N-CH»-Ar);
122.86, 124.26 (Ar-C); 132.69, 134.63 (imidazole-C); 137.24, 137.37
(NCHN). Anal. Calc. for C32H32NgBr4: C, 72.70; H, 6.10; N, 21.20%. Found: C,
72.35; H, 6.38; N, 21.53%

2.4 Synthesis Of Imidazole Substituted Silver(I)-NHC Complex With
1,2,4,5-Tetrakis(Bromomethyl)Benzene, Agl

A mixture comprising Ag.0 (0.36 g, 1.55 mmol) and 1-Br (0.30 g, 0.39
mmol) was stirred in methanol (15 mL) for 48 hours at room temperature
in darkness, followed by filtration through Celite. The resulting clear
filtrate was transformed into the hexafluorophosphate salt by adding KPFs
(0.30 g, 1.63 mmol). The mixture was stirred for 3 hours and then left to
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stirat RT, 48 h

stand overnight. The white precipitate obtained was washed with distilled
water (2 x 5 mL) and air-dried. Single crystals suitable for single-crystal
diffraction studies were obtained by diffusing diethyl ether into a solution
of the Agl complex in acetonitrile at room temperature. Yield: 0.40 g (56
%), MP: 300 - 302 °C. FTIR (ATR, cm): 3147 (Csp?-H stretching); 2976
(Csp3-Hatiphatic stretching); 1439 (C-N stretching). 13C NMR (125 MHz, ds-
DMSO0) in & ppm: 39.52 (N-CHz-Ar), 51.31 (N-CHz-Ar); 121.71, 121.75,
122.06, 122.74, 124.05, 124.09, 133.50 (Ar-C); 133.78, 136.45, 140.01
(imidazole-C); 180.62, 180.74, 182.19, 182.30 (Ccarbene-Ag, Jc-agio7 = 181.25
Hz; Jc-agioo = 210.00 Hz). Anal. Calc. for C32H2sAg2NsP2F12: C, 52.91; H, 3.81;
N, 15.14%. Found: C, 52.61; H, 3.46; N, 15.27%

2.5 X-Ray Crystallography Refinement

Single crystal X-ray diffraction data were gathered using a Bruker-Smart
ApexIl-2009 CCD diffractometer equipped with a graphite
monochromator utilizing Mo-Ka radiation (A = 0.71073 A). Data collection
for the complex occurred at room temperature. Integration was
performed utilizing the SAINT program within the APEXII software suite.
Solutions were derived employing direct methods via SHELXS-2014,
followed by iterative refinements using the full-matrix least-squares
method against F2 with SHELXL-2014 (Wisconsin, 2005; Sheldrick, 2008).
The X-seed program served as a graphical interface for SHELX.

3. RESULT AND DISCUSSION

3.1 Synthesis

Scheme 1 outlines the conversion of imidazolium salt, 1:Br to its
corresponding Ag(I) di-NHC complex, Agl. The N-substituted imidazole
underwent a reaction with 1,2,4,5-tetrakis(bromomethyl)benzene in
acetonitrile, yielding the respective tetrakis-imidazolium bromide salt,
1-Br, in appreciable yield. This salt exhibits good solubility in common
organic solvents such as acetonitrile, DMSO, and methanol, while being
insoluble in diethyl ether, petroleum ether, and hexane. Subsequently, the
dinuclear Ag(I)-NHC complex, Ag1 was obtained as a white precipitate by
treating 1 equivalent of compound 1-Br with 4 equivalents of Agz0 in
methanol, stirred at room temperature for 48 hours. The Ag(I)-NHC
complex of Ag1 is soluble in polar organic solvents such as acetonitrile,
DMSO0, and DMF, but exhibits insolubility in diethyl ether, benzene, hexane,
and water.

N N
H%N] H—QN]

N N
[N%H [N+>—11

16:Br

Ag,0, methanol, RT
48 H

Scheme 1: The synthesis procedure of Ag(1)-NHC complex, Agl from imidazolium salt, 1-Br.

3.2 The FTIR Analysis

The FTIR spectra of the non-functionalized tetrakis-imidazolium salt 1-Br
and its respective dinuclear Ag(l) di-NHC complex, Ag1, exhibited bands
of medium intensity within the range of 3143 - 3147 cm’!, assigned to
Csp2-H stretching, while the bands at 3044 - 2946 cm! corresponded to
aliphatic Csp3-H vibrations in both the salt and the complex. A sharp and
strong intensity band at 1559 cm! indicated the presence of the C=N
moiety attributed to the imidazolium ring. Upon complexation with Ag(I)
ions, the aforementioned bands shifted to 1454 cm-, indicative of C-N
stretching, a characteristic observation for the complex (Babamale et al.,
2022; Loh etal, 2019).

3.3 The'H and 13C NMR analysis

The synthesis of tetrakis-imidazolium salt, 1:Br, and the corresponding
dinuclear Ag(I) di-NHC complex, Agl, was monitored using 'H and 3C
NMR spectroscopy across the range of 6 0 - 11 and § 0 - 200 ppm,
respectively. In the 'H NMR spectrum of 1-Br, a sharp singlet peak at § 9.20
ppm attributed to the acidic proton of the imidazolium rings (NCHN) was
observed, consistent with previous findings. Furthermore, a single peak at
6 3.87 ppm was assigned to the proton of the methylene (N-CHz-Ar) unit
of the outer part of the imidazolium salt. Additionally, the resonance for
the protons of the methylene unit (N-CH2-Ar) within the tetrakis-
imidazolium salt, 1-Br, appeared as a singlet at 6 5.63 ppm. The aromatic
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protons and imidazole protons were observed as singlets at § 7.41 - 7.71
ppm and §, respectively. The formation of complexes was confirmed by the
complete disappearance of the acidic (NCHN) proton in the complex, Agl,
consistent with previous reports. Conversely, the 'H NMR spectrum of the
Ag1 complex displayed signal broadening, indicative of high flexibility in
the complex structure, consistent with prior observations.

In the 13C NMR spectrum of tetrakis-imidazolium salt 1:Br, a peak was
observed at § 137.24 - 137.37 ppm, corresponding to the imidazolium

Yl

A0 V(Csp*H, i)

carbon (NCHN). However, upon formation of the Ag(l) complex, Agl, a
doublet of doublet peaks appeared in the range of § 180.62 - 182.30 ppm,
indicating Cearbene-Ag bonds. These peaks are attributed to the carbon of the
carbene coordinated with two isotopes of silver, 197Ag and 199Ag, with
average coupling constants of 181.25 and 210.00 Hz, respectively. The
observed variety in the C-Ag peak positions is attributed to the fluxional
characteristics of the complex. Apart from these changes, all other peaks
remained consistent with no significant alterations observed in either the
salt nor the complex.
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Figure 2: The FTIR spectra of 1:Br as representative for the tetrakis-imidazolium salt.
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Figure 3: The FTIR spectra of Agl as representative for the dinuclear Ag(I) di-NHCcomplex.
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Figure 4: The representative 'H NMR spectra (ds-DMSO, 500 MHz) of 1-Br as representative for the tetrakis-imidazolium salt.
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Figure 5: The 3C NMR spectra (ds-DMSO, 125 MHz) of 1-Br as representative for the tetrakis-imidazolium salt.
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Figure 6: The 13C NMR spectra (ds-DMSO, 125 MHz) of Ag1 as representative for the dinuclear Ag(I) di-NHC complex.

30

—182.
—182.19

—160.74
—180.62

210.00 Hz

|
| | 181.25 Hz

]
vl MmWWWMW /\“\VM/WWW

R L e s S e e e e o) o e e g e st P v Ve
1828 1826 1824 1822 1820 1818 181.6 1814 181.2 181.0 1808 1806 1804 180.2 ppm

Figure 7: The expansion of the 13C NMR spectrum of the Ag(I)-NHC complex, Agl, recorded in ds-DMSO at 125 MHz, reveals the distinct resonance signals
corresponding to the two types of Ccarbene-Ag bonds, serving as clear evidence of successful complexation.

3.4 X-Ray Crystallography Analysis

On the other hand, the crystal structure of complex Agl is successfully
obtained by slow diffusion of diethyl ether into a solution of the Agl
complex in acetonitrile at room temperature. Figure 8 depicted the crystal
structure of complex Ag1 as cylinder-type structure. The complex of Agl
exists as dinuclear complexes, with each Ag(I) ion display an

unprecedented coordination mode to the cyclic ligand. Each Ag(I) is four
coordinated, bonded through two carbon carbene atoms and two benzene
ring carbons. The entire structure is stabilized with the present of weak
argentophilic interaction between the two adjacent Ag(l) ions and p-p
interaction. The distances between Ag(I) and the carbon atoms lie in the
agreeable with the reported structures (Slimani et al., 2020).
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Figure 8: The crystal structure of the macrocyclic Ag(I)-NHC complex, Ag1, exhibits a cylinder-type architecture.

4., CONCLUSION

In summary, the tetrakis-imidazolium salt, 1-Br along with its Ag(I) di-
NHC complex, Agl were also synthesized. All synthesized tetrakis-
imidazolium salt and their Ag(I) di-NHC complexes were characterized by
several spectroscopic techniques including FTIR, 'H- and !3C-NMR
spectroscopies and CHN elemental analysis. Meanwhile, through the single
crystal X-ray diffraction studies, has suggest complex the macrocyclic
complex of Ag1 has cylinder-type structure.
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