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Abstract. This research highlights the synthesis of novel organic molecule that is 5-
methoxybenzimidazolthiomethanol (MBITM). This molecule is synthesized via the reaction of
5-Methoxy-2-mercaptobenzimidazole with formaldehyde in ethanol. This resulting molecule
was characterized via Fourier-transform infrared spectroscopy (FTIR), proton-nuclear
magnetic resonance ('"H-NMR) and elemental analysis (CHN). Furthermore, MBITM is used
as a base compound for preparation of one novel nano material by mixing it with silver
nanoparticles (Ag NPs) that prepared by green method using Zizyphus spina christi L (Seder)
leaf, via a simple chemical reaction. The resulting Ag anchored MBITM (Ag-MBITM) was
characterized by FTIR, X-ray diffraction (XRD) and Energy-dispersive X-ray spectroscopy
(EDX) measurements. All these characterization measurements establish that a stable MBITM
can be electrostatically retained on the surfaces of the Ag NPs. MBITM, Ag NPs and their
nano derivative were screened for their antibacterial activity against both types of bacteria
Gram-positive (S. aureus) and Gram-negative (E. Coli). In general, E-Coli and S. aureus were
exposed to be significantly inhibited by all these three compounds but with different inhibition
levels. Besides, the study of the biological activity was adopted for the purpose of conducting a
comparative study between the raw materials (Ag NPs, MBITM) and the nanomaterial (Ag-
MBITM) resulting from their reaction. The results showed that nanosilver-organic hybrid had
effectively developed the antibacterial ability for both starting compounds. It has also been
observed that this hybrid has been particularly effective with respect to the gram-positive
bacteria.

Keywords: Silver nanoparticles; S5-methoxy-2-mercaptobenzimidazole; 5-methoxy
benzimidazolethiomethanol; Antibacterial activity

1.Introduction

The discoveries of the antimicrobial agents are one of the most important discoveries in the history
of pharmaceuticals. However, despite the industrial development of antibiotics, there are more than
800,000 cases of deaths annually due to some types of bacteria such as S. aureus, P. aeroginosa or
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E.coli [1-3]. Microbes have the ability to resist drugs because they use different mechanisms for this
purpose. For example, the microbes have the ability to produce enzymes that alter the chemical
structure of the drugs used and can also induce a protein mutation so as to eliminate the toxic effect of
these drugs on new genetically inherited bacteria furthermore bacteria sometimes limit the cell
membrane 's permeability to the drug agent. [4]. As bacteria are resistant to these antibiotics, it is very
important to afford an innovative way to address these challenges. Nanoscience provides a
sophisticated platform for overcoming these challenges because nanomaterials circumvent some of the
defects and constraints experienced by antimicrobial. This is because of the fact that nanoparticles are
able to deliver the drug directly to the cell without the need to penetrate and thus overcome most drug
resistance mechanisms [5]. In our study, silver nanoparticle was specifically selected for their
transformation into organic-capped nanosilver because it has antimicrobial action against the bacteria
[6-13] or fungi [14-16]. More importantly, it has no toxicity to human and animal cells [17-19]. For
these reasons, silver nanoparticles are preferred to be used in the development of antibiotic. Many
plant extracts were used to reduce the Ag™' and convert it into the Ag” nanoparticles [20-28]. Although
there are many plants that have been used for this purpose, however in this research, the preparation of
these nanoparticles was adopted using the extract of Zizyphus spina christi L leaf for many advantages
such as no requirement for toxic solvent, economic, stability and compatibility [28]. During the survey
in the published literature of Ag NPs toxicity, we could not determine the inhibition mechanism of
bacteria. But we can conclude from the literature survey that the nanoparticle cause (i) either damage
in the composition of protein or saccharide by binding to the amino or carboxylic terminal in the
protein or hydroxyl in saccharides [29] or (ii) the occurrence of disorder or pitting in the cell
membrane by generating reactive O, sorts [30-32]. It became apparent that the toxicity of the
nanoparticle is mainly to its small size [29, 33], which qualifies it to enter the cells easily and is
expected to undergo changes after entering different environments [34, 35]. From these observations,
we conclude that it is important to pour attention on the surface/ coating agent. The choice of
benzimidazole to inhibit the bacteria is due to the fact that these compounds are part of the
composition of many pharmaceuticals [36] so it is important to study its effectiveness against bacteria.
All previous studies have shown that benzimidazole derivatives have a mild effect against bacteria
[37-41]. This is due to the inability of the benzimidazole base structure to penetrate the cell
membranes [36]. Due to the resistance of the bacteria to this type of compounds, we decide to modify
their chemical structure and then load it on the nanosilver to circumvent the bacteria and deliver this
material to the cells directly and achieve the purpose of understanding the real effectiveness of these
compounds.

2. Experimental part

2.1. Materials

Formaldehyde (CH,O, 37.00%) and 5-Methoxy-2-mercaptobenzimidazole (CgHgN,OS,
99.00%) are supplied from Fisher Scientific-ACROS Organics™, USA. Silver nitrate
(AgNO3, 99.99%), ethanol (C,HeO, 99% ) and tri-sodium citrate dehydrate (CgHgNazOo,
>98%) are supplied by Sigma Aldrich Company, UK.

2.2. Instrumentations

All FTIR spectra were measured in PerkinElmer spectrophotometer (65 FT-IR) in a wave numbers
(400-4000 cm™') as KBr discs. Elemental analysis of MBITM was carried on a CHN type Leco
Truspec. 'H- and “C{'H} spectra of MBITM were measured by Varian Unity spectrometer (400
MHz) in d°-DMSO solvent with internal standard ((CH;),Si). XRD analysis of MBITM, Ag NPs and
Ag-MBITM were performed using (ShemadzuXR6000 ) device with Ni-Cu filter (Cu Ka, A = 1.5406
A). EDXsof Ag NPs and Ag-MBITM were conducted using Oxford instruments SEM Tech.
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2.3. Methods

2.3.1. Preparation of Zizyphus spina christi L aqueous extract: 25 g of fresh Seder leaf was washed
five times with distilled water and thereafter cut into a small piece and immersed with 100 ml
Millipore-Milli-Q water. This mixture was refluxed on a steam bath for 1 h and the resulted mixture
was filtered off to give a bright yellow solution of Seder leaf aqueous extract.

2.3.2. Synthesis of silver nanoparticles (Ag NPs): This material was prepared according to the typical
method described in [28]. Under dark conditions, 5 ml of 50% Seder aqueous extract was slowly
added to approximately 180 ml of ImM AgNOj;. This mixture was stirred at 30 °C to achieve a good
mixing of the two components. After 35, the solution was turned from bright yellow to reddish brown
then it centrifuged at 13500 rpm for 15 min. The obtained precipitate was purified by re-dispersed it in
water five times.

2.3.3. Synthesis of 5-methoxybenzimidazolthiomethanol (MBITM): To (1.0000 g, 5.5000 mmol) of 5-
methoxy-2-mercaptobenzimidazole in 35 ml of absolute ethanol, 5 ml of 37% formaldehyde was
added drop wise under stirring. The resulting mixture was refluxed on a steam bath for 5 h and then
evaporated near the dryness. The white solid was filtered, washed with cold ethanol and dried under
vacuum. White solid, Yield: 1.050 g (90%). Anal. calc. for CoH;oN,O,S: C, 51.41; H, 4.79; N, 13.32,
Found, C, 51.50; H, 4.88; N, 13.39%. FTIR (KBr, crn'l): 3393 v(0O-H); 3129 v(N-H) 3030 v(=C-H);
2958 v(~C-H); 1628 v(C=N); 1500 V(C=C); 1361 L(C-O-H); 650 L(C-S). '"H NMR (400 MHz, d°-
DMSO) & 14.07 (s, 1H), 7.30 (dd, I y3.4= 8.8 and J*(5.1= 2.0 Hz, 1H, H3), 7.07 (dd, Jj43= 8.8
and Pyam= 1.7 Hz, 1H, H4), 6.62 (d, J* 13 = 2.0 Hz), 3.81 (s, 1H), 3.65 (s, 2H), 3.57 (s, 3H).
Melting point: 125-128 °C. Numbering of atoms are illustrated in Scheme 1.

2.3.4. Synthesis of Ag NPs Anchored MBITM (Ag-MBITM):This nano material was prepared by the
direct addition of the (0.1000 g, 0.4756 mmol) MBITM solution in 5 ml of hot ethanol to the (0.0256
g, 0.2375 mmol) silver nanoparticle in 50 ml deionized water. This mixture was first mixed and
reacted by sonication device for 1 h and then refluxed for 1 h. The resultant mixture was left cold at
laboratory temperature and centrifuged at 13000 rpm for 10 min. The precipitate was dispersed again
in ethanol and centrifuged again to remove unreacted MBITM. The Ag NPs Anchored MBITM was
stored in de-ionized water 0.06 g in 20 ml for further steps.

2.3.5. Antibacterial Assay

The antimicrobial activity of prepared MBITM, Ag NPs and Ag-MBITM were assessed against S.
aureus and E. coli cultured on the plates of Mueller Hinton Agar by a well diffusion method [27].
3. Results and discussions

3.1. Synthesis and characterization of 5-methoxybenzimidazolthiomethanol

The preparation of the MBITM was carried out by reaction the formaldehyde with 5-Methoxy-2-
mercaptobenzimidazole in ethanol as in the Scheme 1.

1
H,CO 9 pon O NN
| j\ + ﬂ Reflux 5hr 3 | ﬁ
N SH H/ \H ' A 5 ]\'I S CH, OH
H H

Scheme 1: Chemical equation for preparation of MBITM
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Despite the acidity of both protons of the NH and SH groups, however, the results of the
measurements showed that the reaction was obtained with a proton of the SH group. This is because
the acidity of the proton associated with SH is more than that associated with NH. Accordingly, the

proposed mechanical shall be as in Scheme 2.
KW
H,CO (|)|-) HsCO ND
[ I /g + /C\ > N)@\s— (‘|: -
1

H
H;CO q H;CO
)\ — = )\
S—C H

H
Scheme 2: The proposed mechanism for the formation of MBITM

S CH, OH

The structure of MBITM was firstly characterized by FTIR spectrum (Figure 1). The spectrum shows
the following main peaks: 3393, 3129, 3030, 2968, 1361 and 650 cm™, represent the v(OH), v(N-H),
v(=C-H), v(CH,), v(C-O-H) and v(C-S), respectively. Besides, the presence of the new peaks of
v(OH) and v(CH,) are fully demonstrating the proposed structure. The "H-NMR spectrum (Figure 2)
showed good separation for the signals, where the three signals of the aromatic ring showed a doublet
of doublet signal of 1H3 at 7.30 ppm with a value of J3(H3 nay= 8.8 and J4(H3 Hl)_ 2.0 Hz. Another
doublet of doublet signal of 1H4 at 7.07 ppm with a value of J3(H4 3= 8.8 and S @a-nny= 1.7 Hz. The
1H1 proton signal appeared as a doublet signal at 6.61ppm with J* @1-n3) = 2.0Hz. Depending on the
values of the coupling constant, the chemical shift of each proton was determined. This is due to the
fact that J values are inversely proportional to the distance between the protons. The spectrum also
showed four single signals at 14.07, 3.81, 3.65 and 3.57 ppm, attributed to the proton of NH, OH, CH,
and CHj;, respectively. In order to prove the structure doubly, the measurement of the elemental
analysis was performed. The results showed a very large correlation between the theoretical and
practical values of the proposed formula as described in 2.3.3. The measurement of the melting point
was very beneficial because there was a significant difference of 120 ° C between the starting material
(248- 249) and the resulting material (125- 128), which is evidence of a change in structure.
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Figure 1: FTIR spectrum of MBITM
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Figure 2: '"H-NMR spectrum of MBITM
3.2. Characterization of Ag NPs and Ag NPs anchored MBITM

3.2.1. FTIR: The FTIR spectrum of Ag NPs (Figure 3) revealed the presence of v(O-H) at 3445 cm ™,
v(-C—H) of aliphatic content at 2975 cm ™', v(C=C) at 1605 cm ', v(C-O) at 1350 cm ™' and the bands
of aromatic substituted at 775 and 710 cm™'. These bands are attributed to aromatic substituted of the
adsorbed components from the seder extract. These bands strongly demonstrate the presence of
terpenoids [42,43].
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Figure 3: FTIR spectrum of Ag NPs
In the case of the FTIR spectrum of Ag-MBITM (Figure 4), the spectrum shows that the v(OH) at
3380 and v(C-O-H) at 1338 is shifted to lower frequencies than that in the FTIR of analog MBITM
(1037, 1431 cm™) after the addition of Ag nanoparticles indicating the association of the MBITM
through the hydroxy terminal.
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Figure 4: FTIR spectrum of Ag-MBITM

3.2.2. XRD: The XRD pattern for the Ag NPs and Ag-MBITM were studied in order to check
the difference in the XRD patterns of the Ag NPs and its derivative. In XRD pattern of the Ag
NPs (Figure 5 (a)) there are four main peaks identified at (20) 38.2408°, £¢£.£YYo° ¢ 0d.¥°
and 77.5154° corresponding to the (111), (200), (220)and (3 1 1) planes respectively [16]
which are indexed to the face centered cubic system. The calculations of the particle sizes
were illustrated in Table 1. As shown in Figure 5 (b), the XRD pattern Ag-MBITM shows
that there were several main peaks listed in Table 1. It is worth focusing on the presence of
the peaks of silver nanoparticles at 37.8155°, 64.5429° and 78.6089° with a slight shift in the
values of 2 theta. The existence of these peaks clearly confirms that nanosilver is present in
the Ag-MBITM composition. In addition, the existence of other peaks due to organic matter is
another proof of the Ag-MBITM being prepared. Using the Debye-Scherrer equation [44], the
crystallite size of the Ag NPs and Ag-MBITM were determined. The calculation results show
that the average size of Ag NPs was 22.07 nm while it was 13.59 nm regarding to Ag-
MBITM. It can easily be observed that the average size decreased with the addition of
MBITM.

Table 1: X-ray diffraction information for prepared compounds and average size of nanoparticles

Compound Peak no. 20 d-spacing FWHM D D average
(degree) (A%) (degree) (nm) (nm)
1 YAYE A Y Yoyay CEYYY. 20.56
Ag NPs 7 £¢ £YYo0 Yo Yvay IEERE-N 18.24 2207
3 X AR 2.12300 AR 23.92 ’
4 YY oyo¢ Y. eeVYo EVTE 25.57
1 13.5647 LCARES SRR 12.11
2 20.7099 £.YAoo. LEEATS 18.82
3 24.1193 TAATAA CLEAY 17.57
4 26.5167 Y.YoAvVE ATV 10.19
5 27.7630 FYYvY CARNE 16.23
Ag-MBITM 6 YRV Y eYva CYTAVL 11.77 13.59
7 YV. AYoo ARRARE CACe 10.97
8 AR AT 1.vivae cAoo 10.79
9 1¢.08Y4 V.YV A 14.44

—_
(e}

YA T A4 IRARER CAY 13.08
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Figure 5: XRD patterns of (a) Ag NPs and (b) Ag-MBITM

3.2.3. EDX : The EDX of pure Ag NPs (Figure 6 (a)) showed the presence of silver signal at
2.98 KeV only. The existence of this signal alone is evidence of the purity of the prepared Ag
NPs. In the case of Ag-MBITM, in addition to silver signal at 2.98 KeV, the EDX showed the
carbon signal at 0.27 keV, oxygen at 0.52 KeV and sulfur signal at 2.30 KeV as shown in
Figure 6 (b). The existence of a sulfur signal of the exocyclic sulfur in the MBITM, is
conclusive evidence of the success of the reaction between Ag NPs and MBITM.

...............

Figure 6: EDX patterns of (a) Ag NPs and (b) Ag-MBITM

3.2.4. Antibacterial activity: E. coli and S. aureus bacteria were subjected to two different
concentrations (2 mM, 4 mM) of AgNPs, MBITM and Ag-MBITM samples. The inhibition zone
diameter (1ZD) in mm is shown in Table 1. The results of the anti-bacterial activities proved that all
the prepared materials were able to kill both types of bacteria (Gram-positive and Gram-negative) as
well as the results proved that by increasing the concentration of the antibacterial agents, the toxicity
increases and thus increase the 1ZD. AgNPs exhibits a relatively greater 1ZD against the S.aureus,
while for MBITM there was no significant difference in 1ZD against both types of bacteria. As for
the nano-organic hybrid (Ag-MBITM), compared to the two pure starting materials, it had a more
than double effect. This multiplier effect is due to the ability of the AgNPs to transfer the
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functionalized benzimidazole derivative to the bacterial cells due to the small size of the
nanoparticles, which was confirmed by the X- ray measurements, since the addition of the
benzimidazole derivative led to a significant reduction in the size of the Ag- MBITM particles
compared to the AgNPs.

Table 2 Antibacterial activity test of the prepared materials

Antibacterial agent 1ZD (mm) after incubation for 24 hr
E. coli S. aureus
AgNPs /2mM 2.01 2.40
AgNPs /4mM 5.04 5.70
MBITM/2mM 3.26 3.01
MBITM/4mM 6.41 6.97
Ag-MBITM/2mM 8.22 10.10
Ag-MBITM/4AmM 14.65 17.39

4. Conclusion

This article presents the preparation and characterization of new organic material (MBITM) as well as
includes the preparation of silver nanoparticles using a green chemistry method, including the use of
seder leaf extract as a reducing agent. In addition, this organic compound was anchored onto Ag
nanoparticles, yielding in an Ag-MBITM compound, which was diagnosed with different techniques.
The average particle size calculated by the Debye-Scherrer equation proved that Ag-MBITM is
smaller than Ag NPs alone. This indicates that the silver clusters are separated by MBITM. The results
of antibacterial measurements have shown that the combination of this organic compound with
nanoparticles has improved the bio-activity properties of both pure silver and organic compounds.
This information proves that silver has delivered organic matter into cells more easily through its
ability to circumvent antibiotic resistance mechanisms. Now, we can demonstrate that the
benzimidazole family has a strong anti-bacterial effect but need to find a way to deliver it directly to
the bacteria cells. Therefore, we recommend preparing pharmaceutical products based on the presence
of benzimidazole attached to nanoparticles.
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