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Iron(Il), cobalt(Il), nickel(II), and copper(l) complexes of alkylated derivatives of 2-mercapto-5-
nitrobenzimidazole (SNMT) were prepared via reflux reactions with 1,2-dibromoethane and the corresponding
metal(IT) salts in alkaline conditions. Characterisation of the compounds was carried out using CHNS elemental
analysis, infrared and ultraviolet-visible spectroscopy, and magnetic susceptibility measurements. Their
antimicrobial activity was evaluated against four bacterial and two fungal strains using the agar well diffusion
method. In comparison, the infrared spectra of SNMT and the metal complexes presented shifts in the N—H and
C-N stretching vibrations, consistent with coordination through the benzimidazole nitrogen atom. The magnetic
moment values, electronic spectral and elemental analytical data were collectively employed to propose the probable
coordination geometries of the complexes. From the synthesised compounds, the Cu(Il) complex exhibited the
highest antibacterial activity, with inhibition zones between 10 and 20 mm. Both Aspergilius niger and Candida albicans
were susceptible to all the metal complexes, suggesting that the complexes warrant further screening against
additional fungal strains to better assess their antifungal potential.
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INTRODUCTION

Benzimidazoles are heterocyclic compounds that
have shown relevance in various applications, and
particularly in medicinal chemistry (Baron ez al.,
2022; Champa et al., 2023; Rep et al., 2022). 2-
Substituted  benzimidazole derivatives
evaluated for biological applications, and were
found to exhibit anticancer (Theodore ¢f al., 2023;
Aragon-Muriel e al, 2021), antibacterial and
antifungal (Arya ef al., 2025; Neshat et al., 2023;
Desai ez al., 2024), antioxidant (Bektas ez al., 2020),
and antiplasmodial (Purwono ez al., 2021) activities.
An important derivative of benzimidazole is 2-
mercaptobenzimidazole (or 2-benzimidazolethiol),
which has been used to generate many organic
products by substituting the thiol proton, and by
derivatizing the nitrogen heteroatom. Some 2-
mercaptobenzimidazole-derived compounds have
demonstrated antimicrobial and anticancer (Aroua
et al., 2023; Rizvi et al., 2020; Al-Mahdawi e7 a/.,
2025), acetylcholinesterase inhibitory (Begum ez al.,
2022), and anti-browning/tyrosinase inhibitory
(Lee et al., 2023) activities. Their applications in
corrosion inhibition (Jakeria ef al, 2022; Ji et al.,
2021; Khormali and Ahmadi, 2023) and in dye
removal (Elwakeel ¢7 a/., 2021) have been reported.
The antidiabetic (Patle e# a/., 2023), antitubercular
(Popovici et al, 2021; Cheptea et al, 2022),
anticancer, acetylcholinesterase and

were

butyrylcholinesterase inhibitory properties (Alpan
et al., 2017; Sartkaya ez al., 2018; El-Gohary et al.,
2017) of  2-mercapto-5-nitrobenzimidazole
derivatives have been investigated. Synthesis of 2-
benzimidazolethiol derivatives has been carried
out mainly in alkaline media, using various
reagents. S-alkylation or -arylation was achieved in
the presence of NaOH and appropriate alkylhalide
(Rodriguez et al., 2021; Bespalov et al., 2015),
trialkylphosphite and phosphorus oxychloride (El-
Kihel ez al., 2016), potassium carbonate (Champa ef
al., 2023; Nuha et al., 2021), and cesium carbonate
(Subimol et al, 2015). Aminomethylation was
achieved with dicyclohexyl-carbodiimide and 4-
dimethylaminopyridine ~ (DCC/DMAP) by
Rodriguez et a/ (2021), while Bespalov e# a/ (2015)
used morpholine, and potassium carbonate and
alkyl ester halide were also successfully used by
Bektas ez a/ (2020). The disulfide derivatives were
obtained by Molou and his co-researchers (2022)
by reacting the parent thiols with diiodomethane
in glacial acetic acid. Iodine, sodium bicarbonate
and concentrated hydrochloric acid yielded the
desired disulfide products from the parent thiols
(Wei et al., 2021), while rosolic acid (Singh and
Baruah, 2008), and electrochemical
dehydrogenative coupling Zhang ez al. (2022) were
used to derive similar products. In view of
important biological activities associated with
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many benzimidazole-based molecules, interested
researchers continue to synthesise and investigate
new derivatives for improved medicinal
applications. Although broader
benzimidazolethiol libraries have been synthesised
and tested for antifungal and anti-inflammatory
activity, specific nitro-benzimidazolethiols remain
underexplored. In this study, new metal complexes
of alkylated derivatives of B5NMT were
synthesised, and characterised by CHNS
elemental, infrared and UV spectral analyses and
room-temperature magnetic susceptibility
measurements. The antimicrobial properties of the
metal compounds were investigated against six
microbial pathogens/strains.

MATERIALS AND METHODS

General

The reagents and solvents were of analytical grade
and were used as supplied. Melting points were
determined on Gallenkamp melting point
apparatus. The purity of the synthesised
compounds was checked by TLC using Silica Gel
as stationary phase and ethyl acetate-hexane (1:3)
as eluent, the spots were visually detected in an
iodine chamber. Elemental analyses (CHNS) were
determined on Elementar Analysen systeme
varioMICRO V1.6.2 GmbH. The infrared spectra
were obtained as KBr discs on a Perkin-Elmer
FTIR spectrophotometer in the range 4000—400
cm™. UV/Visible spectra were obtained in DMF
solvent on Labomed UV-Vis Spectrophotometer
in the ranges 190-400 and 400-900 nm,
respectively. Magnetic susceptibility measurements
were recorded on a Sherwood magnetic
susceptibility balance MSB Mark 1 and
diamagnetic corrections were calculated using
Pascal‘s constants.

Synthesis Procedure

The metal complexes of the alkylated derivatives
of  5-nitrobenzimidazolethiol were generally
prepared using a template synthesis method. 2-
Mercapto-5-nitrobenzimidazole (SNMT) (0.2796
g, 1.432 mmol) in 10 mL ethanol was stirred on a
hot plate, while an ethanol solution containing
sodium hydroxide (0.1146 g, 2.864 mmol), 1, 2-
dibromoethane (0.1 mL, 1.432 mmol) were added
sequentially, dropwise. After refluxing the mixture
for 3 h, the solution of metal salt (0.716 mmol) in
3 mL ethanol was added, and the mixture was
further heated to reflux for 1 h. Each precipitate
was obtained by filtration, washed with ethanol
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and dried in air. The purity of the derived products
was ascertained by a single spot shown by thin
layer chromatography procedure.

[M1].EtOH: FeSO,.7H-O (0.1991 g, 0.716 mmol)
was used. Yellow solid; yield, 0.2241 g, 52%; M.pt
178—180 OC. Anal. Calc. fOf C3()H3()F62N1201886 (Mr
= 1228.80): C 35.19, H 2.95, N 13.68, S 15.65%.
Found: C 35.33, H 2.65, N 14.806, S 14.90%.

[M2].10H:0: CoCL.6H,O (0.1704 g, 0.716 mmol)
was used. Green solid; yield, 0.1470 g, 39.3%; Dec
278 OC. Anal. Calc. fOf C13H36BI2CI4CO2N6014S2
(Mr = 1044.11): C 20.71, H 3.48, N 8.05, S 6.14%.
Found: C 19.77, H 2.79, N 8.58, S 6.31%.

[M3].EtOH: NiClL.6H.O (0.1702 g, 0.716 mmol)
was used. Yellow solid; yield, 0.1535 g, 42.5%;
M.pt 170—172 OC. Anal. Calc. fOf C34H30N12Ni0954
(Mr = 1008.52): C 40.49, H 3.00, N 16.67, S
12.72%. Found: C 41.62, H 3.01, N 17.19, § 13.15
%.

[M4].H,O: CuClL.2H,O (0.1220 g, 0.716 mmol)
was used. Brown solid; yield, 0.2522 g, 61.9%; M.pt
21 6-21 8 OC. Anal Calc. fOI' C16H14C12CL1N(,0582 (Mr
= 568.90): C 33.78, H 2.48, N 14.77, S 11.27%.
Found: C 34.58, H 2.15, N 14.21, S 10.13%.

Antimicrobial Screening Assay

The 7n vitro antimicrobial properties of complexes
M1-M4 were investigated against four bacterial
strains  (Staphylococcus — anrens,  Bacillus — subtilis,
Psendomonas aeruginosa, and Escherichia coli) as well as
two fungal strains (Aspergillus niger and Candida
albicans), employing the agar well diffusion
technique. Gentamycin (10 pg/ml) and
ketoconazole (1%) were used as reference drugs
for antibacterial and antifungal evaluations,
respectively, whereas dimethylformamide (DMF)
served as the negative control. Microbial inocula
were prepared by culturing each test organism on
agar at 37 °C for 18-24 h and adjusting the
turbidity to match the 0.5 McFarland standard. A
loopful of each stock culture was transferred into
5 mL of sterile nutrient broth and incubated under
the same conditions for 18-24 h. Subsequently, 0.1
mL of the overnight culture was diluted with 9.9
ml of sterile distilled water (1:100 dilution). An
aliquot (0.2 mL) of this suspension was aseptically
mixed with sterile molten nutrient agar and poured
into sterile Petri dishes to solidify. Wells of 8§ mm
diameter were created in the solidified agar using a
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sterile cork borer, and 0.20 mL (80 pg) of each test
compound was introduced into the respective
wells. The experiment was performed in replicate.
The plates were allowed to stand at room
temperature for 1 h to facilitate pre-diffusion
before incubation at 37 °C for 18-24 h. The
antimicrobial activity was assessed by measuring
the diameters of inhibition zones (in mm), as
summarized in Table 3.

RESULTS AND DISCUSSION

The complexes were soluble in methanol, acetone,
DMF and DMSO, and had melting points between
170 and 218 °C, while the cobalt(Il) complex
decomposed at 218 °C. The CHNS elemental
analysis was found to be in good agreement with
the calculated values for each proposed metal
complex.

Infrared Spectra

The infrared spectra of the complexes and the
benzimidazole precursor (BNMT), recorded in
Table 1, were obtained to indicate the binding
sites. The broad bands found in the spectra of the
complexes, M1-M4, in the range 3363-3305 cm™
and 750 cm™ showed the presence of O-H bands
in H,O or C;HsOH environment (Coates, 2000).
The N-H stretching frequency appeared as a
sttong broad band at 3143 cm™ in S5NMT
(Champa et al., 2023), while it was shifted to lower
wavenumbers in the range 3112 — 3101 cm™ in the
metal complexes. Though a slight shift was
recorded for #(C=N) found at approximately 1620
cm™ in the compounds, a corresponding increase
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in »(C-N) from 1244 cm™ (SNMT) to 1263-1258
cm™ in the complexes also demonstrated the
binding through the benzimidazole nitrogen atom.
Thioalkylation of the benzimidazolethiol group
was shown by the disappearance of the weak and
broad S—H band in the complexes, which has been
observed at 2433 cm™ in SNMT (Coates, 2000).
This was also supported by the appearance of new
weak bands in the spectra of [M1]-[M4]. These
bands in the ranges 1463-1441 cm™ and 660—-657
cm™, were assigned to 8(-CHz-) and »(-CH.-S),
respectively (Coates, 2000; El Ashry, e al., 2010).
The non-coordination of the sulphur atom was
suggested by the #(C-S) at 687 cm™, which was
only slightly shifted in the complexes to the range
of 689698 cm™. The strong bands at 1592 and/or
1540 cm™ were assigned to »(C=C), while the
asymmetric and symmetric stretching frequencies
of NO; appeated around 1520 and 1350 cm™ in
the compounds. The complex [M2] showed two
distinct medium intense band at 1060 and a weak
band at 672 cm™, assigned to the asymmetric and
symmetric stretches of the sulphato ion. The
absence of a band above 1200 cm™, suggested the
coordination of the sulphato ion in a bridging
mode. Similarly, the medium and broad band at
600 cm™, was designated to »(C-Br) in [M2]
(Coates, 2000). These bands were absent in the
spectra of other complexes. The new medium to
weak bands in the range 477-436 cm™, were
assigned to M—N stretching frequencies in [M1]—
[M4], while the band at 500 cm™ was designated
to »(Fe-O).

Table 1: The infrared stretching and bend frequencies of the compounds in cm™

Compounds  5SNMT [M1] M2] [M3] [M4]
O-H 3358, 752 3363, 753 3305, 752 3351, 753
N-H 3143 3103 3107 3112 3101
S-H 2433

C=N 1625 1620 1622 1621 1620
c=C 1534 1592, 1543 1594 1594 1595
NO, 1513, 1355 1520, 1347 1522, 1346 1522, 1347 1523, 1345
CH, 1460 1455 1441 1463
C-N 1244 1258 1263 1259 1258
SO 1060, 672

Cc-S 687 689 698 690 693
CH»-S 657 660 657 660
C-Br 600

M-N 521, 440 436 442 477

Electronic Spectra and Magnetic Moments
The electronic spectra of the compounds are
recorded in Table 2. The intense UV absorptions

in the ranges 281-295 nm and 317-327 nm were

respectively assigned to 1 > n and n &> 7
transitions. The single transition expected for
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Fe(Il) complexes in either octahedral (*T2, — °E,,
900-1000 nm) or tetrahedral geometry CE — T,
~2500 nm) was not observed (Greenwood and
Earnshaw, 1998(a)). However, an intense charge
transition was observed at 416 nm. For high-spin
octahedral Fe(II) complexes, a magnetic moment
of 52-54 BM is expected due to orbital
contribution or stereochemical distortions, while
the tetrahedral complexes were reported to lie in
the range 5.0-5.4 BM (Greenwood and Earnshaw,
1989(a)). The observed magnetic moment for
[M1] was 5.1 BM, which was suitable for a
tetrahedral configuration. In either the tetrahedral
or octahedral Co(I) geometry, three spin-allowed
transitions are expected, where the tetrahedral
spectra usually consist of a broad, intense band in
the visible region with a weaker one in the infrared
(Greenwood and Earnshaw, 1998(b)). The
reported complex exhibited a broad band at 635
nm, assigned to *A;— *T' (P) (»5) transition in the
tetrahedral symmetry, while the other two
transitions (1 and »;) were not observed as they
usually appear in the infrared region 3000—-8000
cm™ (Greenwood and Earnshaw, 1998(b)). An
intense charge transfer transition appeared in the
Co(II) complex at 425 nm. The magnetic moment
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of 4.5 BM derived for [M2] suggested a tetrahedral
structure since it lies within the range 4.4-4.8 BM,
and was outside that for octahedral complexes
(4.8-52 BM) (Greenwood and Earnshaw,
1998(b)). Three transitions could be seen in the
spectra of octahedral and tetrahedral Ni(II), where
those arising from the latter geometry are usually
more intense. On the other hand, the spectra of
square-planar  Ni(II) complexes are usually
characterised by a fairly strong band between 450
and 600 nm, as well as another band near the
ultraviolet region. The reported Ni(II) complex
[M3] showed a strong band at 432 nm, and a
charge transfer transition at 416 nm. The magnetic
moments of  tetrahedral and  octahedral
compounds have been reported in the ranges 3.2-
4.1 BM and 2.9-3.3 BM, respectively. (Greenwood
and Earnshaw, 1998(c)). The observed magnetic
moment of 0.8 BM suggested a square planar
geometry for [M3], and the electronic transition at
432 nm could be assigned to 'A;g — 'Big
transition. The copper(Il) complex [M4] exhibited
a visible band at 414 nm, assigned to the square
planar °Bi,—°Aj, transition. The intense charge
transfer transition was observed at 405 nm.

Table 2: UV-Vis bands (A, nm) and magnetic moments of the synthesised compounds

Compounds n— 1% n— * LM d—d pest (4B)

[M1] 282,294 317 416 - 5.1
[M2] 281, 295 327 425 635 4.5
[M3] 291 322 416 432 0.8
[M4] 294 322 405 414 1.4

LM = ligand to metal charge transfer

In vitro Antimicrobial Activity: Inhibition
Zone Diameters

The inhibition zones (mm) of the antimicrobial
assay of the complexes [M1]—-[M4] are presented
in Table 3. The complex [M1] exhibited no
antibacterial activity but showed antifungal effects
against A. niger (16 mm) and C. albicans (12 mm),
indicating preferential activity toward fungal
strains. [M2] demonstrated limited antibacterial
activity, showing inhibition only against B. subtilis
(12 mm), while retaining moderate antifungal
activity against A. niger (18 mm) and C. albicans (12
mm). This suggested a slight enhancement in
activity relative to [M1]. The Ni(Il) complex,
[M3], displayed broader antimicrobial activity,
inhibiting S. aureus (10 mm), P. aeruginosa (12 mm),
and E. ¢/ (12 mm), in addition to pronounced
antifungal activity against 4. zzger (20 mm) and C.

albicans (16 mm). The expanded spectrum may
indicate improved cell membrane permeability or
enhanced interaction with microbial targets. [M4]
exhibited the most significant overall activity
among the tested compounds. It showed
antibacterial effects against all four bacterial
strains, with inhibition zones of 10 mm (§. awurens),
16 mm (B. subtilis), 10 mm (P. aeruginosa), and 12
mm (E. coli). Notably, it demonstrated strong
antifungal activity against both 4. niger and C.
albicans (20 mm each). The improved activity of
this Cu(Il) complex may be attributed to structural
modifications or possible metal coordination
effects, which can enhance lipophilicity and

facilitate penetration through microbial cell
membranes.  The  standard  antibacterial
(gentamicin) and  antifungal  (ketoconazole)

exhibited superior activities at 22—24 mm and 25—
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27 mm, respectively. Although the synthesised
compounds  demonstrated  lower  activity
compared to the standards, the Ni(II) and Cu(II)
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complexes displayed moderate broad-spectrum
activity, particularly against fungal strains.

Table 3: The antimicrobial assay as diameters of inhibition zones (mm)

Compounds S. B. P. E. A C.
anrens subtilis aernginosa coli niger  albicans
[M1] - - - - 16 12
[M2] --- 12 --- --- 18 12
[M3] 10 - 12 12 20 16
[M4] 10 16 10 12 20 20
DMF --- --- --- --- --- ---
Gentamicin 22 24 22 22 - -
Ketoconazole - - - --- 25 27
CONCLUSION

In this study, iron(II), cobalt(II), nickel(II), and
copper(Il) complexes of alkylated derivatives of 2-
mercapto-5-nitrobenzimidazole ~(SNMT) were
successfully synthesised under alkaline conditions
and characterised. The CHNS elemental analyses
corroborated the proposed stoichiometries, while
infrared spectral data confirmed S-alkylation of the
parent thiol and coordination predominantly
through the benzimidazole nitrogen atom. The
observed shifts in the N-H and C-N stretching
vibrations, together with the appearance of new
M-N bands in the far-IR region, provided strong
evidence for metal-ligand bond formation.
Electronic  spectral features and magnetic
susceptibility measurements further supported the
proposed coordination geometries for the
respective metal centres. Hence, the metal
complexes are proposed to have the structures
shown in Figure 1.

NO, O,N

The antimicrobial screening revealed the Cu(ll)
complex exhibiting the most pronounced
antibacterial effect against the tested strains.
Notably, all synthesised complexes demonstrated
appreciable antifungal activity against Aspergilius
niger and Candida albicans, indicating that metal
coordination plays a significant role in modulating
bioactivity, possibly through increased lipophilicity
and improved cellular permeability. The research
highlighted the potential of the development of
alkylated SNMT metal complexes as metal-based
antimicrobial agents, at a time of increasing
resistance to conventional drugs. Further studies
involving expanded microbial panels, minimum
inhibitory concentration (MIC) determinations,
and mechanistic investigations are recommended
to fully elucidate their therapeutic potential and
structure—activity relationships.
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Figure 1: Proposed structures of the synthesised compounds
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