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KEYWORDS Abstract Coordination of the ligands derived from benzimidazole with Cr(III) led to the forma-
Benzimidazole; tion of new fluorescent Cr (III) complexes. The structures of the new complexes were established
Cr(III) complex; by spectral, analytical data and Job’s method and an octahedral geometry was proposed for the
UV-Vis and fluorescence complexes. Also, the DFT methods were employed to gain a deeper insight into geometry and spec-
spectroscopy; tral properties of the new Cr (III) complexes. The DFT-calculated vibrational modes of Cr(I11)
DFT; complexes are in good agreement with the experimental values, confirming suitability of the opti-
Antibacterial activity mized geometries for the complexes. Fluorescent ligands and chromium complexes were spectrally

characterized by UV-Vis and fluorescence spectroscopy. Results revealed that Cr(III) complexes
generate fluorescence in dilute solution of DMSO. Calculated electronic absorption spectra were
also provided by time-dependent density functional theory (TD-DFT) method. The new complexes
exhibited potent antibacterial activity against a panel of strains of Gram negative bacterial and
Gram positive species and their MIC was also determined. Two strains of Gram positive and
two strains of Gram negative bacteria.
© 2019 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction is nowadays recognized as a major global public health
problem.

The search for new antibacterial compounds continues to be ) The Cr chemicals play an Important rvol'e in several indus-

very active because the resistance to the antibacterial agents trial processes such as leather tanning, mining of chrome ore,

production of steel and alloys, dyes and pigment manufactur-
ing, glass industry, wood preservation, textile industry, film
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tems (Mandina and Tawanda, 2013). It is present in the active
centers of many enzymes, which is why it is classified as one of

the essential elements. It facilitates the transport of glucose
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with insulin in protein synthesis (Ziegenfuss et al., 2017). Cr
(IIT) has been shown to have a detrimental effect on various
components of the immune system, giving rise to immune stim-
ulation or immune inhibition (Adam et al., 2017). Chromium
(IIT) also plays an important function in lipid metabolism thus
reducing the risk of atherogenesis (Chen et al., 2017), increase
in lean body mass (Liu et al., 2015), and promotion of weight
loss (Whitfield et al., 2016). Chromium(III) chelates have been
found to interact with biological systems and to exhibit anti-
neoplastic activity (Abdel-Rahman et al., 2017) and antibacte-
rial, antifungal (Ghssein and Matar, 2018; El-Megharbel and
Refat, 2015), and anticancer activity (Mahmoud et al., 2015).
Some chromium (III) N,S,0/N,N-donor chelators are good
anticancer agents due to strong binding ability with DNA base
pair (Zhou et al., 2016).

On the other hand, benzimidazole nucleus is one of the
most important heterocycles in medicinal chemistry. Owing
to the great structural diversity of biologically active benzimi-
dazole, it is not surprising that the benzimidazole nucleus has
become a significant structural component in many pharma-
ceutical agents. Benzimidazole can be found in a wide range
of bioactive compounds such as antiparasitics (Flores-
Carrillo et al., 2017), anticonvulsants (Siddiqui et al., 2016),
analgesics (Siddiqui et al., 2016), antihistaminics (Ding et al.,
2017), antiulcers (Saini et al., 2016), antihypertensives
(Zhang et al., 2015), antiviral (Vausselin et al., 2016), anti-
cancers (Kumar et al., 2016), antifungals (Keller et al., 2015),
anti-inflammatory agents (Gaba et al., 2014), proton pump
inhibitors (Van Oosten et al., 2017) and anticoagulants
(Yang et al., 2016). Optimization of substituents around the
benzimidazole nucleus has resulted in many drugs like alben-
dazole, mebendazole, thiabendazole as antihelmintics;
omeprazole, lansoprazole, pantoprazole as proton pump inhi-
bitors; astemizole as antihistaminic; enviradine as antiviral;
candesarten cilexitil and telmisartan as antihypertensives and
many lead compounds in a wide range of other therapeutic
areas. Also, benzimidazoles play an important role in deter-
mining the function of a number of biologically important
metal complexes (Bansal and Silakari, 2012).

Since, chromium and benzimidazole play a key role in bio-
logical systems, it is important to study the interactions of ben-
zimidazole ligands with chromium. This paper describes the
synthesis, spectral and density functional theory (DFT) calcu-
lations of three new chromium (III) complexes of fluorescent
heterocyclic ligands derived from benzimidazole. Antibacterial
activities of the compounds against Gram-positive and Gram-
negative bacterial species were also determined.

2. Experimental

2.1. Equipment and materials

Percentage of the Cr(IIl) was measured by using a Hitachi 2-
2000 atomic absorption spectrophotometer. The '*C NMR
(75MHz) and '"H NMR (300 MHz) spectra were obtained
on a Bruker Avance DRX-300 spectrometer. Chemical shifts
are reported in ppm downfield from TMS as internal standard;
coupling constant J is given in Hz. The FT-IR spectra were
recorded as potassium bromide pellets using a Tensor 27 spec-
trometer and only noteworthy absorptions are listed. The mass
spectrum was recorded on a Varian Mat, CH-7 at 70 eV and

ESI mass spectrum was measured using a Waters Micromass
7ZQ spectrometer. Elemental analysis was performed on a
Thermo Finnigan Flash EA microanalyzer. Absorption and
fluorescence spectra were recorded on Varian 50-bio UV—Vis-
ible spectrophotometer and Varian Cary Eclipse spectrofluo-
rophotometer. UV-Vis and fluorescence scans were recorded
from 200 to 1000 nm. Melting points were obtained on an
Electrothermaltype-9100 melting-point apparatus.

The microorganisms Bacillus subtilis ATCC 6633, Pseu-
domonas aeruginosa ATCC 27853 and Escherichia coli ATCC
25922 were purchased from Pasteur Institute of Iran and
Methicillin Resistant S. aureus (M RSA) was isolated from dif-
ferent specimens which were referred to the Microbiological
Laboratory of Ghaem Hospital of Medical University of
Mashhad, Iran and its methicillin resistance was tested accord-
ing to the NCCLS guidelines.

All solvents were dried according to standard procedures.
Compounds 1 (Preston, 1990) and 3a,c (Rahimizadeh et al.,
2009) were obtained according to the published methods.
Other reagents were commercially available.

2.2. Computational methods

All of the calculations have been performed using the DFT
method with the B3LYP functional (Lee et al., 1988) as imple-
mented in the Gaussian 03 program package (Frisch and Et,
2003). The 6-311+ + G(d, p) basis sets were employed except
for the Cr(III) where the LANL2DZ basis sets were used with
considering its effective core potential. Geometry of the Cr(III)
complexes was fully optimized, which was confirmed to have
no imaginary frequency of the Hessian. Geometry optimiza-
tion and frequency calculation simulate the properties in the
gas/solution phases.

The fully-optimized geometries were confirmed to have no
imaginary frequency of the Hessian.

The solute-solvent interactions have been investigated using
one of the self-consistent reaction field methods, i.e., the Polar-
izable Continuum Model (PCM) (Tomasi and Cammi, 1995).

2.2.1. General procedure for the synthesis of ligands 4a-c from
3a-c

To a solution of 3a-c (6 mmol) in EtOH (40 mL) and HCI
(2M, 3mL), iron powder (0.89 g, 16 mmol) was added with
stirring. Then, the mixture was refluxed for 4h and then
poured into water. The precipitate was collected by filtration,
washed with water, and air-dried to give crude 4a-c.
(5-Amino-1-ethyl-1H-benzo[d]imidazol-4-yl) (phenyl) meth
anone (4a, L1) was obtained as a shiny yellow needles (EtOH).
mp.: 186-188 °C [Lit mp. 185-187 °C] (Rahimizadeh et al.,
2009); 'H NMR (CDCL):  1.51 (t, J = 7.5 Hz, 3H, CH;),
3.89 (br s, 2H, NH,), 4.13 (q, J = 7.5 Hz, 2H, NCH,), 6.67
(d, J = 8.5Hz, 1H, Ar H), 7.09 (d, J = 8.5Hz, 1H, Ar H),
7.20-7.49 (m, 5H, Ar H), 7.78 (s, 1H, Ar H) ppm; '*C NMR
(CDCl3): 6 14.1, 419, 111.0, 114.2, 114.7, 125.3, 127.2,
127.6, 127.6, 129.2, 132.1, 135.8, 142.0, 195.7 (C=0) ppm.
IR (KBr): 3317, 3260 cm™' (NH,), 1633 cm™' (C=0). MS
(m/z) 279 (MT). Anal. Caled for Ci;gH;sN;O (265.3): C,
72.43; H, 5.70; N, 15.84. Found: C, 72.66; H, 5.73; N, 16.03.
(5-Amino-1-propyl-1H-benzo[ d]imidazol-4-yl) (phenyl)met
hanone (4b, L2) was obtained as a shiny yellow needles
(EtOH). mp.: 122-124 °C [Lit mp. 121-123 °C] (Rahimizadeh
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et al., 2009); '"H NMR (CDCl5): 6 0.94 (t, J = 7.5 Hz, 3H,
CH;), 1.75-2.10 (m, 2H, CH,), 4.04 (t, J = 7.5Hz, 2H,
NCH,), 4.12 (br s, 2H, NH,), 6.62 (d, J = 8.5Hz, 1H, Ar
H), 7.03 (d, J = 8.5Hz, 1H, Ar H), 7.11-7.52 (m, 5H, Ar
H), 7.75 (s, 1H, Ar H) ppm; 3C NMR (CDCl,): § 114,
23.2, 46.8, 111.3, 114.1, 114.8, 125.5, 127.1, 127.6, 127.9,
129.0, 132.3, 135.6, 142.2, 1959 (C—=0O) ppm. IR (KBr):
3315, 3260 cm™! (NH,), 1635cm™! (C=0). MS (m/z) 279
(M™). Anal. Caled for C;;H;N;O (279.3): C, 73.10; H,
6.13; N, 15.04. Found: C, 73.45; H, 6.15; N, 14.87.

(5-Amino-1-butyl-1H-benzo[ d]imidazol-4-yl) (phenyl)meth
anone (4c, L3) was obtained as a shiny yellow needles. m.p.:
117-119 °C. Yield: 79%. 'H NMR (CDCl): & 0.89 (t,
J =7.5Hz, 3H, CHj;), 1.21-1.33 (m, 2H, CH,), 1.77-1.88
(m, 2H, CH,), 4.19 (br s, 2H, NH,), 4.31 (t, J/ = 6.9 Hz, 2H,
NCH,), 6.67 (d, J = 8.5Hz, 1H, Ar H), 7.01 (d, J = 8.5 Hz,
IH, Ar H), 7.09-7.47 (m, 5H, Ar H), 7.73 (s, 1H, Ar H)
ppm; 3C NMR (CDCly): § 13.7, 20.01, 33.1, 44.5, 110.8,
114.3, 114.6, 125.3, 127.1, 127.4, 127.8, 128.8, 132.5, 135.9,
142.0, 195.3 (C=0) ppm. IR (KBr): 3320, 3263 cm™' (NH>),
1637cm™! (C=0). MS (m/z) 293 (M™). Anal. Calcd for
CisH19N30 (293.4): C, 73.69; H, 6.53; N, 14.32. Found: C,
74.01; H, 6.57; N, 14.09.

2.2.2. General procedure for the synthesis of the complexes Sa-c
from ligands 4a-c

Chromium(III) nitrate nonahydrate (0.25 gr, 1 mmol) was
added to the yellow solution of ligand 4a-c¢ (2 mmol) in aque-
ous metanolic solution (15 mL, MeOH, H,O, 10:90), resulting
in color change to orange. The reaction was carried out for
another 1 h at rt. The complex was isolated by evaporation
of the solvent and washed with cold MeOH and then H,O.

[Cr(L1),]N309-2(H,O) (5a): was obtained as an orange
powder. mp. >300 °C (decomp). IR (KBr): 3389, 3250 cm™"
(NH»), 1628 cm™! (C=0), ESI-MS (+) m/z (%): 582 [Cr
(L1)2]3+. Anal. Calcd for C32H34CFN9013 (8042) C, 4776,
H, 4.26; N, 15.67; Cr, 6.46. Found: C, 47.93; H, 4.29; N,
15.83; Cr, 6.59.

[Cr(L2),]N309-2(H,O) (5b): was obtained as an orange
powder. mp. >300 °C (decomp). IR (KBr): 3363, 3257 cm™"
(NH»), 1629 cm™! (C=0), ESI-MS (+) m/z (%): 610 [Cr
(L2)2]3+. Anal. Calcd for C34H38CFN9013 (8322) C, 4904,
H, 4.60; N, 15.14; Cr, 6.24. Found: C, 49.28; H, 4.64; N,
15.29; Cr, 6.39.

[Cr(L3),]N309-2(H,O) (5¢): was obtained as an orange
powder. mp. > 300 °C (decomp). IR (KBr): 3371, 3260 cm ™
(NH»), 1625¢cm™" (C=0), ESI-MS (+) m/z (%): 638 [Cr
(L3),**. Anal. Caled for C36H4CrNyO,5 (860.2): C, 50.23;

CH,CN

OZN N OzN N 2
T = 5
e — . _—
H KOH, DMF N KOH, MeOH, 4hr reflux

R

5-nitro-1H-benzo[d]imidazole 1a-c

Scheme 1

H, 4.92; N, 14.65; Cr, 6.04. Found: C, 49.80; H, 4.89; N,
14.51; Cr, 6.31.

3. Results and discussion

3.1. Synthesis and structure of the new ligands 4a-c¢ and
complexes 5a-c

5-Nitro-1H-benzimidazole was alkylated with different alkyl
halides in KOH and DMF according to the literature method
(Preston, 1990). Reaction of compounds la-c with benzyl
cyanide (2) in basic MeOH solution led to the formation of
3-alkyl-8-phenyl-3 H-imidazo[4',5":3,4]benzo[1,2—c]isoxazole
(3a-¢) (Rahimizadeh et al., 2009). Aryl ketons 4a-c were
obtained by reduction of compounds 3a-¢c in EtOH by
Fe/HCI in high yields (Scheme 1).

'H, *C NMR, FT-IR spectra and analytical data proved
the structure of the compounds 4a-c. For example, in the 'H
NMR spectrum of compound 4c there is an exchangeable peak
at 0 4.19 ppm attributed to NH, group protons. Also, there are
two doublet signals (6 = 6.67 and 7.01 ppm), a multiplet signal
(0 = 7.09-747 ppm) and singlet signal (6 = 7.73 ppm) assign-
able to eight aromatic rings protons. In addition, 16 different
carbon atom signals are observed in the '’C NMR spectrum
of compound 4¢. In addition, the FT-IR spectrum of com-
pound 4c¢ in KBr revealed a broad absorption bands at 3320
and 3263 cm ™! attributed to NH, and 1637 cm™! assignable
to the C=0 groups. Also, the results of mass spectroscopy
(mjz 293 [M]") and elemental analyses support the structure
of the compound 4c.

The new complexes Sa-c¢ were obtained from reaction of
ligands 4a-c and Cr(NO3);-9H,0 in 2:1 M ratio obtained by
Job’s method (Fig. 1) (Vosburgh and Chromium, 1941) in
aqueous metanolic solution. For example, the Job’s plot
reached a maximum value at a mole fraction of 0.33, which
confirmed that molar ratio between Cr(III) ions and 4a in
the complex Sa is 1:2.

The structural assignments of the new complexes 5a-¢ were
based on the elemental and spectroscopic (IR, and mass) anal-
yses. The elemental analysis results for Cr complexes confirm
the proposed [Cr(L),]N3;O9-2(H,O) formula. In addition,
molecular ion peak at mj/z 582 ([Cr(L1),]*"), m/z 610 ([Cr
(L2),]* ") and m/z 638 ([Cr(L3),]* ") strongly support the struc-
ture of the new complexes 5a, Sb and Sc respectively.

An octahedral geometry was proposed for Cr(III) com-
plexes (5a-c) based on our experimental results and reported
literatures (Yousefi et al., 2015; Liu et al., 2015) (see Scheme 2).

N Fe, HCI H,N 4a, R=Et
N —— 4b, R=Pr
\> 4 h, reflux 4c. R=Bu
N
\
R
3a-c 4a-c

Synthesis of the ligands 4a-c.
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The structure of the new Cr(III) complexes 5a-c.

1

1

Job’s curve of equimolar solutions for complex Sa in

The calculated data could help to gain a deeper insight into
geometry and spectral properties of the new Cr (III) com-
plexes. Therefore, geometry of Cr(III) complex (5a) were opti-
mized in both of the gas phase and MeOH as the solvent (PCM
model) by DFT calculations at the B3LYP/6-311+ + G(d,p)
level. The optimized geometry of the complex 5a is depicted
in Fig. S1 (Supplementary Data). Some of the calculated struc-
tural parameters of the Cr(III) complex are listed in Table S1
(Supplementary Data). As can be seen in Fig. S1 (Supporting
Information), the ligand 4a acts as a bidentate ligand and coor-
dinates to the Cr(IIl) via nitrogen atom of the amine functional
group and oxygen atom of the carbonyl group. The aromatic
rings of the ligand are in a same plane. The other position of
the complex is filled by two H,O molecules. Also, optimized
geometry and frequency calculations were done in both of
the possible states of the complex, high spin and low spin.
The high spin state of the complex is more stable than the
low spin state. Their energy difference is 84.23 and 67.12 klJ.
Mol ™! in the gas phase and PCM model, respectively.

The DFT computed vibrational modes of Cr(III) complex
5a are listed in Table 1 together with the experimental values
for comparison. The atoms are numbered as in Fig. 2. As seen
in Table 2, there is good agreement between the experimental
and DFT-calculated frequencies of the complex Sa, confirming
validity of the optimized geometry as a proper structure for the
complex 5a.

Based on the optimized geometries and using time-
dependent density functional theory (TD-DFT)
(Bauernschmitt and Ahlrichs, 1996) methods, the electronic
spectrum of the complex 5a was predicted (Fig. S2, Supple-
mentary Data). The TD-DFT electronic spectra calculations
on 5a show a broad peak at 387 nm (oscillator strength:

Table 1 Selected experimental and calculated IR vibrational frequencies (cm ') of Cr(IIT) complex 5a.

Experimental frequencies Calculated
Frequency IR Intensity Vibrational assignment
D (10~ esu® cm?)
703 (w) 691 159 Vsym(Cr—N)
714 (w) 725 67 Vasym(Cr—N)
967 (m) 982 210 3op(C—H) aromatic
1265 (m) 1261 110 v(C1—N3, C22—N6)
1399 (m) 1406 1732 Vasym(C4—C5—N2) + U,5ym(C25—C26—N5)
1451(s) 1413 519 v(C = C, C=N) of the aromatic rings
1459 52 v(C21—C9) + v(C42—C30)
1467 310 v(C=N) of the aromatic rings + v(C42—N4, C21—N1)
1473 72 v(C=N) of the aromatic rings + v(C22—N6, C1—N3)
1630 (s) 1523 529 v(C=C) of the aromatic rings
1564 4123 ds.i(H—O—H) of the H,O ligands
1639 321 v(C=C) of the benzene rings
1656 45 v(C=C) of 1 moiety
2822 (m) 3069-3195 25-17 Veym(C—H) aliphatic
3082-3119 35-9 Vasym(C—H) aliphatic
3189-3233 11-9 v(C—H) aromatic
3375 (vs,br) 3555 45 v(C28—H21)) + v(C7—H2)
3783 19 Vsym(O—H) of the H,O ligands
3877 39 Vasym (O—H) of the H,O ligands

Abbreviation: op, out-of-plane; ip, in-plane; w, weak; m, medium; s, strong; vs, very strong; br, broad; sh, shoulder.
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Fig. 2 The absorption spectra of se 4a-c and Cr(I1I) complexes
5a-c in DMSO solution (107* M).

0.4607), which can be linked to Ligand to-Metal charge trans-
fer (LMCT) (Purwoko and Hadisaputra, 2017) transitions.
This electronic transition band can be compared with the
experimental value of 395 nm.

Table 2 Spectroscopic data for 4a-c and 5a-c at 298 K.

3.2. Photophysical properties of the ligands and complexes

UV-Vis and fluorescence spectroscopy in the wavelength range
of 200-1000 nm were applied to characterize the absorption
and fluorescence emission spectra of fluorescent heterocyclic
ligands 4a-c and Cr (III) complexes 5a-c¢ (Figs. 2 and 3).
Numerical spectral data are also presented in Table 2. Values
of extinction coefficient (g) were calculated as the slope of the
plot of absorbance vs concentration. As seen in Fig. 2, the
spectra of the complexes Sa-¢ have an absorption maximum
at 402 nm at which the ligands have no absorbance. An effi-
cient charge transfer of electron from p-orbital on ligand to
Cr(IIT) d-orbital can be considered as the main reason for
the color of the complexes explained as Ligand to-Metal
charge transfer (LMCT) (Purwoko and Hadisaputra, 2017).
Furthermore ligands 4a-c; and chromium complexes 5a-¢ pro-
duced fluorescence in dilute solution of DMSO (Fig. 2). The
fluorescence quantum yields of the compounds were also deter-
mined via comparison methods, using fluorescein as a standard
sample in 0.1 M NaOH and MeOH solution (Umberger and
LaMer, 1945). The used value of the fluorescein emission
quantum yield is 0.79 and the obtained emission quantum
yields of the new compounds are around 0.66-0.81. As can
be seen from Table 2, extinction coefficient (g) of 4¢, fluores-
cence intensity and the emission quantum yield in 5b were
the biggest values.

Dye 4a 4b 4c Sa 5b 5S¢

Aabs (nm)* 360 365 365 395 395 400
e x 107> [(mol L™H) L em ™' 15.9 18.2 2.2 11.1 12.6 14.4
Mg (nm)° 525 525 525 530 530 530
O 0.69 0.66 0.73 0.79 0.81 0.80

4 Wavelengths of maximum absorbance (Ayps)-
® Extinction coefficient.

¢ Wavelengths of fluorescence emission (Aq,) with excitation at 360 nm.

9 Fluorescence quantum yield.

200
180
Zz 160
£ 140
3
£ 120 - - —4a
S 100
g 4b
a 80 ac
5 60
3 5a
T 40
20 ~———5b
0 ----- 5C
490 510 530 550 570

Fig. 3

Wavelenghth (nm)

The fluorescence emission spectra of 4a-¢ and Cr(III) complexes 5a-c¢ in DMSO solution (1 x 107° M).
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Table 3 Antibacterial activity (MIC, pg mL ") of reference and compounds 4a-c and 5a-c.

Compds. S.a. (MRSA) B.s. (ATCC 6633) P.a. (ATCC 27853) E.c. (ATCC 25922)
4a 110 95 90 95

4b 95 90 80 80

4c 90 90 80 80

Sa 35 30 30 25

5b 25 15 15 15

5¢ 10 5 10 5

Ampicillin 62 0.50 125 8

3.3. Antibacterial studies

The antibacterial activity of the compounds 4a-c and Sa-c was
tested against a panel of strains of Gram negative bacterial
(Pseudomonas aeruginosa (ATCC 27853) and Escherichia coli,
(ATCC 25922)) and Gram positive (Methicillin Resistant S.
aureus (MRSA)) clinical isolated and Bacillus subtilis (ATCC
6633)) species (Table 3) using broth microdilution method as
previously described (Espinel-Ingroff et al., 2015). Comparison
with Ampicillin as a standard was done. The lowest concentra-
tion of the antibacterial agent that prevents growth of the test
organism, as detected by lack of visual turbidity (matching the
negative growth control), is designated the minimum inhibi-
tory concentration (MIC). Experimental details of the tests
can be found in our earlier study (Pordel et al., 2013).

As can be concluded from Table 3, compounds 4a-c inhibit
the metabolic growth of the tested Gram positive and negative
bacteria to the same extent, but the inhibitions percent are less
than those of Ampicillin. Coordination of ligands 4a-c to Cr
(IIT) leads to improvement in the antibacterial activity. This
can be explained by Tweedy’s chelation theory (Tweedy,
1964), which explicated that the lipophilicity of the uncoordi-
nated ligand can be changed by reducing of the polarizability
of the M™ ™ ion via the L — M donation, and the possible elec-
tron delocalization over the metal complexes. Also, the results
revealed that the complex 5S¢ with R = Bu group, showed
greater antibacterial activity against S.a. (MRSA), P.a. (ATCC
27853) and E.c. (ATCC 25922) than did the well known
antibacterial agent Ampicillin (Table 3). Considering the selec-
tivity of the action of new compounds, they were applied to
normal HDF cells (a category of human skin fibroblasts)
and did not show significant toxicity up to 100 mg/I.

4. Conclusion

New fluorescent Cr (III) complexes were obtained from coor-
dination of the ligands derived from benzimidazole with Cr
(IIT) cation. The structures of the ligands and complexes have
been established by spectral and analytical data and an octahe-
dral geometry was proposed for the complexes. To gain a dee-
per insight into geometry and spectral properties of the new
complexes, the DFT methods were employed. The DFT-
calculated vibrational modes of Cr(III) complexes are in good
agreement with the experimental values, confirming suitability
of the optimized geometries for the complexes. Fluorescent
ligands and chromium complexes were spectrally characterized
by UV-Vis and fluorescence spectroscopy. Results revealed
that Cr(III) complexes generate fluorescence in dilute solution

of DMSO. Also, results from the antimicrobial screening tests
revealed that an improvement in the antibacterial activity is
observed upon the coordination of the ligands to the Cr(I1I)
ion and the new complexes are more effective against
Pseudomonas aeruginosa and Methicillin Resistant S. aureus
(MRSA) species than did Ampicillin. This activity, together
with high fluorescence intensity, can offer an opportunity for
the study of physiological functions of bacteria such as at
single-cell level (Joux and Lebaron, 2000).
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