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Abstract: The thiophene-2-carboxyaldehyde methanesulfonylhydrazone (mshl), 2-acetylthiophene
methanesulfonylhydrazone (msh2) and 2-acetyl-5-methylthiophene methanesulfonylhydrazone (msh3)
ligands, a heteroatomic methanesulfonylhydrazone derivative, was optimized by using HF and DFT (B3LYP)
method with 6-31G(d,p) basis set. The calculated IR spectra for msh1l, msh2 and msh3 were compared
with experimental data and the suitability of the calculation methods was discussed. LANL2DZ and GEN
basis sets were used for calculations of chromium pentacarbonyl complexes containing msh1l, msh2 and
msh3 ligands. According to the experimental IR spectra the most appropriate method and basis set was

determined. Structural parameters of ligands and complexes were predicted. To investigate the biological
activities of ligands and complexes, some activity descriptors were obtained from optimized structures.
Molecular electrostatic potential (MEP) maps of the mentioned ligands and complexes were examined and
active sites were determined. The molecular docking study of ligands and complexes with Bacillus cereus
(PDB ID=5V8E), Staphylococcus aureus (PDB ID=1BQB), and Candida albicans (PDB ID=1AI9) were
performed.
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INTRODUCTION

Hydrazonic compounds have interesting
The pharmacological and chemical interest of the biological properties such as antibacterial (4),
compounds containing the sulfonyl hydrazone antidepressant (5), antiinflammatory, analgesic
moiety is increasing day by day (1). Sulfonamide (6,7) and antipyretic activity (8). Hydrazones are
drugs are used as chemotherapeutic agents important compounds for drug design with the
because they have a broad spectrum of activity synthesis of metal complexes, organocatalysis
(2). Most compounds containing carboxylic acid and heteroaromatic compounds (9). Sulfones
hydrazones exhibit cytostatic activity. containing heteroaromatic moieties have been
Sulfonamides (-SO>NH-) are widely used as discovered to exhibit interesting antibacterial and
antimicrobial agents due to their lower cost, lower antifungal bioactivity. For this reason, the
toxicity and most of their activity against bacterial synthesis of sulfones has attracted great interest
diseases (3). Methane sulfonamide derivatives in pesticides and medical formulations (10).
have DNA binding ability and show cytostatic Sulfonylhydrazones derived from sulfonamides
effects that are used in cancer chemotherapy. have pharmacological properties such as
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antibacterial, anticancer, antiviral,
antinociceptive activity, and particularly enzyme
inhibition to carbonic anhydrase species (11-14).
Most physiologically active hydrazones have
applications in the treatment of diseases such as
tuberculosis, leprosy and mental damage.

Theoretical studies based on quantum mechanics
are used to obtain information on some physical
and chemical properties of chemical compounds
(15,16). For example, vibration spectroscopy is
versatile and an easily available tool to interpret
and predict the properties of chemically and
biologically active molecules. These theoretical
studies have been used in both chemical kinetic
and chemical analysis studies (17,18). However,
in addition to the labeling of vibration modes, the
relationship between the observed spectroscopic
properties and the molecular structure may be
difficult to understand (19). In recent years, DFT
and HF methods have been used to determine the
molecular structure and vibration spectra of
molecules with low computational cost (20-25).
These calculation methods can give systematic
errors due to limited basis sets, harmonic
approaches and neglect in electron correlations
(26).

The thiophene-2-carboxyaldehyde
methanesulfonylhydrazone (msh1l), 2-
acetylthiophene methanesulfonylhydrazone
(msh2) and 2-acetyl-5-methylthiophene
methanesulfonylhydrazone (msh3) which are the
heteroatomic methanesulfonylhydrazone
derivatives and chromium  pentacarbonyl
complexes of these ligands were synthesized by
G. Orhan et al. in 2014. The synthesized ligands
and complexes were examined only in terms of
spectroscopy. In this work, mshl, msh2 and
msh3 were optimized with HF/6-31G(d,p) and
B3LYP/6-31G(d,p) level. The experimental data
were compared with the calculated IR spectra of
msh1l, msh2 and msh3. The suitability of the
calculation methods according to the correlation
coefficients were discussed. The HF and DFT
(B3LYP) methods LANL2DZ and GEN (LANL2DZ
for metal and 6-31G(d,p) for other atoms) basis
sets were used for the calculations of chromium
pentacarbonyl complexes are given in Figure 1.
The suitability of the levels used for the
mentioned complexes was discussed according to
the  experimental stretching frequencies.
Structural parameters of the studied ligands and
complexes were predicted.

There were antimicrobial studies for
sulfonylhydrazone derivatives in the literature.
For example, Gunduzalp et al. examined the
antimicrobial activities of
aromatic/heteroaromatic sulfonylhydrazone
derivatives in 2014 (27). For this reason, some
guantum chemical identifiers such as the highest
occupied molecular orbital (Enomo), energy of the
lowest unoccupied molecular orbital (Eiumo),
energy gap between LUMO and HOMO (Ecgar),
absolute hardness (n), absolute softness (o),
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absolute electronegativity (x), chemical potential
(M), electrophilicity index (w), nucleophilicity
index (&) and global softness (S) were studied to
investigate the structure-activity relationship.
Molecular electrostatic potential (MEP) maps were
examined to determine the active areas of the
molecules. Finally, molecular docking studies
were done theoretically for some types of
bacterial and fungal activities. The lack of
experimental biological activity for the ligands
and complexes mentioned was theoretically
illuminated.

/ \ Tlv
R’ C=NHSO0,CH,
S msh2: R'=H

mshl: R'=H R"=H
R'=CH,
msh3: R'=CH R"=CH
oc\C|r <o 3 3
oc” | co
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Figure 1. Schematic diagram of studied
chromium complexes.

Calculation method

The input files of msh1l, msh2 and msh3 ligands
and their chromium pentacarbonyl complexes
were prepared with GaussView 5.0.8 (28). All
calculations were done using Gaussian 09
AML64L-Revision-C.01 (29). The HF (30) and
B3LYP (31) methods and 6-31G(d,p) level for
optimization of the mentioned ligands and HF and
B3LYP methods and LANL2DZ and GEN levels for
optimization of the mentioned complexes were
performed in gaseous phase.

B3LYP/6-31G(d,p) for ligands and B3LYP/GEN for
complexes were determined to be the optimal
level. DFT methods are taken in account of
electron exchange and correlation. Basis sets are
often used to create molecular orbitals. 6-31G(d,
p) is a polarized basis set. It states that p-
functions are added to the hydrogen atom other
d-functions are attached to heavy atoms (32,33).
The LANL2DZ is a basis set that uses the effective
core potential to model metal atoms (34). So this
basis set neglects the inner shell electrons in the
bond formation. The GEN keyword is determined
by the user. The atomic orbitals of the central
atom and the groups bound to the central atom
are calculated using separate basis set (35). The
molecular identifiers required to predict biological
activity are obtained by quantum chemical
calculations. Some quantum chemical parameters
which are energy of the highest occupied
molecular orbital (Enomo), energy of the lowest
unoccupied molecular orbital (ELumo), energy gap
between LUMO and HOMO (Egar), absolute
hardness (n), absolute softness (o), absolute
electronegativity (x), chemical potential (p),
electrophilicity index (w), nucleophilicity index (&)
and global softness (S), were calculated by using
following equation.

According to the Koopmans’ theorem, the
ionization energies and the electron affinities of
the chemical species are related to the energies
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of their frontier orbitals and are calculated using of the electrophilicity index (39). The global
Equations 1 and 2 (36). softness is a function of absolute hardness, as
I = —Egomo (1) seen in Equation 10 (40,41).
A= —Eymo (2) _ E 8
The difference between the energies of HOMO and w= 27 ®)
LUMO is calculated according to Equation (3). 1
AE = Epymo — Enomo  (3) &= w )
The absolute hardness, softness, absolute 5= l (10)
electronegativity and chemical potential of the 2n
molecules are calculated by Equation (4) - (7)
according toI R.AG. Pearson (37). RESULTS AND DISCUSSION
+
r=73 ) Optimized structures of ligand and
H=—x ) complexes
n= -4 (6) Optimized structures of the ligands msh1, msh2
12 and msh3 and the Cr(CO)smsh1, Cr(CO)smsh2
o== ) and Cr(CO)smsh3 complexes are given in Figures
n . . 2 and 3. The optimized structures in the figures
R. G. Parr et al. proposed an identifier called were obtained at the B3LYP/GEN level for
electrophilicity index (w). The electrophilicity complexes and at the B3LYP/6-31G(d,p) for

index is calculated using the following equation
(38). The nucleophilicity index (¢) is the inverse

ligands in gaseous phase.

Cr(CO)smshl Cr(CO)smsh2 Cr(CO)smsh3

Figure 2. The optimized structures of complexes obtained at B3LYP/GEN level. Hydrogen atoms
have been removed for aperture.

J ‘ ' ‘ /4
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J S1 S 3
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mshl msh2 msh3

Figure 3. The optimized structures of ligands obtained at B3LYP/6-31G(d,p) level.

Vibrational Frequencies and Benchmark using the different methods and the basis set
analysis should be investigated. For this reason,
Vibrational spectrum is the most important Benchmark analysis is an important section of
component of molecular structure illumination. computational studies. The  experimental
Nowadays, the methods computational chemistry frequencies values of the mentioned ligands and
provide very useful information in assignment the complexes are compared with those of the
vibrational spectrum of molecules. However, calculated harmonic frequencies in each level.
many methods and basis sets in computational The distribution graph is plotted by using
chemistry studies required accurate optimization experimental and computational frequencies for
to be achieved with correct calculation. each level and correlation coefficient (r) is

calculated from this graph. The experimental
In this case, the most accurate results, or as vibration spectra and the calculated frequencies
mentioned, the most accurate optimization with the HF/6-31G(d,p) and DFT/B3LYP/6-
should be that the correlation between the 31G(d,p) level and assignments of frequencies for

experimental data and the calculated data by
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Table 1. The experimental and calculated IR spectra (v/cm) and their assignment for mshi,

msh2 and msh3.

Msh1 Msh2 Msh3
HF B3LYP EXP. HF B3LYP EXP. HF B3LYP EXP. ASSIGN.
3745.77 3420.14 3180 3766.77 3449.36 3226 3766.19 3448.22 3233 vNH
3427.79 3223.67 3090 3384.53 3222.91 3093 3375.23 3211.86 3024 vCHring
1920.61 1678.96 1607 1911.73 1658.68 1593 1910.35 1656.96 1598 vCN
1470.06 1337.5 1332 1470.32 1342.28 1331 1469.22 1341.3 1331 v(S0z)asym
1258.62 1135.1 1158 1260.79 1137.27 1166 1259.85 1136.56 1169 v(S0;)sym
1047.92 916.64 844 1046.56 859.51 845 1030.28 964.44 923 vCSCring
891.92 817.46 770 922.34 619.44 771 724.41 745.36 703 vCSsym
815.45 747.46 664 - - - 804.46 684.05 583 vCSasym
0.9951* (0.9975%* 0.9937* 0.9976%* 0.9944* (0.9976%*

sym: symmetric, asym: asymmetric, * the calculated correlation coefficients (r)

Table 1 gives the experimental, calculated
frequencies for ligands and their labelling. The
most appropriate method and basis set were
determined according to the correlation
coefficients between the calculated and the
experimental vibration frequencies. B3LYP/6-
31G(d,p) was determined as the most
appropriate method and basis set because the
calculated correlation coefficients (r) were closer
to 1 for the three ligands. In addition, for the
msh3 ligand, it was experimentally found that

symmetric and asymmetric CS stretching bands
at 703 and 583 cm, respectively, were the
opposite in animation.

The carbonyl complexes are optimized with HF
and B3LYP methods LANL2DZ and GEN basis sets
in gaseous phase. The frequencies obtained from
the optimized structures, the experimental
stretching frequencies and their labelling are
given in Tables 2-4.

Table 2. The harmonic vibration frequencies calculated at HF and B3LYP methods with LANL2DZ and GEN
basis sets in gas phase for Cr(CO)smsh1

HF/LANL2DZ HF/GEN B3LYP/LANL2DZ B3LYP/GEN EXP. ASSIGN.
2152.5 2317.89 2031.15 2065.7 2060 vCO
2147.34 2303.82 1931.45 2055.46 1921 vCO
2118.72 2291.25 1913.58 2046.81 1894 +vCO
860.42 1043.06 863.62 909.66 858  vCSCring
830.77 883.79 805.48 847.46 805  vCSCring
654.85 650.94 732.52 804.22 650 vCSsym
752.17 622.32 681.31 722.5 603  vCSasym
0.9896* 0.9927* 0.9976%* 0.9918*

sym: symmetric, asym: asymmetric, *the calculated correlation coefficients (r)

Table 3. The harmonic vibration frequencies calculated at HF and B3LYP methods with LANL2DZ and GEN
basis sets in gas phase for Cr(CO)5msh2

HF/LANL2DZ HF/GEN B3LYP/LANL2DZ B3LYP/GEN EXP. ASSIGN.
2146.7 2317.89 2029.61 2180.42 2060 vCO
2132.31 2310.66 1947.21 2053.08 1935 vCO
2126.36 2291.25 1916.91 2049.42 1859 vCO
1426.37 1650.35 941.31 896.74 852  vCSCring
893.91 1043.06 840.87 845.42 798  vCSCring
755.3 883.79 769 724.99 655 vCSsym
670.63 792.53 680.64 674.76 591 vCSasym
0.9314* 0.9115* 0.9978* 0.9979%

sym: symmetric, asym: asymmetric, * the calculated correlation coefficients (r)

1196



Erkan S, Sayin K, Karakas D. JOTCSA. 2018; 5(3): 1193-1204.

RESEARCH ARTICLE

Table 4. The harmonic vibration frequencies calculated at HF and B3LYP methods with LANL2DZ and GEN
basis sets in gas phase for Cr(CO)5msh3

HF/LANL2DZ HF/GEN B3LYP/LANL2DZ B3LYP/GEN EXP. ASSIGN.
2255.05 2311.66 2028.45 2151.58 2070 vCO
2145.76 2305.26 1945 2056.76 1940 vCO
2126.79 2298.52 1918.64 2051.53 1889 vCO
1020.89 1045.12 1169.34 1038.87 955  vCSCring
785.02 792.65 1042.42 960.81 870  vCSCring
679.41 713.89 932.95 724.08 618 vCSsym
597.29 624.62 709.13 671 577  vCSasym
0.9934* 0.9863* 0.9886* 0.9985*

sym: symmetric, asym: asymmetric,

*the calculated correlation coefficients (r)

According to Tables 2-4, B3LYP/GEN level was
chosen as the most appropriate method and basis
set according to the correlation coefficients of the
experimental and calculated vibration frequencies
in the charts. When the Tables 2-4 are examined,
the experimentally determined carbonyl
vibrational frequencies for the Cr(CO)smshl
complex were determined to be 2060, 1935 and
1859 cm!, these frequencies were calculated as
2065.7, 2055.46 and 2046.81 cm™, respectively.
For other complexes the carbonyl stretching
frequencies were also similar. The experimental
values were 655 and 591 cm™ and were labeled

as symmetrical and asymmetric CS bond
vibrational in the Cr(CO)smsh2 complex. But
when examined with the animation, it is observed
that symmetrical bond tension is asymmetric
bond tension and asymmetric bond stretching is
symmetrical.

Structural Parameters

The bond lengths and ligand angles, which are
geometric structure parameters calculated at the
gas phase at the B3LYP/6-31G(d,p) level of the
three mentioned ligands, are given in Table 5.

Table 5. Calculated bond lengths (R) and bond angles (°) at the gas phase for B3LYP/6-31G(d, p) for the
msh1l, msh2 and msh3.

Bonds mshil msh2 msh3

S1-C1 1.730 1.730 1.745

S1-C2 1.751 1.754 1.757

C2-C3 1.452 1.466 1.465

C3-N1 1.285 1.292 1.292

N1-N2 1.374 1.377 1.378

N2-S2 1.722 1.723 1.722

S2-01 1.464 1.465 1.465

S2-02 1.462 1.462 1.462

S2-C4 1.796 1.796 1.796

Angles

C1-S1-C2 91.59 91.80 92.30

C2-C3-N1  121.27 116.09 116.18
C3-N1-N2 117.36 118.06 117.98
N1-N2-S2 114.93 114.12 114.04
01-S2-02 121.16 121.02 120.95

When the bond lengths and bond angles of the
ligands are examined, it can be seen that the
bond lengths of the S1-C1, C2-C3, C3-N1, N1-N2,
N2-S2 and S-O bonds are very close to each
ligand. It is seen that C1-S1-C2 angle is 90° and
C2-C3-N1 angle is about 120° in the msh1l and
about 115° in the msh2 and msh3. A decrease in
the angle due to the presence of methyl groups
in msh2 and msh3 is expected.

The calculated geometric structure parameters in
gas phase with the B3LYP/GEN level of
Cr(CO)smsh1, Cr(CO)smsh2 and Cr(CO)smsh3
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complexes are given in Table 6. In the literature,
the terminal C-O bond lengths is about 1.15 A.
This value was calculated at the B3LYP/GEN level
for C-O bonds. The fact that the Cr-S bond length
is numerically larger than the Cr-C bond length is
due to the large diameter of the sulfide. The angle
between chromium and the surrounding carbonyl
and methylsulfonylhydrazone ligands is about
90°, indicating that the chromium complex has
octahedral geometry. It is also evident that the
angle between the C1-S1-C2 atoms of the
methylsulfonylhydrazone ligand has not changed.
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Table 6. The bond lengths () and bond angles (°) calculated in gas phase with B3LYP/GEN level for
Cr(CO)5msh1, Cr(CO)5msh2 and Cr(CO)5msh3

Bonds Cr(CO)smshl Cr(CO)smsh2 Cr(CO)smsh3
Cr-C1 1.855 1.854 1.856
Cr-C2 1.904 1.909 1.907
Cr-C3 1.914 1.906 1.909
Cr-C4 1.911 1.909 1.908
Cr-C5 1.910 1.915 1.912
Cr-S1 2.564 2.570 2.574
S1-C1 1.746 1.747 1.767
S1-C2 1.767 1.769 1.772
C1-01 1.156 1.156 1.156
C2-02 1.154 1.152 1.153
C3-03 1.151 1.156 1.153
C4-04 1.151 1.153 1.152
C5-05 1.153 1.151 1.152
Angles

Ci-Cr-C2 89.1 90.4 90.2
C1-Cr-C3 90.7 89.2 89.2
C1-Cr-C4 90.4 89.3 89.1
C1-Cr-C5 89.2 90.7 90.4
C1-Cr-S 179.1 177.4 178.1
C2-Cr-C3 90.4 90.0 90.1
C2-Cr-C4 89.6 90.3 89.5
C2-Cr-C5 178.3 178.7 179.3
C2-Cr-S 91.4 88.7 89.1
C3-Cr-C4 178.8 178.5 178.3
C3-Cr-C5 90.0 89.5 89.7
C3-Cr-S  89.9 93.2 92.5
C4-Cr-C5 89.9 89.5 90.7
C4-Cr-S  88.9 90.1 89.1
C5-Cr-S  90.2 90.1 90.3
Ci1-S-C2 91.6 91.7 92.3

The Activity Studies with Quantum Chemical
Descriptor

Some quantum chemical parameters obtained
from optimized molecular structures are useful
for predicting biological activity. In many recent
studies, there is a unique relationship between
calculated quantum chemical parameters and
experimental inhibition activities. Since HOMO is
the highest energy orbital containing electrons, it
acts as an electron donor orbital. If Enomo
increases, the inhibitor electron emission is
facilitated and the inhibition activity is increased.
Similarly, if the ELumo energy is low, the ability of
the inhibitor to interact increases and this means
an increase in inhibitory activity. Absolute
electronegativity (x) is a chemical identifier that
is considered in the comparison of inhibitory
activities of chemical species. Inhibitors with low
electronegativity values have easy electron
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donating ability and thus show high inhibition
activity. The chemical potential (p) is exactly the
opposite of electronegativity. For this reason, the
inhibition activity is increased by the increase of
the chemical potential. The electrophilicity index
(w) is a numerical representation of a molecule's
global electrophilic force. The electrophilicity
index represents chemical reactivity and is a
measure of the ability to receive electrons. These
indexes were presented in the calculation method
section. According to them, biological reactivity
increases with increasing of nucleophilicity index
(¢) and decreasing of electrophilicity index. The
increasing of the value of global softness implies
that biological activity of the compound is the
increasing. In this light, these parameters
examined for the mentioned molecules are given
in Table 7.
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Table 7. The calculated quantum chemical descriptors of the studied molecules.

mshil msh2 msh3 Cr(CO)s(mshl) Cr(CO)s(msh2) Cr(CO)s(msh3)
Enomo* -1.6504 -1.4664 -1.3883 -6.4032 -6.3602 -6.2589
ELumo* -6.0769 -5.9602 -5.7672 -2.4469 -2.2983 -2.2289
AE* -4.4265 -4.4937 -4.3789 3.9563 4.0619 4.0300
n* -2.2133 -2.2469 -2.1894 1.9781 2.0309 2.0150
o¥* -0.4518 -0.4451 -0.4567 0.5055 0.4924 0.4963
¥ 3.8636 3.7133 3.5778 4.4250 4.,3292 4.2439
w* -3.8636 -3.7133 -3.5778 -4.4250 -4.3292 -4.2439
o* -3.3723 -3.0684 -2.9232 4.9493 4.6142 4.4692
gx* -0.2965 -0.3259 -0.3421 0.2021 0.2167 0.2238
S*x* -0.2259 -0.2225 -0.2284 0.2528 0.2462 0.2481

*In eV, **In eV-1.

According to Table 7, the order of activity of the
investigated compounds according to the
respective parameters is as follows:
According to Enomo, , 1, ® and &: msh3 > msh2
> mshl
Cr(CO)s(msh3) > Cr(CO)s(msh2) >
Cr(CO)s(msh1)

According to ELumo: mshl > msh2 > msh3
Cr(CO)s(msh1) > Cr(CO)s(msh2) >
Cr(CO)s(msh3)

According to AE, n, c and S: msh2 > mshl >
msh3
Cr(CO)s(msh1) > Cr(CO)s(msh3) >
Cr(CO)s(msh2)
Molecular electrostatic

potential (MEP)

Molecular electrostatic potential (MEP) maps
show electrostatic regions within the molecule.
MEP maps define the region of high electron
density in red and low electron density in blue
color. This is important in determining the
electrostatic attack on the red zone and the
nucleophilic attack on the blue zone. MEP maps
obtained with computational chemistry methods
provide useful information even in drug design.
For example, it is important to know where to
bind the species to be inhibited by the molecule
synthesized as the drug (42-45). The MEP maps
calculated for the investigated ligands and
complexes were shown in Figures 4 and 5,
respectively.

maps

Figure 4. MEP maps and contour diagrams of mentioned ligands.
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Figure 5. MEP maps and contour diagrams of mentioned complexes.

When MEP maps are examined, active sites in the
ligands and complexes are usually regions where
oxygen atoms are present. It can be considered
as electrophilic sites in regions where oxygen
atoms are present. The frontier molecular
orbitals, the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular
orbital (LUMO) are associated with spectral
properties and activities of the compounds.

Molecular Docking

As is known, molecular docking studies support
experimental antimicrobial studies. The
antimicrobial effects of many sulfonylhydrazone
derivatives have been experimentally

investigated. Antimicrobial efficiency is not
included in the literature for the mentioned
ligands and complexes. For this reason, molecular
docking studies for ligands and complexes against
some bacterial and fungal cells that were studied
experimentally were performed with the HEXS8
program. The binding energies between Bacillus
cereus (PDB 1ID:5V8E) (46), Staphylococcus
aureus (PDB ID:1BQB) (47) and Candida albicans
(PDB ID:1AI9) (48) and the studied ligands and
complexes were investigated and these binding
energies are listed in Table 8. Forms of active
binding with target proteins for the studied
ligands and complexes were given in Figures 6
and 7, respectively.

Table 8. The binding energies (kJ/mol) between the msh1-3 and Cr(CO)s(msh1)-Cr(CO)s(msh3) with the
target proteins.

5VSE  1BQB _ 1AI9
Msh1 -198.60 -201.70 -194.55
Msh2 -193.22 -196.42 -192.82
Msh3 -202.88 -214.96 -204.51
Cr(CO)s(msh1) -511.18 -494.93 -318.60
Cr(CO)s(msh2) -409.79 -473.45 -321.82
Cr(CO)s(msh3) -487.06 -465.73 -325.02
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msh3 to SVSE

-

u(nﬂ LR

Figure 6. The binding region between the mentioned ligands with the target proteins.

Comp.1 to SVSE

.2 to SVSE

Comp.3 to SVSE

Figure 7. The binding region between the mentioned complexes with the target proteins.

When the binding energies are examined, it is
that seen the cobalt carbonyl complexes of
methylsulfonylhydrazone derivatives are more
advantageous in terms of antimicrobial
effectiveness. According to the binding energies
of the ligands with the target proteins, msh3 has
the highest antimicrobial activity. However, in
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complexes, Co(CO)smsh1 has the highest binding
energy value with all target proteins.

CONCLUSIONS
IR spectra calculated with HF and DFT (B3LYP)

methods were labeled for msh1l, msh2 and msh3
ligands and Co(CO)smshl, Co(CO)smsh2 and
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Co(CO)smsh3 complexes according to
experimental frequencies. According to the
correlation coefficients, the most appropriate
method is DFT(B3LYP) method. The most
appropriate results were obtained at the B3LYP/6-
31G(d, p) level for ligands, at the B3LYP/GEN
level for the complexes. Structural parameters of
these ligands and complexes were studied and
were predicted about geometrical structures. The
biological activity sequences of ligands and
complexes were predicted with some quantum
chemical identifiers. As a result, the biological
activity order of the ligands and complexes
according to AE, n, ¢ and S values is msh2 >
mshl > msh3 and Cr(CO)s(mshl) >
Cr(CO)s(msh3) > Cr(CO)s(msh2), respectively.
In the MEP maps, the electrophilic sites of the
ligands and complexes were appointed as the
region of oxygen atoms. Finally, molecular
docking calculations are performed between
mentioned ligands complexes and proteins. Msh3
in ligands and Cr(CO)s(mshl) in complexes is
generally found the best complex in protection
from cancer. The binding energies for msh3 with
5V8E, 1BQB and 1AI9 are -202.88, -214.96 and -
204.51 kJ/mol, respectively. The binding energies
for Cr(CO)s(msh1) with 5V8E, 1BQB and 1AI9 are
-511.18, -494.93 and -318.60 kJ/mol,
respectively.
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