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The antimicrobial activity and molecular reactivity of two phenylthiosemicarbazone ligands containing the
thiophenyl nuclues (I, & L,) with their Cu(II) complexes have been investigated. The thiosemicarbazone ligands
were obtained by condensing 4-phenylthiosemicarbazone with 2-thiophene carboxaldehyde and 3-methyl-2-
thiophene carboxaldehyde respectively. The antimicrobial activity of the ligands and the metal complexes were
evaluated using gram-positive and gram-negative bacterial strains. In addition the compounds were further
characterised with various global molecular reactivity descriptors using DFT calculations. The compounds
exhibited mild inhibition against the bacterial strains, especially Staphylococus aurens and Escherichiia coli. In
addition, the activity of the uncomplexed thiosemicarbazones became enhanced upon chelation with Cu(II)
ions. The DFT studies showed thatligand L, is more reactive than L, and the energy gaps for the complexes were
0.936 ¢V and 1.103 ¢V for [Cul.] and [CuL,,] respectively. Furthermore, the results showed that the copper(IT)
complexes are soft molecules having higher molecular reactivity, high electro-optic responses and low kinetic
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stability than their respective ligands.
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INTRODUCTION

The emergence of several drug resistance
microbial strains such as the methicillin resistance
staphylococcus aureus (MRSA) has elicited a
sustained focus on the synthesis of new organo-
metallic compounds as potential drug agents.
Consequently, heterocyclic compounds
containing varying pharmacologically significant
moieties, such as thiophenyl-derived
thiosemicarbazones, could be considered as
suitable lead compounds towards the discovery of
new drug agents with enhanced potency.
Thiosemicarbazones are important organo-
sulphur compounds with varying biological
applications. They contain the thio-urea group (-
HN-C=8-NH-) and serve as potent precursors
for the synthesis of various pharmaceuticals and
bioactive compounds. The earliest reported
medical application of thiosemicarbazones was in

their application for the treatment of tuberculosis
and leprosy cases (Bernstein ez al., 1951; Maia et al.,
2009). Interestingly, the medical application of
thiosemicarbazone-based drug agents is largely
related to the variation of substitution at the
hydrazine-N' or the amide-N" positions of the
thiosemicarbazone moiety. For instance,
methisazone (Figure 1a) is a long established anti-
viral drug with an N-methyl-isatin substitution at
the N'- position. It is very active against small pox
(Bauer ezal., 1969; Kune, 1964).

Similarly, triapine (Figure 1b) is another clinically
significant substituted thiosemicarbazone
compound with broad anti-tumour agent arising
from the N'-substituted 3-amino-pyridine-2-
carboxaldehye group (Knox ez /., 2007; Kunos &
Sherertz, 2014; Kunos et al.,2017).
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Figure 1: Structures of (a) Methisazone and (b) Triapine

Subsequently, various substituted
thiosemicarbazone compounds have been
investigated for their potency as antiviral
(Karakiiciik-Tyidogan ¢z al., 2011; Padmanabhan e
al., 2017; Arslan et al., 2021), antimicrobial (Ibrahim
et al., 2018; Gaber ¢t al., 2021),antimalarial (Duan &
Zhang, 2011; Matsa e al., 2019) and anti-tumour
(Demoro ¢t al., 2013; Lukmantara e al., 2013; Qi et
al.,2020)agents.

In particular, thiosemicarbazone compounds
containing the thiophenyl nucleus have been
reported to enhance apoptosis in human liver
hepatocellular carcinoma HepG2 in a dose-
dependent manner (Wang ¢/ al, 2015).
Consequently, an investigation into the
antimicrobial activity of the thiophenyl-derived
thiosemicarbazone compounds would suggest
their suitability as potential broad-spectrum
pharmacological agents. In addition, studies have
shown that the incorporation of metal ions into the
matrix of thiosemicarbazone ligands enhances the
pharmacological efficacy of the non-coordinating
ligands (El-Sawaf ez al., 2018; Ibrahim ez al., 2018;
Arslan ezal., 2021).

This study seeks to assess the antimicrobial
potential and molecular reactivity of two
thiophenyl-derived thiosemicarbzones with their
copper(Il) complexes. The thiosmicarbazone
compounds were prepared from 4-
phenylthiosemicarbazone, 2-thiophene
carboxaldehyde and 3-methyl-2-thiophene
carboxaldehyde. The free ligands and their
copper(Il) complexes were screened for their
antimicrobial efficacy against Bacillus substillis
ATCC 60633, Staphylococcus anrens ATCC 25923,
Escherichia  coli ATCC 25922 and  Pseudomonas
aeruginosa ATCC 27853. In addition, the

compounds have been characterized with various

global molecular reactivity descriptors using DFT
calculations. Global molecular reactivity descriptors
are related to the reactivity and site selectivity of
molecules and thus helps to predict the toxicity of
compounds (Talmaciu ezal., 2016; Molski, 2021).

MATERIALS AND METHODS
The chemicals and reagents used for this study were

of reagent grade and were used as supplied by
Sigma-Aldrich.

The Fourier transform infrared and the electronic
spectral data of the thiophene-derived
thiosemicarbazone compounds were obtained
using a Bruker TENSOR 27 single channel infrared
spectrometer and T-80 UV-Visible
spectrophotometer respectively. Similarly, Bruker
Avance spectrometer operating at 500 MHz (‘H)
and 125 MHz ("C) was used to record the proton
and carbon-13 NMR spectra of the
thiosemicarbazone ligands in CDCl, or DMSO-d,
at 25 °C. The elemental analysis was done using
Vario ELL cube model elemental analyser while
Jenway 4510 conductivity meter was used for the
measurement of the conductivity of the metal
complexes. Griffin melting point apparatus was
used for the melting points determantion while the
antimicorbial study was conducted using two gram-
positive and two gram-negative American Type
Culture Collection (ATTC) bacterial strains.

Synthesis of the Thiosemicarbazone ligands
The thiophene-derived thiosemicarbazone
compounds were prepared based on the previously
reported methods as illustrated in Scheme 1 (Wang
et al., 2015; Prabhu & Ramesh, 2016; El-Sawaf ¢/ /.,
2018) by reacting equimolar mixture of 4-
phenylthiosemicarbazide with 2-
thiopenecarboxaldehyde and 3-methyl-2-
thiophenecarboxaldehyde respectively, under reflux
condition with glacial acetic acid as a catalyst.
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Scheme 1: Synthesis of the Thiophene-derived Phenylthiosemicarbazone Ligands

2-((Thiophen-2-yl)ymethylene)-N-
phenylthiosemicarbazone (Ligand L)

The ligand L, was prepared by reacting 7.5 mmol
(1.25 g) of 4-phenylthiosemicarbazide with 2-
thiophene carboxaldehyde (7.5 mmol, 2.23 g) in
ethanol under reflux condition for 6 h to obtain a
cream colour precipitate. The solid precipitate was
obtained using suction filteration, washed with
ethanol and dried using concentrated H,SO, in a
dessicator. Yield: 1.88 g (71.92%). m.p.:178 — 180
°C). CHNS for C,H,N.S,: Found: %C: 55.44,
%H: 4.13, %N: 16.006, %S: 24.98; Calculated: %C:
55.16,%H: 4.24,%N:16.08, %S: 24.49. 'H-NMR
(500 MHz, CDCL,) 8 (ppm): 10.10 (1H, s, N-H),
9.09 (1H, s,N-H); 8.10 (1H, s, HC=N), 7.67 - 7.65
(2H, d, Ar-H); 7.43 - 7.41 (3H, t, Ar-H); 7.31 (1H,
d, Ar-H); 7.27 — 7.25 (1H, t, Ar-H), 7.08 — 7.07
(1H, t, Ar-H). "C-NMR (125 MHz, CDCL) &
(ppm): 175.54 (C=§), 137.83 (C=N), 137.80,
131.23, 128.89, 128.85, 127.89, 126.35, 124.66
(Ar-C).

2-((3-Methyl-thiophen-2-yl)methylene-N-
phenylthiosemicarbazone (Ligand L,)

The procedure was the same using 4-
phenylthiosemicarbazide (7.5 mmol, 1.25 g) and
3-methyl-2-thiophene carboxaldehyde (7.5 mmol,
0.81 mL). Yield: 1.78 g (95.90%). m.p.: 180 — 182
°C. CHNS for C ;H;N,S,: Found: %C: 56.82, %H:
4.85, %N: 15.17, % S: 23.15. Calculated. %C:
56.69, %H: 4.76, %N: 15.26, %S: 23.24. 'H-NMR
(500 MHz, DMSO-4)) 8 (ppm): 11.67 (1H, s, N-
H), 9.68 (1H, s, N-H), 8.47 (1H, s, HC=N), 7.59
(3H, t, Ar-H), 7.35 (2H, t, Ar-H), 7.19 (1H, t, Ar-
H), 6.97 (1H, d, Ar-H), 2.31 (3H, s, Ar-CH,). "C-
NMR (125 MHz, DMSO-4,)) & (ppm): 175.69
(C=S), 141.08 (C=N), 139.44, 138.21, 132.32,
131.42,128.78, 126.60, 125.63, 125.61 (Ar-C) and
14.19 (CH,).

Synthesis of the thiophene-derived
thiosemicarbazone copper(II) complexes

The thiophene-derived thiosemicarbazones (L, &
L)) were reacted with copper(Il) acetate in 2:1
molar ratio under reflux condition for 6 h in order
to obtain their respective copper(Il) complexes.

Cu(L,),

1.91 mmol (0.5 g) of L, in 10 mL
dimethylformamide (DMF) and 0.96 mmol (0.19
g) of Cu(OAc),.H,O in 10 mL ethanol were mixed
together in 100 mL round bottom flask and
refluxed for 6 h to obtain a dark purple precipitate.
The solid precipitate was obtained using suction
filteration, washed with DMF and dried using
concentrated H,SO, as a dessicant. Yield: 0.27 g
(46.69%). m.p.: 188 — 190 °C. CHNS for
Cu(C,H,,NS): Found: %C: 49.30, %H: 3.34,
%N: 14.34, %S: 22.20. Calculated: %C: 49.18,
%H: 3.78, %N: 14.33, %S: 21.83. A, = 11.42 Q'

'em’mol”. The spectral data for the copper(Il)
compounds are presented in Table 1.

Cu(L,),

A mixture of 10 mL. methanolic solution of 1.82
mmol (0.50 g) of I, and 10 mL ethanolic solution
of 0.181 g (0.91 mmol) of Cu(OAc),H,O was
similatly refluxed for 6 h to obtain Cu(L,),.Yield:
0.33 g (58.07%). m.p.: 190 — 192 °C. CHNS for
Cu(C,H,\NS)). Found: %C: 49.89, %H: 4.02,
%N: 13.57, %S: 19.47. Calculated: %C: 49.38,
%H: 4.46, %N: 13.29, %S: 20.24. A, = 12.00 €

1 2 1
cmmol .

Computational Studies

The molecular reactivity parameters for the
thiophene-derived thiosemicarbazones and their
Cu(II) complexes were obtained by carrying out
Density functional theory (DFT) calculations. The
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geometry of the structures was optimized using
the B3LYP functional (Lee ez al., 1988) with the
06—31G(d) basis set (Nascimento ez al., 2021). The
study was done under polarizable continum
solvation model (PCM) using ethanol as solvent.
Furthermore, the vibrational frequency
calculations and the characterization of the
electronic transitions of the compounds were
performed using the time-dependent density
functional theory (TD-DFT) (Nakatsukasa e a/.,
2016) at B3LYP/631-G(d) level of theory.

The spectroscopic and the global molecular
reactivity descriptors such as energies of the
frontier molecular orbitals, (E,.\) and (E;ouo),
frontier orbitals energy gap (AE), electron affinity
(A), electronegativity (y), chemical potential (W),
global hardness (1), electrophilicity index (w), and
global softness (S) were evaluated from the DFT
calculations in order to better characterize the
thiophene-derived thiosemicarbzone ligands and
their Cu(II) complexes.

Antimicrobial Study of Thiophene-Derived
Thiosemicarbazone Compounds

The thiophene-based thiosemicarbazones and
their corresponding copper(Il) complexes were
studied for their inhibitory activity on four
bacterial strains using Kirby—Bauer disc diffusion
method (Bauer, 1996; NCCLS, 2015). The
bacterial strains wetre Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Bacillus subtilis
ATCC 06633, and Stapblylococcus aurens ATCC
25923 while streptomycin was used as positive
control at 10 pg/ml. The test compounds wete
prepated at a final concentration of 1000 pg/mlL
in dimethylsulphoxide (IDMSO) and were loaded
unto sterile discs of 5 mm. In addition, petri dishes
containing nutrient agar were inoculated with 0.5
McFarland turbid control isolates of the bacterial
strains. The sterile discs were applied on the
nutrient agar at a distance of 30 mm and then
incubated at 37 °C for 24 h. The antimicrobial
susceptibility of the compounds was determined
by measuring the diameter of zone of inhibition
around each disc in millimetre.

The minimum inhibitory concentrations (MIC)
for the compounds were obtained using standard
micro-dilution method (NCCLS, 2015). The two-
fold serial dilution was carried out in a 96-well
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microtitre plate and the incubation was once again
carried out at 37 °C in ambient air for 24 h. The
MIC for each of the compounds corresponds to
the minimum concentration without any
noticeable turbidity (NCCLS, 2015). In addition,
the antimicrobial study of the compounds
involved the determination of the minimum
bactericidal concentration (MBC) by sub-
culturing from two to three-fold dilutions of each
well showing the MIC onto nutrient agar plates.
The plates were equally incubated at 37 °C in
ambient air for 24 h and the MBC corresponds to
the lowest concentration of the sample that kills
the bacterial isolates.

RESULTS AND DISCUSSION

CHNS analysis and conductivity of the
compounds

The microanalysis data of the prepared
thiophene-derived thiosemicarbazone
compounds agree with the expected values
indicating the purity of the compounds. The
copper complexes are of the form [Cul,] as
indicated by the CHNS results. In addition, the
low conductivity values of the complexes
indicated their non-electrolytic nature and by
extension their existence as neutral compounds
(Geary, 1971). Furthermore, the non-electrolytic
nature of the complexes could be related to the
coordination of the thiophene-derived
thiosemicarbazone ligands as anionic species
through the deprotonated thiolate-S atom
(Lobana ez al., 2009).

NMR spectral study

The proton and carbon-13 NMR spectra for
ligands I, were recorded in CDCI,, while ligand L,
spectra were recorded in dimethylsulfoxide, 4.
The thiosemicarbazone ligands exhibit signals at
11.67-10.10 ppm and 9.09 ppm corresponding to
the hydrazinic N’- H and the thiourea N~ H amino
groups respectively (Al-Amiery e al, 2011;
Sampath ez al., 2013; Haribabu e/ al., 2017). In
addition, the azomethine proton, HC=N,
resonates as one proton singlet at 8.47 — 8.10 ppm
(Khalaji ez al., 2010; Sampath ef al., 2013). The
aromatic and the thiophene rings signals of the
thiosemicarbazone ligands were observed at 7.67
— 697 ppm. The strong signal at 2.31 ppm
characterizes the methyl protons of the 3-methyl-
thiophene-derived thiosemicarbazone ligand (L,).
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Furthermore, the "C-NMR spectra of the ligands
exhibit signal at about 176 ppm due to the
thiocarbamide functional group (C=S) of the
thiosemicarbazone ligands. This observation
indicates the existence of the thiophene-derived
thiosemicarbazones as thione tautomers. The
azomethine carbon, C=N, resonated at 141.08
ppm while the aromatic signals were observed at
144.99 — 123.89 ppm. The "C-NMR spectra of
ligand L, exhibit an addition signal at 14.19 ppm
corresponding to the methyl, CH,. The NMR
spectroscopic data for the compounds have been
presented above under experimental section.

Infrared spectral study

The infrared spectral data for the thiopene-
derived phenylthiosemicarbazones are presented
in Table 1 while the spectra are presented as
supplementary data. The spectra of the
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uncoordinated ligands exhibit two distinct N-H
symmetric absorption bands between 3300 cm’'
and 3100 cm region. The thiourea N-H band
appeared at 3297 — 3280 cm while the broad band
at 3144 — 3127 cm’ is associated with the
stretching vibration of the hydrazinic N-H group
(Afrasiabi et al., 2004; Lobana ez al, 2009; Tan et al.,
2012). The presence of the hydrazinic N-H and
the non-appearance of any band within 2700 -
2500 cm” due to the S-H band imply that the
thiosemicarbazone ligands did not exhibit thione
— thiol tautomerism (Afrasiabi ¢z al., 2004; Li et al.,
2010; Tan e# al., 2012; Savir et al., 2020). On the
contrary, the hydrazinic N-H band was not
observed in the spectra of the copper(Il)
complexes, suggesting the bonding of the free
thiosemicarbazones in the anionic form via the
thiolate sulphur as N=C-S (Lobana ¢zal., 2009).

Table 1: Infrared and Electronic Spectral Data for the Thiophene-derived Compounds

S/N  Compounds  vn.n (cm'h vc.H (cmly ve=n (cmy  c=s(cm Amax / nm
1. Ligand Ly 3297,3136 3103, 3067 1589 1270 245, 345

2. Cu(La)2 3347 3089 1528,1593 1244 290, 345, 395
3. Ligand L 3280, 3144 3047, 3027 1589 1275 245, 350

4 Cu(lo): 3406 3043 1525,1600 1243 280, 340, 390

Furthermore, the strong band at 1589 cm’
corresponds to the stretching vibration of the
azomethine group, C=N, (Haribabu ez a/., 2017;
Savir et al, 2020) of the thiophene-derived
thiosemicarbazone ligands. The band, however,
underwent a negative shift (1528 — 1525 cm™) for
the copper(Il) complexes, suggesting bonding to
the Cu(Il) ions through the imine-N.

| X
¢ s
R ,,,—FHS
-""'" 14
]
X Cu(Ly).]:
[Cu(L).J:

Similarly, the thioamide, v._s, band was observed at
1275—-1269 cm™ in the non-complexed ligand and
this underwent a negative shift of ~30 cm” in the
Cu(Il) complexes. This is suggestive of the
coordination of the thiosemicarbazone ligands via
the S—atom as illustrated in Figure 2.

X=S,R=H;
X=S, R= CH‘

Figure 2: Proposed Structures for the Thiosemicarbazone Copper(II) Complexes
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The Cu(Ill) complexes are neutral species as
indicated by the conductivity data and this
suggests that the thiosemicarbazone ligands
coordinated in an anionic form through the
deprotonated thiolate sulphur. Therefore, the
lowering of the thioamide (C=S) frequency
corresponds to a decrease in the double bond
character of the C=S bond due to the transfer of
electrons to the Cu(Il) ions. Consequently, this
results in the formation of a double bond between
the C' — and N’ — atoms (Figure 2) and thus the
appearance of an additional imine band at 1600 —
1590 cm in the infrared spectra of the complexes
(Prathima ez al., 2010). The proposed structure for
the thiophene-derived thiosemicarbazone
copper(II) complexes is presented as Figure 2.

Electronic spectral study

The UV /visible study of the compounds were
carried out in dimethylformamide and the spectral
data are presented in Table I. The electronic
spectral data for the free thiophene-derived
thiosemicarbazone ligands show two distinct
absorption bands at 280 — 295 nm and 340 — 395
nm. The lower energy band corresponds to n—>*
transition arising from the delocalization of pi
electrons of the aromatic ring and the n— r*
transition of the imine, C=N (West ¢# a/., 1993;
Garcia-Tojal ez al., 1999; Rahman ez al., 2017;). In
the metal complexes, however, the bands
underwent redshift and were observed at 280 —
295 nm and 340 — 395 nm respectively. The ligand
field transition of the Cu(ll) complexes were,
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however of very low intensity and thus not
observed.

Molecular reactivity of the thiophene-derived
thiosemicarbazone compounds

The values of the wvarious global molecular
reactivity descriptors for the thiophene-derived

thiosemicarbazone compounds are presented in
Table 2.

It is evident that the addition of —CH, nucleophile to
the thiophene ring resulted in increments in the values
of the ionization energy, frontier orbital energy gap,
electron affinity, electrophilicity index,
electronegativity and global hardness. On the other
hand, there was a corresponding reduction in frontier
orbitals energies, chemical potential, and global
softness. Similarly, the frontier orbital energy
difference, ionization energy and the global hardness
of the Cu(Il) complexes were lower than that of the
free ligands. This indicates that the metal complexes
are soft molecules with high chemical reactivity, low
kinetic stabilities and high electro-optic responses. The
Cu(II) complexes are, therefore, considered to be more
polarizable and magnetizable than the free
uncoordinated thiophene-derived thiosemicarbazone
ligands (Nakatsukasa ez a/., 2016; Nascimento et al.,
2021). Furthermore, the Cu(ll) complexes have higher
electron affinity, global softness and electrophilicity
index. Comparatively, the order of reactivity for the
ligands is L, > L, while Cul,, is similarly more reactive
than Cul.,. The lower the value of LUMO-HOMO
energy gap (AE); the less kinetically stable and more
reactive is the molecule.

Table 2: Global molecular descriptors for the thiophene-derived thiosemicarbazone compounds.

Parameters (eV) Ly Cu(L1)z L Cu(Lz)z
Enomo -5.453 -3.007 -5.860 -3.021
Erumo -1.668 -2.071 -1.821 -1.918
AE (Evrvmo - Enonoy 3.785 0.936 4.039 1.103
1 5.453 3.007 5.860 3.021
A 1.668 2.071 1.821 1.918
" 1.893 0.468 2.020 0.552
S 0.528 2.137 0.495 1.813
X 3.561 2.539 3.841 2.470
o -3.561 -2.539 -3.841 -2.470
o) 3.349 6.887 3.652 5.529
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Furthermote, the electron densities of the
HOMO and LUMO of both the free thiophene-
derived ligands (Figure 3) and their copper
complexes (Figure 4) are well distributed around
the thiophene ring and the atoms of the

AE =3.785 eV

HOMO ;

{a).L1

thiosemicarbazide moiety but not on the aromatic
ring of the ligands. The most favourable

electronic transitions for the ligands are the m — T
and the t =7 transitions.

s

AE =4.039 eV

e

(b).L2

Figure 3: Frontier Molecular orbitals for the LUMO-HOMO of the Ligands

Figure 4: Frontier Molecular orbitals for the LUMO-HOMO of the complexes

Antimicrobial study
The inhibitory activity of the thiophene-derived

microorganisms is presented as zone of inhibition

in Figure 5 while the MIC and the MBC results are

thiosemicarbazone compounds against the tested — presented in Table 3.
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Bl S aurens
@ B. substilis
Ol E coli

B P. acruginosa

Streptomycin

Figure 5: Antimicrobial activity of the thiophene-derived compounds.

The results of the qualitative antimicrobial
susceptibility of the compounds as shown in
Figure 5, indicates that all the thiophene-based
thiosemicarbazone compounds, were not as active
as streptomycin. Ligand, L,, exhibited mild broad
antimicrobial activity upon the tested organisms,
especially, Staphylococcus aurens and Escherichia coll.
However, the 3-methyl-2-thiophene analogue
(L,), was only slightly active against the two
organisms but exhibit no activity against Baci/lus
substilis and  Psendomonas aeruginosa. Thus, the
presence of the methyl substituent impacts
negatively on the potency of the thiophene-based
thiosemicarbazone. Furthermore, the inhibitory
activity of the free un-complexed thiophene-
derived ligands (L, and L,) on the tested organisms
was enhanced with the introduction of copper(II)
ions in the metal complexes as indicated in Figure
5. Similarly, metal complexes have been reported

to exhibit higher biological activity than the
corresponding uncoordinated organic moiety (El-
Sawaf ¢ al., 2018; Arslan ¢z al., 2021; Gaber ¢7 al.,
2021).

Contrarily, the minimum concentration (MIC) of
the free uncoordinated ligands (L., and L,) required
to inhibit the growth of E. /i was much lesser
than that for the metal complexes. The inhibition
of the S. Aureus strain, however, required lesser
concentration of the metal complex [Cul.,| than
the uncoordinated 3-methyl-thiophene-derived
ligand, L,, with MIC values of 31.25 and 62.5
pg/mL  respectively. The highest bactericidal
effect of the thiosemicarbazone compounds was
observed against the S. aureus strain with MBC
value of 500 pgmlI." while the free ligands exhibit
no bactericidal effect against P. Aeruginosa.

Table 3: MIC and MBC for the thiophene-derived Compounds, ugml.'

S/N  Compounds S. aureus B. substilis L. coli P. aeruginosa
MIC MBC MIC MBC MIC MBC MIC MBC
1. L, 62.5 500 125 1000 625 500 250 -
2. Cul, 31.25 500 125 1000 125 1000 62.5 500
3. L2 31.25 500 125 1000 625 1000 250 e
4. Cul., 62.5 250 250 - 500 - 250 1000
CONCLUSION free ligands. The DFT studies showed that ligand

The copper(Il) complexes of the thiophene-
based thiosemicarbazone and its 3-methyl
analogue have been synthesized and screened as
possible antimicrobial agents. The compounds
exhibited mild inhibitory activity on the tested
organisms, especially Staphylococcus  anrens and
Escherichia coli. Furthermore, the thiophene-based
thiosemicarbazone was more reactive than the 3-
methyl analogue while the copper(Il) complexes
exhibited greater antimicrobial potency than the

I, was more reactive than I, and that the
copper(Il) complexes are soft molecules having
higher chemical reactivity, high electro-optic
responses and low kinetic stability than their
respective ligands.
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